
 
 

SALTON SEA MANAGEMENT PROGRAM 
 

DRAFT PROJECT DESCRIPTION FOR AQUATIC HABITAT AND DUST SUPPRESSION 
PROJECTS 

PUBLIC COMMENTS 

OCTOBER 2020 



Page 1 of 6 

Table of Public Comments 

Date Location 
Area of 

Residence/Affiliation Comment Type 
Comment 
Category Specific Comment 

9/22/20 Virtual Not provided English Ron Spears – Commented on the Desert Shores Demonstration Project. 
He asked why the project requires NEPA coverage when it is a local 
project. He asked whether the project could be accomplished without 
federal approval. 

9/22/20 Virtual Not provided English Financial Nathan White – On the Desert Shores Project the proposed pump is just 
a proposal. The project could get water by well. In addition, their team is 
working on the feasibility of floating islands and removing selenium. His 
suggestion was for small projects to get local funding. Would like the 
State to provide money to local governments and let local jurisdictions 
fund the projects. Desert Shores was planned as a local project needing 
$200,000. 

 9/22/20 Virtual Not provided English Other Jasmine Phillips – Understands the SCH project has peen planned but is 
wondering what the plan is to get power to the project and when. 

9/22/20 Virtual Not provided English Fritz – Had technical difficulties and did not speak. 

9/22/20 Virtual Not provided English Biology Rebecca Zaragoza – Working to have climate resiliency, ecological and 
social resiliency in project designs. Should be in project design but it isn’t 
reflected. Asked why the project was moving forward with an EA instead 
of an EIS. 

 9/22/20 Virtual Not provided English Air Quality Miguel Hernandez – Dust suppression project are being done by IID and 
he wants to know the coordination between the State and IID and how 
the Air Quality Control District is involved. This is a difficult process for 
the community to comment on, but the State should make sure that 
community input is included. Community benefits, job opportunities and 
air quality benefits should be part of the project description 

9/22/20 Virtual Resident English Public Health Pam Eckert – thank you for the presentation, she is a resident. Dust and 
health problems are at the Sea. Water importation is what residents 
want but the SSMP is only dust suppression. 

 9/22/20 Virtual Not provided English Nikola Lakic – strongly opposes all projects, need water importation. A 
perimeter lake will circle a brine lake which is smaller, smellier, nothing 
compared to 200 sq miles of lake. New River is contaminated. Need to 
import sea water into central sections. Restore lake to levels of the 60-
70’s lake. 

NEPA

Water Quality 
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9/22/20 Virtual Not provided Spanish Public Health Sandra Ra – start taking care of human beings. The plants and animals 
will be fine. She was on the Spanish channel and spoke through the 
translator. 

9/22/20 Virtual Not provided English Water Quality Anthony Ghirardi – water brought into the Sea. When New and Alamo 
Rivers are polluted how is the State cleaning the water? Can provide 
power through cleaning the water. Protect hunting and fishing on all 
public lands in the program. 

9/22/20 Virtual San Diego State University 
student. 

English Other Joshua Rey –Floating solar panels will help reduce evaporation and can 
raise the lake level. 

9/22/20 Virtual Not provided English Public Health Patricia Leal Guitierez – prioritizing health of the residents around the 
Sea. Public health is impacted in a positive way. Include metrics and 
benchmarks. Include water quality at the Salton Sea and rivers, air 
quality, water run-off. Improve water quality, include responsibilities, 
local regulations, native plants and trees. Looking at soil type, location 
native plants should be used. 

9/22/20 Virtual Not provided English Goals and
Objectives 

Tom Sephton – The program should evaluate long-term fixes as part of 
the goals and objectives. Design projects low down in elevation. Keep 
the projects in operation by having large berms. 

9/22/20 Virtual Not provided English Air Quality Luis Olmedo – CCV – thanked the agencies for speeding up projects. Air 
violations at Red Hill Bay and how will that impact State projects. 
Approach has been governmental, before it was more community 
based. Interested in having the State catch up on their targets but need 
to engage the community. 

9/22/20 Virtual Not provided English Financial Fritz – high measurements of electromagnetic fields around the Salton 
Sea. State needs to look at that and read about it in the Sierra Club 
magazine. Birds have a compass in them and electromagnetic fields can 
affect that. Later stage of projects for the money. Cost benefit, most 
come in later stage. Hunting and fishing access needs to be analyzed. 
Very little exposed lakebed at the State lands. 

9/22/20 Virtual Not provided English Public Outreach Jasmine Phillips – Number one is public access. It is continually being 
restricted, really important to residents where possible. SCH was 
started in 2008 and it is now getting built. 2) habitat projects and 
wetted playa are important. 



Page 3 of 6 

Date Location 
Area of 

Residence/Affiliation Comment Type 
Comment 
Category Specific Comment 

9/22/20 Virtual Not provided English Public Outreach, 
Public Health 

Conchita Pozar – public health and children need change, community 
doesn’t want to comment, but comments are really important. Thanks 
for listening. Need more green spaces, many problems with eyes, nose 
and asthma are being ignored. Suffering from toxic odors and dust. 
Need long term solutions. 

9/22/20 Virtual Not provided English Air Quality Lorraine – Hope future meetings are distinguishing between habitat and 
dust suppression. Need different colors on the map. Timeline, have that 
amount of acres that will be exposed. Dust storms are getting worse 
every year. Explain the health effects, and effects of wildlife, effect of 
lithium extraction, effect of geothermal extraction. Explain their 
projects. 

9/23/20 Virtual Vice Mayor of West Shores English Public Outreach Art Gertz – Plan for 20,000 acres of projects but were are you going to 
get the water? Locals all want sea water import but the State doesn’t. 
These projects address fish and wildlife but are ignoring one of the most 
important species, humans. Desert Shores project is great. 112 acres has 
been contoured plowed, QSA says restoration of Sea, need water for 
peripheral lake, until we bring in ocean water we only have Owens Lake 
conditions. If no ocean water lake and communities will die. 

9/23/20 Virtual English Public Health Lauren Elachi –Include in the purpose and need public health and 
consider amending the purposed and need to include public amenities, 
community benefits, multi-benefits and community resiliency. 

9/23/20 Virtual Salton Sea Restoration 
Committee – Desert Shores 

English Water Jasmine Phillips – I support the Desert Shores project, water, air quality 
improvements, hire local, community benefits, increasing property 
values. Deserve restoration that starts in communities. All marinas 
should be restored. 

9/23/20 Virtual director of development 
Geothermal 

English Other Rich Simpson – You can create a salinity barrier in the lake. You can put 
in a salt sink. If you combine saltwater intake with this methodology you 
can create the desired result. 
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9/23/20 Virtual English Other Lori Neal – AWE can offer solution through technology. Can compress air 
to provide water. 

9/23/20 Virtual RV Visitor English Economics Randy Scott –He has learned about the Salton Sea and is encouraged by 
improvement. Include economic analysis 

9/23/20 Virtual English Public Health, 
Climate 

Jeremy Hobbs – 28,900 in SSMP but 70,000 acres will be exposed before 
the Sea stabilizes. Any solution must include health, community, and 
climate resiliency. Public and private needs to partner. Is there a list of 
all the owners of land around and under the Sea. 

9/23/20 Virtual Works with Loma Linda 
University and Alianza 

English Water Quality Ryan Sinclair – Water quality and water monitoring important for project 
success, public health, TMDL, contaminants, state should do the 
monitoring as the SWRCB hasn’t done monitoring. Should have clear 
water objectives to public health, pesticides and should integrate data. 

9/23/20 Virtual AWE Industries LLC English Other ___ - AWE Industries – use own funds to develop. Just want payment of 
the water. Have a pilot project on Catalina Island. He will be in La Quinta 
until next week. 

9/23/20 Virtual English Susan Hayes - build a slough from the Sea of Cortez along the All-
American Canal.  Will take care of wildlife and recreational needs and be 
about 90 miles long. 

9/23/20 Virtual English Water Quality Nikola Lakic – I strongly oppose current course of action. Do you 
understand that perimeter lake will (kill Sea?) Brine lake will be in 
middle. Perimeter lake snakes around it. Brine will be stinkier and 
smaller over time. I have proposal. Harnessing energy and water in 
Salton Sea. Put New River back into Mexico. Ask for corridor to the 
Salton Sea and import water. Two parts of lake. North and south part of 
lake. That can be done. We can bring water in through two corridors. 
One from Mexico and one from Long Beach. It will cost billions of dollars 
but generate billions of dollars from revenue. 

9/23/20 Virtual English Public Outreach Tom Sephton – Salton City was built as a shoreline town and now no 
trespass signs are along the shoreline. Create corridors, paths for people 
to walk to shoreline as the Sea recedes. Don’t cut off public access to 
shorelines. 

9/23/20 Virtual Resident of Coachella English Public Outreach Maria Avalos – Why is there so little (representation of?) local residents? 
I am hearing a lot of proposals from the State. We residents are being 
affected. I would like to see more local participation. 

Diamond Interiors LA
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Virtual English Public Outreach Scott Connelly – Strongly support goals and objectives, support floating 
islands. Support all the different uses. Public use has lots of different 
interests such as military history, geology, San Andreas fault, volcanos, 
public access for these would enhance awareness. Picnic areas, camp 
ground, small craft and kayak, hiking trails. Public access for these would 
enhance awareness.  

9/24/20 Virtual English Public Outreach Kim Floyd – clear metrics and milestones for providing numbers in goal 
3. Should be asking how can this project best benefit the local
communities? Proactive, jobs, contracts, clean water for residents.
Project Description should detail how public input would be done and
describe communities in PD.

9/24/20 Virtual English Jenny Binstock 

9/24/20 Virtual English Nikola Lakic – commented and read written comment into the record. 

9/24/20 Virtual English Amha Belay – La Quinta resident, been resident for 28 years and sad to 
see the conditions of the Sea. Study of algal conditions at the Sea. Good 
to see more effort. Extend appreciation for the effort to restore the Sea 
and hope to provide additional comments. 

9/24/20 Virtual English Sharon Mattern – dust in Palm Desert is a major public health issue. 
How to measure the air to make sure measures work. Is there 
monitoring to see effectiveness? Concerned about poorer communities. 

9/24/20 Virtual English Art Gertz – no sea restoration without a valid water source. Won’t be 
Colorado River water due to population issues. RFP for water 
importation. A lot of studies have happened but none about claim for 
water. 10-Year Plan is not catching up. Need to get serious about water 
importation. 

9/24/20 Virtual youth organization (name?) English Air Quality Rosa Gonzalez – youth organization -  thank you for projects, include 
more residents and inform them about Air Quality. More projects to 
make AQ better. 

9/24/20 Virtual English Tom Sephton – support to move ahead with Desert Shores. Without 
berms and complicated water delivery system. Only need 100 feet of 
berm and used to be an active bird resting area. Also provides benefits 
to humans.  

9/24/20 

Other

Water Quality 

Water Quality 

Air Quality 

Water 

Other
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9/24/20 Virtual English Other

Vernica Martinez – projects should go into the communities more and 
concentrate on people, not the animals in the lake. In the last 4 years 
the smell has gotten a lot stronger. Bring more water into the Sea to 
keep more particles out of the air. More water to the Sea, concentrate 
on communities and the State is not paying attention to the way we are 
living. 



From:
To:
Subject:
Date:

Ankit Dube
CNRA Salton Sea
Funding
Friday, September 25, 2020 1:44:05 AM

Hello,
Is it possible to get funding for a start-up project which will create jobs and successful solution to solve current
condition around Salton Sea?

Regards,
Ankit
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From:
To:

Anthony Tristan 
CNRA Salton Sea

Subject: Salton Sea Project - Palm Desert Resident
Date: Monday, September 28, 2020 12:08:42 PM
Attachments: image001.png

To Whom It May Concern:
   First and foremost, thank you for the opportunity to witness the webinars last week and for this 
link to submit comments.
   First of all, I am just using logic as a means to come to a resolution and I believe some sort of small 
or medium-sized hydro-electric dam(s) would assist in generating electricity and filtration for some 
type of water filtration loop. Of course, this would require more water input from the Whitewater 
source to the Salton Sea and also a water exit on the southeast end of the Salton Sea, which could be 
pumped back to the northwest inlet just as a fish tank circulates water.
   I am sure some people would oppose taking Whitewater resources away from the underground 
aquifers of the Coachella Valley, but this body of water needs water in, water out and a loop 
filtration system to restore it, maintain it, etc.
   Also, the dumping of agricultural runoff into the sea, with pesticides, has to stop. There should be a 
series of separate canals for that particular runoff, so as not to pollute the Salton Sea. Thank you for 
allowing me to submit my ideas and if I can be a part of this resolution and/or join any local group(s) 
who are involved with this project, please inform me.

Thank you,

A. Mark Tristan - MPA
USC Sol Price School of Public Policy
(
Secretary/CFO - Palm Springs Boxing Club

Founder/Consultant 
www.people-smart.com 

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=d1116f606172463aa67f754ae55953f6-CNRA Salton
http://www.people-smart.com/







From:
To:
Subject:
Date:

CNRA Salton Sea
Projects at Salton Sea
Wednesday, September 30, 2020 2:27:56 PM

1. Red Hill status ? We were reminded by the Federal Congressional hearing that this  “shovel-
ready” project, broke ground, FIVE YEARS ago ! Oct. 3, 2019 at Yacht Club meeting, Bruce Wilcox
stated required equipment was purchased. Wade Crowfoot asked him,” how low to start
pumping” ? Bruce said 1 year. Crowfoot, “ why so long” ? Bruce, “it’s complicated”.
To be continued, Art Gertz.
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From:
To:
Subject:
Date:

CNRA Salton Sea
FW: Projects at Salton Sea
Wednesday, September 30, 2020 4:50:19 PM

From: Gertz Art (IFAM FE IR TEM P UPS FLM / External) 
Sent: Wednesday, September 30, 2020 2:28 PM
To: 'cnra-saltonsea@resources.ca.gov' <cnra-saltonsea@resources.ca.gov>
Subject: Projects at Salton Sea

1. Red Hill status ? We were reminded by the Federal Congressional hearing that this  “shovel-
ready” project, broke ground, FIVE YEARS ago ! Oct. 3, 2019 at Yacht Club meeting, Bruce Wilcox
stated required equipment was purchased. Wade Crowfoot asked him,” how low to start
pumping” ? Bruce said 1 year. Crowfoot, “ why so long” ? Bruce, “it’s complicated”.
To be continued, Art Gertz.

2. Low hanging fruit: Eduardo Garcia claims State wants to harvest. How is that possible ? The fruit
of completing smaller/lower cost projects, around the sea, is rotting and lying on the polluted
playa !

3. Fifth largest economy in the WORLD and this is the best you can do ?
4. Your residents and tax payers in the sea basin, are suffering and dying prematurely. Have you

no shame, no honor ?

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=d1116f606172463aa67f754ae55953f6-CNRA Salton


From:
To:

Ashley Jones 
CNRA Salton Sea

Subject: Habitat Restoration and Dust Suppression Projects at Salton Sea
Date: Thursday, September 24, 2020 12:36:40 PM

Hunting has a long tradition on the Salton Sea.  Hunters have willingly paid for acquisition and
maintenance costs related to the Salton Sea through the Pittman-Robertson and Dingell-
Johnson funds. Therefore, hunting should remain a large part of the Sea’s future under this
project. Federal state, and local wildlife agencies have indicated that increasing hunter
participation is a top goal through programs such as R3. In order for this to become a reality,
land and access available for hunting must be proportionally expanded. Please maintain and
expand walk-in hunting access to the sea through this project.

Thank you, 
Ashley

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=d1116f606172463aa67f754ae55953f6-CNRA Salton


From:
To:
Subject:
Date:

CNRA Salton Sea
Saving the Salton Sea
Saturday, September 19, 2020 5:54:55 PM

There is a serious proposal to bring Colorado River water to Borrego Springs.  It would refill the
aquafer there.  Then be treated and sent where needed…

Why not do this for the Salton Sea?  The water could be treated there, creating a stimulus to the
local economy.  Then sent where needed…

A Win-Win for all

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=d1116f606172463aa67f754ae55953f6-CNRA Salton


From:
To:

Brock Saucier 
CNRA Salton Sea

Subject: Please save our health, nature and economic development
Date: Sunday, September 27, 2020 2:03:24 AM

Dear Panel:

The Salton Sea is a man made disaster, it was once believed to be economic goldmine in real
estate and recreational activities but as you know things have changed.
Not to mention the impacts on nature but 
no one wants to take on a seemingly endless project that will only deplete money forever if not
addressed correctly. 

I am not a scientist, (we need them on this project), so I don’t know the exacts of the
environmental impacts If the Salton Sea is allowed to dry up, but I do know that if we block
the land off and hermetically seal off the area, in a toxic waste dump type of allocation, it will
not only not allow future generations to be able use and develop the land but it will also create
a negative cash flow, a wound that never heals. 

Please immediately allow the land and surrounding areas (not privately owned) of the Salton
Sea to be given away in free land grants to private business that, with strict environmental
guidelines, can reclaim, redevelop, clean and stabilize the areas. No one will take on projects
of this size if they cannot make money long term on them. 
Companies like large coal mining operation and the such are used to reclaiming areas, and
might do so with tax incentives, carbon tax credits and the ability to then turn around and
make money long term from them. 
I am not insinuating turning the area into industrial complexes, instead lakes, recreation and
real estate development, with a strong emphasis on green energy, environmental health and
nature such as migratory birds. 
Only private business can do this, I believe in the US government but only private business
can take the helm and create a quick stable path.

There are many step they would need to take but first stabilization of the area is dire, like
within the year dire and I believe the quickest way to stabilize is to pump in sea water, saline
can be removed and toxins can be filtered once stabilized. 

Long term plans can be made for economic development, reclamation, land stewardship  and
nature reserves once the stabilize the Sea is started.
If we study and bureaucrat this thing to death we will never achieve anything great. I suggest
the State of California cut it’s losses, admit that, yes, it could one day be a beautiful reserve
again but maybe private development companies would be a faster way to implement it and
cut it lose. 

Give the land away to the correct people and they will have incentive to fix it. 
Imagine a the Salton Sea as a beautiful recreation area for the people of Southern California to
enjoy, live and play on and not be terrified of, let migratory nature to continue to use it in its
vital role in the desert and allow new places to live and work. 
This could be a happy ending for everyone if done well. 

Please save our Sea. 

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=d1116f606172463aa67f754ae55953f6-CNRA Salton


Thank you, 
Brock Saucier 



From:
To:
Subject:
Date:

Carl & Janet Olsen
CNRA Salton Sea
Salmon Sea Fix
Monday, September 14, 2020 8:57:24 AM

This issue about the Salmon Sea has gotten to be ridiculous!

By doing the ponds, dust control measures, and other such schemes, we are locking ourselves into years of continual
expenses trying      to fix the problem of toxic dusts.  The costs will continue for 50 years or longer.

The answer seems very simple….restore the water level in the Salton Sea!

How do we do this.  BRING IN SEA WATER!

A seemingly simple source of sea water would be from Baja up through Mexico.  A couple of problems become
apparent immediately….dealing with the Mexican government…and solving the very contaminated American River
as the logical course for getting the water into the Sea.

These problems are not insurmountable!

A better solution would be to bring in sea water from the nearest Southern California beach.

Sea water would have to be pumped up and over the elevations along the route…. and water-driven turbines on the
downhill side to recover at least part of the electrical power needed to drive the pumps.

By filling the Salton Sea, we would have created a wonderful recreational area, a surge of building locations, and re-
created the badly needed bird and sea life populations.

So what happens to the toxins accumulated in the under-water terrain and drying shore-lines.  The abundance of
natural sea life..such as micro-organisms, will breakdown these chemicals as is happening naturally around the
world every day.

This straight forward solution is simple but costly in one-time charges.

Do it and the problem is solved for our life-time, and that of our children and grandchildren!

Be brave!
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From:
To:
Cc:

Subject:
Date:
Attachments:

Christian Mendez
CNRA Salton Sea

Re: Salton Sea Management Program Draft Project Description Comment Letter
Wednesday, September 30, 2020 5:02:18 PM
ECV Community Letter - Salton Sea.pdf

Dear Assistant Secretary Arturo Delgado, 

In response to the Draft Project Description for the Salton Sea Management Program, please
accept this comment letter on behalf of a group of residents from the Eastern Coachella Valley
communities. Please note that the English translation is attached following the original letter in
Spanish. 

Best regards, 

Christian Mendez 
Master of Urban and Regional Planning 2019
University of California, Los Angeles | Luskin School of Public Affairs 
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30 de septiembre del 2020  
 
 
Arturo Delgado 
Assistant Secretary for Salton Sea Policy 
California Natural Resources Agency 
Via email: cnra-saltonsea@resources.ca.gov  


 


Estimado Sr. Delgado,  


 
Este es un documento inclusivo de principios éticos, inspirado por individuos miembros de la 
comunidad que residen en el Este del Valle de Coachella y alrededor del Salton Sea. Queremos 
que llegue a diferentes esferas de conocimiento: sociedad civil, académica, gobiernos y otras 
entidades para un un futuro sostenible. La comunidad pide que la creación de todo plan 
incluya un enfoque que centre los impactos a las comunidades que avecinan al Salton Sea. 
Es importante que los planes que sean aprobados incluyan enverdecimiento a la laguna y 
beneficios a las comunidades cuáles han sido impactadas por las deterioradas condiciones 
ambientales.  
 
Es por eso que a continuación expresaremos lo que para nosotros es importante que implementen 
o sea tomado en cuenta sobre la sostenibilidad y desarrollo de la Laguna. También es importante 
asegurar el compromiso para cumplir las obligaciones existentes y con la voluntad colectiva de 
los residentes y tomando en cuenta los derechos ambientales queremos que se identifiquen 
brechas en el derecho ambiental, porque también necesitamos que lo planeado tome en cuenta el 
impacto regional y global. Tener un ambiente saludablemente óptimo es el sueño de las 
comunidades y esto también incluye la protección y preservación de la flora y fauna del Salton 
Sea. 
 
El medioambiente tiene diversos impactos en la comunidad cómo herramienta educativa, sistema 
de valores, tanto la ecología y la economía están enraizadas en la palabra griega OIKOS que 
significa hogar. Si bien la ecología se centra en los principios de cómo se organiza el hogar, la 
economía es el estudio de cómo organizar el hogar, sin embargo, en el proceso, se puede 
comparar cómo una cosa va a la par de la otra si no tenemos un medio ambiente saludable los 
hogares se ven impactados con enfermedades que deterioran a las personas y hace que tengan 
una baja calidad de vida pero esto inmiscuye más, ya que la personas invierten no solo tiempo 
para cuidarse ellos o sus familiares que se enferman y para eso se requiere de tiempo y dejan de 
trabajar y la economía se ve afectada en ese hogar. 
 
Enfermedades respiratorias, asma, enfermedades de la piel, sangrado nasal infantil, y la salud 
mental, son solo algunas de las enfermedades o padecimientos que aquejan a los residentes de los 
alrededores de la laguna del Salton Sea. Es por eso que queremos priorizar la salud y el bienestar 
de los residentes, creando un clima limpio con aire de calidad impulsado por la creación de 
espacios recreativos, para que las familias puedan disfrutar y aprovechar la maravillosa laguna 
del Salton Sea, sugerimos reforestar y la limpieza de la laguna, nuestra visión es crear un espacio 
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habitable saludable para todas las generaciones de la comunidad. Muchas de las familias que han 
habitado las comunidades que avecinan el Salton Sea han llegado a escoger estas comunidades 
por acceso a la vivienda. Para muchos estas comunidades son los únicos lugares en los cuales 
pueden vivir, sea por costo o trabajo. Nosotros pedimos que nuestras comunidades sean visibles 
para todos los que estén involucrados en las decisiones asociadas con mejoras al Salton Sea.  
 
En comunidad,  
 
 
Sandra Ramirez, Coachella 
 
Mariana Roman, Thermal  
 
Christian Mendez, Desert Shores  
 
María Griselda García, Thermal  
 
Ramón Zaragoza, Thermal  
 
Hermelinda Tejas, Thermal  
 
Karina Andalon, Coachella  
 
María Pozar, North Shore 
 
Natividad González, North Shore 
 
Yesenia Pozar, North Shore  
 
Carolina Macknight, North Shore 
 
Colin Barrows, La Quinta 
 
Vianey Holguin, Coachella  
 
Maritssa Nolasco, Coachella 
 
Joel Duarte, Thermal   


Sendy Hernández Orellana Barrows, La 
Quinta 
 
Elizabeth Esteban, Oasis  
 
Olivia Rodriguez, Thermal 
 
Bryan Mendez, Desert Shores 
 
Manuela Ramirez, Thermal  
 
Raquel Magaña, North Shore 
 
Juan Magaña, North Shore 
 
Mario Bautista, North Shore  
 
Josefina Sosa, North Shore  
 
Ernesto Maya, Mecca  
 
Rosa Gabriel, Mecca 
 
David Mosqueda, Mecca 
 
Lilian García, Indio 
 
Adriana Torres, North Shore 


 
Edward G. Luna, Mecca 
 
 
 
 
 
 







 


ENGLISH TRANSLATION 
 
September 30, 2020 
 
 
Arturo Delgado 
Assistant Secretary for Salton Sea Policy 
California Natural Resources Agency 
Via email: cnra-saltonsea@resources.ca.gov  


 


Dear Assistant Secretary Delgado,  


 


This is an inclusive document of ethical principles, inspired by community members residing in 
the Eastern Coachella Valley and around the Salton Sea. We want this to reach different spheres 
of knowledge: civil society, academia, governments and other entities for a sustainable future. 
The community asks that the creation of any plan include an approach that focuses on the 
impacts on the communities that surround the Salton Sea. It is important that the plans that are 
approved include greening and reforesting around the Salton Sea and benefits to the communities 
that have been impacted by the deteriorating environmental conditions. 
 
That is why below we will express what is important for us to be implemented or be taken into 
account regarding the sustainability and development of the Sea, while also ensuring 
commitments to comply with existing obligations and the collective will of the residents. This 
also means taking into account environmental rights, because we want those gaps in 
environmental law to be identified, as it’s equally important for planning to take into account the 
regional and global impacts. Having an optimal healthy environment is the dream of the 
communities and this also includes the protection and preservation of the wildlife of the Salton 
Sea. 
 
The environment has various impacts on the community as an educational tool, value system, 
both ecology and economy are rooted in the Greek word OIKOS which means home. While 
ecology focuses on the principles of how the home is organized, economics is the study of how 
to organize the home. However, in the process, one can compare how one thing goes hand in 
hand with the other if we do not have a healthy environment homes are affected with diseases 
that deteriorate people and cause them to have a low quality of life but this interferes more, since 
people invest not only time to take care of themselves or their relatives who become ill and for 
that it takes time and they stop working and the economy suffers in that home. 
 
Respiratory diseases, asthma, skin diseases, infantile nasal bleeding, and mental health, are just 
some of the health issues or conditions that afflict the residents surrounding the Salton Sea. That 
is why we want to prioritize the health and well-being of the residents, creating a clean climate 
with good air quality driven by the creation of recreational spaces, so that families can enjoy and 
take advantage of the wonderful Salton Sea. We suggest reforesting and cleaning the lagoon, our 
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vision is to create a healthy living space for all generations of the community. Many of the 
families that have inhabited the communities that surround the Salton Sea have come to choose 
these communities for access to housing. For many, these communities are the only places in 
which they can live, whether for cost or work. We ask that our communities be visible to all who 
are involved in decisions associated with improvements to the Salton Sea. 
 
 
In community, 
 
 
Sandra Ramirez, Coachella 
 
Mariana Roman, Thermal  
 
Christian Mendez, Desert Shores  
 
María Griselda García, Thermal  
 
Ramón Zaragoza, Thermal  
 
Hermelinda Tejas, Thermal  
 
Karina Andalon, Coachella  
 
María Pozar, North Shore 
 
Natividad González, North Shore 
 
Yesenia Pozar, North Shore  
 
Carolina Macknight, North Shore 
 
Colin Barrows, La Quinta 
 
Vianey Holguin, Coachella  
 
Sendy Hernández Orellana Barrows, La 
Quinta 
 
Elizabeth Esteban, Oasis  
 
Olivia Rodriguez, Thermal 
 
Bryan Mendez, Desert Shores 
 
Manuela Ramirez, Thermal  


Raquel Magaña, North Shore 
 
Juan Magaña, North Shore 
 
Mario Bautista, North Shore  
 
Josefina Sosa, North Shore  
 
Ernesto Maya, Mecca  
 
Rosa Gabriel, Mecca 
 
David Mosqueda, Mecca 
 
Edward G. Luna, Mecca 
 
Lilian García, Indio  
 
Adriana Torres, North Shore 







30 de septiembre del 2020 

Arturo Delgado 
Assistant Secretary for Salton Sea Policy 
California Natural Resources Agency 
Via email: cnra-saltonsea@resources.ca.gov 

Estimado Sr. Delgado, 

Este es un documento inclusivo de principios éticos, inspirado por individuos miembros de la 
comunidad que residen en el Este del Valle de Coachella y alrededor del Salton Sea. Queremos 
que llegue a diferentes esferas de conocimiento: sociedad civil, académica, gobiernos y otras 
entidades para un un futuro sostenible. La comunidad pide que la creación de todo plan 
incluya un enfoque que centre los impactos a las comunidades que avecinan al Salton Sea. 
Es importante que los planes que sean aprobados incluyan enverdecimiento a la laguna y 
beneficios a las comunidades cuáles han sido impactadas por las deterioradas condiciones 
ambientales.  

Es por eso que a continuación expresaremos lo que para nosotros es importante que implementen 
o sea tomado en cuenta sobre la sostenibilidad y desarrollo de la Laguna. También es importante
asegurar el compromiso para cumplir las obligaciones existentes y con la voluntad colectiva de
los residentes y tomando en cuenta los derechos ambientales queremos que se identifiquen
brechas en el derecho ambiental, porque también necesitamos que lo planeado tome en cuenta el
impacto regional y global. Tener un ambiente saludablemente óptimo es el sueño de las
comunidades y esto también incluye la protección y preservación de la flora y fauna del Salton
Sea.

El medioambiente tiene diversos impactos en la comunidad cómo herramienta educativa, sistema 
de valores, tanto la ecología y la economía están enraizadas en la palabra griega OIKOS que 
significa hogar. Si bien la ecología se centra en los principios de cómo se organiza el hogar, la 
economía es el estudio de cómo organizar el hogar, sin embargo, en el proceso, se puede 
comparar cómo una cosa va a la par de la otra si no tenemos un medio ambiente saludable los 
hogares se ven impactados con enfermedades que deterioran a las personas y hace que tengan 
una baja calidad de vida pero esto inmiscuye más, ya que la personas invierten no solo tiempo 
para cuidarse ellos o sus familiares que se enferman y para eso se requiere de tiempo y dejan de 
trabajar y la economía se ve afectada en ese hogar. 

Enfermedades respiratorias, asma, enfermedades de la piel, sangrado nasal infantil, y la salud 
mental, son solo algunas de las enfermedades o padecimientos que aquejan a los residentes de los 
alrededores de la laguna del Salton Sea. Es por eso que queremos priorizar la salud y el bienestar 
de los residentes, creando un clima limpio con aire de calidad impulsado por la creación de 
espacios recreativos, para que las familias puedan disfrutar y aprovechar la maravillosa laguna 
del Salton Sea, sugerimos reforestar y la limpieza de la laguna, nuestra visión es crear un espacio 
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habitable saludable para todas las generaciones de la comunidad. Muchas de las familias que han 
habitado las comunidades que avecinan el Salton Sea han llegado a escoger estas comunidades 
por acceso a la vivienda. Para muchos estas comunidades son los únicos lugares en los cuales 
pueden vivir, sea por costo o trabajo. Nosotros pedimos que nuestras comunidades sean visibles 
para todos los que estén involucrados en las decisiones asociadas con mejoras al Salton Sea.  
 
En comunidad,  
 
 
Sandra Ramirez, Coachella 
 
Mariana Roman, Thermal  
 
Christian Mendez, Desert Shores  
 
María Griselda García, Thermal  
 
Ramón Zaragoza, Thermal  
 
Hermelinda Tejas, Thermal  
 
Karina Andalon, Coachella  
 
María Pozar, North Shore 
 
Natividad González, North Shore 
 
Yesenia Pozar, North Shore  
 
Carolina Macknight, North Shore 
 
Colin Barrows, La Quinta 
 
Vianey Holguin, Coachella  
 
Maritssa Nolasco, Coachella 
 
Joel Duarte, Thermal   

Sendy Hernández Orellana Barrows, La 
Quinta 
 
Elizabeth Esteban, Oasis  
 
Olivia Rodriguez, Thermal 
 
Bryan Mendez, Desert Shores 
 
Manuela Ramirez, Thermal  
 
Raquel Magaña, North Shore 
 
Juan Magaña, North Shore 
 
Mario Bautista, North Shore  
 
Josefina Sosa, North Shore  
 
Ernesto Maya, Mecca  
 
Rosa Gabriel, Mecca 
 
David Mosqueda, Mecca 
 
Lilian García, Indio 
 
Adriana Torres, North Shore 

 
Edward G. Luna, Mecca 
 
 
 
 
 
 



 

ENGLISH TRANSLATION 
 
September 30, 2020 
 
 
Arturo Delgado 
Assistant Secretary for Salton Sea Policy 
California Natural Resources Agency 
Via email: cnra-saltonsea@resources.ca.gov  

 

Dear Assistant Secretary Delgado,  

 

This is an inclusive document of ethical principles, inspired by community members residing in 
the Eastern Coachella Valley and around the Salton Sea. We want this to reach different spheres 
of knowledge: civil society, academia, governments and other entities for a sustainable future. 
The community asks that the creation of any plan include an approach that focuses on the 
impacts on the communities that surround the Salton Sea. It is important that the plans that are 
approved include greening and reforesting around the Salton Sea and benefits to the communities 
that have been impacted by the deteriorating environmental conditions. 
 
That is why below we will express what is important for us to be implemented or be taken into 
account regarding the sustainability and development of the Sea, while also ensuring 
commitments to comply with existing obligations and the collective will of the residents. This 
also means taking into account environmental rights, because we want those gaps in 
environmental law to be identified, as it’s equally important for planning to take into account the 
regional and global impacts. Having an optimal healthy environment is the dream of the 
communities and this also includes the protection and preservation of the wildlife of the Salton 
Sea. 
 
The environment has various impacts on the community as an educational tool, value system, 
both ecology and economy are rooted in the Greek word OIKOS which means home. While 
ecology focuses on the principles of how the home is organized, economics is the study of how 
to organize the home. However, in the process, one can compare how one thing goes hand in 
hand with the other if we do not have a healthy environment homes are affected with diseases 
that deteriorate people and cause them to have a low quality of life but this interferes more, since 
people invest not only time to take care of themselves or their relatives who become ill and for 
that it takes time and they stop working and the economy suffers in that home. 
 
Respiratory diseases, asthma, skin diseases, infantile nasal bleeding, and mental health, are just 
some of the health issues or conditions that afflict the residents surrounding the Salton Sea. That 
is why we want to prioritize the health and well-being of the residents, creating a clean climate 
with good air quality driven by the creation of recreational spaces, so that families can enjoy and 
take advantage of the wonderful Salton Sea. We suggest reforesting and cleaning the lagoon, our 
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vision is to create a healthy living space for all generations of the community. Many of the 
families that have inhabited the communities that surround the Salton Sea have come to choose 
these communities for access to housing. For many, these communities are the only places in 
which they can live, whether for cost or work. We ask that our communities be visible to all who 
are involved in decisions associated with improvements to the Salton Sea. 
 
 
In community, 
 
 
Sandra Ramirez, Coachella 
 
Mariana Roman, Thermal  
 
Christian Mendez, Desert Shores  
 
María Griselda García, Thermal  
 
Ramón Zaragoza, Thermal  
 
Hermelinda Tejas, Thermal  
 
Karina Andalon, Coachella  
 
María Pozar, North Shore 
 
Natividad González, North Shore 
 
Yesenia Pozar, North Shore  
 
Carolina Macknight, North Shore 
 
Colin Barrows, La Quinta 
 
Vianey Holguin, Coachella  
 
Sendy Hernández Orellana Barrows, La 
Quinta 
 
Elizabeth Esteban, Oasis  
 
Olivia Rodriguez, Thermal 
 
Bryan Mendez, Desert Shores 
 
Manuela Ramirez, Thermal  

Raquel Magaña, North Shore 
 
Juan Magaña, North Shore 
 
Mario Bautista, North Shore  
 
Josefina Sosa, North Shore  
 
Ernesto Maya, Mecca  
 
Rosa Gabriel, Mecca 
 
David Mosqueda, Mecca 
 
Edward G. Luna, Mecca 
 
Lilian García, Indio  
 
Adriana Torres, North Shore 
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I want to forward a few documents to the scoping information the Corps of Engineers uses in its
evaluation of the State’s “Phase 1: 10-Year Plan Project Description.”  

California Law only allows water transfers if the change can be made without unreasonably affecting
fish, wildlife or other instream uses and does not unreasonably affect the economy of the area from
which the water is transferred.  As we speak, the amount of water flowing into the lake is decreasing
as San Diego Water Authority increases its “take”.  The Salton Sea surface is already down 9.5 feet,
and will eventually drop by 20 feet.   Its volume will decrease by more than 60%.  Salinity will triple. 
And, the shrinking lake will expose 100 square miles of dust-generating lake bottom to the region’s
blowing winds, worsening the already poor air quality. 

The Dust Suppression Plan and the Phase 1: 10-Year Plan Project Description do not meet air quality
Best Available Control Measures (BACMs) or fresh water quality standards. 

The Corps of Engineers should look objectively beyond these ill-conceived proposals to other
alternatives--most notably whole sea solutions--as it assembles its environmental assessment.

I want to add four documents to corroborate the comments I made during the Zoom meeting last
Wednesday.  I attached them to this email.

The first is Table 3 from the California Department of Pesticide Regulation’s “Summary of Pesticide
Use Report Data—2017; table 3” (Attachment 1).  It shows Imperial County applied 5,372,045 lbs. of
pesticide in 2017 (Riverside County applied 2,717,182 lbs. of pesticide).  I am sure most pesticide, at
least in Imperial County, ended up in either the Alamo or New River, the source of water for the
proposed 10-year plan.  This means 50 million pounds of pesticides have been put in the Alamo and
New River in just the past ten years.  100 million pounds in the past twenty years. 

I forward an article I mentioned in my Zoom comments: “Pesticides in Water and Suspended
Sediment of the Alamo and New Rivers, Imperial Valley/Salton Sea Basin, California, 2006-2007”
(Attachment 2).  The article indicates that several individual pesticides are present in quantities
sufficent to be deadly to aquatic life.  It is likely, when many are present together in the water, the
results are cumulatively worse.

I forward Ian James’ article in the Desert Sun about the toxic waters of the New River.  Entitled
“Poisoned Cities Deadly Border—This River is Too Toxic to Touch, And People Live Right Next To It”
(Attachment 3).  It is a truly damning indictment.

Lastly, I am enclosing Jenny E. Ross’ seminal article “Formation of California’s Salton Sea in 1905-07
was not “accidental”” (Attachment 4) to make clear why the valley is subject to the public trust, and
why the State’s restoration efforts need to be focused through its lens.   Mr. Dahl already has this
one.

Thanks for this chance to add to the Environmental Assessment scoping discussion.

Best,

Chris Cockroft
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POISONED CITIESDEADLY BORDER

THIS RIVER IS TOO TOXIC TO TOUCH, AND PEOPLE LIVE RIGHT NEXT TO IT

The New River is filled with sewage and toxic pollution. Despite more than $90 million spent, the Mexican and U.S. governments have failed to clean it up.

BY IAN JAMES | PHOTOS BY ZOE MEYERS, THE DESERT SUN

UPDATED 11:29 A.M. PST DEC. 10, 2018





Illustration by Merry Eccles/USA TODAY NETWORK. Photos by Zoe Meyers/The Desert Sun, Getty Images.

Leer en español

The Río Nuevo flows north from Mexico into the United States, passing through a gap in the border fence. 

The murky green water reeks of sewage and carries soapsuds, pieces of trash and a load of toxic chemicals from Mexicali, a city filled with factories that manufacture products from electronics to auto parts.

For people trying to cross illegally into the United States, the river offers a route to try to slip past Border Patrol agents. But the water is so polluted that people who wade in get itchy rashes or sores, and anyone who gets even a splash in the mouth becomes violently ill.

Just north of the border in Calexico, the New River is treated like a toxic waste site. On the edge of its trash-strewn ravine, a yellow sign is planted in the dusty soil with a skull-and-crossbones symbol and the warning: “CONTAMINATED SOIL AND NEW RIVER WATER, KEEP OUT!!”

For people who live next to the river, the odor can be so overpowering that it gives them headaches. Their eyes water and their nasal passages sting. To escape the stench, residents avoid spending time outdoors in their yards.



The New River flows across the border into California. This section of the border fence was recently removed and replaced with a new, taller barrier.ZOE MEYERS/THE DESERT SUN

“All the chemicals, all the waste that comes from the factories there in Mexicali, I can’t tell you what it contains because I don’t know,” said Ernestina Calderón, who lives on a street next to the river in Calexico. “But I’m 100 percent sure that they’re chemicals that are harmful for your health.”

A decade ago, Calderón survived a fight with stomach cancer. Her adult son had cancer in his lymph nodes and survived. 

Several of Calderón’s neighbors — she counted six people — have died over the years of different types of cancer, including lung, pancreatic and stomach cancer. Other neighbors suffer from illnesses including asthma and thyroid disorders, which can be triggered or worsened by pollution. 

Residents have been complaining for years that living next to the river is making them sick. They’ve demanded government agencies clean up the sewage and industrial waste. Yet despite those calls for help, the river is still filled with high levels of bacteria and toxic chemicals. 

In an investigation into the pollution that afflicts the city of Mexicali and nearby border communities, The Desert Sun found that the New River is plagued by harmful chemicals and heavy metals, increasingly frequent sewage spills and a lack of funding to fix those problems — despite recognition among government regulators on both sides of the border that the river requires bigger cleanup efforts. 

During the past two decades, the U.S. and Mexican governments have spent more than $91 million on jointly funded upgrades of Mexicali’s sewer system. But the rapid growth of the city, with its proliferating maquiladoras, has outpaced the sewer infrastructure. Spills of raw sewage into the river are on the rise and becoming a major problem, and the wastewater plant that discharges into the New River doesn’t disinfect the water or remove chemicals or heavy metals.  

Mexican government agencies are charged with regulating releases of industrial waste from the maquiladoras, and companies are supposed to treat wastewater to meet the country’s standards before discharging it into the sewer system. But the factories face questionable oversight and minimal enforcement. And Mexican government records show companies reported discharging wastewater containing some of the same toxic pollutants that are turning up in water tests in the New River. 

Those tests of water and sediment samples by California regulators show the river is one of the most polluted in the state, with high levels of heavy metals including lead, copper and mercury.

There are also toxic chemicals including polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and byproducts of the banned pesticide DDT.

Along the river, there are still signs of life, including egrets and herons that forage on the banks. Yet as Border Patrol agents scan the river looking for migrants, they sometimes see masses of dead fish floating — signs of the dangers in the dark, cloudy water.    

An open wound



Ciro Calderón looks out over the New River from Nosotros Park in Calexico.ZOE MEYERS/DESERT SUN

Calexico Street runs next to the river gully, lined with stucco-walled homes and big lawns. 

The neighborhood, called the Nosotros Subdivision, was built in the early 1980s. A black-and-white photo of a groundbreaking ceremony in 1983 shows members of the Calexico City Council smiling with shovels alongside developers from the company Shamrock Properties, one of two companies that were building the first 80 homes. 

The caption says the development featured three- and four-bedroom homes selling for $59,000 to $61,000. The subdivision was planned as a low-income housing project and was built with state and federal assistance. 

Wally Heard, one of the developers who built homes, recalled that the state had owned the property and made the land available for the project because there was a great deal of demand for low-cost housing. The state also provided financial assistance for buyers who qualified based on income.

“Those houses went real quick,” Heard said. At the time, city officials were focused on building homes to ease the housing shortage, and he didn’t recall anyone talking about the proximity to the river being an issue. 

“I had no clue on my side at all about it being problematical,” Heard said. “I just don’t think it was taken into consideration at all, to tell you the truth.”

A toxic river flows across the border, posing a health threat

Border Patrol agents and people living near the New River worry about their health. Flowing into the United States from Mexico, the New River is polluted with trash, sewage, heavy metals and industrial chemicals.

Calderón and her farmworker husband, Ciro, were among the first families who bought homes. They were pleased they could afford the property. 

Calderón and her neighbors were told the smelly river would be encased in a pipe and covered up with dirt. A park would be built on top of it. 

“We didn’t know how harmful the river was,” Calderón said, sitting at her kitchen table. “If from the start they had told all of us who live in this area how much it could harm us to live along such a polluted river, we wouldn’t have bought anything — nobody here, no one, due to the pollution.”

A neighborhood park eventually was built next to the river with a playground and a baseball field. But the sewage kept flowing, and the work of putting the river in a pipe was never carried out. 

Calderón and her family learned to cope with the odors.

“When I have my grandchildren here and it seems the smell is coming, I tell them, ‘Go inside, kids, go inside.’ Because the smell is very strong,” Calderón said. “They stop playing and I put them inside and spray Lysol or whatever so that you don’t notice the bad smell.”

Water from the river isn’t used for drinking or irrigation. People treat the river like an open wound on the landscape, an off-limits zone to avoid. 

It flows beside the neighborhood down in the ravine, where thickets of scrubby brush grow alongside the water.

The river was encased underground in Mexicali two decades ago, and for years people in Calexico have been pressing for a similar project on the U.S. side. 

In 2009, Calderón visited Sacramento to demand action together with members of a local nonprofit group called the Calexico New River Committee. They urged lawmakers to support a bill that called for cleaning up the river and building a park along it. Though that bill was approved, Calderón has been frustrated by the lack of action since then on the so-called New River Improvement Project.

“We want them to cover up the river,” Calderón said. “We want them to put it in a pipe so that all the pollution it carries isn’t exposed to the air. That’s all we’re asking for. But they say the project of putting in a pipe costs a lot of money. Mexico has already done it, but not here in the United States.”

California officials are now working on a plan to put the river in a pipe and reroute it away from the neighborhood to wetlands farther downstream. A statewide bond measure that was approved by voters in June will provide $10 million to pay for part of the river project. 

Timeline:  A river that has been toxic for decades

Calderón says it’s about time something is done, but she’s still skeptical after years of disappointments. She and her husband are sometimes asked why they don’t just move away. She said they’d definitely consider moving if they could afford it, but they can’t. And this is their home.

Nowadays, the home values on Calexico Street remain low compared with other parts of the town, with most estimated between $150,000 and $180,000. 

Some residents say the river’s odors have gotten a bit less noxious in the past several years. But it’s still bad enough that when the smells of sewage fill the air, people shut their doors and windows and stay inside. 

When it’s hot outside, fumes resembling the stench of rotten eggs often fill the neighborhood — the telltale sulfur smell of hydrogen sulfide gas.

“It’s a stench that even hurts to breathe,” Calderón said. “Breathing it makes your nose burn.”

She and her neighbors have found that their air conditioners often need to be repaired or replaced because metal parts quickly corrode and refrigerant leaks out. That makes Calderón wonder: If the metal air conditioners are corroding because of something in the air, what other effects might the pollution have on their health? 

 “We want



pollution

danger.”

ERNESTINA CALDERON

Hydrogen sulfide can be released into the air from decaying material like dead fish or decomposing algae in lakes and rivers, or from sewage or industrial processes. One source of the toxic gas is the Cerro Prieto Geothermal Power Station, which spews out steam and particles south of Mexicali. 

The gas is also released by sewage-treatment plants. Calexico’s wastewater plant sprays water into the air in an aeration pond across the river from Calderón’s house. 

Air conditioners tend to have corrosion problems near wastewater plants because the gases dissolve metallic joints inside the units, said Cesar Rodriguez, the manager at Arctic Air Conditioning in El Centro. Rodriguez said he suspects the problems with corroding air conditioners next to the New River are mostly due to fumes from the sewage plant. How much the river might be contributing to the problems isn’t clear. 

Responding to complaints about the stench, the California Department of Public Health carried out a study in 2008 and 2009. The department said in a 2010 report that Calexico’s higher-than-normal hydrogen sulfide levels “are likely the result of the emissions from multiple sources, both locally and in Mexicali.”

The researchers tested the air along the riverbanks and elsewhere, and said the river didn’t appear to be the source of the hydrogen sulfide odors in the neighborhood because the gas levels were higher in other parts of Calexico.

Near the border, the river’s fumes add to a potent mix of air pollution that includes dust, smoke spewing from factories, exhaust from cars and trucks, and dark columns billowing from burning trash in Mexicali. 

This area of the border has some of the dirtiest air in the United States and Mexico. Imperial County has the highest rate of asthma-related emergency-room visits for children in all of California.

Statewide data also shows the county has relatively high rates of some types of cancer, including cancers of the brain and nervous system, digestive system and myeloma.

Calderón said while much remains unknown and unstudied about the health effects of living by the river, one thing is clear: Something should have been done long ago to protect people from the pollution. 

In her front yard, plastic swings dangle from a tree. Her grandchildren play here when they visit. 

“In the future, I don’t want it to affect my grandchildren, the whole new generation,” Calderón said. “We want our home, our community, to be a community without so much pollution danger.” 

 ‘You can’t go outside'

To investigate illnesses in the neighborhood, Desert Sun journalists went door-to-door interviewing residents on a single block of Calexico Street. Of 15 people who answered the door, three said they or their relatives have thyroid illnesses. Several people said they have asthma or battle severe allergies. 

They included retirees, elderly former farmworkers, a banquet organizer, an electrician and others. Many said the stench bothers them and they avoid going outside when the odors are strong.

Candelaria Nieblas said she keeps a nebulizer handy to treat her asthmatic 16-year-old son, Jesús Iván, when he has coughing fits. The boy was born with the genetic condition DiGeorge Syndrome and requires constant care.

Lately, his asthma has been under control. But Nieblas recently learned that she’s developed asthma, too.

“I have a cough that won’t go away,” Nieblas said, sitting on her front porch. Sometimes, she coughs so much that her back aches from all of the heaving.  

Nieblas has started getting weekly allergy shots and uses an inhaler in the morning and at night. She notices the smell of sewage hanging in the air and suspects it’s taking a toll. 

Down the block, Berta Prado also suffers from asthma and uses an inhaler.

“There are times when the odor is very strong. You can’t go outside,” said Prado, a former farmworker whose backyard faces the river. “The odor is so bad it burns my nose.”

Prado has an adult daughter with a thyroid illness, which has led to trembling and once caused her hair to fall out. 

Medical studies have found that while much of the risk of developing autoimmune thyroid disease is due to genetics, various types of pollutants — such as lead or PCBs — may affect the thyroid and play a role in developing thyroid illnesses.

Prado said years ago residents circulated a petition calling for the river to be put into an underground pipe.

“I feel disillusioned because they don’t do anything,” Prado said. “Many people have sold, and they leave.”



Look: Toxic water flows from Mexico to US in New River

Nearby on Grant Street, Antonio and Maria Elena Ramírez have been living in a home next to the river for 28 years. They said they suffer severe headaches, allergies, watery eyes and infections, and they blame the river, which is several hundred feet from their backyard.

Antonio Ramírez takes an antihistamine to control his allergies. When the odors are strong, he and his relatives put on Vicks VapoRub to mask the smells. At night, they close their doors and windows to keep out the smell. 

“I can’t stand the odor that comes from the water,” Ramírez said. “It hurts your eyes. It gives you a headache.” 

Other illnesses have also appeared among his neighbors. A decade ago, a neighbor’s preteen daughter had a serious illness that gave her tremors and made her lose her balance, Ramírez said, and her family decided to move away to escape the pollution. He’s not sure what she had. 

Ramírez said he’s convinced the illnesses are a direct result of living next to such a filthy cesspool. 

“But there’s no doctor, no hospital who can give us a record saying, ‘You’re sick because of the river,"' he said. 

Ramírez, a former farmworker, has walked with a cane since he suffered an accident years ago. Sitting in his living room, he said no one hangs clothes outdoors to dry because the fabric will absorb the stench.

Sometimes, windstorms sweep across the desert, sending clouds of dust swirling from the riverbanks through the neighborhood. 

Ramírez has joined his neighbors in complaining to politicians, including state Assembly members, senators and city council members. He feels frustrated by years of broken promises, and he sees it as a shameful injustice that the problem still hasn’t been fixed. 

 “They all say, ‘We’re going to investigate.’ But they’ve failed as politicians,” Ramírez said. “They don’t do anything.”

Ramírez remembers a very different New River when he was a boy growing up in Mexicali in the early 1950s. 

“It was clean, crystal clear water,” he said. “It was beautiful swimming there.” 

He remembers jumping off a wooden bridge into the water, which was mainly runoff from farms around Mexicali.

“We fished. There were turtles,” Ramírez said. “Everyone who lived here in Calexico and Mexicali went swimming and absolutely nothing happened to us. It was a clean river.”

As Mexicali grew and more factories were built, sewage and industrial effluent poured in, and people stopped swimming in it.  

“Now it’s sewage. It’s not a river,” Ramírez said. “They should take away the name New River.”

“The name should be changed to New Sewage,” he said.

One afternoon, when the river was giving off relatively mild odors, Ramírez walked into his backyard and looked toward the river. He said he hopes government agencies pick up the pace and finally rid the neighborhood of pollution. 

“I don’t know when they’ll do it,” Ramírez said. “I hope before I die.” 

A river partially hidden underground

The New River begins south of Mexicali, where the lush farmland irrigated with Colorado River water contrasts with the open desert beyond. 

The river channel was carved by floodwaters in 1905, when Colorado River water burst through a control gate in a blunder during construction work. As the water poured north, it created the Salton Sea atop an ancient lake bed and scoured the channels of the Alamo and New rivers. Both rivers have kept flowing ever since. 

Runoff from fields of alfalfa and wheat courses through ditches and feeds the New River. On the outskirts of Mexicali, putrid water flows in from ditches filled with heaps of garbage and discarded tires.

In parts of the city, open ditches filled with raw sewage run between factories, garbage dumps, cattle corrals and shacks. The filthy runoff collects in ditches, and many of these reeking arteries reach the New River.

The water collects in a series of lagoons, then passes through a system of underground tunnels as it runs through Mexicali, serving as a drain for the city.

Even with the river hidden underground, everyone knows it's there. When people give driving directions, they often say in Spanish, "You go down Rio Nuevo ..."

Down in the ravine by the river, homeless people have built small encampments among the bushes.

The river passes Nosotros Park, where children play soccer, basketball and softball in the afternoons. Then it meanders through Imperial Valley farmlands, gathering farm runoff along the way, until it meets the Salton Sea, sending a brown plume into the lake.

For decades, the river has been synonymous with pollution. The author William T. Vollmann explored it while researching his 2009 book “Imperial.” He enlisted a companion and cruised the river in an inflatable raft using wooden oars.

He described the New River as “a horror” and a “reeking brown cloaca,” saying it gave off a “stench of excrement and something bitter like pesticides.” 

On summer nights, he wrote, the sickeningly rich stink “remains on one’s clothes and even on one’s tongue.”

‘It’s affecting these agents’

Despite its stench, the river offers a path for people who are desperate to cross the border.

Border Patrol agents say smugglers charge migrants $5,000 to $7,000 to lead them across, and groups are regularly spotted trying to slip past in the river.

One night in September, floodlights reflected off the dark water as several agents kept watch from their trucks on the banks.

When they spotted two young men wading through the water, agents appeared on the edges of the steep banks and shined their flashlights on them. The two stopped under a bridge, their soaked clothes clinging to them, and slowly waded back upstream. Once across the border, they entered a culvert and disappeared into the darkness.

An agent said over the radio that the two were “TBS” — they had turned back south.
“This is their game, night after night,” Agent Joel Merino said. “I’m sure they’re just waiting.”

Often the border crossers come out of the concrete culvert. Its mouth is covered with crisscrossing bars, but sections of the bars have been removed to allow for easy access.

They submerge themselves up to their noses. They try to hide under floating debris or in the vegetation along the water’s edge.

Metal gates block the river just north of the border, and some people are captured when they climb out to skirt the gates.
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Border Patrol agents say people who are spotted in the river sometimes throw rocks or sticks, or sling mud at them to try to escape. The agents are instructed to keep out of the water unless an emergency situation arises.

“It’s so polluted,” Merino said, looking down at the water. “To me, it looks like old antifreeze.”

The riverbanks are littered with plastic bottles and scraps of soggy clothing. Old tires sit lodged in the mud.

As the agents stood watch, wind picked up clouds of dust along the riverbank and sent it swirling into the night. The powdery dust coated their boots and pants.

Merino has developed allergies working along the border. He’s found that when he’s assigned to the river, his skin itches and his eyes get irritated and water up.

Other agents say working next to the river gives them headaches. When the water reeks, they try to limit their exposure by stepping into their Chevrolets and keeping their windows shut.

“There’s times during the summer,” Merino said, “where the odor of the river is so pungent that it will make you nauseous.”

He paused when he heard a voice on his radio: “A pair is coming back.”

Another agent stood at the riverbank, pointing his light down into the reeds and brush.

In the gleaming floodlights, two men emerged from the vegetation. They were neck-deep in the river. As they swam upstream, their heads went underwater.

Watching them retreat, Agent Ruben Sigala said: “They don’t understand the dangers of putting their face in it.”

Another agent, Jose Enriquez, said he worries about the health effects of working along the river.

“Studies need to be done. We really don’t know what kind of risk we’re putting ourselves in," Enriquez said. “It is dangerous. I, for one, don’t want to ever touch that water.”

The union that represents Border Patrol employees has been voicing concerns that the river is making people sick.  

“We have case after case after case of people getting headaches, rashes, flu-like symptoms,” said Mike Matzke, president of Local 2554 of the National Border Patrol Council. “One agent we had, it really affected him to the point where it blurred his vision.”

Matzke represents agents in the El Centro Sector, roughly a third of whom are stationed in Calexico and regularly work along the river.

“I’d say every agent at Calexico station has been exposed to the New River one way or the other,” Matzke said. “It’s inevitable.” 

That includes getting splashed, slipping and falling into the water or going in on purpose to capture migrants. When agents get soaked with river water and mud, the nearest showers are in the locker room at their station. 

“Some agents, even after they’ve showered, are just itching all night long,” Matzke said. “They scratch and now you’ve got an open sore. It lasts a couple days. They’ll break out.”

When someone goes underwater completely and swallows water, the symptoms appear quickly. 

“Usually when a migrant gets a mouthful of that water, they’ll just start throwing up pretty much uncontrollably, and all we can do for them is sort of hose them down and keep washing the throw-up down the drain until they stop,” Matzke said. 

It can feel like coming down with severe food poisoning, he said. Matzke knows from experience: Once, as he was pulling a man from the river, a splash of water landed in his mouth and he started vomiting.

Matzke has been talking with managers about what can be done to help agents, such as providing outdoor decontamination showers and more protective gear, as well as blood tests to monitor their exposure to pollution.  

Many agents feel they should get extra “hazard duty” pay for working along the New River.

Border Patrol agents have raised similar complaints in San Diego, where raw sewage from Mexico regularly flows in the Tijuana River and fouls beaches near the border.

Concerns about the hazards of working along the Tijuana and New rivers were at the center of a 1994 lawsuit by the union against the federal government. That case ended with a $15 million settlement in 2004. The terms included several pledges by the government, including that agents would not be disciplined for refusing to enter the rivers, “except in cases where life is endangered.”

In the past year, the Tijuana River has again become a high-profile problem. San Diego-area beach cities sued the federal government in March over the sewage spills, which have led to repeated beach closures and have been blamed for declines in property values. Then, in September, California Attorney General Xavier Becerra and the state’s San Diego Regional Water Quality Control Board filed a lawsuit accusing the federal government of violating the Clean Water Act by allowing untreated sewage to pollute the river.

Becerra said the lawsuit aims to protect public health and natural resources, and “get those responsible to clean up this mess.” 

In the complaint, lawyers for California said the violations of the Clean Water Act relate to the continuing discharge of “millions of gallons of waste consisting of untreated sewage, bacteria, pesticides, chemicals, and heavy metals” from sewage treatment facilities owned and operated by the U.S. Section of the International Boundary and Water Commission. They accused the federal agency of failing to properly manage and operate the wastewater facilities, and said the violations show an “unwillingness to address pollution that crosses into the United States from Mexico, absent being compelled through legal action.”

The pollution of the New River, which runs through a poorer community that is 97 percent Latino, hasn’t drawn such a strong response in recent years. No similar lawsuit has been filed by state authorities over the New River.

As for the Border Patrol agents who work at the river, Matzke said their biggest worries are the unknowns, including what’s dumped into the water in Mexico and the viruses that fester in the sewage, from typhoid to cholera.

Occasionally the agents see people fishing in the river, and they will tell them it’s not a good idea because the water is polluted. But sometimes, the anglers ignore the advice. And even though some of the pollutants in the New River accumulate in fish tissues, the state’s Office of Environmental Health Hazard Assessment has advised people that women under age 45 and children “can safely eat” one serving per week of carp, or four servings per week of tilapia caught in the river. 

Matzke said he would never eat fish from the river. Some days, the agents see fish swimming, and other days they see dead fish on the surface.

“Who knows what’s in it on a day-to-day basis,” Matzke said. “The valley’s got a lot of pollution problems, between pesticides, the New River and air quality. I’m 100 percent sure it’s affecting these agents.”

The U.S. government recently built a new port of entry next to the river and a new 30-foot-high steel fence along the border in Calexico. Workers tore down an old metal fence that had run up to the edges of the New River, and replaced it with the new barrier.

Matzke said the taller fence should dissuade people from trying to jump down from the top of the barrier. But that doesn’t mean it will stop the flow of people. In fact, he said, the bigger fence might funnel more people toward the river.

Matzke has been working in the area for 11 years. And one question has stayed with him ever since he arrived from Wisconsin: Why has this badly polluted river been neglected for so long?

“If this river were in Wisconsin, people would lose their minds,” he said. “Politicians would lose their jobs. They would be like, ‘Clean this up.’”

Tracking toxic pollution

The New River is filled with bacteria at levels far above the threshold considered safe for human contact. 

The concentrations of fecal coliform bacteria are measured with an estimation called “most probable number,” or MPN, per 100 milliliters of water. California’s regulatory goal for people to safely swim in freshwater is 400 per 100 milliliters. Monthly samples from the New River last year ranged from 12,000 to more than 160,000 — reaching more than 400 times the swimmable limit.  

Water tests show the river is one of the most polluted in California. 

One of the pollution measures used by the State Water Resources Control Board is toxicity. In the laboratory, researchers test samples of sediment taken from a river by observing the effects on aquatic animals — in this case a tiny crustacean called Hyalella azteca — and watching how many of the creatures die. 

Statewide data from 2002 to 2015 revealed that about 46 percent of the sediment samples from the New River exceeded the toxicity threshold for the creatures. Of the rivers tested in California, the New River had one of the highest percentages of samples found to be toxic.

Scientists from the University of California, Riverside, have also used monitoring data collected by state officials to analyze pollution in the New and Alamo rivers and the Salton Sea. The researchers studied the contaminants recorded in water, sediment and fish in the two rivers and the lake between 2002 and 2012. They found the pollution in the New River stood out.

In their 2016 study, the scientists said the levels of toxic metals — including cadmium, chromium, copper, lead, mercury and nickel — exceeded thresholds for aquatic life in the river sediment at the border. The testing also showed elevated levels of pesticides including chlorpyrifos, dieldrin, pyrethroid insecticides and DDT, and other carcinogens including PCBs and PAHs.

PCBs have been found to cause cancer in animals. Though the chemicals were banned in the U.S. in 1979, they can still be found in insulation, electrical equipment, transformers and other systems that were manufactured before the ban.

PAHs are created by burning fuel or other materials, and studies have shown links to cancer. 

The scientists focused their study on the potential effects for fish and wildlife, not on human health. They said that “persistent toxics are prevalent” in the rivers and the Salton Sea, and that the levels are especially high in the New River at the border. 

“The risk for ecological damage is clear for those contaminants that exceed those thresholds,” said Daniel Schlenk, a professor in UC Riverside’s Department of Environmental Sciences. He said it’s not clear whether the contaminated sediment in the river is going all the way downstream and making it into the Salton Sea, and if it is, how much. 

But the effluent that flows out of Mexicali carries a load of phosphates and other polluting nutrients, which contribute to algae blooms in the Salton Sea. And the chemicals in the river may be contributing to the sea’s deteriorating ecosystem.   

The Salton Sea is shrinking as strains grow on the dwindling Colorado River and as a water-transfer deal shrinks the amounts of water flowing through farm ditches into the lake. The retreating shorelines have already left about 20,000 acres of lake bed dry and exposed to the desert winds. 

In the coming years, the lake is projected to shrink dramatically, sending more dust billowing through communities that already suffer from high asthma rates. 

If accumulated heavy metals, chemicals and pesticides are ending up in the dust — both along the New River and on the shores of the Salton Sea — the river’s toxic pollution may be affecting people’s lungs miles away from the border.

Questionable oversight

Ponds filled with sewage spread out in the desert south of Mexicali, forming an island of green in a sandy landscape dotted with creosote bushes. 

Las Arenitas Wastewater Treatment Plant was built to handle the growing volume of sewage from Mexicali. Effluent from the plant flows into a wetland, creating a 250-acre oasis where birds soar above the reeds. The water drains into the Hardy River, which flows south toward the Sea of Cortez.

When the plant opened in 2007, it began taking in a large portion of the sewage that previously had gone into the New River. That reduced the river’s flow across the border. It also brought about a marked improvement in the river’s water quality, including a decline in bacteria levels. 

Officials on both sides of the border say that during the past decade, Mexican authorities have improved their system of regulating factories’ wastewater discharges. 

But significant weaknesses appear to remain in the system of oversight and enforcement. 

Federal regulators in Mexico require factories to treat any wastewater that’s released into ditches. The state-run water utility, the Mexicali Public Services Commission, is in charge of regulating companies that discharge wastewater into the sewer system, and requires them to treat effluent to meet standards before letting it run into the sewer.

“Every industrial plant is registered with us and is required to comply with federal rules,” said Luis Antonio Hernández, chief of the utility’s wastewater department. 

If a business doesn’t comply with the regulations, he said, officials typically reach an agreement with a company and give managers a deadline to come into compliance. 

Hernández said some companies have occasionally been fined, though he didn’t give details.

A tally released by the utility showed that out of 114 registered industrial businesses, regulators detected six cases during 2016 and 2017 in which companies violated wastewater regulations based on indicators including levels of dissolved oxygen or total suspended solids.

The companies cited for violations included Isoclima de Mexico, which makes security glass for armored vehicles; Tecnologías Internacionales de Manufactura, a metal- and pipe-making company; Chromalloy, a company that produces engines and components such as turbine blades; Rocktenn de Mexico, which makes cardboard boxes; Fruvemex Mexicali, which sells fruit and vegetable products; and J. Cox, which specializes in injection plastic molding, making products such as brackets for televisions.

In all six cases, the companies agreed to come into compliance and took care of the problems, said Carlos Félix Verdugo, the utility’s environmental-control coordinator. He said in an email that violations are typically spotted after complaints or during inspections by officials. 

The Mexicali Public Services Commission took over its regulatory role from the Baja California state Environmental Protection Department in 2016. California water regulators had been pushing for that change.

“Prior to 2016, there was basically minimal oversight to none,” said Jose Angel, who recently retired as executive officer of California’s Regional Water Quality Control Board. He said it was awkward having one state agency running the sewer system and another in charge of enforcement, and it made sense to finally bring both functions under a single agency. 

Since that handover, companies have been required to turn in water-quality reports annually to renew their sewage-discharge permits. Officials say state regulators check information on companies’ permit applications, and water samples are regularly collected and analyzed to check that factories are properly treating their wastewater. 

 “The state does quite an effective job of providing oversight,” Angel said. He said that unlike years ago, now not a single foreign-owned maquiladora is known to be discharging directly into the river. He also credits Mexican authorities with eliminating untreated wastewater discharges from slaughterhouses into the New River. 

Angel said although industrial wastewater still contributes to the pollution in the river, and although the heavy metals in industrial effluent pose threats for the ecosystem, he thinks the bigger problems nowadays are the high levels of bacteria and the increasing spills of raw sewage into the river. 

Questions remain about how thoroughly Mexican officials are regulating wastewater discharges from the city’s maquiladoras. Records released by the utility show some companies had yet to obtain new permits during reviews last year. And it’s not clear how often the agency detects the dumping of toxic chemicals into the sewer system. 

Much of the sewage that ends up in the New River flows through the Zaragoza wastewater-treatment plant, which officials say improves the water quality but doesn’t disinfect the water and doesn’t remove chemicals or heavy metals. 

Some of the city’s large factories and power plants are regulated by Mexico’s federal government and are required to report on discharges of wastewater containing a list of toxic substances. A government database shows that since 2004, companies in Mexicali have discharged water with a list of pollutants including arsenic, cadmium, cyanide, chromium and mercury.

The companies that have reported releasing those substances include Cromsa, which specializes in chrome-plating, and paper-products maker Fábrica de Papel San Francisco, as well as other factories, power plants and a hospital. 

The information is self-reported, and the companies appear to be reporting wastewater releases that are permitted under Mexican regulations. The database doesn’t list the legal limits for discharges. The records also don’t specify where the wastewater has been released or say how much has ended up in the New River. 

Polluted and repolluted

What’s clear is that the records describe only a fraction of the pollution that’s going down drains and flowing into the river. 

In assessing the pollution levels in the river and the oversight of factories’ discharges, The Desert Sun shared data with Robert Bowcock, an independent water-quality consultant. Bowcock said water-testing results since the early 2000s show that there has been a decrease in the levels of contaminants from industrial wastewater, but that severe pollution remains in the river.

Because heavy metals and chemicals have accumulated over the years in the riverbed and the soil along the banks, the river is filled with “recalcitrant contamination” that continues to emerge in the water and ends up in the Salton Sea, Bowcock said. Unless those accumulated toxic deposits are cleaned up, he said, “the river’s going to constantly be repolluted from the sediments.”

Of particular concern are the accumulated PCBs in the sediment along the river, he said, and the possibility that these and other toxic chemicals may end up in airborne dust. 

Bowcock said many of the heavy metals and minerals that appear in the wastewater are already in the Colorado River water that flows into Mexicali, and the contaminants emerge from the factories’ industrial processes at much higher concentrations.
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While some factories appear to be treating their effluent, many wastewater discharges remain unregulated and are highly suspect, Bowcock said.

“I know that stuff is still being dumped,” Bowcock said. “For every bigger legitimate factory that’s being showcased, there’s probably 10 cheaters around the corner.”

The Mexican federal government tracks discharges for only a fraction of the industrial plants, and because the regulatory system relies on self-reporting by companies, he said, discharges of industrial waste may go undetected or unreported.

“Some of these factories are discharging and you’d never see it,” Bowcock said. “From a regulatory standpoint, there are still many more cheaters that need to be brought to the table.”

For many years, the New River was described as the most polluted river in North America. And while experts no longer describe it that way, Bowcock said the improvements to date are far from being a success story.   

“It’s still probably one of the most polluted rivers in North America. The question comes down to, at what rate do we want to clean it up? And at what rate do we want to clean up those chemicals that were already released into the environment?” Bowcock said. “The coordinated, concentrated effort of cleaning it up has not taken place. And it comes down to money.”



Decades of neglect

On both sides of the border, American and Mexican officials have acknowledged for decades that sewage and industrial waste are seriously polluting the New River. But efforts to address those problems have repeatedly fallen short. 

In the 1970s, as maquiladoras were proliferating in Mexicali, the stench of untreated sewage drew increasing complaints. President Jimmy Carter and Mexican President José López Portillo touched on the issue in a joint statement in 1979, calling for “further progress toward a permanent solution to the sanitation of waters along the border.”

In 1980, Mexico and the U.S. adopted an agreement establishing water-quality standards for the New River and calling for eliminating discharges of raw sewage. But the sewage and industrial waste kept flowing, and the requirements under that agreement, which was known as Minute 264, have never been enforced. California officials say Mexico has been in chronic violation of those requirements ever since.

The two governments signed an agreement in 1987 to jointly spend $1.2 million on sewer upgrades, and another agreement in 1992 to fund more sewer repairs and improvements.

But the problem of industrial waste from Mexicali’s maquiladoras remained unresolved.

In 1993, when the ratification of the North American Free Trade Agreement gave an added boost to the maquiladoras, Imperial County pressed the U.S. government to do more about the New River. 

The county’s Board of Supervisors petitioned the Environmental Protection Agency, urging the government to issue a rule that would require testing of chemicals in the New River and calling for it to conduct a comprehensive health assessment. The EPA denied Imperial County’s petition but acknowledged the New River was extremely polluted and said the agency would fund testing by state regulators. 

Then the EPA took an unusual step to try to pierce the secrecy and find out more about the chemicals that factories were releasing into the river. In 1994, the agency sent 117 letters to the U.S. parent companies of maquiladoras in Mexicali, asking them about the chemicals they were using and releasing into the environment. 

Only eight companies responded. The EPA then turned to its authority under the Toxic Substance Control Act and issued subpoenas to 95 U.S. parent companies of maquiladoras that hadn’t responded. That yielded 75 responses from companies, some of which said they no longer owned or operated a plant in Mexicali. In the end, the EPA received responses from 64 parent companies of maquiladoras in Mexicali. 

Some of them reported using chemicals at levels exceeding thresholds under U.S. law. Those pollutants included sulfuric acid, lead, silicon dioxide and aluminum oxide, among others. A few companies reported releasing chemicals into the sewer system including hydrochloric acid, sulfuric acid, isopropyl alcohol, sodium hydroxide and boric acid.

The EPA said in a 1995 report that the “information contained in the responses was insufficient to permit the agency to independently assess whether the data contained in the responses from the U.S. parent companies are representative of the actual releases of industrial pollutants from the maquiladoras.”

The agency concluded that continuing to monitor the New River through testing would be the “most effective way to provide accurate information on the pollutants in the river.”

That was the one and only time the EPA used its subpoena authority to seek information from maquiladoras. Some of the companies had argued that the agency overstepped its authority and that its jurisdiction didn’t include factories outside the United States. 

U.S. officials said they have since turned to other strategies. Nahal Mogharabi, an EPA spokesperson in Los Angeles, said the agency has taken “a more collaborative approach to address trans-boundary water quality concerns.”

“EPA has instead focused on constructing wastewater infrastructure in Mexico to prevent raw sewage from entering the United States,” Mogharabi said in an email. 

After NAFTA took effect, Congress in 1996 began appropriating funds to build water and wastewater infrastructure on both sides of the border. The EPA has since contributed more than $707 million for water and sewer infrastructure projects along the border. 

The federal Agency for Toxic Substances and Disease Registry also carried out a study analyzing the health impacts of pollution in the New River. The agency said in its 1996 report that the river “poses a potential public health hazard because area residents could be exposed to fecal streptococci, and other pathogens through contact with contaminated surface water and foam.” It said previous studies found the river was loaded with high levels of bacteria as well as viruses that were “reported to be capable of producing polio, typhoid, cholera and tuberculosis.” 

The agency said water tests showed metals including lead, cadmium, thallium and antimony in the water, as well as a list of toxic chemicals and pesticides. It recommended promoting “coordination and cooperation” between the U.S. and Mexican governments, curbing pollution, restricting access to the river, and advising residents not to eat fish and to avoid contact with foam in the water.

In the two decades since, California water regulators have repeatedly called for bigger pollution-fighting efforts. 

In 2003, Executive Officer Phil Gruenberg of the Regional Water Quality Control Board wrote to the U.S. government to complain. He said the New River was in a “deplorable condition” and that Mexico was continuing to violate the 1980 water-quality agreement. If penalties could be imposed, he said, the pollution would have been corrected years ago. 

“Countless promises have been made and broken, and the River remains just as polluted and dangerous as it was in 1980,” Gruenberg wrote in a letter to Wayne Nastri, who was then EPA’s regional administrator. The main victim, he said, is the predominantly Hispanic community in Calexico, and “Calexico’s suffering is environmental injustice.” 

As the EPA increased funding to help pay for sewer upgrades in Mexicali, the money was routed through the North American Development Bank, an institution that the U.S. and Mexico created when NAFTA was adopted with a focus on improving environmental conditions in border communities. 

Since 1997, the bank has administered dozens of U.S.-funded grants through the U.S.-Mexico Border Water Infrastructure Program, building and upgrading water and wastewater systems on both sides of the border in places from Brownsville, Texas, to Tijuana.

In Mexicali, the U.S. government’s contributions of more than $31 million to sewer projects have added to about $60 million in matching funds spent by the Mexican government.

The grants have paid for building pump stations and miles of new sewer lines. The funding has come with the condition that Mexicali’s utility require industrial plants to treat their effluent to limit the discharge of toxic pollutants. 

After Las Arenitas wastewater plant began operating in 2007, California regulators saw an immediate decrease in bacteria levels in the river. In the past several years, though, Mexicali’s dilapidated and overburdened sewer system has again been plagued with an increasing number of spills. Millions of gallons of raw sewage have poured into the river, causing sudden spikes in bacteria levels.

Sewage from Mexicali flows into California. But U.S. spending to clean it up has declined

The U.S. Environmental Protection Agency has contributed $31.3 million to jointly funded sewer projects in Mexicali since 1997, adding to $60.5 million in Mexican contributions and nearly $19 million in loans from the North American Development Bank. The projects upgraded Mexicali’s sewer system in the 2000s, but spending has declined dramatically during the past decade.
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Government records show how serious the problem has become. In response to a Desert Sun request under the Freedom of Information Act, the International Boundary and Water Commission released a list of sewage spills reported by Mexican authorities.

The list showed sporadic sewage spills in 2010, a single event in 2011, and then nothing until 2015, when three spills occurred. In 2016, the problems got much worse, with a total of 11 spills that sent millions of gallons of untreated waste into the New River. Five spills were reported in 2017, including one that dumped an estimated 122 million gallons of untreated sewage into the river. 

The spate of overflows represents significant backsliding after years of progress, and the problems have angered people who live next to the river. 

Luis Olmedo, who leads the environmental health nonprofit Comité Cívico del Valle, said officials on both sides of the border need to act. 

“Mexicali kind of just sits on these issues and waits for the U.S. to bail them out,” Olmedo said. “They’re just putting Band-Aids on their water-treatment plants.”

In 2016, the North American Development Bank released a 419-page study diagnosing Mexicali’s sewage problems. The report said the sewer system suffers from “lack of maintenance” and infrastructure that’s beyond its “useful life” — and now needs about $80 million in upgrades.





New hopes, elusive solutions

Because the New River crosses the border, it falls under the jurisdiction of the International Boundary and Water Commission, which was created by the U.S. and Mexico in 1889 and is charged with overseeing agreements and settling disputes. 

Alfredo De la Cerda has worked for the Mexican branch of the IBWC for more than two decades and heads its sanitation department. During a visit to the border fence, De la Cerda stood above the mouth of a concrete tunnel where the river emerges in a frothy pool. 

“I remember coming here when I was a boy and saying, ‘Let’s go to the ravine.’ It was no-man’s-land,” De la Cerda said. “You’d find trash and you’d find cars and furniture. That was in the early '80s. Since then, there’s been great improvement.”

“When I was a boy and I came, I saw water that was totally black. Today, it’s a different color, green, which shows biological activity,” De la Cerda said. “I think between the '80s and the present, there has been great improvement.”

Still, he acknowledged work remains to be done. 

“Any water that’s polluted with wastewater can definitely be a major health risk,” De la Cerda said, “but we’re continually working on solving all of those deficiencies.”

Yet, the river remains so polluted that when California water regulators visit to take samples, they slip on white protective suits, latex gloves and plastic face shields to avoid splashing any water on themselves. They step onto a narrow footbridge and use a pole to lower bottles into the water to take samples.

Officials at the state Water Quality Control Board credit Mexican authorities with achieving improvements in water quality during the past decade. They say they now have a good working relationship with their Mexican counterparts and regularly hold meetings where they share ideas about cleaning up the river. 

But California officials say they are also concerned that Mexico’s prior commitments haven’t been enforced and that the spate of sewage spills points to a deteriorating situation.

“It’s one of the most impaired surface waters in the state,” Angel said. “If you look at the overall water quality, it’s unacceptable. It doesn’t meet our water-quality standards, period. That should be good enough for action.”

California officials have been alerting the federal government and calling for help for the past several years. By 2014, Angel said, state water officials viewed Mexicali’s deteriorating sewer infrastructure as an emergency. 

“Now, it has become more of a crisis that needs immediate attention,” Angel said. At the same time, both Mexico and the U.S. government have been putting less funding toward sewer projects on the border. 

Records released by the North American Development Bank show that EPA funding for construction of water and wastewater projects on both sides of the border — through the Border Environment Infrastructure Fund — has dropped from an average of $58 million annually during the program’s first decade, from 1997 through 2006, to an average of $11 million a year from 2007 through 2016.

Last year, the EPA’s contributions totaled $8.8 million, and this year the funding decreased to $6.1 million. The downward trend looks likely to continue as President Donald Trump and congressional Republicans focus on downsizing spending on environmental programs.

The decrease in funding has meant needed sewer projects along the border have gone unfunded. Millions of gallons of sewage have continued to spill into the Pacific Ocean from the Tijuana River, fouling the beaches around San Diego. In Arizona, communities along the border have also been plagued by spills of raw sewage due to inadequate infrastructure in Mexico that hasn’t kept up with growth. Following a spill in September in Naco, Arizona, local officials declared a state of emergency. As a precautionary measure, they offered residents hepatitis and tetanus shots during vaccination sessions at a fire station and a school.

A river full of spilled sewage

Raw sewage frequently spills into the New River, and the number of spills is on the rise in recent years. This chart shows the number of spills and approximate amounts, in millions of gallons.



SOURCE Data provided by the International Boundary and Water Commission in response to a Freedom of Information Act request.

Ian James, Pamela Ren Larson, Veronica Bravo/USA TODAY Network

After the spate of sewage spills into the New River, Regional Water Board Chair Nancy Wright sent a letter in February 2017 to EPA officials asking for a meeting. She referred to the costly upgrades and equipment that Mexicali’s sewer system needs, and said the spills “pose a serious threat to public health to anyone that potentially comes in contact with the New River.”

Wright said she hoped to talk about how to address the problems “with a greater sense of urgency at all levels of government.” 

She traveled to San Francisco for a meeting with EPA officials, and the agency later authorized spending $331,000 to pay for pumps and other equipment to prevent sewage spills. 

As for the much bigger sewer overhaul that Mexicali needs, it’s not clear where the money might be found to pay for it. 

One of the findings of the EPA-funded report on Mexicali’s sewage problems is that rates remain too low to cover the costs of properly operating and maintaining the city’s infrastructure. Michael Montgomery, assistant director of the EPA’s regional water division, said this means, “sadly, that we’re in a bit of a losing game.”

For some people in Calexico who have been waiting for fixes, the lack of progress toward a cleanup is maddening. California lawmakers have also voiced frustration at meetings during the past year, echoing many of the same complaints that water regulators have been raising for years.

“I’ve been working at this for a long time, and over the years I’ve been very disappointed with the IBWC,” said Sen. Ben Hueso, D-San Diego. “That agency is completely broken at trying to address these issues.”

Assembly member Eduardo Garcia, D-Coachella, said he’s frustrated by the lack of attention to the “core of the problem” in Mexico, and that more funding and cross-border cooperation will be key.  

Angel said a vast amount of sewer infrastructure needs to be refurbished, expanded or rebuilt. 

“It’s an $80 million problem,” Angel said. “We underestimated the cost of the problem that now we’re facing.” 

Complicating matters, Mexicali now competes with other border cities for a smaller pot of funds. 

“So, we’re in for quite a bumpy ride as the sewage infrastructure gets more dilapidated,” Angel said. 

Angel spent more than 21 years working on the New River, and he said he finds it sad that fixes have taken so long.

Lasting solutions, he said, will require cross-border cooperation, help from the U.S. government, and, above all, more funding.

SOLUTIONS: 10 ideas for solving the pollution problems on the border

“If that threat is not addressed with a sense of urgency by our federal government, things are just going to get worse, and we stand to lose the hard-fought water-quality gains,” Angel said. “If we don’t assist and continue to cooperate with Mexico to address that problem, the New River water quality is going to go back to the 1990s.” 

State officials sound much more optimistic about fixes on the north side of the border, and their upbeat outlook is echoed by officials at Calexico City Hall. 

Back in 2009, then-Gov. Arnold Schwarzenegger signed a bill that launched the New River Improvement Project and called for improving water quality, protecting human health and developing a river “parkway” in Calexico. 

Those plans have been stalled for years, and now state officials are finally moving ahead using $1.4 million that was approved in 2016. 

The project has been scaled back dramatically, though, since a first iteration was released in 2011. That initial proposal — which was prepared by a team of government officials, university professors and community leaders — suggested treating the entire river at the border by building a disinfection facility, along with a pump station and pipes, aeration devices to improve water quality, and screens to keep out trash.

The construction cost was estimated at $184 million, which turned out to be much more than proponents thought they could secure. Instead, state officials settled on a trimmed-down version of the project that’s estimated to cost $22 million to $24 million. 

They have eliminated the disinfection plant and instead plan to encase the river in an underground pipe and reroute it away from the Calexico neighborhood. The pipe would start near the border and run more than a mile downstream, beyond the homes, where the river would emerge again. 

Officials plan to build a “pump-back” system that would send treated effluent from Calexico’s wastewater plant into a new river channel, creating a relatively clean water feature that would run alongside a park with a trail for walking and bicycling.

The city has about $2 million set aside to begin building the “parkway” as the river is encased in the pipe. Calexico also has a new assistant city manager, Miguel Figueroa, who previously spent seven years campaigning to focus attention on the issue as executive director of the Calexico New River Committee.

He said he’s optimistic about the project. 

“Now more than ever, we have things that are moving,” Figueroa said. “Finally, all the work was worthwhile.”

Both city and state officials say they hope to start construction soon. 

Still, much of the funding for the state’s New River plan has yet to be approved. And another state plan to build ponds and wetlands on thousands of acres of dry lake bed around the Salton Sea has fallen behind schedule.

Officials have $10 million available so far for the New River project from the bond measure that California voters passed in June. Voters in November rejected another bond initiative, Proposition 3, which would have freed up another $10 million for the New River. 

The funding shortfall isn’t the only reason why California officials decided not to build a plant to treat the entire river. In a memo, Angel wrote that doing away with the disinfection plant made sense because the river’s flow may dwindle by up to half in the next 10 to 15 years — and “to near zero in the long-term, as Mexico retains and treats more of the wastewater.”

The New River has already been shrinking for years. The flow decreased in the early 2000s when some wastewater began to be used for cooling two power plants, and again in 2007, when a large share of the city’s sewage started flowing to the new treatment plant south of the city.

If the New River Improvement Project doesn’t start to move along more quickly, the river could run dry and leave its toxic legacy blowing in the wind.

Reporter Pamela Ren Larson contributed to this article.

Help us investigate: Do you have a tip to share about pollution along the U.S.-Mexico border? Contact reporter Ian James at ian.james@desertsun.com, 602-444-8246 or on Twitter at @ByIanJames.
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Formation of California’s Salton Sea in 1905–07 
was not “accidental”


Jenny E. Ross
Stout Research Center, Colorado Desert District, California State Parks, Borrego Springs, CA 92004; jenny@jennyross.com 


Introduction—the creation flood
For over 100 years it has been widely accepted that 
the Salton Sea, California’s largest lake, was created 
accidentally in 1905–07 within an otherwise 
desiccated desert basin (e.g., Nijhuis, 2000; 
Barringer, 2014) as the result of engineering 
negligence by the California Development 
Company (CDC) as it struggled to keep 
irrigation water flowing from the lower 
Colorado River into the fledgling agricultural 
community of the Imperial Valley within the 
Salton Basin (Figure 1). The first diversion 
point for moving Colorado River water into 
the Imperial Valley (“Heading No. 1” on 
Figure 2) was constructed beginning in 1900 
about 500 m north of the US–Mexico border. 
The opening from the lower Colorado River 
into the company’s diversion canal was cut 
out of the river’s natural western levee at an 
oblique angle, and flow into the main course 
of the canal was controlled by a wooden 
headgate placed a few hundred feet from the 
river bank down the canal (Grunsky, 1907). 
Below the headgate the canal connected to 
one of the Colorado River’s natural delta 
distributary channels, the Alamo River, which 
was then dry. Diversion of water began in 
June 1901, and soon the river’s heavy load of 
silt began to repeatedly obstruct the headgate 
and canal. As a consequence, water shortages 
in the Imperial Valley agricultural area began 
occurring in 1902 and continued through 
1903 and into 1904, putting tremendous 
pressure on the CDC to fix the problems. 


Eventually, in the fall of 1904, the company resorted to 
making two unprotected cuts into the river’s natural levee 
farther south in an attempt to achieve reliable diversion 
of river water into the canal and onward into the Imperial 


abstract—It is widely thought that the Salton Sea was created accidentally in 1905–07 because of 
engineering negligence in the diversion of Colorado River water for agricultural use in California’s 
Imperial Valley. This is a misconception. Scientific data and historical records establish that 
formation of the Salton Sea was not accidental. The lake formed during 1905–07 in the same manner 
that numerous other large Salton Basin lakes did for at least tens of thousands of years from the 
Late Pleistocene through the late 19th century: as a result of the lower Colorado River’s natural 
hydrodynamic regime, floodplain morphodynamics, and established avulsion style in combination 
with changes in streamflow attributable to regional hydroclimate. A large body of scientific and 
historical evidence indicates the 1905–07 Colorado River flooding into the Salton Basin and the 
creation of a large lake there would have occurred regardless of man-made modifications to the river’s 
natural levee and distributary channels. In fact, the flooding would likely have been even worse in the 
absence of human intervention.


Figure 1. Overview map. (1) Colorado River; (2) Gila River; (3) Yuma, AZ; (4) 
approximate path of the modern, controlled Colorado River’s channel through 
the lower delta (where the channel is mostly dry today); (5) lower delta region 
below the crest; (6) Imperial Valley in the Salton Basin; (7) Salton Sea.
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Valley via the Alamo River (Grunsky, 1907; Cory, 1915; 
Kennan, 1917; Brown, 1923).


The first additional cut, known as the Upper Mexican 
Heading, was made just below the US–Mexico border. 
It quickly showed a pronounced tendency to silt up. The 
CDC eventually decided to close the first cut and try 
again slightly farther south. The second cut, known as the 
Lower Mexican Heading, was made about 4 miles (~6.4 
km) below the international border. It was a simple cut 
with a dredger, made about 40 to 50 feet (~12-15 m) wide 
and 6 to 8 feet (~2-2.5 m) deep. It was connected to the 
CDC canal, which in turn connected to the Alamo River 
channel. There was no headgate. Through this cut there 
was sufficient fall from the river to the canal for the water 
to achieve scouring velocity, so silt did not accumulate. 
Instead, natural erosion of the unprotected cut began 
immediately. In the CDC’s haste to reinitiate the flow 
of irrigation water into the valley, the company failed 
to add a control structure at the new diversion point, 
although they intended to do so eventually. The company’s 


engineers perceived no urgency in 
adding that structure because the 
primary problem they had experienced 
up until that time was too little flow 
from the river into the valley rather 
than too much (Grunsky, 1907; Cory, 
1915; Kennan, 1917; Brown, 1923).


Unanticipated high streamflow 
on the lower Colorado River arrived 
in early 1905, and floodwaters soon 
rapidly eroded the unreinforced cut and 
rushed through it. The river’s high flows 
avulsed across the delta and streamed 
north primarily through the Alamo 
River channel and another previously 
dry but well-established natural 
distributary channel of the Colorado, 
the New River, that headed into the 
Salton Basin. Continuing to widen 
the breach in the Colorado River’s 
natural levee and erode and overtop 
the river’s distributary channels, the 
floodwaters coursed across the delta in 
sheetflow, rampaged through recently-
developed farm fields in the Imperial 
Valley, poured into the central Salton 
Basin, flooded the Southern Pacific 
Company’s railroad tracks, and began 
creating an enormous lake dubbed 
the “Salton Sea.” The CDC, Southern 
Pacific, and hundreds of workers made 
many desperate attempts to block 
the breach in the river’s levee. Each 
time the efforts ultimately failed as 
numerous large floods raced down 
the lower Colorado River below Yuma 
during 1905. By August 1905, the 
entire flow of the Colorado River was 


rushing through the breach, into the river’s distributary 
channels, across the Imperial Valley, and into the growing 
Salton Sea. Extremely high streamflow continued on the 
lower Colorado River in 1906 and washed away every 
structure the CDC attempted to use to block the breach. 
In November 1906, the river finally appeared to be 
thwarted and human control achieved. But on December 
5, 1906 another huge flood roared down the Colorado 
past Yuma. New breaks occurred in the repaired levee, 
and soon the river was once again flowing uncontrollably 
through the Imperial Valley and onward into the central 
Salton Basin. After many additional efforts, in January 
1907 the Southern Pacific Company was finally able to 
block the floodwaters and turn the river toward the Gulf 
of California by using millions of tons of quarried rock 
dumped into the breach (Grunsky, 1907; Cory, 1915; 
Kennan, 1917; Brown, 1923).


The story of the epic two-year battle to stanch the 
raging flow of the wild Colorado River and redirect the 


Figure 2. Sketch map of the lower Colorado River below Yuma, and the California 
Development Company’s diversion headings below Pilot Knob. (Modified from 
Grunsky (1907), Fig. 2., to specify the location of Yuma and designate the Alamo 
River channel.)
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river toward the Gulf of California is a well-known tale 
of man against nature described fully in many historical 
accounts (e.g., Cory, 1915). The saga of this “Creation 
Flood” that formed the Salton Sea, crippled the nascent 
Imperial Valley, and led ultimately to the damming 
and complete control of the Colorado River for human 
purposes (e.g., LaRue 1916, 1925) is engaging and highly 
memorable. At the time the events unfolded, they “were 
so spectacular as to result in world-wide notoriety.” (Cory, 
1915.) For the pioneers of the region who toiled to create 
what they hoped would be an agricultural Eden in the 
desert, as well as for others who followed in developing 
the Imperial Valley into an extraordinarily productive 
agricultural region, the story served as an inspirational 
saga demonstrating the power of persistence and human 
ingenuity to succeed despite seemingly insurmountable 
odds. The tale vividly demonstrated the capacity of 
mankind to triumph over and control wild nature (e.g., 
Larkin, 1907; Howe & Hall, 1910; Farr, 1918; Sperry, 1975). 
But the memorable story and its appealing allegorical 
aspects led to the widespread adoption of a fundamental 
misconception that has colored opinions of the Salton Sea 
ever since: namely, the misimpression that the 1905–07 
flooding into the Salton Basin would not have occurred, 
and the Salton Sea would not have been created, were it 
not for the infamous series of incautious decisions made 
by the California Development Company. The Creation 
Flood story has resulted in the ingrained but mistaken 
view that the Salton Sea is accidental and unnatural, a 
man-made lake in a parched desert where such an expanse 
of water should not be.


But historical records and scientific data of various 
types indicate that formation of the Salton Sea in 1905–07 
was not an accident, and engineering negligence was 
not the cause. The lake formed in the same manner that 
lakes had been forming in the Salton Basin, sustained 
by Colorado River water, for at least tens of thousands 
of years from the Late Pleistocene through the late 19th 
century: as a result of the Colorado River’s natural 
hydrodynamic regime, floodplain morphodynamics, and 
established avulsion style in combination with changes 
in streamflow attributable to regional hydroclimate. A 
large body of scientific and historical evidence indicates 
the 1905–07 Colorado River flooding into the Salton 
Basin and the creation of a large lake there would have 
occurred regardless of man-made modifications to the 
river’s natural levee and distributary channels. In fact, the 
flooding would likely have been even worse in the absence 
of human intervention.


Geologic and geographic context
The Colorado River arrived at the proto-Gulf of California 
approximately 4.8 Ma (Crow et al., 2019; Dorsey, 2012), 
and began building a vast delta at the boundary of the 
Pacific and North American tectonic plates. The Salton 
Trough, the northwest landward extension of the Gulf 
of California Shear Zone, was originally part of the 


proto-Gulf and began accumulating Colorado River 
sediments during the early Pliocene (Dibblee, 1954; 
Muffler and Doe, 1968; Winker and Kidwell, 1996). The 
northern Salton Trough likely became cut off from marine 
waters of the Gulf by latest Pliocene time, as the result of 
aggradation of delta sediments and net plate movement to 
the northwest along the San Andreas fault (Winker and 
Kidwell, 1986; Winker, 1987; Winker and Kidwell, 1996; 
Dorsey, et al., 2011); but marine incursions northward 
may have occurred during periods of very elevated sea 
level (Ross et al., 2020, this volume). The Salton Basin is a 
below-sea-level, fault-bounded rift valley lying within the 
northern Salton Trough north of the U.S.-Mexico border 
and straddling the plate boundary (Figure 1). The lowest 
elevation in the central Salton Basin was determined by 
the Southern Pacific Company in 1891 to be 280.2 feet 
(85.4 m) below sea level (McGlashan and Dean, 1913); in 
1903 it was found to be -286 feet (-87 m) (MacDougal, 
1907); and in 1907 it was measured at -278 feet (-84.7 m) 
(Grunsky, 1907).


The Salton Basin was part of the Colorado River’s 
delta and shifting floodplain, and received part or all of 
the river’s flow at various times as a result of avulsion 
and channel switching that delivered water to the north. 
Affected by tectonic, sedimentary, hydrologic, and 
climatic factors, the Colorado River adjusted its flow 
sometimes into the Salton Basin, sometimes into the Gulf, 
and sometimes to both regions (Cecil-Stephens, 1891; 
Blake, 1914; MacDougal, 1915; Brown, 1923; Kniffen, 
1932). When the Colorado River flowed into the Salton 
Basin, large lakes were often created and sometimes 
sustained for long periods (Blake 1854, 1858; LeConte 
1855; Sykes 1914, 1937; Kniffen, 1932; Li et al., 2008a,b; 
Rockwell et al., 2018). Thick lacustrine and fluvial-deltaic 
sedimentary deposits with a Colorado River provenance 
that accumulated in the Salton Basin from the Pleistocene 
through the Holocene have a total thickness of several 
thousand meters and include the Borrego Formation 
(Tarbet, 1951), the Brawley Formation (Dibblee, 1954), and 
the Lake Cahuilla beds (Blake, 1907).


Throughout the Late Pleistocene and Holocene, the 
path of the lower Colorado River through its floodplain 
and delta was extremely variable. Until the river was 
dammed and controlled in the mid-20th century, the 
entire delta region was a maze of constantly shifting 
distributary channels transporting heavily silt-laden 
water. According to Ives (1861):


“The channel is circuitous . . . Slues branch in 
every direction . . .The water is perfectly fresh, of 
a dark red color, and opaque from the quantity 
of mud held in suspension. The shifting of 
the channel, the banks, the islands, the bars 
is so continual and so rapid that a detailed 
description, derived from the experiences of one 
trip, would be found incorrect, not only during 
the subsequent year, but perhaps in the course of 
a week, or even a day. . .”
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The Salton Basin is topographically separated from 
the Gulf of California by a region of aggraded deltaic 
sediments where today the city of Mexicali, Mexico and 
the Mexicali Valley agricultural area are located (Brown, 
1923). The highest elevation portion of that region, the 
crest of the Colorado River delta, is a broad linear zone 
beginning east of the Sierra de Los Cucapah and Cerro 
Prieto at Volcano Lake, and trending northeast across the 
delta toward the mainstem of the Colorado River (Kniffen, 
1932; Muffler and Doe, 1968). There is a pronounced 
asymmetry in the slopes directing drainage in opposite 
directions on either side of the delta crest—toward the 
Gulf of California in the south and toward the Salton 
Basin in the north (Grunsky, 
1907; Brown, 1923; Kniffen, 
1932). Kniffen (1932) explained, 
“South of the crest the slope is 
quite uniform to the gulf, with a 
gradient of less than two feet to 
the mile. North of the crest the 
slope to the Salton Sea is much 
greater.” At its east end, the 
delta crest meets the course of 
the Colorado River’s mainstem 
where, prior to damming and 
course modification, the river 
turned sharply south-southwest 
near Pilot Knob after flowing 
due west from its junction 
with the Gila River (Emory, 
1848; Kniffen, 1932; Muffler 
and Doe, 1968). The low point 
of the delta crest in the west, 
where it reaches Volcano Lake, 
was approximately 13 m when 
measured in the mid-twentieth 
century, but is now lower 
as the result of tectonic and 
anthropogenic subsidence 
(Arnal, 1961; Sarychikhina et 
al., 2011).


The Imperial Valley 
agricultural region is located 
within the Salton Basin and 
extends north from the US–
Mexico border to the southern 
and southeastern shores of 
the Salton Sea. The current 
elevation of the Imperial 
Valley along its southern 
border with Mexico ranges 
from approximately sea level 
in the west to approximately 
13 m above sea level in the 
east, excluding the area farther 
east covered by the Algodones 
Dunes. The Salton Sea, which 


is currently receding from water-deprivation, is located 
in the central Salton Basin and presently has a surface 
elevation of approximately 72.4 m below sea level (USGS, 
2020). The lake has been sustained primarily by irrigation 
drainwater from the Imperial Valley since the Colorado 
River was dammed and controlled in the mid-twentieth 
century and prevented from flowing into the Salton Basin.


Delta distributaries and floodplain 
morphodynamics
Just as it had for millions of years, in the 19th and early 
20th centuries the lower Colorado River flowed at will 
through an extensive and complex network of distributary 


Figure 3. Sketch map of the Colorado River delta and Salton Basin showing distributary 
channels. (Modified from Fig. 1 in MacDougal (1907), drawn by Godfrey Sykes, to clarify the 
label for Pilot Knob.)
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channels, sloughs, and lagoons in a delta and floodplain 
covering thousands of square kilometers, including the 
Salton Basin. Sykes (1937) estimated that the areal extent 
of the Colorado River delta was approximately 8600 km2 
in the early 20th century. The dynamic and capricious 
course of the river in its lower reaches was described by 
C.K. Clark in 1913: “The lower Colorado has no fixed 
channel, because of the character of the soil, which is a 
deposit of silt, easily eroded. The current swings back 
and forth, cutting the banks and changing the meander 
line….” (Cory, 1913).


The Alamo River and the New River are Holocene delta 
distributary channels of the Colorado River that were 
established sometime prior to the mid-1800s (Emory, 
1848; LeConte, 1855; Blake 1854, 1858). They conveyed 
flow from the Colorado River into the Salton Basin 
during high-water periods (LeConte, 1855; Blake 1854, 
1858; Kniffen, 1932) until damming and control of the 
Colorado River in the mid-20th century. Descriptions of 
the configurations of those streams during the 19th and 
early 20th centuries make clear their ongoing relationship 
with the mainstem of the lower Colorado River and with 
other delta distributary channels (Figure 3). The Alamo 
River branched off of the Colorado’s western levee near 
where the mainstem turned sharply south-southwest 
after flowing “perfectly straight” west for approximately 
3–4 miles (~4.8–6.4 km) from its junction with the Gila 
River (Emory, 1848). During periods of high water, the 
Alamo flowed southwest from the Colorado and then 
meandered west and north as it followed the topographic 
contours in the area north of the delta crest (Emory, 1848; 
Sykes, 1914). When filled, the Alamo flowed through a 
series of sloughs and lagoons in the northern delta region 
which sustained the wells of the Alamo Mocho Station, 
well-known to travelers through the desert (Grunsky, 
1907; Jonas, 2009); then it curved northward and flowed 
into the Salton Basin if it contained sufficient streamflow 
(Grunsky, 1907; Sykes, 1914). The Rio Paradones, another 
delta distributary channel of the Colorado River, branched 
off the west levee of the mainstem south of the Alamo 
River. The beginning of the Rio Paradones bifurcation 
channel was situated at a place where the south-southwest 
flowing mainstem turned briefly toward the east before 
flowing generally south (Grunsky, 1907). The Paradones 
flowed west-southwest atop the delta crest and ended at 
the low point where Volcano Lake was perched adjacent 
to the beginning of the New River (Grunsky, 1907; Sykes, 
1914; Jonas, 2009). During high-water periods, the New 
River collected Colorado River floodwater that was 
delivered to it via the Paradones and Volcano Lake. In 
addition, it received overbank discharge from the Alamo 
River, and also accumulated water from sheetflow across 
other portions of the delta (Grunsky, 1907). The New 
River flowed north from the delta crest and delivered its 
water into the Salton Basin (LeConte 1855; Sykes, 1914; 
Kniffen 1932). In 1848, U.S. Army Lieutenant Colonel 
W. H. Emory described additional arroyos north of the 


Alamo heading west and then north from the bend of the 
Colorado River where the mainstem turned sharply to the 
south-southwest after flowing due west from its junction 
with the Gila River (Emory, 1848).


Another distributary channel on the south slope of the 
delta crest, the Rio Hardy, flowed south from the divide at 
Volcano Lake and ended at the Gulf of California (Hardy 
1829; Howe and Hall, 1910; Blake, 1914). During periods 
of normal flow, Volcano Lake emptied preferentially 
into the Rio Hardy, but during high flows its waters were 
distributed both into the Rio Hardy and the New River 
(MacDougal, 1915; Cory, 1915). When the Rio Hardy 
overflowed during high-water periods, sheetflow spread 
west through a gap below the Sierra de Los Cucapah 
and Sierra El Mayor to fill the shallow below-sea-level 
basin lying between those mountains and the Peninsular 
Ranges. The lake formed there, known as Laguna Salada 
or Laguna Maquata, sometimes achieved a maximum size 
of approximately 40 miles (~64 km) long by 20 miles (~32 
km) wide, depending on available streamflow (Cory, 1915; 
MacDougal, 1915; Kniffen, 1932).  


It was observed by Grunsky (1907) that the fall of 
the lower Colorado River’s mainstem course southward 
to the Gulf of California along the east side of the delta 
region was significantly less than the fall of other courses 
through distributary channels that led into the Salton 
Basin:


“The Colorado River flows southerly in a 
direction in which the general fall of the ground 
surface is only about 1.5 ft. per mile, which the 
river in its meanderings cuts down to an effective 
fall of about 1 ft. per mile. Toward Volcano Lake, 
southwest from the river, the general surface 
gradient is 2 ft. or more per mile; and westward, 
in the direction paralleling Alamo River, it is 
nearly 3 ft. per mile to a point near Calexico [at 
the southern edge of the Imperial Valley]. Thence 
northward into Salton Basin, on lines of greatest 
slope, the country falls away at the rate of from 4 
to 5 ft. per mile.”


In the 19th century it was recognized that flow through 
the Colorado River’s distributary channels would 
bring water into the Salton Basin whenever high-water 
conditions existed in the mainstem (Blake 1854, 1858; 
LeConte, 1855; Cecil-Stephens, 1891; Grunsky, 1907; 
LaRue, 1916; Brown, 1923). LaRue (1916) noted that the 
geomorphology of the delta region was a crucial factor in 
this process: “As the slope of the delta is greatest toward 
the north and west, the river during flood periods is 
continually seeking a new channel to Salton Sea.” It was 
observed that “overflows” of the river into the Salton Basin 
would occur at two times of year: in the spring and early 
summer, as a result of snowmelt in the headwaters of the 
Colorado River and its tributaries, and in the winter as 
a result of storms that brought heavy precipitation and 
caused flash flooding in the lower Colorado River basin, 
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particularly along the Gila River and its tributaries (Cecil-
Stephens, 1891; Brown, 1923). During high-water periods 
the lower Colorado would overflow its banks at many 
points, particularly below Yuma beginning where the river 
curved abruptly toward the south-southwest after flowing 
due west. A relatively low natural levee on the west side of 
the curve below Pilot Knob was especially vulnerable to 
over-topping (Emory, 1848; LaRue, 1916). When the river’s 
streamflow was high and overflows were of particularly 
significant volume, which happened numerous times 
during the 19th century as described below, large lakes 
were created in the Salton Basin via overflow and avulsion 
which shunted the mainstem’s water into the Alamo and 
New Rivers (MacDougal, 1915; Brown, 1923; Kniffen 
1932). In 1891, referring to the gage on the lower Colorado 
River at Yuma, Cecil-Stephens (1891) noted, “Hitherto, 
New River has always flowed when the Colorado marked 
19 feet at Yuma.” It was only during periods of drought 
that distributary channels did not bring Colorado River 
water into the Salton Basin (LeConte, 1855; Blake 1858; 
Cecil-Stephens, 1891). Even then, there was a residual 
vegetated salt marsh in the central basin stretching as 
much as 25 miles (~40 km) long and 5 miles (~8 km) wide 
holding Colorado River water that had become saline 
from evaporation (Farr, 1918).


As is true of all rivers, and particularly those that 
carry large loads of sediment and form fan deltas, the 
opening, shifting, blocking, and reopening of the lower 
Colorado River’s distributary channels was affected by 
varying streamflow and fluctuating quantities of sediment 
the river carried, deposited, and eroded (Andrews, 
1991). A characteristic of dryland rivers generally and 
the pre-dam Colorado River specifically is the transport 
of very large quantities of sediment, both as suspended 
load and as bedload (Andrews, 1991; Tooth, 2000).  
Kniffen (1932) noted, “As a carrier of silt the Colorado 
is probably without a peer among the greater streams 
of the world.” He explained that in 1904, during a dry 
year preceding the 1905–07 flood, a researcher from 
“the Arizona Experiment Station made a careful study 
of the river silt. He found that an acre-foot of Colorado 
River water contained on an average 9.62 tons of silt, 
and that for the year the river’s burden amounted to over 
120,000,000 tons—this for a year when the total discharge 
was considerably under normal. The average annual load 
passing Yuma is probably around 160,000,000 tons, which 
translated into terms of volume of dry soil would be 
approximately 80,000 acre-feet.”


During the portions of the 19th century for which 
historical records exist, the lake-creating floods from the 
Colorado River into the Salton Basin were all self-limiting 
due to silt deposition when streamflow slowed (LaRue, 
1916). Extensive sedimentation occurring in the river’s 
distributary channels as floodwaters slackened eventually 
caused cessation of flow northward into the Salton Basin 
(LaRue, 1916; Brown, 1923). During periods of drought 
and chronically slack flow on the lower Colorado River, 


openings from the mainstem to distributary channels 
became blocked by deposition of silt, and the courses of 
distributaries became clogged with sediments and blown 
sand, and were sometimes overgrown with vegetation 
(LaRue, 1916; Schyler, 1907). In addition, at those times 
the sedimentation in the mainstem raised the streambed 
considerably in relation to the river’s floodplain below 
Yuma. Then, if flash flooding occurred, the elevated 
streambed of the mainstem could not hold the flow 
(Schyler, 1907; LaRue, 1916). The river would rapidly 
overtop its natural levees along the western edge below 
Yuma. When such flooding ensued, sediment dams in 
clogged distributary channels would quickly erode—
especially if drought had riddled them with mud cracks 
through which floodwaters could penetrate—and avulsion 
and bifurcation of the mainstem flow would occur 
(MacDougal, 1915; LaRue 1916). When streamflow slowed 
following a period of high water, and sedimentation 
once again blocked distributaries where they branched 
off the mainstem, the closures left zones of weakness in 
the Colorado’s natural levees at the former bifurcation 
points, which encouraged reopening of the distributary 
channels in the same spots during the next period of 
high water (LaRue 1916; Andrews, 1991). The portion of 
the lower Colorado River’s mainstem from the curve at 
Pilot Knob to the Rio Paradones below the US–Mexico 
border was known to be a stretch particularly vulnerable 
to avulsion and bifurcation (Grunsky, 1907; Schyler, 1907; 
MacDougal, 1915; LaRue, 1916; Brown 1923). These early 
reports of the lower Colorado River’s behavior are entirely 
consistent with the modern understanding of floodplain 
morphodynamics and processes initiating avulsion and 
bifurcation (Slingerland and Smith, 1998; Kleinhans et al., 
2012; Hajek and Edmunds, 2014; Dean et al., 2016).


Pleistocene-to-Holocene Salton Basin lakes
Scientific data and historical records establish that many 
large lakes occurred in the Salton Basin from the Late 
Pleistocene through the Holocene, sustained by Colorado 
River water. The most generally well-known among 
them is Lake Cahuilla, an enormous Late Pleistocene-
to-Holocene lake with a highstand overflow path south 
across the delta crest that filled the Salton Basin to an 
elevation of approximately 13 m above sea level beginning 
at least 20.5 kya and continuing intermittently through 
the 18th century (Blake 1854, 1858, 1907; Brown, 1923; Li et 
al., 2008a,b; Rockwell et al., 2018). At various times Lake 
Cahuilla was closed, through-flowing, or overflowing, 
depending on climate conditions and the amount of 
Colorado River streamflow available (Li et al., 2008a,b). 
At its southern end the giant lake was supported by the 
elevated zone trending northeast across the delta. When 
the lake’s level reached about 13 m above sea level it 
overflowed at the lowest point of that delta crest, sending a 
stream to the Gulf of California.


Lake Cahuilla was first described by geologist William 
Phipps Blake in the mid-19th century, following his 
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participation in the initial survey of the West for possible 
railroad routes during which he visited the Salton Basin 
in 1853 (Blake 1854, 1858). He noticed thick layers of 
calcium carbonate encrusting the east face of the Santa 
Rosa Mountains and terminating in a line at a consistent 
elevation on the mountainside, and he realized that this 
tufa deposit had been formed by an immense lake. He 
later decided that ‘Lake Cahuilla’ was an appropriate 
name for the body of water (Blake 1907), to honor one of 
the Native American tribes that lived along its shores and 
exploited its rich natural resources for thousands of years. 
Blake was also the first scientist to note that the elevation 
of the Salton Basin extended far below sea level (Blake 
1854, 1858). Research conducted a century later concluded 
there is evidence at various locations in the Salton Trough 
indicating that even larger lakes, including at least one 
that reached an elevation of about 46 m above sea level, 
existed during the late Pleistocene prior to Lake Cahuilla 
(Thomas, 1963).


Focused scientific studies of the timing of Lake 
Cahuilla were first conducted in 
the late 1970s and early 1980s 
(Wilke 1978; Waters 1983). That 
research concluded there were at 
least six lengthy episodes during 
the past 2000 years when the 
13-m lake existed, and its last 
occurrence was either in the 15th 
(Wilke, 1978) or 16th (Waters, 
1983) century. More recent 
studies (Li et al., 2008a,b) based 
on stable isotope analysis and 
serial radiocarbon dating of Lake 
Cahuilla’s thick tufa deposits, 
determined that the giant lake 
began depositing tufa on the east 
face of the Santa Rosa Mountains 
about 20.5 kya, and there was no 
hiatus in that deposition through 
at least 1300 years BP. Li et al. 
(2008a,b) determined that the 
lake was sustained primarily by 
flow from the Colorado River, 
and was either a full closed lake 
or was overflowing at its delta sill 
intermittently or continuously as 
the result of the Colorado River’s 
high streamflow during periods of 
very wet regional hydroclimate. 
An additional study by Rockwell 
et al. (2018) used radiocarbon 
dating, historical records, and 
modeling of lake filling and 
evaporation rates to place the 
timing of the penultimate 
occurrence of Lake Cahuilla 
during approximately the first 


half of the 17th century and the final incarnation of the 
13-m lake during approximately the mid-18th century.


Tree-ring based reconstructions of Colorado River 
streamflow indicate that the last two incarnations of Lake 
Cahuilla as identified by Rockwell et al. (2018) correspond 
with periods when extremely wet hydroclimate existed 
in all or a portion of the Colorado River basin—in the 
upper basin as reflected in reconstructed streamflow for 
the river at Lees Ferry (Figure 4a; Woodhouse et al., 2006; 
Meko et al., 2007), and/or in the lower basin as reflected in 
reconstructed streamflow for tributaries of the Gila River 
(Figure 4b; Meko et al., 2008). It’s important to note that 
these tree-ring based data may understate very high flow 
and flash-flooding (Woodhouse et al., 2006; Meko et al., 
2008). Nonetheless, the data indicate: (a) the penultimate 
occurrence of Lake Cahuilla was during a long period 
of extremely wet hydroclimate in the 17th century that 
caused exceptionally high streamflow in both the upper 
and lower Colorado River basins; and (b) Lake Cahuilla’s 
final occurrence was during a long period of very wet 


Figure 4. Tree-ring based streamflow reconstructions: (a) Reconstructed streamflow 1550-
1950 for three major upper Colorado River tributaries and for the mainstem at Lees Ferry, 
smoothed with a 50-year spline to highlight low-frequency variability (modified from 
Woodhouse et al. (2006), Fig. 9). (b) Reconstructed streamflow for the Salt + Verde + Tonto 
Rivers (tributaries of the Gila that are important sources of flow for the lower Colorado River 
below Yuma), based on a 6-year running mean for 1330-2005. Solid black line represents 
averaged flows plotted as % of normal, where normal is the median of all 6-year running 
means. Dashed aqua line is reconstructed 6-year mean for 1999-2004, to serve as a baseline 
comparison for the entire record. Gray areas define the 80% confidence interval. (Modified 
from Meko et al. (2008), Fig. 13.)
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hydroclimate in the 18th century that most affected the 
lower Colorado River basin and caused particularly high 
streamflow on the Gila River’s tributaries. Notably, the 
reconstructions also confirm the occurrence of extremely 
wet hydroclimate in the entire Colorado River basin 
during the early 20th century, as discussed below.


Additional support for the conclusions of Rockwell et 
al. (2018) regarding the timing of Lake Cahuilla’s final 
occurrence exists in the form of a large detailed map of 
North America by John Rocque, topographer to England’s 
King George III, published in 1762 (Figure 5). The map 
shows the Colorado and Gila Rivers pouring their entire 
flow into a giant lake that is separated from the northern 
Gulf of California to its south by an expanse of land. 
According to text on the map within the cartouche, the 
details shown were “taken from Actual Surveys and 
Observations Made in the Army employ’d there, From the 
year 1754, to 1761.”


Although for most of the 19th century the Salton 
Basin was only occasionally visited by people who kept 
records of what they saw, historical reports indicate that 
particularly heavy “overflows” from the Colorado River 
into the Salton Basin via the New and Alamo Rivers were 
observed to occur and form lakes in the central basin 


numerous times during the 1800s—in at least 1828, 1840, 
1849, 1852, 1859, 1862, 1867, 1884, and 1891 (Grunsky, 
1907; Cory 1913; MacDougal, 1914, 1915; Kniffen 1932). 
At other times there was flow from the Colorado River 
into the Salton Basin that filled large sloughs and lagoons 
along the distributary courses, but was insufficient to 
form a large lake in the central basin (Blake 1854, 1858; 
LeConte, 1855; Grunsky, 1907). For example, Grunsky 
(1907) explained:


“In the mesquite and arrow-weed thicket at 
the original head of the Alamo, there was an 
occasional accumulation of so much water, and 
submersion of so much land, that the locality was 
called ‘The Lagoons’ (Las Lagunas). Although 
these lagoons received water at practically every 
high-water stage of the river, they did not always 
yield enough to the Alamo River to produce 
a flow throughout the river’s entire length. In 
other words, there were many years in which 
the Alamo did not discharge any water into the 
lowest portion of the Salton Basin. The lagoons, 
in addition to feeding the Alamo, appear also to 
have been one of the sources of supply for the Rio 
Paradones.”


For a long period 
in the late 19th century 
there was at least 
some flow of Colorado 
River water into the 
Salton Basin on an 
annual basis as the 
result of a recurring 
breach in the river’s 
natural levee along the 
stretch below where 
the mainstem curved 
sharply toward the 
south-southwest near 
Pilot Knob (Brown, 
1923; Kniffen, 1932). 
Kniffen (1932) stated:
“During the 
last decades of 
the nineteenth 
century there was 
a minor break 
in the Colorado 
near Algodones, 
occurring 
annually at 
the time of the 
summer flood. 
A portion of the 
diverted water 
went down to 
the Salton Basin 


Figure 5. A General Map of North America by John Rocque, published in 1762, with superimposed 
enlargements showing (a) the Colorado and Gila Rivers emptying into a large lake that is separated from 
the northern end of the Gulf of California and appears to be Lake Cahuilla; and (b) the text in the map’s 
cartouche.
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in the channel of the Alamo. A greater portion 
passed through the Paredones to Volcano Lake 
and was there divided, the larger part passing 
south through the Hardy, the smaller northward 
through the New.”


In 1850, Dr. J.L. LeConte and U.S. Army Major General 
S.P. Heintzelman traveled to the Salton Basin seeking 
mysterious “boiling springs” and volcanic features 
reported to be at the shore of a salt lake (LeConte 1852, 
1855). Accompanied by an Indian guide, they went to 
the southeast portion of the central Salton Basin where 
they found several “volcanic mounds” about 100–150 feet 
(~30.5–45.7 m) high that were near the shore of a large 
salt lake and “arranged in the arc of a circle.” The features 
LeConte (1855) described are the Salton Buttes, dormant 
rhyolite domes (Wright et al., 2015). When the surface 
elevation of the Salton Sea was approximately 227–231 feet 
(~69.2–70.4 m) below sea level from 2005 to 2014 before its 
more recent decline (Imperial Irrigation District, 2020), 
the southeast shore of the lake was close to the Salton 
Buttes (personal observations, 2005–2014). Thus, it is 
apparent that in 1850 there was a large lake in the Salton 
Basin that was the size of the modern Salton Sea, roughly 
48 km (30 miles) long and 24 km (15 miles) wide.


From December 1861 to January 1862 an extraordinary 
period of extremely heavy precipitation lasting for 
approximately 43 days, likely caused by a series of major 
atmospheric river events (Dettinger and Ingram, 2013), 
caused a megaflood affecting vast expanses of the western 
and southwestern U.S., including Oregon, Washington, 
California, Nevada, Idaho, Utah, Arizona, and New 
Mexico. The Colorado River delta region was completely 
inundated, the Army’s Fort Yuma at the junction of 
the Colorado and Gila Rivers was transformed into 
an island, entire settlements on the lower Gila River 
and lower Colorado River were washed away, and a 
large lake estimated to be 60 miles (96 km) long and 30 
miles (48 km) wide formed in the Salton Basin (Rigg, 
E.A., 1862; Wheeler, G.M., 1876). In the vicinity of Lees 
Ferry, Arizona, between the upper and lower Colorado 
River basins, the 1862 flood had an extraordinary peak 
discharge that was estimated to be in excess of 400,000 
cubic feet per second (second-feet) (Dickinson, 1944). 


In February 1891, the lower Colorado River “rose to 
an unusually high stage, the water at that time being 
contributed mainly by the Gila and its tributaries. It 
overtopped its banks below Yuma, and submerged large 
areas along the Alamo and New Rivers.” (Grunsky, 1907.) 
During a lengthy dry period preceding the February 1891 
flood, those distributary channels became blocked with 
sediment and thick deposits of blown sand; so in February 
1891 the floodwaters pooled rather than flowing onward 
(Grunsky, 1907; Schuyler 1907; MacDougall, 1915). 
But later when the usual spring high water caused the 
Colorado to breach its western levee in the stretch south 
of Pilot Knob below the U.S.-Mexico border, the already-
swollen distributary channels received enough additional 


flow to fully erode the blockages along their courses, and 
floodwaters poured into the Salton Basin (Schuyler 1907). 
The flooding created a large lake in the central basin that 
was estimated to cover approximately 150-160 square 
miles (~388-414 km2) (Schuyler, 1907). 


Discussion


Analysis of lower Colorado River hydrodynamics and 
floodplain morphodynamics
By latest Pleistocene time, the lower Colorado River had 
developed characteristic hydrodynamics, floodplain 
morphodynamics, and avulsion style across its delta that 
were contingent on regional hydroclimate. The unique 
topography of the region played an important role. 
The well-established patterns of the river’s fluvial-deltaic 
behavior continued through the Holocene until the river 
was dammed and controlled in the mid-twentieth century. 
There were three main patterns in the river’s behavior 
based on different hydroclimate conditions:
(a) Average hydroclimate: During periods of typical 


spring high water, and sometimes as a result of large 
winter storms briefly yielding heavy precipitation 
and flash flooding in the lower Colorado River basin, 
the river overflowed or occasionally broke through 
its levee along the stretch below its junction with the 
Gila River, avulsed moderately, and sent a portion of 
its flow toward the Salton Basin. When streamflow 
naturally decreased, channel sedimentation increased, 
distributaries became blocked, and the river’s flow was 
once again confined within the mainstem.


(b) Temporarily very wet hydroclimate: During periods 
of extremely high streamflow mediated by short-
lived changes in the region’s hydroclimate, the lower 
Colorado River overflowed, avulsed, bifurcated, and 
moved by sheetflow across its floodplain, reopening 
established distributary channels and creating new 
ones. Because of delta topography and exceedingly 
low base level on the north side of the delta crest, 
once floodwaters were streaming into the Salton 
Basin they became temporarily entrenched while 
wet climate conditions continued. When streamflow 
subsided significantly with a shift to a drier climate, 
sedimentation blocked distributaries, and the river’s 
flow was once again limited to its mainstem channel.


(c) Prolonged periods of extremely wet hydroclimate: 
Lengthy periods of extraordinarily high streamflow 
lasting for decades, centuries, or millennia caused 
major, long-lived modifications to the river’s floodplain 
geomorphology and delta. Cutbacks of distributary 
channels, extreme erosion at points of bifurcation, 
and long-term entrenchment of the river in courses 
delivering flow into the Salton Basin resulted in the 
creation and perpetuation of Lake Cahuilla. Once 
established, the huge lake was filled to a through-
flowing condition (i.e., it was constantly overflowing 
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at its delta sill), or was regularly filled to the point of 
overflowing, or was simply sustained near its highstand 
level as a closed lake—depending on the amount of 
Colorado River streamflow available at any given time, 
which was in turn dictated by variations in the region’s 
overall extremely wet hydroclimate. When the climate 
shifted to drier conditions, Lake Cahuilla shrank, 
became saline from evaporation, and may sometimes 
have disappeared entirely when very lengthy droughts 
occurred.
Although the position of the lower Colorado River’s 


mainstem in the region below its current junction with the 
Gila is not known with precision for much earlier periods, 
historical documentation indicates that at least for the past 
several hundred years (until the damming and control of 
the river) there were four geomorphic factors crucial to 
the Colorado’s floodplain morphodynamics in its lower 
reaches: (1) the sharp curve to the south-southwest near 
Pilot Knob made by the mainstem after briefly heading 
due west from its junction with the Gila; (2) the existence 
of an unusual elevated zone trending northeast across the 
central delta, and forming a pronounced drainage divide 
within that region; (3) the morphology and position of 
the delta crest in relation to the big curve near Pilot Knob; 
and (4) extraordinarily low regional base level north of the 
delta crest. In combination, these factors led with virtual 
inevitability to overflow, avulsion, and bifurcation of 
streamflow along the river’s western levee at and below the 
curve, and to flooding into the central Salton Basin during 
periods of very high flow—such as occurred during 
1905-07.


Other workers have suggested that base level and 
gradient fully determined the issue of whether the river 
flowed to the Gulf or to the Salton Basin throughout the 
Holocene. Howard and Lundstrom (2005) state, “In line 
with evidence that in the late Holocene the huge Salton 
basin filled several times to overflowing (ancestral Lake 
Cahuilla), an automatic delta-switching mechanism 
governed by changing base levels is here proposed. In this 
model, incised N-directed channels graded to below sea 
level would tend to capture the river’s flow from other 
delta distributaries until Lake Cahuilla filled to above sea 
level. When the flow then switched back toward the Gulf, 
the lake would evaporate and the cycle would renew.” 
Similarly, Howard et al. (2007) assert, “We infer that 
when Lake Cahuilla rose to its spillover level, the feeding 
distributaries silted in and lowered their grade enough to 
provide an impetus for the river to switch back to paths 
down the south side [sic] of the delta to the Sea of Cortez. 
Shut off from inflow, evaporation of 1.8 m/yr would dry 
Lake Cahuilla in a few decades, again lowering the base 
level below sea level and setting the stage for another cycle 
of northward diversion, downcutting, lake filling, and 
spillover.”


However, this hypothesis is not consistent with the 
data on Lake Cahuilla developed by Li et al. (2008a,b), 
or with the historical record. Lake Cahuilla existed at its 


highstand level for millennia, and could not have done so 
if this cyclical switching model were correct. In addition, 
there were numerous occasions when lakes much smaller 
than Lake Cahuilla, with surface elevations very far 
below sea level, were formed by Colorado River flow into 
the Salton Basin; and then their filling was truncated 
when—notwithstanding significantly lower base level 
in the Salton Basin—the river’s course switched back 
toward the Gulf of California. Thus, while base level and 
gradient have played important parts in the formation 
of Salton Basin lakes, those factors have not been fully 
determinative of the direction of the Colorado River’s 
flow. Climate-related changes in streamflow, erosional 
capacity, sediment load and sedimentation, along with the 
unique geomorphology of the floodplain, have all played 
crucial roles.


Comparison of 1891 versus 1905
In order to understand whether the 1905 formation of the 
Salton Sea was truly “accidental” and caused by human 
negligence, or was the result of the lower Colorado River’s 
well-established floodplain morphodynamics and avulsion 
style combined with regional hydroclimate, it is useful to 
compare what occurred in 1905 with what happened in 
1891 prior to any man-made modification of the river’s 
natural levee and distributary channels below Pilot Knob. 
The 1891 flood is the event selected for this comparative 
purpose because it is the only significant lake-creating 
flood that occurred prior to 1905 for which there is a 
gaged discharge record of the river at Yuma.


A comparison of the river discharge that resulted in the 
1891 flood into the Salton Basin with the discharge that 
occurred during the 1905 flood shows that the conditions 
on the lower Colorado River during 1905 were far more 
hydrologically extreme than during the lake-forming 
flood of 1891. The extraordinarily wet conditions during 
1905, in combination with the nature of the river’s well-
established floodplain morphodynamics and avulsion 
style, indicate that flooding into the Salton Basin and 
initiation of Salton Sea formation would have occurred 
that year even in the absence of man-made modifications 
to the river’s natural levee and distributary channel.


1905 as a result of the man-made cut in the river’s 
levee was along the same stretch of the lower course 
below Pilot Knob, just below the US–Mexico border, 
where the river broke through its natural levee in 1891. 
In addition, prior to 1891 the river had previously 
overtopped, avulsed, and bifurcated along that 
same vulnerable stretch of its levee many times in 
the absence of any human intervention. Thus, it’s 
reasonable to conclude that the same underlying 
hydrodynamic forces and characteristic floodplain 
dynamics were operational in 1905 as in 1891 (and in 
earlier floods).
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natural levee during flash flooding in the winter of 1891 
and flooding into the central Salton Basin the following 
spring because the river’s distributary channels had 
previously become clogged with silt and huge deposits 
of blown sand during a lengthy period of drought 
preceding the February 1891 high water (Schuyler, 
1907). For several months the winter floodwaters 
soaked into those accumulated sediments and ponded 
extensively. Then, during the spring high water and 
levee break, the obstructions in the distributary 
channels were eroded and the accumulated floodwaters 
were released into the central Salton Basin. In contrast, 
in 1905 the river had a clear course through its 
distributary channels into the central basin because the 
major blockages in those channels had already been 
scoured away by previous flooding (Schuyler, 1907). 
Thus, it’s reasonable to conclude that the unblocked 
conditions of the distributary channels in 1905 made it 
even more likely that year than in 1891 that floodwaters 
would make their way into the central Salton Basin.


extreme high water on the lower Colorado River below 
Yuma, as the result of major flash flooding on the 
Gila and its tributaries that occurred from February 
23 through March 1 (Murphy, 1906; Schuyler, 1907; 
McGlashan and Dean, 1913). Later, the spring high 
water that occurred during two periods in May and 
June was not in itself remarkable, but it was able to 
break through the already-weakened western levee 
below Pilot Knob (Schuyler, 1907; McGlashan and 
Dean, 1913). In contrast, in 1905, an extraordinary 
series of seven major back-to-back floods occurred 
on the Gila River and its tributaries from January 15 
to April 30 that pushed the lower Colorado River’s 
discharge below Yuma to extreme levels for prolonged 
periods (Murphy, 1906; USGS, 1906; McGlashan and 
Dean, 1913). Following the January–April floods, very 
high streamflow (over 19,000 second-feet; details in the 
next paragraph) continued during May and July, and 
extreme discharge (over 50,000 second-feet; details in 
the next paragraph) occurred again throughout June 
and from the end of November to early December 
(Murphy, 1906; USGS, 1906; McGlashan and Dean, 
1913).


the stage of the river during which overflow began 
below Yuma was 22.0 feet above sea level, and at 
that high-water stage the lower Colorado’s discharge 
was typically about 19,000 second-feet. Using those 
numbers as a low-threshold indicator for what 
constitutes ‘very high’ streamflow, and 50,000 
second-feet as a low-threshold indicator for what 
constitutes ‘extreme’ streamflow, a comparison of the 
circumstances in 1891 and 1905 yields the conclusion 
that stage and discharge of the lower Colorado River 


below Yuma in 1905 were exceedingly high for much 
longer than they were in 1891. During the flood 
from February 23 to March 1, 1891 when gage height 
ranged from 23.9 to 33.2 feet, discharge significantly 
exceeded 19,000 second-feet for a total of seven days 
(McGlashan and Dean, 1913). Discharge above an 
extreme level of 50,000 second-feet occurred on five 
of the seven days. During that seven-day period the 
highest daily discharge achieved was 101,000 second-
feet on one day (Schuyler, 1907). In May and June 1891, 
the gage height slightly exceeded 22.0 feet for a total 
of 45 days, ranging mostly from 22 to 23 feet on those 
days but reaching 24 to 25 feet on a total of five days 
(McGlashan and Dean, 1913). No measurements of the 
associated discharge are available for that spring high-
water period. In contrast, during 1905 the gage height 
was above 22.0 feet on 151 days, and on 79 of those 
days it exceeded 25 feet. During the entire month of 
June it was above 27 feet, and in November it reached a 
maximum of 31.3 feet (USGS, 1906). Of the 148 days in 
1905 for which discharge measurements are available, 
the river’s discharge significantly exceeded 19,000 
second-feet during a total of 76 days (USGS, 1906; 
McGlashan and Dean, 1913). Discharge higher than an 
extreme level of 50,000 second-feet occurred during 
a total of 26 days, and extraordinarily high discharge 
greater than 70,000 second-feet occurred on 15 of those 
extreme-flow days. During January-April the highest 
daily discharge achieved was 111,000 second-feet, 
and two other days had discharges well above 90,000 
second-feet (Dickinson, 1944). In addition, another 
period of extreme streamflow occurred throughout 
June 1905, with discharge above 50,000 second-feet 
every day for which measurements are available that 
month (USGS 1906; McGlashan and Dean, 1913). 
During June 1905 the highest daily discharges achieved 
were 94,300 and 92,400 second-feet (Dickinson, 1944). 
From November 30 to December 5, 1905 another 
period of flash flooding with very high streamflow 
occurred with discharge above 19,000 second-feet on 
each of those days (USGS, 1906; McGlashan and Dean, 
1913), and two days had extreme discharges of 103,000 
and 77,360 second-feet (Dickinson, 1944).


Inevitability of Salton Basin flooding during high flows
It is important to note that even after the lower 
Colorado River had been forced to flow toward the 
Gulf of California in January 1907 by construction of 
an enormous rock dam across the site of the breach in 
the western levee, there was ongoing concern about the 
possibility, and even likelihood, of additional flooding 
into the Imperial Valley and central Salton Basin. This 
concern demonstrates an understanding that flooding 
into the Salton Basin during very high discharge 
conditions was a characteristic and inevitable feature of 
the lower Colorado River’s hydrodynamic regime and 
floodplain morphodynamics in the event of sufficiently 
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wet hydroclimate. In fact, this recognition and the desire 
to prevent the river from flooding into the Imperial Valley 
and central Salton Basin formed the primary motivation 
for the construction of Hoover Dam and other control 
structures built on the upper and lower Colorado River in 
succeeding decades. LaRue (1925) stated:


“To protect these lands from floods extensive 
levee systems have been built and must be 
maintained… Although millions of dollars have 
been spent in constructing the levees, these 
works alone, however well maintained, cannot 
assure protection from the flood menace. There is 
grave danger that during periods of high run-off 
the levees will be breached and the entire flow 
of the Colorado will find its way into Imperial 
Valley and the Salton Sea. If these valuable 
properties on the lower river are to be protected, 
dangerous stages must be prevented by holding 
back a part of the flood-making waters. The need 
for flood control is therefore urgent.”


Conclusion
Formation of the Salton Sea in 1905-07 was the result of 
wet regional hydroclimate and the river’s characteristic 
hydrodynamic regime, floodplain morphodynamics, and 
avulsion style across its delta. As a result of extremely high 
flows on the lower Colorado River during that period, 
the river behaved in exactly the same manner it had since 
at least the latest Pleistocene when streamflow was high: 
by overflowing, avulsing, bifurcating, and flooding into 
the Salton Basin. Formation of the Salton Sea was only 
“accidental” from the standpoint of the people who were 
trying very hard to prevent the river from flowing into 
the basin in the same manner it had for millennia. Were it 
not for their strenuous and persistent efforts to block the 
river’s flow, the flooding would likely have been far worse.
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Pesticides in Water and Suspended Sediment of the 
Alamo and New Rivers, Imperial Valley/Salton Sea Basin, 
California, 2006–2007


By James L. Orlando, Kelly L. Smalling, and Kathryn M. Kuivila


Abstract 
Water and suspended-sediment samples were collected 


at eight sites on the Alamo and New Rivers in the Imperial 
Valley/Salton Sea Basin of California and analyzed for 
both current-use and organochlorine pesticides by the U.S. 
Geological Survey. Samples were collected in the fall of 2006 
and spring of 2007, corresponding to the seasons of greatest 
pesticide use in the basin. Large-volume water samples (up 
to 650 liters) were collected at each site and processed using 
a flow-through centrifuge to isolate suspended sediments. 
One-liter water samples were collected from the effluent of the 
centrifuge for the analysis of dissolved pesticides. Additional 
samples were collected for analysis of dissolved organic 
carbon and for suspended-sediment concentrations. 


Water samples were analyzed for a suite of 61 current-
use and organochlorine pesticides using gas chromatography/
mass spectrometry. A total of 25 pesticides were detected in 
the water samples, with seven pesticides detected in more than 
half of the samples. Dissolved concentrations of pesticides 
observed in this study ranged from below their respective 
method detection limits to 8,940 nanograms per liter (EPTC). 
The most frequently detected compounds in the water samples 
were chlorpyrifos, DCPA, EPTC, and trifluralin, which 
were observed in more than 75 percent of the samples. The 
maximum concentrations of most pesticides were detected 
in samples from the Alamo River. Maximum dissolved 
concentrations of carbofuran, chlorpyrifos, diazinon, and 
malathion exceeded aquatic life benchmarks established by the 
U.S. Environmental Protection Agency for these pesticides. 


Suspended sediments were analyzed for 87 current-use 
and organochlorine pesticides using microwave-assisted 
extraction, gel permeation chromatography for sulfur removal, 
and either carbon/alumina stacked solid-phase extraction 
cartridges or deactivated Florisil for removal of matrix 
interferences. Twenty current-use pesticides were detected 
in the suspended-sediment samples, including pyrethroid 
insecticides and fungicides. Fourteen legacy organochlorine 


pesticides also were detected in the suspended-sediment 
samples. Greater numbers of current-use and organochlorine 
pesticides were observed in the Alamo River samples 
in comparison with the New River samples. Maximum 
concentrations of current-use pesticides in suspended-
sediment samples ranged from below their method detection 
limits to 174 micrograms per kilogram (pendimethalin). Most 
organochlorine pesticides were detected at or below their 
method detection limits, with the exception of p,p’-DDE, 
which had a maximum concentration of 54.2 micrograms per 
kilogram. The most frequently detected current-use pesticides 
in the suspended-sediment samples were chlorpyrifos, 
permethrin, tetraconazole, and trifluralin, which were observed 
in more than 83 percent of the samples. The organochlorine 
degradates p,p’-DDD and p,p’-DDE were detected in all 
suspended-sediment samples.


Introduction 
The Imperial Valley/Salton Sea Basin in southeastern 


California is one of the State’s most productive agricultural 
areas, the result of a year-round growing season and the rich 
supply of water that is carried from the Colorado River to the 
region by way of an extensive and complex irrigation network. 
A wide variety of crops are grown throughout the year in the 
region, which results in the use of large amounts of multiple 
pesticides. Previous studies by federal, state, and local 
agencies have documented elevated levels of both current-use 
and organochlorine pesticides in water, and associated with 
suspended and bed sediments, in the Alamo and New Rivers, 
which drain the majority of the Imperial Valley (Eccles, 1979; 
Setmire and others, 1984; Schroeder and others, 1988; Setmire 
and others, 1990; Michel and Schroeder, 1994; Crepeau and 
others, 2002; and Leblanc and others, 2004a,b). Additional 
studies have found increased levels of aquatic toxicity in these 
rivers (de Vlaming and others, 2000; and de Vlaming and 
others, 2004).
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Currently, the Alamo and New Rivers are listed by the 
U.S. Environmental Protection Agency (USEPA) as impaired, 
and total maximum daily load (TMDL) criteria currently are 
being developed and implemented for both rivers. The Alamo 
River is on the Federal Clean Water Act Section 303(d) list 
for impairments caused by chlorpyrifos, DDT, dieldrin, PCBs 
(polychlorinated biphenyls), selenium, and toxaphene. The 
New River is listed as impaired, due to low dissolved oxygen 
(DO)-organic enrichment, chlordane, chlorpyrifos, copper, 
DDT, diazinon, dieldrin, mercury, nutrients, pathogens, PCBs, 
sediment, selenium, toxaphene, toxicity, trash, and volatile 
organic compounds (VOCs). In support of the current TMDL 
development effort, and in cooperation with the California 
State Regional Water Quality Control Board, the U.S. 
Geological Survey (USGS) conducted a study, described in 
this document, to determine concentrations of current-use and 
organochlorine pesticides in water and suspended sediments in 
the Alamo and New Rivers.


Hydrologic Setting


The Alamo and New Rivers are located in the 
Imperial Valley of southeastern California (fig. 1). The 
area is characterized by an arid, desert-like climate, with 
normal summer temperatures of up to 41˚C and less than 
8 centimeters (cm) of rainfall annually (National Oceanic 
and Atmospheric Administration, 2002). Despite this harsh 
climate, the Imperial Valley is one of California’s richest 
agricultural regions, made possible by irrigation water derived 
from the Colorado River by way of the All-American Canal 
and supplied to the valley through a nearly 6,000 kilometer 
(km), complex network of supply and drainage canals. This 
irrigation network supplies water to over 200,000 hectares 
(ha) of farmland south of the Salton Sea (Imperial Irrigation 
District, 2007). Generally, water is gravity-fed onto fields 
for flood irrigation or pumped and applied using moveable 
sprinkler systems. Tail water and tile drain water leave the 
fields through surface and subsurface drains, respectively. 


Figure 1. Location map showing study area within the Imperial Valley/Salton Sea basin. 
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Figure 2. Map of sampling sites and major agricultural drain inputs to the Alamo and New Rivers.


These drains are part of an extensive system and eventually 
discharge into either the Alamo River, New River, or directly 
into the Salton Sea (fig. 2).


The Alamo and New Rivers originate near the Colorado 
River delta in Mexico and flow north approximately 100 km, 
where they drain into the southern end of the Salton Sea. Flow 
in both rivers primarily is made up of agricultural drainage 
waters (Setmire, 1984; Schroeder and others, 1988). The 
New River also receives treated and untreated municipal 
and industrial wastewater from Mexicali, Mexico, a city 
with a population of more than 1 million, located along the 
international border between the United States and Mexico.


The USGS operates streamflow-gaging stations on 
the Alamo and New Rivers. Gages are located near both 
river outlets to the Salton Sea, and on the New River at the 
international boundary (fig. 1). Daily mean flows at the outlet 
sites during their 46- and 64-year periods of record ranged 
from 468 to 1,120 cubic feet per second (ft3/s) for the Alamo 
River near Niland (10254730), and from 508 to 750 ft3/s for 
the New River near Westmorland (10255550) (figs. 1 and 


3). Mean flow at the New River at International Boundary at 
Calexico site (10254970) ranged from 193 to 288 ft3/s over 
its 27-year period of record (U.S. Geological Survey, 2007a). 
Flows in both rivers follow a seasonal pattern, in response to 
irrigation, with broad peaks in the spring and early fall.


The combined watershed of the Alamo and New Rivers 
within the United States is approximately 4,140 square 
kilometers (km2) (fig. 1). This does not take into consideration 
the larger watershed of the Colorado River, though it is the 
primary source of water within the Imperial Valley. Previous 
studies have shown that source water from the Colorado 
River to the Imperial Valley rarely contains measurable 
concentrations of dissolved current-use pesticides (Kelly and 
others, 2001; U.S. Geological Survey, 2007b). In addition, 
suspended sediments are removed from Colorado River 
water by six desilting basins prior to the water entering the 
All-American Canal; therefore, pesticides associated with 
suspended sediments in Colorado River water are unlikely to 
reach the Imperial Valley.


Salton Sea


All-American Canal


N
ew


 R
ive


r


Al
am


o 
Ri


ve
r


Mexicali


Alamo River
near Niland


Alamo River near 
Calipatria


New River at Lack
Road near Calipatria


New River below
Drop 4 near Brawley


Alamo River at Harris
Road near Imperial


New River at
Highway 80


Alamo River at
International Boundary


New River at International
Boundary at Calexico


USA
Mexico


Base map from National Agriculture Imagery Program (2005)


Sampling site
Major drain input
Canal
Drain


0 5 102.5 MILES


0 5 102.5 KILOMETERS


115 30


33 15


32 15


33


115







4  Pesticides in Water and Suspended Sediment, Alamo and New Rivers, Imperial Valley/Salton Sea Basin, California, 2006–07


Pesticide Use


Approximately 1.1 million kilograms of pesticide-
active ingredients (excluding sulfur), were applied to over 
60 different crops in the Alamo/New River watershed in 2006 
(California Department of Pesticide Regulation, 2008). Annual 
pesticide applications follow a bimodal pattern, with peaks 
in the spring (February/March) and fall (September/October) 
(fig. 4). During 2006, over 180 pesticide active ingredients 
were applied in the basin. The majority (by weight) of these 
pesticides were applied to six major crops (alfalfa, carrots, 
lettuce, melons, onions, and sugar beets). Just over 10 percent 
of the total registered pesticide use in the watershed is for 
non-agricultural purposes such as structural pest control or 
roadside maintenance. Applications of pesticides analyzed 
for during this study totaled just over 250,000 kilograms 
(kg) in 2006 (the most recent year for which data currently 
are available), and were dominated by applications of the 
herbicide trifluralin (table 1). From 2003 to 2006, there was 
a decrease in the total applications of pesticides analyzed in 
this study. However, use of 14 of the 49 pesticides increased 
by varying amounts over the same period (table 1). With the 
exception of endosulfan, organochlorine pesticides analyzed in 
suspended sediments during this study no longer are applied in 
the study area.


Study Design


This study was designed to assess the concentrations 
of dissolved and sediment-associated pesticides present 
in the Alamo and New Rivers within the Imperial Valley 
of California. The study was conducted by the USGS in 
collaboration with the California State Water Resources 
Control Board, Colorado River Basin (Region 7), and builds 
on earlier work done in support of total maximum daily load 
(TMDL) development for pesticides in the Alamo and New 
Rivers (Leblanc and others, 2004b).


Sampling was timed to coincide with the peak periods 
of pesticide application in the basin and was conducted 
during September, October, and November 2006, and 
during February, March, and April 2007 (fig. 4). Water and 
suspended-sediment samples were collected at a total of eight 
sites in the basin with four sites on each river. Samples were 
collected only at the two river outlet sites during September, 
November, February, and April. During October and March, 
samples were collected from all eight sites. All sampling was 
conducted during the middle of each month.
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Figure 3. Graph of mean daily flows for the Alamo and New Rivers at their outlets to the Salton Sea.
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Figure 4. Pesticide application (excluding sulfur) in the combined Alamo/New River watershed in 2006 along 
with Fall 2006 and Spring 2007 sampling periods. (California Department of Pesticide Regulation, 2008)


Compound
Application


2006 2005 2004 2003


Prometryn 390 81 256 308
Disulfoton 351 299 999 931
Fipronil 315 61 54 0
Piperonyl butoxide 249 67 30 0
Carbofuran 198 1,436 406 2,059
Fenpropathrin 153 425 765 571
Azoxystrobin 147 385 64 105
Myclobutanil 128 155 100 36
Pyrethrins 89 14 8 5
Ethalfluralin 72 79 64 0
Trifloxystrobin 13 16 13 31
Deltamethrin 12 12 16 0
Propiconazole 10 16 26 10
Tebuconazole 2 0 18 132
Methoprene 2 0 0 0
Phosmet 0 22 0 0
Methidathion 0 9 0 84
PCNB 0 3 6 3
Hexazinone 0 0 0 3
Parathion 0 0 23 0
Tralomethrin 0 0 2 8


Compound
Application


2006 2005 2004 2003


Trifluralin 104,505 97,569 95,814 113,658
DCPA 25,256 28,517 23,291 26,425
Malathion 24,263 22,350 25,338 29,285
Chlorpyrifos 22,716 28,056 39,575 36,758
EPTC 17,325 20,193 23,840 15,293
Diazinon 13,334 13,840 17,738 19,054
Pendimethalin 7,852 9,860 10,309 7,941
Atrazine 6,402 7,687 5,281 5,836
Cypermethrin 4,506 5,303 3,540 1,744
Chlorothalonil 4,427 19,450 10,377 13,613
Permethrin 4,307 3,915 3,236 3,309
Oxyfluorfen 3,320 3,021 2,022 1,842
Endosulfan 2,136 2,313 1,543 4,487
Cycloate 1,891 2,257 1,893 955
Diuron1 1,730 1,377 7,858 641
Cyfluthrin 1,273 1,204 1,254 1,259
Esfenvalerate 1,005 772 916 1,168
λ-Cyhalothrin 923 801 654 801
Napropamide 582 568 1,076 484
Iprodione 541 1,635 1,101 1,067
Carbaryl 539 1,110 1,450 2,276
Bifenthrin 390 233 211 83


Table 1. Pesticide applications of compounds analyzed for in this study 2003–2006.


[Values are reported in kilograms]


1 Diuron is a parent compound of 3,4-DCA.
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collected at five equally spaced points along the downstream 
side of the road bridge. Three major and multiple minor 
agricultural drains enter the Alamo River upstream of this site 
(fig. 2). Streamflow measurements were conducted at this site 
at the time of sample collection, following standard USGS 
procedures (Buchanan and Somers, 1969) (table 3).


The next downstream site (Alamo River near Calipatria) 
is located approximately 28 river km downstream of the 
Alamo River at Harris Road near Imperial site. There are 
five major and many minor agricultural drains that enter the 
river between these two sites (fig. 2). Samples were collected 
from the downstream side of a bridge on Kershaw Road, at 
five equally spaced points across the channel. Streamflow 
measurements also were made at this site (table 3).


The furthest downstream site on the Alamo River 
(Alamo River near Niland) is co-located with a USGS real-
time streamflow gaging station (site id #10254730). There 
are five major, and numerous minor, agricultural drains that 
enter the river between this site and the next site upstream 
(fig. 2). Samples were collected from the downstream side of 
a bridge on Sinclair Road, at five equally spaced points across 
the channel. Real-time stream discharge data are recorded 
continuously at the gage and are shown in table 3 for each 
sampling event.


Descriptions of Sampling Sites


Eight sites were sampled during this study: four sites on 
the Alamo River and four sites on the New River (table 2). 
Sites extended from the international border with Mexico to 
within a few kilometers of each river’s outlet to the Salton 
Sea. Sites were selected by USGS personnel at points 
downstream of major agricultural drain inputs to each river 
(fig. 2). Where safety permitted, sites were located at bridges 
to allow for transect sampling and streamflow measurements.


Alamo River Sites


The furthest upstream site (Alamo River at International 
Boundary at Calexico) is located adjacent to the All-American 
Canal and just inside the U.S. border in California. The 
river emerges from a concrete channel under the canal 
and spills over a low (0.3-meter high) weir. Samples were 
collected immediately downstream of the weir at two points 
spaced equally across the channel. Streamflow at this site 
was extremely low during all sampling events and was not 
measured.


The “Alamo River at Harris Road near Imperial” site is 
located approximately 43 river km downstream of the “Alamo 
River at International Boundary” site. Water samples were 


Table 2. Sampling sites located on the Alamo and New Rivers, California


[Horizontal datum: North American Datum 83 (NAD 83); vertical datum: North American Vertical Datum of 1988 (NAVD 88). 
Abbreviations: USGS, U.S. Geological Survey]


Official sampling site name
USGS site 


identification 
No.


Latitude   Longitude


Alamo River near Niland 10254730 33°11'56" 115°35’49”
Alamo River near Calipatria 330402115303501 33°04’02” 115°30’35”
Alamo River at Harris Road near Imperial 325259115270801 32°52’59” 115°27’08”
Alamo River at International Boundary 324032115220501 32°40’32” 115°22’08”


New River at Lack Road near Calipatria 330559115385601 33°05’59” 115°38’56”
New River below Drop 4 near Brawley 325951115323501 32°59’51” 115°32’38”
New River at Highway 80 324728115420101 32°47’28” 115°42’04”
New River at International Boundary at Calexico 10254970 32°39’57” 115°30’11”
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New River Sites


Stringent safety protocols were followed for samples 
collected at all sites on New River, as its river water is known 
to contain high levels of fecal coliforms and other biological 
contaminants. The New River at International Boundary 
at Calexico site is located 400 m north of the International 
Boundary and is co-located with a USGS streamflow gaging 
station (site id #10254970). Samples were collected from a 
footbridge at three equally spaced points across the channel. 
Real-time stream discharge data are recorded continuously at 
the gage and are presented for each sampling event at this site 
(table 3).


New River at Highway 80 is located 33 river km 
downstream of the International Boundary site. There are 
three major and multiple minor agricultural drains that 


enter the river upstream of this site (fig. 2). Due to safety 
considerations, this site could not be sampled from a bridge; 
therefore, samples were collected from the downstream side 
of a large concrete culvert passing under Highway 80. Water 
was collected from two equally spaced points across the 
stream channel. Stream discharge measurements could not be 
conducted at this site.


The next downstream site (New River below Drop 4 near 
Brawley) is located 42 river km downstream of the Highway 
80 site. Four major and many minor drains enter the New 
River between these sites (fig. 2). Samples were collected 
from the downstream side of the bridge at the site, at five 
equally spaced points across the stream channel. Streamflow 
measurements were made at this site during each sample 
collection (table 3).


Table 3. Stream discharge, dissolved organic carbon, and suspended-sediment concentrations at sites located on the Alamo and New Rivers, 
California.


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes. Abbreviations: hh:mm, hours minutes; ft3/s, 
cubic feet per second; mg/L, milligrams per liter; mm, millimeter; NA, discharge not measured]


Official Site Name Date
Time 


(hh:mm)


Stream 
discharge 


(ft3/s) 
[00060]


Dissolved 
organic carbon 
concentration 


(mg/L) 
[00681]


Suspended 
sediment 


concentration 
(mg/L) 
[80154]


Percent finer 
than .062 mm


Alamo River near Niland 09-12-06 11:45 796 13.0 234 99.2
10-14-06 13:00 937 8.7 316 87.9
11-13-06 16:20 656 5.5 213 94.9
02-13-07 10:55 679 5.9 Sample Lost Sample Lost
03-12-07 16:20 978 7.4 437 89.1
04-17-07 11:00 1,140 7.8 531 71.1


Alamo River near Calipatria 10-16-06 17:00 792 6.7 363 79.9
03-14-07 12:00 957 9.2 343 87.3


Alamo River at Harris Road near Imperial 10-17-06 08:50 545 6.1 172 80.5
03-16-07 09:30 459 7.7 349 75.8


Alamo River at International Boundary 10-18-06 07:45 NA 7.7 71 98.9
03-17-07 08:30 NA 8.3 33 96.7


New River at Lack Road near Calipatria 09-13-06 09:00 496 14.8 242 94.9
10-14-06 07:00 470 8.5 243 93.2
11-14-06 09:00 400 6.6 242 80.0
02-14-07 10:45 600 9.1 190 80.2
03-13-07 09:45 700 6.3 423 77.6
04-18-07 10:15 675 7.4 321 84.5


New River below Drop 4 near Brawley 10-15-06 07:30 412 10.3 201 94.7
03-14-07 07:30 485 8.3 305 86.3


New River at Highway 80 10-16-06 07:35 NA 14.0 105 95.5
03-15-07 08:00 NA 11.6 87 96.8


New River at International Boundary at Calexico 10-19-06 07:30 123 17.7 48 89.9
03-18-07 08:30 173 9.2 20 82.7
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“New River at Lack Road near Calipatria” is the furthest 
downstream site sampled on the New River. The site is 
located at a road bridge approximately 1.5 km upstream of 
a USGS gaging station (New River near Westmorland, site 
id #10255550) (fig. 1). Samples were collected at the Lack 
Road site rather than at the Westmorland site due to the recent 
removal of the cableway at the gaging station. The Lack Road 
site was the nearest location upstream of the gaging station 
where a complete stream transect measurement could be 
conducted safely. Two major and many smaller agricultural 
drains discharge into the New River between this site and the 
“New River below Drop 4 near Brawley” site (fig. 2). Water 
samples were collected at five equally spaced points across 
the stream channel on the downstream side of the bridge. 
Streamflow measurements were conducted at the Lack Road 
site during each sampling event (table 3).


Purpose and Scope


This report describes the methods and procedures used 
in determining dissolved and sediment-associated pesticide 
concentrations in 24 samples collected at 8 sites located on the 
Alamo and New Rivers in the fall of 2006 and spring of 2007. 
Results are presented for 61 current-use and organochlorine 
pesticides analyzed for in water and 87 current-use and 
organochlorine pesticides analyzed for in suspended 
sediments. Concentrations of dissolved organic carbon, and 
suspended-sediment in water samples, as well as percent 
particulate organic carbon and nitrogen in sediment, also are 
presented. In addition, stream-discharge measure ments made 
at selected sites and river cross-sectional measurements of 
dissolved oxygen, specific conductance, temperature, pH, 
turbidity are reported.


Acknowledgments


The authors express their sincere gratitude to the U.S. 
Fish and Wildlife Service, Sonny Bono Salton Sea National 
Wildlife Refuge, and to Roy Schroeder (USGS retired) for 
invaluable support throughout this project. 


Sample Collection and Processing 
Methods 


Large-Volume Water Samples


All water samples were collected using a large, peristaltic 
pump powered by a portable generator and equipped with a 
single, stainless steel and Teflon inlet hose. Sample water was 
pumped directly into pre-cleaned, 20-L stainless steel kegs. 


The stainless steel kegs were cleaned with deionized water, 
methanol, and acetone prior to each use. Immediately prior 
to sample collection, each keg was rinsed three times with 
water from the sampling site. At each site, water was collected 
from multiple points spaced equally across the stream channel 
(from two to five points, depending on stream width) and from 
multiple vertical points in the water column. Total sample 
volumes varied, ranging from 200 to 600 L, depending on the 
suspended-sediment concentration at each site at the time of 
sampling. Time required to collect a sample generally was 
less than 30 minutes. Following collection, samples were 
transported to the Sonny Bono Salton Sea National Wildlife 
Refuge for initial processing.


Sample Processing


Water and suspended sediments for pesticide analysis 
were isolated by pumping the large-volume water samples 
through a flow-through centrifuge (Westfalia model KA-2, 
Westfalia Corporation, Odele, Federal Republic of Germany). 
Water (200–600 L) was pumped at a flow rate of 2 L/min 
through the centrifuge, which operated at 9,500 G (G is the 
dimensionless ratio of the acceleration due to centrifugal 
force divided by the accelera tion due to gravity). The 2 L/min 
flow rate has been shown to be within the range of optimal 
influent rate for efficient capture of a wide variety of grain 
sizes and suspended sediment concentrations (Horowitz and 
others, 1989). During the processing of each 20-L sample keg, 
sample water was collected from the effluent of the centrifuge 
directly into 1-L baked amber glass bottles. In the Westfalia 
model KA-2, sediment was collected in a series of four nested, 
stainless steel bowls. Following centrifugation of an entire 
water sample, sediment was removed carefully from each 
of the concentric centrifuge bowls using precleaned Teflon 
and stainless steel spatulas. Sediment was placed directly 
into 500-mL precleaned, amber glass jars and frozen. All 
samples were transported on ice within 48 hours of collection 
to the U.S. Geological Survey Organic Chemistry Research 
Laboratory in Sacramento, California.


Dissolved Organic Carbon and Suspended-
Sediment Concentration Sample Collection


Water samples for the analysis of DOC and SSC were 
collected immediately prior to or following collection of the 
large-volume water samples. Samples were collected from 
a single stream transect at multiple vertical points using an 
isokinetic depth-integrating sampler (USGS DH-95) equipped 
with a 1-L Teflon bottle at six of the eight sampling sites. 
At the remaining two sites (Alamo River at International 
Boundary and New River at Highway 80), samples were 
collected concurrently with the large-volume water samples 
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using the peristaltic pump, due to safety considerations. 
Samples collected using the DH-95 were shaken vigorously 
and then poured from the 1-L Teflon collection bottle into 
a single 125-mL baked, amber glass bottle (DOC) and a 
500-mL clear glass bottle (SSC). Samples collected using the 
peristaltic pump were pumped directly into their respective 
containers.


Samples for DOC analysis were processed immediately 
after collection, by gravity filtering through a baked, 0.7-µm 
(Whatman GF/F; Florham Park, New Jersey) glass fiber filter 
into a 125-mL precleaned, amber glass bottle. The pH was 
adjusted to approximately 1.9 in each DOC sample using 
4–7 drops of concentrated hydrochloric acid. Samples were 
refrigerated and shipped on ice to the U.S. Geological Survey 
Organic Chemistry Research Laboratory in Sacramento, 
California.


Samples collected for suspended-sediment concentration 
analysis were not processed in the field. Samples were 
refrigerated following collection and shipped to the U.S. 
Geological Survey Sediment Laboratory in Marina, California.


Water-Quality Parameters


Water-quality parameters (temperature, specific 
conductance, pH, dissolved oxygen, and turbidity) were 
measured at each site at the time of sample collection 
using a Hydrolab Surveyor 4 multiparameter meter (Hach 
Environmental, Loveland, Colorado) calibrated daily during 
each field deployment. Measurements were made at multiple 
points along the stream transect and at multiple depths at each 
site and recorded in field notebooks. Mean values for each 
water-quality parameter were calculated and recorded as the 
final field value for the respective water samples collected for 
pesticide analyses.


Analytical Methods 


Dissolved Pesticides


Water collected from the continuous-flow centrifuge 
effluent was extracted onto solid phase extraction (SPE) 
cartridges within 24 hours of collection. Prior to extraction, 
samples were spiked with ring-13C3-atrazine and diethyl-d10 
diazinon as recovery surrogates (Cambridge Isotopes 
Lab, Andover, Massachusetts). The 1-L water sample was 
pumped at a flow rate of 10 mL/min through an Oasis® HLB 
extraction cartridge (6 cc, 500 mg, 60 µm; Waters Corporation, 
Milford, Massachusetts) that had been preconditioned 
with 10 mL of ethyl acetate, 10 mL methanol and 5 mL of 
deionized water. The cartridges were dried manually using 
a syringe and frozen at -40°C. The syringe was used to dry 
the cartridge in the field since carbon dioxide, typically used 


as the drying agent, was not available. Prior to analysis, the 
cartridges were thawed, eluted with 12 mL of ethyl acetate, 
and concentrated under nitrogen. After extraction, ~1 g of 
sodium sulfate (Na2SO4) was added to sample bottles to 
remove any residual water, and the bottles were rinsed three 
times with approximately 5 mL of dichloromethane (DCM). 
The bottle rinses were reduced to 1 mL under nitrogen and 
then added to the ethyl acetate fraction. The entire sample 
(bottle rinse plus SPE elution) was reduced to a final volume 
of 200 µL for analysis. Deuterated polycyclic aromatic 
hy drocarbon (PAH) compounds were used as internal 
standards and included acenaphthene- d10, phenanthrene- d10, 
and pyrene- d10. All extracts were analyzed for 61 current-use 
and organochlorine pesticides by gas chromatography/mass 
spectrometry (GC/MS). Details of the analytical method are 
described in Hladik and others (2008).


Sediment-Associated Pesticides


Sediment samples were extracted based on methods 
described by LeBlanc and others (2004b), Smalling and others 
(2005), and Smalling and Kuivila (USGS, written commun., 
2008). Prior to extraction, sediment samples were spiked with 
chlorpyrifos- diethyl-d10, trifluralin- d10, ring-13C12-p,p’-DDE, 
phenoxy-13C6-cis-permethrin and dibromooctofluorobiphenyl 
(DBOFB), used as recovery surrogates. Wet sediments 
(~50 percent moisture) were extracted two times using a 
MSP 1000 (CEM Corporation, Mathews, North Carolina) 
microwave-assisted extraction (MAE) with dichloromethane 
(DCM) and methanol (9:1 v/v) at 100oC and 120oC. Following 
extraction, sample extracts were dried over Na2SO4 and 
reduced to 0.5 mL using a Turbovap II (Zymark Corporation, 
Hopkinton, Massachusetts). Sulfur was removed using a 
gel-permeation/high-performance liquid chromatography 
system (GPC/HPLC) with DCM and methanol (98:2 v/v) as 
the carrier solvent. Samples were again reduced to 0.5 mL, 
split in half, and subjected to two different clean-up methods, 
depending on compounds of interest.


The first clean-up method was for all compounds except 
the fungicides and the organochlorine pesticides. Interfering 
matrix was removed by passing the sample extract through 
two, stacked SPE cartridges containing 500-mg of nonporous, 
graphitized carbon (Restek Corporation, Bellefonte, Virginia) 
and 500-mg alumina (Varian Inc., Palo Alto, California). 
The cartridges were washed in tandem with 10 mL of DCM 
prior to the addition of sample extract. Compounds of interest 
were eluted off both SPE cartridges with 10 mL of DCM and 
collected as fraction 1 (F1). The carbon SPE was removed and 
the alumina SPE was eluted with 10 mL of ethyl acetate and 
DCM (50:50 v/v) and collected as fraction 2 (F2) (Smalling 
and others, 2005). Both fractions were evaporated separately 
under a gentle stream of purified nitrogen gas (N-evap, 
Organomation Associates, Berlin, Massachusetts) to 0.2 mL 
and the deuterated PAH internal standard mixture was added.
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The second clean-up method was designed for the 
fungicides and the organochlorine pesticides. The interfering 
matrix was removed using a 200-mL glass column (400 mm 
L × 10 mm i.d.) dry packed with 10 percent water (v/w) 
deactivated Florisil (60–100 mesh chromatographic grade, 
Thermo-Fisher Scientific, Waltham, Massachusetts). The 
Florisil had been treated previously at 550oC in a muffle 
furnace for 16 hours. The organochlorine pesticides were 
eluted with 100 mL of 20 percent DCM in hexane (fraction 1, 
F1) and the fungicides were eluted using 100 mL of 60 percent 
ethyl acetate in hexane (fraction 2, F2). Following Florisil 
clean-up and fractionation, both the F1 and F2 extracts were 
reduced to ~0.2 mL under a gentle stream of nitrogen gas and 
exchanged to hexane and ethyl acetate, respectively. Prior to 
instrumental analysis, the deuterated PAH internal standard 
mixture was added to each extract.


Instrumental Analysis


Water and suspended-sediment extracts (1-µL injection 
volume) were analyzed for pesticides on a Varian Saturn 
2000 (Walnut Creek, California) gas chromatograph/ion trap 
mass spectrometer (GC/MS). Analyte separation on the GC/
MS was achieved using a 30 m × 0.25 mm i.d. × 0.25 µm 
DB-5 ms fused silica column (Agilent Technologies, Folsom, 
California) with helium as the carrier gas. The temperature of 
the splitless injector was held constant at 275ºC. Because of 
the number of compounds and instrument limitations, samples 
were injected in two separate aliquots using two different 
oven programs: a short (30-min) and a long (61-min) gas 
chromatograph (GC) oven program. The nine fungicides and 
the organochlorine pesticides (in sediment only) were run on 
the shorter program while the rest of the compounds were run 
on the longer program. The fungicides and organochlorines 
were separated analytically from the other compounds because 
of greater ease in setting selected-ion-storage (SIS) windows.


The short-oven program was 80ºC (hold 1 min) with 
an increase to 300ºC at 10ºC/min (hold 10 min). The long 
oven program was 80ºC (hold 0.5 min.) with an increase to 
120ºC at 10ºC/min, an increase to 200ºC at 3ºC/min (hold 
5 min), followed by a third increase to 219ºC at 3ºC/min, 
and a final increase to 300ºC at 10ºC/min (hold 10 min). The 
transfer line and ion trap temperatures were 280ºC and 220ºC, 
respectively. The MS was operated in electron ionization (EI) 
mode with an emission current of 15 µA and no offset when 
run in full scan mode, and an emission current of 45 µA with 
a multiplier offset of 300 volts when using SIS windows. Data 
were collected in the full scan and SIS modes. More detailed 
information on the GC/MS method parameters can be found in 
Hladik and others (2007).


Sample extracts (1µL injection volume) were analyzed 
for organochlorine pesticides on an Agilent 6890 GC 
(Agilent Technologies, Palo Alto, California) coupled to 
a micro-electron capture detector (GC-µECD) with GC/
MS confirmation. Analyte separation on the GC-µECD was 
achieved using a 30 m × 0.25 mm i.d. × 0.25 µm DB-XLB 
fused silica capillary column (Agilent Technologies, Folsom, 
California) with helium as the carrier gas. The flow was 
constant at 1.5 mL/min with an average linear velocity of 
35 cm/s. Nitrogen was used as the makeup gas with a total 
flow of 64 mL/min. The temperature of the splitless injector 
and the detector were 250oC and 330oC, respectively. The GC 
oven program was 75oC (hold 0.5 min) and increase to 300oC 
at 10oC/min (hold 10 min). 


Sediment Organic Carbon and Nitrogen


Suspended sediments were analyzed for organic carbon 
content using a Perkin Elmer CHNS/O analyzer (Perkin 
Elmer Corporation, Norwalk, Connecticut). Sediments were 
combusted at 925°C in silver boats after being exposed to 
concentrated hydrochloric acid (HCl) fumes in a desiccator 
for 24 hours to remove inorganic carbon. Before analysis, 
sediments were dried to a constant weight at 100°C for 
3 hours. Acetanilimide was used for instrument calibration of 
elemental carbon and nitrogen.


Dissolved Organic Carbon 


Samples were analyzed for DOC using a Shimadzu TOC-
5000A total organic carbon analyzer (Shimadzu Scientific 
Instruments, Columbia, Maryland). The instrument was 
calibrated using potassium hydrogen phthalate standards 
prepared in organic-free water with concentrations ranging 
from 0.0 to 4.0 mg/L. All standards and blanks were 
acidified prior to analysis using approximately four drops of 
concentrated HCl to lower the pH to 1.9. The samples were 
diluted with acidified organic free water prior to analysis by 
a factor of three or four to insure that sample concentrations 
would fall into the linear range of the instrument. 
Approximately 5 mL of the diluted, acidified sample was 
sparged for 3 minutes using N2 to remove inorganic carbon 
as CO2. The non-purgeable organic carbon (NPOC) was 
combusted at 680oC and the CO2 produced by oxidation 
of the NPOC was detected using a non-dispersive infrared 
photometric cell. Blanks, replicate samples, and mid-level 
calibration check standards were analyzed every six samples 
to monitor the response of the instrument. Additional details 
about the analytical method can be found in Bird and others 
(2003).
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Suspended-Sediment Concentration and  
Grain Size


Whole-water samples were analyzed for suspended-
sediment concentration and grain size at the U.S. Geological 
Survey Sediment Laboratory in Marina, California. Details of 
the analytical method can be found in Guy (1969). Analytical 
results of single-blind quality control samples provided by the 
USGS Sediment Laboratory Quality Assurance Project show 
that laboratory performance during the period of this study 
was satisfactory (U.S. Geological Survey, 2007c).


Quality Assurance/Quality Control
Pesticide concentrations in water and suspended 


sediments were validated against a comprehensive set of 
performance-based quality control criteria including field 
and laboratory blanks, replicate samples, surrogate recovery, 
certified reference materials, matrix spikes and matrix spike 
replicates. All QC results met or exceeded QC guidelines 
established by the Surface Water Ambient Monitoring 
Program (SWAMP) (California State Water Resources Control 
Board, 2002). Therefore, results for the target constituents that 
were analyzed under the same conditions were of acceptable 
quality.


Dissolved Pesticides


Two field blanks and two laboratory blanks were 
analyzed as part of the established SWAMP criteria. No 
pesticides were detected in any of the laboratory or field 
blanks during the study. Ring-13C3-atrazine and diethyl-d10 
diazinon were used as recovery surrogates to assess the 
efficiency of sample extraction. Mean (± standard deviation) 
percent recoveries of ring-13C3-atrazine and diethyl-d10 
diazinon for all samples analyzed (including QC samples) 
were 97 ± 12 percent and 100 ± 8 percent, respectively. 
Sample data were excluded if percent recovery was less than 
75 percent; since all samples had recoveries greater than 75 
percent, all data points were reported. Replicate samples 
(3) were analyzed constituting approximately 10 percent 
of the samples and were within 25 percent agreement for 
all pesticides detected. Relative percent differences for all 
pesticides detected in replicate sample pairs ranged from 1.4 to 
24 percent. Matrix spikes (2) were analyzed in approximately 
10 percent of all samples as part of the method validation. The 
percent recoveries of pesticides in the matrix-spiked samples 
ranged from 79 to 115 percent. Matrix-spike replicates were 
analyzed every 20 samples as part of the established SWAMP 
guidelines. The relative percent differences were calculated for 
the pesticides analyzed, which ranged from 0.1 to 24 percent, 
depending on the compound. The USGS National Water 
Quality Laboratory’s Schedule 2003/2033 field spike added 


to sample water was used as an appropriate certified reference 
material to assess the accuracy and precision of the method 
and was analyzed every 20 samples. Percent recoveries of 
the certified reference material ranged from 58–122 percent, 
depending on compound with an average of 102 ± 14 percent.


Calibration of the GC/MS was achieved using calibration 
standards that spanned the linear range of environmental 
sample concentrations. An eight-point calibration standard was 
developed with concentrations ranging from 0.025 to 5.0 µg/
mL. Calibration curves were considered acceptable if the 
coefficient of determination, R2, for each individual compound 
was greater than 0.995. The response of the instrument also 
was monitored every 6–8 samples with mid-level check 
standards. The instrument was considered to be stable if the 
recoveries of the check standards fell within the range of 
80–115 percent of the nominal standard concentration.


Sediment-Associated Pesticides


Laboratory blanks consisting of baked Na2SO4 as 
a sediment substitute, were analyzed after the analysis 
of every 10 environmental samples. No pesticides were 
detected in any of the laboratory blank samples run with the 
sediment samples. Mean (± standard deviation) recoveries of 
chlorpyrifos- diethyl-d10, trifluralin-d10, ring-13C12-p,p’ DDE, 
phenoxy-13C6-cis-permethrin and dibromooctofluorobiphenyl 
(DBOFB), used as recovery surrogates were 89 ± 9 percent, 
89 ± 9 percent, 105 ± 11 percent, 93 ± 9 percent, and 91 ± 14 
percent, respectively. Two replicate samples were analyzed, 
constituting approximately 10 percent of the total number 
of samples analyzed. The relative-percent differences for 
the two replicate pairs for all pesticides detected were less 
than 25 percent and ranged from 2.9 to 21.4 percent for the 
individual compounds. Two matrix spikes were analyzed and 
the percent recoveries ranged from 75 to 119 percent for all 
compounds. One additional replicate sample was analyzed 
as a matrix spike/matrix spike duplicate (MS/MSD) pair to 
monitor for recovery (compared to the respective unspiked 
sample) and variability (between spiked samples) as part of 
established SWAMP guidelines. The percent recoveries for 
this MS/MSD pair ranged from 76 to 117 percent and the 
relative-percent differences ranged from 0.02 to 22 percent. 
Standard reference material 1941b, Organics in Marine 
Sediment (NIST, Gaithersburg, Maryland), was chosen as 
an appropriate reference material for this study. Since no 
standard reference material is available for the current-use 
pesticides, SRM 1941b was chosen because it contains eight 
organochlorine pesticides that were compounds of interest in 
the study (hexachlorobenzene, α-chlordane, γ-chlordane, cis-
nonachlor, trans-nonachlor, p,p’-DDD, p,p’-DDE, and p,p’-
DDT) (National Institute of Standards and Technology, 2004). 
The average percent recovery of the organochlorine pesticides 
present in SRM 1941b was 100 ± 7 percent. Calculated 
concentrations for all compounds fell within the 95-percent 
confidence intervals for the certified values.
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Calibration of the GC/MS and GC-µECD was achieved 
using calibration standards that spanned the linear range of 
environmental sample concentration (0.025 to 5.0 µg/mL and 
0.1 to 100 pg/µL, respectively). Calibration curves for the GC/
MS and GC-µECD were considered acceptable if the R2 for 
each individual compound was greater than 0.995 and 0.998, 
respectively. The responses of the instruments were monitored 
every six to eight samples with mid-level check standards. The 
instruments were considered to be stable if the recovery of the 
check standards fell within the range of 80–115 percent of the 
nominal standard concentration.


Method Detection Limits


Surface-water and suspended-sediment method detection 
limits (MDLs) were validated in previous studies (Hladik 
and others, 2007; and Smalling and Kuivila (USGS, written 
commun., 2008) using the EPA procedure described in 40 CFR 
Part 136 (U.S. Environmental Protection Agency, 1992). Water 
samples used to determine MDLs were collected in 2005 


Compound Use type
Method  


detection limit
Parameter 


code
3,4-DCA Degradate 8.3 66584
Alachlor Herbicide 1.7 65064
Allethrin Insecticide 18.0 66586
Atrazine Herbicide 2.3 65065
Azoxystrobin Fungicide 9.3 66589
Bifenthrin Insecticide 4.7 65067
Butylate Herbicide 1.8 65068
Carbaryl Insecticide 6.5 65069
Carbofuran Insecticide 13.1 65070
Chlorothalonil Fungicide 12.1 65071
Chlorpyrifos Insecticide 2.1 65072
Cycloate Herbicide 1.1 65073
Cyfluthrin Insecticide 5.2 65074
Cypermethrin Insecticide 5.6 65075
Cyproconazole Fungicide 11.2 66593
DCPA Herbicide 2.0 65076
Deltamethrin Insecticide 3.5 65077
Diazinon Insecticide 0.9 65078
EPTC Herbicide 1.5 65080
Esfenvalerate Insecticide 3.9 65081
Ethalfluralin Herbicide 3.0 65082
Fenpropathrin Insecticide 4.1 65083
Fipronil Insecticide 2.9 66604
Fipronil disulfinyl Degradate 1.6 66607
Fipronil sulfide Degradate 1.8 66610
Fipronil sulfone Degradate 3.5 66613
Hexazinone Herbicide 18.4 65085
Iprodione Fungicide 8.7 66617
l-cyhalothrin Insecticide 2.0 65086
Malathion Insecticide 3.7 65087
Metconazole Fungicide 11.5 66620


Compound Use type
Method  


detection limit
Parameter 


code
Methidathion Insecticide 7.2 65088
Methoprene IGR 8.4 66623
Methylparathion Insecticide 3.4 65089
Metolachlor Herbicide 1.5 65090
Molinate Herbicide 3.2 65091
Myclobutanil Fungicide 9.2 66632
Napropamide Herbicide 11.3 65092
Oxyfluorfen Herbicide 3.1 65093
p,p'-DDD Degradate 3.6 65094
p,p'-DDE Degradate 4.1 65095
p,p'-DDT Insecticide 4.0 65096
Pentachloroanisole (PCA) Insecticide 4.7 66637
Pentachloronitrobenzene 


(PCNB)
Insecticide 3.1 66639


Pebulate Herbicide 2.3 65097
Pendimethalin Herbicide 2.3 65098
Permethrin Insecticide 3.4 65099
Phenothrin Insecticide 5.1 65100
Phosmet Insecticide 4.4 65101
Piperonyl butoxide Synergist 2.3 65102
Prometryn Herbicide 1.8 65103
Propiconazole Fungicide 8.8 66643
Resmethrin Insecticide 5.7 65104
Simazine Herbicide 5.0 65105
τ-fluvalinate Insecticide 5.3 65106
Tebuconazole Fungicide 10.2 66649
Tetraconazole Fungicide 8.2 66654
Tetramethrin Insecticide 2.9 66657
Thiobencarb Herbicide 1.9 65107
Trifloxystrobin Fungicide 3.9 66660
Trifluralin Herbicide 2.1 65108


Table 4. Method detection limits and U.S. Geological Survey National Water Information System (NWIS) parameter codes for dissolved pesticides 
in water.
[Values are reported in nanograms per liter. Abbreviations: IGR, Insect Growth Regulator]


1 Compound detected in unspiked water.


from the Sacramento River at Miller Park and suspended-
sediment samples were collected in 2004 from the Cache 
Creek inflow to the settling basin near Woodland (USGS site 
id # 384340121434401). The MDLs were calculated for each 
compound using the following equation:
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confidence interval.


MDLs for surface water ranged from 0.9 to 18.0 ng/L 
(table 4) and suspended sediment MDLs ranged from 
0.6 to 4.4 µg/kg (table 5). Analytes can be identified at 
concentrations less than the MDL with a lower confidence 
in the actual value; therefore, concentrations of compounds 
detected below the MDLs are reported as estimates.
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Compound Use type
Method  


detection 
limit


Parameter 
code


Anilines
3,4-DCA Degradate 2.5 63400
Ethalfluralin Herbicide 1.3 65130
Pendimethalin Herbicide 1.0 65142
Propanil Herbicide Not 


detectable
63481


Trifluralin Herbicide 1.7 04019
Azoles/Triazoles


Cyproconazole Fungicide 3.3 66594
Fipronil Insecticide 1.9 66605
Fipronil desulfinyl Degradate 2.8 66608
Fipronil sulfide Degradate 2.2 66611
Fipronil sulfone Degradate 1.1 66614
Metconazole Fungicide 2.4 66621
Myclobutanil Fungicide 3.3 66633
Propiconazole Fungicide 2.2 66644
Tebuconazole Fungicide 2.9 63492
Tetraconazole Fungicide 3.4 66655


Carbamates
Carbaryl Insecticide 1.8 65117
Carbofuran Insecticide 1.5 65118


Chloroacetanilides
Alachlor Herbicide 1.0 04021
Metolachlor Herbicide 1.3 04002


Organochlorines
α-Chlordane Insecticide 2.0 63122
α-HCH Insecticide 0.9 63133
Aldrin Insecticide 1.2 63121
β-HCH Insecticide 1.2 63134
cis-Nonachlor Insecticide 1.8 66635
δ-HCH Insecticide 1.3 66616
Dieldrin Insecticide 1.3 63127
Endosulfan I Insecticide 1.7 63128
Endosulfan II Insecticide 1.0 66601
Endolsulfan sulfate Degradate 1.4 66602
Endrin Insecticide 2.0 63129
Endrin aldehyde Degradate 1.0 66603
γ-Chlordane Insecticide 1.6 63123
Heptachlor Insecticide 0.7 63130
Heptachlor epoxide Degradate 1.6 63131
Hexachlorobenzene Insecticide 0.8 63132
γ-HCH (Lindane) Insecticide 1.3 63135
Isodrin Insecticide 1.7 66619
Methoxychlor Insecticide 1.4 63136
Oxychlordane Degradate 1.8 65140
Pentachloroanisole (PCA) Insecticide 1.4 66638
Pentachloronitrobenzene 


(PCNB)
Insecticide 1.2 66640


p,p'-DDD Degradate 1.4 63124
p,p'-DDE Degradate 1.4 63125
p,p'-DDT Insecticide 1.3 63126
trans-Nonachlor Insecticide 1.8 63138


Table 5. Method detection limits and U.S. Geological Survey National Water Information System (NWIS) parameter codes for pesticides associated 
with suspended sediment


[Values are reported in micrograms per kilogram. Abbreviations: IGR, Insect Growth Regulator]


Compound Use type
Method  


detection 
limit


Parameter 
code


Organophosphates
Chlorpyrifos Insecticide 2.0 65120
Diazinon Insecticide 2.0 65126
Disulfoton Insecticide 1.9 63432
Malathion Insecticide 1.1 65135
Methidathion Insecticide 2.9 65136
Methylparathion Insecticide 1.2 65137
Phosmet Insecticide 1.4 65145


Pyrethroids
Allethrin Insecticide 1.5 66587
Bifenthrin Insecticide 2.2 63415
Cyfluthrin Insecticide 2.0 65122
λ-Cyhalothrin Insecticide 2.4 65134
Cypermethrin Insecticide 2.6 65123
Deltamethrin Insecticide 2.5 65125
Esfenvalerate Insecticide 2.1 65129
Fenpropathrin Insecticide 2.1 65131
τ-Fluvalinate Insecticide 2.6 65148
Permethrin Insecticide 1.0 65143
Phenothrin Insecticide 1.3 65144
Resmethrin Insecticide 1.9 65147
Tefluthrin Insecticide 1.1 63496
Tetramethrin Insecticide 1.4 66658


Thiocarbamates
Butylate Herbicide 1.6 65116
Cycloate Herbicide 1.0 65121
EPTC Herbicide 0.9 65128
Molinate Herbicide 1.1 65138
Pebulate Herbicide 1.4 65141
Thiobencarb Herbicide 0.6 65149


Triazines/Triazones
Atrazine Herbicide 1.7 04017
Hexazinone Herbicide 1.2 65133
Prometryn Herbicide 2.8 04010
Simazine Herbicide 1.5 04008
Terbuthylazine Herbicide 1.7 66652


Strobilurins
Azoxystrobin Fungicide 4.4 66590
Trifloxystrobin Fungicide 3.3 66661
Pyraclostrobin Fungicide Not 


detectable
66647


Miscellaneous
Chlorothalonil Fungicide 1.6 65119
DCPA Herbicide 2.5 65124
Iprodione Fungicide 2.6 63457
Methoprene IGR 2.4 66624
Napropamide Herbicide 1.3 65139
Oxyfluorfen Herbicide 3.6 63468
Piperonyl butoxide Synergist 1.6 65146
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Results


Dissolved Pesticides


A total of 25 pesticides were detected in the 24 water 
samples, with detection frequencies as high as 83 percent and 
concentrations up to 8,900 ng/L (table 6). Overall, detection 
frequencies of those pesticides observed in the water samples 
ranged from 4 to 83 percent. The most frequently detected 


compounds were chlorpyrifos, DCPA, EPTC, and trifluralin, 
each of which were detected in more than 75 percent 
of the samples. In contrast, seven compounds (alachlor, 
azoxystrobin, bifenthrin, cyproconazole, λ-cyhalothrin, 
myclobutanil, and tebuconazole) were detected only in a 
single water sample. The compounds with the highest detected 
maximum concentrations were carbofuran, diazinon, and 
EPTC, each with maximum concentrations greater than 
3,200 ng/L (table 6).


Table 6. Dissolved pesticide concentrations measured in samples collected at sites located on the Alamo and New Rivers, California, September 
2006 to April 2007.


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in nanograms per liter. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
allethrin, butylate, cycloate, cyfluthrin, cypermethrin, deltamethrin, disulfoton, esfenvalerate, ethalfluralin, fenpropathrin, fipronil, fipronil disulfinyl, fipronil 
sulfide, fipronil sulfone, hexazinone, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, p,p'-DDD, p,p'-DDT, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, permethrin, phenothrin, phosmet, propiconazole, resmethrin, simazine, τ-fluvalinate, 
tetramethrin, thiobencarb, and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample 


date


 Sample 
time 


(hh:mm)


Analysis  
date


3,4-DCA 
[66584]


Alachlor 
[65064]


Atrazine 
[65065]


Azoxy-
strobin 
[66589]


Bifenthrin 
[65067]


Carbaryl 
[65069]


Carbo-
furan 


[65070]


Alamo River near Niland 09-12-06 11:45 09-19-06 ND ND 114 ND ND ND ND
10-14-06 13:00 11-14-06 ND ND 129 ND ND 42.7 ND
11-13-06 16:20 11-17-06 ND ND ND ND ND ND ND
02-13-07 10:55 02-20-07 (5.8) ND ND ND 9.2 ND ND
03-12-07 16:20 03-21-07 15.2 137 323 (3.2) ND ND 1,500
04-17-07 11:00 05-03-07 (4.8) ND 166 ND ND ND 108


Alamo River near Calipatria 10-16-06 17:00 11-14-06 ND ND 99.0 ND ND ND ND
03-14-07 12:00 03-21-07 10.9 ND ND ND ND ND 4,020


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 11-14-06 ND ND ND ND ND ND ND
03-16-07 09:30 03-21-07 15.5 ND 146 ND ND ND 2,330


Alamo River at International 
Boundary


10-18-06 07:45 11-14-06 ND ND ND ND ND ND ND
03-17-07 08:30 03-21-07 ND ND ND ND ND ND ND


New River at Lack Road  
near Calipatria


09-13-06 09:00 09-19-06 ND ND ND ND ND ND ND
10-14-06 07:00 11-14-06 87.2 ND ND ND ND ND ND
11-14-06 09:00 11-17-06 64.4 ND ND ND ND ND ND
02-14-07 10:45 02-20-07 27.0 ND ND ND ND ND ND
03-13-07 09:45 03-21-07 19.2 ND ND ND ND ND 65.0
04-18-07 10:15 05-03-07 9.6 ND 438 ND ND ND ND


New River below Drop 4  
near Brawley


10-15-06 07:30 11-14-06 70.0 ND ND ND ND 21.4 ND
03-14-07 07:30 03-21-07 17.4 ND ND ND ND ND ND


New River at Hwy 80 10-16-06 07:35 11-14-06 106 ND ND ND ND ND ND
03-15-07 08:00 03-21-07 35.2 ND ND ND ND ND ND


New River at International  
Boundary at Calexico


10-19-06 07:30 11-14-06 ND ND ND ND ND ND ND
03-18-07 08:30 03-21-07 21.4 ND ND ND ND ND ND
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Table 6. Dissolved pesticide concentrations measured in samples collected at sites located on the Alamo and New Rivers, California, September 
2006 to April 2007.—Continued


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in nanograms per liter. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
allethrin, butylate, cycloate, cyfluthrin, cypermethrin, deltamethrin, disulfoton, esfenvalerate, ethalfluralin, fenpropathrin, fipronil, fipronil disulfinyl, fipronil 
sulfide, fipronil sulfone, hexazinone, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, p,p’-DDD, p,p’-DDT, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, permethrin, phenothrin, phosmet, propiconazole, resmethrin, simazine, τ-fluvalinate, 
tetramethrin, thiobencarb, and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample 


date


 Sample 
time 


(hh:mm)


Analysis  
date


Chloro-
thalonil
[65071]


Chlor-
pyrifos 
[65072]


Cyproco-
nazole 
[66593]


DCPA 
[65076]


Diazinon 
[65078]


EPTC 
[65080]


Alamo River near Niland 09-12-06 11:45 09-19-06 ND 2.6 ND 39.4 12.4 1,030
10-14-06 13:00 11-14-06 ND 51.8 ND 444 713 8,940
11-13-06 16:20 11-17-06 ND 34.4 ND 689 240 146
02-13-07 10:55 02-20-07 ND 120 ND 197 20.2 148
03-12-07 16:20 03-21-07 ND 43.2 17.6 94.4 ND 6,020
04-17-07 11:00 05-03-07 ND 6.0 ND 141 ND 3,788


Alamo River near Calipatria 10-16-06 17:00 11-14-06 ND 123 ND 581 3,240 2,230
03-14-07 12:00 03-21-07 (1.4) 54.7 ND 176 ND 1,164


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 11-14-06 ND 58.4 ND 854 485 3,340
03-16-07 09:30 03-21-07 ND 44.3 ND 170 ND 17.3


Alamo River at International 
Boundary


10-18-06 07:45 11-14-06 ND ND ND ND ND 15.6
03-17-07 08:30 03-21-07 ND ND ND 2.6 ND ND


New River at Lack Road  
near Calipatria


09-13-06 09:00 09-19-06 ND 7.5 ND 3.8 15.5 10.3
10-14-06 07:00 11-14-06 ND 21.6 ND 102 333 770
11-14-06 09:00 11-17-06 ND 10.6 ND 120 64.8 716
02-14-07 10:45 02-20-07 ND 68.2 ND 22.4 ND 56.6
03-13-07 09:45 03-21-07 (5.6) 30.4 ND 58.8 ND 61.4
04-18-07 10:15 05-03-07 ND 5.6 ND 25.2 ND 3,848


New River below Drop 4  
near Brawley


10-15-06 07:30 11-14-06 ND 26.0 ND ND 260 455
03-14-07 07:30 03-21-07 ND 15.2 ND 7.2 ND 18.6


New River at Hwy 80 10-16-06 07:35 11-14-06 ND 65.4 ND ND 206 ND
03-15-07 08:00 03-21-07 ND ND ND ND ND ND


New River at International  
Boundary at Calexico


10-19-06 07:30 11-14-06 ND ND ND ND 249 556
03-18-07 08:30 03-21-07 ND ND ND ND ND ND
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Table 6. Dissolved pesticide concentrations measured in samples collected at sites located on the Alamo and New Rivers, California, September 
2006 to April 2007.—Continued


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in nanograms per liter. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
allethrin, butylate, cycloate, cyfluthrin, cypermethrin, deltamethrin, disulfoton, esfenvalerate, ethalfluralin, fenpropathrin, fipronil, fipronil disulfinyl, fipronil 
sulfide, fipronil sulfone, hexazinone, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, p,p’-DDD, p,p’-DDT, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, permethrin, phenothrin, phosmet, propiconazole, resmethrin, simazine, τ-fluvalinate, 
tetramethrin, thiobencarb, and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample 


date


 Sample 
time 


(hh:mm)


Analysis  
date


Iprodione 
[66617]


λ-Cyhalo-
thrin 


[65086]


Malathion 
[65087]


Myclo-
butanil 
[66632]


Oxyflu-
orfen 


[65093]


p,p'-DDE 
[65095]


Alamo River near Niland 09-12-06 11:45 09-19-06 ND ND ND ND ND (2.8)
10-14-06 13:00 11-14-06 ND ND ND ND ND ND
11-13-06 16:20 11-17-06 ND 32.4 ND ND 5.4 (1.2)
02-13-07 10:55 02-20-07 ND ND 16.6 ND 22.4 (2.0)
03-12-07 16:20 03-21-07 ND ND 214 19.0 11.2 ND
04-17-07 11:00 05-03-07 14.0 ND ND ND 13.6 ND


Alamo River near Calipatria 10-16-06 17:00 11-14-06 ND ND ND ND ND ND
03-14-07 12:00 03-21-07 ND ND 186 ND 33.9 ND


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 11-14-06 ND ND ND ND 6.2 (2.4)
03-16-07 09:30 03-21-07 ND ND 129 ND 12.4 ND


Alamo River at International 
Boundary


10-18-06 07:45 11-14-06 ND ND ND ND ND ND
03-17-07 08:30 03-21-07 ND ND ND ND ND ND


New River at Lack Road  
near Calipatria


09-13-06 09:00 09-19-06 ND ND ND ND ND ND
10-14-06 07:00 11-14-06 ND ND ND ND ND ND
11-14-06 09:00 11-17-06 ND ND ND ND ND ND
02-14-07 10:45 02-20-07 ND ND ND ND 27.4 ND
03-13-07 09:45 03-21-07 ND ND 113 ND 15.8 ND
04-18-07 10:15 05-03-07 32.4 ND ND ND 4.6 ND


New River below Drop 4  
near Brawley


10-15-06 07:30 11-14-06 ND ND ND ND ND ND
03-14-07 07:30 03-21-07 ND ND 25.4 ND ND ND


New River at Hwy 80 10-16-06 07:35 11-14-06 ND ND ND ND ND ND
03-15-07 08:00 03-21-07 ND ND ND ND ND ND


New River at International  
Boundary at Calexico


10-19-06 07:30 11-14-06 ND ND ND ND ND ND
03-18-07 08:30 03-21-07 ND ND ND ND ND ND
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Table 6. Dissolved pesticide concentrations measured in samples collected at sites located on the Alamo and New Rivers, California, September 
2006 to April 2007.—Continued


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in nanograms per liter. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
allethrin, butylate, cycloate, cyfluthrin, cypermethrin, deltamethrin, disulfoton, esfenvalerate, ethalfluralin, fenpropathrin, fipronil, fipronil disulfinyl, fipronil 
sulfide, fipronil sulfone, hexazinone, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, p,p’-DDD, p,p’-DDT, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, permethrin, phenothrin, phosmet, propiconazole, resmethrin, simazine, τ-fluvalinate, 
tetramethrin, thiobencarb, and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample 


date


 Sample 
time 


(hh:mm)


Analysis  
date


Pendi-
methalin 
[65098]


Piperonyl 
butoxide 
[65102]


Prometryn 
[65103]


Tebuco-
nazole 
[66649]


Tetraco-
nazole
[66654]


Trifluralin 
[65108]


Alamo River near Niland 09-12-06 11:45 09-19-06 6.0 ND ND ND ND 12.2
10-14-06 13:00 11-14-06 7.8 ND 6.0 ND ND 7.6
11-13-06 16:20 11-17-06 ND ND 8.4 ND ND 15.0
02-13-07 10:55 02-20-07 182 ND ND ND ND 111
03-12-07 16:20 03-21-07 233 ND ND ND 8.6 517
04-17-07 11:00 05-03-07 90.8 ND ND ND (3.2) 238


Alamo River near Calipatria 10-16-06 17:00 11-14-06 8.0 ND ND ND ND 37.8
03-14-07 12:00 03-21-07 360 ND ND ND ND 554


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 11-14-06 5.4 ND ND ND ND 19.2
03-16-07 09:30 03-21-07 264 ND ND 29.3 ND 338


Alamo River at International 
Boundary


10-18-06 07:45 11-14-06 ND ND ND ND ND ND
03-17-07 08:30 03-21-07 ND ND ND ND ND 2.8


New River at Lack Road  
near Calipatria


09-13-06 09:00 09-19-06 10.8 ND ND ND ND (2.0)
10-14-06 07:00 11-14-06 ND ND ND ND ND 12.8
11-14-06 09:00 11-17-06 ND 15.6 ND ND ND 11.6
02-14-07 10:45 02-20-07 245 ND ND ND ND ND
03-13-07 09:45 03-21-07 174 ND ND ND (1.4) 153
04-18-07 10:15 05-03-07 41.4 ND ND ND (2.0) 98.2


New River below Drop 4  
near Brawley


10-15-06 07:30 11-14-06 ND 16.6 ND ND ND (1.0)
03-14-07 07:30 03-21-07 ND ND ND ND ND 134


New River at Hwy 80 10-16-06 07:35 11-14-06 ND 30.6 ND ND ND 6.6
03-15-07 08:00 03-21-07 ND 18.2 ND ND ND 74.9


New River at International  
Boundary at Calexico


10-19-06 07:30 11-14-06 ND 61.6 ND ND ND ND
03-18-07 08:30 03-21-07 ND ND ND ND ND ND
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There were noticeable differences in pesticide occurrence 
between the Alamo and New Rivers. Twenty-four pesticides 
were detected in the Alamo River while only 16 pesticides 
were detected in the New River (table 7). Nine pesticides 
were detected only in the Alamo River, while the synergist 
piperonyl butoxide was detected only in the New River. Four 
compounds (atrazine, DCPA, oxyfluorfen, and pendimethalin) 
were detected frequently in the Alamo River but were detected 
infrequently in the New River, while 3,4-DCA was detected 
frequently in New River samples but detected only rarely 
in Alamo River samples (fig. 5). Fifteen compounds were 
detected in both rivers and maximum concentrations of 11 of 
these compounds were detected in Alamo River samples.


The occurrence and concentrations of pesticides showed 
distinct seasonal differences (fig. 6). More pesticides were 
detected in the spring months (February, March, and April) 
than in the fall months (September, October, and November). 
Eleven compounds were detected only during the spring, 
while three others were detected only during the fall (fig. 6, 
table 7). The pesticides that were detected most frequently in 
the spring were 3,4-DCA and DCPA. In the fall, chlorpyrifos 
and diazinon were detected most frequently. Two additional 
pesticides (EPTC and trifluralin) were detected in more 
than 75 percent of the samples in both seasons (fig. 6). 
Concentrations followed a similar seasonal pattern to detection 
frequency with the maximum concentrations of 15 pesticides 
occurring in the spring months and only 10 pesticides in the 
fall.


Dissolved concentrations of four insecticides (carbofuran, 
chlorpyrifos, diazinon, and malathion) exceeded aquatic life 
benchmarks established by the U.S. Environmental Protection 
Agency (U.S. Environmental Protection Agency, 2007). 
Carbofuran concentrations exceeded the benchmark for 
acute toxicity to invertebrates (1,115 ng/L) in three samples 
collected from the Alamo River in March 2007 (table 6). 
Chlorpyrifos concentrations were greater than the benchmark 
for acute invertebrate toxicity (50 ng/L) in five samples from 
the Alamo River and in two samples from the New River, with 
four of these seven samples collected during the October 2006 
sampling event. Concentrations of diazinon exceeded the acute 
invertebrate toxicity benchmark (100 ng/L) in six samples 
and the chronic toxicity benchmark for fish (550 ng/L) in 
two additional samples. All diazinon exceedances occurred in 
samples collected in the fall. Malathion concentrations in four 
samples collected during March 2007 were above the chronic 
invertebrate toxicity benchmark (60 ng/L). Concentrations 
of nine pesticides detected during this study (alachlor, 
atrazine, carbaryl, chlorothalonil, DCPA, EPTC, oxyfluorfen, 
pendimethalin, and trifluralin) were below aquatic life 
benchmarks, while the other 12 compounds detected do not 
have benchmarks.


Sediment-Associated Pesticides


Thirty-four pesticides were detected in suspended-
sediment samples at detection frequencies up to 100 percent 
and with concentrations as high as 174 µg/kg. Pesticides 
detected included 5 fungicides, 5 herbicides, 19 insecticides 
(current-use and organochlorines), 4 pesticide degradates, 
and 1 synergist (tables 5, 8, and 9). The nine most frequently 
detected pesticides were chlorpyrifos, DCPA, dieldrin, 
permethrin, p,p’-DDD, p,p’-DDE, p,p’-DDT, tetraconazole, 
and trifluralin, which were detected in greater than 75 percent 
of the samples. Pendimethalin and trifluralin had the highest 
maximum concentrations at 174 and 87.4 µg/kg, respectively. 
The majority of the organochlorine pesticides detected were at 
or below their method detection limits, except for p,p’-DDE, 
for which measured concentrations ranged from 2 to 54 µg/kg.


Table 7. Numbers of detections of dissolved pesticides by season and 
river system.


[ND, not detected]


Compound


Alamo River New River


Fall  
2006


Spring  
2007


Fall  
2006


Spring  
2007


3,4-DCA ND 5 4 6
Alachlor ND 1 ND ND
Atrazine 3 3 ND 1
Azoxystrobin ND 1 ND ND
Bifenthrin ND 1 ND ND
Carbaryl 1 ND 1 ND
Carbofuran ND 4 ND 1
Chlorothalonil ND 1 ND 1
Chlorpyrifos 5 5 5 4
Cyproconazole ND 1 ND ND
DCPA 5 6 3 4
Diazinon 5 1 6 ND
EPTC 6 5 5 4
Iprodione ND 1 ND 1
λ-Cyhalothrin 1 ND ND ND
Malathion ND 4 ND 2
Myclobutanil ND 1 ND ND
Oxyfluorfen 2 5 ND 3
p-p'-DDE 3 1 ND ND
Pendimethalin 4 5 1 3
Piperonyl butoxide ND ND 4 1
Prometryn 2 ND ND ND
Tebuconazole ND 1 ND ND
Tetraconazole ND 2 ND 2
Trifluralin 5 6 5 4
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Figure 5. Detection 
frequencies of dissolved 
pesticides, as a percentage 
of the total number of 
samples collected, by river 
system.
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Figure 6.  Detection 
frequencies of dissolved 
pesticides, as a percentage 
of the total number of 
samples collected, by 
season.
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Table 8. Pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, September 2006 to 
April 2007.


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
alachlor, allethrin, atrazine, azoxystrobin, butylate, carbaryl, cycloate, cyfluthrin, deltamethrin, ethalfluralin, fenpropathrin, fipronil, fipronil desulfinyl, fipronil 
sulfide, fipronil sulfone, iprodione, hexazinone, malathion, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, phenothrin, phosmet, prometryn, resmethrin, simazine, τ-fluvalinate, tebuconazole, 
tetramethrin, thiobencarb and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample  


date


 Sample 
time 


(hh:mm)


Analysis  
date


3,4-DCA 
[63400]


Bifenthrin 
[63415]


Carbofuran 
[65118]


Chloro-
thalonil 
[65119]


Chlor-
pyrifos 
[65120]


Alamo River near Niland 09-12-06 11:45 08-31-07 ND ND ND ND ND
10-14-06 13:00 08-31-07 ND ND ND ND 10.4
11-13-06 16:20 09-05-07 ND (0.5) ND ND 8.1
02-13-07 10:55 09-05-07 ND ND ND ND 29.5
03-12-07 16:20 09-05-07 ND ND ND ND 4.9
04-17-07 11:00 09-10-07 ND ND ND ND (1.6)


Alamo River near Calipatria 10-16-06 17:00 08-31-07 ND ND ND ND 20.0
03-14-07 12:00 09-05-07 ND (1.0) (0.9) (1.5) 6.6


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 08-31-07 (1.0) (0.4) ND ND 11.0
03-16-07 09:30 09-05-07 (1.1) (1.4) ND ND 16.0


Alamo River at International 
Boundary


10-18-06 07:45 08-31-07 ND ND ND ND ND
03-17-07 08:30 09-10-07 ND ND ND ND ND


New River at Lack Road near 
Calipatria


09-13-06 09:00 08-31-07 ND ND ND ND 2.2
10-14-06 07:00 08-31-07 ND ND ND ND 5.2
11-14-06 09:00 08-31-07 3.2 ND ND ND 4.0
02-14-07 10:45 09-05-07 ND ND ND ND 12.5
03-13-07 09:45 09-05-07 ND ND ND (1.4) 10.7
04-18-07 10:15 09-10-07 ND ND ND ND ND


New River below Drop 4  
near Brawley


10-15-06 07:30 08-31-07 ND ND ND ND 9.1
03-14-07 07:30 09-05-07 ND ND ND ND 4.6


New River at Hwy 80 10-16-06 07:35 08-31-07 3.1 ND ND ND 18.3
03-15-07 08:00 09-05-07 37.7 ND ND ND 13.4


New River at International  
Boundary at Calexico


10-19-06 07:30 09-10-07 ND ND ND ND 13.1
03-18-07 08:30 09-05-07 ND ND ND ND (1.6)
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Table 8. Pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, September 2006 to 
April 2007.—Continued


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
alachlor, allethrin, atrazine, azoxystrobin, butylate, carbaryl, cycloate, cyfluthrin, deltamethrin, ethalfluralin, fenpropathrin, fipronil, fipronil desulfinyl, fipronil 
sulfide, fipronil sulfone, iprodione, hexazinone, malathion, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, phenothrin, phosmet, prometryn, resmethrin, simazine, τ-fluvalinate, tebuconazole, 
tetramethrin, thiobencarb and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample  


date


 Sample 
time 


(hh:mm)


Analysis  
date


Cyper-
methrin 
[65123]


Cyproco-
nazole 
[66594]


DCPA
[65124]


Diazinon 
[65126]


EPTC 
[65128]


Esfen-
valerate 
[65129]


Alamo River near Niland 09-12-06 11:45 08-31-07 ND ND (2.0) ND ND ND
10-14-06 13:00 08-31-07 ND ND 26.8 5.7 12.4 ND
11-13-06 16:20 09-05-07 ND ND 46.8 2.9 2.3 ND
02-13-07 10:55 09-05-07 13.4 ND 28.3 ND 2.6 ND
03-12-07 16:20 09-05-07 ND ND 5.3 ND 7.9 ND
04-17-07 11:00 09-10-07 ND ND 18.0 ND 4.9 ND


Alamo River near Calipatria 10-16-06 17:00 08-31-07 ND (1.5) 31.2 11.7 ND ND
03-14-07 12:00 09-05-07 ND ND 13.0 ND 4.7 ND


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 08-31-07 ND ND 58.1 3.7 5.7 (1.9)
03-16-07 09:30 09-05-07 ND ND 30.5 ND 1.1 5.3


Alamo River at International 
Boundary


10-18-06 07:45 08-31-07 ND ND ND ND ND ND
03-17-07 08:30 09-10-07 ND ND ND ND ND ND


New River at Lack Road near 
Calipatria


09-13-06 09:00 08-31-07 ND ND (0.8) ND ND ND
10-14-06 07:00 08-31-07 ND ND 9.4 2.1 ND ND
11-14-06 09:00 08-31-07 ND ND 56.1 ND 2.7 ND
02-14-07 10:45 09-05-07 ND ND 4.4 ND 1.8 ND
03-13-07 09:45 09-05-07 ND ND 7.0 ND ND ND
04-18-07 10:15 09-10-07 ND ND (1.3) ND 1.5 ND


New River below Drop 4  
near Brawley


10-15-06 07:30 08-31-07 ND ND 3.5 ND 2.8 ND
03-14-07 07:30 09-05-07 ND ND (0.7) ND ND ND


New River at Hwy 80 10-16-06 07:35 08-31-07 ND ND ND ND ND ND
03-15-07 08:00 09-05-07 ND ND ND ND ND ND


New River at International  
Boundary at Calexico


10-19-06 07:30 09-10-07 ND ND ND ND ND ND
03-18-07 08:30 09-05-07 ND ND ND ND ND ND
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Table 8. Pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, September 2006 to 
April 2007.—Continued


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
alachlor, allethrin, atrazine, azoxystrobin, butylate, carbaryl, cycloate, cyfluthrin, deltamethrin, ethalfluralin, fenpropathrin, fipronil, fipronil desulfinyl, fipronil 
sulfide, fipronil sulfone, iprodione, hexazinone, malathion, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, phenothrin, phosmet, prometryn, resmethrin, simazine, τ-fluvalinate, tebuconazole, 
tetramethrin, thiobencarb and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample  


date


 Sample 
time 


(hh:mm)


Analysis  
date


l-Cyha-
lothrin 
[65134]


Myclo-
butanil 
[66633]


Oxyfluorfen 
[63468]


Pendi-
methalin 
[65142]


Permethrin 
[65143]


Alamo River near Niland 09-12-06 11:45 08-31-07 ND ND ND 3.5 ND
10-14-06 13:00 08-31-07 ND ND ND 4.5 4.1
11-13-06 16:20 09-05-07 ND ND 2.4 ND 2.7
02-13-07 10:55 09-05-07 ND ND 17.5 174 5.1
03-12-07 16:20 09-05-07 ND (0.6) ND 46.5 (0.7)
04-17-07 11:00 09-10-07 ND ND (1.9) 9.7 (0.6)


Alamo River near Calipatria 10-16-06 17:00 08-31-07 ND (1.1) ND 6.2 75.1
03-14-07 12:00 09-05-07 ND ND 3.9 52.7 1.4


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 08-31-07 (1.1) ND 7.5 8.0 3.3
03-16-07 09:30 09-05-07 2.6 ND 11.4 96.0 51.3


Alamo River at International 
Boundary


10-18-06 07:45 08-31-07 ND ND ND ND ND
03-17-07 08:30 09-10-07 ND ND ND ND ND


New River at Lack Road near 
Calipatria


09-13-06 09:00 08-31-07 ND ND ND 2.2 6.2
10-14-06 07:00 08-31-07 ND ND ND ND 3.4
11-14-06 09:00 08-31-07 ND ND ND 3.5 17.4
02-14-07 10:45 09-05-07 ND ND ND 58.9 2.8
03-13-07 09:45 09-05-07 ND ND ND 56.1 2.7
04-18-07 10:15 09-10-07 ND ND ND 1.8 ND


New River below Drop 4  
near Brawley


10-15-06 07:30 08-31-07 ND (1.4) ND ND 5.1
03-14-07 07:30 09-05-07 ND ND ND 7.2 3.7


New River at Hwy 80 10-16-06 07:35 08-31-07 ND ND ND ND 29.4
03-15-07 08:00 09-05-07 ND ND ND 36.0 1.6


New River at International  
Boundary at Calexico


10-19-06 07:30 09-10-07 ND ND ND ND 13.9
03-18-07 08:30 09-05-07 ND ND ND ND 4.7
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Table 8. Pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, September 2006 to 
April 2007.—Continued


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
alachlor, allethrin, atrazine, azoxystrobin, butylate, carbaryl, cycloate, cyfluthrin, deltamethrin, ethalfluralin, fenpropathrin, fipronil, fipronil desulfinyl, fipronil 
sulfide, fipronil sulfone, iprodione, hexazinone, malathion, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, phenothrin, phosmet, prometryn, resmethrin, simazine, τ-fluvalinate, tebuconazole, 
tetramethrin, thiobencarb and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample  


date


 Sample 
time 


(hh:mm)


Analysis  
date


Piperonyl 
butoxide 
[65146]


Propi-
conazole 


[66644]


Tetra-
conazole 


[66655]


Trifluralin 
[04019]


Alamo River near Niland 09-12-06 11:45 08-31-07 ND ND (0.3) 2.7
10-14-06 13:00 08-31-07 ND ND (0.2) 3.8
11-13-06 16:20 09-05-07 ND ND (0.2) 6.0
02-13-07 10:55 09-05-07 ND ND (0.2) 47.6
03-12-07 16:20 09-05-07 ND (0.3) (0.4) 33.1
04-17-07 11:00 09-10-07 ND ND (0.2) 12.9


Alamo River near Calipatria 10-16-06 17:00 08-31-07 ND ND (0.8) 10.4
03-14-07 12:00 09-05-07 ND ND (0.2) 36.8


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 08-31-07 ND (0.4) (0.2) 7.3
03-16-07 09:30 09-05-07 ND ND ND 87.4


Alamo River at International 
Boundary


10-18-06 07:45 08-31-07 ND ND (0.3) ND
03-17-07 08:30 09-10-07 ND ND (0.2) ND


New River at Lack Road near 
Calipatria


09-13-06 09:00 08-31-07 ND ND (0.8) (1.5)
10-14-06 07:00 08-31-07 ND ND (0.5) 6.3
11-14-06 09:00 08-31-07 ND ND ND 12.5
02-14-07 10:45 09-05-07 ND ND (0.1) 12.2
03-13-07 09:45 09-05-07 ND ND (0.2) 50.9
04-18-07 10:15 09-10-07 ND ND (0.3) 5.0


New River below Drop 4  
near Brawley


10-15-06 07:30 08-31-07 ND ND (0.9) (1.2)
03-14-07 07:30 09-05-07 ND ND (0.8) 28.8


New River at Hwy 80 10-16-06 07:35 08-31-07 (0.7) ND (0.2) 7.1
03-15-07 08:00 09-05-07 ND ND (0.5) 65.0


New River at International  
Boundary at Calexico


10-19-06 07:30 09-10-07 ND ND ND ND
03-18-07 08:30 09-05-07 ND ND (1.1) ND
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Table 9. Organochlorine pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, 
September 2006 to April 2007.


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
α-HCH, endosulfan sulfate, endrin aldehyde, hepatchlor, hepatchlor epoxide, hexachlorobenzene, isodrin, methoxychlor, oxychlordane, pentachloroanisole 
(PCA) and pentachloronitrobenzene (PCNB). Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample  


date


 Sample 
time 


(hh:mm)


Analysis  
date


α-Chlordane 
[63122]


β-HCH 
[63134]


cis-
Nonachlor 


[66635]


δ-HCH 
[66616]


Dieldrin 
[63127]


Alamo River near Niland 09-12-06 11:45 09-05-07 (0.3) ND ND ND 1.5
10-14-06 13:00 09-05-07 (0.2) ND (1.4) ND 2.7
11-13-06 16:20 09-05-07 (0.2) (0.5) ND (0.2) 1.7
02-13-07 10:55 09-05-07 (0.2) (0.7) ND ND 2.3
03-12-07 16:20 09-12-07 ND ND ND ND (1.2)
04-17-07 11:00 09-12-07 ND ND ND ND (1.0)


Alamo River near Calipatria 10-16-06 17:00 09-05-07 ND ND ND ND ND
03-14-07 12:00 09-12-07 (0.2) ND ND ND (1.0)


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 09-05-07 (0.3) (0.4) (0.1) ND 2.3
03-16-07 09:30 09-05-07 (0.3) (0.6) ND ND 2.5


Alamo River at International 
Boundary


10-18-06 07:45 09-05-07 ND ND ND ND (0.4)
03-17-07 08:30 09-12-07 ND ND ND ND (0.3)


New River at Lack Road near 
Calipatria


09-13-06 09:00 09-05-07 ND ND ND ND (0.4)
10-14-06 07:00 09-05-07 ND ND ND ND (0.6)
11-14-06 09:00 09-05-07 ND ND ND ND (0.8)
02-14-07 10:45 09-05-07 ND (0.4) ND (0.1) (0.8)
03-13-07 09:45 09-12-07 ND ND ND ND (0.8)
04-18-07 10:15 09-12-07 ND ND ND ND (0.7)


New River below Drop 4  
near Brawley


10-15-06 07:30 09-05-07 ND 1.8 ND ND (0.6)
03-14-07 07:30 09-05-07 ND (0.7) ND (0.1) (0.5)


New River at Hwy 80 10-16-06 07:35 09-05-07 (0.3) ND (0.6) ND (0.5)
03-15-07 08:00 09-05-07 ND ND ND ND 1.9


New River at International  
Boundary at Calexico


10-19-06 07:30 09-12-07 ND ND ND ND ND
03-18-07 08:30 09-12-07 (0.9) ND ND ND (0.5)
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Table 9. Organochlorine pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, 
September 2006 to April 2007.—Continued


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
α-HCH, endosulfan sulfate, endrin aldehyde, hepatchlor, hepatchlor epoxide, hexachlorobenzene, isodrin, methoxychlor, oxychlordane, pentachloroanisole 
(PCA) and pentachloronitrobenzene (PCNB). Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample  


date
 Sample time 


(hh:mm)
Analysis  date


Endosulfan I 
[63128]


Endolusfan II 
[66601]


γ-Chlordane 
[63123]


γ-HCH 
[63135]


Alamo River near Niland 09-12-06 11:45 09-05-07 (0.2) ND (0.6) ND
10-14-06 13:00 09-05-07 (0.3) 2.2 (0.2) ND
11-13-06 16:20 09-05-07 (0.3) ND (0.7) ND
02-13-07 10:55 09-05-07 (0.3) (0.2) (0.9) ND
03-12-07 16:20 09-12-07 ND ND (0.6) ND
04-17-07 11:00 09-12-07 (0.1) ND (0.3) ND


Alamo River near Calipatria 10-16-06 17:00 09-05-07 ND ND ND ND
03-14-07 12:00 09-12-07 (0.1) ND (0.5) ND


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 09-05-07 (0.3) ND (0.1) ND
03-16-07 09:30 09-05-07 (0.2) ND (0.2) ND


Alamo River at International 
Boundary


10-18-06 07:45 09-05-07 ND ND ND ND
03-17-07 08:30 09-12-07 ND ND (0.3) ND


New River at Lack Road near 
Calipatria


09-13-06 09:00 09-05-07 (0.3) ND ND ND
10-14-06 07:00 09-05-07 (0.2) ND ND ND
11-14-06 09:00 09-05-07 (0.5) ND ND ND
02-14-07 10:45 09-05-07 ND ND (0.3) (0.1)
03-13-07 09:45 09-12-07 (0.1) ND ND ND
04-18-07 10:15 09-12-07 (0.1) ND ND ND


New River below Drop 4  
near Brawley


10-15-06 07:30 09-05-07 ND ND ND (0.2)
03-14-07 07:30 09-05-07 ND ND ND (0.1)


New River at Hwy 80 10-16-06 07:35 09-05-07 (0.1) ND ND 1.3
03-15-07 08:00 09-05-07 ND ND ND ND


New River at International  
Boundary at Calexico


10-19-06 07:30 09-12-07 ND ND ND ND
03-18-07 08:30 09-12-07 ND ND (0.3) ND
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Table 9. Organochlorine pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, 
September 2006 to April, 2007.—Continued


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parenthesis ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
α-HCH, endosulfan sulfate, endrin aldehyde, hepatchlor, hepatchlor epoxide, hexachlorobenzene, isodrin, methoxychlor, oxychlordane, pentachloroanisole 
(PCA) and pentachloronitrobenzene (PCNB). Abbreviations: hh:mm, hours minutes; ND, not detected]


Official site name
Sample  


date


 Sample 
time 


(hh:mm)


Analysis  
date


PCA 
[66638]


p,p'-DDD 
[63124]


p,p’-DDE 
[63125]


p,p’-DDT 
[63126]


trans-
Nonachlor 


[63138]


Alamo River near Niland 09-12-06 11:45 09-05-07 ND (0.7) 15.7 (0.3) ND
10-14-06 13:00 09-05-07 (0.2) 1.9 48.6 1.4 (0.2)
11-13-06 16:20 09-05-07 ND (1.0) 26.0 (0.8) (0.3)
02-13-07 10:55 09-05-07 ND 1.7 54.2 1.3 (0.3)
03-12-07 16:20 09-12-07 ND 4.2 34.5 7.0 ND
04-17-07 11:00 09-12-07 ND (0.6) 14.2 1.8 ND


Alamo River near Calipatria 10-16-06 17:00 09-05-07 ND (1.3) 34.9 (0.5) ND
03-14-07 12:00 09-12-07 ND (0.4) 12.3 (0.4) ND


Alamo River at Harris Road near 
Imperial


10-17-06 08:50 09-05-07 ND (1.1) 33.6 (0.4) (0.2)
03-16-07 09:30 09-05-07 ND 1.8 50.9 1.5 (0.2)


Alamo River at International 
Boundary


10-18-06 07:45 09-05-07 ND (0.3) 9.2 ND ND
03-17-07 08:30 09-12-07 ND (0.3) 3.6 (0.3) ND


New River at Lack Road near 
Calipatria


09-13-06 09:00 09-05-07 ND (0.7) 12.7 (0.7) ND
10-14-06 07:00 09-05-07 ND (0.6) 6.4 (1.0) ND
11-14-06 09:00 09-05-07 ND (1.1) 12.5 ND ND
02-14-07 10:45 09-05-07 ND (0.3) 5.7 1.3 ND
03-13-07 09:45 09-12-07 ND (0.7) 9.0 (1.0) ND
04-18-07 10:15 09-12-07 ND (0.8) 3.4 (1.0) ND


New River below Drop 4  
near Brawley


10-15-06 07:30 09-05-07 ND (1.3) 3.7 ND ND
03-14-07 07:30 09-05-07 ND (0.1) 2.7 (0.5) ND


New River at Hwy 80 10-16-06 07:35 09-05-07 (0.1) (0.4) 2.8 (0.6) ND
03-15-07 08:00 09-05-07 ND (0.9) 20.0 2.9 ND


New River at International  
Boundary at Calexico


10-19-06 07:30 09-12-07 ND (1.0) 1.9 ND ND
03-18-07 08:30 09-12-07 ND (0.7) 5.3 (0.8) ND


Sediment-associated pesticides were detected most 
frequently, and generally at higher concentrations, in samples 
from the Alamo River. Thirty-two pesticides were detected 
in samples collected from the Alamo River, and 24 pesticides 
were detected in New River samples (table 10). The synergist, 
piperonyl butoxide, and the organochlorine pesticide, γ-HCH, 
were detected only in New River samples. The pesticides 
detected most frequently (greater than 75 percent) in the 
Alamo River were chlorpyrifos, DCPA, dieldrin, γ-chlordane, 
pendimethalin, permethrin, p,p'-DDD, p,p'-DDE, p,p'-
DDT, tetraconazole, and trifluralin. Except for DCPA, 
pendimethalin, and γ-chlordane, these same compounds also 
were detected in greater than 75 percent of New River samples 
(fig. 7). Twenty-two compounds were detected in both rivers 
and maximum concentrations of 16 of these compounds were 
detected in Alamo River samples.


The numbers of pesticides detected in suspended 
sediments, their frequencies of detection, and maximum 
concentrations showed limited variation between seasons. 
Twenty-nine pesticides were detected in the spring, compared 
with 31 pesticide detections in the fall. Carbofuran and 
chlorothalonil were detected only in the spring, while cis-
nonachlor, cyproconazole, diazinon, and piperonyl butoxide 
were detected only in the fall. Ten pesticides were detected 
in more than 75 percent of spring samples, while eight of 
these pesticides also were detected as frequently in the fall. 
The maximum concentrations of 18 pesticides occurred in the 
spring, while the maximum concentrations of 16 occurred in 
the fall.
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Table 10. Numbers of detections of sediment associated pesticides by season and river system.


[ND, not detected]


Compound


Alamo River New River


Fall  
2006


Spring  
2007


Fall  
2006


Spring  
2007


3,4-DCA 1 1 2 1
α-Chlordane 4 3 1 1
β-HCH 2 2 1 2
Bifenthrin 2 2 ND ND
Carbofuran ND 1 ND ND
Chlorothalonil ND 1 ND 1
Chlorpyrifos 4 5 6 5
cis-Nonachlor 2 ND 1 ND
Cypermethrin ND 1 ND ND
Cyproconazole 1 ND ND ND
DCPA 5 5 4 4
δ-HCH 1 ND ND 2
Diazinon 4 ND 1 ND
Dieldrin 5 6 5 6
Endosulfan I 4 4 4 2
Endosulfan II 1 1 ND ND
EPTC 3 5 2 2
Esfenvalerate 1 1 ND ND


3,4-DCA


Bife
nthrin


Carbofuran


Chlorothalonil


Chlorpyrifo
s


Cyperm
ethrin


Cyproconazole
DCPA


Diazin
on


EPTC


Esfenvalerate


-Cyhalothrin


Myclobutanil


Oxyflu
orfe


n


Pendimethalin


Perm
ethrin


Piperonyl b
utoxide


Propiconazole


Tetra
conazole


Trifl
uralin


beta-HCH


cis-N
onachlor


    
  -HCH


    
 Dieldrin


    
 Endosulfa


n I


    
 Endosulfa


n II


    
 -Chlordane


    
 -HCH


    
 PCA


    
 p,p’-D


DD


    
 p,p’-D


DE


    
 p,p’-D


DT


    
 tra


ns-N
onachlor


-Chlordane


Fr
eq


ue
nc


y 
of


 D
et


ec
tio


n,
 in


 p
er


ce
nt


20


0


40


60


80


100
Alamo River
New River


Figure 7. Frequency of detection, as a percentage of the total number of samples collected, by river system, 
for sediment-associated pesticides.


Compound


Alamo River New River


Fall  
2006


Spring  
2007


Fall  
2006


Spring  
2007


γ-Chlordane 4 6 ND 2
γ-HCH (Lindane) ND ND 2 2
λ-Cyhalothrin 1 1 ND ND
Myclobutanil 1 1 1 ND
Oxyfluorfen 2 3 ND ND
p,p'-DDD 6 6 6 6
p,p'-DDE 6 6 6 6
p,p'-DDT 6 5 3 6
Pentachloroanisole
   (PCA)


1 ND 1 ND


Pendimethalin 4 5 2 5
Permethrin 4 5 6 5
Piperonyl butoxide ND ND 1 ND
Propiconazole 1 1 ND ND
Tetraconazole 6 5 4 6
trans-Nonachlor 3 2 ND ND
Trifluralin 5 5 5 5
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Sediment Organic Carbon and Nitrogen


Organic carbon and nitrogen are measured to better 
understand the source of a sediment sample. Normalizing 
pesticide concentrations to sediment organic carbon is 
useful in comparing different sediments with varying carbon 
contents.


The percentages of organic carbon and nitrogen (POC 
and PON) in suspended sediments generally were higher in 
New River samples, compared with Alamo River samples. 
Percent organic carbon values ranged from 1.30 to 27.97 for 
New River samples and ranged from 0.97 to 4.92 for Alamo 
River samples. Percent organic nitrogen ranged from 0.19 
to 3.36 for New River samples and ranged from 0.11 to 1.00 
for Alamo River samples (table 11). POC and PON values 
showed no significant seasonal patterns.


Dissolved-Organic-Carbon and Suspended-
Sediment Concentrations 


Many of the pesticides detected in surface waters tend to 
associate with DOC. The higher the DOC the less bioavailable 
certain compounds may be to aquatic organisms. Therefore, 
measuring the DOC in water samples can aid in understanding 
the fate and transport of pesticides in the environment.


Dissolved organic carbon (DOC) concentrations ranged 
from 5.5 to 13.0 mg/L in Alamo River samples and 6.3 to 
17.7 mg/L in New River samples (table 3). The average 
DOC concentration for samples collected from the New 
River (10.3 mg/L) was higher than for samples collected on 
the Alamo River (7.8 mg/L). The average concentration for 
samples collected in the fall (10.0 mg/L) was higher than for 
samples collected in the spring (8.2 mg/L).


Suspended sediment concentrations (SSC) ranged from 
33 to 531 mg/L for samples collected from the Alamo River 
and ranged from 20 to 423 mg/L for New River samples 
(table 3). The average suspended-sediment concentration for 
Alamo River samples (278 mg/L) was slightly higher than the 
average for New River samples (202 mg/L). The average SSC 
concentration was higher for samples collected in the spring 
(276 mg/L) than for samples collected in the fall (204 mg/L). 
The percentage of suspended sediment finer than 0.062 mm 
ranged from 71.1 to 99.2 in Alamo River samples and ranged 
from 77.6 to 96.8 in New River samples (table 3). Considering 
all samples collected, the average values for the percent of fine 
sediment were similar for the Alamo River and the New River 
(87.4 and 88.0 percent, respectively). However, the average 
for fall samples (90.8 percent) was slightly higher than for 
spring samples (84.4 percent).


Water-Quality Parameters


Water-quality parameters (temperature, specific 
conductance, pH, dissolved oxygen, and turbidity) measured 
in stream cross-sections during each sampling event showed 
that the water columns were well mixed at all sites, both 
laterally and vertically. Mean values of water-quality 
parameters, based on cross-sectional measurements for each 
sampling event, are shown in table 12.


Official site name
Sample


date


 Sample 
time 


(hh:mm)


Percent 
organic 
carbon


Percent 
organic 
nitrogen


Alamo River near Niland 09-12-06 11:45 1.21 0.15
10-14-06 13:00 0.97 0.11
11-13-06 16:20 1.13 0.13
02-13-07 10:55 1.12 0.18
03-12-07 16:20 1.01 0.14
04-17-07 11:00 0.97 0.14


Alamo River near 
Calipatria


10-16-06 17:00 1.08 0.14
03-14-07 12:00 1.08 0.17


Alamo River at Harris 
Road near Imperial


10-17-06 08:50 1.38 0.15
03-16-07 09:30 1.40 0.20


Alamo River at 
International Boundary


10-18-06 07:45 4.92 1.00
03-17-07 08:30 3.71 0.72


New River at Lack Road 
near Calipatria


09-13-06 09:00 1.80 0.28
10-14-06 07:00 1.60 0.24
11-14-06 09:00 1.50 0.21
02-14-07 10:45 2.30 0.35
03-13-07 09:45 1.48 0.20
04-18-07 10:15 1.30 0.19


New River below Drop 4  
near Brawley


10-15-06 07:30 2.24 0.32
03-14-07 07:30 1.71 0.26


New River at Hwy 80 10-16-06 07:35 5.69 0.84
03-15-07 08:00 6.89 1.22


New River at International  
Boundary at Calexico


10-19-06 07:30 27.97 3.36
03-18-07 08:30 9.51 1.97


Table 11. Percent organic carbon and nitrogen in suspended 
sediment samples collected in the Alamo and New Rivers.


[Abbreviations: hh:mm, hours minutes]
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Summary and Conclusions
This project was designed to provide the State Water 


Resources Control Board with data for an initial assessment 
and characterization of current-use and organochlorine 
pesticides present in the water column and suspended 
sediments of the Alamo and New Rivers. In samples collected 
between September 2006 and April 2007, 25 pesticides were 
detected in water and 34 pesticides were detected in suspended 
sediments. Maximum dissolved pesticide concentrations 
ranged from below the method detection limits to 8,900 ng/L 
(EPTC). Maximum dissolved concentrations for most 
pesticides were observed in samples from the Alamo River. 
A greater number of dissolved pesticides were detected 
during the spring than the fall, and concentrations were more 


often at their maximum during this season. Four current-use 
pesticides (carbofuran, chlorpyrifos, diazinon and malathion) 
were detected in water samples at concentrations above 
established U.S. Environmental Protection Agency aquatic life 
benchmarks. Pesticide concentrations in suspended-sediment 
samples were as high as 174 µg/kg (pendimethalin). For the 
organochlorine pesticides detected in sediment, only p,p'-DDE 
concentrations consistently were above the method detection 
limits. In the Alamo River, greater numbers of sediment-
associated pesticides were detected and at higher detection 
frequencies than in the New River. Maximum concentrations 
of 16 of the 22 pesticides detected in suspended sediments in 
both rivers were found in Alamo River samples. In general, no 
significant seasonal differences were observed for pesticides 
detected in suspended sediments.


Table 12. Mean water-quality parameter values calculated from measured stream cross-sections at sites located on the 
Alamo and New Rivers, California, September 2006 to April 2007.


[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes. Abbreviations: 
hh:mm, hours minutes; ft, feet; °C, degrees Celisus; µS/cm, microsiemens per centimeter; NTU, nephelometric turbidity units; mg/L, 
milligrams per liter]


Official site name
Sample


date


 Sample 
time 


(hh:mm)


Temperature 
(°C)         


[00010]


Specific 
conductance 


(µS/cm)    
[00094]


Turbidity 
(NTU)
[61028]


pH 
[00400]


Dissolved 
oxygen 
(mg/L)
[00300]


Alamo River near Niland 09-12-06 11:45 28.0 3,419 290 7.6 5.3
10-14-06 13:00 21.5 3,268 282 8.1 6.9
11-13-06 16:20 17.5 4,325 223 7.3 8.0
02-13-07 10:55 14.5 3,314 245 7.1 8.5
03-12-07 16:20 19.0 2,813 681 7.6 7.2
04-17-07 11:00 18.0 2,710 349 7.7 9.5


Alamo River near 
Calipatria


10-16-06 17:00 22.0 3,165 252 8.3 7.4
03-14-07 12:00 19.0 2,945 483 7.4 7.6


Alamo River at Harris 
Road near Imperial


10-17-06 08:50 20.0 3,338 127 8.1 9.1
03-16-07 09:30 19.0 2,857 351 7.6 8.2


Alamo River at 
International Boundary


10-18-06 07:45 22.5 5,376 125 8.0 2.2
03-17-07 08:30 20.0 5,267 105 7.7 7.3


New River at Lack Road 
near Calipatria


09-13-06 09:00 27.5 4,572 215 7.6 4.0
10-14-06 07:00 21.0 4,595 196 7.8 5.1
11-14-06 09:00 17.0 5,950 191 7.2 6.8
02-14-07 10:45 14.5 3,967 197 7.0 5.8
03-13-07 09:45 18.5 4,360 372 7.5 5.5
04-18-07 10:15 18.0 4,435 228 7.5 8.2


New River below Drop 4  
near Brawley


10-15-06 07:30 20.5 4,592 191 7.8 5.4
03-14-07 07:30 20.0 5,256 458 7.4 6.7


New River at Hwy 80 10-16-06 07:35 21.5 4,659 145 8.4 1.3
03-15-07 08:00 21.0 5,302 254 7.3 0.7


New River at International  
Boundary at Calexico


10-19-06 07:30 21.0 4,463 141 7.8 0.2
03-18-07 08:30 21.0 5,660 59 7.6 4.9
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Table 3

Back to PUR 2017 Summary Data




Total pounds of pesticide active ingredients reported in each county and their rank during 2016 and 2017. Text files of data are available. Number of Applications and Acres values are for production agricultural pesticide use only.

		COUNTY

		LBS_2016

		RANK_2016

		LBS_2017

		RANK_2017



		Alameda

		360240

		38

		376306

		37



		Alpine

		281

		58

		197

		58



		Amador

		78380

		46

		97318

		43



		Butte

		3290831

		16

		3342797

		15



		Calaveras

		49023

		48

		53096

		48



		Colusa

		3139105

		17

		2818327

		17



		Contra Costa

		569654

		35

		449100

		36



		Del Norte

		188117

		42

		230965

		41



		El Dorado

		230560

		41

		141038

		42



		Fresno

		35637659

		1

		32865437

		1



		Glenn

		2296168

		22

		2513327

		22



		Humboldt

		32231

		52

		36570

		50



		Imperial

		5114091

		12

		5372045

		12



		Inyo

		10607

		54

		18297

		55



		Kern

		29128793

		2

		28600576

		2



		Kings

		7328315

		9

		7903521

		9



		Lake

		721168

		33

		800602

		33



		Lassen

		100633

		43

		65185

		47



		Los Angeles

		2558626

		20

		2800659

		18



		Madera

		11425876

		5

		9916196

		5



		Marin

		71741

		47

		70668

		46



		Mariposa

		5551

		57

		4486

		56



		Mendocino

		1121394

		30

		1191478

		30



		Merced

		10135501

		6

		9741612

		6



		Modoc

		100020

		44

		89418

		44



		Mono

		9615

		55

		35652

		51



		Monterey

		9284495

		7

		8887440

		7



		Napa

		1299754

		27

		1371263

		25



		Nevada

		97448

		45

		70845

		45



		Orange

		1143536

		29

		1060826

		31



		Placer

		458299

		36

		300713

		38



		Plumas

		38440

		50

		22815

		53



		Riverside

		2609202

		19

		2717182

		20



		Sacramento

		4340024

		14

		4365593

		13



		San Benito

		637849

		34

		626783

		34



		San Bernardino

		402543

		37

		459847

		35



		San Diego

		1557871

		23

		1477165

		24



		San Francisco

		35022

		51

		30752

		52



		San Joaquin

		12674151

		4

		13483744

		4



		San Luis Obispo

		3091480

		18

		2758588

		19



		San Mateo

		271005

		40

		234613

		40



		Santa Barbara

		5534084

		11

		5402714

		11



		Santa Clara

		1075808

		32

		843521

		32



		Santa Cruz

		1550094

		24

		1548841

		23



		Shasta

		329055

		39

		282380

		39



		Sierra

		6504

		56

		1238

		57



		Siskiyou

		1478211

		25

		1231012

		29



		Solano

		1346151

		26

		1337701

		26



		Sonoma

		2507521

		21

		2562959

		21



		Stanislaus

		7963246

		8

		8195939

		8



		Sutter

		3370634

		15

		3157213

		16



		Tehama

		1106395

		31

		1320301

		27



		Trinity

		21110

		53

		22310

		54



		Tulare

		18680420

		3

		19686373

		3



		Tuolumne

		46621

		49

		50341

		49



		Ventura

		6399063

		10

		6318994

		10



		Yolo

		4560821

		13

		4028608

		14



		Yuba

		1283310

		28

		1309944

		28
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POISONED CITIESD E A D L Y  B O R D E R  

THIS RIVER IS TOO TOXIC TO TOUCH, AND PEOPLE LIVE RIGHT NEXT TO IT 
The New River is filled with sewage and toxic pollution. Despite more than $90 million spent, the 
Mexican and U.S. governments have failed to clean it up. 
BY IAN JAMES | PHOTOS BY ZOE MEYERS, THE DESERT SUN 
UPDATED 11:29 A.M. PST DEC. 10, 2018 
 
 

Illustration by Merry Eccles/USA TODAY NETWORK. Photos by Zoe Meyers/The Desert Sun, Getty 
Images. 

Leer en español 

The Río Nuevo flows north from Mexico into the United States, passing through a gap in the border 
fence.  

The murky green water reeks of sewage and carries soapsuds, pieces of trash and a load of toxic 
chemicals from Mexicali, a city filled with factories that manufacture products from electronics to auto 
parts. 

For people trying to cross illegally into the United States, the river offers a route to try to slip past Border 
Patrol agents. But the water is so polluted that people who wade in get itchy rashes or sores, and anyone 
who gets even a splash in the mouth becomes violently ill. 

Just north of the border in Calexico, the New River is treated like a toxic waste site. On the edge of its 
trash-strewn ravine, a yellow sign is planted in the dusty soil with a skull-and-crossbones symbol and the 
warning: “CONTAMINATED SOIL AND NEW RIVER WATER, KEEP OUT!!” 

For people who live next to the river, the odor can be so overpowering that it gives them headaches. Their 
eyes water and their nasal passages sting. To escape the stench, residents avoid spending time outdoors in 
their yards. 

 
The New River flows across the border into California. This section of the border fence was 
recently removed and replaced with a new, taller barrier.ZOE MEYERS/THE DESERT SUN 

“All the chemicals, all the waste that comes from the factories there in Mexicali, I can’t tell you what it 
contains because I don’t know,” said Ernestina Calderón, who lives on a street next to the river in 
Calexico. “But I’m 100 percent sure that they’re chemicals that are harmful for your health.” 

A decade ago, Calderón survived a fight with stomach cancer. Her adult son had cancer in his lymph 
nodes and survived.  

Several of Calderón’s neighbors — she counted six people — have died over the years of different types 
of cancer, including lung, pancreatic and stomach cancer. Other neighbors suffer from illnesses including 
asthma and thyroid disorders, which can be triggered or worsened by pollution.  

https://www.lavozarizona.com/in-depth/noticias/2018/12/05/rio-contaminado-fluye-frontera/1981567002/


Residents have been complaining for years that living next to the river is making them sick. They’ve 
demanded government agencies clean up the sewage and industrial waste. Yet despite those calls for help, 
the river is still filled with high levels of bacteria and toxic chemicals.  

In an investigation into the pollution that afflicts the city of Mexicali and nearby border communities, The 
Desert Sun found that the New River is plagued by harmful chemicals and heavy metals, increasingly 
frequent sewage spills and a lack of funding to fix those problems — despite recognition among 
government regulators on both sides of the border that the river requires bigger cleanup efforts.  

During the past two decades, the U.S. and Mexican governments have spent more than $91 million on 
jointly funded upgrades of Mexicali’s sewer system. But the rapid growth of the city, with its 
proliferating maquiladoras, has outpaced the sewer infrastructure. Spills of raw sewage into the river are 
on the rise and becoming a major problem, and the wastewater plant that discharges into the New River 
doesn’t disinfect the water or remove chemicals or heavy metals.   

Mexican government agencies are charged with regulating releases of industrial waste from the 
maquiladoras, and companies are supposed to treat wastewater to meet the country’s standards before 
discharging it into the sewer system. But the factories face questionable oversight and minimal 
enforcement. And Mexican government records show companies reported discharging wastewater 
containing some of the same toxic pollutants that are turning up in water tests in the New River.  

Those tests of water and sediment samples by California regulators show the river is one of the most 
polluted in the state, with high levels of heavy metals including lead, copper and mercury. 

There are also toxic chemicals including polychlorinated biphenyls (PCBs), polycyclic aromatic 
hydrocarbons (PAHs) and byproducts of the banned pesticide DDT. 

Along the river, there are still signs of life, including egrets and herons that forage on the banks. Yet as 
Border Patrol agents scan the river looking for migrants, they sometimes see masses of dead fish floating 
— signs of the dangers in the dark, cloudy water.     

An open wound 

 
Ciro Calderón looks out over the New River from Nosotros Park in Calexico.ZOE 
MEYERS/DESERT SUN 

Calexico Street runs next to the river gully, lined with stucco-walled homes and big lawns.  

The neighborhood, called the Nosotros Subdivision, was built in the early 1980s. A black-and-white 
photo of a groundbreaking ceremony in 1983 shows members of the Calexico City Council smiling with 
shovels alongside developers from the company Shamrock Properties, one of two companies that were 
building the first 80 homes.  

The caption says the development featured three- and four-bedroom homes selling for $59,000 to 
$61,000. The subdivision was planned as a low-income housing project and was built with state and 
federal assistance.  



Wally Heard, one of the developers who built homes, recalled that the state had owned the property and 
made the land available for the project because there was a great deal of demand for low-cost housing. 
The state also provided financial assistance for buyers who qualified based on income. 

“Those houses went real quick,” Heard said. At the time, city officials were focused on building homes to 
ease the housing shortage, and he didn’t recall anyone talking about the proximity to the river being an 
issue.  

“I had no clue on my side at all about it being problematical,” Heard said. “I just don’t think it was taken 
into consideration at all, to tell you the truth.” 

A toxic river flows across the border, posing a health threat 

Border Patrol agents and people living near the New River worry about their health. Flowing into the 
United States from Mexico, the New River is polluted with trash, sewage, heavy metals and industrial 
chemicals. 

Calderón and her farmworker husband, Ciro, were among the first families who bought homes. They were 
pleased they could afford the property.  

Calderón and her neighbors were told the smelly river would be encased in a pipe and covered up with 
dirt. A park would be built on top of it.  

“We didn’t know how harmful the river was,” Calderón said, sitting at her kitchen table. “If from the start 
they had told all of us who live in this area how much it could harm us to live along such a polluted river, 
we wouldn’t have bought anything — nobody here, no one, due to the pollution.” 

A neighborhood park eventually was built next to the river with a playground and a baseball field. But the 
sewage kept flowing, and the work of putting the river in a pipe was never carried out.  

Calderón and her family learned to cope with the odors. 

“When I have my grandchildren here and it seems the smell is coming, I tell them, ‘Go inside, kids, go 
inside.’ Because the smell is very strong,” Calderón said. “They stop playing and I put them inside and 
spray Lysol or whatever so that you don’t notice the bad smell.” 

Water from the river isn’t used for drinking or irrigation. People treat the river like an open wound on the 
landscape, an off-limits zone to avoid.  

It flows beside the neighborhood down in the ravine, where thickets of scrubby brush grow alongside the 
water. 

The river was encased underground in Mexicali two decades ago, and for years people in Calexico have 
been pressing for a similar project on the U.S. side.  

In 2009, Calderón visited Sacramento to demand action together with members of a local nonprofit group 
called the Calexico New River Committee. They urged lawmakers to support a bill that called for 
cleaning up the river and building a park along it. Though that bill was approved, Calderón has been 
frustrated by the lack of action since then on the so-called New River Improvement Project. 



“We want them to cover up the river,” Calderón said. “We want them to put it in a pipe so that all the 
pollution it carries isn’t exposed to the air. That’s all we’re asking for. But they say the project of putting 
in a pipe costs a lot of money. Mexico has already done it, but not here in the United States.” 

California officials are now working on a plan to put the river in a pipe and reroute it away from the 
neighborhood to wetlands farther downstream. A statewide bond measure that was approved by voters in 
June will provide $10 million to pay for part of the river project.  

Timeline:  A river that has been toxic for decades 

Calderón says it’s about time something is done, but she’s still skeptical after years of disappointments. 
She and her husband are sometimes asked why they don’t just move away. She said they’d definitely 
consider moving if they could afford it, but they can’t. And this is their home. 

Nowadays, the home values on Calexico Street remain low compared with other parts of the town, with 
most estimated between $150,000 and $180,000.  

Some residents say the river’s odors have gotten a bit less noxious in the past several years. But it’s still 
bad enough that when the smells of sewage fill the air, people shut their doors and windows and stay 
inside.  

When it’s hot outside, fumes resembling the stench of rotten eggs often fill the neighborhood — the 
telltale sulfur smell of hydrogen sulfide gas. 

“It’s a stench that even hurts to breathe,” Calderón said. “Breathing it makes your nose burn.” 

She and her neighbors have found that their air conditioners often need to be repaired or replaced because 
metal parts quickly corrode and refrigerant leaks out. That makes Calderón wonder: If the metal air 
conditioners are corroding because of something in the air, what other effects might the pollution have on 
their health?  

 “We want 

 

pollution 

danger.” 
ERNESTINA CALDERON 

Hydrogen sulfide can be released into the air from decaying material like dead fish or decomposing algae 
in lakes and rivers, or from sewage or industrial processes. One source of the toxic gas is the Cerro Prieto 
Geothermal Power Station, which spews out steam and particles south of Mexicali.  

The gas is also released by sewage-treatment plants. Calexico’s wastewater plant sprays water into the air 
in an aeration pond across the river from Calderón’s house.  

Air conditioners tend to have corrosion problems near wastewater plants because the gases dissolve 
metallic joints inside the units, said Cesar Rodriguez, the manager at Arctic Air Conditioning in El 
Centro. Rodriguez said he suspects the problems with corroding air conditioners next to the New River 

https://www.desertsun.com/poisoned-cities/river/timeline-new-river/


are mostly due to fumes from the sewage plant. How much the river might be contributing to the 
problems isn’t clear.  

Responding to complaints about the stench, the California Department of Public Health carried out a 
study in 2008 and 2009. The department said in a 2010 report that Calexico’s higher-than-normal 
hydrogen sulfide levels “are likely the result of the emissions from multiple sources, both locally and in 
Mexicali.” 

The researchers tested the air along the riverbanks and elsewhere, and said the river didn’t appear to be 
the source of the hydrogen sulfide odors in the neighborhood because the gas levels were higher in other 
parts of Calexico. 

Near the border, the river’s fumes add to a potent mix of air pollution that includes dust, smoke spewing 
from factories, exhaust from cars and trucks, and dark columns billowing from burning trash in Mexicali.  

This area of the border has some of the dirtiest air in the United States and Mexico. Imperial County has 
the highest rate of asthma-related emergency-room visits for children in all of California. 

Statewide data also shows the county has relatively high rates of some types of cancer, including cancers 
of the brain and nervous system, digestive system and myeloma. 

Calderón said while much remains unknown and unstudied about the health effects of living by the river, 
one thing is clear: Something should have been done long ago to protect people from the pollution.  

In her front yard, plastic swings dangle from a tree. Her grandchildren play here when they visit.  

“In the future, I don’t want it to affect my grandchildren, the whole new generation,” Calderón said. “We 
want our home, our community, to be a community without so much pollution danger.”  

 ‘You can’t go outside' 

To investigate illnesses in the neighborhood, Desert Sun journalists went door-to-door interviewing 
residents on a single block of Calexico Street. Of 15 people who answered the door, three said they or 
their relatives have thyroid illnesses. Several people said they have asthma or battle severe allergies.  

They included retirees, elderly former farmworkers, a banquet organizer, an electrician and others. Many 
said the stench bothers them and they avoid going outside when the odors are strong. 

Candelaria Nieblas said she keeps a nebulizer handy to treat her asthmatic 16-year-old son, Jesús Iván, 
when he has coughing fits. The boy was born with the genetic condition DiGeorge Syndrome and requires 
constant care. 

Lately, his asthma has been under control. But Nieblas recently learned that she’s developed asthma, too. 

“I have a cough that won’t go away,” Nieblas said, sitting on her front porch. Sometimes, she coughs so 
much that her back aches from all of the heaving.   

Nieblas has started getting weekly allergy shots and uses an inhaler in the morning and at night. She 
notices the smell of sewage hanging in the air and suspects it’s taking a toll.  

https://www.atsdr.cdc.gov/HAC/pha/NewRiverEnglish/NewRiverHC12032010.pdf


Down the block, Berta Prado also suffers from asthma and uses an inhaler. 

“There are times when the odor is very strong. You can’t go outside,” said Prado, a former farmworker 
whose backyard faces the river. “The odor is so bad it burns my nose.” 

Prado has an adult daughter with a thyroid illness, which has led to trembling and once caused her hair to 
fall out.  

Medical studies have found that while much of the risk of developing autoimmune thyroid disease is due 
to genetics, various types of pollutants — such as lead or PCBs — may affect the thyroid and play a role 
in developing thyroid illnesses. 

Prado said years ago residents circulated a petition calling for the river to be put into an underground 
pipe. 

“I feel disillusioned because they don’t do anything,” Prado said. “Many people have sold, and they 
leave.” 

 
Look: Toxic water flows from Mexico to US in New River 

Nearby on Grant Street, Antonio and Maria Elena Ramírez have been living in a home next to the river 
for 28 years. They said they suffer severe headaches, allergies, watery eyes and infections, and they blame 
the river, which is several hundred feet from their backyard. 

Antonio Ramírez takes an antihistamine to control his allergies. When the odors are strong, he and his 
relatives put on Vicks VapoRub to mask the smells. At night, they close their doors and windows to keep 
out the smell.  

“I can’t stand the odor that comes from the water,” Ramírez said. “It hurts your eyes. It gives you a 
headache.”  

Other illnesses have also appeared among his neighbors. A decade ago, a neighbor’s preteen daughter had 
a serious illness that gave her tremors and made her lose her balance, Ramírez said, and her family 
decided to move away to escape the pollution. He’s not sure what she had.  

Ramírez said he’s convinced the illnesses are a direct result of living next to such a filthy cesspool.  

“But there’s no doctor, no hospital who can give us a record saying, ‘You’re sick because of the river,"' 
he said.  

Ramírez, a former farmworker, has walked with a cane since he suffered an accident years ago. Sitting in 
his living room, he said no one hangs clothes outdoors to dry because the fabric will absorb the stench. 

Sometimes, windstorms sweep across the desert, sending clouds of dust swirling from the riverbanks 
through the neighborhood.  



Ramírez has joined his neighbors in complaining to politicians, including state Assembly members, 
senators and city council members. He feels frustrated by years of broken promises, and he sees it as a 
shameful injustice that the problem still hasn’t been fixed.  

 “They all say, ‘We’re going to investigate.’ But they’ve failed as politicians,” Ramírez said. “They don’t 
do anything.” 

Ramírez remembers a very different New River when he was a boy growing up in Mexicali in the early 
1950s.  

“It was clean, crystal clear water,” he said. “It was beautiful swimming there.”  

He remembers jumping off a wooden bridge into the water, which was mainly runoff from farms around 
Mexicali. 

“We fished. There were turtles,” Ramírez said. “Everyone who lived here in Calexico and Mexicali went 
swimming and absolutely nothing happened to us. It was a clean river.” 

As Mexicali grew and more factories were built, sewage and industrial effluent poured in, and people 
stopped swimming in it.   

“Now it’s sewage. It’s not a river,” Ramírez said. “They should take away the name New River.” 

“The name should be changed to New Sewage,” he said. 

One afternoon, when the river was giving off relatively mild odors, Ramírez walked into his backyard and 
looked toward the river. He said he hopes government agencies pick up the pace and finally rid the 
neighborhood of pollution.  

“I don’t know when they’ll do it,” Ramírez said. “I hope before I die.”  

A river partially hidden underground 

The New River begins south of Mexicali, where the lush farmland irrigated with Colorado River water 
contrasts with the open desert beyond.  

The river channel was carved by floodwaters in 1905, when Colorado River water burst through a control 
gate in a blunder during construction work. As the water poured north, it created the Salton Sea atop an 
ancient lake bed and scoured the channels of the Alamo and New rivers. Both rivers have kept flowing 
ever since.  

Runoff from fields of alfalfa and wheat courses through ditches and feeds the New River. On the outskirts 
of Mexicali, putrid water flows in from ditches filled with heaps of garbage and discarded tires. 

In parts of the city, open ditches filled with raw sewage run between factories, garbage dumps, cattle 
corrals and shacks. The filthy runoff collects in ditches, and many of these reeking arteries reach the New 
River. 



The water collects in a series of lagoons, then passes through a system of underground tunnels as it runs 
through Mexicali, serving as a drain for the city. 

Even with the river hidden underground, everyone knows it's there. When people give driving directions, 
they often say in Spanish, "You go down Rio Nuevo ..." 

Down in the ravine by the river, homeless people have built small encampments among the bushes. 

The river passes Nosotros Park, where children play soccer, basketball and softball in the afternoons. 
Then it meanders through Imperial Valley farmlands, gathering farm runoff along the way, until it meets 
the Salton Sea, sending a brown plume into the lake. 

For decades, the river has been synonymous with pollution. The author William T. Vollmann explored it 
while researching his 2009 book “Imperial.” He enlisted a companion and cruised the river in an 
inflatable raft using wooden oars. 

He described the New River as “a horror” and a “reeking brown cloaca,” saying it gave off a “stench of 
excrement and something bitter like pesticides.”  

On summer nights, he wrote, the sickeningly rich stink “remains on one’s clothes and even on one’s 
tongue.” 

‘It’s affecting these agents’ 

Despite its stench, the river offers a path for people who are desperate to cross the border. 

Border Patrol agents say smugglers charge migrants $5,000 to $7,000 to lead them across, and groups are 
regularly spotted trying to slip past in the river. 

One night in September, floodlights reflected off the dark water as several agents kept watch from their 
trucks on the banks. 

When they spotted two young men wading through the water, agents appeared on the edges of the steep 
banks and shined their flashlights on them. The two stopped under a bridge, their soaked clothes clinging 
to them, and slowly waded back upstream. Once across the border, they entered a culvert and disappeared 
into the darkness. 

An agent said over the radio that the two were “TBS” — they had turned back south. 
“This is their game, night after night,” Agent Joel Merino said. “I’m sure they’re just waiting.” 

Often the border crossers come out of the concrete culvert. Its mouth is covered with crisscrossing bars, 
but sections of the bars have been removed to allow for easy access. 

They submerge themselves up to their noses. They try to hide under floating debris or in the vegetation 
along the water’s edge. 

Metal gates block the river just north of the border, and some people are captured when they climb out to 
skirt the gates. 
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Border Patrol agents say people who are spotted in the river sometimes throw rocks or sticks, or sling 
mud at them to try to escape. The agents are instructed to keep out of the water unless an emergency 
situation arises. 

“It’s so polluted,” Merino said, looking down at the water. “To me, it looks like old antifreeze.” 

The riverbanks are littered with plastic bottles and scraps of soggy clothing. Old tires sit lodged in the 
mud. 

As the agents stood watch, wind picked up clouds of dust along the riverbank and sent it swirling into the 
night. The powdery dust coated their boots and pants. 

Merino has developed allergies working along the border. He’s found that when he’s assigned to the river, 
his skin itches and his eyes get irritated and water up. 

Other agents say working next to the river gives them headaches. When the water reeks, they try to limit 
their exposure by stepping into their Chevrolets and keeping their windows shut. 

“There’s times during the summer,” Merino said, “where the odor of the river is so pungent that it will 
make you nauseous.” 

He paused when he heard a voice on his radio: “A pair is coming back.” 

Another agent stood at the riverbank, pointing his light down into the reeds and brush. 

In the gleaming floodlights, two men emerged from the vegetation. They were neck-deep in the river. As 
they swam upstream, their heads went underwater. 

Watching them retreat, Agent Ruben Sigala said: “They don’t understand the dangers of putting their face 
in it.” 

Another agent, Jose Enriquez, said he worries about the health effects of working along the river. 

“Studies need to be done. We really don’t know what kind of risk we’re putting ourselves in," Enriquez 
said. “It is dangerous. I, for one, don’t want to ever touch that water.” 

The union that represents Border Patrol employees has been voicing concerns that the river is making 
people sick.   

“We have case after case after case of people getting headaches, rashes, flu-like symptoms,” said Mike 
Matzke, president of Local 2554 of the National Border Patrol Council. “One agent we had, it really 
affected him to the point where it blurred his vision.” 



Matzke represents agents in the El Centro Sector, roughly a third of whom are stationed in Calexico and 
regularly work along the river. 

“I’d say every agent at Calexico station has been exposed to the New River one way or the other,” Matzke 
said. “It’s inevitable.”  

That includes getting splashed, slipping and falling into the water or going in on purpose to capture 
migrants. When agents get soaked with river water and mud, the nearest showers are in the locker room at 
their station.  

“Some agents, even after they’ve showered, are just itching all night long,” Matzke said. “They scratch 
and now you’ve got an open sore. It lasts a couple days. They’ll break out.” 

When someone goes underwater completely and swallows water, the symptoms appear quickly.  

“Usually when a migrant gets a mouthful of that water, they’ll just start throwing up pretty much 
uncontrollably, and all we can do for them is sort of hose them down and keep washing the throw-up 
down the drain until they stop,” Matzke said.  

It can feel like coming down with severe food poisoning, he said. Matzke knows from experience: Once, 
as he was pulling a man from the river, a splash of water landed in his mouth and he started vomiting. 

Matzke has been talking with managers about what can be done to help agents, such as providing outdoor 
decontamination showers and more protective gear, as well as blood tests to monitor their exposure to 
pollution.   

Many agents feel they should get extra “hazard duty” pay for working along the New River. 

Border Patrol agents have raised similar complaints in San Diego, where raw sewage from Mexico 
regularly flows in the Tijuana River and fouls beaches near the border. 

Concerns about the hazards of working along the Tijuana and New rivers were at the center of a 1994 
lawsuit by the union against the federal government. That case ended with a $15 million settlement in 
2004. The terms included several pledges by the government, including that agents would not be 
disciplined for refusing to enter the rivers, “except in cases where life is endangered.” 

In the past year, the Tijuana River has again become a high-profile problem. San Diego-area beach cities 
sued the federal government in March over the sewage spills, which have led to repeated beach closures 
and have been blamed for declines in property values. Then, in September, California Attorney General 
Xavier Becerra and the state’s San Diego Regional Water Quality Control Board filed a lawsuit accusing 
the federal government of violating the Clean Water Act by allowing untreated sewage to pollute the 
river. 

Becerra said the lawsuit aims to protect public health and natural resources, and “get those responsible to 
clean up this mess.”  

In the complaint, lawyers for California said the violations of the Clean Water Act relate to the continuing 
discharge of “millions of gallons of waste consisting of untreated sewage, bacteria, pesticides, chemicals, 
and heavy metals” from sewage treatment facilities owned and operated by the U.S. Section of the 

https://www.waterboards.ca.gov/water_issues/programs/enforcement/docs/2018/tijuana_border090518.pdf
https://oag.ca.gov/news/press-releases/attorney-general-becerra-and-san-diego-water-board-we%E2%80%99re-ready-file-suit-over


International Boundary and Water Commission. They accused the federal agency of failing to properly 
manage and operate the wastewater facilities, and said the violations show an “unwillingness to address 
pollution that crosses into the United States from Mexico, absent being compelled through legal action.” 

The pollution of the New River, which runs through a poorer community that is 97 percent Latino, hasn’t 
drawn such a strong response in recent years. No similar lawsuit has been filed by state authorities over 
the New River. 

As for the Border Patrol agents who work at the river, Matzke said their biggest worries are the 
unknowns, including what’s dumped into the water in Mexico and the viruses that fester in the sewage, 
from typhoid to cholera. 

Occasionally the agents see people fishing in the river, and they will tell them it’s not a good idea because 
the water is polluted. But sometimes, the anglers ignore the advice. And even though some of the 
pollutants in the New River accumulate in fish tissues, the state’s Office of Environmental Health Hazard 
Assessment has advised people that women under age 45 and children “can safely eat” one serving per 
week of carp, or four servings per week of tilapia caught in the river.  

Matzke said he would never eat fish from the river. Some days, the agents see fish swimming, and other 
days they see dead fish on the surface. 

“Who knows what’s in it on a day-to-day basis,” Matzke said. “The valley’s got a lot of pollution 
problems, between pesticides, the New River and air quality. I’m 100 percent sure it’s affecting these 
agents.” 

The U.S. government recently built a new port of entry next to the river and a new 30-foot-high steel 
fence along the border in Calexico. Workers tore down an old metal fence that had run up to the edges of 
the New River, and replaced it with the new barrier. 

Matzke said the taller fence should dissuade people from trying to jump down from the top of the barrier. 
But that doesn’t mean it will stop the flow of people. In fact, he said, the bigger fence might funnel more 
people toward the river. 

Matzke has been working in the area for 11 years. And one question has stayed with him ever since he 
arrived from Wisconsin: Why has this badly polluted river been neglected for so long? 

“If this river were in Wisconsin, people would lose their minds,” he said. “Politicians would lose their 
jobs. They would be like, ‘Clean this up.’” 

Tracking toxic pollution 

The New River is filled with bacteria at levels far above the threshold considered safe for human contact.  

The concentrations of fecal coliform bacteria are measured with an estimation called “most probable 
number,” or MPN, per 100 milliliters of water. California’s regulatory goal for people to safely swim in 
freshwater is 400 per 100 milliliters. Monthly samples from the New River last year ranged from 12,000 
to more than 160,000 — reaching more than 400 times the swimmable limit.   

Water tests show the river is one of the most polluted in California.  

https://oehha.ca.gov/fish/press-release/fish-advisory-alamo-river-and-new-river-offers-safe-eating-advice-channel-catfish


One of the pollution measures used by the State Water Resources Control Board is toxicity. In the 
laboratory, researchers test samples of sediment taken from a river by observing the effects on aquatic 
animals — in this case a tiny crustacean called Hyalella azteca — and watching how many of the 
creatures die.  

Statewide data from 2002 to 2015 revealed that about 46 percent of the sediment samples from the New 
River exceeded the toxicity threshold for the creatures. Of the rivers tested in California, the New River 
had one of the highest percentages of samples found to be toxic. 

Scientists from the University of California, Riverside, have also used monitoring data collected by state 
officials to analyze pollution in the New and Alamo rivers and the Salton Sea. The researchers studied the 
contaminants recorded in water, sediment and fish in the two rivers and the lake between 2002 and 2012. 
They found the pollution in the New River stood out. 

In their 2016 study, the scientists said the levels of toxic metals — including cadmium, chromium, 
copper, lead, mercury and nickel — exceeded thresholds for aquatic life in the river sediment at the 
border. The testing also showed elevated levels of pesticides including chlorpyrifos, dieldrin, pyrethroid 
insecticides and DDT, and other carcinogens including PCBs and PAHs. 

PCBs have been found to cause cancer in animals. Though the chemicals were banned in the U.S. in 
1979, they can still be found in insulation, electrical equipment, transformers and other systems that were 
manufactured before the ban. 

PAHs are created by burning fuel or other materials, and studies have shown links to cancer.  

The scientists focused their study on the potential effects for fish and wildlife, not on human health. They 
said that “persistent toxics are prevalent” in the rivers and the Salton Sea, and that the levels are 
especially high in the New River at the border.  

“The risk for ecological damage is clear for those contaminants that exceed those thresholds,” said Daniel 
Schlenk, a professor in UC Riverside’s Department of Environmental Sciences. He said it’s not clear 
whether the contaminated sediment in the river is going all the way downstream and making it into the 
Salton Sea, and if it is, how much.  

But the effluent that flows out of Mexicali carries a load of phosphates and other polluting nutrients, 
which contribute to algae blooms in the Salton Sea. And the chemicals in the river may be contributing to 
the sea’s deteriorating ecosystem.    

The Salton Sea is shrinking as strains grow on the dwindling Colorado River and as a water-transfer deal 
shrinks the amounts of water flowing through farm ditches into the lake. The retreating shorelines have 
already left about 20,000 acres of lake bed dry and exposed to the desert winds.  

In the coming years, the lake is projected to shrink dramatically, sending more dust billowing through 
communities that already suffer from high asthma rates.  

If accumulated heavy metals, chemicals and pesticides are ending up in the dust — both along the New 
River and on the shores of the Salton Sea — the river’s toxic pollution may be affecting people’s lungs 
miles away from the border. 

https://www.researchgate.net/publication/299560443_Spatial_and_temporal_assessment_of_environmental_contaminants_in_water_sediments_and_fish_of_the_Salton_Sea_and_its_two_primary_tributaries_California_USA_from_2002_to_2012


Questionable oversight 

Ponds filled with sewage spread out in the desert south of Mexicali, forming an island of green in a sandy 
landscape dotted with creosote bushes.  

Las Arenitas Wastewater Treatment Plant was built to handle the growing volume of sewage from 
Mexicali. Effluent from the plant flows into a wetland, creating a 250-acre oasis where birds soar above 
the reeds. The water drains into the Hardy River, which flows south toward the Sea of Cortez. 

When the plant opened in 2007, it began taking in a large portion of the sewage that previously had gone 
into the New River. That reduced the river’s flow across the border. It also brought about a marked 
improvement in the river’s water quality, including a decline in bacteria levels.  

Officials on both sides of the border say that during the past decade, Mexican authorities have improved 
their system of regulating factories’ wastewater discharges.  

But significant weaknesses appear to remain in the system of oversight and enforcement.  

Federal regulators in Mexico require factories to treat any wastewater that’s released into ditches. The 
state-run water utility, the Mexicali Public Services Commission, is in charge of regulating companies 
that discharge wastewater into the sewer system, and requires them to treat effluent to meet standards 
before letting it run into the sewer. 

“Every industrial plant is registered with us and is required to comply with federal rules,” said Luis 
Antonio Hernández, chief of the utility’s wastewater department.  

If a business doesn’t comply with the regulations, he said, officials typically reach an agreement with a 
company and give managers a deadline to come into compliance.  

Hernández said some companies have occasionally been fined, though he didn’t give details. 

A tally released by the utility showed that out of 114 registered industrial businesses, regulators detected 
six cases during 2016 and 2017 in which companies violated wastewater regulations based on indicators 
including levels of dissolved oxygen or total suspended solids. 

The companies cited for violations included Isoclima de Mexico, which makes security glass for armored 
vehicles; Tecnologías Internacionales de Manufactura, a metal- and pipe-making company; Chromalloy, a 
company that produces engines and components such as turbine blades; Rocktenn de Mexico, which 
makes cardboard boxes; Fruvemex Mexicali, which sells fruit and vegetable products; and J. Cox, which 
specializes in injection plastic molding, making products such as brackets for televisions. 

In all six cases, the companies agreed to come into compliance and took care of the problems, said Carlos 
Félix Verdugo, the utility’s environmental-control coordinator. He said in an email that violations are 
typically spotted after complaints or during inspections by officials.  

The Mexicali Public Services Commission took over its regulatory role from the Baja California state 
Environmental Protection Department in 2016. California water regulators had been pushing for that 
change. 



“Prior to 2016, there was basically minimal oversight to none,” said Jose Angel, who recently retired as 
executive officer of California’s Regional Water Quality Control Board. He said it was awkward having 
one state agency running the sewer system and another in charge of enforcement, and it made sense to 
finally bring both functions under a single agency.  

Since that handover, companies have been required to turn in water-quality reports annually to renew 
their sewage-discharge permits. Officials say state regulators check information on companies’ permit 
applications, and water samples are regularly collected and analyzed to check that factories are properly 
treating their wastewater.  

 “The state does quite an effective job of providing oversight,” Angel said. He said that unlike years ago, 
now not a single foreign-owned maquiladora is known to be discharging directly into the river. He also 
credits Mexican authorities with eliminating untreated wastewater discharges from slaughterhouses into 
the New River.  

Angel said although industrial wastewater still contributes to the pollution in the river, and although the 
heavy metals in industrial effluent pose threats for the ecosystem, he thinks the bigger problems 
nowadays are the high levels of bacteria and the increasing spills of raw sewage into the river.  

Questions remain about how thoroughly Mexican officials are regulating wastewater discharges from the 
city’s maquiladoras. Records released by the utility show some companies had yet to obtain new permits 
during reviews last year. And it’s not clear how often the agency detects the dumping of toxic chemicals 
into the sewer system.  

Much of the sewage that ends up in the New River flows through the Zaragoza wastewater-treatment 
plant, which officials say improves the water quality but doesn’t disinfect the water and doesn’t remove 
chemicals or heavy metals.  

Some of the city’s large factories and power plants are regulated by Mexico’s federal government and are 
required to report on discharges of wastewater containing a list of toxic substances. A government 
database shows that since 2004, companies in Mexicali have discharged water with a list of pollutants 
including arsenic, cadmium, cyanide, chromium and mercury. 

The companies that have reported releasing those substances include Cromsa, which specializes in 
chrome-plating, and paper-products maker Fábrica de Papel San Francisco, as well as other factories, 
power plants and a hospital.  

The information is self-reported, and the companies appear to be reporting wastewater releases that are 
permitted under Mexican regulations. The database doesn’t list the legal limits for discharges. The records 
also don’t specify where the wastewater has been released or say how much has ended up in the New 
River.  

Polluted and repolluted 

What’s clear is that the records describe only a fraction of the pollution that’s going down drains and 
flowing into the river.  

In assessing the pollution levels in the river and the oversight of factories’ discharges, The Desert 
Sun shared data with Robert Bowcock, an independent water-quality consultant. Bowcock said water-



testing results since the early 2000s show that there has been a decrease in the levels of contaminants 
from industrial wastewater, but that severe pollution remains in the river. 

Because heavy metals and chemicals have accumulated over the years in the riverbed and the soil along 
the banks, the river is filled with “recalcitrant contamination” that continues to emerge in the water and 
ends up in the Salton Sea, Bowcock said. Unless those accumulated toxic deposits are cleaned up, he said, 
“the river’s going to constantly be repolluted from the sediments.” 

Of particular concern are the accumulated PCBs in the sediment along the river, he said, and the 
possibility that these and other toxic chemicals may end up in airborne dust.  

Bowcock said many of the heavy metals and minerals that appear in the wastewater are already in the 
Colorado River water that flows into Mexicali, and the contaminants emerge from the factories’ industrial 
processes at much higher concentrations. 
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While some factories appear to be treating their effluent, many wastewater discharges remain unregulated 
and are highly suspect, Bowcock said. 

“I know that stuff is still being dumped,” Bowcock said. “For every bigger legitimate factory that’s being 
showcased, there’s probably 10 cheaters around the corner.” 

The Mexican federal government tracks discharges for only a fraction of the industrial plants, and because 
the regulatory system relies on self-reporting by companies, he said, discharges of industrial waste may 
go undetected or unreported. 

“Some of these factories are discharging and you’d never see it,” Bowcock said. “From a regulatory 
standpoint, there are still many more cheaters that need to be brought to the table.” 

For many years, the New River was described as the most polluted river in North America. And while 
experts no longer describe it that way, Bowcock said the improvements to date are far from being a 
success story.    

“It’s still probably one of the most polluted rivers in North America. The question comes down to, at 
what rate do we want to clean it up? And at what rate do we want to clean up those chemicals that were 
already released into the environment?” Bowcock said. “The coordinated, concentrated effort of cleaning 
it up has not taken place. And it comes down to money.” 

 



Decades of neglect 

On both sides of the border, American and Mexican officials have acknowledged for decades that sewage 
and industrial waste are seriously polluting the New River. But efforts to address those problems have 
repeatedly fallen short.  

In the 1970s, as maquiladoras were proliferating in Mexicali, the stench of untreated sewage drew 
increasing complaints. President Jimmy Carter and Mexican President José López Portillo touched on the 
issue in a joint statement in 1979, calling for “further progress toward a permanent solution to the 
sanitation of waters along the border.” 

In 1980, Mexico and the U.S. adopted an agreement establishing water-quality standards for the New 
River and calling for eliminating discharges of raw sewage. But the sewage and industrial waste kept 
flowing, and the requirements under that agreement, which was known as Minute 264, have never been 
enforced. California officials say Mexico has been in chronic violation of those requirements ever since. 

The two governments signed an agreement in 1987 to jointly spend $1.2 million on sewer upgrades, and 
another agreement in 1992 to fund more sewer repairs and improvements. 

But the problem of industrial waste from Mexicali’s maquiladoras remained unresolved. 

In 1993, when the ratification of the North American Free Trade Agreement gave an added boost to the 
maquiladoras, Imperial County pressed the U.S. government to do more about the New River.  

The county’s Board of Supervisors petitioned the Environmental Protection Agency, urging the 
government to issue a rule that would require testing of chemicals in the New River and calling for it to 
conduct a comprehensive health assessment. The EPA denied Imperial County’s petition but 
acknowledged the New River was extremely polluted and said the agency would fund testing by state 
regulators.  

Then the EPA took an unusual step to try to pierce the secrecy and find out more about the chemicals that 
factories were releasing into the river. In 1994, the agency sent 117 letters to the U.S. parent companies of 
maquiladoras in Mexicali, asking them about the chemicals they were using and releasing into the 
environment.  

Only eight companies responded. The EPA then turned to its authority under the Toxic Substance Control 
Act and issued subpoenas to 95 U.S. parent companies of maquiladoras that hadn’t responded. That 
yielded 75 responses from companies, some of which said they no longer owned or operated a plant in 
Mexicali. In the end, the EPA received responses from 64 parent companies of maquiladoras in Mexicali.  

Some of them reported using chemicals at levels exceeding thresholds under U.S. law. Those pollutants 
included sulfuric acid, lead, silicon dioxide and aluminum oxide, among others. A few companies 
reported releasing chemicals into the sewer system including hydrochloric acid, sulfuric acid, isopropyl 
alcohol, sodium hydroxide and boric acid. 

The EPA said in a 1995 report that the “information contained in the responses was insufficient to permit 
the agency to independently assess whether the data contained in the responses from the U.S. parent 
companies are representative of the actual releases of industrial pollutants from the maquiladoras.” 

https://www.ibwc.gov/Files/Minutes/Min264.pdf


The agency concluded that continuing to monitor the New River through testing would be the “most 
effective way to provide accurate information on the pollutants in the river.” 

That was the one and only time the EPA used its subpoena authority to seek information from 
maquiladoras. Some of the companies had argued that the agency overstepped its authority and that its 
jurisdiction didn’t include factories outside the United States.  

U.S. officials said they have since turned to other strategies. Nahal Mogharabi, an EPA spokesperson in 
Los Angeles, said the agency has taken “a more collaborative approach to address trans-boundary water 
quality concerns.” 

“EPA has instead focused on constructing wastewater infrastructure in Mexico to prevent raw sewage 
from entering the United States,” Mogharabi said in an email.  

After NAFTA took effect, Congress in 1996 began appropriating funds to build water and wastewater 
infrastructure on both sides of the border. The EPA has since contributed more than $707 million for 
water and sewer infrastructure projects along the border.  

The federal Agency for Toxic Substances and Disease Registry also carried out a study analyzing the 
health impacts of pollution in the New River. The agency said in its 1996 report that the river “poses a 
potential public health hazard because area residents could be exposed to fecal streptococci, and other 
pathogens through contact with contaminated surface water and foam.” It said previous studies found the 
river was loaded with high levels of bacteria as well as viruses that were “reported to be capable of 
producing polio, typhoid, cholera and tuberculosis.”  

The agency said water tests showed metals including lead, cadmium, thallium and antimony in the water, 
as well as a list of toxic chemicals and pesticides. It recommended promoting “coordination and 
cooperation” between the U.S. and Mexican governments, curbing pollution, restricting access to the 
river, and advising residents not to eat fish and to avoid contact with foam in the water. 

In the two decades since, California water regulators have repeatedly called for bigger pollution-fighting 
efforts.  

In 2003, Executive Officer Phil Gruenberg of the Regional Water Quality Control Board wrote to the U.S. 
government to complain. He said the New River was in a “deplorable condition” and that Mexico was 
continuing to violate the 1980 water-quality agreement. If penalties could be imposed, he said, the 
pollution would have been corrected years ago.  

“Countless promises have been made and broken, and the River remains just as polluted and dangerous as 
it was in 1980,” Gruenberg wrote in a letter to Wayne Nastri, who was then EPA’s regional administrator. 
The main victim, he said, is the predominantly Hispanic community in Calexico, and “Calexico’s 
suffering is environmental injustice.”  

As the EPA increased funding to help pay for sewer upgrades in Mexicali, the money was routed through 
the North American Development Bank, an institution that the U.S. and Mexico created when NAFTA 
was adopted with a focus on improving environmental conditions in border communities.  

Since 1997, the bank has administered dozens of U.S.-funded grants through the U.S.-Mexico Border 
Water Infrastructure Program, building and upgrading water and wastewater systems on both sides of the 
border in places from Brownsville, Texas, to Tijuana. 

http://www.sci.sdsu.edu/salton/NewRiverPPHCons.html#CONCLUSIONS


In Mexicali, the U.S. government’s contributions of more than $31 million to sewer projects have added 
to about $60 million in matching funds spent by the Mexican government. 

The grants have paid for building pump stations and miles of new sewer lines. The funding has come with 
the condition that Mexicali’s utility require industrial plants to treat their effluent to limit the discharge of 
toxic pollutants.  

After Las Arenitas wastewater plant began operating in 2007, California regulators saw an immediate 
decrease in bacteria levels in the river. In the past several years, though, Mexicali’s dilapidated and 
overburdened sewer system has again been plagued with an increasing number of spills. Millions of 
gallons of raw sewage have poured into the river, causing sudden spikes in bacteria levels. 

Sewage from Mexicali flows into California. But U.S. spending to clean it up has declined 

The U.S. Environmental Protection Agency has contributed $31.3 million to jointly funded sewer projects 
in Mexicali since 1997, adding to $60.5 million in Mexican contributions and nearly $19 million in loans 
from the North American Development Bank. The projects upgraded Mexicali’s sewer system in the 
2000s, but spending has declined dramatically during the past decade. 

 
SOURCE North American Development Bank. 
Pamela Ren Larson, Ian James, and Frank Pompa/USA TODAY Network 

Government records show how serious the problem has become. In response to a Desert Sun request 
under the Freedom of Information Act, the International Boundary and Water Commission released a list 
of sewage spills reported by Mexican authorities. 

The list showed sporadic sewage spills in 2010, a single event in 2011, and then nothing until 2015, when 
three spills occurred. In 2016, the problems got much worse, with a total of 11 spills that sent millions of 
gallons of untreated waste into the New River. Five spills were reported in 2017, including one that 
dumped an estimated 122 million gallons of untreated sewage into the river.  

The spate of overflows represents significant backsliding after years of progress, and the problems have 
angered people who live next to the river.  

Luis Olmedo, who leads the environmental health nonprofit Comité Cívico del Valle, said officials on 
both sides of the border need to act.  

“Mexicali kind of just sits on these issues and waits for the U.S. to bail them out,” Olmedo said. “They’re 
just putting Band-Aids on their water-treatment plants.” 

In 2016, the North American Development Bank released a 419-page study diagnosing Mexicali’s sewage 
problems. The report said the sewer system suffers from “lack of maintenance” and infrastructure that’s 
beyond its “useful life” — and now needs about $80 million in upgrades. 

 

 

https://www.documentcloud.org/documents/5018171-Informe-Diagn%C3%B3stico-T%C3%A9cnico-de-de-los-Servicios.html


New hopes, elusive solutions 

Because the New River crosses the border, it falls under the jurisdiction of the International Boundary and 
Water Commission, which was created by the U.S. and Mexico in 1889 and is charged with overseeing 
agreements and settling disputes.  

Alfredo De la Cerda has worked for the Mexican branch of the IBWC for more than two decades and 
heads its sanitation department. During a visit to the border fence, De la Cerda stood above the mouth of a 
concrete tunnel where the river emerges in a frothy pool.  

“I remember coming here when I was a boy and saying, ‘Let’s go to the ravine.’ It was no-man’s-land,” 
De la Cerda said. “You’d find trash and you’d find cars and furniture. That was in the early '80s. Since 
then, there’s been great improvement.” 

“When I was a boy and I came, I saw water that was totally black. Today, it’s a different color, green, 
which shows biological activity,” De la Cerda said. “I think between the '80s and the present, there has 
been great improvement.” 

Still, he acknowledged work remains to be done.  

“Any water that’s polluted with wastewater can definitely be a major health risk,” De la Cerda said, “but 
we’re continually working on solving all of those deficiencies.” 

Yet, the river remains so polluted that when California water regulators visit to take samples, they slip on 
white protective suits, latex gloves and plastic face shields to avoid splashing any water on themselves. 
They step onto a narrow footbridge and use a pole to lower bottles into the water to take samples. 

Officials at the state Water Quality Control Board credit Mexican authorities with achieving 
improvements in water quality during the past decade. They say they now have a good working 
relationship with their Mexican counterparts and regularly hold meetings where they share ideas about 
cleaning up the river.  

But California officials say they are also concerned that Mexico’s prior commitments haven’t been 
enforced and that the spate of sewage spills points to a deteriorating situation. 

“It’s one of the most impaired surface waters in the state,” Angel said. “If you look at the overall water 
quality, it’s unacceptable. It doesn’t meet our water-quality standards, period. That should be good 
enough for action.” 

California officials have been alerting the federal government and calling for help for the past several 
years. By 2014, Angel said, state water officials viewed Mexicali’s deteriorating sewer infrastructure as 
an emergency.  

“Now, it has become more of a crisis that needs immediate attention,” Angel said. At the same time, both 
Mexico and the U.S. government have been putting less funding toward sewer projects on the border.  

Records released by the North American Development Bank show that EPA funding for construction of 
water and wastewater projects on both sides of the border — through the Border Environment 



Infrastructure Fund — has dropped from an average of $58 million annually during the program’s first 
decade, from 1997 through 2006, to an average of $11 million a year from 2007 through 2016. 

Last year, the EPA’s contributions totaled $8.8 million, and this year the funding decreased to $6.1 
million. The downward trend looks likely to continue as President Donald Trump and congressional 
Republicans focus on downsizing spending on environmental programs. 

The decrease in funding has meant needed sewer projects along the border have gone unfunded. Millions 
of gallons of sewage have continued to spill into the Pacific Ocean from the Tijuana River, fouling the 
beaches around San Diego. In Arizona, communities along the border have also been plagued by spills of 
raw sewage due to inadequate infrastructure in Mexico that hasn’t kept up with growth. Following a spill 
in September in Naco, Arizona, local officials declared a state of emergency. As a precautionary measure, 
they offered residents hepatitis and tetanus shots during vaccination sessions at a fire station and a school. 

A river full of spilled sewage 

Raw sewage frequently spills into the New River, and the number of spills is on the rise in recent years. 
This chart shows the number of spills and approximate amounts, in millions of gallons. 

 
SOURCE Data provided by the International Boundary and Water Commission in response to a Freedom 
of Information Act request. 
Ian James, Pamela Ren Larson, Veronica Bravo/USA TODAY Network 

After the spate of sewage spills into the New River, Regional Water Board Chair Nancy Wright sent a 
letter in February 2017 to EPA officials asking for a meeting. She referred to the costly upgrades and 
equipment that Mexicali’s sewer system needs, and said the spills “pose a serious threat to public health 
to anyone that potentially comes in contact with the New River.” 

Wright said she hoped to talk about how to address the problems “with a greater sense of urgency at all 
levels of government.”  

She traveled to San Francisco for a meeting with EPA officials, and the agency later authorized spending 
$331,000 to pay for pumps and other equipment to prevent sewage spills.  

As for the much bigger sewer overhaul that Mexicali needs, it’s not clear where the money might be 
found to pay for it.  

One of the findings of the EPA-funded report on Mexicali’s sewage problems is that rates remain too low 
to cover the costs of properly operating and maintaining the city’s infrastructure. Michael Montgomery, 
assistant director of the EPA’s regional water division, said this means, “sadly, that we’re in a bit of a 
losing game.” 

For some people in Calexico who have been waiting for fixes, the lack of progress toward a cleanup is 
maddening. California lawmakers have also voiced frustration at meetings during the past year, echoing 
many of the same complaints that water regulators have been raising for years. 

“I’ve been working at this for a long time, and over the years I’ve been very disappointed with the 
IBWC,” said Sen. Ben Hueso, D-San Diego. “That agency is completely broken at trying to address these 
issues.” 

https://www.azcentral.com/story/news/politics/border-issues/2018/09/12/sewage-spill-near-border-towns-naco-highlights-infrastructure-woes/1263283002/
https://www.azcentral.com/story/news/politics/border-issues/2018/09/12/sewage-spill-near-border-towns-naco-highlights-infrastructure-woes/1263283002/
https://www.documentcloud.org/documents/4343964-New-River-California-Regional-Water-Quality.html
https://www.documentcloud.org/documents/4343964-New-River-California-Regional-Water-Quality.html


Assembly member Eduardo Garcia, D-Coachella, said he’s frustrated by the lack of attention to the “core 
of the problem” in Mexico, and that more funding and cross-border cooperation will be key.   

Angel said a vast amount of sewer infrastructure needs to be refurbished, expanded or rebuilt.  

“It’s an $80 million problem,” Angel said. “We underestimated the cost of the problem that now we’re 
facing.”  

Complicating matters, Mexicali now competes with other border cities for a smaller pot of funds.  

“So, we’re in for quite a bumpy ride as the sewage infrastructure gets more dilapidated,” Angel said.  

Angel spent more than 21 years working on the New River, and he said he finds it sad that fixes have 
taken so long. 

Lasting solutions, he said, will require cross-border cooperation, help from the U.S. government, and, 
above all, more funding. 

SOLUTIONS: 10 ideas for solving the pollution problems on the border 

“If that threat is not addressed with a sense of urgency by our federal government, things are just going to 
get worse, and we stand to lose the hard-fought water-quality gains,” Angel said. “If we don’t assist and 
continue to cooperate with Mexico to address that problem, the New River water quality is going to go 
back to the 1990s.”  

State officials sound much more optimistic about fixes on the north side of the border, and their upbeat 
outlook is echoed by officials at Calexico City Hall.  

Back in 2009, then-Gov. Arnold Schwarzenegger signed a bill that launched the New River Improvement 
Project and called for improving water quality, protecting human health and developing a river “parkway” 
in Calexico.  

Those plans have been stalled for years, and now state officials are finally moving ahead using $1.4 
million that was approved in 2016.  

The project has been scaled back dramatically, though, since a first iteration was released in 2011. That 
initial proposal — which was prepared by a team of government officials, university professors and 
community leaders — suggested treating the entire river at the border by building a disinfection facility, 
along with a pump station and pipes, aeration devices to improve water quality, and screens to keep out 
trash. 

The construction cost was estimated at $184 million, which turned out to be much more than proponents 
thought they could secure. Instead, state officials settled on a trimmed-down version of the project that’s 
estimated to cost $22 million to $24 million.  

They have eliminated the disinfection plant and instead plan to encase the river in an underground pipe 
and reroute it away from the Calexico neighborhood. The pipe would start near the border and run more 
than a mile downstream, beyond the homes, where the river would emerge again.  

https://www.desertsun.com/poisoned-cities/dumping-ground/solutions/


Officials plan to build a “pump-back” system that would send treated effluent from Calexico’s wastewater 
plant into a new river channel, creating a relatively clean water feature that would run alongside a park 
with a trail for walking and bicycling. 

The city has about $2 million set aside to begin building the “parkway” as the river is encased in the pipe. 
Calexico also has a new assistant city manager, Miguel Figueroa, who previously spent seven years 
campaigning to focus attention on the issue as executive director of the Calexico New River Committee. 

He said he’s optimistic about the project.  

“Now more than ever, we have things that are moving,” Figueroa said. “Finally, all the work was 
worthwhile.” 

Both city and state officials say they hope to start construction soon.  

Still, much of the funding for the state’s New River plan has yet to be approved. And another state plan to 
build ponds and wetlands on thousands of acres of dry lake bed around the Salton Sea has fallen behind 
schedule. 

Officials have $10 million available so far for the New River project from the bond measure that 
California voters passed in June. Voters in November rejected another bond initiative, Proposition 3, 
which would have freed up another $10 million for the New River.  

The funding shortfall isn’t the only reason why California officials decided not to build a plant to treat the 
entire river. In a memo, Angel wrote that doing away with the disinfection plant made sense because the 
river’s flow may dwindle by up to half in the next 10 to 15 years — and “to near zero in the long-term, as 
Mexico retains and treats more of the wastewater.” 

The New River has already been shrinking for years. The flow decreased in the early 2000s when some 
wastewater began to be used for cooling two power plants, and again in 2007, when a large share of the 
city’s sewage started flowing to the new treatment plant south of the city. 

If the New River Improvement Project doesn’t start to move along more quickly, the river could run dry 
and leave its toxic legacy blowing in the wind. 

Reporter Pamela Ren Larson contributed to this article. 

Help us investigate: Do you have a tip to share about pollution along the U.S.-Mexico border? Contact 
reporter Ian James at ian.james@desertsun.com, 602-444-8246 or on Twitter at @ByIanJames. 
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Formation of California’s Salton Sea in 1905–07 
was not “accidental”

Jenny E. Ross
Stout Research Center, Colorado Desert District, California State Parks, Borrego Springs, CA 92004; jenny@jennyross.com 

Introduction—the creation flood
For over 100 years it has been widely accepted that 
the Salton Sea, California’s largest lake, was created 
accidentally in 1905–07 within an otherwise 
desiccated desert basin (e.g., Nijhuis, 2000; 
Barringer, 2014) as the result of engineering 
negligence by the California Development 
Company (CDC) as it struggled to keep 
irrigation water flowing from the lower 
Colorado River into the fledgling agricultural 
community of the Imperial Valley within the 
Salton Basin (Figure 1). The first diversion 
point for moving Colorado River water into 
the Imperial Valley (“Heading No. 1” on 
Figure 2) was constructed beginning in 1900 
about 500 m north of the US–Mexico border. 
The opening from the lower Colorado River 
into the company’s diversion canal was cut 
out of the river’s natural western levee at an 
oblique angle, and flow into the main course 
of the canal was controlled by a wooden 
headgate placed a few hundred feet from the 
river bank down the canal (Grunsky, 1907). 
Below the headgate the canal connected to 
one of the Colorado River’s natural delta 
distributary channels, the Alamo River, which 
was then dry. Diversion of water began in 
June 1901, and soon the river’s heavy load of 
silt began to repeatedly obstruct the headgate 
and canal. As a consequence, water shortages 
in the Imperial Valley agricultural area began 
occurring in 1902 and continued through 
1903 and into 1904, putting tremendous 
pressure on the CDC to fix the problems. 

Eventually, in the fall of 1904, the company resorted to 
making two unprotected cuts into the river’s natural levee 
farther south in an attempt to achieve reliable diversion 
of river water into the canal and onward into the Imperial 

abstract—It is widely thought that the Salton Sea was created accidentally in 1905–07 because of 
engineering negligence in the diversion of Colorado River water for agricultural use in California’s 
Imperial Valley. This is a misconception. Scientific data and historical records establish that 
formation of the Salton Sea was not accidental. The lake formed during 1905–07 in the same manner 
that numerous other large Salton Basin lakes did for at least tens of thousands of years from the 
Late Pleistocene through the late 19th century: as a result of the lower Colorado River’s natural 
hydrodynamic regime, floodplain morphodynamics, and established avulsion style in combination 
with changes in streamflow attributable to regional hydroclimate. A large body of scientific and 
historical evidence indicates the 1905–07 Colorado River flooding into the Salton Basin and the 
creation of a large lake there would have occurred regardless of man-made modifications to the river’s 
natural levee and distributary channels. In fact, the flooding would likely have been even worse in the 
absence of human intervention.

Figure 1. Overview map. (1) Colorado River; (2) Gila River; (3) Yuma, AZ; (4) 
approximate path of the modern, controlled Colorado River’s channel through 
the lower delta (where the channel is mostly dry today); (5) lower delta region 
below the crest; (6) Imperial Valley in the Salton Basin; (7) Salton Sea.
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Valley via the Alamo River (Grunsky, 1907; Cory, 1915; 
Kennan, 1917; Brown, 1923).

The first additional cut, known as the Upper Mexican 
Heading, was made just below the US–Mexico border. 
It quickly showed a pronounced tendency to silt up. The 
CDC eventually decided to close the first cut and try 
again slightly farther south. The second cut, known as the 
Lower Mexican Heading, was made about 4 miles (~6.4 
km) below the international border. It was a simple cut 
with a dredger, made about 40 to 50 feet (~12-15 m) wide 
and 6 to 8 feet (~2-2.5 m) deep. It was connected to the 
CDC canal, which in turn connected to the Alamo River 
channel. There was no headgate. Through this cut there 
was sufficient fall from the river to the canal for the water 
to achieve scouring velocity, so silt did not accumulate. 
Instead, natural erosion of the unprotected cut began 
immediately. In the CDC’s haste to reinitiate the flow 
of irrigation water into the valley, the company failed 
to add a control structure at the new diversion point, 
although they intended to do so eventually. The company’s 

engineers perceived no urgency in 
adding that structure because the 
primary problem they had experienced 
up until that time was too little flow 
from the river into the valley rather 
than too much (Grunsky, 1907; Cory, 
1915; Kennan, 1917; Brown, 1923).

Unanticipated high streamflow 
on the lower Colorado River arrived 
in early 1905, and floodwaters soon 
rapidly eroded the unreinforced cut and 
rushed through it. The river’s high flows 
avulsed across the delta and streamed 
north primarily through the Alamo 
River channel and another previously 
dry but well-established natural 
distributary channel of the Colorado, 
the New River, that headed into the 
Salton Basin. Continuing to widen 
the breach in the Colorado River’s 
natural levee and erode and overtop 
the river’s distributary channels, the 
floodwaters coursed across the delta in 
sheetflow, rampaged through recently-
developed farm fields in the Imperial 
Valley, poured into the central Salton 
Basin, flooded the Southern Pacific 
Company’s railroad tracks, and began 
creating an enormous lake dubbed 
the “Salton Sea.” The CDC, Southern 
Pacific, and hundreds of workers made 
many desperate attempts to block 
the breach in the river’s levee. Each 
time the efforts ultimately failed as 
numerous large floods raced down 
the lower Colorado River below Yuma 
during 1905. By August 1905, the 
entire flow of the Colorado River was 

rushing through the breach, into the river’s distributary 
channels, across the Imperial Valley, and into the growing 
Salton Sea. Extremely high streamflow continued on the 
lower Colorado River in 1906 and washed away every 
structure the CDC attempted to use to block the breach. 
In November 1906, the river finally appeared to be 
thwarted and human control achieved. But on December 
5, 1906 another huge flood roared down the Colorado 
past Yuma. New breaks occurred in the repaired levee, 
and soon the river was once again flowing uncontrollably 
through the Imperial Valley and onward into the central 
Salton Basin. After many additional efforts, in January 
1907 the Southern Pacific Company was finally able to 
block the floodwaters and turn the river toward the Gulf 
of California by using millions of tons of quarried rock 
dumped into the breach (Grunsky, 1907; Cory, 1915; 
Kennan, 1917; Brown, 1923).

The story of the epic two-year battle to stanch the 
raging flow of the wild Colorado River and redirect the 

Figure 2. Sketch map of the lower Colorado River below Yuma, and the California 
Development Company’s diversion headings below Pilot Knob. (Modified from 
Grunsky (1907), Fig. 2., to specify the location of Yuma and designate the Alamo 
River channel.)
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river toward the Gulf of California is a well-known tale 
of man against nature described fully in many historical 
accounts (e.g., Cory, 1915). The saga of this “Creation 
Flood” that formed the Salton Sea, crippled the nascent 
Imperial Valley, and led ultimately to the damming 
and complete control of the Colorado River for human 
purposes (e.g., LaRue 1916, 1925) is engaging and highly 
memorable. At the time the events unfolded, they “were 
so spectacular as to result in world-wide notoriety.” (Cory, 
1915.) For the pioneers of the region who toiled to create 
what they hoped would be an agricultural Eden in the 
desert, as well as for others who followed in developing 
the Imperial Valley into an extraordinarily productive 
agricultural region, the story served as an inspirational 
saga demonstrating the power of persistence and human 
ingenuity to succeed despite seemingly insurmountable 
odds. The tale vividly demonstrated the capacity of 
mankind to triumph over and control wild nature (e.g., 
Larkin, 1907; Howe & Hall, 1910; Farr, 1918; Sperry, 1975). 
But the memorable story and its appealing allegorical 
aspects led to the widespread adoption of a fundamental 
misconception that has colored opinions of the Salton Sea 
ever since: namely, the misimpression that the 1905–07 
flooding into the Salton Basin would not have occurred, 
and the Salton Sea would not have been created, were it 
not for the infamous series of incautious decisions made 
by the California Development Company. The Creation 
Flood story has resulted in the ingrained but mistaken 
view that the Salton Sea is accidental and unnatural, a 
man-made lake in a parched desert where such an expanse 
of water should not be.

But historical records and scientific data of various 
types indicate that formation of the Salton Sea in 1905–07 
was not an accident, and engineering negligence was 
not the cause. The lake formed in the same manner that 
lakes had been forming in the Salton Basin, sustained 
by Colorado River water, for at least tens of thousands 
of years from the Late Pleistocene through the late 19th 
century: as a result of the Colorado River’s natural 
hydrodynamic regime, floodplain morphodynamics, and 
established avulsion style in combination with changes 
in streamflow attributable to regional hydroclimate. A 
large body of scientific and historical evidence indicates 
the 1905–07 Colorado River flooding into the Salton 
Basin and the creation of a large lake there would have 
occurred regardless of man-made modifications to the 
river’s natural levee and distributary channels. In fact, the 
flooding would likely have been even worse in the absence 
of human intervention.

Geologic and geographic context
The Colorado River arrived at the proto-Gulf of California 
approximately 4.8 Ma (Crow et al., 2019; Dorsey, 2012), 
and began building a vast delta at the boundary of the 
Pacific and North American tectonic plates. The Salton 
Trough, the northwest landward extension of the Gulf 
of California Shear Zone, was originally part of the 

proto-Gulf and began accumulating Colorado River 
sediments during the early Pliocene (Dibblee, 1954; 
Muffler and Doe, 1968; Winker and Kidwell, 1996). The 
northern Salton Trough likely became cut off from marine 
waters of the Gulf by latest Pliocene time, as the result of 
aggradation of delta sediments and net plate movement to 
the northwest along the San Andreas fault (Winker and 
Kidwell, 1986; Winker, 1987; Winker and Kidwell, 1996; 
Dorsey, et al., 2011); but marine incursions northward 
may have occurred during periods of very elevated sea 
level (Ross et al., 2020, this volume). The Salton Basin is a 
below-sea-level, fault-bounded rift valley lying within the 
northern Salton Trough north of the U.S.-Mexico border 
and straddling the plate boundary (Figure 1). The lowest 
elevation in the central Salton Basin was determined by 
the Southern Pacific Company in 1891 to be 280.2 feet 
(85.4 m) below sea level (McGlashan and Dean, 1913); in 
1903 it was found to be -286 feet (-87 m) (MacDougal, 
1907); and in 1907 it was measured at -278 feet (-84.7 m) 
(Grunsky, 1907).

The Salton Basin was part of the Colorado River’s 
delta and shifting floodplain, and received part or all of 
the river’s flow at various times as a result of avulsion 
and channel switching that delivered water to the north. 
Affected by tectonic, sedimentary, hydrologic, and 
climatic factors, the Colorado River adjusted its flow 
sometimes into the Salton Basin, sometimes into the Gulf, 
and sometimes to both regions (Cecil-Stephens, 1891; 
Blake, 1914; MacDougal, 1915; Brown, 1923; Kniffen, 
1932). When the Colorado River flowed into the Salton 
Basin, large lakes were often created and sometimes 
sustained for long periods (Blake 1854, 1858; LeConte 
1855; Sykes 1914, 1937; Kniffen, 1932; Li et al., 2008a,b; 
Rockwell et al., 2018). Thick lacustrine and fluvial-deltaic 
sedimentary deposits with a Colorado River provenance 
that accumulated in the Salton Basin from the Pleistocene 
through the Holocene have a total thickness of several 
thousand meters and include the Borrego Formation 
(Tarbet, 1951), the Brawley Formation (Dibblee, 1954), and 
the Lake Cahuilla beds (Blake, 1907).

Throughout the Late Pleistocene and Holocene, the 
path of the lower Colorado River through its floodplain 
and delta was extremely variable. Until the river was 
dammed and controlled in the mid-20th century, the 
entire delta region was a maze of constantly shifting 
distributary channels transporting heavily silt-laden 
water. According to Ives (1861):

“The channel is circuitous . . . Slues branch in 
every direction . . .The water is perfectly fresh, of 
a dark red color, and opaque from the quantity 
of mud held in suspension. The shifting of 
the channel, the banks, the islands, the bars 
is so continual and so rapid that a detailed 
description, derived from the experiences of one 
trip, would be found incorrect, not only during 
the subsequent year, but perhaps in the course of 
a week, or even a day. . .”
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The Salton Basin is topographically separated from 
the Gulf of California by a region of aggraded deltaic 
sediments where today the city of Mexicali, Mexico and 
the Mexicali Valley agricultural area are located (Brown, 
1923). The highest elevation portion of that region, the 
crest of the Colorado River delta, is a broad linear zone 
beginning east of the Sierra de Los Cucapah and Cerro 
Prieto at Volcano Lake, and trending northeast across the 
delta toward the mainstem of the Colorado River (Kniffen, 
1932; Muffler and Doe, 1968). There is a pronounced 
asymmetry in the slopes directing drainage in opposite 
directions on either side of the delta crest—toward the 
Gulf of California in the south and toward the Salton 
Basin in the north (Grunsky, 
1907; Brown, 1923; Kniffen, 
1932). Kniffen (1932) explained, 
“South of the crest the slope is 
quite uniform to the gulf, with a 
gradient of less than two feet to 
the mile. North of the crest the 
slope to the Salton Sea is much 
greater.” At its east end, the 
delta crest meets the course of 
the Colorado River’s mainstem 
where, prior to damming and 
course modification, the river 
turned sharply south-southwest 
near Pilot Knob after flowing 
due west from its junction 
with the Gila River (Emory, 
1848; Kniffen, 1932; Muffler 
and Doe, 1968). The low point 
of the delta crest in the west, 
where it reaches Volcano Lake, 
was approximately 13 m when 
measured in the mid-twentieth 
century, but is now lower 
as the result of tectonic and 
anthropogenic subsidence 
(Arnal, 1961; Sarychikhina et 
al., 2011).

The Imperial Valley 
agricultural region is located 
within the Salton Basin and 
extends north from the US–
Mexico border to the southern 
and southeastern shores of 
the Salton Sea. The current 
elevation of the Imperial 
Valley along its southern 
border with Mexico ranges 
from approximately sea level 
in the west to approximately 
13 m above sea level in the 
east, excluding the area farther 
east covered by the Algodones 
Dunes. The Salton Sea, which 

is currently receding from water-deprivation, is located 
in the central Salton Basin and presently has a surface 
elevation of approximately 72.4 m below sea level (USGS, 
2020). The lake has been sustained primarily by irrigation 
drainwater from the Imperial Valley since the Colorado 
River was dammed and controlled in the mid-twentieth 
century and prevented from flowing into the Salton Basin.

Delta distributaries and floodplain 
morphodynamics
Just as it had for millions of years, in the 19th and early 
20th centuries the lower Colorado River flowed at will 
through an extensive and complex network of distributary 

Figure 3. Sketch map of the Colorado River delta and Salton Basin showing distributary 
channels. (Modified from Fig. 1 in MacDougal (1907), drawn by Godfrey Sykes, to clarify the 
label for Pilot Knob.)
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channels, sloughs, and lagoons in a delta and floodplain 
covering thousands of square kilometers, including the 
Salton Basin. Sykes (1937) estimated that the areal extent 
of the Colorado River delta was approximately 8600 km2 
in the early 20th century. The dynamic and capricious 
course of the river in its lower reaches was described by 
C.K. Clark in 1913: “The lower Colorado has no fixed 
channel, because of the character of the soil, which is a 
deposit of silt, easily eroded. The current swings back 
and forth, cutting the banks and changing the meander 
line….” (Cory, 1913).

The Alamo River and the New River are Holocene delta 
distributary channels of the Colorado River that were 
established sometime prior to the mid-1800s (Emory, 
1848; LeConte, 1855; Blake 1854, 1858). They conveyed 
flow from the Colorado River into the Salton Basin 
during high-water periods (LeConte, 1855; Blake 1854, 
1858; Kniffen, 1932) until damming and control of the 
Colorado River in the mid-20th century. Descriptions of 
the configurations of those streams during the 19th and 
early 20th centuries make clear their ongoing relationship 
with the mainstem of the lower Colorado River and with 
other delta distributary channels (Figure 3). The Alamo 
River branched off of the Colorado’s western levee near 
where the mainstem turned sharply south-southwest 
after flowing “perfectly straight” west for approximately 
3–4 miles (~4.8–6.4 km) from its junction with the Gila 
River (Emory, 1848). During periods of high water, the 
Alamo flowed southwest from the Colorado and then 
meandered west and north as it followed the topographic 
contours in the area north of the delta crest (Emory, 1848; 
Sykes, 1914). When filled, the Alamo flowed through a 
series of sloughs and lagoons in the northern delta region 
which sustained the wells of the Alamo Mocho Station, 
well-known to travelers through the desert (Grunsky, 
1907; Jonas, 2009); then it curved northward and flowed 
into the Salton Basin if it contained sufficient streamflow 
(Grunsky, 1907; Sykes, 1914). The Rio Paradones, another 
delta distributary channel of the Colorado River, branched 
off the west levee of the mainstem south of the Alamo 
River. The beginning of the Rio Paradones bifurcation 
channel was situated at a place where the south-southwest 
flowing mainstem turned briefly toward the east before 
flowing generally south (Grunsky, 1907). The Paradones 
flowed west-southwest atop the delta crest and ended at 
the low point where Volcano Lake was perched adjacent 
to the beginning of the New River (Grunsky, 1907; Sykes, 
1914; Jonas, 2009). During high-water periods, the New 
River collected Colorado River floodwater that was 
delivered to it via the Paradones and Volcano Lake. In 
addition, it received overbank discharge from the Alamo 
River, and also accumulated water from sheetflow across 
other portions of the delta (Grunsky, 1907). The New 
River flowed north from the delta crest and delivered its 
water into the Salton Basin (LeConte 1855; Sykes, 1914; 
Kniffen 1932). In 1848, U.S. Army Lieutenant Colonel 
W. H. Emory described additional arroyos north of the 

Alamo heading west and then north from the bend of the 
Colorado River where the mainstem turned sharply to the 
south-southwest after flowing due west from its junction 
with the Gila River (Emory, 1848).

Another distributary channel on the south slope of the 
delta crest, the Rio Hardy, flowed south from the divide at 
Volcano Lake and ended at the Gulf of California (Hardy 
1829; Howe and Hall, 1910; Blake, 1914). During periods 
of normal flow, Volcano Lake emptied preferentially 
into the Rio Hardy, but during high flows its waters were 
distributed both into the Rio Hardy and the New River 
(MacDougal, 1915; Cory, 1915). When the Rio Hardy 
overflowed during high-water periods, sheetflow spread 
west through a gap below the Sierra de Los Cucapah 
and Sierra El Mayor to fill the shallow below-sea-level 
basin lying between those mountains and the Peninsular 
Ranges. The lake formed there, known as Laguna Salada 
or Laguna Maquata, sometimes achieved a maximum size 
of approximately 40 miles (~64 km) long by 20 miles (~32 
km) wide, depending on available streamflow (Cory, 1915; 
MacDougal, 1915; Kniffen, 1932).  

It was observed by Grunsky (1907) that the fall of 
the lower Colorado River’s mainstem course southward 
to the Gulf of California along the east side of the delta 
region was significantly less than the fall of other courses 
through distributary channels that led into the Salton 
Basin:

“The Colorado River flows southerly in a 
direction in which the general fall of the ground 
surface is only about 1.5 ft. per mile, which the 
river in its meanderings cuts down to an effective 
fall of about 1 ft. per mile. Toward Volcano Lake, 
southwest from the river, the general surface 
gradient is 2 ft. or more per mile; and westward, 
in the direction paralleling Alamo River, it is 
nearly 3 ft. per mile to a point near Calexico [at 
the southern edge of the Imperial Valley]. Thence 
northward into Salton Basin, on lines of greatest 
slope, the country falls away at the rate of from 4 
to 5 ft. per mile.”

In the 19th century it was recognized that flow through 
the Colorado River’s distributary channels would 
bring water into the Salton Basin whenever high-water 
conditions existed in the mainstem (Blake 1854, 1858; 
LeConte, 1855; Cecil-Stephens, 1891; Grunsky, 1907; 
LaRue, 1916; Brown, 1923). LaRue (1916) noted that the 
geomorphology of the delta region was a crucial factor in 
this process: “As the slope of the delta is greatest toward 
the north and west, the river during flood periods is 
continually seeking a new channel to Salton Sea.” It was 
observed that “overflows” of the river into the Salton Basin 
would occur at two times of year: in the spring and early 
summer, as a result of snowmelt in the headwaters of the 
Colorado River and its tributaries, and in the winter as 
a result of storms that brought heavy precipitation and 
caused flash flooding in the lower Colorado River basin, 
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particularly along the Gila River and its tributaries (Cecil-
Stephens, 1891; Brown, 1923). During high-water periods 
the lower Colorado would overflow its banks at many 
points, particularly below Yuma beginning where the river 
curved abruptly toward the south-southwest after flowing 
due west. A relatively low natural levee on the west side of 
the curve below Pilot Knob was especially vulnerable to 
over-topping (Emory, 1848; LaRue, 1916). When the river’s 
streamflow was high and overflows were of particularly 
significant volume, which happened numerous times 
during the 19th century as described below, large lakes 
were created in the Salton Basin via overflow and avulsion 
which shunted the mainstem’s water into the Alamo and 
New Rivers (MacDougal, 1915; Brown, 1923; Kniffen 
1932). In 1891, referring to the gage on the lower Colorado 
River at Yuma, Cecil-Stephens (1891) noted, “Hitherto, 
New River has always flowed when the Colorado marked 
19 feet at Yuma.” It was only during periods of drought 
that distributary channels did not bring Colorado River 
water into the Salton Basin (LeConte, 1855; Blake 1858; 
Cecil-Stephens, 1891). Even then, there was a residual 
vegetated salt marsh in the central basin stretching as 
much as 25 miles (~40 km) long and 5 miles (~8 km) wide 
holding Colorado River water that had become saline 
from evaporation (Farr, 1918).

As is true of all rivers, and particularly those that 
carry large loads of sediment and form fan deltas, the 
opening, shifting, blocking, and reopening of the lower 
Colorado River’s distributary channels was affected by 
varying streamflow and fluctuating quantities of sediment 
the river carried, deposited, and eroded (Andrews, 
1991). A characteristic of dryland rivers generally and 
the pre-dam Colorado River specifically is the transport 
of very large quantities of sediment, both as suspended 
load and as bedload (Andrews, 1991; Tooth, 2000).  
Kniffen (1932) noted, “As a carrier of silt the Colorado 
is probably without a peer among the greater streams 
of the world.” He explained that in 1904, during a dry 
year preceding the 1905–07 flood, a researcher from 
“the Arizona Experiment Station made a careful study 
of the river silt. He found that an acre-foot of Colorado 
River water contained on an average 9.62 tons of silt, 
and that for the year the river’s burden amounted to over 
120,000,000 tons—this for a year when the total discharge 
was considerably under normal. The average annual load 
passing Yuma is probably around 160,000,000 tons, which 
translated into terms of volume of dry soil would be 
approximately 80,000 acre-feet.”

During the portions of the 19th century for which 
historical records exist, the lake-creating floods from the 
Colorado River into the Salton Basin were all self-limiting 
due to silt deposition when streamflow slowed (LaRue, 
1916). Extensive sedimentation occurring in the river’s 
distributary channels as floodwaters slackened eventually 
caused cessation of flow northward into the Salton Basin 
(LaRue, 1916; Brown, 1923). During periods of drought 
and chronically slack flow on the lower Colorado River, 

openings from the mainstem to distributary channels 
became blocked by deposition of silt, and the courses of 
distributaries became clogged with sediments and blown 
sand, and were sometimes overgrown with vegetation 
(LaRue, 1916; Schyler, 1907). In addition, at those times 
the sedimentation in the mainstem raised the streambed 
considerably in relation to the river’s floodplain below 
Yuma. Then, if flash flooding occurred, the elevated 
streambed of the mainstem could not hold the flow 
(Schyler, 1907; LaRue, 1916). The river would rapidly 
overtop its natural levees along the western edge below 
Yuma. When such flooding ensued, sediment dams in 
clogged distributary channels would quickly erode—
especially if drought had riddled them with mud cracks 
through which floodwaters could penetrate—and avulsion 
and bifurcation of the mainstem flow would occur 
(MacDougal, 1915; LaRue 1916). When streamflow slowed 
following a period of high water, and sedimentation 
once again blocked distributaries where they branched 
off the mainstem, the closures left zones of weakness in 
the Colorado’s natural levees at the former bifurcation 
points, which encouraged reopening of the distributary 
channels in the same spots during the next period of 
high water (LaRue 1916; Andrews, 1991). The portion of 
the lower Colorado River’s mainstem from the curve at 
Pilot Knob to the Rio Paradones below the US–Mexico 
border was known to be a stretch particularly vulnerable 
to avulsion and bifurcation (Grunsky, 1907; Schyler, 1907; 
MacDougal, 1915; LaRue, 1916; Brown 1923). These early 
reports of the lower Colorado River’s behavior are entirely 
consistent with the modern understanding of floodplain 
morphodynamics and processes initiating avulsion and 
bifurcation (Slingerland and Smith, 1998; Kleinhans et al., 
2012; Hajek and Edmunds, 2014; Dean et al., 2016).

Pleistocene-to-Holocene Salton Basin lakes
Scientific data and historical records establish that many 
large lakes occurred in the Salton Basin from the Late 
Pleistocene through the Holocene, sustained by Colorado 
River water. The most generally well-known among 
them is Lake Cahuilla, an enormous Late Pleistocene-
to-Holocene lake with a highstand overflow path south 
across the delta crest that filled the Salton Basin to an 
elevation of approximately 13 m above sea level beginning 
at least 20.5 kya and continuing intermittently through 
the 18th century (Blake 1854, 1858, 1907; Brown, 1923; Li et 
al., 2008a,b; Rockwell et al., 2018). At various times Lake 
Cahuilla was closed, through-flowing, or overflowing, 
depending on climate conditions and the amount of 
Colorado River streamflow available (Li et al., 2008a,b). 
At its southern end the giant lake was supported by the 
elevated zone trending northeast across the delta. When 
the lake’s level reached about 13 m above sea level it 
overflowed at the lowest point of that delta crest, sending a 
stream to the Gulf of California.

Lake Cahuilla was first described by geologist William 
Phipps Blake in the mid-19th century, following his 
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participation in the initial survey of the West for possible 
railroad routes during which he visited the Salton Basin 
in 1853 (Blake 1854, 1858). He noticed thick layers of 
calcium carbonate encrusting the east face of the Santa 
Rosa Mountains and terminating in a line at a consistent 
elevation on the mountainside, and he realized that this 
tufa deposit had been formed by an immense lake. He 
later decided that ‘Lake Cahuilla’ was an appropriate 
name for the body of water (Blake 1907), to honor one of 
the Native American tribes that lived along its shores and 
exploited its rich natural resources for thousands of years. 
Blake was also the first scientist to note that the elevation 
of the Salton Basin extended far below sea level (Blake 
1854, 1858). Research conducted a century later concluded 
there is evidence at various locations in the Salton Trough 
indicating that even larger lakes, including at least one 
that reached an elevation of about 46 m above sea level, 
existed during the late Pleistocene prior to Lake Cahuilla 
(Thomas, 1963).

Focused scientific studies of the timing of Lake 
Cahuilla were first conducted in 
the late 1970s and early 1980s 
(Wilke 1978; Waters 1983). That 
research concluded there were at 
least six lengthy episodes during 
the past 2000 years when the 
13-m lake existed, and its last 
occurrence was either in the 15th 
(Wilke, 1978) or 16th (Waters, 
1983) century. More recent 
studies (Li et al., 2008a,b) based 
on stable isotope analysis and 
serial radiocarbon dating of Lake 
Cahuilla’s thick tufa deposits, 
determined that the giant lake 
began depositing tufa on the east 
face of the Santa Rosa Mountains 
about 20.5 kya, and there was no 
hiatus in that deposition through 
at least 1300 years BP. Li et al. 
(2008a,b) determined that the 
lake was sustained primarily by 
flow from the Colorado River, 
and was either a full closed lake 
or was overflowing at its delta sill 
intermittently or continuously as 
the result of the Colorado River’s 
high streamflow during periods of 
very wet regional hydroclimate. 
An additional study by Rockwell 
et al. (2018) used radiocarbon 
dating, historical records, and 
modeling of lake filling and 
evaporation rates to place the 
timing of the penultimate 
occurrence of Lake Cahuilla 
during approximately the first 

half of the 17th century and the final incarnation of the 
13-m lake during approximately the mid-18th century.

Tree-ring based reconstructions of Colorado River 
streamflow indicate that the last two incarnations of Lake 
Cahuilla as identified by Rockwell et al. (2018) correspond 
with periods when extremely wet hydroclimate existed 
in all or a portion of the Colorado River basin—in the 
upper basin as reflected in reconstructed streamflow for 
the river at Lees Ferry (Figure 4a; Woodhouse et al., 2006; 
Meko et al., 2007), and/or in the lower basin as reflected in 
reconstructed streamflow for tributaries of the Gila River 
(Figure 4b; Meko et al., 2008). It’s important to note that 
these tree-ring based data may understate very high flow 
and flash-flooding (Woodhouse et al., 2006; Meko et al., 
2008). Nonetheless, the data indicate: (a) the penultimate 
occurrence of Lake Cahuilla was during a long period 
of extremely wet hydroclimate in the 17th century that 
caused exceptionally high streamflow in both the upper 
and lower Colorado River basins; and (b) Lake Cahuilla’s 
final occurrence was during a long period of very wet 

Figure 4. Tree-ring based streamflow reconstructions: (a) Reconstructed streamflow 1550-
1950 for three major upper Colorado River tributaries and for the mainstem at Lees Ferry, 
smoothed with a 50-year spline to highlight low-frequency variability (modified from 
Woodhouse et al. (2006), Fig. 9). (b) Reconstructed streamflow for the Salt + Verde + Tonto 
Rivers (tributaries of the Gila that are important sources of flow for the lower Colorado River 
below Yuma), based on a 6-year running mean for 1330-2005. Solid black line represents 
averaged flows plotted as % of normal, where normal is the median of all 6-year running 
means. Dashed aqua line is reconstructed 6-year mean for 1999-2004, to serve as a baseline 
comparison for the entire record. Gray areas define the 80% confidence interval. (Modified 
from Meko et al. (2008), Fig. 13.)
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hydroclimate in the 18th century that most affected the 
lower Colorado River basin and caused particularly high 
streamflow on the Gila River’s tributaries. Notably, the 
reconstructions also confirm the occurrence of extremely 
wet hydroclimate in the entire Colorado River basin 
during the early 20th century, as discussed below.

Additional support for the conclusions of Rockwell et 
al. (2018) regarding the timing of Lake Cahuilla’s final 
occurrence exists in the form of a large detailed map of 
North America by John Rocque, topographer to England’s 
King George III, published in 1762 (Figure 5). The map 
shows the Colorado and Gila Rivers pouring their entire 
flow into a giant lake that is separated from the northern 
Gulf of California to its south by an expanse of land. 
According to text on the map within the cartouche, the 
details shown were “taken from Actual Surveys and 
Observations Made in the Army employ’d there, From the 
year 1754, to 1761.”

Although for most of the 19th century the Salton 
Basin was only occasionally visited by people who kept 
records of what they saw, historical reports indicate that 
particularly heavy “overflows” from the Colorado River 
into the Salton Basin via the New and Alamo Rivers were 
observed to occur and form lakes in the central basin 

numerous times during the 1800s—in at least 1828, 1840, 
1849, 1852, 1859, 1862, 1867, 1884, and 1891 (Grunsky, 
1907; Cory 1913; MacDougal, 1914, 1915; Kniffen 1932). 
At other times there was flow from the Colorado River 
into the Salton Basin that filled large sloughs and lagoons 
along the distributary courses, but was insufficient to 
form a large lake in the central basin (Blake 1854, 1858; 
LeConte, 1855; Grunsky, 1907). For example, Grunsky 
(1907) explained:

“In the mesquite and arrow-weed thicket at 
the original head of the Alamo, there was an 
occasional accumulation of so much water, and 
submersion of so much land, that the locality was 
called ‘The Lagoons’ (Las Lagunas). Although 
these lagoons received water at practically every 
high-water stage of the river, they did not always 
yield enough to the Alamo River to produce 
a flow throughout the river’s entire length. In 
other words, there were many years in which 
the Alamo did not discharge any water into the 
lowest portion of the Salton Basin. The lagoons, 
in addition to feeding the Alamo, appear also to 
have been one of the sources of supply for the Rio 
Paradones.”

For a long period 
in the late 19th century 
there was at least 
some flow of Colorado 
River water into the 
Salton Basin on an 
annual basis as the 
result of a recurring 
breach in the river’s 
natural levee along the 
stretch below where 
the mainstem curved 
sharply toward the 
south-southwest near 
Pilot Knob (Brown, 
1923; Kniffen, 1932). 
Kniffen (1932) stated:
“During the 
last decades of 
the nineteenth 
century there was 
a minor break 
in the Colorado 
near Algodones, 
occurring 
annually at 
the time of the 
summer flood. 
A portion of the 
diverted water 
went down to 
the Salton Basin 

Figure 5. A General Map of North America by John Rocque, published in 1762, with superimposed 
enlargements showing (a) the Colorado and Gila Rivers emptying into a large lake that is separated from 
the northern end of the Gulf of California and appears to be Lake Cahuilla; and (b) the text in the map’s 
cartouche.



j. e. ross | formation of california’s salton sea in 1905–07 was not “accidental”

2252020 desert symposium

in the channel of the Alamo. A greater portion 
passed through the Paredones to Volcano Lake 
and was there divided, the larger part passing 
south through the Hardy, the smaller northward 
through the New.”

In 1850, Dr. J.L. LeConte and U.S. Army Major General 
S.P. Heintzelman traveled to the Salton Basin seeking 
mysterious “boiling springs” and volcanic features 
reported to be at the shore of a salt lake (LeConte 1852, 
1855). Accompanied by an Indian guide, they went to 
the southeast portion of the central Salton Basin where 
they found several “volcanic mounds” about 100–150 feet 
(~30.5–45.7 m) high that were near the shore of a large 
salt lake and “arranged in the arc of a circle.” The features 
LeConte (1855) described are the Salton Buttes, dormant 
rhyolite domes (Wright et al., 2015). When the surface 
elevation of the Salton Sea was approximately 227–231 feet 
(~69.2–70.4 m) below sea level from 2005 to 2014 before its 
more recent decline (Imperial Irrigation District, 2020), 
the southeast shore of the lake was close to the Salton 
Buttes (personal observations, 2005–2014). Thus, it is 
apparent that in 1850 there was a large lake in the Salton 
Basin that was the size of the modern Salton Sea, roughly 
48 km (30 miles) long and 24 km (15 miles) wide.

From December 1861 to January 1862 an extraordinary 
period of extremely heavy precipitation lasting for 
approximately 43 days, likely caused by a series of major 
atmospheric river events (Dettinger and Ingram, 2013), 
caused a megaflood affecting vast expanses of the western 
and southwestern U.S., including Oregon, Washington, 
California, Nevada, Idaho, Utah, Arizona, and New 
Mexico. The Colorado River delta region was completely 
inundated, the Army’s Fort Yuma at the junction of 
the Colorado and Gila Rivers was transformed into 
an island, entire settlements on the lower Gila River 
and lower Colorado River were washed away, and a 
large lake estimated to be 60 miles (96 km) long and 30 
miles (48 km) wide formed in the Salton Basin (Rigg, 
E.A., 1862; Wheeler, G.M., 1876). In the vicinity of Lees 
Ferry, Arizona, between the upper and lower Colorado 
River basins, the 1862 flood had an extraordinary peak 
discharge that was estimated to be in excess of 400,000 
cubic feet per second (second-feet) (Dickinson, 1944). 

In February 1891, the lower Colorado River “rose to 
an unusually high stage, the water at that time being 
contributed mainly by the Gila and its tributaries. It 
overtopped its banks below Yuma, and submerged large 
areas along the Alamo and New Rivers.” (Grunsky, 1907.) 
During a lengthy dry period preceding the February 1891 
flood, those distributary channels became blocked with 
sediment and thick deposits of blown sand; so in February 
1891 the floodwaters pooled rather than flowing onward 
(Grunsky, 1907; Schuyler 1907; MacDougall, 1915). 
But later when the usual spring high water caused the 
Colorado to breach its western levee in the stretch south 
of Pilot Knob below the U.S.-Mexico border, the already-
swollen distributary channels received enough additional 

flow to fully erode the blockages along their courses, and 
floodwaters poured into the Salton Basin (Schuyler 1907). 
The flooding created a large lake in the central basin that 
was estimated to cover approximately 150-160 square 
miles (~388-414 km2) (Schuyler, 1907). 

Discussion

Analysis of lower Colorado River hydrodynamics and 
floodplain morphodynamics
By latest Pleistocene time, the lower Colorado River had 
developed characteristic hydrodynamics, floodplain 
morphodynamics, and avulsion style across its delta that 
were contingent on regional hydroclimate. The unique 
topography of the region played an important role. 
The well-established patterns of the river’s fluvial-deltaic 
behavior continued through the Holocene until the river 
was dammed and controlled in the mid-twentieth century. 
There were three main patterns in the river’s behavior 
based on different hydroclimate conditions:
(a) Average hydroclimate: During periods of typical 

spring high water, and sometimes as a result of large 
winter storms briefly yielding heavy precipitation 
and flash flooding in the lower Colorado River basin, 
the river overflowed or occasionally broke through 
its levee along the stretch below its junction with the 
Gila River, avulsed moderately, and sent a portion of 
its flow toward the Salton Basin. When streamflow 
naturally decreased, channel sedimentation increased, 
distributaries became blocked, and the river’s flow was 
once again confined within the mainstem.

(b) Temporarily very wet hydroclimate: During periods 
of extremely high streamflow mediated by short-
lived changes in the region’s hydroclimate, the lower 
Colorado River overflowed, avulsed, bifurcated, and 
moved by sheetflow across its floodplain, reopening 
established distributary channels and creating new 
ones. Because of delta topography and exceedingly 
low base level on the north side of the delta crest, 
once floodwaters were streaming into the Salton 
Basin they became temporarily entrenched while 
wet climate conditions continued. When streamflow 
subsided significantly with a shift to a drier climate, 
sedimentation blocked distributaries, and the river’s 
flow was once again limited to its mainstem channel.

(c) Prolonged periods of extremely wet hydroclimate: 
Lengthy periods of extraordinarily high streamflow 
lasting for decades, centuries, or millennia caused 
major, long-lived modifications to the river’s floodplain 
geomorphology and delta. Cutbacks of distributary 
channels, extreme erosion at points of bifurcation, 
and long-term entrenchment of the river in courses 
delivering flow into the Salton Basin resulted in the 
creation and perpetuation of Lake Cahuilla. Once 
established, the huge lake was filled to a through-
flowing condition (i.e., it was constantly overflowing 
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at its delta sill), or was regularly filled to the point of 
overflowing, or was simply sustained near its highstand 
level as a closed lake—depending on the amount of 
Colorado River streamflow available at any given time, 
which was in turn dictated by variations in the region’s 
overall extremely wet hydroclimate. When the climate 
shifted to drier conditions, Lake Cahuilla shrank, 
became saline from evaporation, and may sometimes 
have disappeared entirely when very lengthy droughts 
occurred.
Although the position of the lower Colorado River’s 

mainstem in the region below its current junction with the 
Gila is not known with precision for much earlier periods, 
historical documentation indicates that at least for the past 
several hundred years (until the damming and control of 
the river) there were four geomorphic factors crucial to 
the Colorado’s floodplain morphodynamics in its lower 
reaches: (1) the sharp curve to the south-southwest near 
Pilot Knob made by the mainstem after briefly heading 
due west from its junction with the Gila; (2) the existence 
of an unusual elevated zone trending northeast across the 
central delta, and forming a pronounced drainage divide 
within that region; (3) the morphology and position of 
the delta crest in relation to the big curve near Pilot Knob; 
and (4) extraordinarily low regional base level north of the 
delta crest. In combination, these factors led with virtual 
inevitability to overflow, avulsion, and bifurcation of 
streamflow along the river’s western levee at and below the 
curve, and to flooding into the central Salton Basin during 
periods of very high flow—such as occurred during 
1905-07.

Other workers have suggested that base level and 
gradient fully determined the issue of whether the river 
flowed to the Gulf or to the Salton Basin throughout the 
Holocene. Howard and Lundstrom (2005) state, “In line 
with evidence that in the late Holocene the huge Salton 
basin filled several times to overflowing (ancestral Lake 
Cahuilla), an automatic delta-switching mechanism 
governed by changing base levels is here proposed. In this 
model, incised N-directed channels graded to below sea 
level would tend to capture the river’s flow from other 
delta distributaries until Lake Cahuilla filled to above sea 
level. When the flow then switched back toward the Gulf, 
the lake would evaporate and the cycle would renew.” 
Similarly, Howard et al. (2007) assert, “We infer that 
when Lake Cahuilla rose to its spillover level, the feeding 
distributaries silted in and lowered their grade enough to 
provide an impetus for the river to switch back to paths 
down the south side [sic] of the delta to the Sea of Cortez. 
Shut off from inflow, evaporation of 1.8 m/yr would dry 
Lake Cahuilla in a few decades, again lowering the base 
level below sea level and setting the stage for another cycle 
of northward diversion, downcutting, lake filling, and 
spillover.”

However, this hypothesis is not consistent with the 
data on Lake Cahuilla developed by Li et al. (2008a,b), 
or with the historical record. Lake Cahuilla existed at its 

highstand level for millennia, and could not have done so 
if this cyclical switching model were correct. In addition, 
there were numerous occasions when lakes much smaller 
than Lake Cahuilla, with surface elevations very far 
below sea level, were formed by Colorado River flow into 
the Salton Basin; and then their filling was truncated 
when—notwithstanding significantly lower base level 
in the Salton Basin—the river’s course switched back 
toward the Gulf of California. Thus, while base level and 
gradient have played important parts in the formation 
of Salton Basin lakes, those factors have not been fully 
determinative of the direction of the Colorado River’s 
flow. Climate-related changes in streamflow, erosional 
capacity, sediment load and sedimentation, along with the 
unique geomorphology of the floodplain, have all played 
crucial roles.

Comparison of 1891 versus 1905
In order to understand whether the 1905 formation of the 
Salton Sea was truly “accidental” and caused by human 
negligence, or was the result of the lower Colorado River’s 
well-established floodplain morphodynamics and avulsion 
style combined with regional hydroclimate, it is useful to 
compare what occurred in 1905 with what happened in 
1891 prior to any man-made modification of the river’s 
natural levee and distributary channels below Pilot Knob. 
The 1891 flood is the event selected for this comparative 
purpose because it is the only significant lake-creating 
flood that occurred prior to 1905 for which there is a 
gaged discharge record of the river at Yuma.

A comparison of the river discharge that resulted in the 
1891 flood into the Salton Basin with the discharge that 
occurred during the 1905 flood shows that the conditions 
on the lower Colorado River during 1905 were far more 
hydrologically extreme than during the lake-forming 
flood of 1891. The extraordinarily wet conditions during 
1905, in combination with the nature of the river’s well-
established floodplain morphodynamics and avulsion 
style, indicate that flooding into the Salton Basin and 
initiation of Salton Sea formation would have occurred 
that year even in the absence of man-made modifications 
to the river’s natural levee and distributary channel.

1905 as a result of the man-made cut in the river’s 
levee was along the same stretch of the lower course 
below Pilot Knob, just below the US–Mexico border, 
where the river broke through its natural levee in 1891. 
In addition, prior to 1891 the river had previously 
overtopped, avulsed, and bifurcated along that 
same vulnerable stretch of its levee many times in 
the absence of any human intervention. Thus, it’s 
reasonable to conclude that the same underlying 
hydrodynamic forces and characteristic floodplain 
dynamics were operational in 1905 as in 1891 (and in 
earlier floods).
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natural levee during flash flooding in the winter of 1891 
and flooding into the central Salton Basin the following 
spring because the river’s distributary channels had 
previously become clogged with silt and huge deposits 
of blown sand during a lengthy period of drought 
preceding the February 1891 high water (Schuyler, 
1907). For several months the winter floodwaters 
soaked into those accumulated sediments and ponded 
extensively. Then, during the spring high water and 
levee break, the obstructions in the distributary 
channels were eroded and the accumulated floodwaters 
were released into the central Salton Basin. In contrast, 
in 1905 the river had a clear course through its 
distributary channels into the central basin because the 
major blockages in those channels had already been 
scoured away by previous flooding (Schuyler, 1907). 
Thus, it’s reasonable to conclude that the unblocked 
conditions of the distributary channels in 1905 made it 
even more likely that year than in 1891 that floodwaters 
would make their way into the central Salton Basin.

extreme high water on the lower Colorado River below 
Yuma, as the result of major flash flooding on the 
Gila and its tributaries that occurred from February 
23 through March 1 (Murphy, 1906; Schuyler, 1907; 
McGlashan and Dean, 1913). Later, the spring high 
water that occurred during two periods in May and 
June was not in itself remarkable, but it was able to 
break through the already-weakened western levee 
below Pilot Knob (Schuyler, 1907; McGlashan and 
Dean, 1913). In contrast, in 1905, an extraordinary 
series of seven major back-to-back floods occurred 
on the Gila River and its tributaries from January 15 
to April 30 that pushed the lower Colorado River’s 
discharge below Yuma to extreme levels for prolonged 
periods (Murphy, 1906; USGS, 1906; McGlashan and 
Dean, 1913). Following the January–April floods, very 
high streamflow (over 19,000 second-feet; details in the 
next paragraph) continued during May and July, and 
extreme discharge (over 50,000 second-feet; details in 
the next paragraph) occurred again throughout June 
and from the end of November to early December 
(Murphy, 1906; USGS, 1906; McGlashan and Dean, 
1913).

the stage of the river during which overflow began 
below Yuma was 22.0 feet above sea level, and at 
that high-water stage the lower Colorado’s discharge 
was typically about 19,000 second-feet. Using those 
numbers as a low-threshold indicator for what 
constitutes ‘very high’ streamflow, and 50,000 
second-feet as a low-threshold indicator for what 
constitutes ‘extreme’ streamflow, a comparison of the 
circumstances in 1891 and 1905 yields the conclusion 
that stage and discharge of the lower Colorado River 

below Yuma in 1905 were exceedingly high for much 
longer than they were in 1891. During the flood 
from February 23 to March 1, 1891 when gage height 
ranged from 23.9 to 33.2 feet, discharge significantly 
exceeded 19,000 second-feet for a total of seven days 
(McGlashan and Dean, 1913). Discharge above an 
extreme level of 50,000 second-feet occurred on five 
of the seven days. During that seven-day period the 
highest daily discharge achieved was 101,000 second-
feet on one day (Schuyler, 1907). In May and June 1891, 
the gage height slightly exceeded 22.0 feet for a total 
of 45 days, ranging mostly from 22 to 23 feet on those 
days but reaching 24 to 25 feet on a total of five days 
(McGlashan and Dean, 1913). No measurements of the 
associated discharge are available for that spring high-
water period. In contrast, during 1905 the gage height 
was above 22.0 feet on 151 days, and on 79 of those 
days it exceeded 25 feet. During the entire month of 
June it was above 27 feet, and in November it reached a 
maximum of 31.3 feet (USGS, 1906). Of the 148 days in 
1905 for which discharge measurements are available, 
the river’s discharge significantly exceeded 19,000 
second-feet during a total of 76 days (USGS, 1906; 
McGlashan and Dean, 1913). Discharge higher than an 
extreme level of 50,000 second-feet occurred during 
a total of 26 days, and extraordinarily high discharge 
greater than 70,000 second-feet occurred on 15 of those 
extreme-flow days. During January-April the highest 
daily discharge achieved was 111,000 second-feet, 
and two other days had discharges well above 90,000 
second-feet (Dickinson, 1944). In addition, another 
period of extreme streamflow occurred throughout 
June 1905, with discharge above 50,000 second-feet 
every day for which measurements are available that 
month (USGS 1906; McGlashan and Dean, 1913). 
During June 1905 the highest daily discharges achieved 
were 94,300 and 92,400 second-feet (Dickinson, 1944). 
From November 30 to December 5, 1905 another 
period of flash flooding with very high streamflow 
occurred with discharge above 19,000 second-feet on 
each of those days (USGS, 1906; McGlashan and Dean, 
1913), and two days had extreme discharges of 103,000 
and 77,360 second-feet (Dickinson, 1944).

Inevitability of Salton Basin flooding during high flows
It is important to note that even after the lower 
Colorado River had been forced to flow toward the 
Gulf of California in January 1907 by construction of 
an enormous rock dam across the site of the breach in 
the western levee, there was ongoing concern about the 
possibility, and even likelihood, of additional flooding 
into the Imperial Valley and central Salton Basin. This 
concern demonstrates an understanding that flooding 
into the Salton Basin during very high discharge 
conditions was a characteristic and inevitable feature of 
the lower Colorado River’s hydrodynamic regime and 
floodplain morphodynamics in the event of sufficiently 
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wet hydroclimate. In fact, this recognition and the desire 
to prevent the river from flooding into the Imperial Valley 
and central Salton Basin formed the primary motivation 
for the construction of Hoover Dam and other control 
structures built on the upper and lower Colorado River in 
succeeding decades. LaRue (1925) stated:

“To protect these lands from floods extensive 
levee systems have been built and must be 
maintained… Although millions of dollars have 
been spent in constructing the levees, these 
works alone, however well maintained, cannot 
assure protection from the flood menace. There is 
grave danger that during periods of high run-off 
the levees will be breached and the entire flow 
of the Colorado will find its way into Imperial 
Valley and the Salton Sea. If these valuable 
properties on the lower river are to be protected, 
dangerous stages must be prevented by holding 
back a part of the flood-making waters. The need 
for flood control is therefore urgent.”

Conclusion
Formation of the Salton Sea in 1905-07 was the result of 
wet regional hydroclimate and the river’s characteristic 
hydrodynamic regime, floodplain morphodynamics, and 
avulsion style across its delta. As a result of extremely high 
flows on the lower Colorado River during that period, 
the river behaved in exactly the same manner it had since 
at least the latest Pleistocene when streamflow was high: 
by overflowing, avulsing, bifurcating, and flooding into 
the Salton Basin. Formation of the Salton Sea was only 
“accidental” from the standpoint of the people who were 
trying very hard to prevent the river from flowing into 
the basin in the same manner it had for millennia. Were it 
not for their strenuous and persistent efforts to block the 
river’s flow, the flooding would likely have been far worse.
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Pesticides in Water and Suspended Sediment of the 
Alamo and New Rivers, Imperial Valley/Salton Sea Basin, 
California, 2006–2007

By James L. Orlando, Kelly L. Smalling, and Kathryn M. Kuivila

Abstract 
Water and suspended-sediment samples were collected 

at eight sites on the Alamo and New Rivers in the Imperial 
Valley/Salton Sea Basin of California and analyzed for 
both current-use and organochlorine pesticides by the U.S. 
Geological Survey. Samples were collected in the fall of 2006 
and spring of 2007, corresponding to the seasons of greatest 
pesticide use in the basin. Large-volume water samples (up 
to 650 liters) were collected at each site and processed using 
a flow-through centrifuge to isolate suspended sediments. 
One-liter water samples were collected from the effluent of the 
centrifuge for the analysis of dissolved pesticides. Additional 
samples were collected for analysis of dissolved organic 
carbon and for suspended-sediment concentrations. 

Water samples were analyzed for a suite of 61 current-
use and organochlorine pesticides using gas chromatography/
mass spectrometry. A total of 25 pesticides were detected in 
the water samples, with seven pesticides detected in more than 
half of the samples. Dissolved concentrations of pesticides 
observed in this study ranged from below their respective 
method detection limits to 8,940 nanograms per liter (EPTC). 
The most frequently detected compounds in the water samples 
were chlorpyrifos, DCPA, EPTC, and trifluralin, which 
were observed in more than 75 percent of the samples. The 
maximum concentrations of most pesticides were detected 
in samples from the Alamo River. Maximum dissolved 
concentrations of carbofuran, chlorpyrifos, diazinon, and 
malathion exceeded aquatic life benchmarks established by the 
U.S. Environmental Protection Agency for these pesticides. 

Suspended sediments were analyzed for 87 current-use 
and organochlorine pesticides using microwave-assisted 
extraction, gel permeation chromatography for sulfur removal, 
and either carbon/alumina stacked solid-phase extraction 
cartridges or deactivated Florisil for removal of matrix 
interferences. Twenty current-use pesticides were detected 
in the suspended-sediment samples, including pyrethroid 
insecticides and fungicides. Fourteen legacy organochlorine 

pesticides also were detected in the suspended-sediment 
samples. Greater numbers of current-use and organochlorine 
pesticides were observed in the Alamo River samples 
in comparison with the New River samples. Maximum 
concentrations of current-use pesticides in suspended-
sediment samples ranged from below their method detection 
limits to 174 micrograms per kilogram (pendimethalin). Most 
organochlorine pesticides were detected at or below their 
method detection limits, with the exception of p,p’-DDE, 
which had a maximum concentration of 54.2 micrograms per 
kilogram. The most frequently detected current-use pesticides 
in the suspended-sediment samples were chlorpyrifos, 
permethrin, tetraconazole, and trifluralin, which were observed 
in more than 83 percent of the samples. The organochlorine 
degradates p,p’-DDD and p,p’-DDE were detected in all 
suspended-sediment samples.

Introduction 
The Imperial Valley/Salton Sea Basin in southeastern 

California is one of the State’s most productive agricultural 
areas, the result of a year-round growing season and the rich 
supply of water that is carried from the Colorado River to the 
region by way of an extensive and complex irrigation network. 
A wide variety of crops are grown throughout the year in the 
region, which results in the use of large amounts of multiple 
pesticides. Previous studies by federal, state, and local 
agencies have documented elevated levels of both current-use 
and organochlorine pesticides in water, and associated with 
suspended and bed sediments, in the Alamo and New Rivers, 
which drain the majority of the Imperial Valley (Eccles, 1979; 
Setmire and others, 1984; Schroeder and others, 1988; Setmire 
and others, 1990; Michel and Schroeder, 1994; Crepeau and 
others, 2002; and Leblanc and others, 2004a,b). Additional 
studies have found increased levels of aquatic toxicity in these 
rivers (de Vlaming and others, 2000; and de Vlaming and 
others, 2004).
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Currently, the Alamo and New Rivers are listed by the 
U.S. Environmental Protection Agency (USEPA) as impaired, 
and total maximum daily load (TMDL) criteria currently are 
being developed and implemented for both rivers. The Alamo 
River is on the Federal Clean Water Act Section 303(d) list 
for impairments caused by chlorpyrifos, DDT, dieldrin, PCBs 
(polychlorinated biphenyls), selenium, and toxaphene. The 
New River is listed as impaired, due to low dissolved oxygen 
(DO)-organic enrichment, chlordane, chlorpyrifos, copper, 
DDT, diazinon, dieldrin, mercury, nutrients, pathogens, PCBs, 
sediment, selenium, toxaphene, toxicity, trash, and volatile 
organic compounds (VOCs). In support of the current TMDL 
development effort, and in cooperation with the California 
State Regional Water Quality Control Board, the U.S. 
Geological Survey (USGS) conducted a study, described in 
this document, to determine concentrations of current-use and 
organochlorine pesticides in water and suspended sediments in 
the Alamo and New Rivers.

Hydrologic Setting

The Alamo and New Rivers are located in the 
Imperial Valley of southeastern California (fig. 1). The 
area is characterized by an arid, desert-like climate, with 
normal summer temperatures of up to 41˚C and less than 
8 centimeters (cm) of rainfall annually (National Oceanic 
and Atmospheric Administration, 2002). Despite this harsh 
climate, the Imperial Valley is one of California’s richest 
agricultural regions, made possible by irrigation water derived 
from the Colorado River by way of the All-American Canal 
and supplied to the valley through a nearly 6,000 kilometer 
(km), complex network of supply and drainage canals. This 
irrigation network supplies water to over 200,000 hectares 
(ha) of farmland south of the Salton Sea (Imperial Irrigation 
District, 2007). Generally, water is gravity-fed onto fields 
for flood irrigation or pumped and applied using moveable 
sprinkler systems. Tail water and tile drain water leave the 
fields through surface and subsurface drains, respectively. 

Figure 1. Location map showing study area within the Imperial Valley/Salton Sea basin. 
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Figure 2. Map of sampling sites and major agricultural drain inputs to the Alamo and New Rivers.

These drains are part of an extensive system and eventually 
discharge into either the Alamo River, New River, or directly 
into the Salton Sea (fig. 2).

The Alamo and New Rivers originate near the Colorado 
River delta in Mexico and flow north approximately 100 km, 
where they drain into the southern end of the Salton Sea. Flow 
in both rivers primarily is made up of agricultural drainage 
waters (Setmire, 1984; Schroeder and others, 1988). The 
New River also receives treated and untreated municipal 
and industrial wastewater from Mexicali, Mexico, a city 
with a population of more than 1 million, located along the 
international border between the United States and Mexico.

The USGS operates streamflow-gaging stations on 
the Alamo and New Rivers. Gages are located near both 
river outlets to the Salton Sea, and on the New River at the 
international boundary (fig. 1). Daily mean flows at the outlet 
sites during their 46- and 64-year periods of record ranged 
from 468 to 1,120 cubic feet per second (ft3/s) for the Alamo 
River near Niland (10254730), and from 508 to 750 ft3/s for 
the New River near Westmorland (10255550) (figs. 1 and 

3). Mean flow at the New River at International Boundary at 
Calexico site (10254970) ranged from 193 to 288 ft3/s over 
its 27-year period of record (U.S. Geological Survey, 2007a). 
Flows in both rivers follow a seasonal pattern, in response to 
irrigation, with broad peaks in the spring and early fall.

The combined watershed of the Alamo and New Rivers 
within the United States is approximately 4,140 square 
kilometers (km2) (fig. 1). This does not take into consideration 
the larger watershed of the Colorado River, though it is the 
primary source of water within the Imperial Valley. Previous 
studies have shown that source water from the Colorado 
River to the Imperial Valley rarely contains measurable 
concentrations of dissolved current-use pesticides (Kelly and 
others, 2001; U.S. Geological Survey, 2007b). In addition, 
suspended sediments are removed from Colorado River 
water by six desilting basins prior to the water entering the 
All-American Canal; therefore, pesticides associated with 
suspended sediments in Colorado River water are unlikely to 
reach the Imperial Valley.

Salton Sea

All-American Canal

N
ew

 R
ive

r

Al
am

o 
Ri

ve
r

Mexicali

Alamo River
near Niland

Alamo River near 
Calipatria

New River at Lack
Road near Calipatria

New River below
Drop 4 near Brawley

Alamo River at Harris
Road near Imperial

New River at
Highway 80

Alamo River at
International Boundary

New River at International
Boundary at Calexico

USA
Mexico

Base map from National Agriculture Imagery Program (2005)

Sampling site
Major drain input
Canal
Drain

0 5 102.5 MILES

0 5 102.5 KILOMETERS

115 30

33 15

32 15

33

115



4  Pesticides in Water and Suspended Sediment, Alamo and New Rivers, Imperial Valley/Salton Sea Basin, California, 2006–07

Pesticide Use

Approximately 1.1 million kilograms of pesticide-
active ingredients (excluding sulfur), were applied to over 
60 different crops in the Alamo/New River watershed in 2006 
(California Department of Pesticide Regulation, 2008). Annual 
pesticide applications follow a bimodal pattern, with peaks 
in the spring (February/March) and fall (September/October) 
(fig. 4). During 2006, over 180 pesticide active ingredients 
were applied in the basin. The majority (by weight) of these 
pesticides were applied to six major crops (alfalfa, carrots, 
lettuce, melons, onions, and sugar beets). Just over 10 percent 
of the total registered pesticide use in the watershed is for 
non-agricultural purposes such as structural pest control or 
roadside maintenance. Applications of pesticides analyzed 
for during this study totaled just over 250,000 kilograms 
(kg) in 2006 (the most recent year for which data currently 
are available), and were dominated by applications of the 
herbicide trifluralin (table 1). From 2003 to 2006, there was 
a decrease in the total applications of pesticides analyzed in 
this study. However, use of 14 of the 49 pesticides increased 
by varying amounts over the same period (table 1). With the 
exception of endosulfan, organochlorine pesticides analyzed in 
suspended sediments during this study no longer are applied in 
the study area.

Study Design

This study was designed to assess the concentrations 
of dissolved and sediment-associated pesticides present 
in the Alamo and New Rivers within the Imperial Valley 
of California. The study was conducted by the USGS in 
collaboration with the California State Water Resources 
Control Board, Colorado River Basin (Region 7), and builds 
on earlier work done in support of total maximum daily load 
(TMDL) development for pesticides in the Alamo and New 
Rivers (Leblanc and others, 2004b).

Sampling was timed to coincide with the peak periods 
of pesticide application in the basin and was conducted 
during September, October, and November 2006, and 
during February, March, and April 2007 (fig. 4). Water and 
suspended-sediment samples were collected at a total of eight 
sites in the basin with four sites on each river. Samples were 
collected only at the two river outlet sites during September, 
November, February, and April. During October and March, 
samples were collected from all eight sites. All sampling was 
conducted during the middle of each month.
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Figure 3. Graph of mean daily flows for the Alamo and New Rivers at their outlets to the Salton Sea.
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Compound
Application

2006 2005 2004 2003

Prometryn 390 81 256 308
Disulfoton 351 299 999 931
Fipronil 315 61 54 0
Piperonyl butoxide 249 67 30 0
Carbofuran 198 1,436 406 2,059
Fenpropathrin 153 425 765 571
Azoxystrobin 147 385 64 105
Myclobutanil 128 155 100 36
Pyrethrins 89 14 8 5
Ethalfluralin 72 79 64 0
Trifloxystrobin 13 16 13 31
Deltamethrin 12 12 16 0
Propiconazole 10 16 26 10
Tebuconazole 2 0 18 132
Methoprene 2 0 0 0
Phosmet 0 22 0 0
Methidathion 0 9 0 84
PCNB 0 3 6 3
Hexazinone 0 0 0 3
Parathion 0 0 23 0
Tralomethrin 0 0 2 8

Compound
Application

2006 2005 2004 2003

Trifluralin 104,505 97,569 95,814 113,658
DCPA 25,256 28,517 23,291 26,425
Malathion 24,263 22,350 25,338 29,285
Chlorpyrifos 22,716 28,056 39,575 36,758
EPTC 17,325 20,193 23,840 15,293
Diazinon 13,334 13,840 17,738 19,054
Pendimethalin 7,852 9,860 10,309 7,941
Atrazine 6,402 7,687 5,281 5,836
Cypermethrin 4,506 5,303 3,540 1,744
Chlorothalonil 4,427 19,450 10,377 13,613
Permethrin 4,307 3,915 3,236 3,309
Oxyfluorfen 3,320 3,021 2,022 1,842
Endosulfan 2,136 2,313 1,543 4,487
Cycloate 1,891 2,257 1,893 955
Diuron1 1,730 1,377 7,858 641
Cyfluthrin 1,273 1,204 1,254 1,259
Esfenvalerate 1,005 772 916 1,168
λ-Cyhalothrin 923 801 654 801
Napropamide 582 568 1,076 484
Iprodione 541 1,635 1,101 1,067
Carbaryl 539 1,110 1,450 2,276
Bifenthrin 390 233 211 83

Table 1. Pesticide applications of compounds analyzed for in this study 2003–2006.

[Values are reported in kilograms]

1 Diuron is a parent compound of 3,4-DCA.
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collected at five equally spaced points along the downstream 
side of the road bridge. Three major and multiple minor 
agricultural drains enter the Alamo River upstream of this site 
(fig. 2). Streamflow measurements were conducted at this site 
at the time of sample collection, following standard USGS 
procedures (Buchanan and Somers, 1969) (table 3).

The next downstream site (Alamo River near Calipatria) 
is located approximately 28 river km downstream of the 
Alamo River at Harris Road near Imperial site. There are 
five major and many minor agricultural drains that enter the 
river between these two sites (fig. 2). Samples were collected 
from the downstream side of a bridge on Kershaw Road, at 
five equally spaced points across the channel. Streamflow 
measurements also were made at this site (table 3).

The furthest downstream site on the Alamo River 
(Alamo River near Niland) is co-located with a USGS real-
time streamflow gaging station (site id #10254730). There 
are five major, and numerous minor, agricultural drains that 
enter the river between this site and the next site upstream 
(fig. 2). Samples were collected from the downstream side of 
a bridge on Sinclair Road, at five equally spaced points across 
the channel. Real-time stream discharge data are recorded 
continuously at the gage and are shown in table 3 for each 
sampling event.

Descriptions of Sampling Sites

Eight sites were sampled during this study: four sites on 
the Alamo River and four sites on the New River (table 2). 
Sites extended from the international border with Mexico to 
within a few kilometers of each river’s outlet to the Salton 
Sea. Sites were selected by USGS personnel at points 
downstream of major agricultural drain inputs to each river 
(fig. 2). Where safety permitted, sites were located at bridges 
to allow for transect sampling and streamflow measurements.

Alamo River Sites

The furthest upstream site (Alamo River at International 
Boundary at Calexico) is located adjacent to the All-American 
Canal and just inside the U.S. border in California. The 
river emerges from a concrete channel under the canal 
and spills over a low (0.3-meter high) weir. Samples were 
collected immediately downstream of the weir at two points 
spaced equally across the channel. Streamflow at this site 
was extremely low during all sampling events and was not 
measured.

The “Alamo River at Harris Road near Imperial” site is 
located approximately 43 river km downstream of the “Alamo 
River at International Boundary” site. Water samples were 

Table 2. Sampling sites located on the Alamo and New Rivers, California

[Horizontal datum: North American Datum 83 (NAD 83); vertical datum: North American Vertical Datum of 1988 (NAVD 88). 
Abbreviations: USGS, U.S. Geological Survey]

Official sampling site name
USGS site 

identification 
No.

Latitude   Longitude

Alamo River near Niland 10254730 33°11'56" 115°35’49”
Alamo River near Calipatria 330402115303501 33°04’02” 115°30’35”
Alamo River at Harris Road near Imperial 325259115270801 32°52’59” 115°27’08”
Alamo River at International Boundary 324032115220501 32°40’32” 115°22’08”

New River at Lack Road near Calipatria 330559115385601 33°05’59” 115°38’56”
New River below Drop 4 near Brawley 325951115323501 32°59’51” 115°32’38”
New River at Highway 80 324728115420101 32°47’28” 115°42’04”
New River at International Boundary at Calexico 10254970 32°39’57” 115°30’11”
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New River Sites

Stringent safety protocols were followed for samples 
collected at all sites on New River, as its river water is known 
to contain high levels of fecal coliforms and other biological 
contaminants. The New River at International Boundary 
at Calexico site is located 400 m north of the International 
Boundary and is co-located with a USGS streamflow gaging 
station (site id #10254970). Samples were collected from a 
footbridge at three equally spaced points across the channel. 
Real-time stream discharge data are recorded continuously at 
the gage and are presented for each sampling event at this site 
(table 3).

New River at Highway 80 is located 33 river km 
downstream of the International Boundary site. There are 
three major and multiple minor agricultural drains that 

enter the river upstream of this site (fig. 2). Due to safety 
considerations, this site could not be sampled from a bridge; 
therefore, samples were collected from the downstream side 
of a large concrete culvert passing under Highway 80. Water 
was collected from two equally spaced points across the 
stream channel. Stream discharge measurements could not be 
conducted at this site.

The next downstream site (New River below Drop 4 near 
Brawley) is located 42 river km downstream of the Highway 
80 site. Four major and many minor drains enter the New 
River between these sites (fig. 2). Samples were collected 
from the downstream side of the bridge at the site, at five 
equally spaced points across the stream channel. Streamflow 
measurements were made at this site during each sample 
collection (table 3).

Table 3. Stream discharge, dissolved organic carbon, and suspended-sediment concentrations at sites located on the Alamo and New Rivers, 
California.

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes. Abbreviations: hh:mm, hours minutes; ft3/s, 
cubic feet per second; mg/L, milligrams per liter; mm, millimeter; NA, discharge not measured]

Official Site Name Date
Time 

(hh:mm)

Stream 
discharge 

(ft3/s) 
[00060]

Dissolved 
organic carbon 
concentration 

(mg/L) 
[00681]

Suspended 
sediment 

concentration 
(mg/L) 
[80154]

Percent finer 
than .062 mm

Alamo River near Niland 09-12-06 11:45 796 13.0 234 99.2
10-14-06 13:00 937 8.7 316 87.9
11-13-06 16:20 656 5.5 213 94.9
02-13-07 10:55 679 5.9 Sample Lost Sample Lost
03-12-07 16:20 978 7.4 437 89.1
04-17-07 11:00 1,140 7.8 531 71.1

Alamo River near Calipatria 10-16-06 17:00 792 6.7 363 79.9
03-14-07 12:00 957 9.2 343 87.3

Alamo River at Harris Road near Imperial 10-17-06 08:50 545 6.1 172 80.5
03-16-07 09:30 459 7.7 349 75.8

Alamo River at International Boundary 10-18-06 07:45 NA 7.7 71 98.9
03-17-07 08:30 NA 8.3 33 96.7

New River at Lack Road near Calipatria 09-13-06 09:00 496 14.8 242 94.9
10-14-06 07:00 470 8.5 243 93.2
11-14-06 09:00 400 6.6 242 80.0
02-14-07 10:45 600 9.1 190 80.2
03-13-07 09:45 700 6.3 423 77.6
04-18-07 10:15 675 7.4 321 84.5

New River below Drop 4 near Brawley 10-15-06 07:30 412 10.3 201 94.7
03-14-07 07:30 485 8.3 305 86.3

New River at Highway 80 10-16-06 07:35 NA 14.0 105 95.5
03-15-07 08:00 NA 11.6 87 96.8

New River at International Boundary at Calexico 10-19-06 07:30 123 17.7 48 89.9
03-18-07 08:30 173 9.2 20 82.7
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“New River at Lack Road near Calipatria” is the furthest 
downstream site sampled on the New River. The site is 
located at a road bridge approximately 1.5 km upstream of 
a USGS gaging station (New River near Westmorland, site 
id #10255550) (fig. 1). Samples were collected at the Lack 
Road site rather than at the Westmorland site due to the recent 
removal of the cableway at the gaging station. The Lack Road 
site was the nearest location upstream of the gaging station 
where a complete stream transect measurement could be 
conducted safely. Two major and many smaller agricultural 
drains discharge into the New River between this site and the 
“New River below Drop 4 near Brawley” site (fig. 2). Water 
samples were collected at five equally spaced points across 
the stream channel on the downstream side of the bridge. 
Streamflow measurements were conducted at the Lack Road 
site during each sampling event (table 3).

Purpose and Scope

This report describes the methods and procedures used 
in determining dissolved and sediment-associated pesticide 
concentrations in 24 samples collected at 8 sites located on the 
Alamo and New Rivers in the fall of 2006 and spring of 2007. 
Results are presented for 61 current-use and organochlorine 
pesticides analyzed for in water and 87 current-use and 
organochlorine pesticides analyzed for in suspended 
sediments. Concentrations of dissolved organic carbon, and 
suspended-sediment in water samples, as well as percent 
particulate organic carbon and nitrogen in sediment, also are 
presented. In addition, stream-discharge measure ments made 
at selected sites and river cross-sectional measurements of 
dissolved oxygen, specific conductance, temperature, pH, 
turbidity are reported.
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Sample Collection and Processing 
Methods 

Large-Volume Water Samples

All water samples were collected using a large, peristaltic 
pump powered by a portable generator and equipped with a 
single, stainless steel and Teflon inlet hose. Sample water was 
pumped directly into pre-cleaned, 20-L stainless steel kegs. 

The stainless steel kegs were cleaned with deionized water, 
methanol, and acetone prior to each use. Immediately prior 
to sample collection, each keg was rinsed three times with 
water from the sampling site. At each site, water was collected 
from multiple points spaced equally across the stream channel 
(from two to five points, depending on stream width) and from 
multiple vertical points in the water column. Total sample 
volumes varied, ranging from 200 to 600 L, depending on the 
suspended-sediment concentration at each site at the time of 
sampling. Time required to collect a sample generally was 
less than 30 minutes. Following collection, samples were 
transported to the Sonny Bono Salton Sea National Wildlife 
Refuge for initial processing.

Sample Processing

Water and suspended sediments for pesticide analysis 
were isolated by pumping the large-volume water samples 
through a flow-through centrifuge (Westfalia model KA-2, 
Westfalia Corporation, Odele, Federal Republic of Germany). 
Water (200–600 L) was pumped at a flow rate of 2 L/min 
through the centrifuge, which operated at 9,500 G (G is the 
dimensionless ratio of the acceleration due to centrifugal 
force divided by the accelera tion due to gravity). The 2 L/min 
flow rate has been shown to be within the range of optimal 
influent rate for efficient capture of a wide variety of grain 
sizes and suspended sediment concentrations (Horowitz and 
others, 1989). During the processing of each 20-L sample keg, 
sample water was collected from the effluent of the centrifuge 
directly into 1-L baked amber glass bottles. In the Westfalia 
model KA-2, sediment was collected in a series of four nested, 
stainless steel bowls. Following centrifugation of an entire 
water sample, sediment was removed carefully from each 
of the concentric centrifuge bowls using precleaned Teflon 
and stainless steel spatulas. Sediment was placed directly 
into 500-mL precleaned, amber glass jars and frozen. All 
samples were transported on ice within 48 hours of collection 
to the U.S. Geological Survey Organic Chemistry Research 
Laboratory in Sacramento, California.

Dissolved Organic Carbon and Suspended-
Sediment Concentration Sample Collection

Water samples for the analysis of DOC and SSC were 
collected immediately prior to or following collection of the 
large-volume water samples. Samples were collected from 
a single stream transect at multiple vertical points using an 
isokinetic depth-integrating sampler (USGS DH-95) equipped 
with a 1-L Teflon bottle at six of the eight sampling sites. 
At the remaining two sites (Alamo River at International 
Boundary and New River at Highway 80), samples were 
collected concurrently with the large-volume water samples 
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using the peristaltic pump, due to safety considerations. 
Samples collected using the DH-95 were shaken vigorously 
and then poured from the 1-L Teflon collection bottle into 
a single 125-mL baked, amber glass bottle (DOC) and a 
500-mL clear glass bottle (SSC). Samples collected using the 
peristaltic pump were pumped directly into their respective 
containers.

Samples for DOC analysis were processed immediately 
after collection, by gravity filtering through a baked, 0.7-µm 
(Whatman GF/F; Florham Park, New Jersey) glass fiber filter 
into a 125-mL precleaned, amber glass bottle. The pH was 
adjusted to approximately 1.9 in each DOC sample using 
4–7 drops of concentrated hydrochloric acid. Samples were 
refrigerated and shipped on ice to the U.S. Geological Survey 
Organic Chemistry Research Laboratory in Sacramento, 
California.

Samples collected for suspended-sediment concentration 
analysis were not processed in the field. Samples were 
refrigerated following collection and shipped to the U.S. 
Geological Survey Sediment Laboratory in Marina, California.

Water-Quality Parameters

Water-quality parameters (temperature, specific 
conductance, pH, dissolved oxygen, and turbidity) were 
measured at each site at the time of sample collection 
using a Hydrolab Surveyor 4 multiparameter meter (Hach 
Environmental, Loveland, Colorado) calibrated daily during 
each field deployment. Measurements were made at multiple 
points along the stream transect and at multiple depths at each 
site and recorded in field notebooks. Mean values for each 
water-quality parameter were calculated and recorded as the 
final field value for the respective water samples collected for 
pesticide analyses.

Analytical Methods 

Dissolved Pesticides

Water collected from the continuous-flow centrifuge 
effluent was extracted onto solid phase extraction (SPE) 
cartridges within 24 hours of collection. Prior to extraction, 
samples were spiked with ring-13C3-atrazine and diethyl-d10 
diazinon as recovery surrogates (Cambridge Isotopes 
Lab, Andover, Massachusetts). The 1-L water sample was 
pumped at a flow rate of 10 mL/min through an Oasis® HLB 
extraction cartridge (6 cc, 500 mg, 60 µm; Waters Corporation, 
Milford, Massachusetts) that had been preconditioned 
with 10 mL of ethyl acetate, 10 mL methanol and 5 mL of 
deionized water. The cartridges were dried manually using 
a syringe and frozen at -40°C. The syringe was used to dry 
the cartridge in the field since carbon dioxide, typically used 

as the drying agent, was not available. Prior to analysis, the 
cartridges were thawed, eluted with 12 mL of ethyl acetate, 
and concentrated under nitrogen. After extraction, ~1 g of 
sodium sulfate (Na2SO4) was added to sample bottles to 
remove any residual water, and the bottles were rinsed three 
times with approximately 5 mL of dichloromethane (DCM). 
The bottle rinses were reduced to 1 mL under nitrogen and 
then added to the ethyl acetate fraction. The entire sample 
(bottle rinse plus SPE elution) was reduced to a final volume 
of 200 µL for analysis. Deuterated polycyclic aromatic 
hy drocarbon (PAH) compounds were used as internal 
standards and included acenaphthene- d10, phenanthrene- d10, 
and pyrene- d10. All extracts were analyzed for 61 current-use 
and organochlorine pesticides by gas chromatography/mass 
spectrometry (GC/MS). Details of the analytical method are 
described in Hladik and others (2008).

Sediment-Associated Pesticides

Sediment samples were extracted based on methods 
described by LeBlanc and others (2004b), Smalling and others 
(2005), and Smalling and Kuivila (USGS, written commun., 
2008). Prior to extraction, sediment samples were spiked with 
chlorpyrifos- diethyl-d10, trifluralin- d10, ring-13C12-p,p’-DDE, 
phenoxy-13C6-cis-permethrin and dibromooctofluorobiphenyl 
(DBOFB), used as recovery surrogates. Wet sediments 
(~50 percent moisture) were extracted two times using a 
MSP 1000 (CEM Corporation, Mathews, North Carolina) 
microwave-assisted extraction (MAE) with dichloromethane 
(DCM) and methanol (9:1 v/v) at 100oC and 120oC. Following 
extraction, sample extracts were dried over Na2SO4 and 
reduced to 0.5 mL using a Turbovap II (Zymark Corporation, 
Hopkinton, Massachusetts). Sulfur was removed using a 
gel-permeation/high-performance liquid chromatography 
system (GPC/HPLC) with DCM and methanol (98:2 v/v) as 
the carrier solvent. Samples were again reduced to 0.5 mL, 
split in half, and subjected to two different clean-up methods, 
depending on compounds of interest.

The first clean-up method was for all compounds except 
the fungicides and the organochlorine pesticides. Interfering 
matrix was removed by passing the sample extract through 
two, stacked SPE cartridges containing 500-mg of nonporous, 
graphitized carbon (Restek Corporation, Bellefonte, Virginia) 
and 500-mg alumina (Varian Inc., Palo Alto, California). 
The cartridges were washed in tandem with 10 mL of DCM 
prior to the addition of sample extract. Compounds of interest 
were eluted off both SPE cartridges with 10 mL of DCM and 
collected as fraction 1 (F1). The carbon SPE was removed and 
the alumina SPE was eluted with 10 mL of ethyl acetate and 
DCM (50:50 v/v) and collected as fraction 2 (F2) (Smalling 
and others, 2005). Both fractions were evaporated separately 
under a gentle stream of purified nitrogen gas (N-evap, 
Organomation Associates, Berlin, Massachusetts) to 0.2 mL 
and the deuterated PAH internal standard mixture was added.
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The second clean-up method was designed for the 
fungicides and the organochlorine pesticides. The interfering 
matrix was removed using a 200-mL glass column (400 mm 
L × 10 mm i.d.) dry packed with 10 percent water (v/w) 
deactivated Florisil (60–100 mesh chromatographic grade, 
Thermo-Fisher Scientific, Waltham, Massachusetts). The 
Florisil had been treated previously at 550oC in a muffle 
furnace for 16 hours. The organochlorine pesticides were 
eluted with 100 mL of 20 percent DCM in hexane (fraction 1, 
F1) and the fungicides were eluted using 100 mL of 60 percent 
ethyl acetate in hexane (fraction 2, F2). Following Florisil 
clean-up and fractionation, both the F1 and F2 extracts were 
reduced to ~0.2 mL under a gentle stream of nitrogen gas and 
exchanged to hexane and ethyl acetate, respectively. Prior to 
instrumental analysis, the deuterated PAH internal standard 
mixture was added to each extract.

Instrumental Analysis

Water and suspended-sediment extracts (1-µL injection 
volume) were analyzed for pesticides on a Varian Saturn 
2000 (Walnut Creek, California) gas chromatograph/ion trap 
mass spectrometer (GC/MS). Analyte separation on the GC/
MS was achieved using a 30 m × 0.25 mm i.d. × 0.25 µm 
DB-5 ms fused silica column (Agilent Technologies, Folsom, 
California) with helium as the carrier gas. The temperature of 
the splitless injector was held constant at 275ºC. Because of 
the number of compounds and instrument limitations, samples 
were injected in two separate aliquots using two different 
oven programs: a short (30-min) and a long (61-min) gas 
chromatograph (GC) oven program. The nine fungicides and 
the organochlorine pesticides (in sediment only) were run on 
the shorter program while the rest of the compounds were run 
on the longer program. The fungicides and organochlorines 
were separated analytically from the other compounds because 
of greater ease in setting selected-ion-storage (SIS) windows.

The short-oven program was 80ºC (hold 1 min) with 
an increase to 300ºC at 10ºC/min (hold 10 min). The long 
oven program was 80ºC (hold 0.5 min.) with an increase to 
120ºC at 10ºC/min, an increase to 200ºC at 3ºC/min (hold 
5 min), followed by a third increase to 219ºC at 3ºC/min, 
and a final increase to 300ºC at 10ºC/min (hold 10 min). The 
transfer line and ion trap temperatures were 280ºC and 220ºC, 
respectively. The MS was operated in electron ionization (EI) 
mode with an emission current of 15 µA and no offset when 
run in full scan mode, and an emission current of 45 µA with 
a multiplier offset of 300 volts when using SIS windows. Data 
were collected in the full scan and SIS modes. More detailed 
information on the GC/MS method parameters can be found in 
Hladik and others (2007).

Sample extracts (1µL injection volume) were analyzed 
for organochlorine pesticides on an Agilent 6890 GC 
(Agilent Technologies, Palo Alto, California) coupled to 
a micro-electron capture detector (GC-µECD) with GC/
MS confirmation. Analyte separation on the GC-µECD was 
achieved using a 30 m × 0.25 mm i.d. × 0.25 µm DB-XLB 
fused silica capillary column (Agilent Technologies, Folsom, 
California) with helium as the carrier gas. The flow was 
constant at 1.5 mL/min with an average linear velocity of 
35 cm/s. Nitrogen was used as the makeup gas with a total 
flow of 64 mL/min. The temperature of the splitless injector 
and the detector were 250oC and 330oC, respectively. The GC 
oven program was 75oC (hold 0.5 min) and increase to 300oC 
at 10oC/min (hold 10 min). 

Sediment Organic Carbon and Nitrogen

Suspended sediments were analyzed for organic carbon 
content using a Perkin Elmer CHNS/O analyzer (Perkin 
Elmer Corporation, Norwalk, Connecticut). Sediments were 
combusted at 925°C in silver boats after being exposed to 
concentrated hydrochloric acid (HCl) fumes in a desiccator 
for 24 hours to remove inorganic carbon. Before analysis, 
sediments were dried to a constant weight at 100°C for 
3 hours. Acetanilimide was used for instrument calibration of 
elemental carbon and nitrogen.

Dissolved Organic Carbon 

Samples were analyzed for DOC using a Shimadzu TOC-
5000A total organic carbon analyzer (Shimadzu Scientific 
Instruments, Columbia, Maryland). The instrument was 
calibrated using potassium hydrogen phthalate standards 
prepared in organic-free water with concentrations ranging 
from 0.0 to 4.0 mg/L. All standards and blanks were 
acidified prior to analysis using approximately four drops of 
concentrated HCl to lower the pH to 1.9. The samples were 
diluted with acidified organic free water prior to analysis by 
a factor of three or four to insure that sample concentrations 
would fall into the linear range of the instrument. 
Approximately 5 mL of the diluted, acidified sample was 
sparged for 3 minutes using N2 to remove inorganic carbon 
as CO2. The non-purgeable organic carbon (NPOC) was 
combusted at 680oC and the CO2 produced by oxidation 
of the NPOC was detected using a non-dispersive infrared 
photometric cell. Blanks, replicate samples, and mid-level 
calibration check standards were analyzed every six samples 
to monitor the response of the instrument. Additional details 
about the analytical method can be found in Bird and others 
(2003).
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Suspended-Sediment Concentration and  
Grain Size

Whole-water samples were analyzed for suspended-
sediment concentration and grain size at the U.S. Geological 
Survey Sediment Laboratory in Marina, California. Details of 
the analytical method can be found in Guy (1969). Analytical 
results of single-blind quality control samples provided by the 
USGS Sediment Laboratory Quality Assurance Project show 
that laboratory performance during the period of this study 
was satisfactory (U.S. Geological Survey, 2007c).

Quality Assurance/Quality Control
Pesticide concentrations in water and suspended 

sediments were validated against a comprehensive set of 
performance-based quality control criteria including field 
and laboratory blanks, replicate samples, surrogate recovery, 
certified reference materials, matrix spikes and matrix spike 
replicates. All QC results met or exceeded QC guidelines 
established by the Surface Water Ambient Monitoring 
Program (SWAMP) (California State Water Resources Control 
Board, 2002). Therefore, results for the target constituents that 
were analyzed under the same conditions were of acceptable 
quality.

Dissolved Pesticides

Two field blanks and two laboratory blanks were 
analyzed as part of the established SWAMP criteria. No 
pesticides were detected in any of the laboratory or field 
blanks during the study. Ring-13C3-atrazine and diethyl-d10 
diazinon were used as recovery surrogates to assess the 
efficiency of sample extraction. Mean (± standard deviation) 
percent recoveries of ring-13C3-atrazine and diethyl-d10 
diazinon for all samples analyzed (including QC samples) 
were 97 ± 12 percent and 100 ± 8 percent, respectively. 
Sample data were excluded if percent recovery was less than 
75 percent; since all samples had recoveries greater than 75 
percent, all data points were reported. Replicate samples 
(3) were analyzed constituting approximately 10 percent 
of the samples and were within 25 percent agreement for 
all pesticides detected. Relative percent differences for all 
pesticides detected in replicate sample pairs ranged from 1.4 to 
24 percent. Matrix spikes (2) were analyzed in approximately 
10 percent of all samples as part of the method validation. The 
percent recoveries of pesticides in the matrix-spiked samples 
ranged from 79 to 115 percent. Matrix-spike replicates were 
analyzed every 20 samples as part of the established SWAMP 
guidelines. The relative percent differences were calculated for 
the pesticides analyzed, which ranged from 0.1 to 24 percent, 
depending on the compound. The USGS National Water 
Quality Laboratory’s Schedule 2003/2033 field spike added 

to sample water was used as an appropriate certified reference 
material to assess the accuracy and precision of the method 
and was analyzed every 20 samples. Percent recoveries of 
the certified reference material ranged from 58–122 percent, 
depending on compound with an average of 102 ± 14 percent.

Calibration of the GC/MS was achieved using calibration 
standards that spanned the linear range of environmental 
sample concentrations. An eight-point calibration standard was 
developed with concentrations ranging from 0.025 to 5.0 µg/
mL. Calibration curves were considered acceptable if the 
coefficient of determination, R2, for each individual compound 
was greater than 0.995. The response of the instrument also 
was monitored every 6–8 samples with mid-level check 
standards. The instrument was considered to be stable if the 
recoveries of the check standards fell within the range of 
80–115 percent of the nominal standard concentration.

Sediment-Associated Pesticides

Laboratory blanks consisting of baked Na2SO4 as 
a sediment substitute, were analyzed after the analysis 
of every 10 environmental samples. No pesticides were 
detected in any of the laboratory blank samples run with the 
sediment samples. Mean (± standard deviation) recoveries of 
chlorpyrifos- diethyl-d10, trifluralin-d10, ring-13C12-p,p’ DDE, 
phenoxy-13C6-cis-permethrin and dibromooctofluorobiphenyl 
(DBOFB), used as recovery surrogates were 89 ± 9 percent, 
89 ± 9 percent, 105 ± 11 percent, 93 ± 9 percent, and 91 ± 14 
percent, respectively. Two replicate samples were analyzed, 
constituting approximately 10 percent of the total number 
of samples analyzed. The relative-percent differences for 
the two replicate pairs for all pesticides detected were less 
than 25 percent and ranged from 2.9 to 21.4 percent for the 
individual compounds. Two matrix spikes were analyzed and 
the percent recoveries ranged from 75 to 119 percent for all 
compounds. One additional replicate sample was analyzed 
as a matrix spike/matrix spike duplicate (MS/MSD) pair to 
monitor for recovery (compared to the respective unspiked 
sample) and variability (between spiked samples) as part of 
established SWAMP guidelines. The percent recoveries for 
this MS/MSD pair ranged from 76 to 117 percent and the 
relative-percent differences ranged from 0.02 to 22 percent. 
Standard reference material 1941b, Organics in Marine 
Sediment (NIST, Gaithersburg, Maryland), was chosen as 
an appropriate reference material for this study. Since no 
standard reference material is available for the current-use 
pesticides, SRM 1941b was chosen because it contains eight 
organochlorine pesticides that were compounds of interest in 
the study (hexachlorobenzene, α-chlordane, γ-chlordane, cis-
nonachlor, trans-nonachlor, p,p’-DDD, p,p’-DDE, and p,p’-
DDT) (National Institute of Standards and Technology, 2004). 
The average percent recovery of the organochlorine pesticides 
present in SRM 1941b was 100 ± 7 percent. Calculated 
concentrations for all compounds fell within the 95-percent 
confidence intervals for the certified values.
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Calibration of the GC/MS and GC-µECD was achieved 
using calibration standards that spanned the linear range of 
environmental sample concentration (0.025 to 5.0 µg/mL and 
0.1 to 100 pg/µL, respectively). Calibration curves for the GC/
MS and GC-µECD were considered acceptable if the R2 for 
each individual compound was greater than 0.995 and 0.998, 
respectively. The responses of the instruments were monitored 
every six to eight samples with mid-level check standards. The 
instruments were considered to be stable if the recovery of the 
check standards fell within the range of 80–115 percent of the 
nominal standard concentration.

Method Detection Limits

Surface-water and suspended-sediment method detection 
limits (MDLs) were validated in previous studies (Hladik 
and others, 2007; and Smalling and Kuivila (USGS, written 
commun., 2008) using the EPA procedure described in 40 CFR 
Part 136 (U.S. Environmental Protection Agency, 1992). Water 
samples used to determine MDLs were collected in 2005 

Compound Use type
Method  

detection limit
Parameter 

code
3,4-DCA Degradate 8.3 66584
Alachlor Herbicide 1.7 65064
Allethrin Insecticide 18.0 66586
Atrazine Herbicide 2.3 65065
Azoxystrobin Fungicide 9.3 66589
Bifenthrin Insecticide 4.7 65067
Butylate Herbicide 1.8 65068
Carbaryl Insecticide 6.5 65069
Carbofuran Insecticide 13.1 65070
Chlorothalonil Fungicide 12.1 65071
Chlorpyrifos Insecticide 2.1 65072
Cycloate Herbicide 1.1 65073
Cyfluthrin Insecticide 5.2 65074
Cypermethrin Insecticide 5.6 65075
Cyproconazole Fungicide 11.2 66593
DCPA Herbicide 2.0 65076
Deltamethrin Insecticide 3.5 65077
Diazinon Insecticide 0.9 65078
EPTC Herbicide 1.5 65080
Esfenvalerate Insecticide 3.9 65081
Ethalfluralin Herbicide 3.0 65082
Fenpropathrin Insecticide 4.1 65083
Fipronil Insecticide 2.9 66604
Fipronil disulfinyl Degradate 1.6 66607
Fipronil sulfide Degradate 1.8 66610
Fipronil sulfone Degradate 3.5 66613
Hexazinone Herbicide 18.4 65085
Iprodione Fungicide 8.7 66617
l-cyhalothrin Insecticide 2.0 65086
Malathion Insecticide 3.7 65087
Metconazole Fungicide 11.5 66620

Compound Use type
Method  

detection limit
Parameter 

code
Methidathion Insecticide 7.2 65088
Methoprene IGR 8.4 66623
Methylparathion Insecticide 3.4 65089
Metolachlor Herbicide 1.5 65090
Molinate Herbicide 3.2 65091
Myclobutanil Fungicide 9.2 66632
Napropamide Herbicide 11.3 65092
Oxyfluorfen Herbicide 3.1 65093
p,p'-DDD Degradate 3.6 65094
p,p'-DDE Degradate 4.1 65095
p,p'-DDT Insecticide 4.0 65096
Pentachloroanisole (PCA) Insecticide 4.7 66637
Pentachloronitrobenzene 

(PCNB)
Insecticide 3.1 66639

Pebulate Herbicide 2.3 65097
Pendimethalin Herbicide 2.3 65098
Permethrin Insecticide 3.4 65099
Phenothrin Insecticide 5.1 65100
Phosmet Insecticide 4.4 65101
Piperonyl butoxide Synergist 2.3 65102
Prometryn Herbicide 1.8 65103
Propiconazole Fungicide 8.8 66643
Resmethrin Insecticide 5.7 65104
Simazine Herbicide 5.0 65105
τ-fluvalinate Insecticide 5.3 65106
Tebuconazole Fungicide 10.2 66649
Tetraconazole Fungicide 8.2 66654
Tetramethrin Insecticide 2.9 66657
Thiobencarb Herbicide 1.9 65107
Trifloxystrobin Fungicide 3.9 66660
Trifluralin Herbicide 2.1 65108

Table 4. Method detection limits and U.S. Geological Survey National Water Information System (NWIS) parameter codes for dissolved pesticides 
in water.
[Values are reported in nanograms per liter. Abbreviations: IGR, Insect Growth Regulator]

1 Compound detected in unspiked water.

from the Sacramento River at Miller Park and suspended-
sediment samples were collected in 2004 from the Cache 
Creek inflow to the settling basin near Woodland (USGS site 
id # 384340121434401). The MDLs were calculated for each 
compound using the following equation:

MDL S t n

MDL

= ⋅  ( , = ),
where

is the method detection li

- - .1 1 0 99α

mmit,
is the standard deviation of replicate samples,
is t

S
n hhe number of replicates ( , and

is the value of the st
n

t
= 7)

uudent's  statistic at 
6 degrees of freedom and 99-percen

t
tt 

confidence interval.

MDLs for surface water ranged from 0.9 to 18.0 ng/L 
(table 4) and suspended sediment MDLs ranged from 
0.6 to 4.4 µg/kg (table 5). Analytes can be identified at 
concentrations less than the MDL with a lower confidence 
in the actual value; therefore, concentrations of compounds 
detected below the MDLs are reported as estimates.
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Compound Use type
Method  

detection 
limit

Parameter 
code

Anilines
3,4-DCA Degradate 2.5 63400
Ethalfluralin Herbicide 1.3 65130
Pendimethalin Herbicide 1.0 65142
Propanil Herbicide Not 

detectable
63481

Trifluralin Herbicide 1.7 04019
Azoles/Triazoles

Cyproconazole Fungicide 3.3 66594
Fipronil Insecticide 1.9 66605
Fipronil desulfinyl Degradate 2.8 66608
Fipronil sulfide Degradate 2.2 66611
Fipronil sulfone Degradate 1.1 66614
Metconazole Fungicide 2.4 66621
Myclobutanil Fungicide 3.3 66633
Propiconazole Fungicide 2.2 66644
Tebuconazole Fungicide 2.9 63492
Tetraconazole Fungicide 3.4 66655

Carbamates
Carbaryl Insecticide 1.8 65117
Carbofuran Insecticide 1.5 65118

Chloroacetanilides
Alachlor Herbicide 1.0 04021
Metolachlor Herbicide 1.3 04002

Organochlorines
α-Chlordane Insecticide 2.0 63122
α-HCH Insecticide 0.9 63133
Aldrin Insecticide 1.2 63121
β-HCH Insecticide 1.2 63134
cis-Nonachlor Insecticide 1.8 66635
δ-HCH Insecticide 1.3 66616
Dieldrin Insecticide 1.3 63127
Endosulfan I Insecticide 1.7 63128
Endosulfan II Insecticide 1.0 66601
Endolsulfan sulfate Degradate 1.4 66602
Endrin Insecticide 2.0 63129
Endrin aldehyde Degradate 1.0 66603
γ-Chlordane Insecticide 1.6 63123
Heptachlor Insecticide 0.7 63130
Heptachlor epoxide Degradate 1.6 63131
Hexachlorobenzene Insecticide 0.8 63132
γ-HCH (Lindane) Insecticide 1.3 63135
Isodrin Insecticide 1.7 66619
Methoxychlor Insecticide 1.4 63136
Oxychlordane Degradate 1.8 65140
Pentachloroanisole (PCA) Insecticide 1.4 66638
Pentachloronitrobenzene 

(PCNB)
Insecticide 1.2 66640

p,p'-DDD Degradate 1.4 63124
p,p'-DDE Degradate 1.4 63125
p,p'-DDT Insecticide 1.3 63126
trans-Nonachlor Insecticide 1.8 63138

Table 5. Method detection limits and U.S. Geological Survey National Water Information System (NWIS) parameter codes for pesticides associated 
with suspended sediment

[Values are reported in micrograms per kilogram. Abbreviations: IGR, Insect Growth Regulator]

Compound Use type
Method  

detection 
limit

Parameter 
code

Organophosphates
Chlorpyrifos Insecticide 2.0 65120
Diazinon Insecticide 2.0 65126
Disulfoton Insecticide 1.9 63432
Malathion Insecticide 1.1 65135
Methidathion Insecticide 2.9 65136
Methylparathion Insecticide 1.2 65137
Phosmet Insecticide 1.4 65145

Pyrethroids
Allethrin Insecticide 1.5 66587
Bifenthrin Insecticide 2.2 63415
Cyfluthrin Insecticide 2.0 65122
λ-Cyhalothrin Insecticide 2.4 65134
Cypermethrin Insecticide 2.6 65123
Deltamethrin Insecticide 2.5 65125
Esfenvalerate Insecticide 2.1 65129
Fenpropathrin Insecticide 2.1 65131
τ-Fluvalinate Insecticide 2.6 65148
Permethrin Insecticide 1.0 65143
Phenothrin Insecticide 1.3 65144
Resmethrin Insecticide 1.9 65147
Tefluthrin Insecticide 1.1 63496
Tetramethrin Insecticide 1.4 66658

Thiocarbamates
Butylate Herbicide 1.6 65116
Cycloate Herbicide 1.0 65121
EPTC Herbicide 0.9 65128
Molinate Herbicide 1.1 65138
Pebulate Herbicide 1.4 65141
Thiobencarb Herbicide 0.6 65149

Triazines/Triazones
Atrazine Herbicide 1.7 04017
Hexazinone Herbicide 1.2 65133
Prometryn Herbicide 2.8 04010
Simazine Herbicide 1.5 04008
Terbuthylazine Herbicide 1.7 66652

Strobilurins
Azoxystrobin Fungicide 4.4 66590
Trifloxystrobin Fungicide 3.3 66661
Pyraclostrobin Fungicide Not 

detectable
66647

Miscellaneous
Chlorothalonil Fungicide 1.6 65119
DCPA Herbicide 2.5 65124
Iprodione Fungicide 2.6 63457
Methoprene IGR 2.4 66624
Napropamide Herbicide 1.3 65139
Oxyfluorfen Herbicide 3.6 63468
Piperonyl butoxide Synergist 1.6 65146
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Results

Dissolved Pesticides

A total of 25 pesticides were detected in the 24 water 
samples, with detection frequencies as high as 83 percent and 
concentrations up to 8,900 ng/L (table 6). Overall, detection 
frequencies of those pesticides observed in the water samples 
ranged from 4 to 83 percent. The most frequently detected 

compounds were chlorpyrifos, DCPA, EPTC, and trifluralin, 
each of which were detected in more than 75 percent 
of the samples. In contrast, seven compounds (alachlor, 
azoxystrobin, bifenthrin, cyproconazole, λ-cyhalothrin, 
myclobutanil, and tebuconazole) were detected only in a 
single water sample. The compounds with the highest detected 
maximum concentrations were carbofuran, diazinon, and 
EPTC, each with maximum concentrations greater than 
3,200 ng/L (table 6).

Table 6. Dissolved pesticide concentrations measured in samples collected at sites located on the Alamo and New Rivers, California, September 
2006 to April 2007.

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in nanograms per liter. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
allethrin, butylate, cycloate, cyfluthrin, cypermethrin, deltamethrin, disulfoton, esfenvalerate, ethalfluralin, fenpropathrin, fipronil, fipronil disulfinyl, fipronil 
sulfide, fipronil sulfone, hexazinone, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, p,p'-DDD, p,p'-DDT, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, permethrin, phenothrin, phosmet, propiconazole, resmethrin, simazine, τ-fluvalinate, 
tetramethrin, thiobencarb, and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample 

date

 Sample 
time 

(hh:mm)

Analysis  
date

3,4-DCA 
[66584]

Alachlor 
[65064]

Atrazine 
[65065]

Azoxy-
strobin 
[66589]

Bifenthrin 
[65067]

Carbaryl 
[65069]

Carbo-
furan 

[65070]

Alamo River near Niland 09-12-06 11:45 09-19-06 ND ND 114 ND ND ND ND
10-14-06 13:00 11-14-06 ND ND 129 ND ND 42.7 ND
11-13-06 16:20 11-17-06 ND ND ND ND ND ND ND
02-13-07 10:55 02-20-07 (5.8) ND ND ND 9.2 ND ND
03-12-07 16:20 03-21-07 15.2 137 323 (3.2) ND ND 1,500
04-17-07 11:00 05-03-07 (4.8) ND 166 ND ND ND 108

Alamo River near Calipatria 10-16-06 17:00 11-14-06 ND ND 99.0 ND ND ND ND
03-14-07 12:00 03-21-07 10.9 ND ND ND ND ND 4,020

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 11-14-06 ND ND ND ND ND ND ND
03-16-07 09:30 03-21-07 15.5 ND 146 ND ND ND 2,330

Alamo River at International 
Boundary

10-18-06 07:45 11-14-06 ND ND ND ND ND ND ND
03-17-07 08:30 03-21-07 ND ND ND ND ND ND ND

New River at Lack Road  
near Calipatria

09-13-06 09:00 09-19-06 ND ND ND ND ND ND ND
10-14-06 07:00 11-14-06 87.2 ND ND ND ND ND ND
11-14-06 09:00 11-17-06 64.4 ND ND ND ND ND ND
02-14-07 10:45 02-20-07 27.0 ND ND ND ND ND ND
03-13-07 09:45 03-21-07 19.2 ND ND ND ND ND 65.0
04-18-07 10:15 05-03-07 9.6 ND 438 ND ND ND ND

New River below Drop 4  
near Brawley

10-15-06 07:30 11-14-06 70.0 ND ND ND ND 21.4 ND
03-14-07 07:30 03-21-07 17.4 ND ND ND ND ND ND

New River at Hwy 80 10-16-06 07:35 11-14-06 106 ND ND ND ND ND ND
03-15-07 08:00 03-21-07 35.2 ND ND ND ND ND ND

New River at International  
Boundary at Calexico

10-19-06 07:30 11-14-06 ND ND ND ND ND ND ND
03-18-07 08:30 03-21-07 21.4 ND ND ND ND ND ND
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Table 6. Dissolved pesticide concentrations measured in samples collected at sites located on the Alamo and New Rivers, California, September 
2006 to April 2007.—Continued

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in nanograms per liter. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
allethrin, butylate, cycloate, cyfluthrin, cypermethrin, deltamethrin, disulfoton, esfenvalerate, ethalfluralin, fenpropathrin, fipronil, fipronil disulfinyl, fipronil 
sulfide, fipronil sulfone, hexazinone, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, p,p’-DDD, p,p’-DDT, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, permethrin, phenothrin, phosmet, propiconazole, resmethrin, simazine, τ-fluvalinate, 
tetramethrin, thiobencarb, and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample 

date

 Sample 
time 

(hh:mm)

Analysis  
date

Chloro-
thalonil
[65071]

Chlor-
pyrifos 
[65072]

Cyproco-
nazole 
[66593]

DCPA 
[65076]

Diazinon 
[65078]

EPTC 
[65080]

Alamo River near Niland 09-12-06 11:45 09-19-06 ND 2.6 ND 39.4 12.4 1,030
10-14-06 13:00 11-14-06 ND 51.8 ND 444 713 8,940
11-13-06 16:20 11-17-06 ND 34.4 ND 689 240 146
02-13-07 10:55 02-20-07 ND 120 ND 197 20.2 148
03-12-07 16:20 03-21-07 ND 43.2 17.6 94.4 ND 6,020
04-17-07 11:00 05-03-07 ND 6.0 ND 141 ND 3,788

Alamo River near Calipatria 10-16-06 17:00 11-14-06 ND 123 ND 581 3,240 2,230
03-14-07 12:00 03-21-07 (1.4) 54.7 ND 176 ND 1,164

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 11-14-06 ND 58.4 ND 854 485 3,340
03-16-07 09:30 03-21-07 ND 44.3 ND 170 ND 17.3

Alamo River at International 
Boundary

10-18-06 07:45 11-14-06 ND ND ND ND ND 15.6
03-17-07 08:30 03-21-07 ND ND ND 2.6 ND ND

New River at Lack Road  
near Calipatria

09-13-06 09:00 09-19-06 ND 7.5 ND 3.8 15.5 10.3
10-14-06 07:00 11-14-06 ND 21.6 ND 102 333 770
11-14-06 09:00 11-17-06 ND 10.6 ND 120 64.8 716
02-14-07 10:45 02-20-07 ND 68.2 ND 22.4 ND 56.6
03-13-07 09:45 03-21-07 (5.6) 30.4 ND 58.8 ND 61.4
04-18-07 10:15 05-03-07 ND 5.6 ND 25.2 ND 3,848

New River below Drop 4  
near Brawley

10-15-06 07:30 11-14-06 ND 26.0 ND ND 260 455
03-14-07 07:30 03-21-07 ND 15.2 ND 7.2 ND 18.6

New River at Hwy 80 10-16-06 07:35 11-14-06 ND 65.4 ND ND 206 ND
03-15-07 08:00 03-21-07 ND ND ND ND ND ND

New River at International  
Boundary at Calexico

10-19-06 07:30 11-14-06 ND ND ND ND 249 556
03-18-07 08:30 03-21-07 ND ND ND ND ND ND
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Table 6. Dissolved pesticide concentrations measured in samples collected at sites located on the Alamo and New Rivers, California, September 
2006 to April 2007.—Continued

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in nanograms per liter. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
allethrin, butylate, cycloate, cyfluthrin, cypermethrin, deltamethrin, disulfoton, esfenvalerate, ethalfluralin, fenpropathrin, fipronil, fipronil disulfinyl, fipronil 
sulfide, fipronil sulfone, hexazinone, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, p,p’-DDD, p,p’-DDT, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, permethrin, phenothrin, phosmet, propiconazole, resmethrin, simazine, τ-fluvalinate, 
tetramethrin, thiobencarb, and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample 

date

 Sample 
time 

(hh:mm)

Analysis  
date

Iprodione 
[66617]

λ-Cyhalo-
thrin 

[65086]

Malathion 
[65087]

Myclo-
butanil 
[66632]

Oxyflu-
orfen 

[65093]

p,p'-DDE 
[65095]

Alamo River near Niland 09-12-06 11:45 09-19-06 ND ND ND ND ND (2.8)
10-14-06 13:00 11-14-06 ND ND ND ND ND ND
11-13-06 16:20 11-17-06 ND 32.4 ND ND 5.4 (1.2)
02-13-07 10:55 02-20-07 ND ND 16.6 ND 22.4 (2.0)
03-12-07 16:20 03-21-07 ND ND 214 19.0 11.2 ND
04-17-07 11:00 05-03-07 14.0 ND ND ND 13.6 ND

Alamo River near Calipatria 10-16-06 17:00 11-14-06 ND ND ND ND ND ND
03-14-07 12:00 03-21-07 ND ND 186 ND 33.9 ND

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 11-14-06 ND ND ND ND 6.2 (2.4)
03-16-07 09:30 03-21-07 ND ND 129 ND 12.4 ND

Alamo River at International 
Boundary

10-18-06 07:45 11-14-06 ND ND ND ND ND ND
03-17-07 08:30 03-21-07 ND ND ND ND ND ND

New River at Lack Road  
near Calipatria

09-13-06 09:00 09-19-06 ND ND ND ND ND ND
10-14-06 07:00 11-14-06 ND ND ND ND ND ND
11-14-06 09:00 11-17-06 ND ND ND ND ND ND
02-14-07 10:45 02-20-07 ND ND ND ND 27.4 ND
03-13-07 09:45 03-21-07 ND ND 113 ND 15.8 ND
04-18-07 10:15 05-03-07 32.4 ND ND ND 4.6 ND

New River below Drop 4  
near Brawley

10-15-06 07:30 11-14-06 ND ND ND ND ND ND
03-14-07 07:30 03-21-07 ND ND 25.4 ND ND ND

New River at Hwy 80 10-16-06 07:35 11-14-06 ND ND ND ND ND ND
03-15-07 08:00 03-21-07 ND ND ND ND ND ND

New River at International  
Boundary at Calexico

10-19-06 07:30 11-14-06 ND ND ND ND ND ND
03-18-07 08:30 03-21-07 ND ND ND ND ND ND
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Table 6. Dissolved pesticide concentrations measured in samples collected at sites located on the Alamo and New Rivers, California, September 
2006 to April 2007.—Continued

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in nanograms per liter. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
allethrin, butylate, cycloate, cyfluthrin, cypermethrin, deltamethrin, disulfoton, esfenvalerate, ethalfluralin, fenpropathrin, fipronil, fipronil disulfinyl, fipronil 
sulfide, fipronil sulfone, hexazinone, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, p,p’-DDD, p,p’-DDT, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, permethrin, phenothrin, phosmet, propiconazole, resmethrin, simazine, τ-fluvalinate, 
tetramethrin, thiobencarb, and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample 

date

 Sample 
time 

(hh:mm)

Analysis  
date

Pendi-
methalin 
[65098]

Piperonyl 
butoxide 
[65102]

Prometryn 
[65103]

Tebuco-
nazole 
[66649]

Tetraco-
nazole
[66654]

Trifluralin 
[65108]

Alamo River near Niland 09-12-06 11:45 09-19-06 6.0 ND ND ND ND 12.2
10-14-06 13:00 11-14-06 7.8 ND 6.0 ND ND 7.6
11-13-06 16:20 11-17-06 ND ND 8.4 ND ND 15.0
02-13-07 10:55 02-20-07 182 ND ND ND ND 111
03-12-07 16:20 03-21-07 233 ND ND ND 8.6 517
04-17-07 11:00 05-03-07 90.8 ND ND ND (3.2) 238

Alamo River near Calipatria 10-16-06 17:00 11-14-06 8.0 ND ND ND ND 37.8
03-14-07 12:00 03-21-07 360 ND ND ND ND 554

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 11-14-06 5.4 ND ND ND ND 19.2
03-16-07 09:30 03-21-07 264 ND ND 29.3 ND 338

Alamo River at International 
Boundary

10-18-06 07:45 11-14-06 ND ND ND ND ND ND
03-17-07 08:30 03-21-07 ND ND ND ND ND 2.8

New River at Lack Road  
near Calipatria

09-13-06 09:00 09-19-06 10.8 ND ND ND ND (2.0)
10-14-06 07:00 11-14-06 ND ND ND ND ND 12.8
11-14-06 09:00 11-17-06 ND 15.6 ND ND ND 11.6
02-14-07 10:45 02-20-07 245 ND ND ND ND ND
03-13-07 09:45 03-21-07 174 ND ND ND (1.4) 153
04-18-07 10:15 05-03-07 41.4 ND ND ND (2.0) 98.2

New River below Drop 4  
near Brawley

10-15-06 07:30 11-14-06 ND 16.6 ND ND ND (1.0)
03-14-07 07:30 03-21-07 ND ND ND ND ND 134

New River at Hwy 80 10-16-06 07:35 11-14-06 ND 30.6 ND ND ND 6.6
03-15-07 08:00 03-21-07 ND 18.2 ND ND ND 74.9

New River at International  
Boundary at Calexico

10-19-06 07:30 11-14-06 ND 61.6 ND ND ND ND
03-18-07 08:30 03-21-07 ND ND ND ND ND ND
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There were noticeable differences in pesticide occurrence 
between the Alamo and New Rivers. Twenty-four pesticides 
were detected in the Alamo River while only 16 pesticides 
were detected in the New River (table 7). Nine pesticides 
were detected only in the Alamo River, while the synergist 
piperonyl butoxide was detected only in the New River. Four 
compounds (atrazine, DCPA, oxyfluorfen, and pendimethalin) 
were detected frequently in the Alamo River but were detected 
infrequently in the New River, while 3,4-DCA was detected 
frequently in New River samples but detected only rarely 
in Alamo River samples (fig. 5). Fifteen compounds were 
detected in both rivers and maximum concentrations of 11 of 
these compounds were detected in Alamo River samples.

The occurrence and concentrations of pesticides showed 
distinct seasonal differences (fig. 6). More pesticides were 
detected in the spring months (February, March, and April) 
than in the fall months (September, October, and November). 
Eleven compounds were detected only during the spring, 
while three others were detected only during the fall (fig. 6, 
table 7). The pesticides that were detected most frequently in 
the spring were 3,4-DCA and DCPA. In the fall, chlorpyrifos 
and diazinon were detected most frequently. Two additional 
pesticides (EPTC and trifluralin) were detected in more 
than 75 percent of the samples in both seasons (fig. 6). 
Concentrations followed a similar seasonal pattern to detection 
frequency with the maximum concentrations of 15 pesticides 
occurring in the spring months and only 10 pesticides in the 
fall.

Dissolved concentrations of four insecticides (carbofuran, 
chlorpyrifos, diazinon, and malathion) exceeded aquatic life 
benchmarks established by the U.S. Environmental Protection 
Agency (U.S. Environmental Protection Agency, 2007). 
Carbofuran concentrations exceeded the benchmark for 
acute toxicity to invertebrates (1,115 ng/L) in three samples 
collected from the Alamo River in March 2007 (table 6). 
Chlorpyrifos concentrations were greater than the benchmark 
for acute invertebrate toxicity (50 ng/L) in five samples from 
the Alamo River and in two samples from the New River, with 
four of these seven samples collected during the October 2006 
sampling event. Concentrations of diazinon exceeded the acute 
invertebrate toxicity benchmark (100 ng/L) in six samples 
and the chronic toxicity benchmark for fish (550 ng/L) in 
two additional samples. All diazinon exceedances occurred in 
samples collected in the fall. Malathion concentrations in four 
samples collected during March 2007 were above the chronic 
invertebrate toxicity benchmark (60 ng/L). Concentrations 
of nine pesticides detected during this study (alachlor, 
atrazine, carbaryl, chlorothalonil, DCPA, EPTC, oxyfluorfen, 
pendimethalin, and trifluralin) were below aquatic life 
benchmarks, while the other 12 compounds detected do not 
have benchmarks.

Sediment-Associated Pesticides

Thirty-four pesticides were detected in suspended-
sediment samples at detection frequencies up to 100 percent 
and with concentrations as high as 174 µg/kg. Pesticides 
detected included 5 fungicides, 5 herbicides, 19 insecticides 
(current-use and organochlorines), 4 pesticide degradates, 
and 1 synergist (tables 5, 8, and 9). The nine most frequently 
detected pesticides were chlorpyrifos, DCPA, dieldrin, 
permethrin, p,p’-DDD, p,p’-DDE, p,p’-DDT, tetraconazole, 
and trifluralin, which were detected in greater than 75 percent 
of the samples. Pendimethalin and trifluralin had the highest 
maximum concentrations at 174 and 87.4 µg/kg, respectively. 
The majority of the organochlorine pesticides detected were at 
or below their method detection limits, except for p,p’-DDE, 
for which measured concentrations ranged from 2 to 54 µg/kg.

Table 7. Numbers of detections of dissolved pesticides by season and 
river system.

[ND, not detected]

Compound

Alamo River New River

Fall  
2006

Spring  
2007

Fall  
2006

Spring  
2007

3,4-DCA ND 5 4 6
Alachlor ND 1 ND ND
Atrazine 3 3 ND 1
Azoxystrobin ND 1 ND ND
Bifenthrin ND 1 ND ND
Carbaryl 1 ND 1 ND
Carbofuran ND 4 ND 1
Chlorothalonil ND 1 ND 1
Chlorpyrifos 5 5 5 4
Cyproconazole ND 1 ND ND
DCPA 5 6 3 4
Diazinon 5 1 6 ND
EPTC 6 5 5 4
Iprodione ND 1 ND 1
λ-Cyhalothrin 1 ND ND ND
Malathion ND 4 ND 2
Myclobutanil ND 1 ND ND
Oxyfluorfen 2 5 ND 3
p-p'-DDE 3 1 ND ND
Pendimethalin 4 5 1 3
Piperonyl butoxide ND ND 4 1
Prometryn 2 ND ND ND
Tebuconazole ND 1 ND ND
Tetraconazole ND 2 ND 2
Trifluralin 5 6 5 4
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Figure 5. Detection 
frequencies of dissolved 
pesticides, as a percentage 
of the total number of 
samples collected, by river 
system.

3,4-DCA

Alachlor

Atra
zin

e

Azoxystro
bin

Bife
nthrin

Carbaryl

Carbofuran

Chlorothalonil

Chlorpyrifo
s

Cyproconazole
DCPA

Diazin
on

EPTC

Iprodione

     
     

   
-Cyhalothrin

Malathion

Myclobutanil

Oxyflu
orfe

n

p,p'-D
DE

Pendimethalin

Piperonyl b
utoxide

Prometry
n

Tebuconazole

Tetra
conazole

Trifl
uralin

Fr
eq

ue
nc

y 
of

 D
et

ec
tio

n,
 in

 p
er

ce
nt

20

0

40

60

80

100

Spring
Fall

Figure 6.  Detection 
frequencies of dissolved 
pesticides, as a percentage 
of the total number of 
samples collected, by 
season.



20  Pesticides in Water and Suspended Sediment, Alamo and New Rivers, Imperial Valley/Salton Sea Basin, California, 2006–07

Table 8. Pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, September 2006 to 
April 2007.

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
alachlor, allethrin, atrazine, azoxystrobin, butylate, carbaryl, cycloate, cyfluthrin, deltamethrin, ethalfluralin, fenpropathrin, fipronil, fipronil desulfinyl, fipronil 
sulfide, fipronil sulfone, iprodione, hexazinone, malathion, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, phenothrin, phosmet, prometryn, resmethrin, simazine, τ-fluvalinate, tebuconazole, 
tetramethrin, thiobencarb and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample  

date

 Sample 
time 

(hh:mm)

Analysis  
date

3,4-DCA 
[63400]

Bifenthrin 
[63415]

Carbofuran 
[65118]

Chloro-
thalonil 
[65119]

Chlor-
pyrifos 
[65120]

Alamo River near Niland 09-12-06 11:45 08-31-07 ND ND ND ND ND
10-14-06 13:00 08-31-07 ND ND ND ND 10.4
11-13-06 16:20 09-05-07 ND (0.5) ND ND 8.1
02-13-07 10:55 09-05-07 ND ND ND ND 29.5
03-12-07 16:20 09-05-07 ND ND ND ND 4.9
04-17-07 11:00 09-10-07 ND ND ND ND (1.6)

Alamo River near Calipatria 10-16-06 17:00 08-31-07 ND ND ND ND 20.0
03-14-07 12:00 09-05-07 ND (1.0) (0.9) (1.5) 6.6

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 08-31-07 (1.0) (0.4) ND ND 11.0
03-16-07 09:30 09-05-07 (1.1) (1.4) ND ND 16.0

Alamo River at International 
Boundary

10-18-06 07:45 08-31-07 ND ND ND ND ND
03-17-07 08:30 09-10-07 ND ND ND ND ND

New River at Lack Road near 
Calipatria

09-13-06 09:00 08-31-07 ND ND ND ND 2.2
10-14-06 07:00 08-31-07 ND ND ND ND 5.2
11-14-06 09:00 08-31-07 3.2 ND ND ND 4.0
02-14-07 10:45 09-05-07 ND ND ND ND 12.5
03-13-07 09:45 09-05-07 ND ND ND (1.4) 10.7
04-18-07 10:15 09-10-07 ND ND ND ND ND

New River below Drop 4  
near Brawley

10-15-06 07:30 08-31-07 ND ND ND ND 9.1
03-14-07 07:30 09-05-07 ND ND ND ND 4.6

New River at Hwy 80 10-16-06 07:35 08-31-07 3.1 ND ND ND 18.3
03-15-07 08:00 09-05-07 37.7 ND ND ND 13.4

New River at International  
Boundary at Calexico

10-19-06 07:30 09-10-07 ND ND ND ND 13.1
03-18-07 08:30 09-05-07 ND ND ND ND (1.6)
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Table 8. Pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, September 2006 to 
April 2007.—Continued

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
alachlor, allethrin, atrazine, azoxystrobin, butylate, carbaryl, cycloate, cyfluthrin, deltamethrin, ethalfluralin, fenpropathrin, fipronil, fipronil desulfinyl, fipronil 
sulfide, fipronil sulfone, iprodione, hexazinone, malathion, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, phenothrin, phosmet, prometryn, resmethrin, simazine, τ-fluvalinate, tebuconazole, 
tetramethrin, thiobencarb and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample  

date

 Sample 
time 

(hh:mm)

Analysis  
date

Cyper-
methrin 
[65123]

Cyproco-
nazole 
[66594]

DCPA
[65124]

Diazinon 
[65126]

EPTC 
[65128]

Esfen-
valerate 
[65129]

Alamo River near Niland 09-12-06 11:45 08-31-07 ND ND (2.0) ND ND ND
10-14-06 13:00 08-31-07 ND ND 26.8 5.7 12.4 ND
11-13-06 16:20 09-05-07 ND ND 46.8 2.9 2.3 ND
02-13-07 10:55 09-05-07 13.4 ND 28.3 ND 2.6 ND
03-12-07 16:20 09-05-07 ND ND 5.3 ND 7.9 ND
04-17-07 11:00 09-10-07 ND ND 18.0 ND 4.9 ND

Alamo River near Calipatria 10-16-06 17:00 08-31-07 ND (1.5) 31.2 11.7 ND ND
03-14-07 12:00 09-05-07 ND ND 13.0 ND 4.7 ND

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 08-31-07 ND ND 58.1 3.7 5.7 (1.9)
03-16-07 09:30 09-05-07 ND ND 30.5 ND 1.1 5.3

Alamo River at International 
Boundary

10-18-06 07:45 08-31-07 ND ND ND ND ND ND
03-17-07 08:30 09-10-07 ND ND ND ND ND ND

New River at Lack Road near 
Calipatria

09-13-06 09:00 08-31-07 ND ND (0.8) ND ND ND
10-14-06 07:00 08-31-07 ND ND 9.4 2.1 ND ND
11-14-06 09:00 08-31-07 ND ND 56.1 ND 2.7 ND
02-14-07 10:45 09-05-07 ND ND 4.4 ND 1.8 ND
03-13-07 09:45 09-05-07 ND ND 7.0 ND ND ND
04-18-07 10:15 09-10-07 ND ND (1.3) ND 1.5 ND

New River below Drop 4  
near Brawley

10-15-06 07:30 08-31-07 ND ND 3.5 ND 2.8 ND
03-14-07 07:30 09-05-07 ND ND (0.7) ND ND ND

New River at Hwy 80 10-16-06 07:35 08-31-07 ND ND ND ND ND ND
03-15-07 08:00 09-05-07 ND ND ND ND ND ND

New River at International  
Boundary at Calexico

10-19-06 07:30 09-10-07 ND ND ND ND ND ND
03-18-07 08:30 09-05-07 ND ND ND ND ND ND
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Table 8. Pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, September 2006 to 
April 2007.—Continued

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
alachlor, allethrin, atrazine, azoxystrobin, butylate, carbaryl, cycloate, cyfluthrin, deltamethrin, ethalfluralin, fenpropathrin, fipronil, fipronil desulfinyl, fipronil 
sulfide, fipronil sulfone, iprodione, hexazinone, malathion, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, phenothrin, phosmet, prometryn, resmethrin, simazine, τ-fluvalinate, tebuconazole, 
tetramethrin, thiobencarb and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample  

date

 Sample 
time 

(hh:mm)

Analysis  
date

l-Cyha-
lothrin 
[65134]

Myclo-
butanil 
[66633]

Oxyfluorfen 
[63468]

Pendi-
methalin 
[65142]

Permethrin 
[65143]

Alamo River near Niland 09-12-06 11:45 08-31-07 ND ND ND 3.5 ND
10-14-06 13:00 08-31-07 ND ND ND 4.5 4.1
11-13-06 16:20 09-05-07 ND ND 2.4 ND 2.7
02-13-07 10:55 09-05-07 ND ND 17.5 174 5.1
03-12-07 16:20 09-05-07 ND (0.6) ND 46.5 (0.7)
04-17-07 11:00 09-10-07 ND ND (1.9) 9.7 (0.6)

Alamo River near Calipatria 10-16-06 17:00 08-31-07 ND (1.1) ND 6.2 75.1
03-14-07 12:00 09-05-07 ND ND 3.9 52.7 1.4

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 08-31-07 (1.1) ND 7.5 8.0 3.3
03-16-07 09:30 09-05-07 2.6 ND 11.4 96.0 51.3

Alamo River at International 
Boundary

10-18-06 07:45 08-31-07 ND ND ND ND ND
03-17-07 08:30 09-10-07 ND ND ND ND ND

New River at Lack Road near 
Calipatria

09-13-06 09:00 08-31-07 ND ND ND 2.2 6.2
10-14-06 07:00 08-31-07 ND ND ND ND 3.4
11-14-06 09:00 08-31-07 ND ND ND 3.5 17.4
02-14-07 10:45 09-05-07 ND ND ND 58.9 2.8
03-13-07 09:45 09-05-07 ND ND ND 56.1 2.7
04-18-07 10:15 09-10-07 ND ND ND 1.8 ND

New River below Drop 4  
near Brawley

10-15-06 07:30 08-31-07 ND (1.4) ND ND 5.1
03-14-07 07:30 09-05-07 ND ND ND 7.2 3.7

New River at Hwy 80 10-16-06 07:35 08-31-07 ND ND ND ND 29.4
03-15-07 08:00 09-05-07 ND ND ND 36.0 1.6

New River at International  
Boundary at Calexico

10-19-06 07:30 09-10-07 ND ND ND ND 13.9
03-18-07 08:30 09-05-07 ND ND ND ND 4.7
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Table 8. Pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, September 2006 to 
April 2007.—Continued

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
alachlor, allethrin, atrazine, azoxystrobin, butylate, carbaryl, cycloate, cyfluthrin, deltamethrin, ethalfluralin, fenpropathrin, fipronil, fipronil desulfinyl, fipronil 
sulfide, fipronil sulfone, iprodione, hexazinone, malathion, metconazole, methidathion, methoprene, methylparathion, metolachlor, molinate, napropamide, 
pentachloroanisole (PCA), pentachloronitrobenzene (PCNB), pebulate, phenothrin, phosmet, prometryn, resmethrin, simazine, τ-fluvalinate, tebuconazole, 
tetramethrin, thiobencarb and trifloxystrobin. Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample  

date

 Sample 
time 

(hh:mm)

Analysis  
date

Piperonyl 
butoxide 
[65146]

Propi-
conazole 

[66644]

Tetra-
conazole 

[66655]

Trifluralin 
[04019]

Alamo River near Niland 09-12-06 11:45 08-31-07 ND ND (0.3) 2.7
10-14-06 13:00 08-31-07 ND ND (0.2) 3.8
11-13-06 16:20 09-05-07 ND ND (0.2) 6.0
02-13-07 10:55 09-05-07 ND ND (0.2) 47.6
03-12-07 16:20 09-05-07 ND (0.3) (0.4) 33.1
04-17-07 11:00 09-10-07 ND ND (0.2) 12.9

Alamo River near Calipatria 10-16-06 17:00 08-31-07 ND ND (0.8) 10.4
03-14-07 12:00 09-05-07 ND ND (0.2) 36.8

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 08-31-07 ND (0.4) (0.2) 7.3
03-16-07 09:30 09-05-07 ND ND ND 87.4

Alamo River at International 
Boundary

10-18-06 07:45 08-31-07 ND ND (0.3) ND
03-17-07 08:30 09-10-07 ND ND (0.2) ND

New River at Lack Road near 
Calipatria

09-13-06 09:00 08-31-07 ND ND (0.8) (1.5)
10-14-06 07:00 08-31-07 ND ND (0.5) 6.3
11-14-06 09:00 08-31-07 ND ND ND 12.5
02-14-07 10:45 09-05-07 ND ND (0.1) 12.2
03-13-07 09:45 09-05-07 ND ND (0.2) 50.9
04-18-07 10:15 09-10-07 ND ND (0.3) 5.0

New River below Drop 4  
near Brawley

10-15-06 07:30 08-31-07 ND ND (0.9) (1.2)
03-14-07 07:30 09-05-07 ND ND (0.8) 28.8

New River at Hwy 80 10-16-06 07:35 08-31-07 (0.7) ND (0.2) 7.1
03-15-07 08:00 09-05-07 ND ND (0.5) 65.0

New River at International  
Boundary at Calexico

10-19-06 07:30 09-10-07 ND ND ND ND
03-18-07 08:30 09-05-07 ND ND (1.1) ND
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Table 9. Organochlorine pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, 
September 2006 to April 2007.

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
α-HCH, endosulfan sulfate, endrin aldehyde, hepatchlor, hepatchlor epoxide, hexachlorobenzene, isodrin, methoxychlor, oxychlordane, pentachloroanisole 
(PCA) and pentachloronitrobenzene (PCNB). Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample  

date

 Sample 
time 

(hh:mm)

Analysis  
date

α-Chlordane 
[63122]

β-HCH 
[63134]

cis-
Nonachlor 

[66635]

δ-HCH 
[66616]

Dieldrin 
[63127]

Alamo River near Niland 09-12-06 11:45 09-05-07 (0.3) ND ND ND 1.5
10-14-06 13:00 09-05-07 (0.2) ND (1.4) ND 2.7
11-13-06 16:20 09-05-07 (0.2) (0.5) ND (0.2) 1.7
02-13-07 10:55 09-05-07 (0.2) (0.7) ND ND 2.3
03-12-07 16:20 09-12-07 ND ND ND ND (1.2)
04-17-07 11:00 09-12-07 ND ND ND ND (1.0)

Alamo River near Calipatria 10-16-06 17:00 09-05-07 ND ND ND ND ND
03-14-07 12:00 09-12-07 (0.2) ND ND ND (1.0)

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 09-05-07 (0.3) (0.4) (0.1) ND 2.3
03-16-07 09:30 09-05-07 (0.3) (0.6) ND ND 2.5

Alamo River at International 
Boundary

10-18-06 07:45 09-05-07 ND ND ND ND (0.4)
03-17-07 08:30 09-12-07 ND ND ND ND (0.3)

New River at Lack Road near 
Calipatria

09-13-06 09:00 09-05-07 ND ND ND ND (0.4)
10-14-06 07:00 09-05-07 ND ND ND ND (0.6)
11-14-06 09:00 09-05-07 ND ND ND ND (0.8)
02-14-07 10:45 09-05-07 ND (0.4) ND (0.1) (0.8)
03-13-07 09:45 09-12-07 ND ND ND ND (0.8)
04-18-07 10:15 09-12-07 ND ND ND ND (0.7)

New River below Drop 4  
near Brawley

10-15-06 07:30 09-05-07 ND 1.8 ND ND (0.6)
03-14-07 07:30 09-05-07 ND (0.7) ND (0.1) (0.5)

New River at Hwy 80 10-16-06 07:35 09-05-07 (0.3) ND (0.6) ND (0.5)
03-15-07 08:00 09-05-07 ND ND ND ND 1.9

New River at International  
Boundary at Calexico

10-19-06 07:30 09-12-07 ND ND ND ND ND
03-18-07 08:30 09-12-07 (0.9) ND ND ND (0.5)
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Table 9. Organochlorine pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, 
September 2006 to April 2007.—Continued

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parentheses ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
α-HCH, endosulfan sulfate, endrin aldehyde, hepatchlor, hepatchlor epoxide, hexachlorobenzene, isodrin, methoxychlor, oxychlordane, pentachloroanisole 
(PCA) and pentachloronitrobenzene (PCNB). Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample  

date
 Sample time 

(hh:mm)
Analysis  date

Endosulfan I 
[63128]

Endolusfan II 
[66601]

γ-Chlordane 
[63123]

γ-HCH 
[63135]

Alamo River near Niland 09-12-06 11:45 09-05-07 (0.2) ND (0.6) ND
10-14-06 13:00 09-05-07 (0.3) 2.2 (0.2) ND
11-13-06 16:20 09-05-07 (0.3) ND (0.7) ND
02-13-07 10:55 09-05-07 (0.3) (0.2) (0.9) ND
03-12-07 16:20 09-12-07 ND ND (0.6) ND
04-17-07 11:00 09-12-07 (0.1) ND (0.3) ND

Alamo River near Calipatria 10-16-06 17:00 09-05-07 ND ND ND ND
03-14-07 12:00 09-12-07 (0.1) ND (0.5) ND

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 09-05-07 (0.3) ND (0.1) ND
03-16-07 09:30 09-05-07 (0.2) ND (0.2) ND

Alamo River at International 
Boundary

10-18-06 07:45 09-05-07 ND ND ND ND
03-17-07 08:30 09-12-07 ND ND (0.3) ND

New River at Lack Road near 
Calipatria

09-13-06 09:00 09-05-07 (0.3) ND ND ND
10-14-06 07:00 09-05-07 (0.2) ND ND ND
11-14-06 09:00 09-05-07 (0.5) ND ND ND
02-14-07 10:45 09-05-07 ND ND (0.3) (0.1)
03-13-07 09:45 09-12-07 (0.1) ND ND ND
04-18-07 10:15 09-12-07 (0.1) ND ND ND

New River below Drop 4  
near Brawley

10-15-06 07:30 09-05-07 ND ND ND (0.2)
03-14-07 07:30 09-05-07 ND ND ND (0.1)

New River at Hwy 80 10-16-06 07:35 09-05-07 (0.1) ND ND 1.3
03-15-07 08:00 09-05-07 ND ND ND ND

New River at International  
Boundary at Calexico

10-19-06 07:30 09-12-07 ND ND ND ND
03-18-07 08:30 09-12-07 ND ND (0.3) ND
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Table 9. Organochlorine pesticide concentrations in suspended sediments collected at sites located on the Alamo and New Rivers, California, 
September 2006 to April, 2007.—Continued

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes.Values are reported in micrograms per kilogram. 
Results in parenthesis ( ) are below method detection limits and are estimates. The following compounds were analyzed but were not detected in any samples: 
α-HCH, endosulfan sulfate, endrin aldehyde, hepatchlor, hepatchlor epoxide, hexachlorobenzene, isodrin, methoxychlor, oxychlordane, pentachloroanisole 
(PCA) and pentachloronitrobenzene (PCNB). Abbreviations: hh:mm, hours minutes; ND, not detected]

Official site name
Sample  

date

 Sample 
time 

(hh:mm)

Analysis  
date

PCA 
[66638]

p,p'-DDD 
[63124]

p,p’-DDE 
[63125]

p,p’-DDT 
[63126]

trans-
Nonachlor 

[63138]

Alamo River near Niland 09-12-06 11:45 09-05-07 ND (0.7) 15.7 (0.3) ND
10-14-06 13:00 09-05-07 (0.2) 1.9 48.6 1.4 (0.2)
11-13-06 16:20 09-05-07 ND (1.0) 26.0 (0.8) (0.3)
02-13-07 10:55 09-05-07 ND 1.7 54.2 1.3 (0.3)
03-12-07 16:20 09-12-07 ND 4.2 34.5 7.0 ND
04-17-07 11:00 09-12-07 ND (0.6) 14.2 1.8 ND

Alamo River near Calipatria 10-16-06 17:00 09-05-07 ND (1.3) 34.9 (0.5) ND
03-14-07 12:00 09-12-07 ND (0.4) 12.3 (0.4) ND

Alamo River at Harris Road near 
Imperial

10-17-06 08:50 09-05-07 ND (1.1) 33.6 (0.4) (0.2)
03-16-07 09:30 09-05-07 ND 1.8 50.9 1.5 (0.2)

Alamo River at International 
Boundary

10-18-06 07:45 09-05-07 ND (0.3) 9.2 ND ND
03-17-07 08:30 09-12-07 ND (0.3) 3.6 (0.3) ND

New River at Lack Road near 
Calipatria

09-13-06 09:00 09-05-07 ND (0.7) 12.7 (0.7) ND
10-14-06 07:00 09-05-07 ND (0.6) 6.4 (1.0) ND
11-14-06 09:00 09-05-07 ND (1.1) 12.5 ND ND
02-14-07 10:45 09-05-07 ND (0.3) 5.7 1.3 ND
03-13-07 09:45 09-12-07 ND (0.7) 9.0 (1.0) ND
04-18-07 10:15 09-12-07 ND (0.8) 3.4 (1.0) ND

New River below Drop 4  
near Brawley

10-15-06 07:30 09-05-07 ND (1.3) 3.7 ND ND
03-14-07 07:30 09-05-07 ND (0.1) 2.7 (0.5) ND

New River at Hwy 80 10-16-06 07:35 09-05-07 (0.1) (0.4) 2.8 (0.6) ND
03-15-07 08:00 09-05-07 ND (0.9) 20.0 2.9 ND

New River at International  
Boundary at Calexico

10-19-06 07:30 09-12-07 ND (1.0) 1.9 ND ND
03-18-07 08:30 09-12-07 ND (0.7) 5.3 (0.8) ND

Sediment-associated pesticides were detected most 
frequently, and generally at higher concentrations, in samples 
from the Alamo River. Thirty-two pesticides were detected 
in samples collected from the Alamo River, and 24 pesticides 
were detected in New River samples (table 10). The synergist, 
piperonyl butoxide, and the organochlorine pesticide, γ-HCH, 
were detected only in New River samples. The pesticides 
detected most frequently (greater than 75 percent) in the 
Alamo River were chlorpyrifos, DCPA, dieldrin, γ-chlordane, 
pendimethalin, permethrin, p,p'-DDD, p,p'-DDE, p,p'-
DDT, tetraconazole, and trifluralin. Except for DCPA, 
pendimethalin, and γ-chlordane, these same compounds also 
were detected in greater than 75 percent of New River samples 
(fig. 7). Twenty-two compounds were detected in both rivers 
and maximum concentrations of 16 of these compounds were 
detected in Alamo River samples.

The numbers of pesticides detected in suspended 
sediments, their frequencies of detection, and maximum 
concentrations showed limited variation between seasons. 
Twenty-nine pesticides were detected in the spring, compared 
with 31 pesticide detections in the fall. Carbofuran and 
chlorothalonil were detected only in the spring, while cis-
nonachlor, cyproconazole, diazinon, and piperonyl butoxide 
were detected only in the fall. Ten pesticides were detected 
in more than 75 percent of spring samples, while eight of 
these pesticides also were detected as frequently in the fall. 
The maximum concentrations of 18 pesticides occurred in the 
spring, while the maximum concentrations of 16 occurred in 
the fall.
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Table 10. Numbers of detections of sediment associated pesticides by season and river system.

[ND, not detected]

Compound

Alamo River New River

Fall  
2006

Spring  
2007

Fall  
2006

Spring  
2007

3,4-DCA 1 1 2 1
α-Chlordane 4 3 1 1
β-HCH 2 2 1 2
Bifenthrin 2 2 ND ND
Carbofuran ND 1 ND ND
Chlorothalonil ND 1 ND 1
Chlorpyrifos 4 5 6 5
cis-Nonachlor 2 ND 1 ND
Cypermethrin ND 1 ND ND
Cyproconazole 1 ND ND ND
DCPA 5 5 4 4
δ-HCH 1 ND ND 2
Diazinon 4 ND 1 ND
Dieldrin 5 6 5 6
Endosulfan I 4 4 4 2
Endosulfan II 1 1 ND ND
EPTC 3 5 2 2
Esfenvalerate 1 1 ND ND
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Figure 7. Frequency of detection, as a percentage of the total number of samples collected, by river system, 
for sediment-associated pesticides.

Compound

Alamo River New River

Fall  
2006

Spring  
2007

Fall  
2006

Spring  
2007

γ-Chlordane 4 6 ND 2
γ-HCH (Lindane) ND ND 2 2
λ-Cyhalothrin 1 1 ND ND
Myclobutanil 1 1 1 ND
Oxyfluorfen 2 3 ND ND
p,p'-DDD 6 6 6 6
p,p'-DDE 6 6 6 6
p,p'-DDT 6 5 3 6
Pentachloroanisole
   (PCA)

1 ND 1 ND

Pendimethalin 4 5 2 5
Permethrin 4 5 6 5
Piperonyl butoxide ND ND 1 ND
Propiconazole 1 1 ND ND
Tetraconazole 6 5 4 6
trans-Nonachlor 3 2 ND ND
Trifluralin 5 5 5 5
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Sediment Organic Carbon and Nitrogen

Organic carbon and nitrogen are measured to better 
understand the source of a sediment sample. Normalizing 
pesticide concentrations to sediment organic carbon is 
useful in comparing different sediments with varying carbon 
contents.

The percentages of organic carbon and nitrogen (POC 
and PON) in suspended sediments generally were higher in 
New River samples, compared with Alamo River samples. 
Percent organic carbon values ranged from 1.30 to 27.97 for 
New River samples and ranged from 0.97 to 4.92 for Alamo 
River samples. Percent organic nitrogen ranged from 0.19 
to 3.36 for New River samples and ranged from 0.11 to 1.00 
for Alamo River samples (table 11). POC and PON values 
showed no significant seasonal patterns.

Dissolved-Organic-Carbon and Suspended-
Sediment Concentrations 

Many of the pesticides detected in surface waters tend to 
associate with DOC. The higher the DOC the less bioavailable 
certain compounds may be to aquatic organisms. Therefore, 
measuring the DOC in water samples can aid in understanding 
the fate and transport of pesticides in the environment.

Dissolved organic carbon (DOC) concentrations ranged 
from 5.5 to 13.0 mg/L in Alamo River samples and 6.3 to 
17.7 mg/L in New River samples (table 3). The average 
DOC concentration for samples collected from the New 
River (10.3 mg/L) was higher than for samples collected on 
the Alamo River (7.8 mg/L). The average concentration for 
samples collected in the fall (10.0 mg/L) was higher than for 
samples collected in the spring (8.2 mg/L).

Suspended sediment concentrations (SSC) ranged from 
33 to 531 mg/L for samples collected from the Alamo River 
and ranged from 20 to 423 mg/L for New River samples 
(table 3). The average suspended-sediment concentration for 
Alamo River samples (278 mg/L) was slightly higher than the 
average for New River samples (202 mg/L). The average SSC 
concentration was higher for samples collected in the spring 
(276 mg/L) than for samples collected in the fall (204 mg/L). 
The percentage of suspended sediment finer than 0.062 mm 
ranged from 71.1 to 99.2 in Alamo River samples and ranged 
from 77.6 to 96.8 in New River samples (table 3). Considering 
all samples collected, the average values for the percent of fine 
sediment were similar for the Alamo River and the New River 
(87.4 and 88.0 percent, respectively). However, the average 
for fall samples (90.8 percent) was slightly higher than for 
spring samples (84.4 percent).

Water-Quality Parameters

Water-quality parameters (temperature, specific 
conductance, pH, dissolved oxygen, and turbidity) measured 
in stream cross-sections during each sampling event showed 
that the water columns were well mixed at all sites, both 
laterally and vertically. Mean values of water-quality 
parameters, based on cross-sectional measurements for each 
sampling event, are shown in table 12.

Official site name
Sample

date

 Sample 
time 

(hh:mm)

Percent 
organic 
carbon

Percent 
organic 
nitrogen

Alamo River near Niland 09-12-06 11:45 1.21 0.15
10-14-06 13:00 0.97 0.11
11-13-06 16:20 1.13 0.13
02-13-07 10:55 1.12 0.18
03-12-07 16:20 1.01 0.14
04-17-07 11:00 0.97 0.14

Alamo River near 
Calipatria

10-16-06 17:00 1.08 0.14
03-14-07 12:00 1.08 0.17

Alamo River at Harris 
Road near Imperial

10-17-06 08:50 1.38 0.15
03-16-07 09:30 1.40 0.20

Alamo River at 
International Boundary

10-18-06 07:45 4.92 1.00
03-17-07 08:30 3.71 0.72

New River at Lack Road 
near Calipatria

09-13-06 09:00 1.80 0.28
10-14-06 07:00 1.60 0.24
11-14-06 09:00 1.50 0.21
02-14-07 10:45 2.30 0.35
03-13-07 09:45 1.48 0.20
04-18-07 10:15 1.30 0.19

New River below Drop 4  
near Brawley

10-15-06 07:30 2.24 0.32
03-14-07 07:30 1.71 0.26

New River at Hwy 80 10-16-06 07:35 5.69 0.84
03-15-07 08:00 6.89 1.22

New River at International  
Boundary at Calexico

10-19-06 07:30 27.97 3.36
03-18-07 08:30 9.51 1.97

Table 11. Percent organic carbon and nitrogen in suspended 
sediment samples collected in the Alamo and New Rivers.

[Abbreviations: hh:mm, hours minutes]
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Summary and Conclusions
This project was designed to provide the State Water 

Resources Control Board with data for an initial assessment 
and characterization of current-use and organochlorine 
pesticides present in the water column and suspended 
sediments of the Alamo and New Rivers. In samples collected 
between September 2006 and April 2007, 25 pesticides were 
detected in water and 34 pesticides were detected in suspended 
sediments. Maximum dissolved pesticide concentrations 
ranged from below the method detection limits to 8,900 ng/L 
(EPTC). Maximum dissolved concentrations for most 
pesticides were observed in samples from the Alamo River. 
A greater number of dissolved pesticides were detected 
during the spring than the fall, and concentrations were more 

often at their maximum during this season. Four current-use 
pesticides (carbofuran, chlorpyrifos, diazinon and malathion) 
were detected in water samples at concentrations above 
established U.S. Environmental Protection Agency aquatic life 
benchmarks. Pesticide concentrations in suspended-sediment 
samples were as high as 174 µg/kg (pendimethalin). For the 
organochlorine pesticides detected in sediment, only p,p'-DDE 
concentrations consistently were above the method detection 
limits. In the Alamo River, greater numbers of sediment-
associated pesticides were detected and at higher detection 
frequencies than in the New River. Maximum concentrations 
of 16 of the 22 pesticides detected in suspended sediments in 
both rivers were found in Alamo River samples. In general, no 
significant seasonal differences were observed for pesticides 
detected in suspended sediments.

Table 12. Mean water-quality parameter values calculated from measured stream cross-sections at sites located on the 
Alamo and New Rivers, California, September 2006 to April 2007.

[Numbers in brackets are U.S. Geological Survey National Water Information System (NWIS) parameter codes. Abbreviations: 
hh:mm, hours minutes; ft, feet; °C, degrees Celisus; µS/cm, microsiemens per centimeter; NTU, nephelometric turbidity units; mg/L, 
milligrams per liter]

Official site name
Sample

date

 Sample 
time 

(hh:mm)

Temperature 
(°C)         

[00010]

Specific 
conductance 

(µS/cm)    
[00094]

Turbidity 
(NTU)
[61028]

pH 
[00400]

Dissolved 
oxygen 
(mg/L)
[00300]

Alamo River near Niland 09-12-06 11:45 28.0 3,419 290 7.6 5.3
10-14-06 13:00 21.5 3,268 282 8.1 6.9
11-13-06 16:20 17.5 4,325 223 7.3 8.0
02-13-07 10:55 14.5 3,314 245 7.1 8.5
03-12-07 16:20 19.0 2,813 681 7.6 7.2
04-17-07 11:00 18.0 2,710 349 7.7 9.5

Alamo River near 
Calipatria

10-16-06 17:00 22.0 3,165 252 8.3 7.4
03-14-07 12:00 19.0 2,945 483 7.4 7.6

Alamo River at Harris 
Road near Imperial

10-17-06 08:50 20.0 3,338 127 8.1 9.1
03-16-07 09:30 19.0 2,857 351 7.6 8.2

Alamo River at 
International Boundary

10-18-06 07:45 22.5 5,376 125 8.0 2.2
03-17-07 08:30 20.0 5,267 105 7.7 7.3

New River at Lack Road 
near Calipatria

09-13-06 09:00 27.5 4,572 215 7.6 4.0
10-14-06 07:00 21.0 4,595 196 7.8 5.1
11-14-06 09:00 17.0 5,950 191 7.2 6.8
02-14-07 10:45 14.5 3,967 197 7.0 5.8
03-13-07 09:45 18.5 4,360 372 7.5 5.5
04-18-07 10:15 18.0 4,435 228 7.5 8.2

New River below Drop 4  
near Brawley

10-15-06 07:30 20.5 4,592 191 7.8 5.4
03-14-07 07:30 20.0 5,256 458 7.4 6.7

New River at Hwy 80 10-16-06 07:35 21.5 4,659 145 8.4 1.3
03-15-07 08:00 21.0 5,302 254 7.3 0.7

New River at International  
Boundary at Calexico

10-19-06 07:30 21.0 4,463 141 7.8 0.2
03-18-07 08:30 21.0 5,660 59 7.6 4.9
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Table 3 
Back to PUR 2017 Summary Data 

 
 
Total pounds of pesticide active ingredients reported in each county and their rank during 2016 and 2017. Text files of data are available. Number of Applications and Acres values are for production agricultural pesticide use only. 

COUNTY LBS_2016 RANK_2016 LBS_2017  
Alameda 360240 38 376306 37 
Alpine 281 58 197 58 
Amador 78380 46 97318 43 
Butte 3290831 16 3342797 15 
Calaveras 49023 48 53096 48 
Colusa 3139105 17 2818327 17 
Contra Costa 569654 35 449100 36 
Del Norte 188117 42 230965 41 
El Dorado 230560 41 141038 42 
Fresno 35637659 1 32865437 1 
Glenn 2296168 22 2513327 22 
Humboldt 32231 52 36570 50 
Imperial 5114091 12 5372045 12 
Inyo 10607 54 18297 55 
Kern 29128793 2 28600576 2 
Kings 7328315 9 7903521 9 
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Lake 721168 33 800602 33 
Lassen 100633 43 65185 47 
Los Angeles 2558626 20 2800659 18 
Madera 11425876 5 9916196 5 
Marin 71741 47 70668 46 
Mariposa 5551 57 4486 56 
Mendocino 1121394 30 1191478 30 
Merced 10135501 6 9741612 6 
Modoc 100020 44 89418 44 
Mono 9615 55 35652 51 
Monterey 9284495 7 8887440 7 
Napa 1299754 27 1371263 25 
Nevada 97448 45 70845 45 
Orange 1143536 29 1060826 31 
Placer 458299 36 300713 38 
Plumas 38440 50 22815 53 
Riverside 2609202 19 2717182 20 
Sacramento 4340024 14 4365593 13 
San Benito 637849 34 626783 34 
San Bernardino 402543 37 459847 35 
San Diego 1557871 23 1477165 24 
San Francisco 35022 51 30752 52 
San Joaquin 12674151 4 13483744 4 
San Luis Obispo 3091480 18 2758588 19 
San Mateo 271005 40 234613 40 
Santa Barbara 5534084 11 5402714 11 
Santa Clara 1075808 32 843521 32 
Santa Cruz 1550094 24 1548841 23 
Shasta 329055 39 282380 39 
Sierra 6504 56 1238 57 
Siskiyou 1478211 25 1231012 29 
Solano 1346151 26 1337701 26 
Sonoma 2507521 21 2562959 21 
Stanislaus 7963246 8 8195939 8 
Sutter 3370634 15 3157213 16 
Tehama 1106395 31 1320301 27 
Trinity 21110 53 22310 54 
Tulare 18680420 3 19686373 3 
Tuolumne 46621 49 50341 49 
Ventura 6399063 10 6318994 10 
Yolo 4560821 13 4028608 14 
Yuba 1283310 28 1309944 28 
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From:
To:
Subject:
Date:

Christopher Cockroft
CNRA Salton Sea
Comments made during public comment period at the 1--year Plan project Description Public Workshop 
Thursday, September 24, 2020 8:47:30 AM

Hi,

Since you didn't bother to keep minutes of what was said (which was bad), here are
my comments in written form for the record.  Thanks!

Text of 9/24/20 Comments

On 10-year Plan Project Description Public Workshop

I call the State’s (and the Corps’) attention to the report by the USGS and the California State
Water Resources Control Board entitled “Pesticides in Water and Suspended Sediment of the
Alamo and New Rivers, Imperial Valley/Salton Sea Basin, California, 2006-2007” by
Orlando, Smalling and Kuivila, data series 365 prepared in cooperation with the California
State Water Resources Control Board under Agreement #05-278-250-0.

The article calls the State’s entire habitat pond alternative into question.   Its abstract states
“Water samples were analyzed for a suite of 61 current-use and organochlorine pesticides…”
and “…a total of 25 pesticides were detected in the water samples. With more than seven
pesticides detected in more than half of the samples…”  “…Maximum dissolved
concentrations of carbofuran, chlorpyrifos, diazion, and malathion exceeded aquatic life
benchmarks established by the U.S. Environmental Protection Agency for these
pesticides…”

The pesticides in the proposed 10,000 acres of habitat ponds, which use New and Alamo River
as a primary fresh water supply, will “…exceed aquatic life benchmarks.”  These habitat
ponds will poison and kill aquatic life.    

The Corps of Engineers needs to look beyond this 10-year Plan Project Description concept to
other alternatives when it assembles its environmental assessment.

I call on the Corps of Engineers and the State in the Environmental Assessment to add and
compare two more alternatives to the State’s habitat pond idea.

The two alternatives I mean are:  1) a sea to sea canal from the Sea of Cortez; and, 2) the
blended alternative, which uses agricultural water at the south and north ends for habitat (the
same as the State wants to do currently) but also provides sea water via the canal from the Sea
of Cortez to control Salton Sea elevation and keep dusty playa under water.

The  State is chasing short term acreage goals at the expense of a whole sea solution.   By
adding the sea to sea and blended alternatives to the list of ideas compared in the
Environmental Assessment, the Corps is merely taking a routine, legally required step.

It is appropriate to bring this up here and during the scoping process for the environmental
assessment.

Additionally, on another subject, I would like to draw your attention to Jenny Ross’ seminal
article, “Formation of California’s Salton Sea in 1905-07 was not “accidental.”  I attached it to
a letter I wrote to the State Water Board for its Meeting on August 19, 2020.  So it’s in the
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record there.

If you haven’t read it yet.  You should. 

Ms. Ross is a serious scholar.  She proves that the Salton Sea is a natural and integral feature
of the Colorado River System, which is a public trust protected river.

Her work requires that Salton Sea restoration efforts by both the State and the Corps of
Engineers be focused through the lens of public trust protections, including the upcoming
scoping process.

It will make a big difference in saving our Salton Sea. 

Thank you.



From:
To:
Subject:
Date:

dbhartshorn
CNRA Salton Sea
Salton Sea Solution
Thursday, September 3, 2020 6:42:45 PM

The following is a reply to the request for input concerning the Salton Sea.

Many of the problems associated with the Salton Sea could be solved if
additional significant rain were to fall in the region.  A link to my YouTube
video offers a possible way to increase rainfall.  I hope you find the video
interesting and perhaps even helpful.

The Salton Sea Solution
The Salton Sea Solution 

Sincerely, Dan 
Hartshorn 

The Salton Sea Solution
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From:
To:
Subject:
Date:

dave gilbert
CNRA Salton Sea
SALTON SEA idea
Wednesday, September 16, 2020 10:08:07 AM

To Whom It May Concern:

What follows is my idea for a Salton Sea rescue.  Now, let me state right up front that
my idea may be harebrained, laughable and completely unworkable for whatever reason. 
But, it is all I could think of.  Some calculations I did seem to support at least some part
of my idea.

As I recall there is a rail line that runs immediately adjacent to the sea.  Why couldn’t
railcars (yes, a long train) filled with water refill the sea?  Perhaps these railcars would
have to be modified in some way.  From what I understand the United States is no longer
an energy importer.  There are millions of people out of work.  These two facts could
additionally figure into this as a possible solution.

Now, in the highly unlikely event that my idea is viewed favorably, could someone
please help me with my student loans?  I am approaching retirement with nothing to
show for my degree and student debt that simply will not go away.

Thank you for your kind attention.

Sincerely,

Dave Gilbert, CT(ASCP)
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From:
To:
Subject:
Date:

Dianna Ploeger
CNRA Salton Sea
Salton Sea/
Thursday, September 17, 2020 9:16:25 PM

Salton Sea/
(Or hopefully saving it)
September 17th, 2020

I realize that what I’m about to write may have been thought of before...but here it goes.

There are miles and miles and, yes, miles of oil pipelines all around our world. Some of which 
are in our own backyard, some of which have been fought against due to the preservation of 
certain lands and animal species.

Many states in the south and eastern portion of our beautiful country have been constantly 
inundated with rainfall, hurricanes, tropical storms etc.,
while on the opposite side of our country, there are many states that have been in a constant 
drought status.

Why can’t we do away with the things (high speed railway for one)that aren’t truly a necessity 
and build a pipeline from one portion of the country to the other side.

Obviously, we would need more than just a pipeline; we’d need pumping stations, reservoirs 
etc. I’m no engineer, but I’m sure there could be quite a list of requirements. However, in my 
little minds’ eye, it could quite possibly “kill 2 birds with one stone” in that this pipeline could 
ease up on much of the flooding waters (hopefully as this would be a huge selling point)whilst 
bringing us “droughters” some badly needed water. And, at the very least, if a pipe cracked, it 
would be a water leak and not a substance such as oil that kills off much of our wildlife.

Imagine the jobs this could even provide! We could even ask Mr. Bill Gates if he’d be willing 
to help out.

In any case, these are my thoughts. Never mind that this came from my little brain, but I could 
only hope this being a win/ win for everyone.

Sincerely,
Dianna Ploeger

Palm Desert, CA. 92260

Sent from my iPhone
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From:
To:
Subject:
Date:

Ellen Strenski
CNRA Salton Sea
Idea for Salton Sea
Thursday, September 10, 2020 8:24:57 AM

Please add my voice to those advocating ocean water importation from the Sea of Cortez to restore the Salton Sea’s 
habitat for fish and birds.

One benefit of many I’d like to stress is the tourist revenue from visitors. One of my cousins from Rhode Island and 
one friend from Connecticut, both enthusiastic amateur birders, have made a point over the years of visiting me in 
Palm Springs in order to get to the Salton Sea. While here, they obviously support local businesses.

Last Christmas, my cousin loaded all her scopes and other paraphernalia into my car and we went again as usual to 
visit the Sea. We found exactly three live ducks in the Marina, and many dead, stinking, tilapia carcasses elsewhere, 
although we drove up and down the shore. We saw more water birds on the golf course next to my condo in Palm 
Springs.

Neither of them have plans to make the effort again to revisit me or the Sea, and both are heartbroken about the 
plight of the birds, and I will sorely miss my cousin and friend personally.

Many people don’t care about birds, but they do care about money, and the appalling state of the Salton Sea is going 
to eliminate a powerful source of tourist revenue, which many people do care about.

So that is my comment.

All of this makes me want to cry.

Sincerely,

Ellen Strenski

Palm Springs 92264

Sent from my iPad
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From:
To:
Cc:
Subject:
Date:
Attachments:

Eric Hanscom
CNRA Salton Sea

Creating artificial tides in the Salton Sea to cover the playa and stimulate mangrove forest development 
Friday, September 11, 2020 8:41:09 AM
Provisional_As_Filed_June_10_2020.pdf
Drawings.pdf

To whom it may concern,

I saw a notice in The Desert Sun regarding the opportunity to submit written comments
regarding plans to revitalize the Salton Sea.  I am an intellectual property attorney by trade,
but a drone flyer by passion and have spent a lot of time around the Salton Sea.  From my
travels, I am aware that the Salton Sea will become California's -- if not America's -- next
environmental catastrophe if nothing is done to reverse the current trend.  Toward that end, I
have a patent-pending proposal that would restore and invigorate the Salton Sea to a level
above its heyday in the 1950's and 60's.

A quick summary of my proposal to use staggered water inputs and outlets to that would
create artificial “tides” in the Salton Sea.  These “tides” would keep the playa wet enough to
prevent toxic dust from being picked up by wind and dumped all over Southern California. 
With this method, the “same water” could be used to keep the entire playa at the Salton Sea
damp and allow for the growth of mangrove forests.  Mangroves would provide further
protection against the playa drying out as they would create shade and decrease the velocity
of wind before it reaches the playa, as well as providing an optimum microhabitat for
invertebrates. 

The method works fairly simply.  An input source of water (Pacific Ocean, Sea of Cortez) is
pumped into the Salton Sea and released from elevated pipes, enhancing aeration of the
water.  The terminal lake is allowed to fill to a “high tide” status, inundating the playa with
water.  Water elevation sensors and computer software then turn off the input, and at a
desired time, turn on outlet pumps that take water from the Salton Sea and pump it to the Sea
of Cortez or back to the Pacific.  This regular input of seawater will bring the salinity of the
Salton Sea back to a level at which game fishes can, once again, flourish. 

The resulting artificial “intertidal zone” would have nesting islands for birds created that
would rise above the “high tide” level of the Salton Sea.  A mangrove swamp (red mangrove)
would be planted in the intertidal zone.  The mangrove trees would inhibit desiccation of the
wet playa through both shading the mud and decreasing the wind velocity that actually
reaches the mud.  The mangrove root tangle would make predation by coyotes and other
land-based predators extremely difficult, and create an excellent microclimate for worms,
crabs and other invertebrates that would provide food for fish and birds. 
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SPECIFICATION 


 


TITLE OF INVENTION:    Tidal creator for a terminal lake and method of using the 


same for restoration efforts at the Salton Sea. 


CROSS REFERENCE TO RELATED APPLICATIONS:  None. 


STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 


DEVELOPMENT: This invention was not federally sponsored. 


INVENTOR:   Eric Hanscom, resident of Carlsbad, CA, and citizen of USA. 


ATTORNEY DOCKET NO.:  Hanscom_Salton_Sea 


 


 


Background of the Invention 


[0001] Field of the invention: This invention relates to the general field of creating 


artificial tides in landlocked lakes, and more specifically, to a device by which tidal 


fluctuations can be created in the Salton Sea enhancing aeration, decreasing salinity, 


and providing mangrove habitat. 


[0002] Brief Description of Invention. The Salton Sea is a saltwater lake the lies in the 


desert about 2 ½ hours east of San Diego, California.  Because the Salton Sea has no 


outlet, it has become saltier and saltier over the years, to the point where it currently 1 
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½ times the salinity of ocean water.  While 40 years ago, the Salton Sea with a thriving 


region with sportfishing and other aquatic activities, the sport fish cannot tolerate the 


high salinity and have died out.  In addition, poor water circulation causes occasional 


algal blooms that take up so much oxygen that much of the aquatic life remaining in the 


Salton Sea dies and floats to the surface, causing a county-wide stench.  As the fish die 


off, so does the food source for over 400 species of birds that feed in the Salton Sea 


either full time or during migration stopovers. 


[0003] Due to political and economic issues, the Salton Sea has been drying up, as less 


and less water is diverted into it.  As the Salton Sea dries up, not only is the salinity 


increased at an alarming rate, but also more and more of the “playa” (the lakebed) is left 


exposed as the Sea recedes.  This presents an immediate danger, as the lakebed 


contains the pesticide and fertilizer runoff from the last 100 years, and when these 


toxins become airborne, all life within the reach of these toxic clouds breathes in 


polluted air.  This situation has become so serious that school children living in close 


proximity to the Salton Sea experience over three times the national average of asthma 


many and other breathing-related illnesses. 


[0004] Thus, it has become clear for many years that two things have to be done to the 


Salton Sea.  First, the salinity needs to be brought back to a level that will support fish 


and other aquatic life.  Second, the level of the Salton Sea has to be restored such that 


there is less exposed playa. 


[0005] Many theories have been put across to “save” the Salton Sea, including seawater 


import (“Sea to Sea”), dividing the Sea into a “good” portion and a “bad” portion, and 
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trying to find an additional source of fresh water.  With Southern California continuing to 


grow, taking fresh water away from the cities is not likely to be politically possible.  At 


the same time, the idea of concentrating toxins into a “bad” section of the Salton Sea is 


not a long-term alternative in the minds of many people involved in the Salton Sea.  The 


alternative of just doing nothing is not feasible, as at the current rate of shoreline 


recession, thousands of acres of playa are being exposed every year and toxic dust 


clouds will become more toxic as more playa is exposed.   


[0006]  Many experts agree that importing seawater is the best way to at least prevent 


the water level of the Salton Sea from decreasing further.  Proposals have been made 


to import seawater through Mexico from the Sea of Cortez, over the Cuyamaca 


Mountains from San Diego County, or around Mt. San Jacinto from Los Angeles 


through Palm Springs.   While these proposals could cover up the playa, they do not 


solve the problem of the Salton Sea’s growing salinity, as the Salton Sea would 


continue to lose freshwater through evaporation. 


[0007] Another proposal has been to bring two pipelines in from the Sea of Cortez:  one 


pipeline that pumps saltwater into the Salton Sea and other pipeline that pumps water 


back from the Salton Sea to the Sea of Cortez.  This proposal, however, relies on a 


number of open canals that would further concentrate the salinity of the water dumped 


into the Salton Sea, and these proposals do not deal with cleaning up the water or 


establishing any kind of vegetation that would survive in salty water, promote wildlife 


habitat, and help to purify the water. 
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[0008] Mangrove trees have been suggested by a number of people as an ideal tree to 


help “fix” the Salton Sea.  Mangroves are excellent carbon sinks and can survive in salty 


water.  Their extensive, branching root system provides ideal cover for young fishes and 


invertebrates and mangroves can actually help to purify water by removing toxins 


through their roots.  The reason mangroves do not work in the Salton Sea is that 


mangroves require tidal action to cover and uncover their roots.  In their native habitats, 


mangroves are exposed to tidal variations ranging from several to ten or so feet, with 


two high tides and two low tides each day.  Enclosed bodies of water such as the Salton 


Sea have minute tidal action of less than an inch per day – not nearly enough to “flush 


out” any mangrove swamp. 


[0009] The invention takes the existing ideas of canals and pipelines bring sea water to 


the Salton Sea and combines it with a staggered inflow and outflow such tides would be 


created, thereby creating ideal mangrove habitat.  Because the Salton Sea has such a 


gently sloped bottom, a tidal range of just two feet would cover and uncover, on a daily 


basis, huge stretches of playa, and, when combined with several species of mangroves, 


would create an ideal fishery.  A second part of this invention suggests the use of berms 


at the current water level of the Salton Sea which are filled, and emptied every day, 


providing mangrove habitat and keep the surface of the playa wet so that toxic dust is 


not picked up by the wind.  This second part of the invention would basically double the 


amount of area that would be suitable for mangrove forests. 


[0010] The inflow into the Salton Sea and the outflow out of it would be controlled by 


pumping stations synchronized to coordinate pumping schedules to create the desired 


tidal action.  Inflow could be from the Sea of Cortez, around Mt. San Jacinto from Los 
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Angeles via Palm Springs, or over (or through) the Cuyamaca Mountains east of San 


Diego.  It is contemplated that there could be a holding lake located at the peak of the 


water’s journey such that it could be stored in the lake and released when a “high tide” 


was desired.   


[0011] While the “new” water was flowing into the Salton Sea, “output” pump stations 


would be ready at the other end of the Salton Sea to pump out seawater when a “low 


tide” was desired.  The location of the “input” and “output” would ensure that the Salton 


Sea was mixed well.  Once the Salton Sea had filled to “high tide”, a timer would trigger 


the output pumps to gradually remove some water to create a “low tide”.  Since the 


“output” would be staggered to allow for the desired tidal action, an open river that ran 


downhill, after reaching a crest in the water’s journey from the Salton Sea to its eventual 


sink, to either the Colorado River to Sea of Cortez could be lined with mangroves that 


would, again, be able to grow because of the tidal fluctuation in the outlet river. 


[0012] To assist with aeration of the Salton Sea, the input water would be delivered from 


one or more input pipes located several feet above the Salton Sea.  As the input pipes 


release water, the water would enter the Salton Sea, causing turbulence and a constant 


source of aeration.  It is contemplated that an entire series of small input pipes could be 


suspended over numerous locations at the input end of the Salton Sea, thereby 


enhancing aeration of a larger area of the Salton Sea. 


[0013] On a daily basis, solar-powered pumps on top of the berm will pump water out of 


the Salton Sea and into holding ponds established “uphill” behind the berm.  As water is 


pumped out of the Salton Sea to fill these holding ponds, the level of the Salton Sea will 
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fall, allowing to mangroves to grow in a “tideland” located downhill from the berm as 


well, on areas that are uncovered when the water that previously covering the tidelands 


is pumped into the holding bays.  When the desired tidal cycle calls for a low tide in the 


holding bays and a high tide in the Salton Sea, drains through the berm are opened and 


water from the holding bays flows back into the Salton Sea, leaving the holding bays dry 


and refilling the Salton Sea so that it reaches the bottom of the berm. 


Objects of the Invention 


[0014] It is therefore an object of the present invention to provide a source of water to 


maintain the Salton Sea’s level. 


[0015] An additional object of the invention includes creating tidal action in the Salton 


Sea through both staggered inflows and outflows, and through creation of a berm and 


holding ponds that can be sequentially filled and drained to simulate tides. 


[0016]  A further object of the invention is to provide a habitat suitable for mangroves in 


the Salton Sea. 


[0017] Another object of the invention is to provide secure and safe nesting areas in the 


Salton Sea for a variety of bird species. 


[0018] A further object of the invention is to expand the amount of the playa that is 


“wetted down” from time to time to first, keep dust at a minimum, and second, to create 


a muddy barrier to bird nests that is impenetrable to coyotes and other land animals. 
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[0019] A further object of the invention is to enhance recreational activities in the Salton 


Sea including but not limited to boat marinas, offshore restaurants and civic buildings, 


offshore visitor centers, offshore camping, hiking and walking areas. 


[0020] Another object of the invention is to divide part of the intertidal zone into separate 


holding ponds which could be subjected to a variety of different salinities and biological 


components, thereby allowing scientists to experiment on better ways to reclaim playa 


and other attributes of terminal lakes. 


[0021]  A final object of the invention is to enhance aeration, lower salinity, and clean up 


the water of the Salton Sea. 


[0022] There has thus been outlined, rather broadly, the more important features of the 


invention in order that the detailed description thereof may be better understood, and in 


order that the present contribution to the art may be better appreciated. There are 


additional features of the invention that will be described hereinafter, and which will form 


the subject matter of the claims appended hereto.  The features listed herein, and other 


features, aspects and advantages of the present invention will become better 


understood with reference to the following description and appended claims. The 


accompanying drawings, which are incorporated in and constitute part of this 


specification, illustrate embodiments of the invention and, together with the description, 


serve to explain the principles of the invention.  


[0023] It should be understood that while the preferred embodiments of the 


invention are described in some detail herein, the present disclosure is made by way 


of example only and that variations and changes thereto are possible without 
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departing from the subject matter coming within the scope of the following claims, 


and a reasonable equivalency thereof, which claims I regard as my invention.    


 


Brief Description of the Figures 


[0024]  One preferred form of the invention will now be described with reference to the 


accompanying drawings. 


[0025] FIGURE 1 is top view of the Salton Sea region showing a preferred embodiment 


of where various parts of the invention would be located. 


[0026] FIGURE 2 is a side view of an input pipe dumping water into the Salton Sea and 


enhancing aeration. 


[0027] FIGURE 3 is side view of a preferred embodiment of the invention utilizing 


holding lakes as part the input of water into the Salton Sea. 


[0028] FIGURE 4 is a side view of the “holding pond” embodiment of the invention 


showing the current status of the Salton Sea, with a long section of exposed “playa”. 


[0029] FIGURE 5 is a side view of the berm, pump and drain mechanisms in a “holding 


pond” embodiment of the invention showing berm with a solar-powered pump station 


situated on top of the berm, with a pipeline into a deeper portion of the Salton Sea, and 


a controlled-release drain. 


[0030] FIGURE 6 is a side view of the “holding pond” embodiment of the invention 


showing how even a fairly short berm will extend an artificial intertidal zone above the 
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playa. The playa is covered by a thin sheet of water after the pump has taken water 


from the Salton Sea, exposing a tideland portion of the Salton Sea. This figure also 


shows the possible range for mangrove trees, which require periodic covering and 


uncovering by tidal action to survive.   


[0031] FIGURE 7 is a cross-sectional view of how the islands and berms are created in 


the “holding pond” embodiment of the invention, showing the creation of a berm and 


islands by bulldozing the upper 3” or so of the playa (the most toxic part).  


[0032] FIGURE 8 is a top view of the Salton Sea showing how the berm would separate 


the Salton Sea into two distinct regions, and how a system of roads and access paths 


from the land to the berm could create a number of holding ponds. 


[0033] FIGURE 9 is a cross-sectional view of one embodiment of the berm, in which a 


large berm was constructed that could accommodate hikers, bike riders, and even 


cars/maintenance vehicles. 


[0034] FIGURE 10 is a side view of the berm showing how the pump and drain are 


controlled to either bring in water or release water to simulate tidal action, showing how 


the intertidal nature of the invention allows mangrove habitat to protect nesting areas for 


birds on both sides of the berm. 


[0035] FIGURE 11 is a top view of the concept illustrated in Figure 12 showing how the 


mangrove forest made possible by the staggered pumping and drainage of water 


provides a barrier to coyotes and other land animals who would eat the birds, their 


young and their eggs. 
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[0036] Detailed Description of the Figures  


 


[0037]   Many aspects of the invention can be better understood with references made 


to the drawings below.  The components in the drawings are not necessarily drawn to 


scale.  Instead, emphasis is placed upon clearly illustrating the components of the 


present invention.  Moreover, like reference numerals designate corresponding parts 


through the several views in the drawings.  Before explaining at least one embodiment 


of the invention, it is to be understood that the embodiments of the invention are not 


limited in their application to the details of construction and to the arrangement of the 


components set forth in the following description or illustrated in the drawings. The 


embodiments of the invention are capable of being practiced and carried out in various 


ways. In addition, the phraseology and terminology employed herein are for the purpose 


of description and should not be regarded as limiting. 


 


 


[0038] FIGURE 1 is top view of the Salton Sea region showing a preferred embodiment 


of where various parts of the invention would be located.  This view show three possible 


source in input 1 water:  the Sea of Cortez 10, or from the Pacific Ocean 7, over the 


Cuyamaca Mountains east of San Diego or from Los Angeles through Palm Springs.  


Any one of the three inputs 1, or a combination of any of the three, could supply 


seawater to the Salton Sea 6.  Outputs 2 would remove water from the Salton Sea 6 


and send it into the Colorado River 9 above the border with Mexico, or in a parallel path 


next to any of the input 1 flows.   For input 1 flows, input pump stations 4 would, at 
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desired times, pump seawater either directly into the Salton Sea 6, or into intermediate 


lakes 3, which would hold the seawater until a “high tide” was desired in the Salton Sea, 


at which point an input secondary pump station 8, would either pump, or just release the 


seawater, and the let gravity take it into the Salton Sea.  When a “low tide” was desired, 


the input pump stations 4 and input secondary pump stations 8 would shut off, so no 


further water was delivered to the Salton Sea, and output pump stations 5 would begin 


to remove water from the Salton Sea.  No matter what the output path was, because the 


output pump stations would only release water from the Salton Sea periodically, the 


same “tides” that allowed mangroves to live in the Salton Sea (and help to clean up the 


water) would like in the river channels through which the saltwater would flow once or 


twice a day.  It is also contemplated that desalination plants could supplement or 


replace the output pump stations 5. 


[0039] FIGURE 2 is a side view of an input pipe dumping water into the Salton Sea and 


enhancing aeration. The input 1 water would flow in direction from either an input pump 


station or an input secondary pump station.  Elevated supports 12 would cause the 


plume 13 to be released well above the level 14 of the Salton Sea.  As the plume 13 


entered the Salton Sea, aeration 15 would be accomplished. 


[0040] FIGURE 3 is side view of a preferred embodiment of the invention utilizing 


holding lakes as part the input of water into the Salton Sea.  The basic concept is that 


seawater is brought up to the summit, such that once it is released, gravity will deliver it 


to the Salton Sea.    Water is taken from the ocean through an input pump station 4.  It 


is contemplated the input will be through a pipeline.  Input pump station 4 pumps the 


input water up to an intermediate lake 3, which stores the seawater.  An input 
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secondary pump station 8 is triggered to deliver the water to the Salton Sea when a 


“high tide” is desired.  The input secondary pump station 8 is preferably located near the 


eastern edge of the summit, such that once the input secondary pump station 8 is 


triggered to release water, it has a minimum amount of pumping to do and the water 


flows naturally downhill to fill the Salton Sea.  When a “low tide” is desired, the input 


pump stations 4 and input secondary pump stations 8 stop pumping, and the output 


pump stations 5 begin removing water from the Salton Sea.  Once this output water 


reaches the summit on its path back to the Pacific Ocean or Sea of Cortez, the output 


water will be allowed to flow via gravity down a watercourse.  Because this watercourse 


will be, on a daily basis, covered by seawater and then uncovered, mangrove trees will 


thrive in the watercourse, providing habitat and removing pollutants from the output 


seawater.  It is also contemplated that the output pump could be replaced by a 


desalination plant, which would remove salt from the output water and return fresh 


water to the Salton Sea, irrigation, or human use. 


[0041] FIGURE 4 is a side view of the “holding pond” embodiment of the invention 


showing the current status of the Salton Sea, with a long section of exposed “playa” 16 


above the current level of the Salton Sea.  For over 100 years, agriculture runoff, 


including significant amounts of fertilizer and pesticides, has been dumping into the 


Salton Sea.  Because it is terminal lake, the Salton Sea does not “flush out” these 


toxins, but rather, they accumulate on the lakebed.  As the level of the Salton Sea 


recedes, more playa 16 is exposed and dries out.   When the frequent wind storms pass 


through the region, they pick up toxic particles from the playa and create a toxic dust 


cloud that passes over a number of cities near the Salton Sea, resulting in a child 
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asthma rate that is over three times the national average.  The playa 16 is almost 


completely devoid of plant life, as there is only around 6” of rain a year and the playa is 


exposed in the summer to temperatures upwards of 115 degrees. 


[0042] A programmable computer is set to create artificial tides along a transect of the 


shoreline.    The berm 17 is built at or around the current level of the Salton Sea.  There 


is a solar panel 18 that powers a pump 19.  The pump 19 has a pipeline 23 that extends 


to the deeper water of the Salton Sea.  Through the berm is a drain 20, that has a flap 


that can open or close, also controlled by the programmable computer.  Water is moved 


from above the tideland (that area in this figure to the left of the berm) to above the 


playa 16, in a sequence that mimics the tides.  Because both the tidelands and the 


playa 16 now have tidal action, mangroves and other tidal-dependent plant species can 


now grow over both areas.  The shade provided by the mangrove leaves and branches 


decreases evaporation and provide a muddy ground that, in combination with the aerial 


root network of a mangrove forest, the creates a virtually impenetrable barrier to land 


predators of the more than 400 bird species that rely on the Salton Sea.  The mangrove 


roots provide support to the soil in addition to removing toxins from the water. 


[0043] Viewing this figure, one can see that a “high tide” at the Salton Sea corresponds 


to a “low tide” in the holding ponds (the holding ponds are the temporary ponds created 


over the playa 16).  The tidelands (that area in this figure to the left of the berm) are 


covered with water and the playa is exposed to the air.  When the pump 19 becomes 


operational (at daylight), water from the Salton Sea is pumped into the holding ponds 


and the playa 16 is now covered with water.  The water to cover the playa came from 


the Salton Sea, so the Salton Sea level has receded to expose the tidelands.  When the 
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programmable computer dictates that the Salton Sea “high tide” sequence should begin, 


the pump stops working that the drain 20 opens, thereby allowing the water that created 


a high tide in over the playa to flow back into the Salton Sea, creating a high tide over 


the tidelands and exposing the playa. 


[0044] Thus, the invention restores the playa by periodically covering and uncovering it, 


and creates the tidelands, thereby doubling the amount of the Salton Sea in which 


mangrove trees can grow. 


[0045] FIGURE 5 is a side view of the “holding pond” embodiment of the invention, 


show the creation of a berm 17 by bulldozing the upper 3” or so of the playa (the most 


toxic part).  Various governmental agencies are currently digging furrows in the playa, 


with limited success in preventing dust storms, so it would be fairly easy to divert the 


furrowing activities into pushing the upper 3” or so of playa into a berm 17.  The solar 


panel 18 powers the pump during daytime, pumping water from the Salton Sea through 


the pipeline 23, creating a plume 13 into the holding pond.  At a desired time (such as 


when the sun goes down), the pump is stopped and the drain 20 is opened, thereby 


draining the water in the holding pond back into the Salton Sea. 


[0046] FIGURE 6 is a side view of the “holding pond” embodiment of the invention 


showing how even a fairly short berm 17 will extend above the playa 16.  Because the 


Salton Sea has such a gradual slope, even a berm of a couple of feet could translate 


into a body of water whose surface covers the entire playa 16.  During the daytime, the 


solar panel 18 powers the pump 19 to bring water from the “Sea” side to the “Playa” 


side.  This creates an intertidal zone on the Sea side of the berm as that area is 
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exposed as water is moved “uphill” to the playa side of the berm, and a second intertidal 


area on the uphill side of the berm as the playa is covered with water.  At night, the 


solar-powered pump stops working, and the drain 20 is opened by the computer control 


in the pump unit to allow the water to flow back to the Sea side of the berm.  This 


artificially-created intertidal zone will allow mangroves to grow on both sides of the 


berm.  The mangroves will accomplish several goals.  First, mangroves are an excellent 


sink for carbon dioxide, thereby helping to reverse the global warming trend.  Second, 


by shading the underlying soil from the sun and shielding the soil from the full strength 


of the wind, the mangroves limit evaporation, such that the soil stays wet.  This helps to 


minimize toxic dust that is picked up during windy days.  Third, because a mangrove 


forest has nearly impenetrable root systems, birds can safely nest in the trees without 


having to worry about being attacked by coyotes and other land animals. 


[0047]  In this “holding pond” embodiment of the invention showing berm with a solar-


powered 18 pump station 19 situated on top of the berm, with a pipeline 23 into a 


deeper portion of the Salton Sea, and a controlled-release drain 20.  A computer times 


the operation of the inlet pump 19 and the release of water through the drain 20, such 


that a temporary “high tide” can be created to cover the entire playa 16.  Water is taking 


from deep in the Salton Sea through a long pipeline 23, thereby enhancing water 


circulation within the Salton Sea.   


[0048] A solar panel 18 powers a pump 19 that brings deep water from the Salton Sea 


and dumps in into the bay or “holding pond” created by the berm (the holding pond in 


the figure being the area above the playa 16).  As the water plume is discharged several 


feet above the bay, aeration will be accomplished as the plume splashes down.  The 
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computer adjusts how much water will be pumped into the bay by adjusting the volume 


of water brought through the pump for how for long the pump will run, and how long the 


bay will remain full, at a “high tide” status.  When a “low tide” is desired, the computer 


will shut off the pump 19 and will open the drain 20, thereby draining the bay.  This will 


create a tidal flow in the bay, above the playa, that will support mangrove trees. 


[0049] As water is pumped from the Salton Sea into the bay, the level of the Salton Sea 


recedes further, exposing a new, tideland section on the Salton Sea side of the berm (to 


the left of the berm in this figure).  Because this part of the Salton Sea will also have 


tidal flushing, mangrove trees can grow in this section of the Salton Sea as well.  Again, 


because the Salton Sea has a very gradual slope, the extent of the tidelands will be 


very extensive, allowing for another large area of mangrove forest. After the input has 


stopped and the water that previously overlaid the playa has been allowed to flow back 


into the Salton Sea, the playa 16 is now exposed, giving the mangrove trees the tidal 


flushing they need to survive and flooding the tidelands on the other side of the berm, 


giving the mangroves on that side of the berm to periodic flooding that they need. 


[0050] FIGURE 7 is a cross-sectional view of how the islands and berms are created in 


the “holding pond” embodiment of the invention, showing the creation of a berm 17 and 


islands by bulldozing the upper 3” or so of the playa 24 (the most toxic part). The 


current method of treatment is for a bulldozer to tow a furrowing machine, which creates 


furrows in the soil.  In theory, this method helps to “bury” some of the toxic upper crust 


of the playa, but in reality, the toxins are still exposed to the wind.  In addition, the 


furrows provide physical obstacles to a number of bird species that nest on the playa.  


To solve this problem, the same bulldozers that are currently making furrows, would set 
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their blade depths to 2” to 3”, and scoop up the toxic upper crust of the playa, forming it 


into islands and the berm.  This will concentrate the toxins in easily identifiable locations 


and allow for them to be covered up with plastic or even cement.  By removing the toxic 


upper layer, mangrove growth will be encouraged once the holding ponds are flooded 


and drained every day to simulate tides. 


 


[0051] FIGURE 8 is a top view of the Salton Sea showing how the berm would separate 


the Salton Sea into two distinct regions separated by the berm 17, and how a system of 


roads and access paths 26 from the land to the berm could create a number of holding 


ponds 25.  Different holding ponds could be flooded/drained under different treatment 


regimens, and some even used for experimental purposes.  The access roads could be 


made wide enough, and extend out into the Salton Sea, to link with marinas 27, 


ecolodges 28, and other tourist attractions. 


 


[0052] FIGURE 9 is a cross-sectional view of one embodiment of the berm or an access 


road/path, in which a large berm 26 was constructed that could accommodate hikers, 


bike riders, and even cars/maintenance vehicles.   


[0053] FIGURE 10 is a side view of the berm showing how the pump and drain are 


controlled to either bring in water or release water to simulate tidal action, showing how 


the intertidal nature of the invention allows mangrove habitat to protect nesting islands 


29 for birds on both sides of the berm 17. 
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[0054] FIGURE 11 is a top view of the concept illustrated in Figure 12 showing how the 


mangrove forest made possible by the staggered pumping and drainage of water by a 


series of pumps and drains on top of the berm 17 provides a barrier to coyotes and 


other land animals who would eat the birds, their young and their eggs on nesting 


islands 29. 


[0055] In this “holding pond” embodiment of the invention showing the playa covered by 


a thin sheet of water after the pump has taken water from the Salton Sea, exposing 


“intertidal zones” on either side of the berm. This figure also shows the possible range 


for mangrove trees, which require periodic covering and uncovering by tidal action to 


survive. 


[0056] Figures 10 and 11 also illustrate how mangrove habitat protects the nesting 


islands 29.  Mangrove trees, when established, form a tangle of aerial roots that are 


virtually impenetrable for land animals the size of coyotes or bobcats, which are the 


main land-based predators of birds.  The mangroves will also shade the ground surface, 


preventing it from drying out.   This will only mitigate the dust clouds that often form 


during windy days, but also create a muddy surface that will cannot be used by land-


based predators of birds.  Because the invention creates a wide intertidal zone both 


above and below the berm, the mangrove forest will protect nesting areas created on 


both sides of the berm. 


 


[0057] It is contemplated that both parts of the invention – creating a tidal range through 


staggered import and export of sea water from the entire body of the Salton Sea, and 
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creating secondary tidal ranges through the use of berms – could be combined to create 


an ever larger tidelands.  This, in turn, would create an even larger portion of the Salton 


Sea that could be used for mangrove trees.  


[0058] It should be understood that while the preferred embodiments of the invention 


are described in some detail herein, the present disclosure is made by way of example 


only and that variations and changes thereto are possible without departing from the 


subject matter coming within the scope of the following claims, and a reasonable 


equivalency thereof, which claims I regard as my invention.    


[0059] All of the material in this patent document is subject to copyright protection under 


the copyright laws of the United States and other countries. The copyright owner has no 


objection to the facsimile reproduction by anyone of the patent document or the patent 


disclosure, as it appears in official governmental records but, otherwise, all other 


copyright rights whatsoever are reserved. 
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[0060] Reference numbers used 


 


1. Input 


2. Output 


3. Intermediate Lake 


4. Input pump station 


5. Output pump station 


6. Salton Sea 


7. Pacific Ocean 


8. Input Secondary Pump station 


9. Colorado River 


10. Sea of Cortez 


11. Input water 


12. Elevated supports 


13. Plume 


14. Level of Salton Sea 


15. Aeration 


16. Playa 


17. Berm 


18. Solar panel 


19. Pump 


20. Drain 
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21. Mangrove 


22. Current edge of playa 


23. Pipeline 


24. Top 3” of playa 


25. Holding ponds 


26. Access paths / roads 


27. Marina 


28. Ecohotel 


29. Nesting Island 
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CLAIMS 


 


That which is claimed: 


 


1.  A device for saving the Salton Sea, comprising:  an input pump station, an 


output pump station, an input conduit, an output conduit, a programmable timer, and an 


electrical connection, where the electrical connection connects the programmable timer, 


the input pump station and the output pump station, where the input pump station 


delivers a quantity of high tide water from a saltwater source, to a terminal lake, such as 


the Salton Sea, and where the output pump station removes a quantity of low tide water 


from the terminal lake, and where the programmable timer staggers an input-on period 


for the input pump station with an output-on period for the output pump station such that 


a water level in the terminal lake rises to create a high tide and falls to create a low tide 


through the coordination of the input-on period and the output-on period by the 


programmable timer. 


2. The device of Claim 1, where a high tide period and a low tide period create a 


tideland, where one or more species of mangrove trees can be planted in the tidelands. 


3. The device of Claim 1, where the one or more species of mangroves are 


selected from the group consisting of Rhizophora mangle, Avicennia germinans, 


Laguncularia racemose, and Conocarpus erectus. 
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4. The device of Claim 1, additionally comprising a holding lake, where the holding 


lake receives a first quantity of water from a coastal input pump station, and stores the 


first quantity of water until receiving a release signal, at which point the holding lake 


releases a second quantity of water, where the second quantity of water flows into the 


Salton Sea. 


5. The device of Claim 4, additionally comprising an inland input pump station, 


where the inland input pump station is located between the holding lake and the Salton 


Sea, and where the inland input pump station discharges the second quantity of water 


from the holding lake to the Salton Sea. 


6. The device of Claim 5, where the output pump station directs water to a sink, 


where the sink is selected from the group consisting of the Colorado River, the Sea of 


Cortez, and the Pacific Ocean. 


7. The device of Claim 6, additionally comprising an outlet trough, where the outlet 


trough will have a river status when an outlet quantity of water flowing down it when the 


output pump station is in an operational mode, and where the outlet trough will have a 


dry status during times with the output pump station is in a non-operational mode, such 


that the outlet trough will simulate a tidal cycle such that mangroves can grow in the 


outlet trough. 


8. A device for creating a low tide and a high tide in a terminal lake such as the 


Salton Sea, comprising a berm, a pump with a pipeline and a spigot, a drain, a 


programmable controller, and a solar array, where the terminal lake has a current 


shoreline and a playa, where the berm is located at a current water level of the terminal 
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lake, where the berm creates a holding pond behind the berm, where an uppermost 


section of the playa has a playa elevation above the current shoreline, and the berm 


has a berm height, and the berm height is greater than the playa elevation, such that 


when a filling quantity of water is pumped into the holding pond, the playa will be 


covered by the filling quantity of water before the filling quantity of water overflows the 


berm, where the pump and the drain are controlled by the programmable controller to 


have an operational status or a non-operational status, where the pipeline extends from 


the pump into a deep region of the terminal lake, and when the pump is in the 


operational status, a deep quantity of water is removed from the terminal lake and 


driven by pump into the holding pond, where the deep quantity of water will cover the 


playa and create a high tide, and where as the deep quantity of water is removed from 


the terminal lake, a tideland will be created in the terminal lake, there the tideland will be 


exposed directly to air when the holding pond is full of water. 


9. The device of Claim 8, where the programmable controller can create a low tide 


by changing the pump to a non-operational status and changing the drain to an 


operational status. 


10. The device of Claim 9, where the spigot is located at least three feet above the 


playa elevation, such that when the deep quantity of water is driven into the holding 


pond, a fall of the deep quantity of water will creation a holding pond aeration of the 


deep quantity of water. 
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11. The device of Claim 10, where there are more than one holding pond and the 


more than one holding pond are created by a network of spur berms radiating out from 


the shoreline of the Salton Sea. 


12. The device of Claim 11, where at least one of the spur beams is wide enough to 


accommodate two persons and one bicycle. 


13. The device of Claim 11, where at least one of the spur beams is wide enough to 


accommodate a vehicle. 


14. The device of Claim 11, additionally comprising a structure on a spur extension, 


where the spur connection connects the berm to the structure, where the structure is 


selected from the group comprising hotels, observation platforms, nature centers, 


environmental group headquarters, movie theatres, houses, apartments, marinas, 


camping areas, yacht buoys and campgrounds. 


15. The device of Claim 14, where at least one of the structures is a floating 


structure. 


16. A device for saving the Salton Sea, comprising a sea to sea portion and a 


holding pond portion, where the sea to sea portion comprises:  an input pump station, 


an output pump station, an input conduit, an output conduit, a programmable timer, and 


an electrical connection, where the electrical connection connects the programmable 


timer, the input pump station and the output pump station, where the input pump station 


delivers a quantity of high tide water from a saltwater source, to a terminal lake, such as 


the Salton Sea, and where the output pump station removes a quantity of low tide water 
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from the terminal lake, and where the programmable timer staggers an input-on period 


for the input pump station with an output-on period for the output pump station such that 


a water level in the terminal lake rises to create a high tide and falls to create a low tide 


through the coordination of the input-on period and the output-on period by the 


programmable timer, where the holding pond portion comprises: a berm, a pump with a 


pipeline and a spigot, a drain, a programmable controller, and a solar array, where the 


terminal lake has a current shoreline and a playa, where the berm is located at a current 


water level of the terminal lake, where the berm creates a holding pond behind the 


berm, where an uppermost section of the playa has a playa elevation above the current 


shoreline, and the berm has a berm height, and the berm height is greater than the 


playa elevation, such that when a filling quantity of water is pumped into the holding 


pond, the playa will be covered by the filling quantity of water before the filling quantity 


of water overflows the berm, where the pump and the drain are controlled by the 


programmable controller to have an operational status or a non-operational status, 


where the pipeline extends from the pump into a deep region of the terminal lake, and 


when the pump is in the operational status, a deep quantity of water is removed from 


the terminal lake and driven by pump into the holding pond, where the deep quantity of 


water will cover the playa and create a high tide, and where as the deep quantity of 


water is removed from the terminal lake, a tideland will be created in the terminal lake, 


there the tideland will be exposed directly to air when the holding pond is full of water. 


17. The device of Claim 16, where a high tide period and a low tide period create a 


tidelands, where one or more species of mangrove trees can be planted in the 


tidelands, and where the programmable controller can create a low tide by changing the 
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pump to a non-operational status and changing the drain to an operational status, 


thereby increasing the size of the tidelands. 


18. The device of Claim17 where the spigot is located at least three feet above the 


playa elevation, such that when the deep quantity of water is driven into the holding 


pond, a fall of the deep quantity of water will creation a holding pond aeration of the 


deep quantity of water. 


19. The device of Claim 18, where the drain additionally comprises a drain pump, 


where the drain pump accelerates the flow of a quantity of holding tank water and 


sprays it into the air, thereby creation aeration of quantity of holding tank water. 


20. The device of Claim19, where there are more than one holding pond, where the 


more than holding pond is created by an access path from the shoreline of the Salton 


Sea to the berm. 


21. The device of Claim 20 additionally comprising a plurality of sea islands and a 


plurality of holding pond islands, where the sea islands are located on the Salton Sea 


side of the berm, and the holding pond islands are located on the shore side of the 


berm. 


22. The device of Claim 21, where the plurality of sea islands and the plurality of 


holding pond islands have a height, and the height is greater than the height of the 


berm, such the a top of both the sea islands and the holding pond islands remain above 


the water level of the Salton Sea and the holding ponds at all times. 
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23. The device of Claim 22, where the one or more species of mangroves are 


selected from the group consisting of Rhizophora mangle, Avicennia germinans, 


Laguncularia racemose, and Conocarpus erectus. 


24. The device of Claim 23, additionally comprising a holding lake, where the holding 


lake receives a first quantity of water from a coastal input pump station, and stores the 


first quantity of water until receiving a release signal, at which point the holding lake 


releases a second quantity of water, where the second quantity of water flows into the 


Salton Sea. 


25. The device of Claim 24, additionally comprising an inland input pump station, 


where the inland input pump station is located between the holding lake and the Salton 


Sea, and where the inland input pump station discharges the second quantity of water 


from the holding lake to the Salton Sea. 


26. The device of Claim 25, where the output pump station directs water to a sink, 


where the sink is selected from the group consisting of the Colorado River, the Sea of 


Cortez, and the Pacific Ocean, and, additionally comprising an outlet trough, where the 


outlet trough will have a river status when an outlet quantity of water flowing down it 


when the output pump station is in an operational mode, and where the outlet trough will 


have a dry status during times with the output pump station is in a non-operational 


mode, such that the outlet trough will simulate a tidal cycle such that mangroves can 


grow in the outlet trough. 
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27. The device of Claim 21, where there are multiple access paths, and at least one 


of the access paths has a spur path that leads to a structure. 


28. The device of Claim 21, additionally comprising at least one pump boat, where 


the pump boat pumps water from the Salton Sea into a holding pond. 
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ABSTRACT OF DISCLOSURE 


 


This invention is a device for creating tidal action in a terminal lake.  A first aspect 


involves staggering of input and output from the terminal lake, such that the level of the 


lake rises and falls on a daily basis to simulate tidal action.  A second aspect involves 


the creation of a berm and islands, with a system of pumps and drains filling and 


emptying a series of holding ponds, creating an even greater “reach” of the tidal action.  


This tidal action allows for the growth of mangrove forests, which prevent land-based 


predators such as coyotes from accessing bird nests on the islands, as well as keeping 


the “playa” wet enough so that local wind does not pick up playa sediment and create 


toxic dust storms.  The toxic upper 3” of the “playa” is bulldozed to create the berm, 


islands, and access roads which bisect the newly-created intertidal zone. 
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To further extend the reach of the water, a berm would be established at the current level of
the Salton Sea, and the playa inland from the berm is divided into “holding ponds”, which are
periodically flooded to keep the playa wet.  IID is currently already using heavy equipment to
furrow large sections of the playa; all they would need to do is bulldoze the upper, toxic three
inches of soil into a berm, which could be covered in heavy plastic or even cement if desired. 

Computer-controlled and solar-powered pumps and drains would bring in enough water to
flood playa and maintain a “high tide” for a few hours.  When the model calls for a “low tide”,
that water is drained out of that particular section and redirected to another.  This allows for
the same water to be used to keep the playa wet over a much larger area. 

A series of berms would also radiate out from the main berm into that portion of the Salton
Sea that would be permanently full of water.  At the end of the projections could be
ecolodges, boat marinas, and other recreationally-related structures. 

I have attached a copy of part of my patent application.  Please feel free to reach out to me if
you have any questions.

Thanks, Eric

For our latest drone video from Svalbard:

https://www.youtube.com/watch?v=xmtVXEuJoRI

Eric Hanscom PC
dba InterContinental IP

Office Address
5858 Dryden Place, Suite 227
Carlsbad, CA 92008

Mailing Address:
7040 Avenida Encinas, PO Box 104-358 
Carlsbad, CA 92011

Eric@icipLaw.com

https://www.youtube.com/watch?v=xmtVXEuJoRI


http://www.icipLaw.com

http://www.hanalexmcd.com/
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SPECIFICATION 

TITLE OF INVENTION:    Tidal creator for a terminal lake and method of using the 

same for restoration efforts at the Salton Sea. 

CROSS REFERENCE TO RELATED APPLICATIONS:  None. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT: This invention was not federally sponsored. 

INVENTOR:   Eric Hanscom, resident of Carlsbad, CA, and citizen of USA. 

ATTORNEY DOCKET NO.:  Hanscom_Salton_Sea 

Background of the Invention 

[0001] Field of the invention: This invention relates to the general field of creating 

artificial tides in landlocked lakes, and more specifically, to a device by which tidal 

fluctuations can be created in the Salton Sea enhancing aeration, decreasing salinity, 

and providing mangrove habitat. 

[0002] Brief Description of Invention. The Salton Sea is a saltwater lake the lies in the 

desert about 2 ½ hours east of San Diego, California.  Because the Salton Sea has no 

outlet, it has become saltier and saltier over the years, to the point where it currently 1 
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½ times the salinity of ocean water.  While 40 years ago, the Salton Sea with a thriving 

region with sportfishing and other aquatic activities, the sport fish cannot tolerate the 

high salinity and have died out.  In addition, poor water circulation causes occasional 

algal blooms that take up so much oxygen that much of the aquatic life remaining in the 

Salton Sea dies and floats to the surface, causing a county-wide stench.  As the fish die 

off, so does the food source for over 400 species of birds that feed in the Salton Sea 

either full time or during migration stopovers. 

[0003] Due to political and economic issues, the Salton Sea has been drying up, as less 

and less water is diverted into it.  As the Salton Sea dries up, not only is the salinity 

increased at an alarming rate, but also more and more of the “playa” (the lakebed) is left 

exposed as the Sea recedes.  This presents an immediate danger, as the lakebed 

contains the pesticide and fertilizer runoff from the last 100 years, and when these 

toxins become airborne, all life within the reach of these toxic clouds breathes in 

polluted air.  This situation has become so serious that school children living in close 

proximity to the Salton Sea experience over three times the national average of asthma 

many and other breathing-related illnesses. 

[0004] Thus, it has become clear for many years that two things have to be done to the 

Salton Sea.  First, the salinity needs to be brought back to a level that will support fish 

and other aquatic life.  Second, the level of the Salton Sea has to be restored such that 

there is less exposed playa. 

[0005] Many theories have been put across to “save” the Salton Sea, including seawater 

import (“Sea to Sea”), dividing the Sea into a “good” portion and a “bad” portion, and 
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trying to find an additional source of fresh water.  With Southern California continuing to 

grow, taking fresh water away from the cities is not likely to be politically possible.  At 

the same time, the idea of concentrating toxins into a “bad” section of the Salton Sea is 

not a long-term alternative in the minds of many people involved in the Salton Sea.  The 

alternative of just doing nothing is not feasible, as at the current rate of shoreline 

recession, thousands of acres of playa are being exposed every year and toxic dust 

clouds will become more toxic as more playa is exposed.   

[0006]  Many experts agree that importing seawater is the best way to at least prevent 

the water level of the Salton Sea from decreasing further.  Proposals have been made 

to import seawater through Mexico from the Sea of Cortez, over the Cuyamaca 

Mountains from San Diego County, or around Mt. San Jacinto from Los Angeles 

through Palm Springs.   While these proposals could cover up the playa, they do not 

solve the problem of the Salton Sea’s growing salinity, as the Salton Sea would 

continue to lose freshwater through evaporation. 

[0007] Another proposal has been to bring two pipelines in from the Sea of Cortez:  one 

pipeline that pumps saltwater into the Salton Sea and other pipeline that pumps water 

back from the Salton Sea to the Sea of Cortez.  This proposal, however, relies on a 

number of open canals that would further concentrate the salinity of the water dumped 

into the Salton Sea, and these proposals do not deal with cleaning up the water or 

establishing any kind of vegetation that would survive in salty water, promote wildlife 

habitat, and help to purify the water. 
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[0008] Mangrove trees have been suggested by a number of people as an ideal tree to 

help “fix” the Salton Sea.  Mangroves are excellent carbon sinks and can survive in salty 

water.  Their extensive, branching root system provides ideal cover for young fishes and 

invertebrates and mangroves can actually help to purify water by removing toxins 

through their roots.  The reason mangroves do not work in the Salton Sea is that 

mangroves require tidal action to cover and uncover their roots.  In their native habitats, 

mangroves are exposed to tidal variations ranging from several to ten or so feet, with 

two high tides and two low tides each day.  Enclosed bodies of water such as the Salton 

Sea have minute tidal action of less than an inch per day – not nearly enough to “flush 

out” any mangrove swamp. 

[0009] The invention takes the existing ideas of canals and pipelines bring sea water to 

the Salton Sea and combines it with a staggered inflow and outflow such tides would be 

created, thereby creating ideal mangrove habitat.  Because the Salton Sea has such a 

gently sloped bottom, a tidal range of just two feet would cover and uncover, on a daily 

basis, huge stretches of playa, and, when combined with several species of mangroves, 

would create an ideal fishery.  A second part of this invention suggests the use of berms 

at the current water level of the Salton Sea which are filled, and emptied every day, 

providing mangrove habitat and keep the surface of the playa wet so that toxic dust is 

not picked up by the wind.  This second part of the invention would basically double the 

amount of area that would be suitable for mangrove forests. 

[0010] The inflow into the Salton Sea and the outflow out of it would be controlled by 

pumping stations synchronized to coordinate pumping schedules to create the desired 

tidal action.  Inflow could be from the Sea of Cortez, around Mt. San Jacinto from Los 
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Angeles via Palm Springs, or over (or through) the Cuyamaca Mountains east of San 

Diego.  It is contemplated that there could be a holding lake located at the peak of the 

water’s journey such that it could be stored in the lake and released when a “high tide” 

was desired.   

[0011] While the “new” water was flowing into the Salton Sea, “output” pump stations 

would be ready at the other end of the Salton Sea to pump out seawater when a “low 

tide” was desired.  The location of the “input” and “output” would ensure that the Salton 

Sea was mixed well.  Once the Salton Sea had filled to “high tide”, a timer would trigger 

the output pumps to gradually remove some water to create a “low tide”.  Since the 

“output” would be staggered to allow for the desired tidal action, an open river that ran 

downhill, after reaching a crest in the water’s journey from the Salton Sea to its eventual 

sink, to either the Colorado River to Sea of Cortez could be lined with mangroves that 

would, again, be able to grow because of the tidal fluctuation in the outlet river. 

[0012] To assist with aeration of the Salton Sea, the input water would be delivered from 

one or more input pipes located several feet above the Salton Sea.  As the input pipes 

release water, the water would enter the Salton Sea, causing turbulence and a constant 

source of aeration.  It is contemplated that an entire series of small input pipes could be 

suspended over numerous locations at the input end of the Salton Sea, thereby 

enhancing aeration of a larger area of the Salton Sea. 

[0013] On a daily basis, solar-powered pumps on top of the berm will pump water out of 

the Salton Sea and into holding ponds established “uphill” behind the berm.  As water is 

pumped out of the Salton Sea to fill these holding ponds, the level of the Salton Sea will 
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fall, allowing to mangroves to grow in a “tideland” located downhill from the berm as 

well, on areas that are uncovered when the water that previously covering the tidelands 

is pumped into the holding bays.  When the desired tidal cycle calls for a low tide in the 

holding bays and a high tide in the Salton Sea, drains through the berm are opened and 

water from the holding bays flows back into the Salton Sea, leaving the holding bays dry 

and refilling the Salton Sea so that it reaches the bottom of the berm. 

Objects of the Invention 

[0014] It is therefore an object of the present invention to provide a source of water to 

maintain the Salton Sea’s level. 

[0015] An additional object of the invention includes creating tidal action in the Salton 

Sea through both staggered inflows and outflows, and through creation of a berm and 

holding ponds that can be sequentially filled and drained to simulate tides. 

[0016]  A further object of the invention is to provide a habitat suitable for mangroves in 

the Salton Sea. 

[0017] Another object of the invention is to provide secure and safe nesting areas in the 

Salton Sea for a variety of bird species. 

[0018] A further object of the invention is to expand the amount of the playa that is 

“wetted down” from time to time to first, keep dust at a minimum, and second, to create 

a muddy barrier to bird nests that is impenetrable to coyotes and other land animals. 
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[0019] A further object of the invention is to enhance recreational activities in the Salton 

Sea including but not limited to boat marinas, offshore restaurants and civic buildings, 

offshore visitor centers, offshore camping, hiking and walking areas. 

[0020] Another object of the invention is to divide part of the intertidal zone into separate 

holding ponds which could be subjected to a variety of different salinities and biological 

components, thereby allowing scientists to experiment on better ways to reclaim playa 

and other attributes of terminal lakes. 

[0021]  A final object of the invention is to enhance aeration, lower salinity, and clean up 

the water of the Salton Sea. 

[0022] There has thus been outlined, rather broadly, the more important features of the 

invention in order that the detailed description thereof may be better understood, and in 

order that the present contribution to the art may be better appreciated. There are 

additional features of the invention that will be described hereinafter, and which will form 

the subject matter of the claims appended hereto.  The features listed herein, and other 

features, aspects and advantages of the present invention will become better 

understood with reference to the following description and appended claims. The 

accompanying drawings, which are incorporated in and constitute part of this 

specification, illustrate embodiments of the invention and, together with the description, 

serve to explain the principles of the invention.  

[0023] It should be understood that while the preferred embodiments of the 

invention are described in some detail herein, the present disclosure is made by way 

of example only and that variations and changes thereto are possible without 
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departing from the subject matter coming within the scope of the following claims, 

and a reasonable equivalency thereof, which claims I regard as my invention.    

 

Brief Description of the Figures 

[0024]  One preferred form of the invention will now be described with reference to the 

accompanying drawings. 

[0025] FIGURE 1 is top view of the Salton Sea region showing a preferred embodiment 

of where various parts of the invention would be located. 

[0026] FIGURE 2 is a side view of an input pipe dumping water into the Salton Sea and 

enhancing aeration. 

[0027] FIGURE 3 is side view of a preferred embodiment of the invention utilizing 

holding lakes as part the input of water into the Salton Sea. 

[0028] FIGURE 4 is a side view of the “holding pond” embodiment of the invention 

showing the current status of the Salton Sea, with a long section of exposed “playa”. 

[0029] FIGURE 5 is a side view of the berm, pump and drain mechanisms in a “holding 

pond” embodiment of the invention showing berm with a solar-powered pump station 

situated on top of the berm, with a pipeline into a deeper portion of the Salton Sea, and 

a controlled-release drain. 

[0030] FIGURE 6 is a side view of the “holding pond” embodiment of the invention 

showing how even a fairly short berm will extend an artificial intertidal zone above the 
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playa. The playa is covered by a thin sheet of water after the pump has taken water 

from the Salton Sea, exposing a tideland portion of the Salton Sea. This figure also 

shows the possible range for mangrove trees, which require periodic covering and 

uncovering by tidal action to survive.   

[0031] FIGURE 7 is a cross-sectional view of how the islands and berms are created in 

the “holding pond” embodiment of the invention, showing the creation of a berm and 

islands by bulldozing the upper 3” or so of the playa (the most toxic part).  

[0032] FIGURE 8 is a top view of the Salton Sea showing how the berm would separate 

the Salton Sea into two distinct regions, and how a system of roads and access paths 

from the land to the berm could create a number of holding ponds. 

[0033] FIGURE 9 is a cross-sectional view of one embodiment of the berm, in which a 

large berm was constructed that could accommodate hikers, bike riders, and even 

cars/maintenance vehicles. 

[0034] FIGURE 10 is a side view of the berm showing how the pump and drain are 

controlled to either bring in water or release water to simulate tidal action, showing how 

the intertidal nature of the invention allows mangrove habitat to protect nesting areas for 

birds on both sides of the berm. 

[0035] FIGURE 11 is a top view of the concept illustrated in Figure 12 showing how the 

mangrove forest made possible by the staggered pumping and drainage of water 

provides a barrier to coyotes and other land animals who would eat the birds, their 

young and their eggs. 
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[0036] Detailed Description of the Figures  

 

[0037]   Many aspects of the invention can be better understood with references made 

to the drawings below.  The components in the drawings are not necessarily drawn to 

scale.  Instead, emphasis is placed upon clearly illustrating the components of the 

present invention.  Moreover, like reference numerals designate corresponding parts 

through the several views in the drawings.  Before explaining at least one embodiment 

of the invention, it is to be understood that the embodiments of the invention are not 

limited in their application to the details of construction and to the arrangement of the 

components set forth in the following description or illustrated in the drawings. The 

embodiments of the invention are capable of being practiced and carried out in various 

ways. In addition, the phraseology and terminology employed herein are for the purpose 

of description and should not be regarded as limiting. 

 

 

[0038] FIGURE 1 is top view of the Salton Sea region showing a preferred embodiment 

of where various parts of the invention would be located.  This view show three possible 

source in input 1 water:  the Sea of Cortez 10, or from the Pacific Ocean 7, over the 

Cuyamaca Mountains east of San Diego or from Los Angeles through Palm Springs.  

Any one of the three inputs 1, or a combination of any of the three, could supply 

seawater to the Salton Sea 6.  Outputs 2 would remove water from the Salton Sea 6 

and send it into the Colorado River 9 above the border with Mexico, or in a parallel path 

next to any of the input 1 flows.   For input 1 flows, input pump stations 4 would, at 
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desired times, pump seawater either directly into the Salton Sea 6, or into intermediate 

lakes 3, which would hold the seawater until a “high tide” was desired in the Salton Sea, 

at which point an input secondary pump station 8, would either pump, or just release the 

seawater, and the let gravity take it into the Salton Sea.  When a “low tide” was desired, 

the input pump stations 4 and input secondary pump stations 8 would shut off, so no 

further water was delivered to the Salton Sea, and output pump stations 5 would begin 

to remove water from the Salton Sea.  No matter what the output path was, because the 

output pump stations would only release water from the Salton Sea periodically, the 

same “tides” that allowed mangroves to live in the Salton Sea (and help to clean up the 

water) would like in the river channels through which the saltwater would flow once or 

twice a day.  It is also contemplated that desalination plants could supplement or 

replace the output pump stations 5. 

[0039] FIGURE 2 is a side view of an input pipe dumping water into the Salton Sea and 

enhancing aeration. The input 1 water would flow in direction from either an input pump 

station or an input secondary pump station.  Elevated supports 12 would cause the 

plume 13 to be released well above the level 14 of the Salton Sea.  As the plume 13 

entered the Salton Sea, aeration 15 would be accomplished. 

[0040] FIGURE 3 is side view of a preferred embodiment of the invention utilizing 

holding lakes as part the input of water into the Salton Sea.  The basic concept is that 

seawater is brought up to the summit, such that once it is released, gravity will deliver it 

to the Salton Sea.    Water is taken from the ocean through an input pump station 4.  It 

is contemplated the input will be through a pipeline.  Input pump station 4 pumps the 

input water up to an intermediate lake 3, which stores the seawater.  An input 
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secondary pump station 8 is triggered to deliver the water to the Salton Sea when a 

“high tide” is desired.  The input secondary pump station 8 is preferably located near the 

eastern edge of the summit, such that once the input secondary pump station 8 is 

triggered to release water, it has a minimum amount of pumping to do and the water 

flows naturally downhill to fill the Salton Sea.  When a “low tide” is desired, the input 

pump stations 4 and input secondary pump stations 8 stop pumping, and the output 

pump stations 5 begin removing water from the Salton Sea.  Once this output water 

reaches the summit on its path back to the Pacific Ocean or Sea of Cortez, the output 

water will be allowed to flow via gravity down a watercourse.  Because this watercourse 

will be, on a daily basis, covered by seawater and then uncovered, mangrove trees will 

thrive in the watercourse, providing habitat and removing pollutants from the output 

seawater.  It is also contemplated that the output pump could be replaced by a 

desalination plant, which would remove salt from the output water and return fresh 

water to the Salton Sea, irrigation, or human use. 

[0041] FIGURE 4 is a side view of the “holding pond” embodiment of the invention 

showing the current status of the Salton Sea, with a long section of exposed “playa” 16 

above the current level of the Salton Sea.  For over 100 years, agriculture runoff, 

including significant amounts of fertilizer and pesticides, has been dumping into the 

Salton Sea.  Because it is terminal lake, the Salton Sea does not “flush out” these 

toxins, but rather, they accumulate on the lakebed.  As the level of the Salton Sea 

recedes, more playa 16 is exposed and dries out.   When the frequent wind storms pass 

through the region, they pick up toxic particles from the playa and create a toxic dust 

cloud that passes over a number of cities near the Salton Sea, resulting in a child 
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asthma rate that is over three times the national average.  The playa 16 is almost 

completely devoid of plant life, as there is only around 6” of rain a year and the playa is 

exposed in the summer to temperatures upwards of 115 degrees. 

[0042] A programmable computer is set to create artificial tides along a transect of the 

shoreline.    The berm 17 is built at or around the current level of the Salton Sea.  There 

is a solar panel 18 that powers a pump 19.  The pump 19 has a pipeline 23 that extends 

to the deeper water of the Salton Sea.  Through the berm is a drain 20, that has a flap 

that can open or close, also controlled by the programmable computer.  Water is moved 

from above the tideland (that area in this figure to the left of the berm) to above the 

playa 16, in a sequence that mimics the tides.  Because both the tidelands and the 

playa 16 now have tidal action, mangroves and other tidal-dependent plant species can 

now grow over both areas.  The shade provided by the mangrove leaves and branches 

decreases evaporation and provide a muddy ground that, in combination with the aerial 

root network of a mangrove forest, the creates a virtually impenetrable barrier to land 

predators of the more than 400 bird species that rely on the Salton Sea.  The mangrove 

roots provide support to the soil in addition to removing toxins from the water. 

[0043] Viewing this figure, one can see that a “high tide” at the Salton Sea corresponds 

to a “low tide” in the holding ponds (the holding ponds are the temporary ponds created 

over the playa 16).  The tidelands (that area in this figure to the left of the berm) are 

covered with water and the playa is exposed to the air.  When the pump 19 becomes 

operational (at daylight), water from the Salton Sea is pumped into the holding ponds 

and the playa 16 is now covered with water.  The water to cover the playa came from 

the Salton Sea, so the Salton Sea level has receded to expose the tidelands.  When the 
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programmable computer dictates that the Salton Sea “high tide” sequence should begin, 

the pump stops working that the drain 20 opens, thereby allowing the water that created 

a high tide in over the playa to flow back into the Salton Sea, creating a high tide over 

the tidelands and exposing the playa. 

[0044] Thus, the invention restores the playa by periodically covering and uncovering it, 

and creates the tidelands, thereby doubling the amount of the Salton Sea in which 

mangrove trees can grow. 

[0045] FIGURE 5 is a side view of the “holding pond” embodiment of the invention, 

show the creation of a berm 17 by bulldozing the upper 3” or so of the playa (the most 

toxic part).  Various governmental agencies are currently digging furrows in the playa, 

with limited success in preventing dust storms, so it would be fairly easy to divert the 

furrowing activities into pushing the upper 3” or so of playa into a berm 17.  The solar 

panel 18 powers the pump during daytime, pumping water from the Salton Sea through 

the pipeline 23, creating a plume 13 into the holding pond.  At a desired time (such as 

when the sun goes down), the pump is stopped and the drain 20 is opened, thereby 

draining the water in the holding pond back into the Salton Sea. 

[0046] FIGURE 6 is a side view of the “holding pond” embodiment of the invention 

showing how even a fairly short berm 17 will extend above the playa 16.  Because the 

Salton Sea has such a gradual slope, even a berm of a couple of feet could translate 

into a body of water whose surface covers the entire playa 16.  During the daytime, the 

solar panel 18 powers the pump 19 to bring water from the “Sea” side to the “Playa” 

side.  This creates an intertidal zone on the Sea side of the berm as that area is 
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exposed as water is moved “uphill” to the playa side of the berm, and a second intertidal 

area on the uphill side of the berm as the playa is covered with water.  At night, the 

solar-powered pump stops working, and the drain 20 is opened by the computer control 

in the pump unit to allow the water to flow back to the Sea side of the berm.  This 

artificially-created intertidal zone will allow mangroves to grow on both sides of the 

berm.  The mangroves will accomplish several goals.  First, mangroves are an excellent 

sink for carbon dioxide, thereby helping to reverse the global warming trend.  Second, 

by shading the underlying soil from the sun and shielding the soil from the full strength 

of the wind, the mangroves limit evaporation, such that the soil stays wet.  This helps to 

minimize toxic dust that is picked up during windy days.  Third, because a mangrove 

forest has nearly impenetrable root systems, birds can safely nest in the trees without 

having to worry about being attacked by coyotes and other land animals. 

[0047]  In this “holding pond” embodiment of the invention showing berm with a solar-

powered 18 pump station 19 situated on top of the berm, with a pipeline 23 into a 

deeper portion of the Salton Sea, and a controlled-release drain 20.  A computer times 

the operation of the inlet pump 19 and the release of water through the drain 20, such 

that a temporary “high tide” can be created to cover the entire playa 16.  Water is taking 

from deep in the Salton Sea through a long pipeline 23, thereby enhancing water 

circulation within the Salton Sea.   

[0048] A solar panel 18 powers a pump 19 that brings deep water from the Salton Sea 

and dumps in into the bay or “holding pond” created by the berm (the holding pond in 

the figure being the area above the playa 16).  As the water plume is discharged several 

feet above the bay, aeration will be accomplished as the plume splashes down.  The 
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computer adjusts how much water will be pumped into the bay by adjusting the volume 

of water brought through the pump for how for long the pump will run, and how long the 

bay will remain full, at a “high tide” status.  When a “low tide” is desired, the computer 

will shut off the pump 19 and will open the drain 20, thereby draining the bay.  This will 

create a tidal flow in the bay, above the playa, that will support mangrove trees. 

[0049] As water is pumped from the Salton Sea into the bay, the level of the Salton Sea 

recedes further, exposing a new, tideland section on the Salton Sea side of the berm (to 

the left of the berm in this figure).  Because this part of the Salton Sea will also have 

tidal flushing, mangrove trees can grow in this section of the Salton Sea as well.  Again, 

because the Salton Sea has a very gradual slope, the extent of the tidelands will be 

very extensive, allowing for another large area of mangrove forest. After the input has 

stopped and the water that previously overlaid the playa has been allowed to flow back 

into the Salton Sea, the playa 16 is now exposed, giving the mangrove trees the tidal 

flushing they need to survive and flooding the tidelands on the other side of the berm, 

giving the mangroves on that side of the berm to periodic flooding that they need. 

[0050] FIGURE 7 is a cross-sectional view of how the islands and berms are created in 

the “holding pond” embodiment of the invention, showing the creation of a berm 17 and 

islands by bulldozing the upper 3” or so of the playa 24 (the most toxic part). The 

current method of treatment is for a bulldozer to tow a furrowing machine, which creates 

furrows in the soil.  In theory, this method helps to “bury” some of the toxic upper crust 

of the playa, but in reality, the toxins are still exposed to the wind.  In addition, the 

furrows provide physical obstacles to a number of bird species that nest on the playa.  

To solve this problem, the same bulldozers that are currently making furrows, would set 
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their blade depths to 2” to 3”, and scoop up the toxic upper crust of the playa, forming it 

into islands and the berm.  This will concentrate the toxins in easily identifiable locations 

and allow for them to be covered up with plastic or even cement.  By removing the toxic 

upper layer, mangrove growth will be encouraged once the holding ponds are flooded 

and drained every day to simulate tides. 

 

[0051] FIGURE 8 is a top view of the Salton Sea showing how the berm would separate 

the Salton Sea into two distinct regions separated by the berm 17, and how a system of 

roads and access paths 26 from the land to the berm could create a number of holding 

ponds 25.  Different holding ponds could be flooded/drained under different treatment 

regimens, and some even used for experimental purposes.  The access roads could be 

made wide enough, and extend out into the Salton Sea, to link with marinas 27, 

ecolodges 28, and other tourist attractions. 

 

[0052] FIGURE 9 is a cross-sectional view of one embodiment of the berm or an access 

road/path, in which a large berm 26 was constructed that could accommodate hikers, 

bike riders, and even cars/maintenance vehicles.   

[0053] FIGURE 10 is a side view of the berm showing how the pump and drain are 

controlled to either bring in water or release water to simulate tidal action, showing how 

the intertidal nature of the invention allows mangrove habitat to protect nesting islands 

29 for birds on both sides of the berm 17. 
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[0054] FIGURE 11 is a top view of the concept illustrated in Figure 12 showing how the 

mangrove forest made possible by the staggered pumping and drainage of water by a 

series of pumps and drains on top of the berm 17 provides a barrier to coyotes and 

other land animals who would eat the birds, their young and their eggs on nesting 

islands 29. 

[0055] In this “holding pond” embodiment of the invention showing the playa covered by 

a thin sheet of water after the pump has taken water from the Salton Sea, exposing 

“intertidal zones” on either side of the berm. This figure also shows the possible range 

for mangrove trees, which require periodic covering and uncovering by tidal action to 

survive. 

[0056] Figures 10 and 11 also illustrate how mangrove habitat protects the nesting 

islands 29.  Mangrove trees, when established, form a tangle of aerial roots that are 

virtually impenetrable for land animals the size of coyotes or bobcats, which are the 

main land-based predators of birds.  The mangroves will also shade the ground surface, 

preventing it from drying out.   This will only mitigate the dust clouds that often form 

during windy days, but also create a muddy surface that will cannot be used by land-

based predators of birds.  Because the invention creates a wide intertidal zone both 

above and below the berm, the mangrove forest will protect nesting areas created on 

both sides of the berm. 

 

[0057] It is contemplated that both parts of the invention – creating a tidal range through 

staggered import and export of sea water from the entire body of the Salton Sea, and 
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creating secondary tidal ranges through the use of berms – could be combined to create 

an ever larger tidelands.  This, in turn, would create an even larger portion of the Salton 

Sea that could be used for mangrove trees.  

[0058] It should be understood that while the preferred embodiments of the invention 

are described in some detail herein, the present disclosure is made by way of example 

only and that variations and changes thereto are possible without departing from the 

subject matter coming within the scope of the following claims, and a reasonable 

equivalency thereof, which claims I regard as my invention.    

[0059] All of the material in this patent document is subject to copyright protection under 

the copyright laws of the United States and other countries. The copyright owner has no 

objection to the facsimile reproduction by anyone of the patent document or the patent 

disclosure, as it appears in official governmental records but, otherwise, all other 

copyright rights whatsoever are reserved. 
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[0060] Reference numbers used 

 

1. Input 

2. Output 

3. Intermediate Lake 

4. Input pump station 

5. Output pump station 

6. Salton Sea 

7. Pacific Ocean 

8. Input Secondary Pump station 

9. Colorado River 

10. Sea of Cortez 

11. Input water 

12. Elevated supports 

13. Plume 

14. Level of Salton Sea 

15. Aeration 

16. Playa 

17. Berm 

18. Solar panel 

19. Pump 

20. Drain 
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21. Mangrove 

22. Current edge of playa 

23. Pipeline 

24. Top 3” of playa 

25. Holding ponds 

26. Access paths / roads 

27. Marina 

28. Ecohotel 

29. Nesting Island 
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CLAIMS 

 

That which is claimed: 

 

1.  A device for saving the Salton Sea, comprising:  an input pump station, an 

output pump station, an input conduit, an output conduit, a programmable timer, and an 

electrical connection, where the electrical connection connects the programmable timer, 

the input pump station and the output pump station, where the input pump station 

delivers a quantity of high tide water from a saltwater source, to a terminal lake, such as 

the Salton Sea, and where the output pump station removes a quantity of low tide water 

from the terminal lake, and where the programmable timer staggers an input-on period 

for the input pump station with an output-on period for the output pump station such that 

a water level in the terminal lake rises to create a high tide and falls to create a low tide 

through the coordination of the input-on period and the output-on period by the 

programmable timer. 

2. The device of Claim 1, where a high tide period and a low tide period create a 

tideland, where one or more species of mangrove trees can be planted in the tidelands. 

3. The device of Claim 1, where the one or more species of mangroves are 

selected from the group consisting of Rhizophora mangle, Avicennia germinans, 

Laguncularia racemose, and Conocarpus erectus. 
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4. The device of Claim 1, additionally comprising a holding lake, where the holding 

lake receives a first quantity of water from a coastal input pump station, and stores the 

first quantity of water until receiving a release signal, at which point the holding lake 

releases a second quantity of water, where the second quantity of water flows into the 

Salton Sea. 

5. The device of Claim 4, additionally comprising an inland input pump station, 

where the inland input pump station is located between the holding lake and the Salton 

Sea, and where the inland input pump station discharges the second quantity of water 

from the holding lake to the Salton Sea. 

6. The device of Claim 5, where the output pump station directs water to a sink, 

where the sink is selected from the group consisting of the Colorado River, the Sea of 

Cortez, and the Pacific Ocean. 

7. The device of Claim 6, additionally comprising an outlet trough, where the outlet 

trough will have a river status when an outlet quantity of water flowing down it when the 

output pump station is in an operational mode, and where the outlet trough will have a 

dry status during times with the output pump station is in a non-operational mode, such 

that the outlet trough will simulate a tidal cycle such that mangroves can grow in the 

outlet trough. 

8. A device for creating a low tide and a high tide in a terminal lake such as the 

Salton Sea, comprising a berm, a pump with a pipeline and a spigot, a drain, a 

programmable controller, and a solar array, where the terminal lake has a current 

shoreline and a playa, where the berm is located at a current water level of the terminal 
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lake, where the berm creates a holding pond behind the berm, where an uppermost 

section of the playa has a playa elevation above the current shoreline, and the berm 

has a berm height, and the berm height is greater than the playa elevation, such that 

when a filling quantity of water is pumped into the holding pond, the playa will be 

covered by the filling quantity of water before the filling quantity of water overflows the 

berm, where the pump and the drain are controlled by the programmable controller to 

have an operational status or a non-operational status, where the pipeline extends from 

the pump into a deep region of the terminal lake, and when the pump is in the 

operational status, a deep quantity of water is removed from the terminal lake and 

driven by pump into the holding pond, where the deep quantity of water will cover the 

playa and create a high tide, and where as the deep quantity of water is removed from 

the terminal lake, a tideland will be created in the terminal lake, there the tideland will be 

exposed directly to air when the holding pond is full of water. 

9. The device of Claim 8, where the programmable controller can create a low tide 

by changing the pump to a non-operational status and changing the drain to an 

operational status. 

10. The device of Claim 9, where the spigot is located at least three feet above the 

playa elevation, such that when the deep quantity of water is driven into the holding 

pond, a fall of the deep quantity of water will creation a holding pond aeration of the 

deep quantity of water. 
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11. The device of Claim 10, where there are more than one holding pond and the

more than one holding pond are created by a network of spur berms radiating out from 

the shoreline of the Salton Sea. 

12. The device of Claim 11, where at least one of the spur beams is wide enough to

accommodate two persons and one bicycle. 

13. The device of Claim 11, where at least one of the spur beams is wide enough to

accommodate a vehicle. 

14. The device of Claim 11, additionally comprising a structure on a spur extension,

where the spur connection connects the berm to the structure, where the structure is 

selected from the group comprising hotels, observation platforms, nature centers, 

environmental group headquarters, movie theatres, houses, apartments, marinas, 

camping areas, yacht buoys and campgrounds. 

15. The device of Claim 14, where at least one of the structures is a floating

structure. 

16. A device for saving the Salton Sea, comprising a sea to sea portion and a

holding pond portion, where the sea to sea portion comprises:  an input pump station, 

an output pump station, an input conduit, an output conduit, a programmable timer, and 

an electrical connection, where the electrical connection connects the programmable 

timer, the input pump station and the output pump station, where the input pump station 

delivers a quantity of high tide water from a saltwater source, to a terminal lake, such as 

the Salton Sea, and where the output pump station removes a quantity of low tide water 
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from the terminal lake, and where the programmable timer staggers an input-on period 

for the input pump station with an output-on period for the output pump station such that 

a water level in the terminal lake rises to create a high tide and falls to create a low tide 

through the coordination of the input-on period and the output-on period by the 

programmable timer, where the holding pond portion comprises: a berm, a pump with a 

pipeline and a spigot, a drain, a programmable controller, and a solar array, where the 

terminal lake has a current shoreline and a playa, where the berm is located at a current 

water level of the terminal lake, where the berm creates a holding pond behind the 

berm, where an uppermost section of the playa has a playa elevation above the current 

shoreline, and the berm has a berm height, and the berm height is greater than the 

playa elevation, such that when a filling quantity of water is pumped into the holding 

pond, the playa will be covered by the filling quantity of water before the filling quantity 

of water overflows the berm, where the pump and the drain are controlled by the 

programmable controller to have an operational status or a non-operational status, 

where the pipeline extends from the pump into a deep region of the terminal lake, and 

when the pump is in the operational status, a deep quantity of water is removed from 

the terminal lake and driven by pump into the holding pond, where the deep quantity of 

water will cover the playa and create a high tide, and where as the deep quantity of 

water is removed from the terminal lake, a tideland will be created in the terminal lake, 

there the tideland will be exposed directly to air when the holding pond is full of water. 

17. The device of Claim 16, where a high tide period and a low tide period create a

tidelands, where one or more species of mangrove trees can be planted in the 

tidelands, and where the programmable controller can create a low tide by changing the 
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pump to a non-operational status and changing the drain to an operational status, 

thereby increasing the size of the tidelands. 

18. The device of Claim17 where the spigot is located at least three feet above the 

playa elevation, such that when the deep quantity of water is driven into the holding 

pond, a fall of the deep quantity of water will creation a holding pond aeration of the 

deep quantity of water. 

19. The device of Claim 18, where the drain additionally comprises a drain pump, 

where the drain pump accelerates the flow of a quantity of holding tank water and 

sprays it into the air, thereby creation aeration of quantity of holding tank water. 

20. The device of Claim19, where there are more than one holding pond, where the 

more than holding pond is created by an access path from the shoreline of the Salton 

Sea to the berm. 

21. The device of Claim 20 additionally comprising a plurality of sea islands and a 

plurality of holding pond islands, where the sea islands are located on the Salton Sea 

side of the berm, and the holding pond islands are located on the shore side of the 

berm. 

22. The device of Claim 21, where the plurality of sea islands and the plurality of 

holding pond islands have a height, and the height is greater than the height of the 

berm, such the a top of both the sea islands and the holding pond islands remain above 

the water level of the Salton Sea and the holding ponds at all times. 
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23. The device of Claim 22, where the one or more species of mangroves are

selected from the group consisting of Rhizophora mangle, Avicennia germinans, 

Laguncularia racemose, and Conocarpus erectus. 

24. The device of Claim 23, additionally comprising a holding lake, where the holding

lake receives a first quantity of water from a coastal input pump station, and stores the 

first quantity of water until receiving a release signal, at which point the holding lake 

releases a second quantity of water, where the second quantity of water flows into the 

Salton Sea. 

25. The device of Claim 24, additionally comprising an inland input pump station,

where the inland input pump station is located between the holding lake and the Salton 

Sea, and where the inland input pump station discharges the second quantity of water 

from the holding lake to the Salton Sea. 

26. The device of Claim 25, where the output pump station directs water to a sink,

where the sink is selected from the group consisting of the Colorado River, the Sea of 

Cortez, and the Pacific Ocean, and, additionally comprising an outlet trough, where the 

outlet trough will have a river status when an outlet quantity of water flowing down it 

when the output pump station is in an operational mode, and where the outlet trough will 

have a dry status during times with the output pump station is in a non-operational 

mode, such that the outlet trough will simulate a tidal cycle such that mangroves can 

grow in the outlet trough. 
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27. The device of Claim 21, where there are multiple access paths, and at least one 

of the access paths has a spur path that leads to a structure. 

28. The device of Claim 21, additionally comprising at least one pump boat, where 

the pump boat pumps water from the Salton Sea into a holding pond. 
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ABSTRACT OF DISCLOSURE 

 

This invention is a device for creating tidal action in a terminal lake.  A first aspect 

involves staggering of input and output from the terminal lake, such that the level of the 

lake rises and falls on a daily basis to simulate tidal action.  A second aspect involves 

the creation of a berm and islands, with a system of pumps and drains filling and 

emptying a series of holding ponds, creating an even greater “reach” of the tidal action.  

This tidal action allows for the growth of mangrove forests, which prevent land-based 

predators such as coyotes from accessing bird nests on the islands, as well as keeping 

the “playa” wet enough so that local wind does not pick up playa sediment and create 

toxic dust storms.  The toxic upper 3” of the “playa” is bulldozed to create the berm, 

islands, and access roads which bisect the newly-created intertidal zone. 

 

  



C
al

ifo
rn

ia

P
al

m
 S

pr
in

gs
Lo

s
A

ng
el

es

A
riz

on
a

P
ac

ifi
c 

O
ce

an

M
ex

ic
o

S
ea

 o
f C

or
te

z

F
IG

. 
1

S
an

 D
ie

go

T
iju

an
a

Y
um

a

C
ol

or
ad

o 
R

iv
er

1

3

2

1
4

7
1

2 2

3

4

4

5

5

5

10

1/11

6 
S

al
to

n 
S

ea



14

13

12

1

F
IG

. 
2

2/11

15 15
12



F
IG

. 
3

7
6

3

9

5

5
4

4

8

3/11



16

14

23

19

18

20

F
IG

. 
4

4/11



F
IG

. 
5

5/11



16

14

23

19

18

20

16

14

23

20

16

14

23

20

FIG. 6

6/11



F
IG

. 
7

7/11



FIG. 8

8/11



F
IG

. 
9

9/11



F
IG

. 
1

0

10/11



FIG. 11

11/11





From:
To:
Subject:
Date:
Attachments:

Cooper, Gaylene@Energy
CNRA Salton Sea
Letter of Support - Draft Salton Sea Management Program Phase 1: 10-Year Plan Project Description 
Wednesday, September 30, 2020 1:50:40 PM
Salton Sea Comment Ltr.docx



Good afternoon Ms. Klug:

Attached is a letter of support for Phase 1: 10-Year Plan Project Description of the 
Draft Salton Sea Management Program from California Energy Commission Executive 
Director Drew Bohan. 

Please contact me if there is any problem during transmission.

Sincerely,

Gaylene Cooper
Administrative Assistant
Executive Office
California Energy Commission
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September 30, 2020

Tamara Klug

Project Manager

California Natural Resources Agency

1416 Ninth Street, Suite 1311

Sacramento, California 95814

Via Email

Subject:	Draft Salton Sea Management Program Phase 1: 

	10-Year Plan Project Description

Dear Ms. Klug:

I am writing on behalf of the California Energy Commission (CEC) in support of the proposed 10-Year Plan Project Description. We appreciate that the Project Description recognizes the potential for areas in the Known Geothermal Resource Area to be developed with geothermal uses and that future geothermal power plants may be located in areas that are currently submerged by the Salton Sea.

By designing the 10-Year Plan to be compatible with existing geothermal facilities, the Salton Sea Management Program complements the state’s recognition of significant potential for geothermal energy resources and technologies to play an even greater role in helping California overcome the challenges of climate change as it implements attainable decarbonization and renewable and clean energy goals.

Two important focus areas for the state and the CEC are ensuring funding opportunities for geothermal energy research and development and advancing mineral recovery from geothermal brine, particularly in the Salton Sea region. In addition, California’s “Lithium Valley” vision of establishing a world-class lithium industry in the state can create a unique opportunity for geothermal resources to support California’s clean energy future.

Just yesterday, Governor Newsom announced that he signed Assembly Bill (AB) 1657, the implementation of which will further inform and advance the Lithium Valley vision and opportunities for geothermal resources. AB 1657 requires the CEC, by March 1, 2021, to establish and convene a 14-member Blue Ribbon Commission on Lithium Extraction in California. The Blue Ribbon Commission is tasked to review, investigate, analyze and prepare a report on a broad range of topics relating to lithium extraction and use in California, including actions that will support lithium recovery from existing and new geothermal facilities.

We appreciate the opportunity to submit these comments and look forward to further engaging with CNRA on the 10-Year Plan Project.

Sincerely,



Drew Bohan

Executive Director

cc:	Chair David Hochschild, CEC

	Commissioner Karen Douglas, CEC
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September 30, 2020 

Tamara Klug 
Project Manager 
California Natural Resources Agency 
1416 Ninth Street, Suite 1311 
Sacramento, California 95814 
Via Email 

Subject: Draft Salton Sea Management Program Phase 1:  
 10-Year Plan Project Description 

Dear Ms. Klug: 

I am writing on behalf of the California Energy Commission (CEC) in support of 
the proposed 10-Year Plan Project Description. We appreciate that the Project 
Description recognizes the potential for areas in the Known Geothermal Resource 
Area to be developed with geothermal uses and that future geothermal power 
plants may be located in areas that are currently submerged by the Salton Sea. 

By designing the 10-Year Plan to be compatible with existing geothermal 
facilities, the Salton Sea Management Program complements the state’s 
recognition of significant potential for geothermal energy resources and 
technologies to play an even greater role in helping California overcome the 
challenges of climate change as it implements attainable decarbonization and 
renewable and clean energy goals. 

Two important focus areas for the state and the CEC are ensuring funding 
opportunities for geothermal energy research and development and advancing 
mineral recovery from geothermal brine, particularly in the Salton Sea region. In 
addition, California’s “Lithium Valley” vision of establishing a world-class lithium 
industry in the state can create a unique opportunity for geothermal resources to 
support California’s clean energy future. 

Just yesterday, Governor Newsom announced that he signed Assembly Bill (AB) 
1657, the implementation of which will further inform and advance the Lithium 
Valley vision and opportunities for geothermal resources. AB 1657 requires the 
CEC, by March 1, 2021, to establish and convene a 14-member Blue Ribbon 



 

Ms. Tamara Klug 
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Commission on Lithium Extraction in California. The Blue Ribbon Commission is 
tasked to review, investigate, analyze and prepare a report on a broad range of 
topics relating to lithium extraction and use in California, including actions that 
will support lithium recovery from existing and new geothermal facilities. 

We appreciate the opportunity to submit these comments and look forward to 
further engaging with CNRA on the 10-Year Plan Project. 

Sincerely, 

 
Drew Bohan 
Executive Director 

cc: Chair David Hochschild, CEC 
 Commissioner Karen Douglas, CEC 



From:
To:
Subject:
Date:

Gordon Kennedy
CNRA Salton Sea
Boatmen Bugs
Monday, September 28, 2020 2:49:35 PM

 September 28, 2020
 I am a Riverside County native and have been coming to the Sea for
over 56 years, and have lived at the Sea for the last 12 years.
 For the past 2 years boatmen bugs have been been invading all of the
pools and other water sources surrounding the Salton Sea area, as far
north as Indio. As pointed out in this article this is due to the fact
that the Sea no longer can support fish, which previously fed upon the
bugs and kept the population in check:

https://www.thedesertreview.com/news/boatmen-bugs-infest-imperial-county/article_9d5fc384-eb98-11e9-b903-
034ff5ac5a11.html

 All of the Spa's in the foothills east of Bombay Beach are now
regularly being invaded by boatmen bugs, which not only clog up pool
filters but make the sight of any pool seem unusable, due to the
presence of these bugs, which underwater resemble mosquitos. This
includes Fountain Of Youth Spa, Bashford's Spa and the old Imperial
Spa. Residents of this area say they have never seen this in 50 years.
 In the future the Sea will never have a source of water such as the
Sea of Cortez or from the Pacific, so it's time to give up on the idea
of "fixing" the Sea. The only real solution would be to drain it and
determine other ways to deal with the dust. Ultimately the land can be
used for agriculture, geothermal power or other developments.
 ~~~~Gordon Kennedy
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EL CENTRO — The Imperial County Board of Supervisors held an off-site meeting in Salton City where
residents were encouraged to voice their concerns.

Resident Miriam Juarez reported an increase in mosquito activity in the neighborhood. 

The Imperial County Public Health Department conducted an investigation in which they visited the
resident’s home and other areas throughout the Salton City community. The Public Health Department
concluded the pests were not mosquitoes, but boatmen bugs.

According to the report, “Boatmen bugs are not a vector, disease-transmitting insect, or an agricultural
pest.”

Public Health Department Deputy Director Jeff Lamoure explained the increase in boatmen bugs
throughout the community is due to the decreasing fish population in the Salton Sea; fish ate the adults and
larvae, keeping the bug populations low. 

According to Lamoure, residents have reported an increase in boatmen bugs over the last two years.
Based on reports, Lamoure said the activity seems to increase in late September and throughout October,
lasting approximately one-and-a-half to two months.

Boatmen bugs breed in all bodies of water, including lakes, residential pools, etc. When looking for new
breeding sites, adult bugs tend to swarm, and at night, are attracted to light sources. Lamoure
recommends reducing light sources at night and checking screens on windows and doors to eliminate
breeding locations.

One of the challenges of boatmen bug infestation, according to Lamoure’s report, is that there is no known
effective chemical treatment to be used in the Salton Sea to control the breeding of the bugs.

Lamoure recommends that residents with pools maintain chlorine levels to eliminate algae, which is the
bug’s primary source of food. He also said installing a pool filter “savor” sock in pool skimmers will prevent
bugs from getting into pool filters, damaging them. Using a pool cover during high bug activity times can
also help.

The population of the boatmen bug throughout Imperial County will continue to be monitored and recorded,
according to Lamoure.
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From:
To:
Date:

Holly Merrigan
CNRA Salton Sea
Wednesday, September 9, 2020 5:01:57 PM

Why cant California spend money on something like this rather than the “train to
nowhere”? This will bring infinitely more economic benefit to more people than the soon
to be obsolete train.   

Dead Sea is dying: Since 1976, its level has dropped more than 100 feet, leaving its
coastline pockmarked with thousands of sinkholes. But after more than a decade of
research and debate, scientists, engineers, and political leaders have come up with a
daring plan: connect the Red Sea to the Dead Sea by way of a massive desalination plant.
If it’s successful, the project could not only revive the sea, but also help ease political
tensions and water shortages in the region. NOVA follows this unprecedented endeavor—
perhaps the world’s largest water chemistry experiment—as scientists race to save the
Dead Sea and bring water to one of the driest regions on Earth. (Premiered April 24, 2019)
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From:
To:
Subject:
Date:

jake robbins
CNRA Salton Sea
Community amenities
Saturday, September 5, 2020 2:51:13 PM

Dear Sirs and Maam's,

One amenity should be provided to the public: native trees (Fremont cottonwood, Goodding
willow, red willow) should be planted in and above the shore, around the circumference of the
inland Salton Sink.

This habitat for wildlife, which will provide essential ecosystem services including natural
cleaning, should extend up the floodplain and deltaic confluence of the New River, Alamo
River, and Whitewater River one mile each.

Disregard comments by Mr. And Mrs. KARIOTIS requesting more upscale resort
development before the sink is restored. That would be a potential economic disaster repeating
failed attempts to revive the resort-economy prior to ample cleaning of water and air quality
standards.

Leave patches of saltcedar standing for willow Flycatcher. Remove giant reed and prevent
reestablishment by rooting and spraying.

Thank you for this opportunity to provide input, I welcome questions.

Yours,

Jake Robbins

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=d1116f606172463aa67f754ae55953f6-CNRA Salton


From:
To:
Subject:
Date:
Attachments:

CNRA Salton Sea
Comment on the Salton Sea Management Program Phase I: 10-Year Plan 
Wednesday, September 23, 2020 11:16:10 PM
SolarProject.pdf

Hello, my name is Joshua Rey and I am a student at San Diego State University. I would 
like to see a study considered to add a project to the plan that would involve adding floating 
solar panels to the lake to help mitigate the loss of water from evaporation. Floating solar is 
already used in other places around the world and I have done a study that has shown that 
floating solar might be able to suppress dust by raising the lake’s elevation. Please see the 
attached PDF to view this study.

Thank you,
Joshua Rey
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INTRODUCTION: 
            The Salton Sea is a lake located in Southern California within Imperial and Riverside 
Counties. It was created by accident due to an irrigation breach that lasted from 1905 to 1906. 
Later, during the 1950s and 1960s, tourists and celebrities began to visit the sea’s newly built 
boat launches and yacht clubs along its beaches. However, in September of 1976 the sea quickly 
rose and destroyed many of the homes and yacht clubs that to this day were never repaired.1 The 
exact cause of the sudden rise in sea level is unknown, but the input of unused farm water into 
the sea and two tropical storms in 1976 and 1977 mostly likely were the culprits.1 Then in the 
summer of 1994, high temperatures and high salinity caused a major die off of tilapia, lining the 
shores of the Salton Sea with dead fish.1 Fish die-offs still occur today when the water becomes 
too warm. Salinity continues to increase as agricultural runoff, its main source of water, is 
transferred away from the Imperial Valley to cities.2 The economic collapse of the area around 
the sea has left those who still live there with homes they cannot sell. Local residents, especially 
children, are experiencing respiratory problems due to the receding shoreline causing toxic-laden 
dust storms resulting from exposed lakebed on windy days. 
            The Salton Sea is one of the last wetlands available for migratory birds of the Pacific 
Flyway, as other wetlands have been filled in.1 However, with rising salinity, the fish that many 
of the birds consume are slowly dying off and the wetlands around the Salton Sea could further 
decline due to extreme salinity. 
            Although the state of California and the Imperial Irrigation District (IID) have promised 
to build dust suppression and habitat restoration projects for the birds, they are far behind 
schedule and still do not have the millions of dollars they need to fund these projects.3 Although 







there have been many ideas of how to save the sea, from building a canal to the Pacific Ocean or 
the Gulf of California to building a dam around the sea, many of these projects are extremely 
expensive and some would not help the sea in time to have a major impact.4 Although a floating 
solar installation would be costly, it could have the potential to help mitigate the water lost from 
the sea due to evaporation and be a source of revenue. Floating solar installations have already 
been built supplying renewable energy in countries such as Japan.2 Such an installation of almost 
any size could also potentially have many other benefits (Figure 1). However, it should be noted 
that this project did not investigate how the panels would affect wildlife, how the change in 
temperature of the sea due to a decrease in light energy would affect the sea, or how a floating 
solar system would be implemented on water with high salinity. 
            To analyze the feasibility of a one gigawatt floating solar installation on the Salton Sea, 
Geographic Information Systems (GIS) were employed to estimate evaporation mitigation and 
reductions in shoreline recession in the year 2024. 
 


METHODOLOGY: 


            This project used GIS with a variety of data sources and analysis techniques. A future 
Salton Sea water-level elevation was obtained from the State of California Salton Sea 
Management Program.5 Although the project had estimated sea levels from 2017 to 2028, the 
elevation for 2024 was used to representative a future sea level while the estimated elevation in 
2019 was used to represent recently exposed lakebed. The Program’s Salton Sea Accounting 
Model Predicted Elevation NGVD 29 (feet) elevations were used, because that prediction model 
uses the same datum as the United States Geological Survey (USGS). These future elevations 
were rounded to the nearest whole number because the shapefile used for further calculations 
was in one foot sea level increments. The bathymetric one-foot contour shapefile was 
downloaded from the California Department of Fish and Game website.6 The polylines from the 
contour shapefile that aligned with the future elevation of the Salton Sea in 2024, and the 
elevation the sea in 2019, were selected and made into a separate polyline shapefiles. It should be 
noted that some polylines, in the polyline shapefiles, were ignored for they did not connect to the 
elevation polylines that represented the future and past shorelines. Subsequently, the two 
polyline shapefiles representing 2024 and 2019 foot elevations were converted into polygons 
using the Feature to Polygon tool in ArcMap, in preparation for volume calculations using the 
Polygon Volume tool. Before the bathymetric data could be utilized for volume calculations, it 
had to be converted to a TIN format using the Create Tin tool. Results from the Polygon Volume 
tool provided an estimated water volume and surface area of the Salton Sea given a specified 
elevation. Surface area and volume for 2024 were then used to find out how a floatovoltaic 
installation would mitigate the rate of evaporation loss and how it would slow the rate of sea 
shoreline recession. The estimated water volume and surface area of the sea for 2024 would later 
be used as inputs for calculating the volume of water of the Salton Sea with and without a one 
gigawatt floatovoltaic installation. 


            The size of the solar installation was estimated using a constant of 180,000 m2 per 13.7 
megawatt. This constant was created from the information provided on a comparable solar 
installation’s company website.2  







            The volume of the lake with and without the solar installation was calculated based on a 
constant evaporation rate from a U.S. Bureau of Reclamation document that reported the average 
annual evaporation at an elevation of -227 feet.7 To use this constant evaporation rate so that it 
could be compared to the 2024 elevation, 9,029,152 acre feet (AF) (estimated volume at -227 
feet elevation according to the Polygon Volume tool, that was converted from m3 (meter cubed) 
to AF using the conversion 1 AF = 1,233.48 m3) was multiplied by 7,300,00 AF per 1,300,000 
AF of evaporation loss. The result is a determination of the amount of annual evaporation loss 
for a specified volume. AF of volume and AF of annual evaporation were then converted into m3 
volume per m3 of annual evaporation. It is this new evaporation rate of 1,983,350,730 m3 of 
evaporation per 947,540,044 m2 surface area of water that provided the required constant to 
determine changes in volume with the floatovoltaic installation. 


            The estimated volume of the lake in 2024 and 2019 was subtracted from the annual 
evaporation rate. Estimated inflow of water from the Management Program file were then added 
in to get the estimated volume, near the end of 2019, and at the end of 2024 with and without the 
solar installation.7 


            The estimated volumes at the end of 2024 and 2019 were the target volumes used with 
the scale tool to make polygons with volumes that were approximately the same as the estimated 
volumes of the lake in 2024 with and without the solar installation, and the lake in 2019. 


            Then, an estimated average annual emission of 4.6 tons of dust per kilometer of exposed 
playa was taken from the Imperial Irrigation District’s “Salton Sea Air Quality Mitigation 
Program.”8 The 4.6 tons/km was converted into tons per meter of exposed playa to find the 
amount of dust release with and without the solar installation for the playa exposed after 2019. 


            To estimate the cost of the floatovoltaic, the Kyocera solar installation’s cost and size 
was used as a constant. The cost was reported from a New York Times article9 while the size of 
the installation was found on the Kyocera’s Company site.10 Thus, the constant used to find the 
estimated cost of the installation was $4,200,000 per 180,000 m2. 


            The estimated annual revenue from the sale of electricity was calculated using The 
National Renewable Energy Laboratory’s PVWatts Calculator.11 This was done using one 
megawatt along with the default estimated revenue of 0.112 $/kWh to determine the estimated 
annual revenue from the sale of electricity produced by the installation. 
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INTRODUCTION: 
            The Salton Sea is a lake located in Southern California within Imperial and Riverside 
Counties. It was created by accident due to an irrigation breach that lasted from 1905 to 1906. 
Later, during the 1950s and 1960s, tourists and celebrities began to visit the sea’s newly built 
boat launches and yacht clubs along its beaches. However, in September of 1976 the sea quickly 
rose and destroyed many of the homes and yacht clubs that to this day were never repaired.1 The 
exact cause of the sudden rise in sea level is unknown, but the input of unused farm water into 
the sea and two tropical storms in 1976 and 1977 mostly likely were the culprits.1 Then in the 
summer of 1994, high temperatures and high salinity caused a major die off of tilapia, lining the 
shores of the Salton Sea with dead fish.1 Fish die-offs still occur today when the water becomes 
too warm. Salinity continues to increase as agricultural runoff, its main source of water, is 
transferred away from the Imperial Valley to cities.2 The economic collapse of the area around 
the sea has left those who still live there with homes they cannot sell. Local residents, especially 
children, are experiencing respiratory problems due to the receding shoreline causing toxic-laden 
dust storms resulting from exposed lakebed on windy days. 
            The Salton Sea is one of the last wetlands available for migratory birds of the Pacific 
Flyway, as other wetlands have been filled in.1 However, with rising salinity, the fish that many 
of the birds consume are slowly dying off and the wetlands around the Salton Sea could further 
decline due to extreme salinity. 
            Although the state of California and the Imperial Irrigation District (IID) have promised 
to build dust suppression and habitat restoration projects for the birds, they are far behind 
schedule and still do not have the millions of dollars they need to fund these projects.3 Although 



there have been many ideas of how to save the sea, from building a canal to the Pacific Ocean or 
the Gulf of California to building a dam around the sea, many of these projects are extremely 
expensive and some would not help the sea in time to have a major impact.4 Although a floating 
solar installation would be costly, it could have the potential to help mitigate the water lost from 
the sea due to evaporation and be a source of revenue. Floating solar installations have already 
been built supplying renewable energy in countries such as Japan. 2 Such an installation of almost 
any size could also potentially have many other benefits (Figure 1). However, it should be noted 
that this project did not investigate how the panels would affect wildlife, how the change in 
temperature of the sea due to a decrease in light energy would affect the sea, or how a floating 
solar system would be implemented on water with high salinity. 
            To analyze the feasibility of a one gigawatt floating solar installation on the Salton Sea, 
Geographic Information Systems (GIS) were employed to estimate evaporation mitigation and 
reductions in shoreline recession in the year 2024. 

METHODOLOGY: 

            This project used GIS with a variety of data sources and analysis techniques. A future 
Salton Sea water-level elevation was obtained from the State of California Salton Sea 
Management Program.5 Although the project had estimated sea levels from 2017 to 2028, the 
elevation for 2024 was used to representative a future sea level while the estimated elevation in 
2019 was used to represent recently exposed lakebed. The Program’s Salton Sea Accounting 
Model Predicted Elevation NGVD 29 (feet) elevations were used, because that prediction model 
uses the same datum as the United States Geological Survey (USGS). These future elevations 
were rounded to the nearest whole number because the shapefile used for further calculations 
was in one foot sea level increments. The bathymetric one-foot contour shapefile was 
downloaded from the California Department of Fish and Game website.6 The polylines from the 
contour shapefile that aligned with the future elevation of the Salton Sea in 2024, and the 
elevation the sea in 2019, were selected and made into a separate polyline shapefiles. It should be 
noted that some polylines, in the polyline shapefiles, were ignored for they did not connect to the 
elevation polylines that represented the future and past shorelines. Subsequently, the two 
polyline shapefiles representing 2024 and 2019 foot elevations were converted into polygons 
using the Feature to Polygon tool in ArcMap, in preparation for volume calculations using the 
Polygon Volume  tool. Before the bathymetric data could be utilized for volume calculations, it 
had to be converted to a TIN format using the Create Tin tool. Results from the Polygon Volume 
tool provided an estimated water volume and surface area of the Salton Sea given a specified 
elevation. Surface area and volume for 2024 were then used to find out how a floatovoltaic 
installation would mitigate the rate of evaporation loss and how it would slow the rate of sea 
shoreline recession. The estimated water volume and surface area of the sea for 2024 would later 
be used as inputs for calculating the volume of water of the Salton Sea with and without a one 
gigawatt floatovoltaic installation. 

            The size of the solar installation was estimated using a constant of 180,000 m 2 per 13.7 
megawatt. This constant was created from the information provided on a comparable solar 
installation’s company website. 2



            The volume of the lake with and without the solar installation was calculated based on a 
constant evaporation rate from a U.S. Bureau of Reclamation document that reported the average 
annual evaporation at an elevation of -227 feet. 7 To use this constant evaporation rate so that it 
could be compared to the 2024 elevation, 9,029,152 acre feet (AF) (estimated volume at -227 
feet elevation according to the Polygon Volume  tool, that was converted from m 3 (meter cubed) 
to AF using the conversion 1 AF = 1,233.48 m3) was multiplied by 7,300,00 AF per 1,300,000 
AF of evaporation loss. The result is a determination of the amount of annual evaporation loss 
for a specified volume. AF of volume and AF of annual evaporation were then converted into m3 
volume per m3 of annual evaporation. It is this new evaporation rate of 1,983,350,730 m3 of 
evaporation per 947,540,044 m2 surface area of water that provided the required constant to 
determine changes in volume with the floatovoltaic installation. 

            The estimated volume of the lake in 2024 and 2019 was subtracted from the annual 
evaporation rate. Estimated inflow of water from the Management Program file  were then added 
in to get the estimated volume, near the end of 2019, and at the end of 2024 with and without the 
solar installation.7 

            The estimated volumes at the end of 2024 and 2019 were the target volumes used with 
the scale tool  to make polygons with volumes that were approximately the same as the estimated 
volumes of the lake in 2024 with and without the solar installation, and the lake in 2019. 

            Then, an estimated average annual emission of 4.6 tons of dust per kilometer of exposed 
playa was taken from the Imperial Irrigation District’s “Salton Sea Air Quality Mitigation 
Program.”8 The 4.6 tons/km was converted into tons per meter of exposed playa to find the 
amount of dust release with and without the solar installation for the playa exposed after 2019. 

            To estimate the cost of the floatovoltaic, the Kyocera solar installation’s cost and size 
was used as a constant. The cost was reported from a New York Times article 9 while the size of 
the installation was found on the Kyocera’s Company site. 10 Thus, the constant used to find the 
estimated cost of the installation was $4,200,000 per 180,000 m2. 

            The estimated annual revenue from the sale of electricity was calculated using The 
National Renewable Energy Laboratory’s PVWatts Calculator. 11 This was done using one 
megawatt along with the default estimated revenue of 0.112 $/kWh to determine the estimated 
annual revenue from the sale of electricity produced by the installation. 
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Please find attached brief comments from Coachella Valley Water District on the Draft Salton Sea
Management Program Phase 1 10-Year Plan Project Description.  Please do not hesitate to reach out
with questions on the letter.

Kristen

Kristen Johnson, JD
Government Affairs Specialist

Coachella Valley Water District 
(760) 398-2661 ext. 3564 

www.cvwd.org
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From:
To:
Subject:
Date:

Kurt Leuschner
CNRA Salton Sea
Salton Sea comments
Monday, September 14, 2020 10:45:42 AM

Sept. 14, 2020

I have a few Salton Sea comments.  At one point Bruce Wilcox appointed me to this committee, maybe two years 
ago at a meeting, perhaps I am still on it I'm not sure.

In any case I am speaking as a resident and educator of the Salton Sea area who knows the Sea well.

I know that funds and water are limited.  But with the funds and the water you are able to procure, I would suggest 
you construct as many of the shallow wetland/ponds at the southern end as you can.   I'd rather see more area 
covered by thin sheets of water than a few areas with deeper water but more exposed and dry flats.

This will keep dust down and at the same time provide nice shallow habitats that can be utilized by wading birds, 
ducks and other wildlife.  Perhaps pupfish will even be able to thrive in these shallow ponds.   It has already been 
demonstrated that these shallow habitats are being used and are benefiting wildlife.  We just need more of them.

I also would suggest enhancing the wetland habitat at the north end of the Sea near where the Whitewater River 
dumps into the Salton Sea.  This has always been an important habitat and needs to be maintained.  The Torres 
Martinez wetlands should be part of this project.

Finally, we need some places with fish - so at least add a few separate ponds or wetlands at the south end that are 
deep enough and fresh enough to support some species of fish, tilapia or otherwise.   There are millions of fish-
eating birds that have been dependent on the Salton Sea for fish for decades and this needs to be addressed quickly.

These would be my three areas of priority and I hope that you will consider my suggestions.  I have lived near the 
Salton Sea for decades and have brought countless groups and my students there to study birds and water quality for 
the past 24 years so I consider myself to be very familiar with the situation and the needs of local wildlife.

thank you,

Kurt Leuschner

Professor of Natural Resources

College of the Desert

Palm Desert, CA

email:  
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From:
To:
Subject:
Date:

Liz Kanter
CNRA Salton Sea
Salton Sea smell
Sunday, September 13, 2020 8:02:38 AM

Dear DWR:
Thank you for accepting this public comment on the Salton Sea.
I live in the Coachella Valley, more specifically, Indian Wells.
Under certain conditions, the sulfur smell from Salton Sea brings life to a halt. 
I cannot recreate outside, or even be outside, as the sulfer smell is overwhelming. 
Thank you for solving this problem once and for all.

Sincerely, 
Liz Kanter

Indian Wells CA 92210
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From:
To:
Subject:
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Attachments:

Kjelland, Michael
CNRA Salton Sea
input concerning draft Project Description for the Salton Sea Management Program Phase I: 10-Year Plan 
Friday, September 4, 2020 9:09:13 AM
ofr20171005_appendix1to8.pdf

Hello! This draft Project Description for the Salton Sea Management Program Phase I: 10-Year
Plan is very interesting! 

Colleagues and I spent some time putting together a few proposals for the USGS (attached)
several years ago regarding Salton Sea management concerns. 

Specifically, among the many proposals in the attached document, ours were the following:

AQ4. Reduction of fugitive dust emissions from dirt roads and a receding Salton Sea using a
biogenerated soil enhancer (pages 7-14 of the attached document).

WQ2. Integrated water-balance simulations under changing management and climate
scenarios (pages 17-21 of the attached document).

BIO7. Ecosystem-friendly biogenerated soil enhancer for berm stabilization of engineered
marshes and wetlands in the Salton Sea watershed (pages 61-65 of the attached document).

I don't see anything specifically mentioned about these in your document, but maybe they are
part of the generalized approaches being considered?

Thanks!

Michael E. Kjelland, M.S., Ph.D.
Asst. Prof. of Biology
Mayville State University
330 3rd St NE,
Mayville, ND 58257
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Appendix 1. Notes from Meetings with Managers and 
Policy-Makers Addressing Gaps in Salton Sea Science, Fall 
2014  


Over the summer of 2014, the organizing committee (see appendix 2) convened two 
meetings of natural resource managers, policy-makers, and legislative aides to help outline future 
science and monitoring needs for the Salton Sea region. The notes below summarize the essence 
of these meetings. These notes aim to capture the discussion that took place at the first two 
meetings and is not a comprehensive or complete list of the things discussed. Comments are 
presented without attribution. This document is not a statement of position or recommendation 
for any particular way forward.  


Meeting Goal 
The objective of the meetings was to identify gaps in knowledge in the science of the 


Salton Sea where they intersect with present need. The meetings with policy-makers and 
managers in Sacramento and El Centro, California, produced a set of guidelines and suggestions 
to be considered by scientists at the State of the Salton Sea meeting in Irvine. The scientists 
assembled in Irvine will produce a report with recommendations for future study and should 
promote research that will fill in the gaps identified. 


Group Agreement and Meeting Mechanics 
The meetings made use of a group agreement to put aside differences and focus on the 


task of identifying concerns and data needs for the Salton Sea. The aims and timeline of the 
meeting were agreed upon by all participants, and any objective or issues that fell beyond the 
scope of the current discussion were agreed to be “parked in the bike rack,” so that they may be 
addressed at a later time. There was a focus on listening to each speaker with the belief that all 
participants wanted to realize the meeting’s goals. The moderator was responsible (along with a 
timekeeper) for keeping participants on time and on task throughout the proceedings. 


The general format of the meetings included brief introductions of all participants and 
short presentations on the recent history of the Sea (with an emphasis on the last 15 years) to 
provide all listeners with a context and understanding of core concepts. Participants were then 
asked to present their views of their concerns about the Sea and their perception of the data needs 
for the Sea on their agency’s behalf (verbally, in under 5 minutes). Scribes identified concerns 
and data needs in each presentation and posted these notes on the wall, where small groups 
convened to discuss and digest the patterns that emerged from individual presentations. The 
meetings closed after a brief group discussion. 


Meeting Dates, Locations, and Participants 
Meetings were held on July 30, 2014, in Sacramento at the University of California 


Center in Sacramento, Calif., and on August 6, 2014, at the Imperial Valley College in El Centro, 
Calif. The meetings were attended by 54 participants from 25 organizations to discuss the 
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science of the Salton Sea. The planning team of Doug Barnum (USGS), Michael Cohen (Pacific 
Institute), Bruce Wilcox (IID), Tim Bradley (UC Irvine), Abby Reyes (UC Irvine), and Gregor 
Yanega (UC Irvine) attended both meetings.  


El Centro Attendees 
Dan Farris (Coachella Valley Water District); Lee Case (USGS retired); Larry Purcell (San 
Diego County Water Authority); Elizabeth Iannone (Office of Congressman Raul Ruiz); Tom 
Anderson (U.S. Fish and Wildlife Service); Kent Nelson (California Department of Water 
Resources); Micah Metrosky (International Brotherhood of Electrical Workers local union 569); 
Sup. John Benoit (Riverside Co.); Pat Cooper (Riverside Co.); Brad Poiriez (Imperial County Air 
Pollution Control District ); Reyes Romero (Imperial County Air Pollution Control District); Val 
Simon (Bureau of Reclamation); Felicia Sirchia (U.S. Fish and Wildlife Service); Bianka Velez 
(Assemblyman V. Manuel Perez); Rebbeca Terrazas-Baxter (Cong. Juan Vargas); John L. Scott 
(Metropolitan Water District); Karen Riesz (California Department of Fish and Wildlife ); Oli 
Bachie (University of California Cooperative Extension); Carrie Simmons (U.S. Bureau of Land 
Management); Jessica Lovecchio (Imperial Irrigation District); Kelly Bishop (Imperial Irrigation 
District); Mariana Valdez (Imperial Irrigation District); Thomas Zale (U.S. Bureau of Land 
Management); Stephanie Dashiell (Defenders of Wildlife); Joaquin Esquivel (Sen. Barbara 
Boxer); Sarah Friedman (Sierra Club); and Juilan Carmona (Sierra Club). 


Sacramento Attendees 
Becky Blasius (Bureau of Reclamation ); Kealii Bright (California Department of Natural 
Resources); Diane Colburn (California Assembly for Water, Parks, and Wildlife); Dan Denham 
(San Diego County Water Authority); Jason Low (South Coast Air Quality Management 
District); Vivien Maisonneuve (California Department of Water Resources ; Kara Mathews (San 
Diego County Water Authority); Kent Nelson (California Department of Water Resources); Ted 
Schade (Great Basin Unified Air Pollution Control District); Chris Schoneman (U.S. Fish and 
Wildlife Service); Roger Shintaku (Salton Sea Authority); Val Simon (Bureau of Reclamation); 
Phil Rosentrater (Riverside Co.); Rachel O’Brien (South Coast Air Quality Management 
District); and Michael Flores (California Department of Fish and Wildlife).  


Summaries of Agency Concerns and Data Needs 
Concerns 


Participants were asked to identify (1) large issues (or “problems”) for their agencies with 
respect to the Salton Sea region and (2) perceived gaps in knowledge (or data). During the 
meetings, a scribe summarized the comments of individual agencies. Small groups then analyzed 
emergent patterns, added ideas that seemed to be missing from the whole, and distilled the 
common themes. This is a notation of that summary, presented without attribution. Presentation 
order of this summary does not imply importance or hierarchy.  


• Concerns about air
• What is the predicted consequence of a smaller Sea for air quality, dust, and public


health? (“How emissive is the soil and how variable is the playa?”)
• Concerns about water
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• Water is limited, and there is concern about water quality (including selenium). Water 
conservation practices (for example, irrigation practices and crop selection) among 
farmers will have a profound influence on water levels. 


• The need to keep farmers involved 
• Effectively all of the water entering the Sea is agricultural runoff.  


• Communication and education 
• Topics that need communication include the following: 


• Identifying public health risks and the cost of doing nothing; 
• The science and public health narrative to politicians and the public, including 


messaging, education, and outreach; 
• Imparting a sense of urgency and awareness for the plight of the Sea; 
• Linking regional issues to statewide and national issues, including human health, 


hunting, drought, agricultural issues, dust impacts, and renewable energy.  
• Development of a shared vision and strong governance 


• Identify near-term and long-term projects and make explicit the links between them. 
This includes integration, planning, and scalability of projects. 


• Facilitate prioritization of issues and formulation of policy to generate a legislative 
path. 


• Including all stakeholders in discussion of common values (that is, tribes, farmers, 
other forms of industry, local workers/people, politicians and governors, etc.) 


• Environmental justice and social justice  
• There is a need to consider social justice in all of the projects involving management 


and mitigation of the Sea. 
• What are the socioeconomic implications of the projects and how can they be 


properly directed? 
• Engineering practicability 


• What should we build (shared vision)?  
• Given the physical characteristics of the Sea (its location and substrate), what can we 


build and how do we do it?  
• Are there benchmarks or precedent for proposed engineering projects? 
• Can small-scale projects be scaled up? How accurately can we project the cost of 


these ventures? 
• Institutional memory and comparative study 


• In order to learn from what’s been done, avoid repeating past mistakes. 
• There needs to be greater availability of all documentation. This information 


needs to be available both in summary form (communication) and as a complete 
data archive (science inventory and database management). 


• Can we learn from the history of other inland saline water bodies including Mono 
Lake, Owens Valley/Lake, the Great Salt Lake, the Aral Sea, Lake Urmia, etc.? 


• Renewable energy development and economic concerns 
• How will growth and development of renewable energy (solar and geothermal energy 


in particular) impact the economy of the region, population size, water availability, 
and efforts to support management? 


• Biological concerns 
• Availability of habitat; 
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• Organismal responses to lowering Sea levels and climate change; 
• Carbon capture and release; 
• The resilience and mutability of the Sea ecosystem; 
• How much time do we have before things change (temporal sensitivity)? 
• Do we expect a “tipping point” or nonlinear responses of biological systems to 


changing environmental features? 


Data Needs  
• Air quality 
• Dust  


• Where is it formed/coming from?  
• What are its components? 
• How variable are soil/dust profiles around the Sea? 
• What are the public health impacts of dust?  
• Is proposed mitigation appropriate? 
• Are current monitoring practices adaptive (iterative)? 
• What is the geographic extent of the problem? 


• Hydrogen sulfide emissions 
• What are the limnological conditions associated with hydrogen sulfide emissions? 
• Are there public health concerns associated with hydrogen sulfide emissions? 
• What impacts might these emissions have on biological systems at the Sea? 
• How will hydrogen sulfide emissions be affected by proposed projects at the Sea 


• Water quality  
• What are the levels of selenium in soil and water? Bioaccumulation  
• How will selenium deposition change with changing water levels and management 


project activity? 
• Hydrology 
• Water supply and management 


• How does hydrology affect hydrogen sulfide, selenium, anoxia, and additional 
water sources?  


• How do proposed changes in Sea depth affect hydrology? 
• What questions should we be asking of the proposed management projects (from 


a hydrological perspective)? 
• Data clearinghouse 


• Availability, accessibility, and long-term curation of data 
• Where is data coming from? 
• Is there a data structure and strategy in place for creating public access to all 


relevant data? 
• What kinds of data should be made available? 
• Where is it housed and does it have a long-term strategy and funding source? 
• Who should be responsible for metadata, data formatting (for example, data 


norms) 
• Who is responsible (best suited) for interpretation of data and summarization of 


data? 







5 
 


• Mapping 
• There is a need for detailed mapping of lands around and under the Sea; 
• There is a need for mapping the shoreline of the Sea on a temporal scale. 


• Economic impact of the Sea 
• What are the costs of various U.S. management plans? 
• Estimates of what it will cost if nothing is done? 
• Potential for economic growth 


• What are the impacts of renewable energy for biological systems? 
• How many new jobs/people will accompany development of renewable energy 


industry? 
• Will renewable energy bring money to the region? 


• What are realistic funding sources now? 
• What can be done to generate interest in future funding? 


• Can we shape what gets funded? 
• What is the mechanism by which we prioritize and coordinate funding efforts? 
• Can we streamline how money flows from government agencies so that funds can 


be dedicated more quickly and effectively for time sensitive projects? 
• What is the current rate of visitation to the Salton Sea area and what is the current 


revenue associated with these visitors? 
• What are the microclimate benefits and characteristics of the Sea? 


• International inputs and collaboration 
• International issues of air quality, water inputs, species conservation, etc. 


• Engineering: Site-specific knowledge 
• Need for geotechnical data about different management proposals  


• Scalability of engineering and management projects 
• Do we/can we know how proposed management efforts in marshes and wetlands 


(SCH) will behave across spatial scales? 
• We need to establish benchmarks for engineering aims at Sea. 


Biological Issues 
• Neglected players 


• Are there biological impacts that will affect nonobvious U.S. players (desert tortoise, 
pile worms, desert plants) that we have not been considering? 


• Monitoring 
• Is there a gap between monitoring capacity and monitoring need at the Sea? If so, 


where are these gaps? 
• Is there a role for citizen science to play in filling gaps in monitoring needs? For 


example, birders contribute surveys to eBird, and these data are in use in scientific 
literature. Are there other ways that citizen science can contribute and at the same 
time foster greater communication and outreach about the Sea? 


• What becomes of threatened populations (Clapper rail, pupfish) as water levels drop? 
• Disease vectors 


• What steps can we take in policy and management design that will minimize the risk 
of mosquito outbreak? 
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• Tilapia physiology and salinity-tolerance thresholds 
• Ecological transitions  


• Mechanism of ecosystem transition from fish-driven food chain to something else; 
•  “Tipping point” dynamics of ecosystem;  
• Ecological resilience of Sea ecosystem; 
• What happens to bird populations as fish decline? 


• Carbon balance at the Sea  
• Habitat 


• Where is the availability and distribution of aquatic habitat as management proceeds? 
• How do bird populations use farmland? For which populations is this critical? 
• Will flooded fields be maintained? 
• Can the integrity of the freshwater inlets be maintained and will they be sufficient to 


support pupfish populations as salinity rises? 
• Water chemistry 


• What changes in water chemistry will occur and how will they impact vertebrate and 
invertebrate populations? 


Agricultural Questions 
• Dust 


• What is the impact of dust on crop growth?  
• Do all plants/crops respond similarly to dust? 
•  If dust does impact crop growth or fitness, what are the mechanisms by which this 


occurs? 
• Irrigation, water conservation, crop choice 


• What are the effects of changing farm practices on water availability (crop selection, 
irrigation method)? 


• What role can agriculture play in reduction of phosphorus inputs into the Sea? 


Communication, Public Outreach, and Education 
• Need data and summary of environmental and public health impacts at the Sea to enable 


politicians to advocate for a conservation position. 
• Information about the Sea needs a broader (statewide, nationwide, global) context.  
• Ramifications of public health crisis, etc. 
• What are the shared narratives of the Sea? 
• How do we convey these narratives? 
• What does the future Sea look like? 


• Is the infrastructure and communication network in place to enable clear passage 
of information from source to the voting public? (a marketing question) 


• How should we undertake public education about the Sea? 
• Do we have a strategy for engaging and including the various stakeholders around the 


Sea? 
• How can we engage young people about issues germane to the Sea and make the Salton 


Sea region appealing to a broad audience? 
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Planning 
• How do we prioritize which data gaps are addressed first? 
• How do we integrate small and large projects across agencies? 
• Can we build a model that predicts the [multivariate] cost and benefit of different action 


scenarios to give managers a more explicit and quantitative way of visualizing and 
justifying decisions? 


• How do we streamline agency involvement in management so that we agencies can “plug 
into the system” to help? 


• Governance structures 
• What can or should be done to promote effective governance?  


Management Projects  


Species Conservation Habitat Plan (SCH) 
• How will berms perform? 
• How long will berms last? 
• How will they perform in face of earthquake? 


Red Hill Bay Project (IID) 
• Are there interactions between renewable energy and wildlife? 
• What is the best strategy/distribution of salt and freshwater ponds? 
• What are the effects of managed marshes for maintaining biodiversity? 
• Is dredging the mouth of Red Hill Bay possible? 
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Appendix 2. State of the Salton Sea Workshop 
Participants and Working Groups 


[Rover designation participated among all groups. Contact information is current as of September 2014.] 


Name Agency Email Group 
Orlando, Jim USGS jorlando@usgs.gov Contaminants 
Ricca, Mark USGS mark_ricca@usgs.gov Contaminants 
Gersberg, Rick San Diego State U rgersber@mail.sdsu.edu Contaminants 
Roberts, Carol USFWS carol_a_roberts@fws.gov Contaminants 
Blasius, Becky* Reclamation bblasius@usbr.gov Contaminants 
Bachie, Oli UC Coop Ext obachie@ucanr.edu Air 
Bishop, Kelly IID kbishop@IID.com Air 
Etyemezian, Vic DRI vic@dri.edu Air 
Fine, Phil South Coast AQMD pfine@aqmd.gov Air 
Lovecchio, Jessica IID jllovecchio@IID.com Air 
Low, Jason South Coast AQMD  jlow@aqmd.gov Air 
Romero, Reyes Imperial County APCD reyesromero@co.imperial.ca.us Air 
Wilcox, Bruce* IID BWilcox@iid.com Air 
Zender, Charles UC Irvine zender@uci.edu Air 
Anderson, Tom USFWS Tom_W_Anderson@fws.gov Biology 
Dietsch, Tom USFWS thomas_dietsch@fws.gov Biology 
German, Donovan UC Irvine dgerman@uci.edu Biology 
Huxman, Travis UC Irvine thuxman@uci.edu Biology 
Molina, Kathy LA Natural History Museum kmolina@nhm.org Biology 
Shuford, Dave PRBO dshuford@pointblue.org Biology 
Marusenko, Yev UC Irvine ymarusen@uci.edu Biology 
Bradley, Tim* UCI Irvine tbradley@uci.edu Biology 
Yanega, Gregor UC Irvine gyanega@uci.edu Biology 
Shintaku, Roger® Salton Sea Authority rshintaku@saltonsea.ca.gov Rover 
Barnum, Doug® USGS doug_barnum@usgs.gov Rover 
Windham-Myers, Lisa USGS lwindham-myers@usgs.gov Carbon 
Carlberg, Jim Kent Bioenergy jamesmcarlberg@gmail.com Carbon 
Goulden, Michael UC Irvine mgoulden@uci.edu Carbon 
Cohen, Michael* Pacific Institute mcohen@pacinst.org Carbon 
Baskin, Rob USGS rbaskin@usgs.gov Water 
Amrhein, Chris UC Riverside, retired christopher.amrhein@ucr.edu Water 
Anderson, Michael UC Riverside michael.anderson@ucr.edu Water 
Curry, Deb USGS dcurry@usgs.gov Water 
Holdren, Chris Reclamation gholdren@usbr.gov Water 
Kjelland, Michael Army Corps of Engineers Michael.E.Kjelland@usace.army.mil Water 
Case, Lee* USGS, retired hlcaseiii@yahoo.com Water 
Schladow, Geoff UC Davis gschladow@ucdavis.edu Water 
McCarthy, Graham UC Irvine gmccarth@uci.edu Water 
Nelson, Kent® CDWR Kent.Nelson@water.ca.gov Rover 
Burkhart, Nina USGS Fort Collins burkardtn@usgs.gov Social 
Simon, Val® Reclamation vsimon@usbr.gov Social 
Reyes, Abby* UC Irvine abigail.reyes@uci.edu Social 
Sami, Mo UC Irvine msami@uci.edu Social 
Feldman, David UC Irvine feldmand@uci.edu Social 
Witherspoon, Boykin Cal State San Bernardino- 


Palm Desert 
bwithers@csusb.edu 


*Designates Team Lead     ®Designates Rover 
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Appendix 3. Agenda for State of the Salton Sea Workshop, 
September 8–10, 2014 


Workshop was held at Beckman Center, University of California, Irvine. 


Monday, September 8, 2014 


Optional field trip to the Salton Sea (Bus provide by IID) 


Tuesday, September 9, 2014 
7:30 – 8:00 AM Registration 
8:00 – 8:45 AM Opening Welcome 
 Tim Bradley, UCI Salton Sea Initiative 
 Meeting Preliminaries 
 Abby Reyes, UCI Sustainability Initiative 
 Housekeeping, Meeting Goal, Proposed Agenda, Group Agreements 
  
 Brief Introductions by Participants 
  
8:45 – 8:55 AM Welcoming Address 


Frank LaFerla, Dean of Biological Sciences, UC Irvine 
8:55 – 9:00 AM Welcoming Address 


Mark Sogge, Regional Director, USGS 
9:00 – 9:30 AM Keynote Address 


Anne Castle, Asst. Secretary for Water and Science, Dept. of the Interior  
9:30 – 9:40 AM Welcoming Address 


Kevin Kelley, General Manager, Imperial Irrigation District (IID) 
9:40 – 10:00 AM Break 
10:00 – 11:15 AM Background Presentations 
 Doug Barnum, USGS,  


Science of the Sea: Major Investigations and Findings 
 Michael Cohen, Pacific Institute,  


Revisiting a No Action Scenario 
 Tim Bradley, UCI,  


A Changing Lake 
 Bruce Wilcox, IID,  


Recent Management Activities of IID & Salton Sea Authority 
 Kent Nelson, CA Dept. Water Res.,  


The Salton Sea: A Conservation Strategy 
 Armin Munevar, CH2MHill/IID,  


Revised SALSA2 Model for Water and Salt Balances Long-Term Planning 
11:15 AM – noon Guidance from the Managers’ Meetings 
 Abby Reyes, Managers’ Meetings Goal and Objectives 
 Doug Barnum, Today’s Meeting Goal, Objectives, Format, Deliverables 
 Gregor Yanega, UCI Salton Sea Insititute, Results from Managers’ Meetings  
  
Noon to 1 PM Lunch 
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Tuesday, September 9, 2014, continued 
1 PM – 2:30 PM Guidance from the Managers’ Meetings, continued 


Discussion, continued 
Framework and instructions for breakout groups 


2:30 – 3 PM Break 
3 PM – 5 PM Breakout Groups: Session I 


meet in assigned group with team lead 
5 – 6 PM Reconvene 


Team Leads report back on highlights and next steps 
Instructions for going forward 


  
 Dinner provided by University of California, Irvine 
  


Wednesday, September 10, 2014 (subject to revision based on meeting needs) 
8:00 – 8:15 AM Roadmap Recap 


8:15 – 10 AM Breakout Groups: Session II 
Research proposal outline development  


10 – 10:20 AM Break 
10:20 – 11:20 AM Breakout Groups: Session III 


Research proposal outline development  
11:20 AM – 12:15 PM Reconvene 


Team Leads report back on ideas under development 
Discussion:  Areas of concurrence, common science & monitoring needs 


12:15 – 1:00 PM Lunch 
1:00 – 3:00 PM Breakout Groups: Session IV  


Research proposal outline development; wrap up 
3:00 – 4 PM Reconvene 


Team Leads report back on highlights; anticipated next steps for group 
Assignments Review, Essential Conversations, Last Words 


By 4:00 PM Adjourn 
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Appendix 4. Summary of Information Presented to 
Participants, Workshop Guidelines, and Proposal 
Instructions 


This appendix contains a summary of how the workshop was conducted and basic operational guidelines 
for the participants. The material presented to the participants includes a justification for the workshop and 
why it is important, a description of how and why the workshop was structured, a brief retrospective 
examination of existing scientific knowledge and management history of the Salton Sea, workshop goals 
and objectives, workshop operating ground rules, and guidelines for the development of conceptual 
proposals and budgets.                


The Salton Sea is a lake that has markedly declined. Failure to act soon will result in 
further degradation. The State of the Salton Sea workshop was a needs assessment workshop 
held in Irvine, California, September 8–10, 2014. USGS organized the workshop in close 
collaboration with University of California, Irvine (UCI); Pacific Institute; Imperial Irrigation 
District (IID); and the Bureau of Reclamation (Reclamation) to further refine a process to 
address the natural resource issues and research and investigate needs for any proposed solution 
to rehabilitate the Salton Sea ecosystem. This proceeding from the State of the Salton Sea 
workshop summarizes the deliberations of approximately 50 scientists regarding approaches that 
must be taken if the Sea is to remain serving as a functional ecosystem. 


Scientists participating in this workshop all agreed that rehabilitation of the Sea is 
essential and requires that decisive intervention will be required to allow the Sea to sustain its 
important ecological and economic values. Science of the Salton Sea is complex and is reflected 
in the diversity of disciplines represented at this workshop. The multidisciplinary nature of the 
workshop consisted of expertise in air quality, water quality, physical environment, biological 
environment, contaminants, carbon and CO2 uptake, algae, and socioeconomics. To effectively 
rehabilitate this degrading environment, resource managers will require a fully integrated and 
collaborative understanding of the complex science of the Salton Sea and engineers will rely on 
this integrated information to design and develop approaches to arrest the degradation.   


Previous science workshops (U.S. Fish and Wildlife Service, 1997) identified science 
necessary to begin understanding the “big picture” dynamics of this large lake. Now that the “big 
picture” science has mostly been accomplished, it is important to keep moving science forward 
following those initial studies with equally important science designed to generate a better 
understanding of these dynamics, designed to fill in identified gaps in our knowledge, thus 
allowing better modeling of these dynamics, and pursue new science to elucidate unresolved or 
unknown effects of rehabilitation projects. Science identified in previous workshops has 
identified major interactive issues such as hydrogen sulfide, thermoclines, water mixing regimes, 
and potential catastrophic effects of some rehabilitation strategies. It was the science of these 
early efforts which has led to a greater understanding of selenium, wildlife diseases and 
pathogens, of critical resources needs for maintaining fish and bird populations, and of the 
critical role of aquatic invertebrates and microbes in this ecosystem. Scientists have begun to 
understand how to rehabilitate this degraded system and live within the constraints of less water, 
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no new water, and degraded water as the only sources available to use. Scientists have begun to 
learn how to provide for the maintenance of biological diversity, avoid toxic emissions, and 
ameliorate air quality concerns while using less water. Scientists now must work in concert with 
resource managers, decision makers and engineers to implement our findings and make sure 
these projects are based on the best possible science knowledge.  


For the State of the Salton Sea workshop, scientists were invited based on their prior 
scientific involvement and (or) expertise relevant to the myriad of issues of the Salton Sea. Many 
of the invited scientists participated in a bus tour of the Sea on Monday, September 8, in which 
discussions were held concerning major scientific findings and demonstrations of how the 
science produced by earlier efforts is being implemented in embryonic efforts of lake 
rehabilitation.  


The main part of the meeting convened on campus at UCI’s Beckman Center. Beginning 
on September 9, Assistant Secretary of the U.S. Department of Interior Anne Castle and other 
notables set the stage for the group with opening remarks addressing the importance of science in 
rehabilitation of the Salton Sea (see appendix 3). Included in these presentations was a summary 
discussion of the results from the two manager meetings (appendix 1). This discussion provided 
the scientists with a vision for the needs of resource managers and decision makers. The two-
meeting format was devised as a means of including both science and management perspectives 
with respect to science and monitoring needs of the Salton Sea. Following this, organizing team 
members each provided short presentations designed to inform the group of major scientific 
findings in the previous 15 years as a means of bringing the entire group up to speed on the 
existing state of scientific knowledge for the Sea. Team Leads for each topical grouping were 
identified, and then participants were assigned to topical groupings (appendix 2). Team 
membership was assigned based on each scientist’s expertise while recognizing that everyone 
may hold multiple areas of expertise. Cross discipline discussions were encouraged.  


Prior to breaking into group work sessions, a set of proposal guidelines and templates 
were provided. These guidelines were established in order to provide a common set of values and 
document framework to avoid institutional differences in pay scales, overhead rates, and 
equipment procurement.  


Key issues such as what defines science investigations versus monitoring programs were 
discussed among team leaders and presented to the scientists. For this workshop, science 
investigations are those studies with a clear set of testable hypotheses and generally tend to be 
short-duration studies for very specific reasons. Conversely, monitoring studies are to be longer 
term data collection as a means of testing compliance with stated objectives. For example, 
selenium studies can be conducted to ascertain ecological effects or to ascertain concentrations 
associated with certain irrigation practices. Both would be considered a science investigation. 
Monitoring of selenium could be routine sampling of constituents relative to a regulatory 
standard as a means of detecting problems as they arise, then prescribing more intensive studies 
to ascertain why the concentrations are observed. Science investigations can establish expected 
values for bird or fish diversity and abundance to provide management agencies goals as part of 
adaptive management programs. Monitoring programs then can inform management as to how 
effective any specific program is at providing the desired diversity or abundance and assist 
management in making adjustments. Each developed proposal was required to indicate precisely 
how the proposed science would help inform management decisions.  


Although proposal concepts developed in this workshop may appear to be linked to 
specific organizations, agencies or scientists, participants were advised that there would be no 
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institutional ownership of any contributions. All proposal concepts were captured and reported in 
appendix 5. A list of all participants, their affiliation, and current email address is captured in 
appendix 2, not to justify the document nor as an endorsement, but to provide notice of 
participation.  


A proposal template was provided to all team leaders, and standard budget values were 
established for pay rates and overhead to be consistent across all proposals and disciplines. All 
contributions were strictly conceptual proposals with a minimum of detail and no requirement to 
provide supporting citations, although allowed. Proposals were developed with a 3- to 5-year 
implementation period. Teams differed on budget development. Some teams developed very 
detailed breakdowns of each budget category. Although this helped several teams organize the 
budget process, it was not a requirement for these conceptual proposals. Once published, these 
conceptual proposals may serve as the basis for further discussions by resource managers and 
decision makers. At that point, consideration may warrant the implementation of a science 
program to seek detailed proposals to support management agency information needs. 
 


Budget standardized values provided to authors 
 


• Senior-level research scientist   $150,000/12 months 
 


• Graduate students, technical support, post-docs  $ 80,000/12 months 
 


• Pay is pro-rated by months per year 
 


• Overhead rate is set at 50% 
 


Proposal Template 
Title 
Introduction/background (Not to exceed 1 page) 
Justification 
Objectives (bullets) 
Products (bullets) 
How does this inform management? (Not to exceed one-half page) Does it address any of the 
management concerns or data needs, which ones? 
 
Budget    Year1  Year2  Year3 
    
Labor 
Equipment  
Supplies  
Miscellaneous 
Total 
Proposal developed by 
 
  
References Cited  
U.S. Fish and Wildlife Service, 1997, Saving Salton Sea—A research needs assessment: U.S. 


Fish and Wildlife Service, 96 p. 
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Appendix 5. Suggested Scientific Studies 


Introduction 
This document is expected to serve as the basis for further discussions by resource 


managers and decision makers concerning whether to seek funding support for a robust science 
and monitoring program. Should funding be secured, then consideration will be developed for 
implementing a larger science oversight team with responsibility for securing detailed proposals 
suitable for response to a Request for Proposals (RFP) and peer review (see appendix 6). During 
proposal development, teams were asked to provide a Point of Contact for each concept. Contact 
names are provided, with contact information for all participants listed in appendix 2. Although a 
general proposal template was provided at the SoSS meeting, as long as scientists provided the 
key elements of the template, they were allowed to write in their own style. Thus, these 
conceptual proposals are included here as written by the persons listed as Point of Contact, with 
minor editing and modifications to format. These contributions authored by non-USGS authors 
do not represent the views of position of the USGS and are published solely as part of this 
volume. 


A proposal template was provided to all team leaders, and standard values were 
established for pay rates and overhead in an attempt to be consistent across all proposals and 
disciplines. Standard values were established to avoid institutional differences in pay for 
principal investigators, technical support staff members, student assistants, and overhead 
assessments (appendix 4). However, differences among scientists and groups led to some 
differences in approaches to formulating a proposal and in budget development; these are 
reflected in the actual proposals. These are strictly conceptual proposals with a minimum of 
detail. Proposals were developed with a 3- to 5-year investigation period. Time constraints of 
the SoSS meeting prevented the development of several concepts into proposals. 
Nevertheless, the organizing committee included the title and some discussion for these 
undeveloped concepts with a suggested funding level suitable for addressing each concept. 


Air Quality Proposals 
AQ1. Measurements in and around Salton Sea area to assess potential particulate matter 
emissions  


Introduction and Background 
With the predicted decline Salton Sea water level, the amount of exposed playa will 


increase, thereby creating the potential to increase ambient particulate matter less than 10 µm 
(PM10) in the surrounding areas, affecting communities in the Imperial and Coachella Valleys. 
Health effects of PM10 pollution include respiratory system hardship, damage to lung tissue, 
cancer, and premature death. The elderly, children, and people with chronic lung disease, 
influenza, or asthma, are especially sensitive to the effects of particulate matter. 


The magnitude, timing, and type of emissions drive all aspects of PM air quality 
concerns. Understanding characteristics and quantities of emissions under varying conditions is a 
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requirement for accurate emissions estimates in modeling the Salton Sea air quality system. 
Generic emission factors are nearly useless for the Salton Sea playa as they were estimated for 
very different landforms and generally homogeneous land uses (for example, agriculture).  


Field measurements of emission factors provide scientific data to provide an improved 
understanding of temporal and spatial variability. These measurements can be simply aggregated 
(averaged or similar) for use in models or their range can be used for sensitivity analysis of 
model results. However, the current area of Salton Sea is vast thus adding to the complexity of 
predicting emissivity of exposed playa as the water levels decline. The power of the emissions 
measurement can be amplified substantially if specific parameters can be identified that would 
serve as explanatory factors for emissions in defined areas. Moreover, the development of a 
method for determining playa composition and emission properties before it's exposed would 
incorporate these explanatory factors into a predictive model. Empirical data collected in the 
field would provide input or at least improve the accuracy of a predictive physical model for 
emissions which can then be applied to prioritize and maximize PM mitigation strategies for the 
Salton Sea.  


Justification 
Understanding the geographical distribution of potential PM emissions from the current 


and predicted playa exposure from the decline of the Salton Sea water level would provide 
information that can be used to determine areas of highest potential health impacts from PM 
which will assist in prioritizing dust mitigation strategies. 


Objectives 
1. Collect measurements of PM10 and PM2.5 emission factors or surrogates for such 


measurements with sufficient density to capture the spatial variability in emissions that is 
inherent to the exposed playa. Emission factors of saline lake deposits are highly 
dependent on meteorological conditions. Therefore, measurements should be designed to 
ensure that this temporal variability can be captured. 


2. Relate emission factors to physical and chemical properties of the playa deposits. Doing 
so would extend the predictive power of the field measurements when trying to extend 
those data to locations where measurements of emission factors are not collected but 
where physical and chemical properties of the soil are easily obtained. 


3. Determine the impact of disturbance on the emission factors. Identify the longevity and 
frequency of this impact (if any) and the magnitude of the impact in relation to soil 
physical and chemical properties.  


4. Use measurements to determine if emissions of PM10 and PM2.5 can be estimated for 
currently inundated sediments that are going to be exposed in the near future.  


5. Use the existing/enhanced monitoring network to evaluate the fidelity of 
measured/estimated emission factors and empirical emission models developed in 1 and 
Products 


6. The principal product from this effort is a spatially resolved dataset of 
measured/estimated PM10 and PM2.5 emission factors for windblown dust under varying 
wind conditions from exposed Salton Sea playa. Documentation for this dataset would 
include assumptions, limitations, and quantified uncertainties of individual measurements 
(representativeness is a different story). This stand-alone dataset can be used to obtain 
basic aggregated information about emissions (magnitude range, average, seasonality). 
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7. Physical and chemical characterization of playa sediments at the same locations where 
emissions are measured or estimated as part of Objective 1 tasks may allow further 
refinement of location and time-specific estimates for emission inputs into a larger air 
quality model. The products from this could include relationships between emissions 
factors and soil texture, salt chemistry, moisture content, bulk density, mineral content 
and/or other properties. 


8. As with the products of Objective 2, the product of this effort would include relationships 
(mathematical) between magnitude, frequency, and timing of surface disturbance 
(principally by Off Highway Vehicle activity). These would be used as modifiers to 
emissions estimates with the overall purpose of improving accuracy. 


9. One component of this work would provide a comparison of physical and chemical 
properties of currently exposed playa sediments with those of currently inundated 
sediments. The proposed study would sample for inundated Salton Sea sediments and 
then dry them, assess chemical and physical properties as well as emissions testing. A 
second component would provide a comparison of measured emissions from exposed 
playa with emissions measured from inundated sediments that were acquired, dried, and 
tested for emissions. This would result in a transect map of emissions from exposed 
shoreline up to some distance (depth) of inundated sediment. The goal of this effort is to 
be able to predict the potential emissivity of sediments before they are exposed. 


10. Comparison of time-resolved monitoring of PM10 and PM2.5 is important to independently 
“confirm” the accuracy of the emissions estimates that have been informed by the 
accomplishment of objectives 1–4. While the existing monitoring network would be very 
valuable for this comparison, it may be desirable to perform such comparison with a 
denser short-term network. 


How Does This Project Inform Management? 
• Provides PM emissivity data which can be applied directly in the area measured to 


calculate potential PM health impacts if no mitigation were implemented; 
• The emissivity measurements, chemical and physical properties evaluation, and 


inundated area measurements may provide more spatially resolved emission factor data 
into a predictive model for identifying areas of highest PM emissions and forecasting of 
control technology benefits; 


• Provides better quantification on the range of PM impacts from current Salton Sea playa 
exposure and predicted future exposure. This would provide a scientific basis for 
identifying the need and location priority for mitigation planning efforts; 


• Air monitoring provides a validation of the emissions model. 


Budget  


Objective Senior 
Personnel 


Technical 
Personnel Travel Equip-


ment 
Operating 


/lab Overhead Total 
1 $60,000  $160,000  $25,000  $50,000  30000 $110,000  $435,000  
2 $25,000  $80,000  $5,000  n/a $50,000  $52,500  $212,500  
3 $10,000  $15,000  $10,000  n/a $15,000  $12,500  $62,500  
4 $75,000  $80,000  $20,000  $40,000  $100,000  $77,500  $392,500  
5 $30,000    n/a n/a n/a $15,000  $45,000  
        


TOTAL       $1,147,500.00 
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Point of Contact 
Bruce Wilcox, Vic Etyemezian, Reyes Romero, Jason Low, Oli Bachie, Charles Zender, Philip 
Fine 


AQ2. Potential toxicity of suspendable sediment from Salton Sea playa 


Introduction and Background 
With the predicted decline Salton Sea water level, the amount of exposed playa will 


increase, thereby creating the potential to increase ambient particulate matter less than 10 µm 
(PM10) in the surrounding areas, affecting communities in the Imperial and Coachella Valleys. 
Known health effects of PM10 pollution include respiratory system hardship, damage to lung 
tissue, cancer, and premature death. The elderly, children, and people with chronic lung disease, 
influenza, or asthma, are especially sensitive to the effects of particulate matter. There may be 
additional health effects associated with PM10 and PM2.5 that are specific to the Salton Sea 
sediments. 


Salton Sea has been a terminal lake for about a century. Material that flows into the Sea 
either deposits or seeps into the sediments, evaporates or volatilizes out of the Sea, or is removed 
by physical (dredging/ precipitation) or biological (food chain) means, or is chemically altered or 
degraded into intermediate and final products. Over 50% of the inflows into the Salton Sea are 
one type of agricultural runoff or another. These inflows are likely to include salt minerals and 
other solutes that are leached from agricultural fields, organic material that is dissolved or 
suspended in the runoff water, and suspended soil and other particles. Additionally, agricultural 
chemicals such as pesticides, herbicides, and fertilizers may also be leached or suspended 
(depending on solubility and phase) into runoff water. These materials all end up in the Salton 
Sea. There they may be concentrated in solution, partitioned between sediment and water, 
chemically altered, or removed by any number of means.  


Toxic materials can be grouped into two primary categories, inorganic and organic. The 
inorganic group contains principally metals such as selenium, chromium, and arsenic whereas 
the organic group (containing carbon based compounds other than carbon monoxide and carbon 
dioxide) contains principally biocides and soil amendments. Although not traditionally 
considered as environmental toxics, the high salinity of the Salton Sea sediments may have 
health impacts on humans and the ecosystem, chiefly by causing irritation in the lungs, eyes, and 
skin—it is presumed. 


Whereas there are toxic chemicals everywhere in the environment, the health threat that a 
specific chemical poses in a specific setting is related to three factors. First, the inherent toxicity 
of the chemical determines what quantities of the chemical are a concern. For example, table salt 
is toxic in very large quantities, whereas nerve warfare agents are toxic in very small quantities. 
Second, the concentration of the chemical in the environment at the point of exposure determines 
the availability of the chemical to cause concern. For example, the lead in lead-acid batteries is 
certainly toxic. Yet, the concentration of lead that the driver is exposed to as a result of being in 
the proximity of a battery is very low. Thus, the large quantities of lead in the car battery pose no 
health threat to the nearby driver because the concentrations of lead are very low at the point of 
exposure (driver’s nostrils or mouth). Third, the duration that someone spends being subjected to 
particular concentration determines the exposure. Generally, the longer the duration, the higher 
the exposure, the greater the likelihood of toxicity impacts. Diesel exhaust is classified by the 
State of California as a known toxin. Everyone in the state is exposed to some level of diesel 
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exhaust daily. However, the individual who works at a shipyard where truck and ship exhaust are 
a mainstay of the work day is exposed to much higher levels of diesel exhaust than the average 
California resident. All other factors being equal, the shipyard worker has a higher likelihood of 
being impacted by the toxicity of diesel exhaust. 


Justification 
Identifying the potential toxic components and their concentrations within the 


suspendable fraction of the Salton Sea sediments can help determine if there are health risks to 
the community and if so, which chemicals are driving those health risks. Used in conjunction 
with emission and dispersion models this information can support an exposure assessment for the 
community. 


Objectives 
1. Collect and characterize samples of suspendable dust material from exposed sediments of the 


Salton Sea. Sample characterization is targeted on potentially toxic components. 
2. Determine if toxicity of currently inundated sediments that will likely be exposed in the 


future can be reasonably predicted by bulk sampling methods. 


Products 
The product from this effort is characterization of the toxic chemical profile from 


exposed sediments of the Salton Sea. The samples for such analysis should be collected to reflect 
the likely suspendable and respirable fraction of dust in the sediment. Such characterization will 
include concentrations, chemical/physical states, and other chemical information (associations 
with minerals or partitioning between phases) of toxic chemicals. This will consist of a 
comparison between exposed sediments and currently inundated sediments—with respect to 
toxic chemicals content. This information will be analyzed to determine if it can be used to 
inform of potential toxicity of inundated sediments once they are exposed. 


How Does This Project Inform Management? 
• Provides data on toxicity of sediment material beyond what is known generically about 


PM10 and PM2.5 from non-Salton Sea sources. 
• Enables coupling with emission and dispersion models for exposure assessment of 


communities by location, time of year, occupation, etc.  


Budget  
Objective Senior 


Personnel 
Technical 
Personnel 


travel Operating 
/lab 


Overhead Total 


1 $300,000  $80,000  $25,000  $250,000 $190,000  $845,000  
2 $50,000  $80,000  $5,000  $50,000  $65,000  $250,000  
       
TOTAL      $1,095,000.00 
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Point of Contact 
Bruce Wilcox, Vic Etyemezian, Reyes Romero, Jason Low, Oli Bachie, Charles Zender, Philip 
Fine 


AQ3. Dust/pollution emissions modeling for the Salton Sea playa and surrounding impacted 
areas 


Introduction and Background  
Develop dust emissions model that will assess potential effect of air quality on humans, 


agriculture and other biological life around the Salton Sea shore. The emissions model can be 
used as a tool to provide a plan for potential dust mitigation strategies. Existing data will be used 
in the development of the model and can be supplemented with data from the companion 
proposal (AQ1) 


The model will also be used to evaluate the effectiveness of control measures and can be 
used to assess the potential effects of Salton Sea shore dust on humans, agricultural and other 
biological resources. 


Justification  
The development of a model that identifies emissivity potential of exposed playa to be 


used to further develop dust emissions control strategies. 


Objective  
Develop and implement an emission model to quantify dust emission from exposed 


playa. The model will also help to identify potential high emissive areas and predict the potential 
dispersal of those emissions. The model will use emissions inventory and dispersion modeling to 
predict the impact of playa emissions to the PM10 and PM2.5 air quality standards.  


Products  
An emissions model to predict PM10 and PM2.5 emissions from Salton Sea exposed playa. 


The benefit of the emissions model would also help to identify the similarities and differences of 
air quality around the Salton Sea to other identified air quality problems. It also helps to assess 
the potential problems of dust from Sea onto neighboring agricultural lands. It will also inform 
the development and implementation of control strategies. 


How Does This Project Inform Management?  
The results of the model will be used to inform the management team in defining the 


parameters and spatial extent of the emissive area and develop/implement of control measures 
for those areas of the playa. 


Integration 
The emissions predictions of the model can be used in the evaluation of potential impacts 


to human health, as well as the economic impacts to agricultural industry.  
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Budget 


Point of Contact 
Vic Etyemezian, Jason Low, Oli Bachie, Reyes Romero, Charles Zender, Philip Fine, Bruce 
Wilcox 


AQ4. Reduction of fugitive dust emissions from dirt roads and a receding Salton Sea using a 
biogenerated soil enhancer 


Introduction and Background 
The Salton Sea, situated in the Lower Colorado River Basin (LCRB), is under duress due 


to several factors including increased water demands of large, rapidly growing urban centers like 
San Diego, California and Mexicali, Mexico. The Colorado River Quantification settlement 
agreement (QSA) of 2003 has drastically lowered the amount of fresh water inflows to Salton 
Sea, resulting not only in changes to the amount of water in the Sea, but also in changes the 
geochemistry and overall the water quality. These changes can dramatically affect the population 
dynamics of numerous species endemic to the region.  


According to climate model projections (Seager and others, 2012), the Colorado River 
headwaters are expected to have an annual stream flow decline of 10 percent and as much as a 20 
percent drop in spring runoff in California and Nevada. The Salton Sea water levels are projected 
to be reduced in the future leading to potentially significant effects to air quality due to fugitive 
dust from wind erosion of exposed sediments (Imperial Irrigation District and Bureau of 
Reclamation, 2002; California Resources Agency, 2006; Case and others, 2013). A major 
concern is that as the Salton Sea recedes exposed contaminated sediments might be dispersed in 
dust storms throughout the surrounding communities. Imperial County already struggles to 
contain health-degrading air pollution, with about 250 tons of smoke and dust released into the 
air daily (Polakovic, 2001). 


Air quality in the Salton Sea Air Basin does not currently achieve California or National 
Ambient Air Quality Standards for PM10 and ozone (Case and others, 2013). The pollutants of 
greatest concern in the Salton Sea area are PM10 and PM2.5 from wind erosion (fugitive dust), soil 
disturbance, and fuel combustion (Case and others, 2013). The Salton Sea Ecosystem Monitoring 
and Assessment Plan (Case and others, 2013) states that monitoring of existing conditions for 
ambient air quality at and near the Salton Sea is needed as a baseline for use with future 
evaluations of air-quality management and mitigation efforts. 


In addition, salinity increases from reduced freshwater inflows will affect the viability of 
avian and fish habitats in the Salton Sea (Kjelland, 2008). Areas adjacent to the Salton Sea 
support tamarisk and halophytic shrubs (for example, arrowweed) and it is expected that as the 


 FTE Year 1 Year 2 Year 3 
Senior PI  $150,000 per year $150,000 $75,000 $75,000 
Tech  $80,000 per year $80,000 $40,000 $40,000 
Overhead 50% $115,000 $62,500 $62,500 
Equipment Direct Cost  $15,000 $10,000 $10,000 
Travel  Direct Cost $12,000 $6,000 $6,000 
Total  $$372,000.00 $193,500.00 $193,500.00 
Grand Total    $759,000 
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Sea recedes, this vegetation could encroach onto the exposed playa (Case and others, 2013). Not 
only would this vegetation reduce air-borne particulates via soil stabilization, but it also serves as 
habitat for roosting and nesting shorebirds as well as cover for passerine birds during migration 
(Case and others, 2013). Therefore, it seems plausible that enhancing the rate of vegetation 
expansion into the receding Salton Sea area would be a good approach for soil stabilization and 
dust abatement. Any effort to reduce air-borne particulates must not jeopardize the biota in and 
around the Salton Sea.  


An alternative to traditional soil stabilization measures (which tend to increase salinity), 
such as the application of magnesium chloride- or petroleum-based products, is desired so that 
salinities do not increase from reduced inflows and management actions. One alternative to 
magnesium chloride- or petroleum-based products for soil stabilization and dust reduction is to 
use an extracellular polymeric substance (EPS), a naturally occurring biopolymer that is a form 
of soil organic matter. For example, a recently developed and commercially available Rhizobium 
tropici biopolymer works as a soil amendment to reduce dust emissions and protect surface water 
quality. Because the R. tropici evolved as a symbiotic partner of a legume, a non-halophytic plant 
species, other EPS that plant-microbe systems use to re-engineer soil will also be evaluated for 
soil stabilization in a saline environment.  


Plant growth-promoting rhizobacteria (PGPR) are a diverse group of soil bacteria that, in 
the presence of a host plant, encourage significant plant growth (Milošević and others, 2012). 
The PGPR effects are believed to be the result of the production of an EPS. The EPS are high-
molecular-weight compounds composed of sugar residues. They are secreted by a 
microorganism associated with plant roots. Using the EPS, plant microbes act symbiotically to 
re-engineer the surrounding soil in order to maximize the potential for survival of both 
organisms. There are many modes of action through which this organic polymer can be 
expressed including fixing nitrogen, increasing the availability of nutrients in the rhizosphere, 
mitigating abiotic stressors such as salinity and pH, enhancing root growth and morphology, and 
promoting other beneficial plant-microbe interactions (Laspidou and Rittmann, 2002). The 
secretion of EPS by bacteria is also recognized as a cohesive force in promoting surface erosion 
resistance in soils and sediment (Droppo, 2009; Gerbersdorf and others, 2008a, b). The 
biopolymer produced by R. tropici, and potentially other forms of EPS associated with high 
salinity soil-plant-microbe systems, provides similar soil enhancements in a long-lived, but 
ultimately biodegradable, material without the environmental concerns associated with 
petroleum-based polymer. In addition, the biopolymer acts as a carbon storehouse for readily 
biodegradable sugars that would otherwise be oxidized to CO2 and contribute to elevated 
greenhouse gasses in the atmosphere.  


A technique has been patented by the U.S. Army Corps of Engineers (USPTO No. US 
7,824.569 B2; Newman and others, 2010) through which R. tropici-derived biopolymer can be 
produced in an aerobic bioreactor. The biopolymer is then separated from the bacteria and 
growth media and can be applied to the soil as either a slurry or powder. Previous research has 
identified EPS that can be produced on an industrial scale from two Rhizobium species, R. tropici 
and R. fredii. The R. tropici production is under ERDC patent and has had some commercial 
success in the agricultural marketplace. The R. fredii, grows well in alkaline soils and is 
significantly different in its chemical activity from the R. tropici material.  


The biopolymer acts in several ways to increase soil stabilization and enhance 
revegetation of disturbed soil and reduce fugitive dust emissions (Larson and others, 2012, 
2013): 
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• Biopolymer soil amendment increases germination rate and the drought resistance of
plants so they require less water (fig 5-1).


• Biopolymer soil amendment results in increased root mass and root fine structure which
holds soil effectively, reducing wind and water erosion and stream sedimentation (fig 5-
2).


• Biopolymer binding of soil particles contributes to increased resistance to wind erosion
which reduces production of fugitive dust in the PM10 range, maintaining air quality
standards (fig 5-3).
These compounds are just two of many extracellular materials produced by symbiotic soil


bacteria. Along with the evaluation of R. tropici and R. fredii generated EPS as soil amendments 
for dust control at the Salon Sea, bench- and mesoscale-scale evaluation will be performed to 
identify and characterize new EPS-producing soil microorganisms, concentrating on those that 
thrive under saline conditions. We will evaluate the potential of these new EPS compounds for 
enhanced vegetative growth and soil stabilization. The most promising of these pairings will be 
selected for pilot- and field-scale testing. The goal will be to develop the technical maturity 
evidence so that these advanced remediation techniques can be demonstrated and validated under 
field conditions. 


For example, osmo-adaptation and increased plant salt tolerance have been studied using 
EPS-producing bacteria (Ashraf and others, 2004; Qurashi and Sabri, 2011). Bacteria known to 
produce EPS under saline conditions include Oceanobacillus, Staphylococcus, Aeromonas, and 
several strains of Bacillus. A number of these producers of extracellular material will be 
evaluated for the potential to be used in a production process similar to that used for R. tropici 
and R. fredii. The resulting EPS will be removed from the cell culture via ethanol precipitation 
followed by dialysis and subjected to testing and evaluation of its potential for enhanced 
remediation in saline soil. A halophyte-friendly EPS would have the capacity to initially reduce 
dust generation due to the physical bonding of fine soil particles by the polymer and secondly 
producing a vegetative cover that lasts over time by making the high salinity soil more capable of 
supporting vegetation. 


Understanding the long-term impacts of biopolymer application is complex, and 
spatially-explicit modeling can provide a relatively inexpensive tool that can explore how 
biopolymer application perpetuates through the ecosystem, with the potential for being a solution 
that does not require repetitive applications. Modeling of these alternative scenarios to fully 
understand the benefits of such efforts in terms of predicted dust reduction effectiveness over the 
entire Salton Sea area and under projected future conditions can be conducted by modifying an 
existing Salton Sea Simulation Model (Kjelland, 2008; Kjelland and others, 2014). The model 
could be upgraded with the development of an air quality sub-model to examine the effects of a 
non-treatment, that is, do nothing, scenario (control) versus data generated from the proposed 
treatment scenarios.  


Justification 
The Salton Sea area has been designated by the EPA as a PM10 non-attainment area. The 


reduced air quality and projected future conditions necessitate an environmentally sound, cost-
effective treatment option to stabilize soil from dirt roads and exposed areas as the Salton Sea 
recedes. The treatment option should not exacerbate water quality issues that could negatively 
impact biota in and around the Salton Sea. Notably, as the Salton Sea recedes the exposed areas 
could be treated with magnesium chloride, but there is always the possibility that the rain events 
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Figure 5-1. Biopolymer application increases germination rate (top) and the plant survival (%) during drought.
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Control Biopolymer treatment


Figure 5-2. Biopolymer application demonstrates increased resistance to water erosion as a result of an increased root mass as well as root 
fine structure.


11 







Figure 5-3. Biopolymer application demonstrates increased resistance to wind erosion compared to traditional petroleum-based soil 
amendment.
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could cause erosion of the material into the Sea or the Sea could rise (for example, hurricane 
induced precipitation event) thereby inundating the treated area. The aforementioned possibilities 
exclude the use of petroleum based soil stabilization treatment options. 


The Salton Sea project will benefit from the use of the R. tropici biopolymer soil 
amendment in several ways: 


• The use of a biopolymer soil amendment will reduce the use of petroleum-based soil
modifiers for soil strengthening and erosion control. This will eliminate the generation
and leaching of hazardous petroleum-based products and by-products;


• Decreased maintenance/ irrigation requirements;
• Revegetation using the biopolymer requires less watering for seedling establishment and


maintenance, which conserves water resources;
• Reduction of soil loss through wind and water erosion will protect surface water quality;
• Reduced road maintenance will decrease financial and labor requirements of the project


Objectives 


Bench Scale 
• Evaluate EPS production of several bacterial strains known to be salt tolerant and


determine if the EPS can be produced and concentrated in a commercial manner;
• Evaluate the characteristics of the EPS for plant growth promotion and soil stabilization.


Field Scale 
• Determine how well several dust abatement treatments including the following: a) the R.


tropici biopolymer, b) Magnesium chloride, c) Salton Sea water, and d) no treatment
(control) might affect vegetation growth on exposed areas near the Salton Sea as a means
of soil stabilization;


• Determine how well several dust abatement treatments including the following: a) the R.
tropici biopolymer, b) Magnesium chloride, c) Salton Sea water, and d) no treatment
(control) compare in terms of effectiveness at reducing fugitive dust emissions from dirt
roads near the Salton Sea, in order to compare the costs versus benefits of each treatment
(or none,  that is, control);


• Determine how well several air-borne particulate abatement treatments including the
following: a) the R. tropici biopolymer, b) magnesium chloride, c) Salton Sea water, and
d) no treatment (control) compare in terms of effectiveness at reducing air-borne
particulates from different soil types at and within the Salton Sea, in order to compare the
costs versus benefits of each treatment (or none,  that is, control);


• Development of an air quality module to be incorporated into Salton Sea Simulation
Model. Comparison of model scenarios that explore ecosystem level impacts of treatment
versus control (no treatment) of R. tropici biopolymer application.
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Products 


Peer-Reviewed Journal Articles 
Air quality model addressing Salton Sea projected elevations and selected treatment 


versus no treatment (control) scenarios and associated impact on air-borne particulate production 
at the Salton Sea. 


Technical Reports 
A report summarizing the results which will include recommendations for implementation 


of biopolymer soil amendment as it pertains to the Salton Sea Watershed. The report will be 
published in the scientific peer reviewed literature. 


The Process for Integration 
The findings from this study will be vital for determining the costs and benefits of 


alternative dust abatement measures that may be incorporated in scaled-up versions of the project 
for dust control within the Salton Sea Watershed.  


How Does This Project Inform Management? 
The findings from this project will elucidate best management practices which can then 


be directly applied to long-term solutions and coordinated with project and program decisions for 
possible full-scale implementation.  


Budget 
$1,295,500 


The proposed project will require $1,295,500 for the three-year effort. This will include 
Federal labor and biopolymer production.  


Point of Contact 
Michael E. Kjelland 


AQ5. Toxic algae as a human health risk in a receding Sea environment. 
A significant component of the algal blooms at the Salton Sea are Cyanobacteria 


(Carmichael and Li, 2006; Reifel and others, 2001; Reifel and others, 2002). Certain groups of 
cyanobacteria produce various toxins. The Salton Sea produces an unknown amount of 
cyanobacteria, and as the salinity increases a greater biomass of cyanobacteria will be 
produced as they are capable of surviving elevated salinities. More than 40 species of 
cyanobacteria produce a range of cyanotoxins, some with well documented toxic effects, 
but many others are less well known (Stewart and others, 2009). Cheng and others (2007) 
report that cyanobacteria present several routes of exposure for human health concerns, including 
ingestion of water, dermal contact with water, and inhalation of aerosols from wind-generated 
wave action. Perhaps a more prominent mechanism for cyanotoxin exposure at the Salton Sea 
could be inhalation of aerosolized microcystins entrained in fugitive dust on exposed playa as the 
Sea recedes.  
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One of the most common cyanotoxins documented worldwide are microcystins. 
Microcystins may adsorb onto naturally suspended solids and dried crusts of cyanobacteria and 
can precipitate out of the water column and reside in sediments for months (D’Anglada and 
others, 2015). Some studies suggest that aerosolized cyanotoxins may constitute a significant risk 
factor for the development of Amyotrophic Lateral Sclerosis and other neurodegenerative 
diseases in desert ecosystems (Cox and others, 2009; Craighead and others, 2009). Metcalf and 
others (2012) further suggest that the concentration of microcystins detected in desert crust has 
important implications for human health.  


Richer and others (2015) stated in part, “low molecular weight cyanotoxins produced by 
biological soil crusts are persistent in the environment, and can survive even the removal of the 
crusts themselves. Thus, over many years a potentially large reservoir of cyanobacterial toxins 
can accumulate in desert soils, with possible health consequences for human exposure to 
particulate matter in dust storms, and from disturbance of desert soils from construction activities 
and military activities that result in loss of soil structure. Mechanical disturbance of either 
surface or below surface on dry or wet soils may equally contribute to human exposure to 
cyanotoxins through inhalation.” 


Beyond the potential for adverse effects on human health, there are other considerations 
for the effects of cyanotoxins. Corbel and others (2014) observed that terrestrial plants including 
agricultural crops, are capable of cyanotoxin bioaccumulation, thus presenting additional 
potential human health risk through consumption of affected food crops. Investigations into the 
potential human health risk of airborne particulate matter containing these microcystins 
from exposed playas could shed new emphasis on the already important issue of fugitive 
dust control. 


No proposal submitted but identified as an urgent need. 


Budget 
$1,250,000 


Point of Contact 
Jason Low, Bruce Wilcox, Vic Etyemezian  


Water Quality Proposals 
WQ1. Energy and material fluxes across the air-water and sediment-water interfaces of the 
Salton Sea 


Introduction 
Interfacial processes regulate physical, chemical and biological conditions of lakes and 


reservoirs. Processes at the air-water and sediment-water interfaces are especially important at 
the Salton Sea due to its tremendous surface area and relatively shallow depth that can strongly 
link sediment biogeochemical reactions to the water column and to air quality. The vast size of 
the Sea results in a tremendous evaporative flux of water to the atmosphere, on the order of 1 M 
acre-feet of water evaporated each year. This evaporative flux is thus an important part of the 
water budget as well as the heat budget of the Sea. The exchange of heat across the air-water 
interface, combined with wind-forcing, regulates the temperature, stratification, and mixing of 
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the water column, as well as dissolved oxygen (DO) concentrations, rates of sulfate reduction 
and accumulation hydrogen sulfide (H2S), ventilation of H2S, dimethyl sulfide (DMS) and NH3 
to the atmosphere, fish kills, and a host of other conditions.  


Justification 
Understanding the water quality, air quality, habitat value and functioning of the Salton, 


both in its present configuration and in the future, as well as Species Conservation Habitat, 
requires improved understanding of the energy and material fluxes across the air-water and 
sediment-water interfaces, and the processes regulating these fluxes. While previous research has 
gone some of the way to understanding these processes in the current Sea, the magnitude of 
changes likely in the future Sea and species conservation habitat ponds are so large that the 
underlying physics and chemistry will be very different, and outside the range of experience 
globally. 


Objectives 
The objectives of this study are to quantify the fluxes of energy (both heat and energy) 


and material across the air-water and sediment-water interfaces of the Salton Sea, including 
Species Conservation Habitat. 


Approach 
Energy and material fluxes, and the processes regulating these fluxes, on the Salton Sea 


and Species Conservation Habitat will be quantified through direct measurement, remote-sensing 
and numerical modeling. Measurements will include in situ water column profiles of 
temperature, DO, pH, redox, turbidity, and chlorophyll-a concentrations, as well as H2S and NH3 
levels in the water column, sediment porewater and air phases. Eddy covariance measurements 
will be conducted to quantify fluxes of H2S, NH3, CO2 and heat to the atmosphere. In addition to 
measurements at discrete locations at the Sea, the surface temperature field and upwelling events 
will be determined from remote sensing. Numerical models will be calibrated against available 
historical data and new in situ and remote sensing measurements. Meteorological data from 
California Irrigation Management Information System stations around the Sea will be used with 
the watershed-agricultural water budget model to drive the 3-D hydrodynamic-water quality 
model. Following calibration and validation, the numerical model will be used to forecast future 
water quality, pelagic and benthic habitat quality and air-quality under reduced inflows, assess 
management alternatives, and guide adaptive management of the Salton Sea and Species 
Conservation Habitat. A 3-D hydrodynamic model will simulate physical conditions at the Sea, 
including stratification-mixing, internal seiche development, shoreline migration, and wave-
mixing/sediment resuspension. The hydrodynamic model will be coupled to a water quality 
model that will simulate DO, pH, chlorophyll a, H2S, NH3, sediment diagenesis, including C 
burial, and potentially also zooplankton and fish. The coupled hydrodynamics-water quality 
model will also be used to predict emissions of H2S and NH3 to the atmosphere and include daily 
volatilization fluxes as well as episodic destratification/upwelling events.  


Products 
The key products of this project include rigorous assessments and assessment tools for 


the management of air, water and ecological resources at the Sea. A numerical model and a 
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series of reports, dissertations, theses, and peer-reviewed publications will be developed from 
this comprehensive study.  


Budget 
Year 1 Year 2 Year 3 Total 


Personnel 
 Faculty (3 @0.25 FTE) 112,500 112,500 112,500 337,500 
 Postdocs (1) 80,000 80,000 80,000 240,000 
 Graduate Students (3) 120,000 120,000 120,000 360,000 
 Undergraduate Students (2) 20,000 20,000 20,000 60,000 
Equipment 100,000 25,000  0,000 125,000 
Supplies 40,000 40,000 25,000 105,000 
Travel 60,000 60,000 60,000 180,000 
 Total Direct Costs 532,500 457,500 417,500 1,407,500 
 Indirect costs (50%) 216,250 216,250 208,750 641,250 
Total 748,750 673,750 626,250 2,048,750 


Point of Contact  
Michael Anderson, Geoff Schladow, Michael Goulden 


WQ2. Integrated water-balance simulations under changing management and climate 
scenarios 


Introduction and Background 
The QSA of 2003 has drastically lowered the amount of inflows to Salton Sea, resulting 


not only in changes to the amount of water in the Sea, but also in changes the geochemistry and 
the overall water quality. These changes will have unknown and potentially significant effects on 
the population dynamics of numerous species. 


The ability to estimate and forecast these changes, and then understand how management 
actions further change the system, begins with comprehensive understanding and ability to 
manage the water resources, which requires extending the capabilities to analyze the movement 
and use of water throughout the hydrologic cycle in a process-based context. A straightforward 
way to do this is the development of a model that provides a connection to both natural and 
anthropogenic uses of the water throughout the simulated hydrosphere in the context of a supply-
and-demand framework of movement and use. 


Substantial data and several models have been developed for this area. The Army Corp of 
Engineers has a model of the Lower Colorado River Basin (LCRB), which includes the Salton 
Sea Model (SSM, fig. 5-4). The model is a spatially explicit, stochastic, simulation model 
representing water flow, water volume and quantity of Total Dissolved Salts (TDS) and 
Phosphorus (P), in the LCRB as it enters the Salton Sea. This model is an integrated 
hydrodynamic-ecological model that simulates hydrodynamics, nutrient cycling, and population 
dynamics of several species of birds and fish. The model was developed, evaluated, and applied 
to simulate the potential effects on the population dynamics of selected fish and avian species at 
the Salton Sea under six different management scenarios (Kjelland, 2008; Kjelland and others, 
2014). 


MODFLOW is a USGS three-dimensional finite-difference groundwater model which 
can be used to delineate structures such as sand and clay materials and give high resolution  
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assessment of groundwater movement. Lawrence Livermore Laboratory developed a version of 
MODFLOW for the Bureau of Reclamation in order to evaluate groundwater resources in the 
Imperial Valley. The model focused on the impacts of lining the All American Canal, production 
scenarios in West Mesa, and potential aquifer storage and recovery in East Mesa (Tompson and 
others, 2008). 


A new version of MODFLOW is now available. This version includes a deformable mesh 
that can simulate deformation from geothermal activities and land subsidence. The model 
incorporates this deformation into surface-water flow and other landscape processes. Another 
new feature is the Farm Process that adds ability to dynamically simulate the integrated supply-
and-demand components of irrigated agricultural, and fully integrating the groundwater model 
and the surface water simulation capabilities. 


Justification 
All of the proposed actions for restoring the ecosystem of the Salton Sea are constrained 


by water and funds. Ultimately, the plans under consideration now for incremental habitat 
development, use of water for dust control, and possible water quality improvement via algal 
scrubbing must be based on realistic estimates the availability and quality of water delivered to 
the Sea. A spatially distributed integrated hydrologic model would allow the managers to more 
accurately quantify the amount and movement of water and to test possible scenarios such as 
climate changes and management strategies. 


Objectives 
We propose to update and modify the SSM by creating a spatially distributed model that 


will give the land managers a more explicit and quantitative way to determine the effects of 
possible management scenarios, including alternative cropping and irrigation practices that are 
currently not included in the SSM. As part of this model creation, we will compile historical data 
as well as develop new data sets, generating model input regarding wells, canals, service areas, 
habitat regions, Salton Sea attributes and geohydrologic framework attributes. We will also 
extend the current analysis of landscape energy balances with additional remote sensing and 
meteorological data analysis to develop detailed land-use data and consistent time-series 
estimates of actual evapotranspiration (ET) rates.  


This will allow quantification of the physical, chemical and biological responses of the 
Salton Sea to the amount and type of water that is released to it. Specifically, this model will 
integrate surface-water flow with groundwater use to evaluate the quantity and quality of water 
delivered to the Salton Sea, and ultimately will allow us to identify the suite of scenarios that will 
maximize the wise use of water resources. The model can specifically address 


• The rate at which the elevation of the Salton Sea will decline
• Effect of local groundwater inputs on the Sea elevation
• The effects of various cropping and irrigation management strategies
• Determination of evaporation rates
• Effects of changing agricultural practices on quantity and quality of water reaching the


Sea (surface water, tile water, and groundwater)
• Integrate water use for dust control
• Integrate water use for incremental wetlands development
• Integrate water use for algae scrubbing
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Products 
A modeling tool that integrates the spatially-explicit, stochastic-simulation Salton Sea 


model with the spatially-distributed hydrologic model. This will be overlain with a graphical user 
interface (GUI) to allow scientists and mangers to evaluate various management scenarios. Peer-
reviewed journal articles will be developed that describe new model components and how those 
components affect model dynamics. 


The Process for Integration 
The findings from this project can be applied to long-term solutions and coordinated with 


project and program decision-making processes for potential full-scale implementation of those 
scenarios resulting in preferred outcomes.  


How Does This Project Inform Management? 
Adding a more detailed hydrodynamic code to the SSM would provide a more explicit 


and quantitative way of testing management scenarios while gaining a better understanding of 
how a management action would affect the greater Salton Sea ecosystem. This would lead 
toward better-informed decision-making via an integrated and coupled-systems dynamics 
modeling approach for determining the long-term costs and benefits of different action scenarios.   







   


 21 


Budget 


   Year 1 Year 2 Year 3 
Senior Scientist  2.12 years    
  Build/Calibrate Model 428,000 200,000  
  Build/Refine GUI  173,600  


  
Automate GUI data 


uploads/downloads  75,600  
  Model transfer and instruction   48,000 
  Write report/model archive  190,000 208,800 
Scientist/Tech  2.83 years    


  
Data Assembly and Analysis, 


including GIS 578,500   
  Build/Calibrate Model 93,600   
  Model transfer and instruction   31,200 
  Write report/model archive  189,000 55,800 
Supplies  30,000 30,000 30,000 
Travel  25,000 30,000 25,000 
Yearly Total  1,155,100 888,200 398,800 
TOTAL      2,442,100 


Point of Contact 
Michael E. Kjelland, Ph.D., and Debra S. Curry  


WQ3. Monitoring for adaptive management 


Introduction and Background 
Monitoring is a critical component of any Sea management project. It is required to 


define baseline conditions, to determine the effectiveness of any control measures that are 
implemented, to calibrate/validate modeling efforts, and to evaluate the applicability of models 
that are being used to guide future actions. 


Justification 
Continued monitoring of the remnant Salton Sea is needed to evaluate changes that are 


occurring as a result of decreasing water inputs, to evaluate Sea modeling efforts, and to evaluate 
the effectiveness of watershed management measures. Monitoring will be required to assess the 
conditions in the habitat ponds to ensure that they are functioning as predicted and meeting 
adaptive management targets. Results can be used to make any necessary changes in operations 
to ensure that project goals are being met. 


A basic monitoring program for the Sea would build on the current Bureau of 
Reclamation and USGS programs that include quarterly monitoring at three locations within the 
Salton Sea and the three river inlets, inflows, and Sea elevation. Data collected by the program 
includes profiles for temperature, dissolved oxygen, pH, and conductivity; nutrients; major ions; 
total and dissolved solids; selenium; and total and organic carbon. Chlorophyll a is also included 
as a measure of primary production. 


Habitat ponds will require monitoring on a monthly basis, at a minimum, for the same 
variables measured in the Sea to evaluate mixing and water quality and to provide data for 
hydrodynamic and water quality modeling in the ponds. Thermistor chains and other unattended 
sampling devices should be deployed to adequately describe mixing. 
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The habitat ponds are likely to require extensive additional biological monitoring and 
monitoring for toxins and other compounds of interest. Monitoring for those projects would be 
covered under separate proposals.  


Objectives 
• Develop monitoring plans for both habitat ponds and the remnant Salton Sea; 
• Ensure that sufficient boat access is available at the Salton Sea and habitat ponds to 


enable data collection; 
• Include sufficient sites/variables to support modeling efforts and address other research 


questions; 
• Obtain detailed profile data in the habitat ponds to define their thermal structure and 


dissolved oxygen conditions; 
• Create a data repository to ensure that all data collected are accessible and available for 


use on future projects. If possible, this would be compatible existing State of California 
databases. 


Products 
• Current data on chemical and biological conditions in habitat ponds and the remnant Sea 


to support chemical and hydrological modeling efforts 
• Infrastructure to provide required information on Sea level and river inflows 


• Maintain gaging stations on the Alamo, New, and Whitewater Rivers (currently 
provided by USGS. May require additional funding in the future.) 


• Maintain the existing water level gage near Westmoreland (provided by USGS) and 
add two additional stage level gaging stations on the north and west sides of the Sea 
to provide information on seiches and water circulation 


• Maintain boat access to the Sea and provide boat access at each habitat pond 
(provided by IID) 


• Quality assurance plans for each project involving monitoring  
• Data repository for all Salton Sea monitoring data 


How Does This Project Inform Management? 
Data collected by the monitoring efforts will provide a sound, scientific basis for 


evaluating the success of proposed management efforts. It will also be used to guide adaptive 
management as management efforts continue. 


Budget 
 Year 1 Year 2 Year 3 Year 4 Year 5 


Senior Scientist to oversee the monitoring 
program 


$37,500 $37,500 $37,500 $37,500 $37,500 


Senior Scientist to develop and maintain a 
data  


$15,000 $15,000 $15,000 $15,000 $15,000 


Technical support (2) to collect and 
process samples  


$40,000 $40,000 $40,000 $40,000 $40,000 


Laboratory costs = (will depend on the 
number of sites selected and variables 
included)  


$120,000 $120,000 $120,000 $120,000 $120,000 
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 Year 1 Year 2 Year 3 Year 4 Year 5 
Operation of water level stations (3 at 


$25,000 each)  
$75,000 $75,000 $75,000 $75,000 $75,000 


Supplies and boat maintenance  $20,000 $20,000 $20,000 $20,000 $20,000 
Equipment $270,000 $80,000    
Travel  $10,000 $10,000 $10,000 $10,000 $10,000 
Overhead (50% of salaries)  $46,250 $46,250 $46,250 $46,250 $46,250 
 $713,750 $443,750 $363,750 $363,750 $363,750 
Grand total     $2,248,750 


Point of Contact  
Chris Holdren, Michael Anderson, Geoff Schladow, Deborah Curry  


WQ4. Modeling the plagues and pleasures of variable-sized water bodies at the Salton Sea  


Introduction 
The thermal structure (or stratification) of lakes is determined by both external factors, 


such as inflows, outflows, and meteorological conditions through their effects on heat fluxes and 
mixing processes, and intrinsic factors such as basin morphometry (geometry). The geometric 
properties of a waterbody (length, area, depth) play a large role in controlling the mixing regime. 
Vertical mixing and the associated transfer of oxygen into the Sea and dissolved gases (for 
example, H2S) out of the Sea are already known to be controlled by the size of the Sea. 


Under the present range of alternatives being considered, the present Salton Sea will 
inevitably change in size, form and composition. The spectrum of possibilities will include a 
shrinking Salton Sea, Species Conservation Habitat ponds (SCH) of variable shape and depth, 
and channels. The shrinking Sea (or the alternative of a separate brine sink) is inevitable. Its 
hypersaline nature (and the associated changes in physical properties) will make it unique in 
many respects and represent a major challenge in accurately modeling. Stratification will 
increasingly be influenced by the growing density difference between the Sea and the principal 
inflows from the New and Alamo Rivers. It will still be large, possibly the largest water body in 
California, meaning that its complexity and its influence locally and regionally will be profound.  


Within this context of changing physical processes, biological and chemical processes 
will be taking place. Some of these processes are reasonably well understood, but as conditions 
change our understanding of the processes diminishes significantly. Some of the key information 
gaps are addressed in a separate proposal (see WQ1).  


Some of the key issues that a modeling approach need to address include predictions of 
the distribution of nutrients that will occur, based on the evolving set of physical processes. They 
will dictate primary productivity, which in turn will alter oxygen distribution. The oxygen 
distribution is one of the controlling factors for Sea chemistry, impacting H2S and NH4 release, 
fish survivability, carbon sequestration potential and heavy metal release. 


Justification 
• In order to understand the suitability (and ultimate habitat success) of particular aquatic 


habitats for their intended purpose, it is critical to understand (through modeling and 
associated monitoring) the thermal, biological and chemical conditions of the waterbody 
and how these conditions vary at timescales ranging from daily, through seasonal, annual 
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and decadal. This includes temperature, salinity, DO, algal concentration, and if 
necessary toxins/contaminants; 


• The future episodic releases of H2S and NH4 may increase in intensity, as venting to the 
atmosphere is likely to occur less frequently in smaller water bodies. Understanding the 
mechanisms and likelihood of massive gas releases, and devising operating strategies to 
reduce the human health effects, is critical; 


• Soil carbon preservation and sequestration potential can only be undertaken when 
accurate projections of primary productivity and respiration are possible;  


• Modeling is the only available tool to assess the impacts of climate change on all future 
Salton Sea strategies. Using regionally downscaled (5 km) projections of climate for the 
next 100 years under a range of carbon emission scenarios, the models can be run to see 
whether the strategies and practices that seem appropriate under today’s conditions are in 
fact sustainable in the face of expected climate change. 


Objectives 
1. To modify the existing numerical models (3D and 1D) developed for the Salton Sea 


under earlier funding, to represent the broad range of possible water bodies (remnant Sea, 
SCH, channels) that may emerge at the Salton Sea.  


2. To model the physical (thermal regime, salinity regime, light regime, circulation, 
upwelling, mixing); biological (primary productivity, respiration, zooplankton, macro-
invertebrate and fish grazing); and chemical (H2S, NH4, DO regimes) processes in a 
remnant Sea, habitat ponds of various configurations and channels. 


3. Devise geometries and operating strategies to maximize habitat potential, carbon 
sequestration, and water quality, while at the same time minimizing adverse conditions 
that lead to emissions of H2S and NH4. 


Products 
• A set of process-based, numerical models (3D and 1D) incorporating the relevant 


physics, biology, and chemistry (including the proposed air-water and sediment-water 
research). These models will serve as assessment and management tools available in the 
public domain.  


• Model results for a range of water-body configurations developed in consultation with 
resource-agency management. 


• Recommendations for best practices in the design and operation of habitat ponds to 
maximize project objectives and minimize adverse outcomes. 


• New understanding on the expected behavior of hyper-saline lakes, and the unique 
biogeochemistry of the Salton Sea. 


How Does This Project Inform Management? 
The products will directly inform management on the feasibility, likely success potential, 


pitfalls and sustainability of the full spectrum of Salton Sea alternatives. In addition, by engaging 
management directly in the formulation of the scenarios to be modeled, it will help formulate a 
reduced set of alternatives for consideration. 
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Budget Proposal 
This is recommended to be a three-year proposal. It is critical that information to be 


developed in WQ1 be incorporated into the models. 


Budget  
 Year 1 Year 2 Year 3 


Senior Personnel  300,000 300,000 300,000 
Staff/Students 192,000 192,000 192,000 
Equipment 50,000 30,000 20,000 
Travel 10,000 10,000 10,000 
Overhead (50% of salary) 246,000 246,000 246,000 
 798,000 778,000 768,000 
Grand total    2,344,000 


Point of Contact 
Geoff Schladow, Michael Anderson, Fabian Bombardelli, Lisa Windham-Meyers 


Contaminants Proposals 
CONTAM1. Identifying variation in selenium risk to wildlife in the Salton Sea basin related to 
wetland management and management strategies. 


Introduction and Justification 
Management of ecosystem services originally provided by the Salton Sea involves 


construction of wetlands that also require mitigating ecological risks due to tradeoffs between 
limited availability of clean water and elevated environmental contaminants in agricultural drain 
water. In particular, selenium (Se), an essential element that rapidly becomes toxic at low doses 
(Hamilton, 2004), occurs at concentrations approaching and often exceeding toxicity thresholds 
in agricultural drain water flowing into the Sea. The risks to wildlife from using selenium-laden 
drain water for wetland creation that can ultimately lead to ecological disasters have been well 
documented (Skorupa, 1998; Ohlendorf, 2002). However, use of Colorado River water for Salton 
Sea management is not permitted by the QSA. Thus, the only water sources allowable for 
wetland management are agricultural drain water in drains and rivers and the Salton Sea. 
Habitats developed with these sources of water will incur varying levels of risks to wildlife. 


Hence, monitoring variation in selenium exposure to wildlife (especially foraging and 
breeding waterbirds) and accumulation in representative sample matrices across time and space 
is a critical component of any Salton Sea management effort. In addition, different wetland types 
with varying salinity regimes and inflows of agricultural drain water will result in different 
community structure/food-web dynamics and associated routes of trophic transfer of selenium 
and rates of bioaccumulation. Importantly, these wetlands provide a natural experimental study 
design with replicated treatments to explicitly evaluate Se risk related to specific management 
practices in a rigorous fashion. Source water and salinity from these wetlands include 1) a blend 
of water from agricultural drains and the Salton Sea (for example, Species Conservation Habitat-
New River Delta, Redhill Bay), pure agricultural drainwater (for example, Morton Bay, 
Imperial/Brawley wetlands [New River], and Shank wetland [Alamo River]), and direct 
deliveries of Colorado River water (for example, waterfowl ponds, IID Managed Marsh). The 
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blended-water approach aims to dilute high selenium agricultural water with low selenium Salton 
Sea water, which is predicted to reduce Se risk. Wetlands flooded with agricultural-drainage 
water, especially those with emergent vegetation, are predicted to have the highest Se risk. A 
statistically rigorous sampling strategy of biota inhabiting these marshes with adequate sample 
size and seasonal controls will allow the following objectives to be achieved. 


Objectives 
• Quantify selenium risk to insectivorous waterbirds in invertebrate taxa in each wetland 


management treatment representing benthic (for example, Chironomidae—midge larvae), 
epipelagic (for example, Corixidae—waterboatmen) or epibenthic (Ephydridae—brine 
flies) based food-webs; 


• Quantify selenium risk to piscivorous waterbirds in fish taxa occurring semi-naturally 
(for example, CarbonMosquito fish, sail-fin molly) and intentionally stocked (for 
example, tilapia) taxa in each wetland management treatment; and 


• Measure rates of selenium bioaccumulation taxa in each wetland management treatment 
via caged fish experiments; 


• Leverage collected data against existing baseline pre-management at blended water sites 
and existing Colorado River (for example, Miles and others, 2009; Sickman and others, 
2011; A.K. Miles and M.A. Ricca, unpub. data, 2011). 


Products and Integration 
• Synthesized Se risk assessment for wetlands that will mitigate for the decline and 


inevitable ecosystem state transition of the Salton Sea; 


• Establishment of standardized Se monitoring protocol in for managed wetlands, which 
will provide the framework for a comparable and repeatable data over time, with 
appropriate matrices, and facilitate hypothesis testing; 


• Selenium in water and sediment alone do not strongly predict bioaccumulation of Se in 
upper trophic levels (Hamilton, 2004). However, additional development of Kd and 
trophic-transfer coefficients can be accomplished by working in collaboration with 
researchers quantifying water and sediment sampling for selenium, including studies of 
sediment and water biogeochemistry and selenium speciation; 


• Collaborative work with associated pesticide monitoring in ag source waters; 


• Samples can be archived or collected simultaneously for analysis of current use or legacy 
pesticides. 


Management Implications 
Previous sampling efforts aimed at measuring risk, while highly informative, have 


generally been disjointed and piecemeal. It is predicted that blended water marshes will have 
diminished risk relative to those with maintained entirely with agricultural drainwater. This risk 
assessment may be flexible for selenium waterborne concentrations near the EPA threshold of 5 
µg/L particularly in high sulfate-rich saline waters. 
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Budget  
 Year 1 Year 2 Year 3 


Salary: PI 75,000 75,000 75,000 
Salary: Staff 120,000 120,000 40,000 
Analytical (Se @ 125 Sample) 150,000 150,000  
Supplies 5,000 5,000  
Travel 15,000 15,000 10,000 
    
Total Direct 365,000 365,000 125,000 
Indirect (50%) 182,500 182,500 62,500 
    
Total 547,500 547,500 187,500 
Grand total   1,282,500 


Point of Contact 
Mark A. Ricca, Ph.D. 


CONTAM2. Synthesis of existing environmental contaminants data for the Salton Sea  


Introduction and Background 
A common refrain among stakeholders is that the Salton Sea has been “studied to death.” 


While a great deal of research has been completed at the Salton Sea, much of it has been short-
term and focused on specific topics without good integration across time and space. There is a 
need to assimilate these disparate efforts into a more cohesive whole in order to make sense of 
the vast volumes of data that are available across the 50-plus years and full areal extent of the 
data collection efforts. This is true for the study of environmental contaminants as much as any 
other subject of study that has been undertaken at the Salton Sea and its environs. 


As a result of the 1999–2000 studies and the creation of the Salton Sea Database by the 
University of Redlands, a great deal of collection has already been achieved. Work still remains 
to improve on those data and more collected since that time. A primary effort remains to 
organize and evaluate the information in a way meaningful to the development of a 
comprehensive model of contaminant transport and fate in the agro-ecosystem of the Salton 
Sink. 


Justification 
Because there is much information awaiting discovery in existing environmental 


contaminants data sets, we are proposing to pursue an effort to assimilate the available 
information into an organized data set that can then be analyzed for patterns that were not clear 
from any one investigation alone. Selenium is a systemic concern; this element is brought in with 
the water used for irrigation and is then distributed throughout the irrigated portions of the 
Imperial and lower Coachella valleys. Pesticides are also of concern, and the use and risk varies 
over time as crops change and new pesticides become available. As a result of a variety of 
initiatives (Salton Sea Science Subcommittee, Imperial Irrigation District water conservation and 
transfer projects, Coachella Valley Water District water management planning, Regional Water 
Quality Board impaired waters evaluations, etc.), a great deal of information has been gathered 
over time using a variety of methods and presented in a variety of formats. A more coherent 
picture of contaminant transport, fate and impacts is available if adequate time could be 
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dedicated to a focused effort to organize the data, integrate them in temporally and spatially 
meaningful ways, and assess potential risks to human health and the environment associated with 
existing patterns of water movement throughout the system. This will establish a baseline and 
context for all other studies of contaminants relative to planned habitat projects and management 
scenarios associated with Salton Sea management. 


Objectives 
• Establish a complete of data set for contaminants in the Salton Sea as possible using 


existing bibliographies, public documents and expert interviews; 
• Organize those data based on spatial and temporal configurations of data collection; 
• Examine the data set using a variety of investigative and statistical techniques to 


elucidate patterns that assist in identifying sources, transport mechanisms, and fate 
associated with contaminants in the Salton Sink; 


• Using the patterns developed, identify gaps on our information that need to be filled; and 
• Assess risks to human health and wildlife, acknowledging the uncertainties associated 


with existing information gaps. 


Products 
A comprehensive database of information collected to date would be provided as a result 


of this effort. A written report would be developed that would provide a thorough description of 
the various data collection efforts that have been incorporated into the new database, spatial and 
temporal scales used in the collection efforts, patterns identified in contaminant fate and 
transport, information gaps, a risk assessment based on this information, and any management 
recommendations coming out of this effort. 


Process for Integration 
The purpose of the effort is to integrate all of the available information for contaminants. 


This will need to be considered in the context of current trophic structures in the Salton Sea and 
in constructed habitats in the Salton Sink. This will also need to link to the practices and 
processes that provide the inputs of contaminants to the Salton Sea habitats. 


Project Information for Management 
As a final product of this effort, it is hoped that recommendations will be developed to 


optimize the form and function of existing and constructed habitats to maximize the net 
environmental benefit that can be achieved with those efforts. Include discussion here or 
separately the need for a database management and document archiving system. 


Budget 
 Year 1 Year 2 Year 3 


Senior Researcher 25,000 25,000 25,000 
Graduate students 80,000 80,000 40,000 
Travel 5,000 5,000 5,000 
Equipment / computer time 5,000 5,000 5,000 
Overhead 50(% of salary) 52,500 52,500 31,500 
 177500 177500 106500 







   


 29 


 Year 1 Year 2 Year 3 
Grand total   461,500 


Point of Contact  
Boykin Witherspoon 


CONTAM3. Concentrations of pesticides and selenium in fugitive dust, Imperial Valley, CA 


Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 


development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific Flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. -
These include 19 species that are listed by either the Federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 


Water transfer agreements negotiated between the Imperial Irrigation District and 
Metropolitan Water District and with the San Diego County Water Authority have begun to 
reduce the amount of water entering the Salton Sea. This reduction in inflows has caused the 
level of the Sea to drop nearly 2.5 feet over the last 5 years, reducing available habitat and 
exposing large areas of sediments. Under current conditions, areas of the Imperial Valley 
frequently exceed PM10 non-attainment thresholds. Additionally, the Imperial Valley has one of 
the highest childhood asthma rates in California. Newly exposed lakebed sediments are likely to 
become airborne during wind events in the Imperial Valley. Sediments at the Sea are known to 
contain elevated concentrations of both pesticides and selenium (LeBlanc and others, 2004a, b).  


Justification 
Many areas within the Imperial Valley frequently exceed PM10 threshold values. There is 


a lack of information on concentrations of pesticides and selenium in airborne dust in the 
Imperial Valley and this project would provide critical information on this subject to resource 
managers in the region. 


Objectives  
• Document concentrations of over 125 current-use and legacy pesticides and selenium 


monthly in atmospheric dust from six monitoring sites in the Imperial Valley for a period 
of two years; 


• Document pesticide and selenium concentrations associated with up to five dust-storm 
events; 


• Provide results and interpretation of data to stakeholders and the public. 


Products 
• Quarterly reports; 
• A peer-reviewed final report;  
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• All laboratory results from this project will be entered into the USGS National Water 
Information System database. 


Information to Management  
Results from this study will help inform State agencies and resource managers of the 


potential for human exposure to pesticides and selenium via airborne dust in the Imperial Valley. 


Budget 
Tasks Subtasks Year 1 Year 2 Year 3 Total 


Task 1: Project 
Oversight and 
Reporting 


 $11,000 $7,000 $3,000 $21,000 


Task 2: Routine 
Sampling and 
Analysis  


USGS Sampling 
Labor 


$5,000 $5,000  $10,000 


 Supplies and Travel $5,000 $5,000 $3,000 $13,000 
 GC/MS Analyses $100,000 $100,000  $200,000 
 Selenium Analyses $15,000 $15,000  $30,000 
Task 3: Reporting Interpretive Report $2,000 $8,000 $10,000 $20,000 
Cooperator Funding    $110,000 $111,000 $13,000 $234,000 
USGS matching funds   $28,000 $29,000 $3,000 $60,000 
Total Study Funding   $138,000 $140,000 $16,000 $294,000 


Personnel 
Hydrologist   (.2FTE/yr) 
Research Chemist  (.1FTE/yr)  
Chemist  (.2FTE/yr) 


Point of Contact 
James Orlando, Mark Ricca 


CONTAM4. Evaluating the effects of agricultural irrigation practices on pesticide and 
selenium concentrations in agricultural tail water and tile water, Salton Sea, CA 


Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 


development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific Flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. 
These include 19 species that are listed by either the federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 


Previous studies by federal, state, and local agencies have documented elevated levels of 
both current-use and legacy (organochlorine) pesticides in water and associated with suspended 
and bed sediments in the Alamo and New Rivers and the Salton Sea (Crepeau and others, 2002; 
LeBlanc and others, 2004, b; Sapozhnikova and others, 2004). Studies have also shown that 
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selenium concentrations are near levels of concern in surface-waters of the Imperial Valley 
(Miles and others, 2009). A more recent study that sampled both the Alamo and New River 
inputs to the Salton Sea demonstrated that the highest pesticide concentrations and the greatest 
loads occur in the Alamo River (Orlando and others, 2008). Additional research has sought to 
link these elevated levels of contaminants to effects on birds, fish, and invertebrates in the Salton 
Sea ecosystem (deVlaming and others, 2004; Henny and others, 2008; Miles and others, 2009).  


Traditional agricultural irrigation practices in the Imperial Valley are primarily flood and 
sprinkler. In an effort to reduce agricultural water use in the Imperial Valley, new irrigation 
practices are starting to be employed and these include subsurface drip and overhead sprinkler 
systems. Data on the influence of these various irrigation practices on pesticide and selenium 
concentrations leaving fields in tail water and tile water would be value to both farmers and 
resource managers in the region.  


Justification 
Reductions is agricultural water use, coupled with water use efficiency, are goals 


embraced by multiple stakeholders within the Imperial Valley. Implementing changes in 
agricultural-irrigation practices are one means of addressing these goals. Irrigation practices are 
likely to influence the concentrations of contaminants (pesticides and selenium) in tail water and 
tile water. An evaluation of the effects of different types of irrigation on contaminant 
concentrations would be of great benefit to stakeholders in the region. 


Objectives 
• Document the occurrence of over 125 current-use and legacy pesticides and selenium in 


tail water and tile water from multiple agricultural fields (alfalfa) employing different 
types of irrigation practices; 


• Provide results and interpretation of data to stakeholders and the public. 


Products  
• Quarterly reports; 
• A peer reviewed final report; 
• All laboratory results from this project will be entered into the USGS National Water 


Information System database. 


Information to Management 
Results from this study will help inform farmers, agricultural extension specialists and 


regional resource managers of the influence of traditional and emerging irrigation practices on 
pesticides and selenium concentrations in tail water and tile water. 


Budget 
Tasks Subtasks Year 1 Year 2 Total 


Task 1: Project 
Oversight and 
Reporting 


 $11,000 $7,000 $21,000 
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Tasks Subtasks Year 1 Year 2 Total 
Task 2: Routine 


Sampling and 
Analysis  


USGS Sampling Labor $5,000 $5,000 $10,000 


 Supplies and Travel $5,000 $5,000 $13,000 
 GC/MS Analyses $35,000 $20,000 $55,000 
 LC/MS/MS Analyses $18,000 $7,000 $25,000 
 Selenium Analyses $8,000 $5,000 $30,000 
Task 3: Reporting Interpretive Report $2,000 $8,000 $19,000 
Cooperator Funding    $69,000 $47,000 $116,000 
USGS matching funds   $15,000 $10,000  $25,000 
Total Study Funding   $84,000 $57,000 $141,000 


Personnel 
Hydrologist   (.2FTE/yr) 
Research Chemist  (.1FTE/yr)  
Chemist  (.2FTE/yr) 


Point of Contact 
James Orlando, Mark Ricca 


CONTAM5. Pesticide degradation in an experimental wetland, Imperial Valley, CA 


Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 


development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific Flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. 
These include 19 species that are listed by either the Federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 


Previous studies by federal, state, and local agencies have documented elevated levels of 
both current-use and legacy (organochlorine) pesticides in water and associated with suspended 
and bed sediments in the Alamo and New Rivers and the Salton Sea (Crepeau and others, 2002; 
LeBlanc and others, 2004a, b; Sapozhnikova and others, 2004). Studies have also shown that 
selenium concentrations are near levels of concern in surface-waters of the Imperial Valley 
(Miles and others, 2009). A more recent study which sampled both the Alamo and New River 
inputs to the Salton Sea demonstrated that the highest pesticide concentrations and the greatest 
loads occur in the Alamo River (Orlando and others, 2008). Additional research has sought to 
link these elevated levels of contaminants to effects on birds, fish, and invertebrates in the Salton 
Sea ecosystem (deVlaming and others, 2004; Henny and others, 2008; Miles and others, 2009).  


Water-transfer agreements negotiated between the Imperial Irrigation District and 
Metropolitan Water District and with the San Diego County Water Authority have begun to 
reduce the amount of water entering the Salton Sea. This reduction in inflows has caused the 
level of the Sea to drop nearly 2.5 feet over the last five years, reducing available habitat and 
exposing large areas of sediments. Inflows from the Imperial Valley are projected to decrease 
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dramatically beginning in 2018 with full implementation of the transfer agreements. Efforts are 
currently underway by state and federal agencies to protect portions of the ecosystem through 
construction of species conservation habitat ponds and other mitigation measures designed to 
provide a range of aquatic habitats supporting migratory birds, fish and other wildlife dependent 
on the Salton Sea. It is likely that these ponds could be designed and built in such a manner as to 
enhance pesticide degradation and limit the subsequent exposure of biota to these contaminants. 


Justification 
Conservation of threatened and endangered species, migratory birds, and other species of 


concern is vitally important to multiple stakeholders in the Salton Sea region. This project 
addresses these priorities by providing robust data on pesticide degradation in managed wetlands 
that could be used to inform the design, construction and operation of future wetland habitats. 


Objectives 
• Document daily changes in concentrations of environmental mixtures of current-use 


pesticides due to degradation, in a functional experimental wetland;  
• Provide results and interpretation of data to stakeholders and the public. 


Products 
• Quarterly reports; 
• A peer reviewed final report;  
• All laboratory results from this project will be entered into the USGS National Water 


Information System database. 


Information for Management 
Results from this study will provide data to resource managers on the subject of pesticide 


degradation in managed wetlands and help inform the design of future managed wetland habitats 
in the Salton Sea area.  


Budget 
Tasks Subtasks Year 1 Year 2 Total 


Task 1: Project 
Oversight and 
Reporting 


 $11,000 $7,000 $18,000 


Task 2: Routine 
Sampling and 
Analysis  


USGS Sampling Labor $15,000  $15,000 


 Supplies and Travel $8,000 $2,000 $10,000 
 GC/MS Analyses $50,000 $20,000 $70,000 
 LC/MS/MS Analyses $60,000 $20,000 $80,000 
Task 3: Reporting Interpretive Report $2,000 $18,000 $20,000 
Cooperator Funding    $120,000 $55,000 $175,000 
USGS matching funds   $26,000 $12,000  $38,000 
Total Study Funding   $146,000 $67,000 $213,000 
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Personnel 
Hydrologist   (.2FTE/yr) 
Research Chemist  (.1FTE/yr)  
Chemist  (.3FTE/yr) 


Point of Contact 
James Orlando 


CONTAM6. Evaluation of the risks and rewards associated with wetland management using 
reclaimed Salton Sea water versus recycled agriculture water 


Introduction 
In the arid Southwest, conflict over diminishing water supplies from the Colorado River 


is expected to intensify as a consequence of intensifying climate change and human-population 
growth. Ecosystem services provided by wetland habitats in the Southwest are most vulnerable 
to degradation as sources of clean water are taxed heavily by multiple anthropogenic stressors, 
and perhaps no place better exemplifies the risks and challenges to wetland management in the 
region than the Salton Sea.  


The Salton Sea is a 900 km2 terminal basin created in its present form during 1905 when 
a levee failure diverted much of the Colorado River into the basin. Since then, the Sea has been 
sustained by runoff from extensive agricultural development in the Imperial Valley made 
possible by water from the Colorado River. Recent transfer agreements defined in the 
Quantification Settlement Agreement (QSA) and related water conservation measures will 
reduce agricultural runoff to the Sea by an estimated 30% in 2018. Long-term, the surface area of 
the Sea is expected to shrink by 364 km2 (~60%) by 2078 (California Resources Agency, 2007). 
Numerous human-health and ecological hazards will ensue, compounding the loss or impairment 
of thousands of hectares of wetlands necessary for waterbirds and endangered pupfish as the Sea 
contracts. Moreover, large expanses of managed wetlands have contracted steadily, and dry 
playas have become common as water-inflows to the Sea are reduced.  


Justification 
Agricultural drain-water will remain available, provided that extensive farming in the 


region continues, yet the sole use of this water-source for management has ecological risks from 
high levels of selenium that have been well documented in other wetland ecosystems (Skorupa, 
1998). Hence, most previous (for example, Miles and others, 2009) and planned management 
efforts (for example, U.S. Army Corps of Engineers and California Natural Resources Agency, 
2013) utilize a blended water approach that seeks to minimize selenium (SE) risk by mixing 
high-selenium agricultural runoff (> 5.0 ppb) with low-selenium (< 2.0 ppb) and high-salinity 
water from the Salton Sea. The combination of increased salinity and diluted source input is 
predicted to reduce Se risk, in part, by preventing development of wetland vegetation that can 
promote and accelerate bio-availability and bio-accumulation of selenium. However, costs 
associated with the blended-water approach are high because active pumping is required to move 
Salton Sea water upslope to blend with river water. The alternative of using a low-cost gravity 
delivery system for river water without blending has a risk of exposing wildlife to higher 
concentrations of selenium. For the blending option, as the Sea recedes, pumping distances and 







   


 35 


costs will likely increase along with necessary pump maintenance, so high costs of pumping 
might hamper larger-scale management efforts. Conversely, a gravity fed water source without 
the costs of blending has the potential to create many more acres of habitat at the Salton Sea than 
currently exists, given the amount of agricultural water available, albeit with a higher risk of 
selenium toxicity. These management decisions must be made using adequate scientific 
information quantifying the risk of both options. 


Objectives 
Miles and others, (2009) demonstrated a blended water approach in a complex of 


evaporative ponds. They found that blended water did not appear to affect selenium risk 
compared to wetlands fed by either Colorado River water or agricultural drain-water. However, 
comparative and replicate experimental treatments involving evaporative pond complexes 
sustained primarily by agricultural drain-water were not possible. Further evaluations of 
ecological benefits vs. costs of blended vs. agricultural water sources in wetlands using an 
evaporative pond-complex or other designs would aid determination of whether less expensive 
management options could be implemented. Hence, a novel research and monitoring design that 
takes advantage of existing or planned Salton Sea management, and suggest possible 
experimental treatments could help better answer the blended water vs. non-blended water 
selenium-risk question. Take advantage of planned management efforts for SCH at New River 
Delta (U.S. Army Corps of Engineers and California Natural Resources Agency, 2013) and/or 
Redhill Bay (U.S. Fish and Wildlife Service, 2014) that will use the blended-water approach; 


• Determine selenium concentration in source water, sediments, and wetland biota (benthic 
and pelagic invertebrates, fish) on a seasonal basis for one-year; 


• Switch source water to agricultural drain-water, and determine changes in Se risk as 
measured by sampling the same matrices; 


• Repeat or adapt source-water management, pending results from the first two years; 
• Ideally, source water type (blend vs. agricultural) would differ between the complexes at 


the beginning of the study to enable a better cross-over design; 
• Approach can be downscaled for implementation within a single pond complex with 


multiple cells, or timing and frequency of source-water changes can be modified in 
consultation with resource managers. For example, change-overs could occur seasonally 
with variable duration (for example, one-month blend–three-month agricultural water 
versus three-month agricultural–one-month blended water). Sampling of Se risk would 
then correspond to changes in source water management. 


Products and Information 
•  Results provide the foundation for future adaptive management for Salton Sea 


management and increased cost-effectiveness balanced against ecological benefits and 
risks; 


• Estimates of selenium mass balance; 
• Leverage data collection and costs with existing selenium-monitoring proposals; 
• Results and interpretation of data provide to stakeholders and the public;  
• A peer-reviewed final report.  
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Information to Management 
Results from this study will help inform managers, scientists, and regulators of the 


potential for selenium exposure to migratory birds, fish and invertebrates within shallow, saline 
water habitat created with blending water from the Salton Sea and agricultural runoff. This study 
will aid in developing water use/reuse and species protection management strategies.  


Budget 
  Year 1 Year 2  Year 3 


Salary: PI (.5 FTE)  $ 90,000   $ 90,000   $  90,000  
Salary: Staff  $ 120,000   $ 120,000   $  48,000  
Analytical (Se)  $ 150,000   $ 150,000   
Supplies  $ 10,000   $ 10,000   
Travel  $ 20,000   $ 20,000   $  20,000  
Total Direct  $ 390,000   $ 390,000   $  158,000  
Indirect (50%)  $ 195,000   $ 195,000   $  79,000  
Subtotals  $ 585,000   $ 585,000   $  237,000  
Grand Total   $ 1,407,000 


Point of Contact 
Mark A. Ricca, Becky Blasius 


CONTAM7. Assessing the potential for pesticide exposure in a newly constructed Wetland: 
Red Hill Bay, Salton Sea, CA 


Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 


development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. 
These include 19 species that are listed by either the federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 


The 2003 QSA included provisions for water transfer agreements between Imperial 
Irrigation District and other water districts which now have begun to reduce the amount of water 
entering the Salton Sea. This reduction in inflows has caused the level of the Sea to drop nearly 
2.5 feet over the last 5 years, reducing available habitat and exposing large areas of sediments. 
Inflows to the Sea are projected to decrease dramatically beginning in 2018 with full 
implementation of the transfer agreements and the termination of mitigation water. Efforts are 
currently underway by state and federal agencies to protect portions of the ecosystem through 
construction of ponds and other mitigation measures to provide a range of habitats supporting 
migratory birds, fish, and other wildlife dependent on the Salton Sea.  


The Sonny Bono Salton Sea National Wildlife Refuge (Refuge) is embarking on a project 
to reclaim a 420 acre portion of dry playa in Red Hill Bay of the Salton Sea by constructing 
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shallow, saline-water ponds. This effort will restore wetland ecological functions for an area 
which once provided habitat for migratory birds. The QSA and other legislation (for example, 
Public Law 105–372) precludes the use of Colorado River water for Salton Sea restoration which 
complicates habitat development in a region where all sources of water are degraded. Thus, the 
Red Hill Bay project will utilize a mix of agricultural wastewater (Alamo River) and Salton Sea 
water to create wildlife habitat in an effort to make the best possible use of these degraded water 
supplies (least ecological risk). This water-reuse practice has previously been discouraged for 
managed Refuge habitats due to contaminant (pesticides and selenium) concerns.  


Previous studies by federal, state, and local agencies have documented elevated levels of 
both current-use and legacy (organochlorine) pesticides in water and associated with suspended 
and bed sediments in the Alamo and New Rivers and the Salton Sea (Crepeau and others, 2002; 
LeBlanc and others, 2004a, b, Sapozhnikova and others, 2004). Studies have also shown that 
selenium concentrations are near levels of concern in surface-waters of the Imperial Valley 
(Miles and others, 2009). A more recent study which sampled both the Alamo and New River 
inputs to the Salton Sea demonstrated that the highest pesticide concentrations and the greatest 
loads occur in the Alamo River (Orlando and others, 2008). Additional research has sought to 
link these elevated levels of contaminants to effects on birds, fish, and invertebrates in the Salton 
Sea ecosystem (deVlaming and others, 2004; Henny and others, 2008; Miles and others, 2009).  


This proposal is in an effort to fund research designed to provide data on the occurrence 
of current-use and legacy pesticides present in water and suspended sediments in input waters to 
Red Hill Bay and in sediments within the bay itself. These data will provide critical knowledge 
of baseline conditions prior to and during saline-pond habitat construction and will aid resource 
managers in developing adaptive management strategies for future operation of the site. With 
proper scientific support, it is believed that the Red Hill Bay project will demonstrate how water 
reuse can be successfully implemented to support habitat conservation projects throughout the 
Salton Sea region. 


Justification 
Conservation of threatened and endangered species, migratory birds, and other species of 


concern is vitally important to the U.S. Fish and Wildlife Service, and the National Wildlife 
Refuge System is focused on collaboratively addressing landscape-scale conservation through 
scientifically based adaptive management. This project addresses these priorities. The current 
Salton Sea was accidentally flooded in 1905 and has been sustained with agricultural runoff ever 
since. This flooding occurred during a period of widespread draining of wetlands in California, 
and while unintentional, the habitats created at the Salton Sea provided mitigation habitat for 
migratory birds of the Pacific Flyway. Because of the number of birds and diversity of birds at 
the Salton Sea and surrounding habitats, it is important to maintain habitat for migratory birds 
and to do so using scientifically based approaches. Salton Sea management efforts are focused 
on doing this. Successfully creating healthy replacement habitat is important to the many species 
of migratory birds that pass through the region, and this importance could potentially be 
extended beyond the region as additional habitat losses occur due to climate change. With the 
amount of agricultural water available, the potential exists to create many more acres of 
productive habitat at the Salton Sea than currently exists, but these management decisions should 
be made with the proper scientific support and context.  
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Objectives 
• Document the occurrence of current-use and legacy pesticides present in Alamo River 


and Salton Sea water and suspended sediment entering the Red Hill Bay wetlands; 
• Document the occurrence of current-use and legacy pesticides in bed sediments present in 


Red Hill Bay prior to pond construction; 
• Document the occurrence of selenium in Alamo River and Salton Sea water entering the 


Red Hill Bay wetlands; 
• Provide results and interpretation of data to stakeholders and the public. 


Products 
• Quarterly reports;  
• A peer reviewed final report;  
• All laboratory results from this project will be entered into the USGS National Water 


Information System database. 


Information to Management 
Results from this study will help inform Refuge managers of the potential for pesticide 


exposure to migratory birds, fish and invertebrates within shallow, saline water, habitat to be 
created in Red Hill Bay. Additionally, this study will aid U.S. Fish and Wildlife Service 
personnel in developing water use/reuse and species protection management strategies for future 
operation of the site. 


Budget 
 FY 1 FY 2 
Operating Expenses 
 


  
   Dissolved organic carbon 
 
 
   


$1,000 $ 800 
  Particulate organic carbon analyses  $2,000 $ 800 
  Selenium analyses  $8,000 $8,000 
  Travel and per diem $4,450 $4,450 
  Shipping $ 740 $ 740 
Supplies and Equipment   
  Field supplies (Bottles , filters , etc) $  800 $  800 
   Laboratory supplies (Gasses and consumables ) $11,450 $16,580 
   
Salaries   
Hydrologist (.2 FTE/yr)   
Project Oversight and Reporting $ 5,250 $ 5,000 
  Sample Collection $ 8,500 $ 5,700 
   Pesticide Analyses $ 3,000 $ 1,500 
  Database Management $ 1,000 $ 2,200 
  Final Report Preparation $ 5,200 $18,400 
Research Chemist (.1 FTE/yr)   
   Pesticide Analyses $19,250 $18,750 
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 FY 1 FY 2 
Chemist (.2 FTE/yr)   
   Pesticide Analys es $17,160 $ 6,000 
  Final Report Preparation  $ 2,140 
Chemist (.1 FTE/yr)   
  Sample Collection $3,500 $ 2,100 
   Pesticide Analyses $ 8,000 $ 5,640 
   
Total for FY $99,300 $ 99,600 
   
Project Total Budget $ 198,900 


Point of Contact 
James Orlando, Mark Ricca 
 


CONTAM8. Assessing the potential for pesticide and selenium exposure in a newly 
constructed wetland: Species Conservation Habitat Project, Salton Sea, CA 


Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 


development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. 
These include 19 species that are listed by either the Federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 


Water transfer agreements authorized under the 2003 QSA have begun to reduce the 
amount of water entering the Salton Sea. This reduction in inflows has caused the level of the 
Sea to drop nearly 2.5 feet over the last five years, reducing available habitat and exposing large 
areas of sediments. Inflows from the Imperial Valley are projected to decrease dramatically 
beginning in 2018 with full implementation of the transfer agreements and termination of 
mitigation water. Efforts are currently underway by state and federal agencies to protect portions 
of the ecosystem through construction of Species Conservation Habitat (SCH) ponds and other 
mitigation measures designed to provide a range of aquatic habitats supporting migratory birds, 
fish and other wildlife dependent on the Salton Sea.  


The State of California Natural Resources Agency is embarking on a project to reclaim 
640 acres of dry playa near the outlet of the New River within the Salton Sea by constructing 
shallow, saline-water ponds in an effort to restore the habitat functions this area once provided to 
migratory birds and other wildlife when wet (U.S. Army Corps of Engineers and California 
Natural Resources Agency, 2013). Because the terms of the QSA precluded the use of Colorado 
River water, the SCH project will utilize a mix of agricultural wastewater (New River) and 
Salton Sea water to create wildlife habitat. This water reuse practice has previously been 
discouraged for managed habitats due to contaminant (pesticides and selenium) concerns.  
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Previous studies by federal, state, and local agencies have documented elevated levels of 
both current-use and legacy (organochlorine) pesticides in water and associated with suspended 
and bed sediments in the Alamo and New Rivers and the Salton Sea (Crepeau and others, 2002; 
LeBlanc and others, 2004a, b; Sapozhnikova and others, 2004). Studies have also shown that 
selenium concentrations are near levels of concern in surface-waters of the Imperial Valley 
(Miles and others, 2009). A more recent study which sampled both the Alamo and New River 
inputs to the Salton Sea demonstrated that the highest pesticide concentrations and the greatest 
loads occur in the Alamo River (Orlando and others, 2008). Additional research has sought to 
link these elevated levels of contaminants to effects on birds, fish, and invertebrates in the Salton 
Sea ecosystem (deVlaming and others, 2004; Henny and others, 2008; Miles and others, 2009). 


Justification 
Conservation of threatened and endangered species, migratory birds, and other species of 


concern is vitally important to state and federal land managers. This project addresses these 
priorities. The current Salton Sea was accidentally flooded in 1905 and has been sustained with 
agricultural runoff ever since. This flooding occurred during a period of widespread draining of 
wetlands in California, and while unintentional, the habitats created at the Salton Sea provided 
mitigation habitat for migratory birds of the Pacific flyway. Because of the number of birds and 
diversity of birds at the Salton Sea and surrounding habitats it is important to maintain habitat for 
migratory birds and to do so using scientifically-based approaches. Salton Sea Resource 
Management efforts are focused on doing this. Successfully creating healthy replacement habitat 
is important to the many species of migratory birds that pass through the region, and this 
importance could potentially be extended beyond the region as additional habitat losses occur 
due to climate change. With the amount of agricultural water available, the potential exists to 
create many more acres of productive shallow wetland habitat at the Salton Sea than currently 
exists, but these management decisions must be made in the proper scientific context.  


Objectives 
• Document the occurrence of over 125 current-use and legacy pesticides and selenium in 


New River and Salton Sea water and suspended sediment entering the SCH wetlands for 
the period of two calendar years; 


• Provide results and interpretation of data to stakeholders and the public. 


Products 
• Quarterly reports; 
• A peer reviewed final report;  
• All laboratory results from this project will be entered into the USGS National Water 


Information System database. 


Information to Management 
Results from this study will help inform State managers of the potential for pesticide and 


selenium exposure to migratory birds, fish and invertebrates within shallow, saline water, habitat 
to be created in SCH. Additionally, this study will aid State personnel in developing water 
use/reuse and species protection management strategies for future operation of the site. 
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Budget 
Tasks Subtasks Year 1 Year 2 Year 3 


Task 1: Project 
Oversight and 
Reporting 


 $11,000 $7,000 $3,000 


Task 2: Routine 
Sampling and 
Analysis  


USGS Sampling 
Labor 


$5,000 $5,000  


 Supplies and Travel $5,000 $5,000 $3,000 
 GC/MS Analyses $42,000 $35,000 $7,000 
 LC/MS/MS Analyses $28,000 $23,000 $5,000 
 Selenium Analyses $15,000 $12,000 $3,000 
Task 3: Reporting Interpretive Report $2,000 $8,000 $9,000 
     
     
Subtotals    $108,000 $95,000 $30,000 
Grand Total     $233,000 


Point of Contact 
James Orlando, Mark Ricca 


CONTAM9. Selenium transport, fate, and risk with full implementation of water conservation 


Introduction and Background 
Results of a detailed study by the National Irrigation Water-Quality Program (NIWQP), 


U.S. Department of the Interior, indicate that factors controlling contaminant concentrations in 
subsurface irrigation drain-water in the Imperial Valley are soil characteristics, hydrology, and 
agricultural practices (Setmire and others, 1993). Higher contaminant concentrations commonly 
were associated with clayey soils, which retard the movement of irrigation water and thus 
increase the degree of evaporative concentration. Regression of hydrogen- and oxygen-isotope 
ratios in samples collected from sumps yields a linear drain-water evaporation line that 
extrapolates through the isotopic composition of Colorado River water, thus demonstrating that 
Colorado River water is the sole source of subsurface drain-water in the Imperial Valley. Ratios 
of selenium (Se) to chloride indicate that selenium present in subsurface drain-water throughout 
the Imperial Valley originates from the Colorado River. Biological sampling and analysis 
showed that drain-water contaminants, including selenium, are accumulating in tissues of 
migratory and resident birds that use food sources in the Imperial Valley and the Salton Sea. 
Selenium concentration in fish-eating birds, shorebirds, and the endangered Yuma clapper rail 
were at levels that could affect reproduction. More recent studies provide additional evidence of 
selenium-induced reproductive effects in nesting birds at the Salton Sea. Management 
implications are that the biological effects of selenium in the Salton Sea area warrant further 
consideration in the construction of waterbird habitats. The effects to be addressed include 
reproductive impairment in nesting shorebirds and selenium accumulation in fish which may 
make them hazardous food items for fish-eating birds. 
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Justification 
Previous studies indicated that reproductive effects may be occurring at low levels in the 


Salton Sea environment among nesting birds. The Salton Sea is not a static environment, and 
various factors have changed over time that may alter the nature and extent of impacts from 
selenium contamination in the Salton Sea watershed. Setmire and others, (1993) reported some 
sumps (which pump tile water surface drains) with mean monthly Se concentrations of 267 µg/L, 
with maximum values as high as high as 360 µg/L, while direct discharges of tile water had 
values as low as 2 µg/L. The high values were associated with high-clay soils. The dramatic 
variability suggests that agricultural lands (and potentially practices) may similarly vary across 
the Imperial Valley. Identifying specific agricultural field characteristics that contribute 
disproportionately high Se loadings could lead to more cost-effective Se management strategies, 
including treatment. 


Objectives 
• Develop a GIS database of selenium data from the Setmire and others, 1993, Schroeder 


and others, 1993) and more recent (California Resources Agency, 2006); 
• Evaluate soil characteristics and agricultural practices spatially relative to data from those 


efforts; 
• Identify a subset of sampling points to re-sample using a stratified-random design to 


capture the range of soil types and previous selenium concentrations measured in 
subsurface drain-water; 


• Conduct sampling of these points once full implementation of the water conservation 
program is in place using the same temporal sampling regime as was conducted during 
the Detailed Study; 


• Concurrently collect data on crops and irrigation practices as context for interpretation of 
the new selenium data; 


• Enter data onto the GIS system to allow comparison of selenium concentrations across 
the Imperial Valley among studies; 


• Assess any patterns in changes of selenium concentrations relative to changes in 
agricultural practices; 


• Identify locations with consistently high selenium concentrations as targets for treatment 
to reduce overall concentrations of selenium entering the Salton Sea or associated 
constructed habitats. 


Products 
• GIS database of selenium concentrations and agricultural practices and soil information 


(to the extent available); 
• Report providing any associations between selenium concentrations and soil types and 


(or) agricultural practices; 
• Recommendations for locations amenable to treatment and appropriate treatment options 


to consider. 
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Process for Integration 
The information that is developed should be incorporated into models for selenium fate 


and transport in the Imperial Valley and used to assess risk associated with using specific 
drainwater inputs into constructed habitats.  


Project Informing Management 
• Identify specific water sources that should be avoided for use in wildlife habitats; 
• Identify specific inputs that are amenable to treatment; 


Budget  
Item Cost 


Salary—Principal Investigator (@ $150,000/year)   
 Oversight of study activities (0.2 FTE) $ 30,000 
 Data analysis and report writing (0.4 FTE) $ 60,000 
Salary—Technical Support ($80,000/year)   
 Field sample collection—2 technicians (0.25 FTE X 2) $ 40,000 
 Sample management—1 technician (0.1 FTE) $ 8,000 
 Report preparation tasks—1 technician (0.4 FTE) $ 32,000 
Travel and per diem $ 36,000 
Supplies and shipping costs $ 5,000 
Selenium analysis (includes grain size and total organic carbon in soils) $ 35,000 
Total $246,000 


Point of Contact 
Carol Roberts, Mark Ricca 


CONTAM10. Selenium hot-spots 


Justification 
Setmire and others, (1993) and Saiki and others (2010) report selenium concentrations in 


agricultural drains of the Imperial Valley. Some of these selenium concentrations were elevated 
(monthly mean selenium of 267 µg/L, with maximum values as high as high as 360 µg/L), while 
other drains had values as low as 2 µg/L. The high values reported by Setmire and others (1993) 
were associated with high-clay soils. The variability suggests that agricultural lands (and 
practices?) may similarly vary across the Imperial Valley with regard to selenium concentrations 
in soils. Identifying specific agricultural fields that contribute disproportionately high-Se 
loadings could lead to more cost-effective Se management strategies, either by avoiding use of 
water from specific drains or by incentivizing farmers to selectively fallow high-Se fields. 


Objectives 
• Review existing selenium data and input into GIS; 
• New monitoring on potentially high-Se drains; 
• GIS analysis of old & new Se data, toward identifying:  


• location & seasonality of high-Se drains and  
• location of high-Se agricultural lands; and 
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• Rank land parcels by likely Se-loading potential. 


Products  
• Map showing Se loadings by land parcels; and 
• Map/table listing Se concentrations in drains. 


 


How Does This Inform Management?  
Managing Se concentrations in constructed shallow ponds currently requires blending 


input drain water with Sea water. This requires significant upfront capital costs, for pumps and 
new transmission lines, and long term energy and maintenance costs. Limited budgets mean that 
funds that otherwise could be directed toward additional habitat construction must now be 
allocated for blending and Se management. 


The deliverables from the proposed research would specifically and directly address the 
challenge of Se risk, by allowing for the preferential avoidance of high-Se drain-water, or 
avoidance of initial Se loadings, or both. This could enable managers to avoid blending, in turn 
allowing for additional habitat construction. 


Budget  
$500,000 


Point of Contact 
Mark Ricca 


Carbon, CO2, and Algae Proposals 
CARBON1. Carbon capture assessment of the Salton Sea, constructed wetlands, and 
agricultural lands of the Imperial and Coachella Valleys.  
(No proposal developed but identified as a science need.)  


The following items are notes from the team discussion relative to issues to be addressed 
concerning carbon sequestration at the Salton Sea. 


The limited amount of time at the meeting did not allow for a full proposal development. 
However, the organizing committee decided to include these notes in the proposal section to 
indicate the type of discussion necessary to address this topic. 


Carbon sequestration at the Salton Sea has generated interest in a number of categories. 
Although the existing Sea has a shallow photic zone, as indicated by relatively small secchi 
depth measurements (0.4 to 1.4 m [Holdren and Montaño, 2002), its large areal extent (≈350 
mi2) yields a potentially large capacity for carbon uptake through algae production. Chris 
Amrhein (UC Riverside, written commun., 2005) estimates primary productivity (algal biomass) 
at the Salton Sea to be equivalent to 55,000 metric tons of carbon yearly. This action requires the 
uptake of CO2 from the atmosphere. Reducing inflows and the size of the Salton Sea will reduce 
this carbon assimilative capacity. 
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Based on the potential for carbon removal using algal based remediation systems, there 
has been considerable interest in developing algae farms expressly for the purpose of harvesting 
algae for biofuels production. One interesting approach to Salton Sea remediation has been 
offered as the CEP process, in which a high algal growth rate system is employed to uptake CO2 , 
nutrients, and possibly selenium. This process has potential for reducing eutrophication and for 
producing algae biomass for biofuels or as a means of recycling fertilizers to farm fields. What is 
not known about this topic is enormous. With an estimated 40 kg of carbon/acre/day removal at 
the Salton Sea, there is a need to better quantify the carbon balance and develop a means of 
monetizing this removal. Further, the group recommends an analysis of the carbon emissions 
balance of production at the Sea (current) versus Sea in a smaller size, as compared to increased 
carbon emissions brought about through transferring water away from the Sea to urban Southern 
California. There is also the question of how much carbon might be emitted from sediments 
exposed as the water level recedes. The scientists observed that several proposals submitted 
previously concerning algal growth and carbon production for Se mitigation but were never 
funded. The recommendation was that these types of proposals should be updated and 
reconsidered, especially since some initial studies showed 40% reduction in Se concentrations. 
There is considerable interest worldwide in the concept of carbon sequestration in natural and 
managed algae systems (Murray and others, 2011; Sankur and others, 2011; Carlberg and others, 
2003; Chmura and others, 2003).  


The SoSS group listed additional unknowns and concerns: 
• Is this a long-term sink or temporary removal? 
• Are other greenhouse gas capture/production scenarios involved? 
• What is the mechanism/chemistry of C cycle in the Sea? 
• Better understanding of large-scale Sea geochemistry & bio-geochemistry needed 
• What’s prospect for storing additional C as Sea stabilizes at smaller size? 
• How well are elemental pools/fluxes/reservoirs known? C, N, pH, Se? 
• Are constructed marshes a viable option to capture Carbon and other elements such as 


Se? How to measure risk of such projects? 
• What is C uptake potential of shallow habitats? Likely to be much higher than Sea, on 


unit basis. Is this temporary or long-term?  
• Are there other biological systems, for example, bivalves, capable of carbon uptake and 


sequestration? Is there the possibility of using non-native bivalves, currently in the 
ecosystem, despite their controversial existence? 


• What are existing C reservoirs? Organic or inorganic? In anoxic sediments or more stable 
mineral form? 


Budget 
To address high priority concerns listed above: $750,000 


Point of Contact  
Michael Anderson, Lisa Windham-Meyers, Tim Bradley 
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CARBON2. Nutrient and selenium control in drain water to the Salton Sea: Evaluation of the 
Controlled Eutrophication Process (CEP) 


Introduction 
One of the major issues concerning the management of the Salton Sea is the control of 


agricultural and municipal drains that cause high nutrient loading rates and potential selenium 
toxicity in the tributaries and in the Sea. The eutrophic conditions often promote extensive algae 
blooms that eventually “crash” (die), settle, and undergo anaerobic decomposition. This can lead 
to the release of hydrogen sulfide and produce anoxic zones, particularly during wind events. 
These conditions often result in high fish mortality, loss of forage for resident and migratory bird 
populations, contribute to the occurrence of avian diseases, and produce foul odors. 


Selenium toxicity is of concern in constructed shallow-habitat ponds around the margins 
of the receding Salton Sea, leading to expensive and potentially unsustainable management 
actions to reduce potential toxicity. Selenium is of concern due to the potential bioaccumulation 
in the aquatic food chain, which supports abundant and diverse bird populations. In addition, 
anaerobic bacteria and (or) microalgae can transform the selenium into a redox-state that is up to 
eight times more toxic than the form in the drain waters. Currently, pumping of low (<2 ppb) 
selenium Salton Sea water, to blend with higher selenium drain water, has been selected as the 
management approach to reduce the risk of selenium toxicity. Blending drain water and Sea 
water also increases salinity to more than 20 ppt to discourage the establishment of emergent 
aquatic vegetation that can bioaccumulate selenium. 


Kent SeaTech Corporation and Clemson University developed the Controlled 
Eutrophication Process (CEP) (Carlberg and others, 2003) to assimilate and remove nutrients and 
potentially toxic selenium. At the pilot-scale, CEP has shown promising results when treating a 
small portion of the Whitewater River. In previous selenium-tracking studies, the CEP method 
removed over 40% by algae and in spiking studies more than 98% of selenium in sludge in 
anaerobic digestion of algae. By the addition of an anaerobic bacterial pre-treatment step and a 
microcosm benthic invertebrate post-treatment step, the level of removal could be far greater. 
What remains is to evaluate this process on a much larger demonstration-scale to show proof-of-
concept on the New and (or) Alamo Rivers. 


Justification 
Proof-of-concept level evaluation of CEP could offer a cost-effective means of managing 


selenium in constructed habitat ponds at the Salton Sea, reducing or potentially eliminating the 
need to pump water from the Salton Sea for blending. Avoiding these high capital and operations 
costs for blending could enable limited funding to be directed toward the construction of 
additional habitat, with ecological and air quality benefits. 


Objectives 
• To determine the need for and the effectiveness of a pre-treatment solids settling step to 


reduce the turbidity caused by clay and silt in the water from the tributaries that can 
interfere with photosynthesis by microalgae in the CEP; 


• To assess the need for plastic pond liners in the CEP algal production raceway ponds to 
prevent the formation of dead zones, resulting in in-situ algal settlement and re-
mineralization of algae biomass and lost productivity; 
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• To determine optimal conditions of: water in-flow rates, water velocity, pond depth, and 
hydraulic retention time (HRT), to maximize nutrient assimilation by algae and to 
promote effective harvesting on a year-round basis; 


• To develop methods to minimize the effects from the cold-water winter conditions on 
algal growth and to evaluate co-precipitation as a method for storing phosphorus during 
the cold-water winter months; 


• To refine the algal-harvesting process to maximize removal efficiency and cost 
effectiveness of the various alternative harvest methods, including Tilapia Enhanced 
Sedimentation (TES) and Serial Selection for Bioflocculation (SSB); 


• To improve methods for drying the algal biomass, to minimize contamination from high 
TSS (silt and debris), and to enhance the value of co-products; 


• To evaluate the production and maximize the use of the algal biomass to produce 
valuable co-products that can be a source of revenue to reduce operating expenses; 


• To assess the addition of an anaerobic bacterial pre-treatment step to reduce toxic 
selenium to a redox state more easily assimilated by algae; 


• To evaluate a final post-treatment step using benthic invertebrates to assimilate residual 
selenium, and to develop harvesting and disposal methods; and 


• To assess the technical and economic viability of the CEP water treatment process as the 
preferred nutrient and selenium control method for use in the management of the Sea. 


Products (Bullets) 
• Evaluation of the capacity of CEP units to remove selenium from the water column; 
• Revised sizing guidance for CEP units relative to the size of constructed habitats; and 
• Techno-economic model that helps determine the projected overall capital and operating 


costs of CEP for pre-treatment of New or Alamo River water. 


How Does This Inform Management?  
This proposal directly addresses the management need to identify a cost-effective method 


of managing nutrient and selenium concentrations in constructed habitat ponds. CEP has 
demonstrated promising results at the pilot scale; this proposal would serve as proof of concept.  


Budget 
  Year 1 Year 2 Year 3 


Labor $287,000 $295,000 $582,000 
Equipment (construction) 210,,000 26,000 236,000 
Maintenance & utilities 32,000 36,000 68,000 
Supplies 40,000 60,000 100,000 
Lab analyses 48,000 95,000 143,000 
Miscellaneous-travel 16,000 16,000 31,000 
Indirect 149,000 124,000 273,000 
Subcontracts (academic) 110,000 110,000 220,000 
Total $892,000 $762,000 $1,653,000 
Grand total   $4,069,000 


Point of Contact 
Jim Carlberg, Michael Anderson,  Michael Cohen 
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CARBON3. Carbon sequestration in deep cycled groundwater  
(No proposal developed but identified as a science need.) 


The question of CO2 sequestration in desert soils and groundwater has been a source of 
debate for some time (Grossman and others, 1995; Schlesinger, 1999; Ma and others, 2014). 
Soils have been recognized as the single largest sink for CO2 (Post and others, 1982; Houghton 
and others, 1990). But the debate on how effective soil carbon storage is as a mechanism for 
sequestration as a means of reducing atmospheric concentrations centers on the issue of carbon 
flux from the atmosphere. A slow rate typical of soils is unlikely to alter the atmospheric balance 
(Schlesinger and Bernhardt, 2013).  


Grossman and others (1995) observed that soils containing calcium silicates serve as a 
sink for atmospheric CO2 and it is further reported that calcium in irrigation water can facilitate 
the formation of calcium carbonate, which may sequester CO2 (Monger and Martinez-Rios, 
2001) 


Recent studies have furthered this controversy by suggesting that Deep groundwater may 
be a potentially overlooked mechanism for CO2 storage in desert ecosystems (Evans and others, 
2014; Li and others, 2015). These observations were criticized in conventional analyses of CO2 
uptake in which an unlikely amount of vegetation biomass in desert ecosystems would be 
required to attain the reported sequestration rates (Schlesinger and others, 2009). However, this 
problem may have been overcome recently with reports suggesting massive CO2 storage as 
dissolved inorganic carbon (DIC) in shallow and deep groundwater (Li and others, 2015; Ma and 
others, 2014; Evans and others, 2014; Stone, 2008). Large carbon sequestration into groundwater 
has been reported in Russia (Lapenis and others, 2008) and irrigated agricultural lands of central 
California (Eshel and others, 2007), important because of the long residence time of 
groundwater. Li and others (2015) suggest that there is a “hidden” storage mechanism for carbon 
beneath Chinese deserts in the form of DIC.  


Although the connection to Salton Sea resource management is not directly obvious, this 
topic along with other carbon related issues has the potential for monetization in some form, 
either as carbon capture credits, or carbon offsets involved with emerging climate change 
programs. It is recommended that a preliminary evaluation be made in order to quantify this 
potential 


Budget 
$500,000 


Point of Contact  
Lisa Windham-Meyers James Orlando 







  


49 


Biology Proposals 
BIO1. A dynamic ecosystem model for evaluating and managing changes in the Salton Sea 


Introduction and Background 
Dynamic models, set in an ecosystem framework, provide an understanding of the 


relationships among organisms. This information serves as a decision-support platform for 
assisting with the adaptive management of natural systems. Development of such a model for the 
Salton Sea will maximize 30 years of accumulated natural history knowledge, providing the data 
needed to guide science, management, and policy at the Sea.  


The Salton Sea is predicted to face rapid physical change as a result of reduced water 
inputs. These changes (in water level, salinity, oxygen availability) are expected to impact a 
number of key species in the system. Understanding whole system responses to population-level 
variability of key organisms and their responses to key abiotic inputs will provide a more 
complete understanding of the stability of the ecosystem as a whole, and act as a bellwether for 
management in anticipating (and responding to) ecological transition or collapse. 


Justification 
A dynamic ecosystem model can quantify and organize the biological and physical 


information that has already been collected at Sea, and make it available to stakeholders via an 
intuitive, visual interface. Given the basic need to understand the interplay among biotic 
populations and abiotic processes over time (at multiple scales and across hierarchical levels of 
organization, a predictive tool of this kind is of vital importance. This model provides the 
quantitative (or probabilistic) support stakeholders need to predict (or, anticipate) state 
transitions at the Sea, justify the mustering of resources, and manage these changes.  


Objectives 
The objectives of this project are two-fold. The models and their representations serve to 


synthesize existing data, predict important state changes, and interpret these realities for 
stakeholders (scientists, land managers, policy makers, and the public). Thus the models will be 
designed to:  
1. Provide a synthesis of the data that captures extensive history of science on biological


systems of the Salton Sea and identifies critical gaps in knowledge;
2. Develop a relational framework needed to understand processes that are important to the


contemporary dynamics of the biological diversity of the Salton Sea and associate marshes
(engineered/remediation marsh habitat);


3. Develop a predictive, numerical model to assess the risk of undesirable threshold change in
the ecosystem state for the Sea and engineered mitigation/management projects;


4. Provide a conceptualization of biological systems at the Sea that can be aligned and
integrated with physical and socio-economic studies and assessments;


5. Understand the nature of biological linkages (using current data) and linkage interaction
strength (through data-model assimilation associated with specific experimentation); and


6. Develop a robust decision support system that guides monitoring and hypothesis generation
important to adaptive management frameworks (by iterating the model with data from
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monitoring and forecasting biodiversity behavior in the context of specific scenarios assessed 
by monitoring and experimentation).  


Products 
This project would consist of several phases, each with decision-making impact on 


management decisions. We divide our products into strategic and specific products. 


Strategic Products 
• Development of a synthesis product, where simply the biodiversity relationships will


assist in expert opinion guidance on management actions;
• The development of a null-statistical model (likely neural-network model based


approaches) that at minimum can be iterated with monitoring efforts to begin to describe
year-to-year changes in the components of biological diversity in time and inform
adaptive management efforts;


• Third, with targeted experimentation, develop an improved understanding of the strengths
of species interactions within this ecosystem to better develop scenarios associated with
perturbation of the system through loss of key species / functional groups (developed in
collaboration with key stakeholders); and


• Finally, a mechanistic approach will advance multiple model formats to reliable
forecasting tools that can be used to carry out adaptive management and to guide an
evolution of monitoring.


Specific Products 
• A graphic-based conceptual model of species interaction webs;
• A statistical model that is refined through data-model-experiment assimilation across the


three-year project period;
• The initial development of a mechanistically based numerical model that is integrative


with the hydrologic and biogeochemical tools being developed in other settings;
• Web-based visualization tools that highlight scenarios and model runs providing


translation to important stakeholders, such as state and federal land managers;
• A process of stakeholder engagement to refine biological questions and enhance the


dissemination of results across diverse research groups; and
• An addressable database with a general user interface available for use by many


researchers in many settings.


How Does This Project Inform Management? 
The dynamic ecosystem model would complement physical modeling by directly 


assessing the trends in biological systems. The model would inform best practices in monitoring 
by helping to assign value to different data sets in the context of how they inform model 
behavior and best predict real behavior in the system. The model would assist in forecasting 
changes that may mobilize emergency intervention, helping to prepare for worst-case scenarios 
of system collapse.  







   


 51 


How will this project integrate? 
Our goal would be to initially construct the model to be consistent with the Monitoring 


and Assessment Plan developed by Case and others (2013), so as to be informed by data likely to 
be collected by the diverse stakeholders. The long-term goal is to develop the model approach 
sufficient that coupling with physical models is possible (through either coupling approaches, 
such as Kepler, or through the development of sub-models to be run on the existing large-scale 
integrated systems models being produced by other groups, such as the hydrology group). 


Budget 
Category Year 1 Year 2 Year 3 


Postdoc Researcher I (1.0 FTE) $80,000 $80,000 $80,000 
Postdoc Researcher II (1.0 FTE) $80,000 $80,000 $80,000 
Grad Student (2.5 FTE  $200,000 $200,000 
Senior Researchers (PI – 1.50 FTE) $225,000 $225,000 $225,000 
Stakeholder workshops $45,000 $45,000 $45,000 
Travel $12,000 $12,000 $12,000 
Misc. Supplies $10,000 $10,000 $10,000 
Directed Activities($5K/grad asst)  $20,000 $20,000 
Subtotal $452,000 $672,000 $672,000 
Overhead $203,500 $313,500 $313,500 
Total Budget  $655,500 $985,500 $985,500 
Grand Total   $2,626,500 


Point of Contact 
Travis Huxman, Yev Marusenko, Gregor Yanega, Tim Bradley, Tom Dietsch, Kathy Molina, 
Tom Anderson  


BIO2. Ecosystem services and the role of agricultural land in supporting bird life 


Introduction 
Flood-irrigated crops in the Salton Sea region serve a variety of functions including 


sustained inflow to a shrinking Sea; removal of accumulated soil salts; nutrient cycling; 
microclimate enhancement; toxin sequestration; and support of avian communities (for example, 
long-billed curlew, white-faced ibis, mountain plover, cattle egret, numerous species of gulls). 
Various climatic and economic drivers have led to changes in agricultural practice resulting in 
the use of water-efficient crops and a shift toward water delivery systems that require less water. 


Agricultural lands in the Imperial Valley represent an important greenway and stopover 
site for many birds that use the Pacific Flyway. We do not know the consequences of increased 
fragmentation or temporal fragmentation of habitat for birds in the area. How lands are managed 
will have a large impact on these populations. 


The agricultural community is under pressure to use less water and farm more efficiently. 
The use of water on agricultural lands has implications, not ever, not only for farm production 
but also for environmental impacts. Some uses of water on farm lands have positive impacts. For 
example, flooding of rice fields in the winter in the Central Valley has marked positive effects on 
water fowl abundance and survival. In the Imperial Valley, factors directly affected by watering 
methods include soil salinization and selenium mobilization. As water use evolves in the 
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Imperial Valley, it will be important both for managers of wildlife and for farmers to have 
accurate data on the effects of water use in the fields on ecosystem function. 


Justification 
We propose a comprehensive study to understand the impacts of water use in the Imperial 


Valley on avian diversity and abundance. Changes to the salinity and water volume of the Sea 
can lead to changes in diversity and (or) abundance of avian species using the agricultural 
matrix. Synergies between farm practices that include flooding of fields and delivery of water to 
the Sea are of particular interest in a larger hydrological perspective. In sum, the Salton Sink 
south of the Sea remains an important habitat for many bird species distinct from those found at 
the Sea, and our understanding of their distribution and population trends require more 
comprehensive quantitative survey of the relative importance of crop choice, time of harvest, and 
water management practices for the cohort of species that rely on upland farm habitat. There are 
preliminary data for avian use of farmland conducted in 1998-2000 (Shuford and others, 2000). 
Survey efforts have been very uneven since this time, and the proposed work would build on that 
foundation. 


Objectives 
• Survey the farm practices of agricultural lands on the south side of the Salton Sea 


including acreage occupied by different crops and water budgets for each one of these;  
• Sample bird use across a suite of flood-irrigated crops. Gather habitat data about the crop 


type, crop height, irrigation type; 
• Coordinate sampling with farmers to obtain information concerning type of irrigation and 


timing of irrigation; 
• Compare typical flood irrigation practices with water saving practices to assess how it 


affects bird use; and 
• How do landscape features around fields affect their use? Is fragmentation of desirable 


landscape features correlated with bird abundance and diversity? 


Products 
• Provide data on bird use on crops with varying irrigation practices; 
• Provide recommendations for different irrigation practices (timing of irrigation, type of 


irrigation) for bird use of agricultural landscape; 
• A spatial analysis of bird use relative to various landscape features; 
• An economic analysis of crop and irrigation practices at the Sea relative to bird use; and 
• A secondary economic analysis assessing the “natural capital” and “service shed” 


concepts associated with carbon sequestration, dust mitigation, and biodiversity function 
that are provided by the Sea and the associated farmlands. Propose legislated water 
subsidy based on these values. (See an expansion of this concept at 
http://www.naturalcapitalproject.org/decisions/servicesheds.html). 


This Work Will Inform Management 
• By enabling managers to determine which irrigation practices are most beneficial to birds 


and evaluate economic viability; 



http://www.naturalcapitalproject.org/decisions/servicesheds.html
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• By tracking changes in avian diversity or abundance resulting from management projects 
and/or changes to water levels (and salinity levels) at the Sea; and 


• By providing managers a set of recommendations for temporal strategies for 
incentivizing flooded fields to give the greatest benefit to bird life. 


Budget  
  Year 1 Year 2 Year 3 


Personnel  89,000  89,000 89,000 
Supplies  10,000 10,000 10,000 
Travel  10,000  10,000  10,000 
Miscellaneous  2,000  3,000  4,000 
Subtotal  109,000 112,000 113,000 
Overhead    167,000 
Grand Total    501,000 


Point of Contact 
Gregor Yanega, Dave Shuford,  


BIO3. Generating a brine shrimp source population for a changing Salton Sea 


Introduction 
The Salton Sea is heading towards a more saline future. The current salinity of 


approximately 60‰ (which is 1.7 times greater than seawater) will only increase as freshwater 
flows into the Sea diminish, and water is lost via evaporation. The Sea currently supports large 
populations of one fish species (a hybrid tilapia) and numerous invertebrate species (pile worms, 
barnacles, copepods, etc.), all of which support a vibrant bird population. It is the large bird 
populations for which the Salton Sea is known throughout the region. However, the salinity of 
the Sea will reach a “tipping point”, above which salinities will become too high to allow most 
aquatic organisms to survive. The absolute value of the tipping point remains unknown for 
individual species, but there is consensus that the Sea will likely have a future devoid of fish. 
The loss of fish species will undoubtedly change the functioning of the Sea ecosystem. (Note: 
most of the Salton Sea would become fishless, but small fish populations could take refuge at the 
river mouths and in agricultural drains, which would have lower salinities.) 


Once the Sea generally becomes devoid of fish, this will create an “ecological release” 
for aquatic invertebrate populations to exploit in the absence of predation by fish. Certain aquatic 
invertebrates (for example, waterboatmen and brine flies) will likely proliferate once predation 
by fish ceases and provide food for birds capable of exploiting them as food resource. Another 
organism that might be able to invade and thrive in such a saline, fishless environment would be 
brine shrimp (Artemia sp.). Brine shrimp are abundant in hypersaline lakes throughout the 
western United States, including the Great Salt Lake in Utah, and Mono Lake in California. 
Brine shrimp generally thrive in hypersaline systems where the salinity prevents predaceous 
invertebrates (for example, waterboatmen). In the Great Salt Lake and Mono Lake, brine shrimp 
and brine flies provide ample food resources for healthy bird populations. Therefore, with a goal 
of maintaining the Salton Sea as a critical avian habitat, the anticipation of the invasion of brine 
shrimp into the Salton Sea is important on many levels, but perhaps most importantly, because 
these organisms can help support some bird populations. 
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It remains unknown, however, how long a “phase shift” from a fish-dominated to a brine 
shrimp-dominated Lake would take. It could happen relatively quickly (for example, within a 
few months), or it could take several years to occur. However, the intervening period of time 
between fish and brine shrimp will be filled with other aquatic invertebrates, just no large 
populations of fish to support fish eating birds. The longer this phase shift takes to happen, the 
longer the Sea will go without adequate food resources to sustain its large bird populations. 
Thus, the potential exists for the Sea’s bird population to become decimated. Migration 
elsewhere is becoming more and more problematic since the Western U.S. has lost a vast amount 
of its historic wetlands and those that remain do not have the carrying capacity capable of 
supporting migratory bird numbers typically recorded at the Salton Sea. The goal of this project 
is to stave off a “foodless” Sea by discerning which brine shrimp species would be best suited for 
the Salton Sea, and to create a brine shrimp breeding pond, in which to generate a brine shrimp 
population that can be released into the Salton Sea once the several tipping points arrive. 


Justification 
With more than 400-plus bird species using the Salton Sea as feeding and breeding 


grounds, the Salton Sea is one of the most important bird habitats in the western United States. 
Many bird taxa are local to the Sea, and others, use it as a stopover on migrations. In terms of 
human use of the Sea, the birds are the largest tourism draw to the area, bringing visitors and 
income to local communities. Therefore, in addition to losing valuable bird habitat, a fishless Sea 
we anticipate a loss of most fish-eating species of birds. The Sea would not attract the abundance 
of birds documented historically using the Sea and this could be detrimental to local economies. 
By having a viable population of brine shrimp ready to release into the Sea, this project has the 
potential to minimize such biological and economic losses.  


Objectives 
• Using Salton Sea water, determine which of the eight species of Artemia are most viable 


in Salton Sea water. Because each saline lake has unique chemistry, this is an important 
first step in establishing a population of Artemia that is appropriate for the Salton Sea; 


• Build a 1-acre (approximately 2-feet deep) Artemia pond in which to establish a 
relatively large, robust population of Artemia that can eventually be released into the 
Salton Sea. The pond would need to be adjacent to the Sea to facilitate introduction of the 
Artemia to the Sea when the fish population has collapsed; 


• Once the tipping point is reached, open the dam and allow the Artemia to invade the Sea 
and establish a Sea-wide population that is tolerant of the unique characteristics of Salton 
Sea water; 


• After releasing the first batch of Artemia, the pond can be used to establish a second 
batch to be released to bolster the first introduction. This can be used to evaluate the 
relative success of releasing immature stage, adults, and/or fecund females. Multiple 
releases may be necessary to establish a viable population, or to supplement and amplify 
the rate of establishment of brine shrimp in the Sea; 


• Provide a viable resource for the bird populations reliant on the Salton Sea for food; 
• The Artemia would also likely serve as a food resource for the few fishes remaining at 


river mouths in the Sea, and in agricultural drainage canals. Thus, the brine shrimp would 
help support the remaining fish-eating birds by being food for the remaining fish; and 
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• After the Artemia are established and sustainable within the Sea, the cultured Artemia can 
be sold to the aquarium and/or aquaculture food industries to produce a source of revenue 
for the Salton Sea economy. Artemia populations are a valuable commercial enterprise in 
salt lakes around the world. 


Products 
• Produce a large population of Artemia that can be released into the Sea to facilitate and 


accelerate the rate at which brine shrimp colonize the Sea once the fish population 
collapses; 


• Scientific papers on the selection of Artemia for the Salton Sea and on the rearing 
process; and 


• Professional training on the management and rearing of Artemia populations. 


How Does This Project Inform Management? 
With a scientific consensus that the Salton Sea will reach a “tipping point” of salinity, 


above which fish will no longer be able to inhabit most of the Sea, mitigating the loss of food for 
the bird populations is a priority for management. Recognizing that the tipping point will be 
reached in the near future, this project provides a direct intervention to the loss of food resources 
for birds by generating a population of brine shrimp that is adapted to thrive in the Salton Sea. 


Budget 
  Year 1  Year 2  Year 3 


Personnel  155,000 155,000 155,000 
Equipment/Supplies   25,000 500,000 10,000 
Travel  17,400 17,400 17,400 
Subtotal  197,400 672,400 182,400 
Total    $1,052,200 
Overhead    $526,100 
Grand Total    $1,578,300 


Point of Contact 
Dr. Timothy Bradley, Dr. Donovan P. German 


BIO4. Characterization of the base of the food chain at the Salton Sea 


Introduction  
An adequate understanding of the current ecology of the Sea, as well as the direction and 


effects of future changes, depends on a thorough understanding of food webs in the Sea. Food 
webs describe the inter-relationships of producers (plants) that capture energy and nutrients, and 
consumers (animals and microbes) that feed upon the plants and are themselves fed upon by 
higher trophic levels. While the final consumers in the Salton Sea ecosystem (fish and birds) 
have been the subject of a great deal of scientific investigation, the food web upon which these 
animals depend is less well understood. 


The goal of this project is not scientific study for its own sake, but rather the examination 
and quantification of the base of the ecosystem for the purpose of improved management of the 
resources at the Sea. 
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For example, as the Sea increases in salinity, we expect tilapia, the only remaining fish 
species of importance as a food for birds, to be excluded from the open waters. Several agencies 
associated with resource and habitat management at the Sea are in the process of building 
marshes adjacent to the Sea for the purpose of providing refuges for the fish. The goal of these 
projects is to provide habitat and food for birds. In order to predict how well these marshes will 
perform and what level of food production they can support, we need to have a better 
understanding of the organisms and processes that transfer energy and nutrients up the food 
chain. One approach is to build these marshes and see how well they work. That is a risky and 
very expensive approach. A parallel approach is to gather the scientific data regarding the 
organisms and interactions in the food chain in order to make testable predications about 
productivity, the effects of salinity, water management, and organism responses. These 
approaches are faster and cheaper than massive engineering projects, and they can serve to guide 
and inform decision-making during project design, implementation, and analysis. For example, if 
we find that a certain marsh is built to specification, but fails to be productive of bird food items, 
a knowledge of the underlying ecological factors will allow us to determine the reasons for this 
failure and correct the conditions. In the absence of such knowledge, we must fall back on trial 
and error with no underlying scientific framework. 


Justification 
Currently, data gaps exist due to lack of monitoring capacity and an incomplete 


understanding of food webs in the Sea. Studies incorporating both quantitative and qualitative 
approaches to the study of food webs in the Sea will allow us to understand the current flow of 
nutrients and energy up the food chain, as well as allowing predictions to be made regarding 
future changes and the effectiveness of mitigation procedures. Managers are already engaged in 
mitigative actions, and these will only increase as the negative effects of environmental changes 
become more apparent. A better understanding of ecological function in the Sea will lead to 
better and cheaper mitigation procedures.  


Objectives 
• Gather baseline data on current food web structure and function; 
• Identify components in the food web in the Sea that are critical for energy and nutrient 


transfer to higher organisms; 
• Determine existing gaps/needs and potential unknown/understudied variables; 
• Determine whether a greater and more detailed knowledge of algae, bacteria, and 


microzooplankton is required; 
• Develop a strategy for effective sampling/monitoring; 
• Understand and predict potential tipping point and other thresholds for major 


ecosystem/community changes; and 
• Gather data that will allow mechanistic predictions of the effects of salinity change. 


Products 
• Database that can be utilized by all organizations and stakeholders; 
• Models of ecological interactions and dependencies that can be utilized by all 


organizations and stakeholders; 
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• Reports to provide recommendations for action in current/ongoing projects and future 
efforts; 


• Models of the effects of environmental projects to predict environmental outcomes and 
directions; and 


• Scientific publications (can be used for policy guidance, science research hypothesis-
testing, reports/synthesis for science committee). 


How Does This Project Inform Management? 
The data and models deriving from this work will be used to interpret and analyze to 


patterns in community changes and interactions as well as predicting future scenarios. These 
evaluation tools will be used by managers to supplement their current methods in determining 
action and proposed work.  


Budget 
  Year 1  Year 2  Year 3 


Personnel  112,500  112,500  112,500  
Supplies   85,000  85,000  55,000 
Travel  10,000  10,000  10,000 
Miscellaneous     2,000  3,000 4,000 
     
Subtotal  209,500 210,500 181,500 
Overhead    $300,750 
Grand Total    $902,250. 


Point of Contact 
Timothy Bradley, Yev Marusenko  


BIO5. Salinity tolerance of key organisms in the Salton Sea ecosystem  


Introduction and Background 
As the Sea recedes and salinity increases, a critical issue will be the survival and 


abundance of several organisms that are of great ecological significance. Despite previous work, 
substantial data gaps remain regarding organismal salinity tolerance. For some key organisms 
(such as barnacles and pile worms) inadequate data exist. For others (such as tilapia), the data do 
exist but they were determined using salt mixtures different from those in the Salton Sea. The 
data on tilapia include the effects of temperature. However, the data were collected on fish reared 
in marine waters, not Salton Sea water. The difference in ionic makeup can be critical in such 
studies. 


Management decisions for the Sea as a whole and for the managed wetlands currently 
being constructed will depend on a solid understanding of the salinity tolerance of key organisms 
and of the “tipping points”,  that is the salinity tolerance point at which major ecological shifts 
will occur. Two tipping points are envisioned for the Salton Sea going into the future. The first 
will occur when the fish die off due to salinity or salinity combined with other physiological 
stressors. This will change the ecology of the Sea in many ways, including elimination loss of 
algae removal by fish, and the loss of food for fish-eating birds. It is anticipated that brine shrimp 
and brine flies will then colonize the Sea and serve as consumers of algae and as food for some 
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birds, although fish eating birds will no longer be supported at the Sea. Brine shrimp and brine 
flies do not currently inhabit the Salton Sea in significant numbers. These species are included 
due to the widely-held belief that they will become abundant after fish and other invertebrate 
predators (waterboatmen) have been eliminated from the Sea. A second tipping point is 
anticipated when the salinity exceeds the salinity tolerance of these two invertebrate species., 
after which the Salton Sea will be incapable of providing food resources for the vast majority of 
birds currently observed at the Sea. This second tipping point will also have a profound effect on 
the ecology of the Sea. 


Objectives 
The current proposal will examine the salinity tolerance of key species in the Sea using 


water with appropriate ionic makeup. The goal is not to examine the salinity tolerance of every 
organism in the Sea. Instead, the emphasis is on organisms we are characterizing as key 
organisms in the sense that they have profound and central effects on ecosystem functions at the 
Sea. These include pile worms, barnacles, Tilapia, brine flies and brine shrimp. These species 
have been chosen because of their importance for ecosystem function, particularly for their role 
in transporting nutrients and energy up the food chain to the birds. For some organisms, such as 
brine shrimp and brine flies, data on salinity tolerance exist in the literature. However, these data 
are for animals in other environmental conditions and other lake environments and the chemical 
composition of the Salton Sea water is different from other hypersaline lakes. Because the 
specific ionic makeup of individual salt lakes differs and is a critical determinant of the survival 
of biota, it is important to evaluate salinity tolerance to survival and reproduction using Salton 
Sea water and relevant temperatures.  


Products 
Data on the salinity tolerance of each of the key organisms will be provided. The data 


will be collected using two experimental designs. The first design involves rearing the organisms 
in Salton Sea water in the laboratory to precisely control water temperature. The second design 
involves mesocosms placed adjacent to or in the Salton Sea (using limnocorrals) in order to 
include local environmental factors (temperature, sunlight) appropriate to the environment.  


Salinity tolerance data will be provided both in the form of raw data from the survival 
experiments, and in refined form indicating tolerance at three different temperatures: 15, 25 and 
35 degrees centigrade. The salinities to be tested are 60, 75, 90, 105 and 120 ppt. These salinities 
have been chosen because they are thought to extend across the lower “tipping point” and 
possibly across the upper “tipping point” for some species. Each combination and permutation of 
the three temperatures and five salinities will be tested since each is ecologically relevant for 
conditions at the Lake. 


How Does the Project Inform Management? 
Managers and scientists have identified the issue of “tipping points” as critical to the 


management of the Sea and the adjacent managed habitats. The “tipping points” are times at 
which key species are eliminated from the ecosystem due to environmental change, principally 
increasing salinity. It is recognized that these tipping points are associated with great ecological 
shifts. It is important for us to anticipate those shifts and deal with them rapidly when they occur. 
We cannot predict and respond to those shifts without further information and insights.  
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Elimination of tilapia from the ecosystem will lead to great changes. These changes may 
be muted if pile worms remain in the system as a food resource for many birds. We need data, 
therefore, that will allow us to predict the time and order of species elimination as increases in 
salinity progress. Data on barnacles are needed not because they serve as a food for birds, but 
because they play a major role in the Sea as filter feeders on algae, bacteria and detritus 
suspended in the water. Their larvae are also an important food item for fish. 


Predictions of ecosystem change at the Sea suggest that salinities will eventually proceed 
to a level too saline even for brine shrimp and brine flies. This “second tipping point” is equally 
important in driving our understanding of 1) future changes and 2) management strategies. We 
have therefore included organisms which are not currently in the Sea, but which are widely 
assumed to be colonizers at the Sea following the elimination of fish. For all of the above 
reasons, data on salinity tolerance represents a data gap which when filled will be of great use to 
managers at the Sea.  


Budget 
  Year 1  Year 2  Year 3 


Personnel  395,000  395,000  395,000  
Equipment   20,000   0   0 
Supplies  14,000 10,000 10,000 
Travel  10,000 12,000 12,000 
Miscellaneous    0  3,000 4,000 
Subtotal  439,000 420,000 421,000 
Overhead    $630,000 
Grand Total    $1,910,000 


Point of Contact 
Dr. Tim Bradley, Dr. Donovan German  


BIO6. Migratory connectivity for birds using the Salton Sea 


Introduction and Background  
Bird populations are influenced by factors at multiple scales. Pilot pond efforts have 


included nesting islands for ground-nesting waterbirds, including individuals from one of only 
two breeding populations for Gull-billed Terns in the Western US. Nesting attempts at these 
islands have frequently been disrupted by influxes of common species that either displace 
nesting attempts or prey upon eggs and young birds. Similarly, fluctuations of populations 
observed in the Salton Sea may result from poor resources during another phase of a bird’s 
annual life cycle. This may complicate efforts to adaptively manage ponds and achieve project 
goals. 


Justification 
The Salton Sea avifauna is known for irruptive population patterns with frequent 


invasions from the Gulf of California during poor resource years. Superabundant flocks have the 
potential to overwhelm local bird and fish populations during some years. This may undermine 
conservation efforts for sensitive bird species and attempts to manage fish populations within 
managed ponds. Similarly, adverse conditions outside the Salton Sea could also result in 







   


 60 


population declines of sensitive species. A better understanding of these larger-scale regional 
processes is needed. Regular bird monitoring is important for tracking local populations through 
time. However, additional research is needed on migratory connectivity and broader landscapes 
that affect bird populations at the Salton Sea.  


Objectives 
Determine Migratory Connectivity for key bird species: 


• Identify regional water bodies in the region where environmental conditions may affect 
bird populations in the Salton Sea; 


• Model bird movement patterns and analyze key factors that may affect conservation 
success within managed Salton Sea habitats; 


• Determine relative importance of Salton Sea for transitory species during migration; and 
• Analyze population fluctuations in the Salton Sea using available data from identified 


migratory localities. 
From historical and census survey data, species will be selected for key groups: 


• Species of Conservation Concern,  that is, Gull-billed Tern, Black Skimmers, Yuma’s 
Ridgeway Rail; 


• Super-abundant/irruptive Species: Caspian Tern, Brown Pelicans, Eared Grebes; and 
• Transitory Species using Salton Sea as a stopover location. 


Approach 
Identified species will be captured or opportunistically sampled (mortalities) with feather 


and blood samples. Those species identified for tracking will have satellite GPS units or 
geolocators attached. 


Migratory Connectivity Techniques 
• Telemetry/Geolocators: Satellite tracking devices mounted on larger birds can provide 


more complete geospatial data of bird movements at larger/regional scales. Similarly, 
geolocators can be mounted on smaller birds. However, birds with geolocators need to be 
recaptured to retrieve data. 


• Stable Isotopes: Molt locations can be identified. With blood, diet and foraging habitats 
can be identified. 


• Genotyping: DNA samples can be collected to identify breeding populations/locations for 
some species. 


Products 
• Geospatial models of short and long distance movements for key bird species to identify 


migratory connectivity with regional water bodies; and 
• Hierarchical population models for key bird species that may affect biological resources 


in managed and unmanaged Salton Sea basin habitats. 


How Does This Project Inform Management?  
Geospatial models derived from transmitter data will identify key life-cycle localities to 


inform modeling efforts. Hierarchical models that incorporate data on environmental conditions 
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at key life-cycle localities (breeding, overwintering, and migratory stopover sites) will provide a 
context for evaluating population changes and planning adaptive management actions.  


Budget 
$1,500,000 


Point of Contact 
Thomas Dietsch  


BIO7. Ecosystem-friendly biogenerated soil enhancer for berm stabilization of engineered 
marshes and wetlands in the Salton Sea watershed 


Introduction and Background 
According to climate model projections by Seager and others, (2012), the Colorado River 


headwaters are expected to have an annual stream flow decline of 10 percent and as much as a 20 
percent drop in spring runoff in California and Nevada, as warmer temperatures of 1–2 °C also 
boost evaporation in 2021–2040. Studies have projected that given a combination of 
circumstances, the Salton Sea water levels are likely to be reduced in the future leading to 
potentially significant effects to air quality due to fugitive dust from wind erosion of exposed 
lakebed playa (Imperial Irrigation District and Bureau of Reclamation, 2002; California 
Resources Agency, 2006; Case and others, 2013). The Colorado River Quantification Settlement 
Agreement (QSA) of 2003 has drastically lowered the amount of fresh water inflows to Salton 
Sea, resulting not only in changes to the amount of water in the Sea, but also in changes the 
geochemistry and overall the water quality, and also long-term impacts to the population 
dynamics of numerous species are expected. 


In anticipation of these deleterious changes to the Salton Sea water levels and water 
chemistry, plans are underway to conserve viable habitat for species of concern, such as the 
Desert Pupfish and California Clapper Rail, and other Salton Sea biota by the construction of 
wetlands and marshes around the Sea. From an engineering standpoint, wetland and marsh 
impoundments must be engineered to counter seepage and withstand earthquakes.  


The Salton Sea is subject to frequent seismic events and lateral spreading can take place 
and generally loose sediments,  for example, areas with steep slopes, can collapse from lack of 
lateral support. The potential effects that seismic activity and potential subsidence (also due to 
ground water pumping and geothermal activity) can have on the wetland berms lead to the 
increased importance of enhanced stabilization of the engineered marshes and wetlands in the 
vicinity of the Salton Sea,  for example, the Species Conservation Habitat Plan and Red Hill Bay 
Project, and within the Salton Sea watershed in general. 


Justification 
One of the concerns and areas identified as requiring more data with regards to habitat 


conversation includes the need for geotechnical data about different management proposals, for 
example, engineered wetlands to preserve biological habitat and diversity. Some of the issues 
revolving around the need for these data included determining how berms will perform given 
seismic activity, wind erosion, and rain event erosion; the cost-effectiveness of berm 
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performance; mechanisms to enhance vegetative growth thereby stabilizing berms; and the need 
to determine how berms will interact with the endemic flora and fauna 


Rhizobium tropici ATCC® 49672, a catalogued symbiotic nodulator of leguminous 
plants (Martinez-Romero and others, 1991), is also known for its production of a gel-like 
extracellular polymeric substance (EPS) (Gil-Serrano and others, 1990). The natural functions of 
the EPS in the rhizosphere include surface adhesion, self-adhesion of cells into biofilms, 
formation of protective barriers, water retention around roots, and nutrient accumulation 
(Laspidou and Rittmann, 2002). The secretion of EPS by bacteria is also recognized as a 
cohesive force in promoting surface erosion resistance in soils and sediment (Droppo 2009; 
Gerbersdorf and others, 2008a, b). The biopolymer produced by R. tropici provides similar soil 
enhancements to a petroleum-based polymer in a long-lived, but ultimately biodegradable, 
material without the environmental concerns. In addition, the biopolymer acts as a carbon 
storehouse for readily biodegradable sugars that would otherwise be oxidized to CO2 and 
contribute to elevated greenhouse gasses in the atmosphere. A technique has been patented by 
the U.S. Army Corps of Engineers (USPTO No. US 7,824.569 B2, 2010) through which R. 
tropici-derived biopolymer can be produced in an aerobic bioreactor. The biopolymer is then 
separated from the bacteria and growth media, concentrated, and can be applied to the soil as 
either a slurry or powder.  


The use of a biopolymer as a soil modifier for erosion control and reduction of sediment 
transport was evaluated through slope stability and surface soil durability studies at bench- and 
meso-scale using soil types with a high potential for erosion (Larson and others, 2012). 
Application of the biopolymer at economically feasible loading rates maintained the slope 
elevation (fig. 5-5), and was able to reduce the transport of soil particulates in runoff water from 
the berm (fig. 5-6). The biopolymer performed effectively when used with soils at high risk for 
erosion. The biopolymer has been shown to enhance soil stabilization of berms and reduce the 
cost of levee maintenance and repair (Larson and others, 2013). It also has the potential to 
contribute to the formation of “blue carbon” sequestration in the wetland areas.  


Objectives 
11. Determine how well the biopolymer versus no biopolymer (control) can stabilize the


wetland/marsh berms under given simulated seismic conditions near the Salton Sea using
a shake table simulator;


12. Determine how well the biopolymer versus no biopolymer (control) can stabilize the
wetland/marsh berms under given simulated wind conditions at the Salton Sea.
Measurements include bulk density, soil texture, water holding capacity, and shear stress;


13. Determine how well the biopolymer versus no biopolymer (control) can stabilize the
wetland/marsh berms under given simulated rain event conditions at the Salton Sea.using
runoff water samplers for analysis of total suspended solids;


14. Determine how well the biopolymer versus no biopolymer (control) might enhance
vegetation growth on the wetland/marsh berms near the Salton Sea as a means of soil
stabilization? Measurements include soil organic and total carbon; plant abundance,
above ground biomass, and density; as well as plant root analysis including density,
below ground biomass, and diameter measurements;


15. Determine changes in the rhizosphere microbial communities (microbial vs fungal affects
carbon sequestration). This will include measures of Microbial Biomass Carbon and
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Figure 5-5. Soil loss from the berm surface and surface roughness for four experimental biopolymer application methods after six months of 
weathering.
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Figure 5-6. Reduction of total suspended solids in surface runoff water from soil treated with R. tropici biopolymer.
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Potentially Mineralizable Nitrogen which represent the activity within nutrient pools and 
the potential nutrient processing capacity in the study area; and 


16. If selected for field study, changes in the berm slope shape and elevation will be
measured for all treatments using LIDAR to detect changes due to seismic or weather
activity.


Products 
• Peer-reviewed journal articles exploring the science of berm-biopolmer soil amendments;


and
• A report summary of the results which will include recommendations for implementation


of biopolymer soil amendment as it pertains to the Salton Sea Watershed.


How Does This Project Inform Management? 
The findings from this project will elucidate best management practices which can then 


be directly applied to long-term solutions and coordinated with project and program decisions for 
possible full-scale implementation within the Salton Sea Watershed. 


Budget 
$1,185,900 


The proposed project will require $1,185,900 for the three-year effort. This will include 
Federal labor and biopolymer production.  


Point of Contact 
Michael E. Kjelland, Ph.D. 


BIO8. A predictive, dynamic biodiversity model for monitoring, management, and science in 
the Salton Sea hydroclimatic complex (alternative – The predictive ecosystem model) 


Introduction and Background 
The conservation of important biological diversity is more and more considered in the 


context of the habitat characteristics and key interactions with other organisms that influence the 
long term growth, survival and reproduction of any given taxa of importance. Such ecosystems 
frameworks are robust in terms of identifying potential anthropogenic hazards threatening 
conservation and developing the potential management actions that are key to long-term 
sustainability of a biological asset. For example, we know that plant-pollinator interactions 
constrain our management opportunities that favorably maintain the functioning populations of 
rare plants when pollinators are strict mutualists with extremely limited in distribution. We 
cannot expect these plants to have distributions that exceed the geographical extent of their 
pollinator. Additionally, we know that preserving the presence of organisms in the higher trophic 
levels of a particular ecosystem is a function of the presence of organisms lower in a given food 
web, and that certain expectations of the relationship between net ecosystem production and 
species abundance govern the upper limits of a managed system. As such, a key conservation / 
management tool is a robust understanding of how species are related to each other in an 
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ecosystem, which can then be used as a decision support platform assisting with the adaptive 
management of natural systems. 


For more than 30 years we have been sampling aspects of the biology present in the 
greater Salton Sea complex, accumulating a significant knowledge base on the natural history 
and autecology of important species to a number of key ecosystem services. This information is 
invaluable to decision and policy makers in aiding in the application of science to management 
decisions and complying with legislative goals. However, a significant challenge remains in 
creating such a synthetic product that can bring together the organismal dynamics, their 
interactions with each other and the environment, all in such a way to address specific 
management actions to be applied on the ground.  


The Salton Sea is predicted to face rapid physical change in the very near future (~2017), 
upon the disruption of the current allocation of Colorado River Water to the water body, 
resulting in rapid changes in shoreline elevation and increases in salinity. These physical 
characteristics are expected to impact the growth and reproduction of key species in adverse 
ways, yet we do not now have a means of understanding how changes in individual organismal 
biology will cascade through the species complex. The resulting additional undesirable change 
impacting the overall status of the system as a result of the removal or reduction in abundance of 
key species is mostly unknown. Additionally, the ability to understand differences in the 
consequences of acceptable levels of population variability from threshold change would be 
important to develop to more rapidly respond to the evolution of system states that are indicative 
of whole-system collapse. 


This approach requires a dynamical ecosystem model that would act as a vehicle to 
synthesize the biological knowledge base of key organisms in the Sea, that would provide a 
framework for linking physical modification of the system to changes in biological process, that 
would communicate important biological principles and patterns to the related, collaborative 
disciplines also engaged in conservation (hydrology, atmospheric sciences, socioeconomics, 
etc.), and that would act as a predictive tool for determining the risk of certain changes in 
ecosystem structure and function to allow for cost-benefit analysis and potential management 
actions associated with undesirable situations. 


Justification 
• The development of a dynamic ecosystem model would quantify and organize the


tremendous biological information and create an accessible format for stakeholders;
• A dynamic ecosystem model would act to provide prioritization for studies on key


ecosystem aspects that would most improve our understanding of the system so as to
support management;


• A dynamic ecosystem model could provide the prediction and hypothesis testing
processes that underlie effective adaptive management approaches to conservation;


• A dynamic ecosystem model would help to quantify, calculate, and insure equivalence in
the ecosystem services being transferred from the natural system to the engineering
alternatives in place that may be initiated to support a diverse number of management /
mitigation priorities. This model would help optimize allocation of resources to different
engineering attempts at approaching diverse management goals (maintaining fishery
production, maximizing water flow from agricultural run-off);
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• A dynamic ecosystem model would interact with and inform ecosystem valuation 
attempts and other economic, political and regulatory studies / assessments / decision-
making schemes; and 


• Allows us to understand how much habitat diversity is needed to support what kinds of 
aviary systems (what diversity of bird species). 


Objectives 
The objective of this project is to (1) provide a synthetic product of biological knowledge 


inclusive of the extensive history of science on biological systems of the Salton Sea, (2) develop 
a relational framework to understand processes that are important to the contemporary dynamics 
of the biological diversity of the Salton Sea and engineered systems, (3) provide an integrated 
conceptualization of biological systems to be aligned with physical and socio-economic studies 
and assessments, and (4) develop a predictive, numerical model to assess the risk of undesirable 
threshold change in the ecosystem state for the Sea and engineered mitigation / management 
projects. 


Accomplishing such objectives would allow scientists, land managers, decision / policy 
makers and the public to robustly understand biodiversity linkages (using current data) and 
linkage interaction strength (through data-model assimilation associated with specific 
experimentation), and to develop a robust decision support system that guides monitoring and 
hypothesis generation important to adaptive management frameworks (by iterating the model 
with data from monitoring and forecasting biodiversity behavior in the context of specific 
scenarios assessed by monitoring and experimentation).  


Products 
This project would consist of several phases, each with decision-making impact on 


management decisions. First, we are focused on a synthesis product, where simply the 
biodiversity relationships will assist in expert opinion guidance on management actions. Second, 
we are committed to the development of a null-statistical model (likely nueral-network model 
based approaches) that at minimum can be iterated with monitoring efforts to begin to describe 
year-to-year changes in the components of biological diversity in time and inform adaptive 
management efforts. Third, with targeted experimentation, we can improve our understanding of 
the strengths of species interactions within this comprehensive ecosystem to better develop 
scenarios associated with perturbation of the system through loss of key species / functional 
groups (developed in collaboration with key stakeholders). Finally, with appropriate 
collaboration, a mechanistic approach will advance multiple model formats to reliable 
forecasting tools that can be used to carry out adaptive management and to guide an evolution of 
monitoring. 


Specifically, we anticipate the production of (1) a graphic based conceptual model of 
species interaction webs, (2) a statistical model that is refined through data-model-experiment 
assimilation across the three year project period, (3) the initial development of a mechanistically 
based numerical model that is integrative with the hydrologic and biogeochemical tools being 
developed in other settings, (4) web-based visualization tools that highlight scenarios and model 
runs providing translation to important stakeholders, such as state and federal land managers, (5) 
a process of stakeholder engagement to refine biological questions and enhance the 
dissemination of results across diverse research groups, and (6) an addressable data base, 
available for use by many researchers in many settings. 
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How Does This Project Inform Management? 
The dynamic ecosystem model would complement physical modeling by directly 


assessing the trends in biological systems. The model would inform best practices in monitoring 
by helping to assign value to different data sets in the context of how they inform model 
behavior and best predict real behavior in the system. The model would assist in forecasting 
changes that may mobilize emergency intervention, helping to prepare for worst-case scenarios 
of system collapse. 


The goal would be to initially construct the model to be consistent with the Ecosystem 
Monitoring and Assessment Plan, so as to be informed by data likely to be collected by the 
diverse stakeholders. The long-term goal is to develop the model approach sufficient that 
coupling with physical models is possible (through either coupling approaches, such as Kepler, 
or through the development of sub-models to be run on the existing large-scale integrated 
systems models being produced by other groups, such as the hydrology group). 


Budget 
Category Year 1  Year 2  Year 3  Year 4 


Postdoc Researcher I $80,000 $80,000 $80,000  $80,000 
Postdoc Researcher II $80,000 $80,000 $80,000 $80,000 
Grad Student-2.5 FTE 0 $200,000 $200,000 0 
Senior Researchers $225,000 $225,000 $225,000 $225,000 
Stakeholder workshops $45,000  $45,000 $45,000 0 
Travel  $12,000 $12,000 $12,000 $12,000 
Misc. Supplies $10,000 $10,000 $10,000 $10,000 
Directed Activities($5K per 


GA) 
0 $20,000 $20,000 0 


Subtotal $452,000 $672,000 $672,000 $407,000 
Overhead (50% of direct 


costs) 
$203,500 $313,500 $313,500 $203,500 


Total Budget $655,500 $985,500 $985,500 $610,500 
Grand total    $3,237,000 


Point of Contact 
Dave Shuford, Travis Huxman, Lev Marusenko, Gregor Yanega, Tim Bradley, Tom Dietsch,  


BIO9. Comprehensive monitoring and data assessment of the complete Salton Sea 
ecosystem: Invertebrate Survey  


Note: The words “comprehensive” and “complete” are used because the monitoring will be inclusive of 


multiple aspects and scales of biota, not just birds. 
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Introduction and Background 
Currently, data gaps exist due to either lack of monitoring capacity or incomplete 


understanding due to lack of awareness/knowledge of biological info (for example, # of 
organisms, species composition, nutrient cycling rates, interactions/feedbacks). 


Perspective from Microbial Ecology Discipline 
Microbes may undeniably have strong bottom-up effects that control abundance of all 


organisms in higher trophic levels (even if direct or indirect relationship with animals). The 
microbial contribution to nutrient cycling and metabolic toxic byproducts becomes important to 
study. 


Tipping thresholds may be more noticeable in microbial communities than in larger 
organisms. Microbes instantly respond to chemical/environmental changes while larger 
organisms may reveal a sudden effect (that is, massive die-off). This gradual potential microbial 
community replacement can be used as an indicator/marker. 


The footprint of microbial community changes during noticeable environmental 
fluctuations can be used for predictive power. For example, discovery of a particular microbial 
population (during survey monitoring) that is shifting in community dominance may suggest an 
upcoming environmental fluctuation event if we know that the microbe group has a history of 
being previously detected during environmental change.  


The need to study and understand microbiology is difficult to market to the public—
especially compared to nice fluffy birds—but can be done through various teaching/outreach 
modes about the importance of beneficial microbes and relevance for ecosystem/human health. 


Justification 
To gather baseline data on current levels and for long-term ecological monitoring 


(changes over time). The data can be used to guide decision-making for current and future goals. 


Objectives 
• Identify components in ‘interaction model’ that will require monitoring; 
• Determine existing gaps/needs and potential unknown/understudied variables; 
• Will enable prioritization of data needs; 
• Develop strategy for effective sampling/monitoring; 
• Involve citizens to help with gathering data (including public communication); 
• Understand and predict potential tipping point and other thresholds for major 


ecosystem/community changes; 
• Gather data at multiple temporal and spatial scales (short-term and long-term, different 


geographic strata); 
• Identify novel microorganisms that can advance fundamental ecological theory as well as 


instigate economically-thriving biotechnology applications. 


Products 
• Intensive database that can be utilized by anyone/any organization; 
• Data incorporated in reports for the Salton Sea Science Committee to help provide 


recommendations of action in current/ongoing projects and future efforts; 
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• Citizen science- broader impacts of community engagement, products from citizen 
action. For example, active citizens may feel more passionate about facilitating political 
influence; 


• This data can be used in the ‘interaction model’ to advance subsequent iterations of the 
model and/or create various model versions depending on scenarios (for example, 
before/after tipping point); and 


• Scientific publications (can be used for policy guidance, science research hypothesis-
testing, reports/synthesis for science committee). 


How Does This Project Inform Management? 
Data will need to be interpreted/analyzed to assess patterns in community changes and 


interactions as well as predicting future scenarios. This simplified evaluation can be used by 
managers to supplement their goals in determining action and proposed work.  


Budget 
Salary – PI’s plus techs $320,000 $320,000 $320,000 
Committee for determining 


monitoring efforts 
$337,500 $337,500 $337,500 


Data analysis $80,000 $80,000 $80,000 
Data management 


(storage/archiving, quality 
control, access)  


Included in overhead Included in 
overhead 


Included in 
overhead 


Overhead $ 368,750 $ 368,750 $ 368,750 
microbial supplies/analyses  $61,250 – costs for 


samples all years,  
  


Macroinvertebrates - Plankton $10,000 $10,000 $10,000 
Chemical and nutrient cycling 


analysis 
$122,500 costs for 
samples all years,  


  


Travel and other support $16,600 $16,800 $16,600 
Totals $1,316,600 $1,316,800 $1,316,600 
Grand total   $3,950,000 


Point of Contact 
Yev Marusenko, Gregor Yanega  


BIO10. Biological inventory—Inventory of extant biological, chemical and physical 
resources (include birds, fish, aquatic invertebrates, basic water quality, contaminants, 
water elevation, mapping of playa)  
(No proposal developed but identified as urgent need.) Could be combined with another effort, for example, 
BIO9, to achieve significant savings.  


Budget 
$2,000,000 


Point of Contact 
Tim Bradley, James Orlando, Mark Ricca, Michael Anderson 
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BIO11. Bivalves as biofilters: Investigations of bivalves as biofilters for nutrient, sediment, 
and selenium remediation  
(No proposal developed but identified as a science need.) 


Budget 
$500,000 


Point of Contact 
Tim Bradley, Lisa Windham-Meyers, Mark Ricca 


Socioeconomic Proposals 
SOCIAL1: Social & Community Research Proposal. Equity oriented collaborative research 
at the Salton Sea 


Case and others (2013) outlines the need to integrate both social and economic 
considerations into its ongoing monitoring and assessment plan (see pages 119–135 in Case and 
others, 2013). In addition, a synthesis of needs outlined by regulatory agencies and managers in 
the Managerial meetings (see appendix 1) highlighted the importance the inclusion of local 
communities, laying a foundation for a shared vision and governance framework, understanding 
the environmental and social justice issues and better outlining the economic costs of 
management. Scientists have also expressed the need to better understand the “social” and 
“cultural” stories of the communities that interact with the Salton Sea, as well as build the 
capacity to integrate these stories into the scientific sharing of data and knowledge emerging 
from the ecological and biological studies. 


In order to meet the concerns and needs expressed above, the conveners of the SSI are 
proposing a three-pronged strategy to integrate the social and community concerns into the 
overall research, monitoring and assessment plan. The three integrated components are (1) 
equity oriented collaborative research aiming to better understand the social and cultural 
story of communities interacting with the Salton Sea; (2) a demographic and land-use 
survey aiming to identify and map land-uses; and (3) an economic study to assess how 
management activities could impact land uses, outline costs over time for both management and 
impacts on the changing economic characteristics of the communities surrounding the region. 


Introduction and Background 
In a report by the Pacific Institute entitled “Hazard’s Toll” (Cohen, 2014), the costs of 


inaction in the Salton Sea would impose massive public health and environmental costs on the 
650,000 community members and Californians more generally. The consequences of inaction 
also extend to the social and historic relationships in the communities surrounding the Salton 
Sea. Thus, an important component of resource management is to understand the needs and 
interests of the communities in proximity to the Salton Sea and a desire to listen and improve 
communication with those communities. While communication from managers and decision 
makers to community members is one aspect of this process, we are also cognizant of the 
importance of the ways in which local community knowledge can inform the science and 
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planning processes; and how communities can be meaningfully engaged in these processes for 
policy advocacy and leadership. 


Justification 
Managers have communicated a need to better understand the communities that are 


connected to the Salton Sea. This proposal responds to that stated need. Specifically, managers 
indicated a need to develop a shared vision and shared governance, together with community 
members and scientists. They also stated a need to address environmental and social justice 
issues in the region in the context of Salton Sea planning. This project will provide this 
information while developing long-term community capacity for leadership, monitoring and 
evaluating the project. 


Research Questions 
Given the increased health risk and community vulnerabilities in the Salton Sea region 


and the desire for a shared vision and governance process between public institutions, 
researchers and communities, equity-based collaborative models of research at the local level are 
needed to facilitate this process. As such, the research needs a transformative approach. To this 
end, Proposal #1 aims to catalyze local communities in the Salton Sea region through 
interdisciplinary equity based collaborative scholarship that aims to generate sustainable 
solutions to the problems identified by the partnerships cultivated in the region. 
Specifically, the research questions aim to 


• Identify the stakeholders in the region who interact with the Salton Sea; 
• Seek understanding of the diverse communities in the region perceive the interact with 


the Salton Sea; and 
• Cultivate the capacity of local communities to form sustainable partnerships with 


researchers, public sector agencies and each other to inform the decision-making 
processes around the Salton Sea. 


Objectives 
In order to help the Salton Sea communities build capacity to address the myriad 


sustainability challenges facing the region, we have formed a working group to develop an 
agenda for equity-oriented collaborative research. The Center for Collaborative Research for an 
Equitable California, a University of California led institution, is based at UC Santa Cruz. They 
define “collaborative research” as an umbrella term that actively engage communities and policy 
makers in the research process from start to finish. Other terms used to identify this approach to 
research include: community based participatory research and participatory based action 
research, among others. 


This means that researchers, community-based organizations, and policy makers will 
work together to 


• Frame the problems to be tackled and the questions that need to be answered around the 
Salton Sea; 


• Undertake the research and interpret the results in terms of their significance for 
community and policy change; and 


• Disseminate the research findings and advocate for change. 
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Collaborative research is engaged scholarship in action, in which researchers, community 
members, and policy makers respect the knowledge that each partner brings to the discussion so 
that together they might know better how to understand the complex problems facing our 
communities and how to design and implement research-based responses to those problems. 


Our proposal seeks to use research includes methodologies that actively engage 
communities and policymakers in all phases of the research process. Elements include 


• Providing a platform for knowledge sharing on current and incremental projects in and 
around the Salton Sea;  


• Building the capacity of academic, agency and community research teams in equity 
oriented community engaged research practices; 


• Building the capacity of relevant stakeholders in community visioning, action planning, 
community research; 


• Fostering youth empowerment and sustainability leadership; 
• Identifying community assets that can provide a foundation for a stronger capacity for 


sustainable management of the Salton Sea and its benefits for the community; 
• Identifying the full range of affected groups, including underrepresented populations, 


affected by and concerned with the future of the region; 
• Providing space for community discussions; 
• Eliciting the current stories of how people identify their connection to the bioregion 


(ecologically, culturally, historically, and economically); 
• Advising and coordinating messaging with Salton Sea Authority’s public relations 


efforts; 
• Connecting and integrating local and expert knowledge and fostering reciprocal co-


creation of research questions; and 
• Engaging disenfranchised groups (gender, race, class, status). 


Elements of Methodology 
A collaborative approach to the research methodology is qualitative in nature and will 


include an iterative and multi-pronged process of data collection, analysis and reporting. Various 
methods will be used to collect data such as in-depth one-on-one interviews, focus groups, or 
photo-voice. Such an approach to research is guided by principles such as: 


• Co-creation of research questions; and 
• Focus on capacity building in the community. Thus, the working group will determine 


the appropriate methods such as  
• Strategic Questioning (and training of); 
• Listening Sessions; 
• Linkage Building; 
• Community Organizing; and 
• Community Asset Mapping. 
After generation of initial co-creation of knowledge, traditional social science surveys, 


ethnography, focus groups, in depth interviews, case studies and citizen science through high 
school science classrooms can be pursued. 
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Products 
• At least three community listening sessions to facilitate collaborative conversations and 


co-creation of knowledge; 
• Co-created work group of governance that can sustain a self- supporting framework to 


provide critical feedback and listen to Salton Sea managers and scientists; 
• Capacity building workshops for “stakeholders” (using community asset mapping, 


strategic questioning); 
• Workshops—training of trainers workshop for best practices in conducting citizen 


science (using community mobilizing); 
• Youth-focused training on issues relevant to communities in the Salton Sea; 
• Communication/outreach training for those who might engage with communities in 


discussing scientific findings and for communities who engage with scientists (the 
Extension model); 


• One or more peer reviewed publications; and 
• Policy notes or briefs for decision makers. 


How Does This Project Inform Management? 
The approach to collaborative research will 


• Meet the stated management need to understand the social and cultural context in which 
policy decisions are made; 


• Meet the stated needs of agency management to ensure that the Salton Sea management 
program is carried out in an inclusive manner that incorporates a wide range of issues and 
interests; 


• Provide managers opportunities for capacity building so that they can better engage with 
diverse community groups; 


• Provides communities with the capacity to engage with managers; and 
• Formalize lines of communication between management process and community groups. 


Budget 
Item Description Year 1 Year 2 Year 3 Total  


1 FTE Post-Doc (PI) $80,000 80,000 80,000 240,000 
2 Grad Student  80,000 80,000 80,000 240,000 
Community Facilitator  6 meetings/yr  12,000 12,000 12,000 36,000 
Capacity Building Trainer 1 session/yr 5,000 5,000 5,000 15,000 
Community Organizer  50,000 50,000 50,000 150,000 
Supplies  5,000 5,000 5,000 15,000 
Space rental community 


meetings  
 5,000 5,000 5,000 15,000 


Travel & accommodation   10,000 10,000 10,000 30,000 
Research supplies   5,000 5,000 $,000 15,000 
Total     756,000 
Overhead     340,500 
Grand Total     $1,096,500 


Point of Contact 
Nina Burkardt, Abby Reyes, Mojgan Sami 
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Administration Proposals 
Admin1. Development and implementation of an integrated database and library archive  


This overarching need was identified in a number of individual proposals. It was also 
identified as an urgent need by the managers group meeting associated with the SoSS and has 
been identified as an urgent need by other science reports: U.S. Fish and Wildlife Service 1997; 
Shipley and others 1999; Science Subcommittee 2000; Case and others 2013).  


The Salton Sea Ecosystem Monitoring and Assessment Plan (MAP) (Case and others 
2013) provides a detail description for a data collection, analysis, and management system. This 
guide will provide for a systematic and standardized methods for data management that will help 
inform and guide potential management actions for the restoration of the Salton Sea ecosystem. 
One critical data-management element for a data management system is in determining which 
entity is responsible for system administration and how this relates to public access. Because 
many of the environmental and socioeconomic assessment and monitoring activities anticipated 
at the Salton Sea involve the collection of geospatial data, it is anticipated that a geographic 
information system (GIS) will be a primary platform used to manage, organize, analyze, and 
express these data. The long-term utility of geospatial data requires significant attention to the 
development of high-quality metadata, data lineage tracking, and quality assurance/quality 
control (QA/QC) of datasets.  


Data collected by scientists working in the Salton Sea area will conform to the guidelines 
and standards discussed in the discipline-specific sections of the MAP. Ultimately, a distributed 
database is envisioned where the physical locations of the data are transparent to the user.  


Effective data management will be integral to the success of a Science Program and, 
ultimately, to the success of the decision making and restoration activities that the monitoring 
data will inform. Data management complexity increases for long-term and broad-scale 
comparative studies and assessments in which scientists from numerous disciplines can be 
involved for long periods to address a complex series of questions or hypotheses. This 
necessitates increased attention to adequate metadata, QA/QC, archiving, and methods 
standardization (Michener, 1997).  


Objectives  
The principal objectives of the data management element are the following:  


• Establishing and enforcing standards for data documentation.  
• Establishing data transfer and storage protocol.  
• Making data easily accessible and in a useable format.  


Data collected under the various projects will be housed and made accessible either 
through the appropriate controlling agency. Data collection will follow the protocols laid out 
under the individual monitoring plans as identified in Case and others (2013). All deliverable 
products will contain metadata that meet the metadata standards as defined in Case and others 
(2013). The intent of this proposal is to initiate the development of an integrated database and 
document library in a searchable format accessible to scientists, managers, and the general 
public.  


Budget 
$3,000,000 
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Point of Contact 
Boykin Witherspoon 
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Appendix 6. Roles and Responsibilities of a Science 
Program in Management of the Salton Sea


Complex and interactive effects between chemical, biological, physical and other factors 
have caused a decline of overall environmental quality of the Salton Sea. In order to understand 
these complex interactions, it has long been recognized that a robust integrated science program 
was necessary to provide information to develop a management plan. In the late 1990s, the 
Secretary of the Interior and the Congressional Salton Sea Task Force requested a science plan to 
support the Salton Sea management effort under the Salton Sea Reclamation Act of 1998 (Public 
Law 105–372). Despite decades of planning efforts (California Resources Agency, 2006, chaps. 
1 and 4) and a multitude of scientific studies, resolution of how to provide for the sustainability 
and economic viability of the Salton Sea region has not yet been accomplished. The State of 
California recently entered into a new phase of planning and is currently working on a plan for 
addressing the myriad of issues of the Salton Sea. With this new planning phase comes a 
potential for a massive reconfiguration of the Sea, encompassing a smaller lake, declining 
inflows, continued degradation of water quality, increase in salinity, loss of wildlife and fisheries 
habitat, fugitive dust generated from exposed sediments, and a need for economic development. 
A new plan with such vast anticipated changes will require a strong science effort to assist 
management agencies to achieve effective management of a future ecosystem—one that could be 
very different from the past. These integrated efforts include assuring that the Sea continues to 
provide desired levels and diversity of natural resources while accommodating changes in the 
environment that may result from human population growth within the area. 


Origins of Integrated Salton Sea Science 
The earliest attempt at organizing a comprehensive and integrated science program was 


in December 1997 with the incorporation of an interim Salton Sea Science Subcommittee (SSC) 
within the Salton Sea Management Project. The SSC, a coalition of Federal agencies, State 
agencies, and non-governmental organizations (NGOs), was tasked with developing guidance for 
a science effort needed to support management as mandated by PL 105–372. The primary 
purpose of the SSC was to provide a sound scientific foundation on which management 
judgments can be based in considering alternatives for achieving project goals. The SSC 
recognized that achieving this objective would involve data evaluation, identifying knowledge 
and data gaps, additional scientific investigations, information synthesis, and robust scientific 
integrity of the process. The SSC further identified two key components of a successful science 
program. First, there needs to be a Strategic Science Plan (SSP) which lays out the overall 
framework of goals and objectives of a science program. Second, there needs to be an 
organizational unit whose function is to enable and execute the SSP. This organizational unit, a 
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Science Office, was to be the permanent operational replacement for the SSC (Salton Sea 
Science Subcommittee, 2000). 


An SSP was developed with assistance of a U.S. Geological Survey “Tiger Team,” which 
was charged with evaluating the underlying science needs for understanding the Salton Sea 
ecosystem. Based in large part on this report (Shipley and others, 1999), the SSP was developed 
to provide a structure for scientific support for the project to replace the SSC (Salton Sea Science 
Subcommittee, 2000). The SSP provided recommendations for the development, function, and 
oversight of a pragmatic science effort to support long-term management actions for restoring 
the Salton Sea and calls for the following goals (Salton Sea Science Subcommittee, 2000): 


● “Establish a dedicated science office to serve as an interface with management efforts;
● Provide timely, objective scientific evaluation and technical assistance to management;
● Establish a long-term database program for supporting investigations and management


actions;
● Establish a steady and reliable funding base for supporting SSRP (Salton Sea Restoration


Plan) science needs;
● Implement a comprehensive, open scientific review process to refine the existing draft


management goals and objectives from a scientific ecosystem perspective. Based on this
review, agree upon performance measures as benchmarks against which to measure true
success of management;


● Develop and continue to refine reliable, flexible conceptual models encompassing
ecosystem components and their functional relationships;


● Develop a long-term ecosystem monitoring program to establish baselines, measure
management outcomes, and help refine future actions;


● Beyond monitoring of baseline conditions, include investigations of episodic, extreme,
and unpredictable events such as fish and wildlife die-offs, algal blooms, and unusual
climatic events that have the potential to significantly affect the ecosystem or influence
individual valued resources;


● Identify and prioritize investigations relevant to management, based on conceptual
models and identified information gaps;


● Develop quantitative, integrative, predictive models based upon identified conceptual
relationships; and


● Establish a data and information management program to make results of long-term
monitoring and focused investigations available to resource managers, scientists,
stakeholders, and the public.”
To this end, a Science Office was established under the auspices of the U.S. Geological


Survey to plan, coordinate, evaluate, and synthesize information for support of the 
management decision process. 


Rationale and Functions of a Science Program 
There is a general perception that the Salton Sea has been “studied to death” (Claiborne, 


1996), a catch phrase still popularized by the public, managers, and stakeholders. The 
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perpetuation of this thought condones the dismissal of requisite scientific understanding of 
ecosystem complexity as nothing more than a roadblock to management action. A 
comprehensive understanding of the ecosystem and its changes is required to enact management 
plans that will achieve desired outcomes and ensure wise investment of public funds into viable 
solutions. This is the core of an adaptive management program.  


A retrospective analysis of scientific information about the Salton Sea conducted by the 
SSC (1998 to 2000) disclosed that much of the information was dated and of limited use because 
of changes taking place within the Salton Sea ecosystem. This analysis revealed that there had 
been no studies of the Sea as a whole, and existing investigations were fragmented and did not 
provide a sufficient interface to meet NEPA/CEQA information needs. It was concluded from 
these evaluations that the immediate priority for science was to describe the current state of the 
Sea ecosystem (Salton Sea Science Subcommittee, 2000). In response, from 1998 to 2002 a 
series of integrated reconnaissance studies were identified, funded, and conducted (table 6-1) in a 
manner that provided “real time” information for use in the NEPA/CEQA evaluations (Salton 
Sea Authority and Bureau of Reclamation, 2000). The prioritization of information needed was 
determined to be an evaluation of the ecological factors resulting in major bird die-offs, followed 
by evaluations of important system processes within the Sea specifically related to nutrient 
cycling in order to better understand eutrophication. An effective integrated science program has 
been instrumental in securing this vast array of information and making it available to managers 
and the public (Barnum and others, 2002; Hurlbert, 2007; Hurlbert, 2008).  


Table 6-1. Reconnaissance-level investigations administered by the Salton Sea Science Subcommittee 
(SSC) and USGS Salton Sea Science Office from 1998 to 2002 (Salton Sea Science Subcommittee, 2000). 


Investigation Organization/Author 
Survey of algal toxins in the Salton Sea University of California at San Diego, Scripps 


Institute of Oceanography 
Avifauna of the Salton Sea: Annual phenology, 


numbers, and distribution 
Point Reyes Bird Observatory 


Fisheries biology and fish ecology of the Salton Sea San Diego State University—Center for Inland 
Waters 


Salton Sea desert pupfish investigations Bureau of Reclamation 
Reconnaissance of the biological limnology of the 


Salton Sea 
San Diego State University—Department of 


Biology 
Limnological assessment of the Salton Sea, Riverside 


and Imperial Counties 
Bureau of Reclamation 


Survey of selected microbial pathogens in the Salton 
Sea 


U.S. Geological Survey—National Wildlife Health 
Center 


Environmental reconnaissance of the Salton Sea: 
Sediment contaminants 


Levine-Fricke Recon 


Baseline reconnaissance vegetation mapping of the 
Salton Sea 


University of Redlands 


Ecology and management of avian botulism at the 
Salton Sea 


U.S. Geological Survey—National Wildlife Health 
Center 


Tilapia food habits University of Southern Mississippi 
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Investigation Organization/Author 
Identification and ecology of disease-causing agents for 


eared grebes at the Salton Sea 
U.S. Geological Survey—National Wildlife Health 


Center 
Investigations of the cause of eared grebe mortality at 


the Salton Sea—Algal blooms and biotoxins 
Wright State University 


Without sufficient understanding of how the ecosystem works, some alternatives may 
have unintended consequences, exacerbating existing issues. For example, three recent 
independent and seemingly unrelated studies investigated the relationship of thermoclines, 
hydrogen sulfide, nutrients, and Sea mixing events1 (Chung and others, 2008; Marti-Cardona and 
others 2008: Reese and others, 2008; Tiffany and others, 2007) (see footnote). These studies 
revealed that water deeper than 10–12 m may exacerbate the hydrogen sulfide problem, with 
potential for widespread ecosystem damage and risk of adverse human health effects. This 
caused planners to reject any alternative promoting a strategy of less surface area while 
concurrently maintaining a water depth of 12 m or more (California Resources Agency, 2006). 


Historical Perspective of the Roles and Functions of a Science Program 
A permanent Science Office was established within the U.S. Geological Survey as a 


continuation of the efforts of the SSC in summer of 2000. The office sustains the focus on peer 
review and production of high quality science evident in the SSC activities and is charged to 
adhere to a basic operational set of guidelines (table 6-2) as established by the SSP.  


Table 6-2. The functions of a Salton Sea Science Office (Salton Sea Science Subcommittee, 2000). 
Operational guidelines 


Science leadership and coordination 
Science information and data synthesis 
Science oversight and responsibility for science activities 
Assist resource management agencies with administration of science funding 
Assist resource management agencies with science contract awards and negotiations 
Science-outreach activities 
Oversight of development and delivery of scientific products 
Collaboration and coordination with resource management agencies 
Networking with external agencies and organizations for data sharing and other science needs 
Accountability and reporting for science program activities 


The results from these scientific studies have provided the vast bulk of information used 
to evaluate proposed management actions and provides the most comprehensive scientific 
evaluations of the Salton Sea to date. Robust scientific findings often reveal relationships and 
facts that may differ from popular perceptions and “conventional wisdom” about the Sea, based 
on earlier investigations or more fragmented scientific efforts, and news accounts.  
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The SSC and USGS Science Office have provided numerous evaluations of proposed 
management actions. Multiple workshops have evaluated various science issues and assessed 
specific management concepts being considered as project alternatives.  Examples of these 
efforts include (Salton Sea Science Subcommittee, 2000; U.S. Geological Survey, 2014) 


● Expert workshop on eutrophication;
● Expert workshop on salt precipitation;
● Expert workshops on selenium;
● Expert workshop on air quality;
● Expert review of proposed alternatives from the Pacific Institute, U.S. Filter Corporation,


Salton Sea Authority;
● Expert workshop on shallow saline wetlands; and
● Stakeholder and expert workshops on science and monitoring needs for the Salton Sea.


Adaptive Management as Foundation for Science Programs 
The SSP asserts that, “The complexity and magnitude of the management effort are such 


that no single action will result in achieving the management project goals. It is now 
acknowledged that a sustained, long-term management effort will be required, some of which 
will involve significant uncertainties. Therefore, a basic assumption is that the management 
effort will be an iterative process involving multiple actions and a phased approach. This type of 
need lends itself to a process commonly referred to as adaptive management. Among the many 
definitions and discussions of adaptive management is the common theme of providing a formal, 
systematic, scientifically defensible, and rigorous approach to learning from the outcomes of 
management actions, accommodating change, and improving management (Holling, 1978)” 
(Salton Sea Science Subcommittee, 2000). In other words, a sustained long-term management 
program requires an investment in a sustained, long-term science program to synthesize and 
evaluate information through focused investigations, modeling, and monitoring. Moreover, 
appropriate iterative feedback mechanisms should be employed (for example, peer review, 
adaptive management) to insure integration of information within a management decision 
support framework.   


 As recommended by the SSP, “A Science Office should not be involved in the direct 
conduct or supervision of individual scientific investigations. This office is the foundation for the 
science program and is accountable for the quality and productivity of science efforts funded as 
part of the management project. A Science Office should include standing committees to help set 
priorities and to address various issues. An External Advisory Committee of stakeholders in the 
Salton Sea would help identify priority scientific investigations at the Sea. A Science Advisory 
Committee, whose members are selected because of their technical expertise would meet to 
address specific technical issues, to assist in establishing science priorities, to serve as peer 
reviewers, and to provide requested scientific evaluations” (Salton Sea Science Subcommittee, 
2000). 
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A Science Program for the Future 
Numerous documents compiled in the past two decades provide information on science 


and monitoring needs for management of the Salton Sea. Progress has been made on addressing 
a basic understanding of ecosystem functioning. Progress has also been made on identifying 
additional science and monitoring needs in order to continue our understanding of this dynamic 
and changing ecosystem as it undergoes a transformation due to full implementation of the QSA. 
For an exhaustive evaluation of future science and monitoring needs, we refer the reader to 
several recent documents, including appendix 5 of this document, environmental and program 
components of the Salton Sea Programmatic EIR (California Resources Agency, 2007), Species 
Conservation Habitat EIS/EIR (U.S. Army Corps of Engineers and California Natural Resources 
Agency, 2013), the Salton Sea Ecosystem Monitoring and Assessment Plan (Case and others, 
2013), and Salton Sea Species Conservation Habitat Monitoring and Adaptive Management Plan 
(California Natural Resources Agency, 2015). 


Management of the Salton Sea has always been anticipated to be a lengthy process that 
will require scientific support and investigations. A fact-based approach for resource 
management in and around the Salton Sea requires a synthesis of information that includes 
retrospective analyses, results from expert issue-focused workshops, and scientifically robust 
research integrated into a cohesive and adaptable plan. Connection of the science effort to 
ongoing rehabilitation efforts, to the continued effectiveness of the science being conducted, and 
the ability to support a management decision process is best accomplished through a science 
program to support resource managers’ data and information needs. The organizing committee 
and participants in the 2014 State of the Salton Sea Meeting support the continuation of an 
independent science program for the Salton Sea based on the principle of unbiased science to 
support the management decision process.  


FOOTNOTE 
1These studies demonstrated that the Sea experiences periodic thermoclines causing thermal 
stratification of the water column. Thermoclines trap hydrogen sulfide gas originating from the 
rich organic deep sediments and cause anoxic conditions in the bottom waters of the Sea. Lake 
mixing events, usually brought about by high velocity winds (Schladow, 2005), destratify the 
water column, dissipate the thermocline and allow hydrogen sulfide gas to be released to the 
water column and vented to the atmosphere. Hydrogen sulfide mixing with the oxygenated upper 
water column in the presence of abundant calcium causes a chemical reaction creating calcium 
sulfate, commonly known as gypsum. The resulting gypsum can be seen as a green swirl on the 
Sea surface and has been observed by satellite imagery for decades, but was misinterpreted as 
algal blooms (figure 6-1). This reaction also consumes oxygen and creates anoxic regions of the 
Sea leading to large scale fish die-offs. These findings were significant by themselves, but 
Schladow (2005) investigated how some alternatives for Salton Sea restoration would affect this 
hydrogen sulfide scenario. Schladow’s modeling suggests that alternatives proposing to reduce 
Sea surface area while maintaining a water depth greater than 10 m would produce a more 
persistent thermocline due to the lack of sufficient wind shear energy from a reduced fetch 
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(distance wind travels over water). The implications are that a more persistent thermocline would 
capture a greater amount of hydrogen sulfide gas. However, when the prolonged thermocline 
was dissipated, it would be rapid and the hydrogen sulfide would be released in a short period of 
time. This would create anoxic conditions throughout the Sea, kill all oxygen dependent life 
forms in the Sea, and potentially affect onshore wildlife and human health (Schladow, 2005). 
This integration of science provided a greater understanding of how these system dynamics work 
in concert with each other and provided information vital to the management decision process.  
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Figure 6-1. Gypsum bloom (locally known as a green-tide event) at the Salton Sea, May through June 2003. Image courtesy of NASA-MODIS.
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Appendix 7. Strategic Science Plan, 2000—Executive 
Summary  


The Executive Summary contained in this appendix is a direct quotation (taken verbatim) from the following 
publication: 
 
Salton Sea Science Subcommittee, 2000, Strategic science plan, Salton Sea restoration project: Salton 


Sea Science Subcommittee, 103 p., accessed at 
https://www2.usgs.gov/saltonsea/docs/history/strategic%20sci%20plan.pdf.  


Executive Summary 


Section I. Introduction 
The Salton Sea is an ecosystem in peril. Its prehistory consists of a series of intermittent 


lakes dependent on infrequent flooding of the Colorado River, while the modern Salton Sea 
originated from the desire to harness the flow of the Colorado River for irrigation. What began as 
an accident of this attempt is now a permanent inland sea supported by wastewater and 
agricultural drainage rather than Colorado River flood flows. However, environmental 
degradation is challenging the ability of the Sea to sustain the biological components that society 
has learned to value as characteristics of this waterbody. Increasing salinity and increasing 
frequency and magnitude of wildlife losses indicate the Sea is under severe environmental stress. 
The Salton Sea Restoration Project originated to reverse this degradation, to stabilize fluctuating 
water levels, and to provide a permanent waterbody that sustains values of the human society 
that uses it. The project foundation is provided by Public Law (PL) 102–575, passed by Congress 
in 1992. PL 102–575 directs the Secretary of the Interior to “conduct a research project for the 
development of a method or combination of methods to reduce and control salinity, provide 
endangered species habitat, enhance fisheries, and protect human recreational values… in the 
area of the Salton Sea.” That PL was followed by the Salton Sea Reclamation Act of 1998 (PL 
105–372), which directs the Secretary of the Interior to “complete all studies, including, but not 
limited to environmental and other reviews, of the feasibility and benefit-cost of various options 
that permit the continued use of the Salton Sea.” 


Section I of this document provides background and historical information relevant to the 
Salton Sea Restoration Project (SSRP). Section II highlights the activities and accomplishments 
of the Science Subcommittee. Section III is the conceptual framework for a continuing Salton 
Sea Science effort that is pragmatically focused on and linked to the SSRP. Section IV contains 
supplemental information referred to within the other sections (reader is urged to read the 
original full report for access to all sections). 
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Section II. Science Subcommittee 
The Salton Sea Science Subcommittee (SSC) was incorporated within the Salton Sea 


Restoration Project in December 1997 to guide the science effort needed to support restoration. 
The primary purpose of the SSC is to provide a sound scientific foundation on which 
management judgments can be based in considering alternatives for achieving project goals. 
Achieving this endpoint has been accomplished by evaluating data, identifying data gaps, and 
awarding contracts for focused scientific investigations. Using the principles of competition and 
peer review, eight reconnaissance projects, four studies of fish and avian mortality, and a nutrient 
cycling investigation were funded in 1998 and 1999 through the Salton Sea Authority (SSA) by a 
research grant provided the SSA by the U.S. Environmental Protection Agency. By September 
1999, two projects had been completed, and eight synthesis documents had been written to 
provide input to the planning documents. These investigations are providing the most 
comprehensive scientific evaluations of the Salton Sea ever available. An additional eight issue-
specific documents were prepared by SSC members to meet urgent needs of the planning 
process. Findings often differ from popular perceptions and conventional wisdom about the Sea, 
based on earlier investigations and more fragmented scientific efforts. As a result, speculation 
and unknowns are being replaced by practical knowledge. The SSC also provided presentations 
at scientific, agency, and environmental community forums and developed a strategic science 
plan (SSP) to guide the long-term integration of science within the SSRP. 


Section III. Future Science Activities 
The SSP provides recommendations for the development, function, and oversight of a 


pragmatic science effort to support long-term management actions for restoring the Salton Sea. 
Development of this segment of the SSP was assisted by input resulting from an SSC request for 
a U.S. Geological Survey “Tiger Team” to carry out an intense evaluation of needs. A strong 
scientific program specifically oriented at guiding management actions will provide a sound 
basis for management decisions, evaluation of progress toward achieving SSRP goals, and 
conceptual models for effective selection among alternatives to address specific SSRP actions. 


The basic objective for the SSP is to provide a framework for a continued scientific effort 
in support of the restoration project that replaces the interim activities of the Science 
Subcommittee. This objective will be met by accomplishing the following goals: 


• Establish a dedicated science office to serve as an interface with restoration efforts; 
• Provide timely, objective scientific evaluation and technical assistance to management; 
• Establish a long-term database program for supporting investigations and management 


actions; and 
• Establish a steady and reliable funding base for supporting SSRP science needs. 


Components of the Science Program 
Environmental baselines need to be established to evaluate change from restoration 


efforts. Monitoring is performed to evaluate the success of restoration actions and to collect 
long-term data from which quantitative models can be validated. Conceptual models are used to 
guide the development of quantitative models by identifying processes and ecosystem functions 
thought to be important. Quantitative modeling then generates hypotheses about these processes 
and ecosystem functions that focused investigations can explore. Focused investigations fill in 







3 
 


key information gaps, support monitoring by identifying important measures that were not 
initially recognized, and also help in validating quantitative models. These components interact 
to provide management with a solid base to assess functional system changes being achieved and 
the outcome of management actions relative to the SSRP goals. 


Technical assistance provides the glue linking the science program to restoration 
management. A dedicated technical assistance component is included within this SSP to provide 
a focal point for management requests and to develop processes to support those requests in a 
timely manner. 


The SSRP has need for data and information management. The projected long-term 
efforts of the project will be best served by formal agreement between the project and external 
programs for managing scientific data and information that clearly define the roles, 
responsibilities, and contributions of each entity. Key considerations regarding SSRP scientific 
data and information management are that these components are part of the integrated scientific 
effort rather than a separate scientific program. This is important because formatted input and 
availability of scientific data can be required only for investigations funded by the project. It 
would require a substantial investment in equipment, personnel, and facility costs to establish an 
internal database function within the science program. 


The Science Office 
Restoration of the Salton Sea is a lengthy process that will require scientific support and 


investigations for many years. Continuity of the science effort, effectiveness of the science 
undertaken in support of the SSRP, and efficiency of operations in serving management needs 
will be best served by a funded and staffed Science Office. This office should be established as 
an independent organization along with the management offices for the SSRP. 
The functions of the Science Office are as follows: 


• Science leadership and coordination; 
• Science oversight and responsibility for SSRP science activities; 
• Administration of science funding; 
• Science contract awards and negotiations; 
• Science outreach activities; 
• Development and delivery of scientific products; 
• Collaboration and coordination with the SSRP management agencies; 
• Networking with external agencies and organizations for data sharing and other SSRP 


science needs; and 
• Accountability and reporting for the science program. 


The basic roles for the Science Office are that of science planning, coordination, 
evaluation, and contract awards and administration. The Science Office should not be involved 
in the internal conduct or supervision of individual scientific investigations. It is the foundation 
for the science program and is accountable for the quality and productivity of science efforts 
funded as part of the restoration project. The Science Office has two standing committees to help 
set priorities and to address various issues. The External Advisory Committee of stakeholders in 
the Salton Sea helps coordinate scientific investigations at the Sea, setting priorities and 
resolving science issues. The Science Advisory Committee, whose members are selected because 
of their technical expertise, meets as small focus groups to address specific technical issues, to 
assist in establishing science priorities, to serve as peer reviewers, and to provide requested 
scientific evaluations. 
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Field Station 
The Salton Sea Restoration Project science activities would be greatly enhanced by a 


common use on-site field station. The primary purposes of this facility would be to increase cost 
efficiency by sharing equipment and to facilitate coordination and dialogue among scientific 
studies. This would be a working facility for investigators who should be isolated from external 
disturbances, such as tour groups and unscheduled visits by the public, media, and others. The 
site should provide stability for the life of the project and should not be subject to transient 
occupancy owing to other needs for the site by the landowner. The field station could be 
administered by one of four entities: the private sector, as an interagency cooperative agreement 
for shared government facilities, as sole responsibility of a government agency, or by the Salton 
Sea Science Office. 


Funding the Science Program 
The science program has no directed purpose without the SSRP; therefore, funding for 


the science effort should be part of total federal appropriations for the SSRP. Base funds 
provided the Science Office as an annual appropriation should be augmented by contributions 
from the state of California, grants for specific activities, and cooperative agency science 
activities that are funded through agency budget processes. Base funding should be tied to 
Congressional authorization for the Salton Sea Restoration Project because the purpose for the 
science program is to provide a sound scientific foundation for management decisions and 
actions associated with the restoration effort. Science requires time to gather information needed 
by management; therefore, funding for science should not be delayed if there is a delay between 
SSRP authorization and appropriations for construction. Federal funding for the Science Office 
will need to be provided through some federal agency as base resources to assure annual 
operating funds to sustain the science effort. 
Funding the major components of the science effort should be approached in a manner consistent 
with the objectives of the following components: 


• Modeling and Focused Investigations—base funds, contributed funds from outside 
sources, and grants obtained for specific areas of inquiry. 


• Monitoring—routine activities should be provided by cooperative state/federal agency 
programs, using their internal budget processes and existing program expertise. 
Nongovernment agencies also may contribute to a coordinated monitoring effort. 
Specialized monitoring associated with pilot and demonstration projects will require 
SSRP or base funding. 


• Technical Assistance—funding to be provided by the Science Office and charged against 
SSRP and other management offices requesting assistance. The nature of the assistance 
should dictate what costs would not be borne by the Science Office. 


• Data and Information Management—combined funding by the Science Office, external 
grants, fees for services provided, and cost-sharing arrangements with stakeholder 
agencies and organizations. 


The Role of Review Processes in Restoration Science 
External peer review is a fundamental component of quality science programs and should 


be an uncompromised standard for Salton Sea science. Peer review processes should be 
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incorporated within all science activities: competitive science awards, database evaluations, data 
and documents released for use of the public, and collaborative science, such as monitoring. 


Transition from Science Subcommittee to a Workable Science Program 
Several actions are needed to assure continuity of science support for the SSRP. These 


include, but are not limited to, maintaining the current executive director of the SSC to oversee 
the transition, appointing a permanent Science Office executive director, establishing the 
External Advisory and Technical Advisory Committees, holding a modeling workshop to 
develop a conceptual model of the Sea, and producing a publication on the “State of the Salton 
Sea,” which summarizes current knowledge from studies directed by the SSC. Most critical to 
continuing the science support for restoration are obtaining temporary funding for science 
operations until the SSRP is authorized and obtaining commitments from stakeholder agencies 
for continuing oversight on current Salton Sea science investigations. 
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Appendix 8. Salton Sea Ecosystem Monitoring and 
Assessment Plan—Executive Summary 


The Executive Summary contained in this appendix is a direct quotation (taken verbatim) from the following 
publication: 


 
Case, H.L., III; Boles, Jerry; Delgado, Arturo; Nguyen, Thang; Osugi, Doug; Barnum, D.A.; Decker, Drew; 


Steinberg, Steven; Steinberg, Sheila; Keene, Charles; White, Kristina; Lupo, Tom; Gen, Sheldon; and 
Baerenklau, K.A., 2013, Salton Sea ecosystem monitoring and assessment plan: U.S. Geological Survey 
Open-File Report 2013-1133, 220 p., accessed at https://pubs.usgs.gov/of/2013/1133/. 


Executive Summary 
The Salton Sea, California’s largest lake, provides essential habitat for several fish and 


wildlife species and is an important cultural and recreational resource. It has no outlet, and 
dissolved salts contained in the inflows concentrate in the Salton Sea through evaporation. The 
salinity of the Salton Sea, which is currently nearly one and a half times the salinity of ocean 
water, has been increasing as a result of evaporative processes and low freshwater inputs. Further 
reductions in inflows from water conservation, recycling, and transfers will lower the level of the 
Salton Sea and accelerate the rate of salinity increases, reduce the suitability of fish and wildlife 
habitat, and affect air quality by exposing lakebed playa that could generate dust. 


Legislation enacted in 2003 to implement the Quantification Settlement Agreement 
(QSA) stated the Legislature’s intent for the State of California to undertake the restoration of 
the Salton Sea ecosystem. As required by the legislation, the California Resources Agency (now 
California Natural Resources Agency) produced the Salton Sea Ecosystem Restoration Study 
and final Programmatic Environmental Impact Report (PEIR; California Resources Agency, 
2007) with the stated purpose to “develop a preferred alternative by exploring alternative ways to 
restore important ecological functions of the Salton Sea that have existed for about 100 years.” A 
decision regarding a preferred alternative currently resides with the California State Legislature 
(Legislature), which has yet to take action. 


As part of efforts to identify an ecosystem restoration program for the Salton Sea, and in 
anticipation of direction from the Legislature, the California Department of Water Resources 
(DWR), California Department of Fish and Wildlife (CDFW), U.S. Bureau of Reclamation 
(Reclamation), and U.S. Geological Survey (USGS) established a team to develop a monitoring 
and assessment plan (MAP). This plan is the product of that effort. 


The goal of the MAP is to provide a guide for data collection, analysis, management, and 
reporting to inform management actions for the Salton Sea ecosystem. Monitoring activities are 
directed at species and habitats that could be affected by or drive future restoration activities. The 
MAP is not intended to be a prescriptive document. Rather, it is envisioned to be a flexible, 
program-level guide that articulates high-level goals and objectives, and establishes broad 
sideboards within which future project-level investigations and studies will be evaluated and 
authorized. As such, the MAP, by design, does not, for example, include detailed protocols 
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describing how investigations will be implemented. It is anticipated that detailed study proposals 
will be prepared as part of an implementation plan that will include such things as specific 
sampling objectives, sampling schemes, and statistical and spatial limits. 


Monitoring of the Salton Sea ecosystem is critical for informed decision making and the 
success of restoration efforts. Information derived from monitoring activities will be used to 
guide the initial designs and management of restoration actions. Monitoring will also help ensure 
the success of management actions by identifying actions that are not having the desired effect so 
that they can be adjusted. The MAP is intended to foster the following specific objectives: 


• Establish baseline conditions for the Salton Sea ecosystem. 
• Establish metrics against which data gathered during long-term monitoring can be 


compared. 
• Identify and prioritize filling of existing data gaps. 
• Store, manage, and make monitoring data publicly available in a timely manner. 


The scope of the MAP is intentionally broad to capture the potential range of processes 
and conditions influencing the Salton Sea ecosystem and its associated resources. By adopting a 
broad scope for the MAP, investigators will be able to identify linkages and interactions among 
resources and integrate monitoring actions needed to make full use of the collected data. The 
comprehensive nature of the plan also reflects the current uncertainty regarding the ultimate 
intent of restoration and the desire to collect an array of information that will not preclude 
informing specific restoration actions or alternatives. 


The MAP will be subject to regularly scheduled reviews, and revised as needed as 
monitoring needs, technologies, and assessment methods evolve. Further, the initial monitoring 
protocols identified in the MAP could change over time as new and improved techniques and 
assessment methods are identified. Because many of the previously mentioned objectives have 
data as a component of the objective, data management through the entire life cycle of 
monitoring and assessment program is included within the scope of the MAP. Data management 
will be the responsibility of individual investigators and coordinated through the CDFW, as 
described in this plan. 


The MAP is envisioned to be one of several components of an integrated science program 
that would coordinate and oversee (including peer review) data collection, data analysis 
(including a retrospective analysis), and an adaptive management strategy to support future 
restoration actions at the Salton Sea. This framework envisions a science integration and 
coordination entity that would answer questions relevant to policy and decision making by using 
the best available science and an adaptive management approach based on integrated assessment 
of data developed through the MAP, results of focused investigations, and a retrospective 
analysis of prior data and existing literature. 


Identifying and prioritizing monitoring activities that would be implemented under this 
MAP will be the subject of a detailed implementation plan. The implementation plan will 
establish the elements of the MAP that should be performed and the scope of those activities. 
Monitoring activities to be performed will be identified on the basis of information needed for 
future environmental documentation, information needed to help resolve uncertainty, and 
information needed to provide a basis for comparison. Funding and logistics for the actual field 
work will be considered in development of the implementation plan. 


This MAP is organized by separate, potentially stand-alone modules, describing 
monitoring of biological, hydrologic, geographic and geologic, air quality and climate, and 
socioeconomic resources, as well as data management activities. Each module includes a general 
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overview, the monitoring objectives, key questions and information needs, the geographic scope, 
conceptual models, and recommended monitoring activities. Each section describing 
recommended monitoring activities includes a description of the purpose and justification for the 
monitoring activity, location, period and frequency of monitoring, protocol for data collection, a 
description of the data to be collected and the anticipated use of the data, recommended quality-
assurance measures, data reporting guidelines, and an overview of similar current monitoring 
activities. Opportunities for coordination of activities are generally identified in the section on 
period and frequency of monitoring. References cited are part of each module, and additional 
supporting documentation is included at the end of the report in the appendices. 


This MAP was developed with input from a wide variety of subject matter experts 
including scientists, managers, regulators, and staff representing a range of state, federal, 
academic, tribal, local, industry, and nongovernmental organizations. The overall intent was to 
be inclusive of the scientific community to assure that monitoring needs could be reasonably 
anticipated. A slightly modified version of the data-quality objective (DQO) process (U.S. 
Environmental Protection Agency, 2006) was used to help guide development of the MAP. This 
process included stating the problem, identifying the goal of the study, identifying the 
information inputs, defining the boundaries, developing the analytical approach, and developing 
the plan for obtaining the data. Focused technical groups (FTGs) of technical experts for each 
resource (biology, hydrology, geography and geology, air quality and climate, and 
socioeconomics) were tasked with identifying the purpose and objectives for monitoring of their 
specific resources and developing key questions (see appendices) that could be answered through 
monitoring, developing conceptual models, identifying specific monitoring activities, and 
identifying needed coordination and integration with other resource areas. 


This monitoring plan was developed within the context of the final PEIR prepared by the 
California Resources Agency (California Resources Agency, 2007) and the future direction of 
ecosystem restoration defined by that process. Several assumptions related to decisions made 
through the development of the PEIR were used to further focus the initial monitoring plan. 
These relate primarily to the expected direction and configuration of ecosystem restoration, 
given what is currently known about the system, and factors that likely will influence the design 
and management of restoration features. These assumptions could change when the California 
Legislature provides direction on the restoration and identifies an implementing agency. These 
constraints and assumptions were grouped under one of the following categories: programmatic, 
environmental, engineering and physical, hydrological, and legal. 


All monitoring activities recommended in this MAP are intended to help answer key 
questions anticipated to be asked by managers responsible for restoration of the Salton Sea 
ecosystem. These key questions were identified through brainstorming and a subsequent 
grouping process by FTG members. Not all questions identified by the FTGs could reasonably 
be expected to be answered by monitoring alone. Answers to some questions will need to be 
addressed by focused investigations or by specific studies and research. Focused investigations 
are not part of this MAP; however, some potential investigations and studies were identified by 
the FTGs and are included in a listing of key questions for each resource in the appendices. 


Simplified conceptual models were developed for each major resource area. These 
models serve as initial starting points upon which to build more robust models and a clearer 
understanding of the overall functioning of the Salton Sea ecosystem. The conceptual models 
guide both long-term monitoring and focused investigations toward goals and objectives 
identified for restoration. 
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The development of this document was born out of a desire to establish common sets of 
processes and procedures to which all scientists can adhere as well as a framework for future 
science activities. This document further aspires to promote the integration of ideas, activities, 
and sampling strategies and locations to the greatest practical extent whenever possible. Success 
or failure in restoration of the Salton Sea ecosystem rests heavily on the degree to which science, 
through monitoring and focused investigations, can provide resource managers with skillful 
guidance for adaptive management. This guidance rests squarely on implementation of a 
rigorous framework for science, integration of all program activities, and incisive analysis. 


Considerable attention was given to monitoring, design, and strategy as implementation 
of the MAP was contemplated, including retrospective analysis, quality assurance (QA), data 
assessment, peer review, and adaptive management. Retrospective data are data collected in the 
past that provide a foundation for the identification of data gaps, questions, and unknowns, 
which, in turn, will be used to identify specific data that will be collected under this MAP. 
Quality assurance is a critical element of all monitoring programs. Inclusion of a QA element 
helps ensure that the type, amount, and quality of data collected are adequate to meet study 
objectives. It is anticipated that focused investigations will be used in conjunction with data 
collected through the monitoring program to answer key questions and to assist with efforts to 
adaptively manage restoration activities. Data, analyses, and publications developed from this 
plan will be organized, stored, and made publicly accessible through a common distributed data 
management system (that is, the CDFW’s Biogeographic Information and Observation System, 
or BIOS). Data collected and stored within the data management system will be publicly 
available for the application of statistical and other analytical techniques. This step helps to 
simplify the collected data, test for change and differences, develop and test hypotheses, and 
evaluate uncertainty. Data assessment is used to foster the integration, consolidation, and review 
of data, updating of the conceptual models, answering of key questions, reporting, and providing 
management recommendations within an adaptive management framework. Peer review is a 
critical step to help ensure that data collection and analyses are conducted in a manner that 
provides defensible scientific conclusions or findings. Adaptive management entails feedback 
between management practices and monitoring of responses in the ecosystem in order to 
measure the success of management actions and to fine-tune future actions accordingly. In 
practice, this means that science is used to design the actions, and then monitoring results are 
provided to managers overseeing management so that adjustments can be made, if needed. This 
feedback works best if scientists are engaged in the design of restoration actions as experiments 
whose outcomes can be predicted and then measured. 


In cooperation with technical and management staff, and with input from stakeholder 
groups, the assessment and analysis of data are anticipated to lead to periodic updates of this 
entire MAP. Updates could be focused on specific resource areas or be applied to the entire plan. 
The plan is envisioned to be a living document and will need to remain flexible in order to 
respond effectively to unanticipated events.  
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Appendix 1. Notes from Meetings with Managers and 
Policy-Makers Addressing Gaps in Salton Sea Science, Fall 
2014  

Over the summer of 2014, the organizing committee (see appendix 2) convened two 
meetings of natural resource managers, policy-makers, and legislative aides to help outline future 
science and monitoring needs for the Salton Sea region. The notes below summarize the essence 
of these meetings. These notes aim to capture the discussion that took place at the first two 
meetings and is not a comprehensive or complete list of the things discussed. Comments are 
presented without attribution. This document is not a statement of position or recommendation 
for any particular way forward.  

Meeting Goal 
The objective of the meetings was to identify gaps in knowledge in the science of the 

Salton Sea where they intersect with present need. The meetings with policy-makers and 
managers in Sacramento and El Centro, California, produced a set of guidelines and suggestions 
to be considered by scientists at the State of the Salton Sea meeting in Irvine. The scientists 
assembled in Irvine will produce a report with recommendations for future study and should 
promote research that will fill in the gaps identified. 

Group Agreement and Meeting Mechanics 
The meetings made use of a group agreement to put aside differences and focus on the 

task of identifying concerns and data needs for the Salton Sea. The aims and timeline of the 
meeting were agreed upon by all participants, and any objective or issues that fell beyond the 
scope of the current discussion were agreed to be “parked in the bike rack,” so that they may be 
addressed at a later time. There was a focus on listening to each speaker with the belief that all 
participants wanted to realize the meeting’s goals. The moderator was responsible (along with a 
timekeeper) for keeping participants on time and on task throughout the proceedings. 

The general format of the meetings included brief introductions of all participants and 
short presentations on the recent history of the Sea (with an emphasis on the last 15 years) to 
provide all listeners with a context and understanding of core concepts. Participants were then 
asked to present their views of their concerns about the Sea and their perception of the data needs 
for the Sea on their agency’s behalf (verbally, in under 5 minutes). Scribes identified concerns 
and data needs in each presentation and posted these notes on the wall, where small groups 
convened to discuss and digest the patterns that emerged from individual presentations. The 
meetings closed after a brief group discussion. 

Meeting Dates, Locations, and Participants 
Meetings were held on July 30, 2014, in Sacramento at the University of California 

Center in Sacramento, Calif., and on August 6, 2014, at the Imperial Valley College in El Centro, 
Calif. The meetings were attended by 54 participants from 25 organizations to discuss the 
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science of the Salton Sea. The planning team of Doug Barnum (USGS), Michael Cohen (Pacific 
Institute), Bruce Wilcox (IID), Tim Bradley (UC Irvine), Abby Reyes (UC Irvine), and Gregor 
Yanega (UC Irvine) attended both meetings.  

El Centro Attendees 
Dan Farris (Coachella Valley Water District); Lee Case (USGS retired); Larry Purcell (San 
Diego County Water Authority); Elizabeth Iannone (Office of Congressman Raul Ruiz); Tom 
Anderson (U.S. Fish and Wildlife Service); Kent Nelson (California Department of Water 
Resources); Micah Metrosky (International Brotherhood of Electrical Workers local union 569); 
Sup. John Benoit (Riverside Co.); Pat Cooper (Riverside Co.); Brad Poiriez (Imperial County Air 
Pollution Control District ); Reyes Romero (Imperial County Air Pollution Control District); Val 
Simon (Bureau of Reclamation); Felicia Sirchia (U.S. Fish and Wildlife Service); Bianka Velez 
(Assemblyman V. Manuel Perez); Rebbeca Terrazas-Baxter (Cong. Juan Vargas); John L. Scott 
(Metropolitan Water District); Karen Riesz (California Department of Fish and Wildlife ); Oli 
Bachie (University of California Cooperative Extension); Carrie Simmons (U.S. Bureau of Land 
Management); Jessica Lovecchio (Imperial Irrigation District); Kelly Bishop (Imperial Irrigation 
District); Mariana Valdez (Imperial Irrigation District); Thomas Zale (U.S. Bureau of Land 
Management); Stephanie Dashiell (Defenders of Wildlife); Joaquin Esquivel (Sen. Barbara 
Boxer); Sarah Friedman (Sierra Club); and Juilan Carmona (Sierra Club). 

Sacramento Attendees 
Becky Blasius (Bureau of Reclamation ); Kealii Bright (California Department of Natural 
Resources); Diane Colburn (California Assembly for Water, Parks, and Wildlife); Dan Denham 
(San Diego County Water Authority); Jason Low (South Coast Air Quality Management 
District); Vivien Maisonneuve (California Department of Water Resources ; Kara Mathews (San 
Diego County Water Authority); Kent Nelson (California Department of Water Resources); Ted 
Schade (Great Basin Unified Air Pollution Control District); Chris Schoneman (U.S. Fish and 
Wildlife Service); Roger Shintaku (Salton Sea Authority); Val Simon (Bureau of Reclamation); 
Phil Rosentrater (Riverside Co.); Rachel O’Brien (South Coast Air Quality Management 
District); and Michael Flores (California Department of Fish and Wildlife).  

Summaries of Agency Concerns and Data Needs 
Concerns 

Participants were asked to identify (1) large issues (or “problems”) for their agencies with 
respect to the Salton Sea region and (2) perceived gaps in knowledge (or data). During the 
meetings, a scribe summarized the comments of individual agencies. Small groups then analyzed 
emergent patterns, added ideas that seemed to be missing from the whole, and distilled the 
common themes. This is a notation of that summary, presented without attribution. Presentation 
order of this summary does not imply importance or hierarchy.  

• Concerns about air
• What is the predicted consequence of a smaller Sea for air quality, dust, and public

health? (“How emissive is the soil and how variable is the playa?”)
• Concerns about water
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• Water is limited, and there is concern about water quality (including selenium). Water 
conservation practices (for example, irrigation practices and crop selection) among 
farmers will have a profound influence on water levels. 

• The need to keep farmers involved 
• Effectively all of the water entering the Sea is agricultural runoff.  

• Communication and education 
• Topics that need communication include the following: 

• Identifying public health risks and the cost of doing nothing; 
• The science and public health narrative to politicians and the public, including 

messaging, education, and outreach; 
• Imparting a sense of urgency and awareness for the plight of the Sea; 
• Linking regional issues to statewide and national issues, including human health, 

hunting, drought, agricultural issues, dust impacts, and renewable energy.  
• Development of a shared vision and strong governance 

• Identify near-term and long-term projects and make explicit the links between them. 
This includes integration, planning, and scalability of projects. 

• Facilitate prioritization of issues and formulation of policy to generate a legislative 
path. 

• Including all stakeholders in discussion of common values (that is, tribes, farmers, 
other forms of industry, local workers/people, politicians and governors, etc.) 

• Environmental justice and social justice  
• There is a need to consider social justice in all of the projects involving management 

and mitigation of the Sea. 
• What are the socioeconomic implications of the projects and how can they be 

properly directed? 
• Engineering practicability 

• What should we build (shared vision)?  
• Given the physical characteristics of the Sea (its location and substrate), what can we 

build and how do we do it?  
• Are there benchmarks or precedent for proposed engineering projects? 
• Can small-scale projects be scaled up? How accurately can we project the cost of 

these ventures? 
• Institutional memory and comparative study 

• In order to learn from what’s been done, avoid repeating past mistakes. 
• There needs to be greater availability of all documentation. This information 

needs to be available both in summary form (communication) and as a complete 
data archive (science inventory and database management). 

• Can we learn from the history of other inland saline water bodies including Mono 
Lake, Owens Valley/Lake, the Great Salt Lake, the Aral Sea, Lake Urmia, etc.? 

• Renewable energy development and economic concerns 
• How will growth and development of renewable energy (solar and geothermal energy 

in particular) impact the economy of the region, population size, water availability, 
and efforts to support management? 

• Biological concerns 
• Availability of habitat; 
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• Organismal responses to lowering Sea levels and climate change;
• Carbon capture and release;
• The resilience and mutability of the Sea ecosystem;
• How much time do we have before things change (temporal sensitivity)?
• Do we expect a “tipping point” or nonlinear responses of biological systems to

changing environmental features?

Data Needs 
• Air quality
• Dust

• Where is it formed/coming from?
• What are its components?
• How variable are soil/dust profiles around the Sea?
• What are the public health impacts of dust?
• Is proposed mitigation appropriate?
• Are current monitoring practices adaptive (iterative)?
• What is the geographic extent of the problem?

• Hydrogen sulfide emissions
• What are the limnological conditions associated with hydrogen sulfide emissions?
• Are there public health concerns associated with hydrogen sulfide emissions?
• What impacts might these emissions have on biological systems at the Sea?
• How will hydrogen sulfide emissions be affected by proposed projects at the Sea

• Water quality
• What are the levels of selenium in soil and water? Bioaccumulation
• How will selenium deposition change with changing water levels and management

project activity?
• Hydrology
• Water supply and management

• How does hydrology affect hydrogen sulfide, selenium, anoxia, and additional
water sources?

• How do proposed changes in Sea depth affect hydrology?
• What questions should we be asking of the proposed management projects (from

a hydrological perspective)?
• Data clearinghouse

• Availability, accessibility, and long-term curation of data
• Where is data coming from?
• Is there a data structure and strategy in place for creating public access to all

relevant data?
• What kinds of data should be made available?
• Where is it housed and does it have a long-term strategy and funding source?
• Who should be responsible for metadata, data formatting (for example, data

norms)
• Who is responsible (best suited) for interpretation of data and summarization of

data?



5 

• Mapping
• There is a need for detailed mapping of lands around and under the Sea;
• There is a need for mapping the shoreline of the Sea on a temporal scale.

• Economic impact of the Sea
• What are the costs of various U.S. management plans?
• Estimates of what it will cost if nothing is done?
• Potential for economic growth

• What are the impacts of renewable energy for biological systems?
• How many new jobs/people will accompany development of renewable energy

industry?
• Will renewable energy bring money to the region?

• What are realistic funding sources now?
• What can be done to generate interest in future funding?

• Can we shape what gets funded?
• What is the mechanism by which we prioritize and coordinate funding efforts?
• Can we streamline how money flows from government agencies so that funds can

be dedicated more quickly and effectively for time sensitive projects?
• What is the current rate of visitation to the Salton Sea area and what is the current

revenue associated with these visitors?
• What are the microclimate benefits and characteristics of the Sea?

• International inputs and collaboration
• International issues of air quality, water inputs, species conservation, etc.

• Engineering: Site-specific knowledge
• Need for geotechnical data about different management proposals

• Scalability of engineering and management projects
• Do we/can we know how proposed management efforts in marshes and wetlands

(SCH) will behave across spatial scales?
• We need to establish benchmarks for engineering aims at Sea.

Biological Issues 
• Neglected players

• Are there biological impacts that will affect nonobvious U.S. players (desert tortoise,
pile worms, desert plants) that we have not been considering?

• Monitoring
• Is there a gap between monitoring capacity and monitoring need at the Sea? If so,

where are these gaps?
• Is there a role for citizen science to play in filling gaps in monitoring needs? For

example, birders contribute surveys to eBird, and these data are in use in scientific
literature. Are there other ways that citizen science can contribute and at the same
time foster greater communication and outreach about the Sea?

• What becomes of threatened populations (Clapper rail, pupfish) as water levels drop?
• Disease vectors

• What steps can we take in policy and management design that will minimize the risk
of mosquito outbreak?
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• Tilapia physiology and salinity-tolerance thresholds 
• Ecological transitions  

• Mechanism of ecosystem transition from fish-driven food chain to something else; 
•  “Tipping point” dynamics of ecosystem;  
• Ecological resilience of Sea ecosystem; 
• What happens to bird populations as fish decline? 

• Carbon balance at the Sea  
• Habitat 

• Where is the availability and distribution of aquatic habitat as management proceeds? 
• How do bird populations use farmland? For which populations is this critical? 
• Will flooded fields be maintained? 
• Can the integrity of the freshwater inlets be maintained and will they be sufficient to 

support pupfish populations as salinity rises? 
• Water chemistry 

• What changes in water chemistry will occur and how will they impact vertebrate and 
invertebrate populations? 

Agricultural Questions 
• Dust 

• What is the impact of dust on crop growth?  
• Do all plants/crops respond similarly to dust? 
•  If dust does impact crop growth or fitness, what are the mechanisms by which this 

occurs? 
• Irrigation, water conservation, crop choice 

• What are the effects of changing farm practices on water availability (crop selection, 
irrigation method)? 

• What role can agriculture play in reduction of phosphorus inputs into the Sea? 

Communication, Public Outreach, and Education 
• Need data and summary of environmental and public health impacts at the Sea to enable 

politicians to advocate for a conservation position. 
• Information about the Sea needs a broader (statewide, nationwide, global) context.  
• Ramifications of public health crisis, etc. 
• What are the shared narratives of the Sea? 
• How do we convey these narratives? 
• What does the future Sea look like? 

• Is the infrastructure and communication network in place to enable clear passage 
of information from source to the voting public? (a marketing question) 

• How should we undertake public education about the Sea? 
• Do we have a strategy for engaging and including the various stakeholders around the 

Sea? 
• How can we engage young people about issues germane to the Sea and make the Salton 

Sea region appealing to a broad audience? 
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Planning 
• How do we prioritize which data gaps are addressed first?
• How do we integrate small and large projects across agencies?
• Can we build a model that predicts the [multivariate] cost and benefit of different action

scenarios to give managers a more explicit and quantitative way of visualizing and
justifying decisions?

• How do we streamline agency involvement in management so that we agencies can “plug
into the system” to help?

• Governance structures
• What can or should be done to promote effective governance?

Management Projects  

Species Conservation Habitat Plan (SCH) 
• How will berms perform?
• How long will berms last?
• How will they perform in face of earthquake?

Red Hill Bay Project (IID) 
• Are there interactions between renewable energy and wildlife?
• What is the best strategy/distribution of salt and freshwater ponds?
• What are the effects of managed marshes for maintaining biodiversity?
• Is dredging the mouth of Red Hill Bay possible?
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Appendix 2. State of the Salton Sea Workshop 
Participants and Working Groups 

[Rover designation participated among all groups. Contact information is current as of September 2014.] 

Name Agency Email Group 
Orlando, Jim USGS jorlando@usgs.gov Contaminants 
Ricca, Mark USGS mark_ricca@usgs.gov Contaminants 
Gersberg, Rick San Diego State U rgersber@mail.sdsu.edu Contaminants 
Roberts, Carol USFWS carol_a_roberts@fws.gov Contaminants 
Blasius, Becky* Reclamation bblasius@usbr.gov Contaminants 
Bachie, Oli UC Coop Ext obachie@ucanr.edu Air 
Bishop, Kelly IID kbishop@IID.com Air 
Etyemezian, Vic DRI vic@dri.edu Air 
Fine, Phil South Coast AQMD pfine@aqmd.gov Air 
Lovecchio, Jessica IID jllovecchio@IID.com Air 
Low, Jason South Coast AQMD  jlow@aqmd.gov Air 
Romero, Reyes Imperial County APCD reyesromero@co.imperial.ca.us Air 
Wilcox, Bruce* IID BWilcox@iid.com Air 
Zender, Charles UC Irvine zender@uci.edu Air 
Anderson, Tom USFWS Tom_W_Anderson@fws.gov Biology 
Dietsch, Tom USFWS thomas_dietsch@fws.gov Biology 
German, Donovan UC Irvine dgerman@uci.edu Biology 
Huxman, Travis UC Irvine thuxman@uci.edu Biology 
Molina, Kathy LA Natural History Museum kmolina@nhm.org Biology 
Shuford, Dave PRBO dshuford@pointblue.org Biology 
Marusenko, Yev UC Irvine ymarusen@uci.edu Biology 
Bradley, Tim* UCI Irvine tbradley@uci.edu Biology 
Yanega, Gregor UC Irvine gyanega@uci.edu Biology 
Shintaku, Roger® Salton Sea Authority rshintaku@saltonsea.ca.gov Rover 
Barnum, Doug® USGS doug_barnum@usgs.gov Rover 
Windham-Myers, Lisa USGS lwindham-myers@usgs.gov Carbon 
Carlberg, Jim Kent Bioenergy jamesmcarlberg@gmail.com Carbon 
Goulden, Michael UC Irvine mgoulden@uci.edu Carbon 
Cohen, Michael* Pacific Institute mcohen@pacinst.org Carbon 
Baskin, Rob USGS rbaskin@usgs.gov Water 
Amrhein, Chris UC Riverside, retired christopher.amrhein@ucr.edu Water 
Anderson, Michael UC Riverside michael.anderson@ucr.edu Water 
Curry, Deb USGS dcurry@usgs.gov Water 
Holdren, Chris Reclamation gholdren@usbr.gov Water 
Kjelland, Michael Army Corps of Engineers Michael.E.Kjelland@usace.army.mil Water 
Case, Lee* USGS, retired hlcaseiii@yahoo.com Water 
Schladow, Geoff UC Davis gschladow@ucdavis.edu Water 
McCarthy, Graham UC Irvine gmccarth@uci.edu Water 
Nelson, Kent® CDWR Kent.Nelson@water.ca.gov Rover 
Burkhart, Nina USGS Fort Collins burkardtn@usgs.gov Social 
Simon, Val® Reclamation vsimon@usbr.gov Social 
Reyes, Abby* UC Irvine abigail.reyes@uci.edu Social 
Sami, Mo UC Irvine msami@uci.edu Social 
Feldman, David UC Irvine feldmand@uci.edu Social 
Witherspoon, Boykin Cal State San Bernardino- 

Palm Desert 
bwithers@csusb.edu 

*Designates Team Lead     ®Designates Rover 



1 

Appendix 3. Agenda for State of the Salton Sea Workshop, 
September 8–10, 2014 

Workshop was held at Beckman Center, University of California, Irvine. 

Monday, September 8, 2014 

Optional field trip to the Salton Sea (Bus provide by IID) 

Tuesday, September 9, 2014 
7:30 – 8:00 AM Registration 
8:00 – 8:45 AM Opening Welcome 

Tim Bradley, UCI Salton Sea Initiative 
Meeting Preliminaries 
Abby Reyes, UCI Sustainability Initiative 
Housekeeping, Meeting Goal, Proposed Agenda, Group Agreements 

Brief Introductions by Participants 

8:45 – 8:55 AM Welcoming Address 
Frank LaFerla, Dean of Biological Sciences, UC Irvine 

8:55 – 9:00 AM Welcoming Address 
Mark Sogge, Regional Director, USGS 

9:00 – 9:30 AM Keynote Address 
Anne Castle, Asst. Secretary for Water and Science, Dept. of the Interior 

9:30 – 9:40 AM Welcoming Address 
Kevin Kelley, General Manager, Imperial Irrigation District (IID) 

9:40 – 10:00 AM Break 
10:00 – 11:15 AM Background Presentations 

Doug Barnum, USGS,  
Science of the Sea: Major Investigations and Findings 
Michael Cohen, Pacific Institute,  
Revisiting a No Action Scenario 
Tim Bradley, UCI,  
A Changing Lake 
Bruce Wilcox, IID,  
Recent Management Activities of IID & Salton Sea Authority 
Kent Nelson, CA Dept. Water Res.,  
The Salton Sea: A Conservation Strategy 
Armin Munevar, CH2MHill/IID,  
Revised SALSA2 Model for Water and Salt Balances Long-Term Planning 

11:15 AM – noon Guidance from the Managers’ Meetings 
Abby Reyes, Managers’ Meetings Goal and Objectives 
Doug Barnum, Today’s Meeting Goal, Objectives, Format, Deliverables 
Gregor Yanega, UCI Salton Sea Insititute, Results from Managers’ Meetings 

Noon to 1 PM Lunch 
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Tuesday, September 9, 2014, continued 
1 PM – 2:30 PM Guidance from the Managers’ Meetings, continued 

Discussion, continued 
Framework and instructions for breakout groups 

2:30 – 3 PM Break 
3 PM – 5 PM Breakout Groups: Session I 

meet in assigned group with team lead 
5 – 6 PM Reconvene 

Team Leads report back on highlights and next steps 
Instructions for going forward 

Dinner provided by University of California, Irvine 

Wednesday, September 10, 2014 (subject to revision based on meeting needs) 
8:00 – 8:15 AM Roadmap Recap 

8:15 – 10 AM Breakout Groups: Session II 
Research proposal outline development 

10 – 10:20 AM Break 
10:20 – 11:20 AM Breakout Groups: Session III 

Research proposal outline development 
11:20 AM – 12:15 PM Reconvene 

Team Leads report back on ideas under development 
Discussion:  Areas of concurrence, common science & monitoring needs 

12:15 – 1:00 PM Lunch 
1:00 – 3:00 PM Breakout Groups: Session IV  

Research proposal outline development; wrap up 
3:00 – 4 PM Reconvene 

Team Leads report back on highlights; anticipated next steps for group 
Assignments Review, Essential Conversations, Last Words 

By 4:00 PM Adjourn 
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Appendix 4. Summary of Information Presented to 
Participants, Workshop Guidelines, and Proposal 
Instructions 

This appendix contains a summary of how the workshop was conducted and basic operational guidelines 
for the participants. The material presented to the participants includes a justification for the workshop and 
why it is important, a description of how and why the workshop was structured, a brief retrospective 
examination of existing scientific knowledge and management history of the Salton Sea, workshop goals 
and objectives, workshop operating ground rules, and guidelines for the development of conceptual 
proposals and budgets.       

The Salton Sea is a lake that has markedly declined. Failure to act soon will result in 
further degradation. The State of the Salton Sea workshop was a needs assessment workshop 
held in Irvine, California, September 8–10, 2014. USGS organized the workshop in close 
collaboration with University of California, Irvine (UCI); Pacific Institute; Imperial Irrigation 
District (IID); and the Bureau of Reclamation (Reclamation) to further refine a process to 
address the natural resource issues and research and investigate needs for any proposed solution 
to rehabilitate the Salton Sea ecosystem. This proceeding from the State of the Salton Sea 
workshop summarizes the deliberations of approximately 50 scientists regarding approaches that 
must be taken if the Sea is to remain serving as a functional ecosystem. 

Scientists participating in this workshop all agreed that rehabilitation of the Sea is 
essential and requires that decisive intervention will be required to allow the Sea to sustain its 
important ecological and economic values. Science of the Salton Sea is complex and is reflected 
in the diversity of disciplines represented at this workshop. The multidisciplinary nature of the 
workshop consisted of expertise in air quality, water quality, physical environment, biological 
environment, contaminants, carbon and CO2 uptake, algae, and socioeconomics. To effectively 
rehabilitate this degrading environment, resource managers will require a fully integrated and 
collaborative understanding of the complex science of the Salton Sea and engineers will rely on 
this integrated information to design and develop approaches to arrest the degradation.   

Previous science workshops (U.S. Fish and Wildlife Service, 1997) identified science 
necessary to begin understanding the “big picture” dynamics of this large lake. Now that the “big 
picture” science has mostly been accomplished, it is important to keep moving science forward 
following those initial studies with equally important science designed to generate a better 
understanding of these dynamics, designed to fill in identified gaps in our knowledge, thus 
allowing better modeling of these dynamics, and pursue new science to elucidate unresolved or 
unknown effects of rehabilitation projects. Science identified in previous workshops has 
identified major interactive issues such as hydrogen sulfide, thermoclines, water mixing regimes, 
and potential catastrophic effects of some rehabilitation strategies. It was the science of these 
early efforts which has led to a greater understanding of selenium, wildlife diseases and 
pathogens, of critical resources needs for maintaining fish and bird populations, and of the 
critical role of aquatic invertebrates and microbes in this ecosystem. Scientists have begun to 
understand how to rehabilitate this degraded system and live within the constraints of less water, 
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no new water, and degraded water as the only sources available to use. Scientists have begun to 
learn how to provide for the maintenance of biological diversity, avoid toxic emissions, and 
ameliorate air quality concerns while using less water. Scientists now must work in concert with 
resource managers, decision makers and engineers to implement our findings and make sure 
these projects are based on the best possible science knowledge.  

For the State of the Salton Sea workshop, scientists were invited based on their prior 
scientific involvement and (or) expertise relevant to the myriad of issues of the Salton Sea. Many 
of the invited scientists participated in a bus tour of the Sea on Monday, September 8, in which 
discussions were held concerning major scientific findings and demonstrations of how the 
science produced by earlier efforts is being implemented in embryonic efforts of lake 
rehabilitation.  

The main part of the meeting convened on campus at UCI’s Beckman Center. Beginning 
on September 9, Assistant Secretary of the U.S. Department of Interior Anne Castle and other 
notables set the stage for the group with opening remarks addressing the importance of science in 
rehabilitation of the Salton Sea (see appendix 3). Included in these presentations was a summary 
discussion of the results from the two manager meetings (appendix 1). This discussion provided 
the scientists with a vision for the needs of resource managers and decision makers. The two-
meeting format was devised as a means of including both science and management perspectives 
with respect to science and monitoring needs of the Salton Sea. Following this, organizing team 
members each provided short presentations designed to inform the group of major scientific 
findings in the previous 15 years as a means of bringing the entire group up to speed on the 
existing state of scientific knowledge for the Sea. Team Leads for each topical grouping were 
identified, and then participants were assigned to topical groupings (appendix 2). Team 
membership was assigned based on each scientist’s expertise while recognizing that everyone 
may hold multiple areas of expertise. Cross discipline discussions were encouraged.  

Prior to breaking into group work sessions, a set of proposal guidelines and templates 
were provided. These guidelines were established in order to provide a common set of values and 
document framework to avoid institutional differences in pay scales, overhead rates, and 
equipment procurement.  

Key issues such as what defines science investigations versus monitoring programs were 
discussed among team leaders and presented to the scientists. For this workshop, science 
investigations are those studies with a clear set of testable hypotheses and generally tend to be 
short-duration studies for very specific reasons. Conversely, monitoring studies are to be longer 
term data collection as a means of testing compliance with stated objectives. For example, 
selenium studies can be conducted to ascertain ecological effects or to ascertain concentrations 
associated with certain irrigation practices. Both would be considered a science investigation. 
Monitoring of selenium could be routine sampling of constituents relative to a regulatory 
standard as a means of detecting problems as they arise, then prescribing more intensive studies 
to ascertain why the concentrations are observed. Science investigations can establish expected 
values for bird or fish diversity and abundance to provide management agencies goals as part of 
adaptive management programs. Monitoring programs then can inform management as to how 
effective any specific program is at providing the desired diversity or abundance and assist 
management in making adjustments. Each developed proposal was required to indicate precisely 
how the proposed science would help inform management decisions.  

Although proposal concepts developed in this workshop may appear to be linked to 
specific organizations, agencies or scientists, participants were advised that there would be no 
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institutional ownership of any contributions. All proposal concepts were captured and reported in 
appendix 5. A list of all participants, their affiliation, and current email address is captured in 
appendix 2, not to justify the document nor as an endorsement, but to provide notice of 
participation.  

A proposal template was provided to all team leaders, and standard budget values were 
established for pay rates and overhead to be consistent across all proposals and disciplines. All 
contributions were strictly conceptual proposals with a minimum of detail and no requirement to 
provide supporting citations, although allowed. Proposals were developed with a 3- to 5-year 
implementation period. Teams differed on budget development. Some teams developed very 
detailed breakdowns of each budget category. Although this helped several teams organize the 
budget process, it was not a requirement for these conceptual proposals. Once published, these 
conceptual proposals may serve as the basis for further discussions by resource managers and 
decision makers. At that point, consideration may warrant the implementation of a science 
program to seek detailed proposals to support management agency information needs. 

 
Budget standardized values provided to authors 

 
• Senior-level research scientist   $150,000/12 months 

 
• Graduate students, technical support, post-docs  $ 80,000/12 months 

 
• Pay is pro-rated by months per year 

 
• Overhead rate is set at 50% 

 
Proposal Template 

Title 
Introduction/background (Not to exceed 1 page) 
Justification 
Objectives (bullets) 
Products (bullets) 
How does this inform management? (Not to exceed one-half page) Does it address any of the 
management concerns or data needs, which ones? 
 
Budget    Year1  Year2  Year3 
    
Labor 
Equipment  
Supplies  
Miscellaneous 
Total 
Proposal developed by 
 
  
References Cited  
U.S. Fish and Wildlife Service, 1997, Saving Salton Sea—A research needs assessment: U.S. 

Fish and Wildlife Service, 96 p. 
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Appendix 5. Suggested Scientific Studies 

Introduction 
This document is expected to serve as the basis for further discussions by resource 

managers and decision makers concerning whether to seek funding support for a robust science 
and monitoring program. Should funding be secured, then consideration will be developed for 
implementing a larger science oversight team with responsibility for securing detailed proposals 
suitable for response to a Request for Proposals (RFP) and peer review (see appendix 6). During 
proposal development, teams were asked to provide a Point of Contact for each concept. Contact 
names are provided, with contact information for all participants listed in appendix 2. Although a 
general proposal template was provided at the SoSS meeting, as long as scientists provided the 
key elements of the template, they were allowed to write in their own style. Thus, these 
conceptual proposals are included here as written by the persons listed as Point of Contact, with 
minor editing and modifications to format. These contributions authored by non-USGS authors 
do not represent the views of position of the USGS and are published solely as part of this 
volume. 

A proposal template was provided to all team leaders, and standard values were 
established for pay rates and overhead in an attempt to be consistent across all proposals and 
disciplines. Standard values were established to avoid institutional differences in pay for 
principal investigators, technical support staff members, student assistants, and overhead 
assessments (appendix 4). However, differences among scientists and groups led to some 
differences in approaches to formulating a proposal and in budget development; these are 
reflected in the actual proposals. These are strictly conceptual proposals with a minimum of 
detail. Proposals were developed with a 3- to 5-year investigation period. Time constraints of 
the SoSS meeting prevented the development of several concepts into proposals. 
Nevertheless, the organizing committee included the title and some discussion for these 
undeveloped concepts with a suggested funding level suitable for addressing each concept. 

Air Quality Proposals 
AQ1. Measurements in and around Salton Sea area to assess potential particulate matter 
emissions  

Introduction and Background 
With the predicted decline Salton Sea water level, the amount of exposed playa will 

increase, thereby creating the potential to increase ambient particulate matter less than 10 µm 
(PM10) in the surrounding areas, affecting communities in the Imperial and Coachella Valleys. 
Health effects of PM10 pollution include respiratory system hardship, damage to lung tissue, 
cancer, and premature death. The elderly, children, and people with chronic lung disease, 
influenza, or asthma, are especially sensitive to the effects of particulate matter. 

The magnitude, timing, and type of emissions drive all aspects of PM air quality 
concerns. Understanding characteristics and quantities of emissions under varying conditions is a 
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requirement for accurate emissions estimates in modeling the Salton Sea air quality system. 
Generic emission factors are nearly useless for the Salton Sea playa as they were estimated for 
very different landforms and generally homogeneous land uses (for example, agriculture).  

Field measurements of emission factors provide scientific data to provide an improved 
understanding of temporal and spatial variability. These measurements can be simply aggregated 
(averaged or similar) for use in models or their range can be used for sensitivity analysis of 
model results. However, the current area of Salton Sea is vast thus adding to the complexity of 
predicting emissivity of exposed playa as the water levels decline. The power of the emissions 
measurement can be amplified substantially if specific parameters can be identified that would 
serve as explanatory factors for emissions in defined areas. Moreover, the development of a 
method for determining playa composition and emission properties before it's exposed would 
incorporate these explanatory factors into a predictive model. Empirical data collected in the 
field would provide input or at least improve the accuracy of a predictive physical model for 
emissions which can then be applied to prioritize and maximize PM mitigation strategies for the 
Salton Sea.  

Justification 
Understanding the geographical distribution of potential PM emissions from the current 

and predicted playa exposure from the decline of the Salton Sea water level would provide 
information that can be used to determine areas of highest potential health impacts from PM 
which will assist in prioritizing dust mitigation strategies. 

Objectives 
1. Collect measurements of PM10 and PM2.5 emission factors or surrogates for such

measurements with sufficient density to capture the spatial variability in emissions that is
inherent to the exposed playa. Emission factors of saline lake deposits are highly
dependent on meteorological conditions. Therefore, measurements should be designed to
ensure that this temporal variability can be captured.

2. Relate emission factors to physical and chemical properties of the playa deposits. Doing
so would extend the predictive power of the field measurements when trying to extend
those data to locations where measurements of emission factors are not collected but
where physical and chemical properties of the soil are easily obtained.

3. Determine the impact of disturbance on the emission factors. Identify the longevity and
frequency of this impact (if any) and the magnitude of the impact in relation to soil
physical and chemical properties.

4. Use measurements to determine if emissions of PM10 and PM2.5 can be estimated for
currently inundated sediments that are going to be exposed in the near future.

5. Use the existing/enhanced monitoring network to evaluate the fidelity of
measured/estimated emission factors and empirical emission models developed in 1 and
Products

6. The principal product from this effort is a spatially resolved dataset of
measured/estimated PM10 and PM2.5 emission factors for windblown dust under varying
wind conditions from exposed Salton Sea playa. Documentation for this dataset would
include assumptions, limitations, and quantified uncertainties of individual measurements
(representativeness is a different story). This stand-alone dataset can be used to obtain
basic aggregated information about emissions (magnitude range, average, seasonality).



 

3 

7. Physical and chemical characterization of playa sediments at the same locations where
emissions are measured or estimated as part of Objective 1 tasks may allow further
refinement of location and time-specific estimates for emission inputs into a larger air
quality model. The products from this could include relationships between emissions
factors and soil texture, salt chemistry, moisture content, bulk density, mineral content
and/or other properties.

8. As with the products of Objective 2, the product of this effort would include relationships
(mathematical) between magnitude, frequency, and timing of surface disturbance
(principally by Off Highway Vehicle activity). These would be used as modifiers to
emissions estimates with the overall purpose of improving accuracy.

9. One component of this work would provide a comparison of physical and chemical
properties of currently exposed playa sediments with those of currently inundated
sediments. The proposed study would sample for inundated Salton Sea sediments and
then dry them, assess chemical and physical properties as well as emissions testing. A
second component would provide a comparison of measured emissions from exposed
playa with emissions measured from inundated sediments that were acquired, dried, and
tested for emissions. This would result in a transect map of emissions from exposed
shoreline up to some distance (depth) of inundated sediment. The goal of this effort is to
be able to predict the potential emissivity of sediments before they are exposed.

10. Comparison of time-resolved monitoring of PM10 and PM2.5 is important to independently
“confirm” the accuracy of the emissions estimates that have been informed by the
accomplishment of objectives 1–4. While the existing monitoring network would be very
valuable for this comparison, it may be desirable to perform such comparison with a
denser short-term network.

How Does This Project Inform Management? 
• Provides PM emissivity data which can be applied directly in the area measured to

calculate potential PM health impacts if no mitigation were implemented;
• The emissivity measurements, chemical and physical properties evaluation, and

inundated area measurements may provide more spatially resolved emission factor data
into a predictive model for identifying areas of highest PM emissions and forecasting of
control technology benefits;

• Provides better quantification on the range of PM impacts from current Salton Sea playa
exposure and predicted future exposure. This would provide a scientific basis for
identifying the need and location priority for mitigation planning efforts;

• Air monitoring provides a validation of the emissions model.

Budget 

Objective Senior 
Personnel 

Technical 
Personnel Travel Equip-

ment 
Operating 

/lab Overhead Total 
1 $60,000 $160,000 $25,000 $50,000 30000 $110,000 $435,000 
2 $25,000 $80,000 $5,000 n/a $50,000 $52,500 $212,500 
3 $10,000 $15,000 $10,000 n/a $15,000 $12,500 $62,500 
4 $75,000 $80,000 $20,000 $40,000 $100,000 $77,500 $392,500 
5 $30,000 n/a n/a n/a $15,000 $45,000 

TOTAL $1,147,500.00 
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Point of Contact 
Bruce Wilcox, Vic Etyemezian, Reyes Romero, Jason Low, Oli Bachie, Charles Zender, Philip 
Fine 

AQ2. Potential toxicity of suspendable sediment from Salton Sea playa 

Introduction and Background 
With the predicted decline Salton Sea water level, the amount of exposed playa will 

increase, thereby creating the potential to increase ambient particulate matter less than 10 µm 
(PM10) in the surrounding areas, affecting communities in the Imperial and Coachella Valleys. 
Known health effects of PM10 pollution include respiratory system hardship, damage to lung 
tissue, cancer, and premature death. The elderly, children, and people with chronic lung disease, 
influenza, or asthma, are especially sensitive to the effects of particulate matter. There may be 
additional health effects associated with PM10 and PM2.5 that are specific to the Salton Sea 
sediments. 

Salton Sea has been a terminal lake for about a century. Material that flows into the Sea 
either deposits or seeps into the sediments, evaporates or volatilizes out of the Sea, or is removed 
by physical (dredging/ precipitation) or biological (food chain) means, or is chemically altered or 
degraded into intermediate and final products. Over 50% of the inflows into the Salton Sea are 
one type of agricultural runoff or another. These inflows are likely to include salt minerals and 
other solutes that are leached from agricultural fields, organic material that is dissolved or 
suspended in the runoff water, and suspended soil and other particles. Additionally, agricultural 
chemicals such as pesticides, herbicides, and fertilizers may also be leached or suspended 
(depending on solubility and phase) into runoff water. These materials all end up in the Salton 
Sea. There they may be concentrated in solution, partitioned between sediment and water, 
chemically altered, or removed by any number of means.  

Toxic materials can be grouped into two primary categories, inorganic and organic. The 
inorganic group contains principally metals such as selenium, chromium, and arsenic whereas 
the organic group (containing carbon based compounds other than carbon monoxide and carbon 
dioxide) contains principally biocides and soil amendments. Although not traditionally 
considered as environmental toxics, the high salinity of the Salton Sea sediments may have 
health impacts on humans and the ecosystem, chiefly by causing irritation in the lungs, eyes, and 
skin—it is presumed. 

Whereas there are toxic chemicals everywhere in the environment, the health threat that a 
specific chemical poses in a specific setting is related to three factors. First, the inherent toxicity 
of the chemical determines what quantities of the chemical are a concern. For example, table salt 
is toxic in very large quantities, whereas nerve warfare agents are toxic in very small quantities. 
Second, the concentration of the chemical in the environment at the point of exposure determines 
the availability of the chemical to cause concern. For example, the lead in lead-acid batteries is 
certainly toxic. Yet, the concentration of lead that the driver is exposed to as a result of being in 
the proximity of a battery is very low. Thus, the large quantities of lead in the car battery pose no 
health threat to the nearby driver because the concentrations of lead are very low at the point of 
exposure (driver’s nostrils or mouth). Third, the duration that someone spends being subjected to 
particular concentration determines the exposure. Generally, the longer the duration, the higher 
the exposure, the greater the likelihood of toxicity impacts. Diesel exhaust is classified by the 
State of California as a known toxin. Everyone in the state is exposed to some level of diesel 
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exhaust daily. However, the individual who works at a shipyard where truck and ship exhaust are 
a mainstay of the work day is exposed to much higher levels of diesel exhaust than the average 
California resident. All other factors being equal, the shipyard worker has a higher likelihood of 
being impacted by the toxicity of diesel exhaust. 

Justification 
Identifying the potential toxic components and their concentrations within the 

suspendable fraction of the Salton Sea sediments can help determine if there are health risks to 
the community and if so, which chemicals are driving those health risks. Used in conjunction 
with emission and dispersion models this information can support an exposure assessment for the 
community. 

Objectives 
1. Collect and characterize samples of suspendable dust material from exposed sediments of the 

Salton Sea. Sample characterization is targeted on potentially toxic components. 

2. Determine if toxicity of currently inundated sediments that will likely be exposed in the 
future can be reasonably predicted by bulk sampling methods. 

Products 
The product from this effort is characterization of the toxic chemical profile from 

exposed sediments of the Salton Sea. The samples for such analysis should be collected to reflect 
the likely suspendable and respirable fraction of dust in the sediment. Such characterization will 
include concentrations, chemical/physical states, and other chemical information (associations 
with minerals or partitioning between phases) of toxic chemicals. This will consist of a 
comparison between exposed sediments and currently inundated sediments—with respect to 
toxic chemicals content. This information will be analyzed to determine if it can be used to 
inform of potential toxicity of inundated sediments once they are exposed. 

How Does This Project Inform Management? 
• Provides data on toxicity of sediment material beyond what is known generically about 

PM10 and PM2.5 from non-Salton Sea sources. 
• Enables coupling with emission and dispersion models for exposure assessment of 

communities by location, time of year, occupation, etc.  

Budget  
Objective Senior 

Personnel 
Technical 
Personnel 

travel Operating 
/lab 

Overhead Total 

1 $300,000  $80,000  $25,000  $250,000 $190,000  $845,000  
2 $50,000  $80,000  $5,000  $50,000  $65,000  $250,000  
       
TOTAL      $1,095,000.00 
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Point of Contact 
Bruce Wilcox, Vic Etyemezian, Reyes Romero, Jason Low, Oli Bachie, Charles Zender, Philip 
Fine 

AQ3. Dust/pollution emissions modeling for the Salton Sea playa and surrounding impacted 
areas 

Introduction and Background  
Develop dust emissions model that will assess potential effect of air quality on humans, 

agriculture and other biological life around the Salton Sea shore. The emissions model can be 
used as a tool to provide a plan for potential dust mitigation strategies. Existing data will be used 
in the development of the model and can be supplemented with data from the companion 
proposal (AQ1) 

The model will also be used to evaluate the effectiveness of control measures and can be 
used to assess the potential effects of Salton Sea shore dust on humans, agricultural and other 
biological resources. 

Justification  
The development of a model that identifies emissivity potential of exposed playa to be 

used to further develop dust emissions control strategies. 

Objective  
Develop and implement an emission model to quantify dust emission from exposed 

playa. The model will also help to identify potential high emissive areas and predict the potential 
dispersal of those emissions. The model will use emissions inventory and dispersion modeling to 
predict the impact of playa emissions to the PM10 and PM2.5 air quality standards.  

Products  
An emissions model to predict PM10 and PM2.5 emissions from Salton Sea exposed playa. 

The benefit of the emissions model would also help to identify the similarities and differences of 
air quality around the Salton Sea to other identified air quality problems. It also helps to assess 
the potential problems of dust from Sea onto neighboring agricultural lands. It will also inform 
the development and implementation of control strategies. 

How Does This Project Inform Management?  
The results of the model will be used to inform the management team in defining the 

parameters and spatial extent of the emissive area and develop/implement of control measures 
for those areas of the playa. 

Integration 
The emissions predictions of the model can be used in the evaluation of potential impacts 

to human health, as well as the economic impacts to agricultural industry.  
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Budget 

Point of Contact 
Vic Etyemezian, Jason Low, Oli Bachie, Reyes Romero, Charles Zender, Philip Fine, Bruce 
Wilcox 

AQ4. Reduction of fugitive dust emissions from dirt roads and a receding Salton Sea using a 
biogenerated soil enhancer 

Introduction and Background 
The Salton Sea, situated in the Lower Colorado River Basin (LCRB), is under duress due 

to several factors including increased water demands of large, rapidly growing urban centers like 
San Diego, California and Mexicali, Mexico. The Colorado River Quantification settlement 
agreement (QSA) of 2003 has drastically lowered the amount of fresh water inflows to Salton 
Sea, resulting not only in changes to the amount of water in the Sea, but also in changes the 
geochemistry and overall the water quality. These changes can dramatically affect the population 
dynamics of numerous species endemic to the region.  

According to climate model projections (Seager and others, 2012), the Colorado River 
headwaters are expected to have an annual stream flow decline of 10 percent and as much as a 20 
percent drop in spring runoff in California and Nevada. The Salton Sea water levels are projected 
to be reduced in the future leading to potentially significant effects to air quality due to fugitive 
dust from wind erosion of exposed sediments (Imperial Irrigation District and Bureau of 
Reclamation, 2002; California Resources Agency, 2006; Case and others, 2013). A major 
concern is that as the Salton Sea recedes exposed contaminated sediments might be dispersed in 
dust storms throughout the surrounding communities. Imperial County already struggles to 
contain health-degrading air pollution, with about 250 tons of smoke and dust released into the 
air daily (Polakovic, 2001). 

Air quality in the Salton Sea Air Basin does not currently achieve California or National 
Ambient Air Quality Standards for PM10 and ozone (Case and others, 2013). The pollutants of 
greatest concern in the Salton Sea area are PM10 and PM2.5 from wind erosion (fugitive dust), soil 
disturbance, and fuel combustion (Case and others, 2013). The Salton Sea Ecosystem Monitoring 
and Assessment Plan (Case and others, 2013) states that monitoring of existing conditions for 
ambient air quality at and near the Salton Sea is needed as a baseline for use with future 
evaluations of air-quality management and mitigation efforts. 

In addition, salinity increases from reduced freshwater inflows will affect the viability of 
avian and fish habitats in the Salton Sea (Kjelland, 2008). Areas adjacent to the Salton Sea 
support tamarisk and halophytic shrubs (for example, arrowweed) and it is expected that as the 

 FTE Year 1 Year 2 Year 3 
Senior PI  $150,000 per year $150,000 $75,000 $75,000 
Tech  $80,000 per year $80,000 $40,000 $40,000 
Overhead 50% $115,000 $62,500 $62,500 
Equipment Direct Cost  $15,000 $10,000 $10,000 
Travel  Direct Cost $12,000 $6,000 $6,000 
Total  $$372,000.00 $193,500.00 $193,500.00 
Grand Total    $759,000 
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Sea recedes, this vegetation could encroach onto the exposed playa (Case and others, 2013). Not 
only would this vegetation reduce air-borne particulates via soil stabilization, but it also serves as 
habitat for roosting and nesting shorebirds as well as cover for passerine birds during migration 
(Case and others, 2013). Therefore, it seems plausible that enhancing the rate of vegetation 
expansion into the receding Salton Sea area would be a good approach for soil stabilization and 
dust abatement. Any effort to reduce air-borne particulates must not jeopardize the biota in and 
around the Salton Sea.  

An alternative to traditional soil stabilization measures (which tend to increase salinity), 
such as the application of magnesium chloride- or petroleum-based products, is desired so that 
salinities do not increase from reduced inflows and management actions. One alternative to 
magnesium chloride- or petroleum-based products for soil stabilization and dust reduction is to 
use an extracellular polymeric substance (EPS), a naturally occurring biopolymer that is a form 
of soil organic matter. For example, a recently developed and commercially available Rhizobium 
tropici biopolymer works as a soil amendment to reduce dust emissions and protect surface water 
quality. Because the R. tropici evolved as a symbiotic partner of a legume, a non-halophytic plant 
species, other EPS that plant-microbe systems use to re-engineer soil will also be evaluated for 
soil stabilization in a saline environment.  

Plant growth-promoting rhizobacteria (PGPR) are a diverse group of soil bacteria that, in 
the presence of a host plant, encourage significant plant growth (Milošević and others, 2012). 
The PGPR effects are believed to be the result of the production of an EPS. The EPS are high-
molecular-weight compounds composed of sugar residues. They are secreted by a 
microorganism associated with plant roots. Using the EPS, plant microbes act symbiotically to 
re-engineer the surrounding soil in order to maximize the potential for survival of both 
organisms. There are many modes of action through which this organic polymer can be 
expressed including fixing nitrogen, increasing the availability of nutrients in the rhizosphere, 
mitigating abiotic stressors such as salinity and pH, enhancing root growth and morphology, and 
promoting other beneficial plant-microbe interactions (Laspidou and Rittmann, 2002). The 
secretion of EPS by bacteria is also recognized as a cohesive force in promoting surface erosion 
resistance in soils and sediment (Droppo, 2009; Gerbersdorf and others, 2008a, b). The 
biopolymer produced by R. tropici, and potentially other forms of EPS associated with high 
salinity soil-plant-microbe systems, provides similar soil enhancements in a long-lived, but 
ultimately biodegradable, material without the environmental concerns associated with 
petroleum-based polymer. In addition, the biopolymer acts as a carbon storehouse for readily 
biodegradable sugars that would otherwise be oxidized to CO2 and contribute to elevated 
greenhouse gasses in the atmosphere.  

A technique has been patented by the U.S. Army Corps of Engineers (USPTO No. US 
7,824.569 B2; Newman and others, 2010) through which R. tropici-derived biopolymer can be 
produced in an aerobic bioreactor. The biopolymer is then separated from the bacteria and 
growth media and can be applied to the soil as either a slurry or powder. Previous research has 
identified EPS that can be produced on an industrial scale from two Rhizobium species, R. tropici 
and R. fredii. The R. tropici production is under ERDC patent and has had some commercial 
success in the agricultural marketplace. The R. fredii, grows well in alkaline soils and is 
significantly different in its chemical activity from the R. tropici material.  

The biopolymer acts in several ways to increase soil stabilization and enhance 
revegetation of disturbed soil and reduce fugitive dust emissions (Larson and others, 2012, 
2013): 
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• Biopolymer soil amendment increases germination rate and the drought resistance of
plants so they require less water (fig 5-1).

• Biopolymer soil amendment results in increased root mass and root fine structure which
holds soil effectively, reducing wind and water erosion and stream sedimentation (fig 5-
2).

• Biopolymer binding of soil particles contributes to increased resistance to wind erosion
which reduces production of fugitive dust in the PM10 range, maintaining air quality
standards (fig 5-3).
These compounds are just two of many extracellular materials produced by symbiotic soil

bacteria. Along with the evaluation of R. tropici and R. fredii generated EPS as soil amendments 
for dust control at the Salon Sea, bench- and mesoscale-scale evaluation will be performed to 
identify and characterize new EPS-producing soil microorganisms, concentrating on those that 
thrive under saline conditions. We will evaluate the potential of these new EPS compounds for 
enhanced vegetative growth and soil stabilization. The most promising of these pairings will be 
selected for pilot- and field-scale testing. The goal will be to develop the technical maturity 
evidence so that these advanced remediation techniques can be demonstrated and validated under 
field conditions. 

For example, osmo-adaptation and increased plant salt tolerance have been studied using 
EPS-producing bacteria (Ashraf and others, 2004; Qurashi and Sabri, 2011). Bacteria known to 
produce EPS under saline conditions include Oceanobacillus, Staphylococcus, Aeromonas, and 
several strains of Bacillus. A number of these producers of extracellular material will be 
evaluated for the potential to be used in a production process similar to that used for R. tropici 
and R. fredii. The resulting EPS will be removed from the cell culture via ethanol precipitation 
followed by dialysis and subjected to testing and evaluation of its potential for enhanced 
remediation in saline soil. A halophyte-friendly EPS would have the capacity to initially reduce 
dust generation due to the physical bonding of fine soil particles by the polymer and secondly 
producing a vegetative cover that lasts over time by making the high salinity soil more capable of 
supporting vegetation. 

Understanding the long-term impacts of biopolymer application is complex, and 
spatially-explicit modeling can provide a relatively inexpensive tool that can explore how 
biopolymer application perpetuates through the ecosystem, with the potential for being a solution 
that does not require repetitive applications. Modeling of these alternative scenarios to fully 
understand the benefits of such efforts in terms of predicted dust reduction effectiveness over the 
entire Salton Sea area and under projected future conditions can be conducted by modifying an 
existing Salton Sea Simulation Model (Kjelland, 2008; Kjelland and others, 2014). The model 
could be upgraded with the development of an air quality sub-model to examine the effects of a 
non-treatment, that is, do nothing, scenario (control) versus data generated from the proposed 
treatment scenarios.  

Justification 
The Salton Sea area has been designated by the EPA as a PM10 non-attainment area. The 

reduced air quality and projected future conditions necessitate an environmentally sound, cost-
effective treatment option to stabilize soil from dirt roads and exposed areas as the Salton Sea 
recedes. The treatment option should not exacerbate water quality issues that could negatively 
impact biota in and around the Salton Sea. Notably, as the Salton Sea recedes the exposed areas 
could be treated with magnesium chloride, but there is always the possibility that the rain events 
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Figure 5-1. Biopolymer application increases germination rate (top) and the plant survival (%) during drought.
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Figure 5-2. Biopolymer application demonstrates increased resistance to water erosion as a result of an increased root mass as well as root 
fine structure.
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Figure 5-3. Biopolymer application demonstrates increased resistance to wind erosion compared to traditional petroleum-based soil 
amendment.
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could cause erosion of the material into the Sea or the Sea could rise (for example, hurricane 
induced precipitation event) thereby inundating the treated area. The aforementioned possibilities 
exclude the use of petroleum based soil stabilization treatment options. 

The Salton Sea project will benefit from the use of the R. tropici biopolymer soil 
amendment in several ways: 

• The use of a biopolymer soil amendment will reduce the use of petroleum-based soil
modifiers for soil strengthening and erosion control. This will eliminate the generation
and leaching of hazardous petroleum-based products and by-products;

• Decreased maintenance/ irrigation requirements;
• Revegetation using the biopolymer requires less watering for seedling establishment and

maintenance, which conserves water resources;
• Reduction of soil loss through wind and water erosion will protect surface water quality;
• Reduced road maintenance will decrease financial and labor requirements of the project

Objectives 

Bench Scale 
• Evaluate EPS production of several bacterial strains known to be salt tolerant and

determine if the EPS can be produced and concentrated in a commercial manner;
• Evaluate the characteristics of the EPS for plant growth promotion and soil stabilization.

Field Scale 
• Determine how well several dust abatement treatments including the following: a) the R.

tropici biopolymer, b) Magnesium chloride, c) Salton Sea water, and d) no treatment
(control) might affect vegetation growth on exposed areas near the Salton Sea as a means
of soil stabilization;

• Determine how well several dust abatement treatments including the following: a) the R.
tropici biopolymer, b) Magnesium chloride, c) Salton Sea water, and d) no treatment
(control) compare in terms of effectiveness at reducing fugitive dust emissions from dirt
roads near the Salton Sea, in order to compare the costs versus benefits of each treatment
(or none,  that is, control);

• Determine how well several air-borne particulate abatement treatments including the
following: a) the R. tropici biopolymer, b) magnesium chloride, c) Salton Sea water, and
d) no treatment (control) compare in terms of effectiveness at reducing air-borne
particulates from different soil types at and within the Salton Sea, in order to compare the
costs versus benefits of each treatment (or none,  that is, control);

• Development of an air quality module to be incorporated into Salton Sea Simulation
Model. Comparison of model scenarios that explore ecosystem level impacts of treatment
versus control (no treatment) of R. tropici biopolymer application.
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Products 

Peer-Reviewed Journal Articles 
Air quality model addressing Salton Sea projected elevations and selected treatment 

versus no treatment (control) scenarios and associated impact on air-borne particulate production 
at the Salton Sea. 

Technical Reports 
A report summarizing the results which will include recommendations for implementation 

of biopolymer soil amendment as it pertains to the Salton Sea Watershed. The report will be 
published in the scientific peer reviewed literature. 

The Process for Integration 
The findings from this study will be vital for determining the costs and benefits of 

alternative dust abatement measures that may be incorporated in scaled-up versions of the project 
for dust control within the Salton Sea Watershed.  

How Does This Project Inform Management? 
The findings from this project will elucidate best management practices which can then 

be directly applied to long-term solutions and coordinated with project and program decisions for 
possible full-scale implementation.  

Budget 
$1,295,500 

The proposed project will require $1,295,500 for the three-year effort. This will include 
Federal labor and biopolymer production.  

Point of Contact 
Michael E. Kjelland 

AQ5. Toxic algae as a human health risk in a receding Sea environment. 
A significant component of the algal blooms at the Salton Sea are Cyanobacteria 

(Carmichael and Li, 2006; Reifel and others, 2001; Reifel and others, 2002). Certain groups of 
cyanobacteria produce various toxins. The Salton Sea produces an unknown amount of 
cyanobacteria, and as the salinity increases a greater biomass of cyanobacteria will be 
produced as they are capable of surviving elevated salinities. More than 40 species of 
cyanobacteria produce a range of cyanotoxins, some with well documented toxic effects, 
but many others are less well known (Stewart and others, 2009). Cheng and others (2007) 
report that cyanobacteria present several routes of exposure for human health concerns, including 
ingestion of water, dermal contact with water, and inhalation of aerosols from wind-generated 
wave action. Perhaps a more prominent mechanism for cyanotoxin exposure at the Salton Sea 
could be inhalation of aerosolized microcystins entrained in fugitive dust on exposed playa as the 
Sea recedes.  
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One of the most common cyanotoxins documented worldwide are microcystins. 
Microcystins may adsorb onto naturally suspended solids and dried crusts of cyanobacteria and 
can precipitate out of the water column and reside in sediments for months (D’Anglada and 
others, 2015). Some studies suggest that aerosolized cyanotoxins may constitute a significant risk 
factor for the development of Amyotrophic Lateral Sclerosis and other neurodegenerative 
diseases in desert ecosystems (Cox and others, 2009; Craighead and others, 2009). Metcalf and 
others (2012) further suggest that the concentration of microcystins detected in desert crust has 
important implications for human health.  

Richer and others (2015) stated in part, “low molecular weight cyanotoxins produced by 
biological soil crusts are persistent in the environment, and can survive even the removal of the 
crusts themselves. Thus, over many years a potentially large reservoir of cyanobacterial toxins 
can accumulate in desert soils, with possible health consequences for human exposure to 
particulate matter in dust storms, and from disturbance of desert soils from construction activities 
and military activities that result in loss of soil structure. Mechanical disturbance of either 
surface or below surface on dry or wet soils may equally contribute to human exposure to 
cyanotoxins through inhalation.” 

Beyond the potential for adverse effects on human health, there are other considerations 
for the effects of cyanotoxins. Corbel and others (2014) observed that terrestrial plants including 
agricultural crops, are capable of cyanotoxin bioaccumulation, thus presenting additional 
potential human health risk through consumption of affected food crops. Investigations into the 
potential human health risk of airborne particulate matter containing these microcystins 
from exposed playas could shed new emphasis on the already important issue of fugitive 
dust control. 

No proposal submitted but identified as an urgent need. 

Budget 
$1,250,000 

Point of Contact 
Jason Low, Bruce Wilcox, Vic Etyemezian  

Water Quality Proposals 
WQ1. Energy and material fluxes across the air-water and sediment-water interfaces of the 
Salton Sea 

Introduction 
Interfacial processes regulate physical, chemical and biological conditions of lakes and 

reservoirs. Processes at the air-water and sediment-water interfaces are especially important at 
the Salton Sea due to its tremendous surface area and relatively shallow depth that can strongly 
link sediment biogeochemical reactions to the water column and to air quality. The vast size of 
the Sea results in a tremendous evaporative flux of water to the atmosphere, on the order of 1 M 
acre-feet of water evaporated each year. This evaporative flux is thus an important part of the 
water budget as well as the heat budget of the Sea. The exchange of heat across the air-water 
interface, combined with wind-forcing, regulates the temperature, stratification, and mixing of 



  

16 

the water column, as well as dissolved oxygen (DO) concentrations, rates of sulfate reduction 
and accumulation hydrogen sulfide (H2S), ventilation of H2S, dimethyl sulfide (DMS) and NH3 
to the atmosphere, fish kills, and a host of other conditions.  

Justification 
Understanding the water quality, air quality, habitat value and functioning of the Salton, 

both in its present configuration and in the future, as well as Species Conservation Habitat, 
requires improved understanding of the energy and material fluxes across the air-water and 
sediment-water interfaces, and the processes regulating these fluxes. While previous research has 
gone some of the way to understanding these processes in the current Sea, the magnitude of 
changes likely in the future Sea and species conservation habitat ponds are so large that the 
underlying physics and chemistry will be very different, and outside the range of experience 
globally. 

Objectives 
The objectives of this study are to quantify the fluxes of energy (both heat and energy) 

and material across the air-water and sediment-water interfaces of the Salton Sea, including 
Species Conservation Habitat. 

Approach 
Energy and material fluxes, and the processes regulating these fluxes, on the Salton Sea 

and Species Conservation Habitat will be quantified through direct measurement, remote-sensing 
and numerical modeling. Measurements will include in situ water column profiles of 
temperature, DO, pH, redox, turbidity, and chlorophyll-a concentrations, as well as H2S and NH3 
levels in the water column, sediment porewater and air phases. Eddy covariance measurements 
will be conducted to quantify fluxes of H2S, NH3, CO2 and heat to the atmosphere. In addition to 
measurements at discrete locations at the Sea, the surface temperature field and upwelling events 
will be determined from remote sensing. Numerical models will be calibrated against available 
historical data and new in situ and remote sensing measurements. Meteorological data from 
California Irrigation Management Information System stations around the Sea will be used with 
the watershed-agricultural water budget model to drive the 3-D hydrodynamic-water quality 
model. Following calibration and validation, the numerical model will be used to forecast future 
water quality, pelagic and benthic habitat quality and air-quality under reduced inflows, assess 
management alternatives, and guide adaptive management of the Salton Sea and Species 
Conservation Habitat. A 3-D hydrodynamic model will simulate physical conditions at the Sea, 
including stratification-mixing, internal seiche development, shoreline migration, and wave-
mixing/sediment resuspension. The hydrodynamic model will be coupled to a water quality 
model that will simulate DO, pH, chlorophyll a, H2S, NH3, sediment diagenesis, including C 
burial, and potentially also zooplankton and fish. The coupled hydrodynamics-water quality 
model will also be used to predict emissions of H2S and NH3 to the atmosphere and include daily 
volatilization fluxes as well as episodic destratification/upwelling events.  

Products 
The key products of this project include rigorous assessments and assessment tools for 

the management of air, water and ecological resources at the Sea. A numerical model and a 
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series of reports, dissertations, theses, and peer-reviewed publications will be developed from 
this comprehensive study.  

Budget 
Year 1 Year 2 Year 3 Total 

Personnel 
 Faculty (3 @0.25 FTE) 112,500 112,500 112,500 337,500 
 Postdocs (1) 80,000 80,000 80,000 240,000 
 Graduate Students (3) 120,000 120,000 120,000 360,000 
 Undergraduate Students (2) 20,000 20,000 20,000 60,000 
Equipment 100,000 25,000  0,000 125,000 
Supplies 40,000 40,000 25,000 105,000 
Travel 60,000 60,000 60,000 180,000 
 Total Direct Costs 532,500 457,500 417,500 1,407,500 
 Indirect costs (50%) 216,250 216,250 208,750 641,250 
Total 748,750 673,750 626,250 2,048,750 

Point of Contact  
Michael Anderson, Geoff Schladow, Michael Goulden 

WQ2. Integrated water-balance simulations under changing management and climate 
scenarios 

Introduction and Background 
The QSA of 2003 has drastically lowered the amount of inflows to Salton Sea, resulting 

not only in changes to the amount of water in the Sea, but also in changes the geochemistry and 
the overall water quality. These changes will have unknown and potentially significant effects on 
the population dynamics of numerous species. 

The ability to estimate and forecast these changes, and then understand how management 
actions further change the system, begins with comprehensive understanding and ability to 
manage the water resources, which requires extending the capabilities to analyze the movement 
and use of water throughout the hydrologic cycle in a process-based context. A straightforward 
way to do this is the development of a model that provides a connection to both natural and 
anthropogenic uses of the water throughout the simulated hydrosphere in the context of a supply-
and-demand framework of movement and use. 

Substantial data and several models have been developed for this area. The Army Corp of 
Engineers has a model of the Lower Colorado River Basin (LCRB), which includes the Salton 
Sea Model (SSM, fig. 5-4). The model is a spatially explicit, stochastic, simulation model 
representing water flow, water volume and quantity of Total Dissolved Salts (TDS) and 
Phosphorus (P), in the LCRB as it enters the Salton Sea. This model is an integrated 
hydrodynamic-ecological model that simulates hydrodynamics, nutrient cycling, and population 
dynamics of several species of birds and fish. The model was developed, evaluated, and applied 
to simulate the potential effects on the population dynamics of selected fish and avian species at 
the Salton Sea under six different management scenarios (Kjelland, 2008; Kjelland and others, 
2014). 

MODFLOW is a USGS three-dimensional finite-difference groundwater model which 
can be used to delineate structures such as sand and clay materials and give high resolution  
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assessment of groundwater movement. Lawrence Livermore Laboratory developed a version of 
MODFLOW for the Bureau of Reclamation in order to evaluate groundwater resources in the 
Imperial Valley. The model focused on the impacts of lining the All American Canal, production 
scenarios in West Mesa, and potential aquifer storage and recovery in East Mesa (Tompson and 
others, 2008). 

A new version of MODFLOW is now available. This version includes a deformable mesh 
that can simulate deformation from geothermal activities and land subsidence. The model 
incorporates this deformation into surface-water flow and other landscape processes. Another 
new feature is the Farm Process that adds ability to dynamically simulate the integrated supply-
and-demand components of irrigated agricultural, and fully integrating the groundwater model 
and the surface water simulation capabilities. 

Justification 
All of the proposed actions for restoring the ecosystem of the Salton Sea are constrained 

by water and funds. Ultimately, the plans under consideration now for incremental habitat 
development, use of water for dust control, and possible water quality improvement via algal 
scrubbing must be based on realistic estimates the availability and quality of water delivered to 
the Sea. A spatially distributed integrated hydrologic model would allow the managers to more 
accurately quantify the amount and movement of water and to test possible scenarios such as 
climate changes and management strategies. 

Objectives 
We propose to update and modify the SSM by creating a spatially distributed model that 

will give the land managers a more explicit and quantitative way to determine the effects of 
possible management scenarios, including alternative cropping and irrigation practices that are 
currently not included in the SSM. As part of this model creation, we will compile historical data 
as well as develop new data sets, generating model input regarding wells, canals, service areas, 
habitat regions, Salton Sea attributes and geohydrologic framework attributes. We will also 
extend the current analysis of landscape energy balances with additional remote sensing and 
meteorological data analysis to develop detailed land-use data and consistent time-series 
estimates of actual evapotranspiration (ET) rates.  

This will allow quantification of the physical, chemical and biological responses of the 
Salton Sea to the amount and type of water that is released to it. Specifically, this model will 
integrate surface-water flow with groundwater use to evaluate the quantity and quality of water 
delivered to the Salton Sea, and ultimately will allow us to identify the suite of scenarios that will 
maximize the wise use of water resources. The model can specifically address 

• The rate at which the elevation of the Salton Sea will decline
• Effect of local groundwater inputs on the Sea elevation
• The effects of various cropping and irrigation management strategies
• Determination of evaporation rates
• Effects of changing agricultural practices on quantity and quality of water reaching the

Sea (surface water, tile water, and groundwater)
• Integrate water use for dust control
• Integrate water use for incremental wetlands development
• Integrate water use for algae scrubbing
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Products 
A modeling tool that integrates the spatially-explicit, stochastic-simulation Salton Sea 

model with the spatially-distributed hydrologic model. This will be overlain with a graphical user 
interface (GUI) to allow scientists and mangers to evaluate various management scenarios. Peer-
reviewed journal articles will be developed that describe new model components and how those 
components affect model dynamics. 

The Process for Integration 
The findings from this project can be applied to long-term solutions and coordinated with 

project and program decision-making processes for potential full-scale implementation of those 
scenarios resulting in preferred outcomes.  

How Does This Project Inform Management? 
Adding a more detailed hydrodynamic code to the SSM would provide a more explicit 

and quantitative way of testing management scenarios while gaining a better understanding of 
how a management action would affect the greater Salton Sea ecosystem. This would lead 
toward better-informed decision-making via an integrated and coupled-systems dynamics 
modeling approach for determining the long-term costs and benefits of different action scenarios.   
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Budget 

   Year 1 Year 2 Year 3 
Senior Scientist  2.12 years    
  Build/Calibrate Model 428,000 200,000  
  Build/Refine GUI  173,600  

  
Automate GUI data 

uploads/downloads  75,600  
  Model transfer and instruction   48,000 
  Write report/model archive  190,000 208,800 
Scientist/Tech  2.83 years    

  
Data Assembly and Analysis, 

including GIS 578,500   
  Build/Calibrate Model 93,600   
  Model transfer and instruction   31,200 
  Write report/model archive  189,000 55,800 
Supplies  30,000 30,000 30,000 
Travel  25,000 30,000 25,000 
Yearly Total  1,155,100 888,200 398,800 
TOTAL      2,442,100 

Point of Contact 
Michael E. Kjelland, Ph.D., and Debra S. Curry  

WQ3. Monitoring for adaptive management 

Introduction and Background 
Monitoring is a critical component of any Sea management project. It is required to 

define baseline conditions, to determine the effectiveness of any control measures that are 
implemented, to calibrate/validate modeling efforts, and to evaluate the applicability of models 
that are being used to guide future actions. 

Justification 
Continued monitoring of the remnant Salton Sea is needed to evaluate changes that are 

occurring as a result of decreasing water inputs, to evaluate Sea modeling efforts, and to evaluate 
the effectiveness of watershed management measures. Monitoring will be required to assess the 
conditions in the habitat ponds to ensure that they are functioning as predicted and meeting 
adaptive management targets. Results can be used to make any necessary changes in operations 
to ensure that project goals are being met. 

A basic monitoring program for the Sea would build on the current Bureau of 
Reclamation and USGS programs that include quarterly monitoring at three locations within the 
Salton Sea and the three river inlets, inflows, and Sea elevation. Data collected by the program 
includes profiles for temperature, dissolved oxygen, pH, and conductivity; nutrients; major ions; 
total and dissolved solids; selenium; and total and organic carbon. Chlorophyll a is also included 
as a measure of primary production. 

Habitat ponds will require monitoring on a monthly basis, at a minimum, for the same 
variables measured in the Sea to evaluate mixing and water quality and to provide data for 
hydrodynamic and water quality modeling in the ponds. Thermistor chains and other unattended 
sampling devices should be deployed to adequately describe mixing. 
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The habitat ponds are likely to require extensive additional biological monitoring and 
monitoring for toxins and other compounds of interest. Monitoring for those projects would be 
covered under separate proposals.  

Objectives 
• Develop monitoring plans for both habitat ponds and the remnant Salton Sea; 
• Ensure that sufficient boat access is available at the Salton Sea and habitat ponds to 

enable data collection; 
• Include sufficient sites/variables to support modeling efforts and address other research 

questions; 
• Obtain detailed profile data in the habitat ponds to define their thermal structure and 

dissolved oxygen conditions; 
• Create a data repository to ensure that all data collected are accessible and available for 

use on future projects. If possible, this would be compatible existing State of California 
databases. 

Products 
• Current data on chemical and biological conditions in habitat ponds and the remnant Sea 

to support chemical and hydrological modeling efforts 
• Infrastructure to provide required information on Sea level and river inflows 

• Maintain gaging stations on the Alamo, New, and Whitewater Rivers (currently 
provided by USGS. May require additional funding in the future.) 

• Maintain the existing water level gage near Westmoreland (provided by USGS) and 
add two additional stage level gaging stations on the north and west sides of the Sea 
to provide information on seiches and water circulation 

• Maintain boat access to the Sea and provide boat access at each habitat pond 
(provided by IID) 

• Quality assurance plans for each project involving monitoring  
• Data repository for all Salton Sea monitoring data 

How Does This Project Inform Management? 
Data collected by the monitoring efforts will provide a sound, scientific basis for 

evaluating the success of proposed management efforts. It will also be used to guide adaptive 
management as management efforts continue. 

Budget 
 Year 1 Year 2 Year 3 Year 4 Year 5 

Senior Scientist to oversee the monitoring 
program 

$37,500 $37,500 $37,500 $37,500 $37,500 

Senior Scientist to develop and maintain a 
data  

$15,000 $15,000 $15,000 $15,000 $15,000 

Technical support (2) to collect and 
process samples  

$40,000 $40,000 $40,000 $40,000 $40,000 

Laboratory costs = (will depend on the 
number of sites selected and variables 
included)  

$120,000 $120,000 $120,000 $120,000 $120,000 
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 Year 1 Year 2 Year 3 Year 4 Year 5 
Operation of water level stations (3 at 

$25,000 each)  
$75,000 $75,000 $75,000 $75,000 $75,000 

Supplies and boat maintenance  $20,000 $20,000 $20,000 $20,000 $20,000 
Equipment $270,000 $80,000    
Travel  $10,000 $10,000 $10,000 $10,000 $10,000 
Overhead (50% of salaries)  $46,250 $46,250 $46,250 $46,250 $46,250 
 $713,750 $443,750 $363,750 $363,750 $363,750 
Grand total     $2,248,750 

Point of Contact  
Chris Holdren, Michael Anderson, Geoff Schladow, Deborah Curry  

WQ4. Modeling the plagues and pleasures of variable-sized water bodies at the Salton Sea  

Introduction 
The thermal structure (or stratification) of lakes is determined by both external factors, 

such as inflows, outflows, and meteorological conditions through their effects on heat fluxes and 
mixing processes, and intrinsic factors such as basin morphometry (geometry). The geometric 
properties of a waterbody (length, area, depth) play a large role in controlling the mixing regime. 
Vertical mixing and the associated transfer of oxygen into the Sea and dissolved gases (for 
example, H2S) out of the Sea are already known to be controlled by the size of the Sea. 

Under the present range of alternatives being considered, the present Salton Sea will 
inevitably change in size, form and composition. The spectrum of possibilities will include a 
shrinking Salton Sea, Species Conservation Habitat ponds (SCH) of variable shape and depth, 
and channels. The shrinking Sea (or the alternative of a separate brine sink) is inevitable. Its 
hypersaline nature (and the associated changes in physical properties) will make it unique in 
many respects and represent a major challenge in accurately modeling. Stratification will 
increasingly be influenced by the growing density difference between the Sea and the principal 
inflows from the New and Alamo Rivers. It will still be large, possibly the largest water body in 
California, meaning that its complexity and its influence locally and regionally will be profound.  

Within this context of changing physical processes, biological and chemical processes 
will be taking place. Some of these processes are reasonably well understood, but as conditions 
change our understanding of the processes diminishes significantly. Some of the key information 
gaps are addressed in a separate proposal (see WQ1).  

Some of the key issues that a modeling approach need to address include predictions of 
the distribution of nutrients that will occur, based on the evolving set of physical processes. They 
will dictate primary productivity, which in turn will alter oxygen distribution. The oxygen 
distribution is one of the controlling factors for Sea chemistry, impacting H2S and NH4 release, 
fish survivability, carbon sequestration potential and heavy metal release. 

Justification 
• In order to understand the suitability (and ultimate habitat success) of particular aquatic 

habitats for their intended purpose, it is critical to understand (through modeling and 
associated monitoring) the thermal, biological and chemical conditions of the waterbody 
and how these conditions vary at timescales ranging from daily, through seasonal, annual 
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and decadal. This includes temperature, salinity, DO, algal concentration, and if 
necessary toxins/contaminants; 

• The future episodic releases of H2S and NH4 may increase in intensity, as venting to the 
atmosphere is likely to occur less frequently in smaller water bodies. Understanding the 
mechanisms and likelihood of massive gas releases, and devising operating strategies to 
reduce the human health effects, is critical; 

• Soil carbon preservation and sequestration potential can only be undertaken when 
accurate projections of primary productivity and respiration are possible;  

• Modeling is the only available tool to assess the impacts of climate change on all future 
Salton Sea strategies. Using regionally downscaled (5 km) projections of climate for the 
next 100 years under a range of carbon emission scenarios, the models can be run to see 
whether the strategies and practices that seem appropriate under today’s conditions are in 
fact sustainable in the face of expected climate change. 

Objectives 
1. To modify the existing numerical models (3D and 1D) developed for the Salton Sea 

under earlier funding, to represent the broad range of possible water bodies (remnant Sea, 
SCH, channels) that may emerge at the Salton Sea.  

2. To model the physical (thermal regime, salinity regime, light regime, circulation, 
upwelling, mixing); biological (primary productivity, respiration, zooplankton, macro-
invertebrate and fish grazing); and chemical (H2S, NH4, DO regimes) processes in a 
remnant Sea, habitat ponds of various configurations and channels. 

3. Devise geometries and operating strategies to maximize habitat potential, carbon 
sequestration, and water quality, while at the same time minimizing adverse conditions 
that lead to emissions of H2S and NH4. 

Products 
• A set of process-based, numerical models (3D and 1D) incorporating the relevant 

physics, biology, and chemistry (including the proposed air-water and sediment-water 
research). These models will serve as assessment and management tools available in the 
public domain.  

• Model results for a range of water-body configurations developed in consultation with 
resource-agency management. 

• Recommendations for best practices in the design and operation of habitat ponds to 
maximize project objectives and minimize adverse outcomes. 

• New understanding on the expected behavior of hyper-saline lakes, and the unique 
biogeochemistry of the Salton Sea. 

How Does This Project Inform Management? 
The products will directly inform management on the feasibility, likely success potential, 

pitfalls and sustainability of the full spectrum of Salton Sea alternatives. In addition, by engaging 
management directly in the formulation of the scenarios to be modeled, it will help formulate a 
reduced set of alternatives for consideration. 
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Budget Proposal 
This is recommended to be a three-year proposal. It is critical that information to be 

developed in WQ1 be incorporated into the models. 

Budget 
Year 1 Year 2 Year 3 

Senior Personnel  300,000 300,000 300,000 
Staff/Students 192,000 192,000 192,000 
Equipment 50,000 30,000 20,000 
Travel 10,000 10,000 10,000 
Overhead (50% of salary) 246,000 246,000 246,000 

798,000 778,000 768,000 
Grand total 2,344,000 

Point of Contact 
Geoff Schladow, Michael Anderson, Fabian Bombardelli, Lisa Windham-Meyers 

Contaminants Proposals 
CONTAM1. Identifying variation in selenium risk to wildlife in the Salton Sea basin related to 
wetland management and management strategies. 

Introduction and Justification 
Management of ecosystem services originally provided by the Salton Sea involves 

construction of wetlands that also require mitigating ecological risks due to tradeoffs between 
limited availability of clean water and elevated environmental contaminants in agricultural drain 
water. In particular, selenium (Se), an essential element that rapidly becomes toxic at low doses 
(Hamilton, 2004), occurs at concentrations approaching and often exceeding toxicity thresholds 
in agricultural drain water flowing into the Sea. The risks to wildlife from using selenium-laden 
drain water for wetland creation that can ultimately lead to ecological disasters have been well 
documented (Skorupa, 1998; Ohlendorf, 2002). However, use of Colorado River water for Salton 
Sea management is not permitted by the QSA. Thus, the only water sources allowable for 
wetland management are agricultural drain water in drains and rivers and the Salton Sea. 
Habitats developed with these sources of water will incur varying levels of risks to wildlife. 

Hence, monitoring variation in selenium exposure to wildlife (especially foraging and 
breeding waterbirds) and accumulation in representative sample matrices across time and space 
is a critical component of any Salton Sea management effort. In addition, different wetland types 
with varying salinity regimes and inflows of agricultural drain water will result in different 
community structure/food-web dynamics and associated routes of trophic transfer of selenium 
and rates of bioaccumulation. Importantly, these wetlands provide a natural experimental study 
design with replicated treatments to explicitly evaluate Se risk related to specific management 
practices in a rigorous fashion. Source water and salinity from these wetlands include 1) a blend 
of water from agricultural drains and the Salton Sea (for example, Species Conservation Habitat-
New River Delta, Redhill Bay), pure agricultural drainwater (for example, Morton Bay, 
Imperial/Brawley wetlands [New River], and Shank wetland [Alamo River]), and direct 
deliveries of Colorado River water (for example, waterfowl ponds, IID Managed Marsh). The 
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blended-water approach aims to dilute high selenium agricultural water with low selenium Salton 
Sea water, which is predicted to reduce Se risk. Wetlands flooded with agricultural-drainage 
water, especially those with emergent vegetation, are predicted to have the highest Se risk. A 
statistically rigorous sampling strategy of biota inhabiting these marshes with adequate sample 
size and seasonal controls will allow the following objectives to be achieved. 

Objectives 
• Quantify selenium risk to insectivorous waterbirds in invertebrate taxa in each wetland 

management treatment representing benthic (for example, Chironomidae—midge larvae), 
epipelagic (for example, Corixidae—waterboatmen) or epibenthic (Ephydridae—brine 
flies) based food-webs; 

• Quantify selenium risk to piscivorous waterbirds in fish taxa occurring semi-naturally 
(for example, CarbonMosquito fish, sail-fin molly) and intentionally stocked (for 
example, tilapia) taxa in each wetland management treatment; and 

• Measure rates of selenium bioaccumulation taxa in each wetland management treatment 
via caged fish experiments; 

• Leverage collected data against existing baseline pre-management at blended water sites 
and existing Colorado River (for example, Miles and others, 2009; Sickman and others, 
2011; A.K. Miles and M.A. Ricca, unpub. data, 2011). 

Products and Integration 
• Synthesized Se risk assessment for wetlands that will mitigate for the decline and 

inevitable ecosystem state transition of the Salton Sea; 

• Establishment of standardized Se monitoring protocol in for managed wetlands, which 
will provide the framework for a comparable and repeatable data over time, with 
appropriate matrices, and facilitate hypothesis testing; 

• Selenium in water and sediment alone do not strongly predict bioaccumulation of Se in 
upper trophic levels (Hamilton, 2004). However, additional development of Kd and 
trophic-transfer coefficients can be accomplished by working in collaboration with 
researchers quantifying water and sediment sampling for selenium, including studies of 
sediment and water biogeochemistry and selenium speciation; 

• Collaborative work with associated pesticide monitoring in ag source waters; 

• Samples can be archived or collected simultaneously for analysis of current use or legacy 
pesticides. 

Management Implications 
Previous sampling efforts aimed at measuring risk, while highly informative, have 

generally been disjointed and piecemeal. It is predicted that blended water marshes will have 
diminished risk relative to those with maintained entirely with agricultural drainwater. This risk 
assessment may be flexible for selenium waterborne concentrations near the EPA threshold of 5 
µg/L particularly in high sulfate-rich saline waters. 
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Budget  
 Year 1 Year 2 Year 3 

Salary: PI 75,000 75,000 75,000 
Salary: Staff 120,000 120,000 40,000 
Analytical (Se @ 125 Sample) 150,000 150,000  
Supplies 5,000 5,000  
Travel 15,000 15,000 10,000 
    
Total Direct 365,000 365,000 125,000 
Indirect (50%) 182,500 182,500 62,500 
    
Total 547,500 547,500 187,500 
Grand total   1,282,500 

Point of Contact 
Mark A. Ricca, Ph.D. 

CONTAM2. Synthesis of existing environmental contaminants data for the Salton Sea  

Introduction and Background 
A common refrain among stakeholders is that the Salton Sea has been “studied to death.” 

While a great deal of research has been completed at the Salton Sea, much of it has been short-
term and focused on specific topics without good integration across time and space. There is a 
need to assimilate these disparate efforts into a more cohesive whole in order to make sense of 
the vast volumes of data that are available across the 50-plus years and full areal extent of the 
data collection efforts. This is true for the study of environmental contaminants as much as any 
other subject of study that has been undertaken at the Salton Sea and its environs. 

As a result of the 1999–2000 studies and the creation of the Salton Sea Database by the 
University of Redlands, a great deal of collection has already been achieved. Work still remains 
to improve on those data and more collected since that time. A primary effort remains to 
organize and evaluate the information in a way meaningful to the development of a 
comprehensive model of contaminant transport and fate in the agro-ecosystem of the Salton 
Sink. 

Justification 
Because there is much information awaiting discovery in existing environmental 

contaminants data sets, we are proposing to pursue an effort to assimilate the available 
information into an organized data set that can then be analyzed for patterns that were not clear 
from any one investigation alone. Selenium is a systemic concern; this element is brought in with 
the water used for irrigation and is then distributed throughout the irrigated portions of the 
Imperial and lower Coachella valleys. Pesticides are also of concern, and the use and risk varies 
over time as crops change and new pesticides become available. As a result of a variety of 
initiatives (Salton Sea Science Subcommittee, Imperial Irrigation District water conservation and 
transfer projects, Coachella Valley Water District water management planning, Regional Water 
Quality Board impaired waters evaluations, etc.), a great deal of information has been gathered 
over time using a variety of methods and presented in a variety of formats. A more coherent 
picture of contaminant transport, fate and impacts is available if adequate time could be 
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dedicated to a focused effort to organize the data, integrate them in temporally and spatially 
meaningful ways, and assess potential risks to human health and the environment associated with 
existing patterns of water movement throughout the system. This will establish a baseline and 
context for all other studies of contaminants relative to planned habitat projects and management 
scenarios associated with Salton Sea management. 

Objectives 
• Establish a complete of data set for contaminants in the Salton Sea as possible using 

existing bibliographies, public documents and expert interviews; 
• Organize those data based on spatial and temporal configurations of data collection; 
• Examine the data set using a variety of investigative and statistical techniques to 

elucidate patterns that assist in identifying sources, transport mechanisms, and fate 
associated with contaminants in the Salton Sink; 

• Using the patterns developed, identify gaps on our information that need to be filled; and 
• Assess risks to human health and wildlife, acknowledging the uncertainties associated 

with existing information gaps. 

Products 
A comprehensive database of information collected to date would be provided as a result 

of this effort. A written report would be developed that would provide a thorough description of 
the various data collection efforts that have been incorporated into the new database, spatial and 
temporal scales used in the collection efforts, patterns identified in contaminant fate and 
transport, information gaps, a risk assessment based on this information, and any management 
recommendations coming out of this effort. 

Process for Integration 
The purpose of the effort is to integrate all of the available information for contaminants. 

This will need to be considered in the context of current trophic structures in the Salton Sea and 
in constructed habitats in the Salton Sink. This will also need to link to the practices and 
processes that provide the inputs of contaminants to the Salton Sea habitats. 

Project Information for Management 
As a final product of this effort, it is hoped that recommendations will be developed to 

optimize the form and function of existing and constructed habitats to maximize the net 
environmental benefit that can be achieved with those efforts. Include discussion here or 
separately the need for a database management and document archiving system. 

Budget 
 Year 1 Year 2 Year 3 

Senior Researcher 25,000 25,000 25,000 
Graduate students 80,000 80,000 40,000 
Travel 5,000 5,000 5,000 
Equipment / computer time 5,000 5,000 5,000 
Overhead 50(% of salary) 52,500 52,500 31,500 
 177500 177500 106500 
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 Year 1 Year 2 Year 3 
Grand total   461,500 

Point of Contact  
Boykin Witherspoon 

CONTAM3. Concentrations of pesticides and selenium in fugitive dust, Imperial Valley, CA 

Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 

development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific Flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. -
These include 19 species that are listed by either the Federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 

Water transfer agreements negotiated between the Imperial Irrigation District and 
Metropolitan Water District and with the San Diego County Water Authority have begun to 
reduce the amount of water entering the Salton Sea. This reduction in inflows has caused the 
level of the Sea to drop nearly 2.5 feet over the last 5 years, reducing available habitat and 
exposing large areas of sediments. Under current conditions, areas of the Imperial Valley 
frequently exceed PM10 non-attainment thresholds. Additionally, the Imperial Valley has one of 
the highest childhood asthma rates in California. Newly exposed lakebed sediments are likely to 
become airborne during wind events in the Imperial Valley. Sediments at the Sea are known to 
contain elevated concentrations of both pesticides and selenium (LeBlanc and others, 2004a, b).  

Justification 
Many areas within the Imperial Valley frequently exceed PM10 threshold values. There is 

a lack of information on concentrations of pesticides and selenium in airborne dust in the 
Imperial Valley and this project would provide critical information on this subject to resource 
managers in the region. 

Objectives  
• Document concentrations of over 125 current-use and legacy pesticides and selenium 

monthly in atmospheric dust from six monitoring sites in the Imperial Valley for a period 
of two years; 

• Document pesticide and selenium concentrations associated with up to five dust-storm 
events; 

• Provide results and interpretation of data to stakeholders and the public. 

Products 
• Quarterly reports; 
• A peer-reviewed final report;  
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• All laboratory results from this project will be entered into the USGS National Water 
Information System database. 

Information to Management  
Results from this study will help inform State agencies and resource managers of the 

potential for human exposure to pesticides and selenium via airborne dust in the Imperial Valley. 

Budget 
Tasks Subtasks Year 1 Year 2 Year 3 Total 

Task 1: Project 
Oversight and 
Reporting 

 $11,000 $7,000 $3,000 $21,000 

Task 2: Routine 
Sampling and 
Analysis  

USGS Sampling 
Labor 

$5,000 $5,000  $10,000 

 Supplies and Travel $5,000 $5,000 $3,000 $13,000 
 GC/MS Analyses $100,000 $100,000  $200,000 
 Selenium Analyses $15,000 $15,000  $30,000 
Task 3: Reporting Interpretive Report $2,000 $8,000 $10,000 $20,000 
Cooperator Funding    $110,000 $111,000 $13,000 $234,000 
USGS matching funds   $28,000 $29,000 $3,000 $60,000 
Total Study Funding   $138,000 $140,000 $16,000 $294,000 

Personnel 
Hydrologist   (.2FTE/yr) 
Research Chemist  (.1FTE/yr)  
Chemist  (.2FTE/yr) 

Point of Contact 
James Orlando, Mark Ricca 

CONTAM4. Evaluating the effects of agricultural irrigation practices on pesticide and 
selenium concentrations in agricultural tail water and tile water, Salton Sea, CA 

Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 

development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific Flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. 
These include 19 species that are listed by either the federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 

Previous studies by federal, state, and local agencies have documented elevated levels of 
both current-use and legacy (organochlorine) pesticides in water and associated with suspended 
and bed sediments in the Alamo and New Rivers and the Salton Sea (Crepeau and others, 2002; 
LeBlanc and others, 2004, b; Sapozhnikova and others, 2004). Studies have also shown that 
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selenium concentrations are near levels of concern in surface-waters of the Imperial Valley 
(Miles and others, 2009). A more recent study that sampled both the Alamo and New River 
inputs to the Salton Sea demonstrated that the highest pesticide concentrations and the greatest 
loads occur in the Alamo River (Orlando and others, 2008). Additional research has sought to 
link these elevated levels of contaminants to effects on birds, fish, and invertebrates in the Salton 
Sea ecosystem (deVlaming and others, 2004; Henny and others, 2008; Miles and others, 2009).  

Traditional agricultural irrigation practices in the Imperial Valley are primarily flood and 
sprinkler. In an effort to reduce agricultural water use in the Imperial Valley, new irrigation 
practices are starting to be employed and these include subsurface drip and overhead sprinkler 
systems. Data on the influence of these various irrigation practices on pesticide and selenium 
concentrations leaving fields in tail water and tile water would be value to both farmers and 
resource managers in the region.  

Justification 
Reductions is agricultural water use, coupled with water use efficiency, are goals 

embraced by multiple stakeholders within the Imperial Valley. Implementing changes in 
agricultural-irrigation practices are one means of addressing these goals. Irrigation practices are 
likely to influence the concentrations of contaminants (pesticides and selenium) in tail water and 
tile water. An evaluation of the effects of different types of irrigation on contaminant 
concentrations would be of great benefit to stakeholders in the region. 

Objectives 
• Document the occurrence of over 125 current-use and legacy pesticides and selenium in 

tail water and tile water from multiple agricultural fields (alfalfa) employing different 
types of irrigation practices; 

• Provide results and interpretation of data to stakeholders and the public. 

Products  
• Quarterly reports; 
• A peer reviewed final report; 
• All laboratory results from this project will be entered into the USGS National Water 

Information System database. 

Information to Management 
Results from this study will help inform farmers, agricultural extension specialists and 

regional resource managers of the influence of traditional and emerging irrigation practices on 
pesticides and selenium concentrations in tail water and tile water. 

Budget 
Tasks Subtasks Year 1 Year 2 Total 

Task 1: Project 
Oversight and 
Reporting 

 $11,000 $7,000 $21,000 
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Tasks Subtasks Year 1 Year 2 Total 
Task 2: Routine 

Sampling and 
Analysis  

USGS Sampling Labor $5,000 $5,000 $10,000 

Supplies and Travel $5,000 $5,000 $13,000 
GC/MS Analyses $35,000 $20,000 $55,000 
LC/MS/MS Analyses $18,000 $7,000 $25,000 
Selenium Analyses $8,000 $5,000 $30,000 

Task 3: Reporting Interpretive Report $2,000 $8,000 $19,000 
Cooperator Funding  $69,000 $47,000 $116,000 
USGS matching funds $15,000 $10,000  $25,000 
Total Study Funding $84,000 $57,000 $141,000 

Personnel 
Hydrologist   (.2FTE/yr) 
Research Chemist  (.1FTE/yr) 
Chemist  (.2FTE/yr) 

Point of Contact 
James Orlando, Mark Ricca 

CONTAM5. Pesticide degradation in an experimental wetland, Imperial Valley, CA 

Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 

development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific Flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. 
These include 19 species that are listed by either the Federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 

Previous studies by federal, state, and local agencies have documented elevated levels of 
both current-use and legacy (organochlorine) pesticides in water and associated with suspended 
and bed sediments in the Alamo and New Rivers and the Salton Sea (Crepeau and others, 2002; 
LeBlanc and others, 2004a, b; Sapozhnikova and others, 2004). Studies have also shown that 
selenium concentrations are near levels of concern in surface-waters of the Imperial Valley 
(Miles and others, 2009). A more recent study which sampled both the Alamo and New River 
inputs to the Salton Sea demonstrated that the highest pesticide concentrations and the greatest 
loads occur in the Alamo River (Orlando and others, 2008). Additional research has sought to 
link these elevated levels of contaminants to effects on birds, fish, and invertebrates in the Salton 
Sea ecosystem (deVlaming and others, 2004; Henny and others, 2008; Miles and others, 2009).  

Water-transfer agreements negotiated between the Imperial Irrigation District and 
Metropolitan Water District and with the San Diego County Water Authority have begun to 
reduce the amount of water entering the Salton Sea. This reduction in inflows has caused the 
level of the Sea to drop nearly 2.5 feet over the last five years, reducing available habitat and 
exposing large areas of sediments. Inflows from the Imperial Valley are projected to decrease 
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dramatically beginning in 2018 with full implementation of the transfer agreements. Efforts are 
currently underway by state and federal agencies to protect portions of the ecosystem through 
construction of species conservation habitat ponds and other mitigation measures designed to 
provide a range of aquatic habitats supporting migratory birds, fish and other wildlife dependent 
on the Salton Sea. It is likely that these ponds could be designed and built in such a manner as to 
enhance pesticide degradation and limit the subsequent exposure of biota to these contaminants. 

Justification 
Conservation of threatened and endangered species, migratory birds, and other species of 

concern is vitally important to multiple stakeholders in the Salton Sea region. This project 
addresses these priorities by providing robust data on pesticide degradation in managed wetlands 
that could be used to inform the design, construction and operation of future wetland habitats. 

Objectives 
• Document daily changes in concentrations of environmental mixtures of current-use

pesticides due to degradation, in a functional experimental wetland;
• Provide results and interpretation of data to stakeholders and the public.

Products 
• Quarterly reports;
• A peer reviewed final report;
• All laboratory results from this project will be entered into the USGS National Water

Information System database.

Information for Management 
Results from this study will provide data to resource managers on the subject of pesticide 

degradation in managed wetlands and help inform the design of future managed wetland habitats 
in the Salton Sea area.  

Budget 
Tasks Subtasks Year 1 Year 2 Total 

Task 1: Project 
Oversight and 
Reporting 

$11,000 $7,000 $18,000 

Task 2: Routine 
Sampling and 
Analysis  

USGS Sampling Labor $15,000 $15,000 

Supplies and Travel $8,000 $2,000 $10,000 
GC/MS Analyses $50,000 $20,000 $70,000 
LC/MS/MS Analyses $60,000 $20,000 $80,000 

Task 3: Reporting Interpretive Report $2,000 $18,000 $20,000 
Cooperator Funding  $120,000 $55,000 $175,000 
USGS matching funds $26,000 $12,000  $38,000 
Total Study Funding $146,000 $67,000 $213,000 



  

34 

Personnel 
Hydrologist   (.2FTE/yr) 
Research Chemist  (.1FTE/yr) 
Chemist  (.3FTE/yr) 

Point of Contact 
James Orlando 

CONTAM6. Evaluation of the risks and rewards associated with wetland management using 
reclaimed Salton Sea water versus recycled agriculture water 

Introduction 
In the arid Southwest, conflict over diminishing water supplies from the Colorado River 

is expected to intensify as a consequence of intensifying climate change and human-population 
growth. Ecosystem services provided by wetland habitats in the Southwest are most vulnerable 
to degradation as sources of clean water are taxed heavily by multiple anthropogenic stressors, 
and perhaps no place better exemplifies the risks and challenges to wetland management in the 
region than the Salton Sea.  

The Salton Sea is a 900 km2 terminal basin created in its present form during 1905 when 
a levee failure diverted much of the Colorado River into the basin. Since then, the Sea has been 
sustained by runoff from extensive agricultural development in the Imperial Valley made 
possible by water from the Colorado River. Recent transfer agreements defined in the 
Quantification Settlement Agreement (QSA) and related water conservation measures will 
reduce agricultural runoff to the Sea by an estimated 30% in 2018. Long-term, the surface area of 
the Sea is expected to shrink by 364 km2 (~60%) by 2078 (California Resources Agency, 2007). 
Numerous human-health and ecological hazards will ensue, compounding the loss or impairment 
of thousands of hectares of wetlands necessary for waterbirds and endangered pupfish as the Sea 
contracts. Moreover, large expanses of managed wetlands have contracted steadily, and dry 
playas have become common as water-inflows to the Sea are reduced.  

Justification 
Agricultural drain-water will remain available, provided that extensive farming in the 

region continues, yet the sole use of this water-source for management has ecological risks from 
high levels of selenium that have been well documented in other wetland ecosystems (Skorupa, 
1998). Hence, most previous (for example, Miles and others, 2009) and planned management 
efforts (for example, U.S. Army Corps of Engineers and California Natural Resources Agency, 
2013) utilize a blended water approach that seeks to minimize selenium (SE) risk by mixing 
high-selenium agricultural runoff (> 5.0 ppb) with low-selenium (< 2.0 ppb) and high-salinity 
water from the Salton Sea. The combination of increased salinity and diluted source input is 
predicted to reduce Se risk, in part, by preventing development of wetland vegetation that can 
promote and accelerate bio-availability and bio-accumulation of selenium. However, costs 
associated with the blended-water approach are high because active pumping is required to move 
Salton Sea water upslope to blend with river water. The alternative of using a low-cost gravity 
delivery system for river water without blending has a risk of exposing wildlife to higher 
concentrations of selenium. For the blending option, as the Sea recedes, pumping distances and 
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costs will likely increase along with necessary pump maintenance, so high costs of pumping 
might hamper larger-scale management efforts. Conversely, a gravity fed water source without 
the costs of blending has the potential to create many more acres of habitat at the Salton Sea than 
currently exists, given the amount of agricultural water available, albeit with a higher risk of 
selenium toxicity. These management decisions must be made using adequate scientific 
information quantifying the risk of both options. 

Objectives 
Miles and others, (2009) demonstrated a blended water approach in a complex of 

evaporative ponds. They found that blended water did not appear to affect selenium risk 
compared to wetlands fed by either Colorado River water or agricultural drain-water. However, 
comparative and replicate experimental treatments involving evaporative pond complexes 
sustained primarily by agricultural drain-water were not possible. Further evaluations of 
ecological benefits vs. costs of blended vs. agricultural water sources in wetlands using an 
evaporative pond-complex or other designs would aid determination of whether less expensive 
management options could be implemented. Hence, a novel research and monitoring design that 
takes advantage of existing or planned Salton Sea management, and suggest possible 
experimental treatments could help better answer the blended water vs. non-blended water 
selenium-risk question. Take advantage of planned management efforts for SCH at New River 
Delta (U.S. Army Corps of Engineers and California Natural Resources Agency, 2013) and/or 
Redhill Bay (U.S. Fish and Wildlife Service, 2014) that will use the blended-water approach; 

• Determine selenium concentration in source water, sediments, and wetland biota (benthic
and pelagic invertebrates, fish) on a seasonal basis for one-year;

• Switch source water to agricultural drain-water, and determine changes in Se risk as
measured by sampling the same matrices;

• Repeat or adapt source-water management, pending results from the first two years;
• Ideally, source water type (blend vs. agricultural) would differ between the complexes at

the beginning of the study to enable a better cross-over design;
• Approach can be downscaled for implementation within a single pond complex with

multiple cells, or timing and frequency of source-water changes can be modified in
consultation with resource managers. For example, change-overs could occur seasonally
with variable duration (for example, one-month blend–three-month agricultural water
versus three-month agricultural–one-month blended water). Sampling of Se risk would
then correspond to changes in source water management.

Products and Information 
• Results provide the foundation for future adaptive management for Salton Sea

management and increased cost-effectiveness balanced against ecological benefits and
risks;

• Estimates of selenium mass balance;
• Leverage data collection and costs with existing selenium-monitoring proposals;
• Results and interpretation of data provide to stakeholders and the public;
• A peer-reviewed final report.
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Information to Management 
Results from this study will help inform managers, scientists, and regulators of the 

potential for selenium exposure to migratory birds, fish and invertebrates within shallow, saline 
water habitat created with blending water from the Salton Sea and agricultural runoff. This study 
will aid in developing water use/reuse and species protection management strategies.  

Budget 
  Year 1 Year 2  Year 3 

Salary: PI (.5 FTE)  $ 90,000   $ 90,000   $  90,000  
Salary: Staff  $ 120,000   $ 120,000   $  48,000  
Analytical (Se)  $ 150,000   $ 150,000   
Supplies  $ 10,000   $ 10,000   
Travel  $ 20,000   $ 20,000   $  20,000  
Total Direct  $ 390,000   $ 390,000   $  158,000  
Indirect (50%)  $ 195,000   $ 195,000   $  79,000  
Subtotals  $ 585,000   $ 585,000   $  237,000  
Grand Total   $ 1,407,000 

Point of Contact 
Mark A. Ricca, Becky Blasius 

CONTAM7. Assessing the potential for pesticide exposure in a newly constructed Wetland: 
Red Hill Bay, Salton Sea, CA 

Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 

development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. 
These include 19 species that are listed by either the federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 

The 2003 QSA included provisions for water transfer agreements between Imperial 
Irrigation District and other water districts which now have begun to reduce the amount of water 
entering the Salton Sea. This reduction in inflows has caused the level of the Sea to drop nearly 
2.5 feet over the last 5 years, reducing available habitat and exposing large areas of sediments. 
Inflows to the Sea are projected to decrease dramatically beginning in 2018 with full 
implementation of the transfer agreements and the termination of mitigation water. Efforts are 
currently underway by state and federal agencies to protect portions of the ecosystem through 
construction of ponds and other mitigation measures to provide a range of habitats supporting 
migratory birds, fish, and other wildlife dependent on the Salton Sea.  

The Sonny Bono Salton Sea National Wildlife Refuge (Refuge) is embarking on a project 
to reclaim a 420 acre portion of dry playa in Red Hill Bay of the Salton Sea by constructing 
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shallow, saline-water ponds. This effort will restore wetland ecological functions for an area 
which once provided habitat for migratory birds. The QSA and other legislation (for example, 
Public Law 105–372) precludes the use of Colorado River water for Salton Sea restoration which 
complicates habitat development in a region where all sources of water are degraded. Thus, the 
Red Hill Bay project will utilize a mix of agricultural wastewater (Alamo River) and Salton Sea 
water to create wildlife habitat in an effort to make the best possible use of these degraded water 
supplies (least ecological risk). This water-reuse practice has previously been discouraged for 
managed Refuge habitats due to contaminant (pesticides and selenium) concerns.  

Previous studies by federal, state, and local agencies have documented elevated levels of 
both current-use and legacy (organochlorine) pesticides in water and associated with suspended 
and bed sediments in the Alamo and New Rivers and the Salton Sea (Crepeau and others, 2002; 
LeBlanc and others, 2004a, b, Sapozhnikova and others, 2004). Studies have also shown that 
selenium concentrations are near levels of concern in surface-waters of the Imperial Valley 
(Miles and others, 2009). A more recent study which sampled both the Alamo and New River 
inputs to the Salton Sea demonstrated that the highest pesticide concentrations and the greatest 
loads occur in the Alamo River (Orlando and others, 2008). Additional research has sought to 
link these elevated levels of contaminants to effects on birds, fish, and invertebrates in the Salton 
Sea ecosystem (deVlaming and others, 2004; Henny and others, 2008; Miles and others, 2009).  

This proposal is in an effort to fund research designed to provide data on the occurrence 
of current-use and legacy pesticides present in water and suspended sediments in input waters to 
Red Hill Bay and in sediments within the bay itself. These data will provide critical knowledge 
of baseline conditions prior to and during saline-pond habitat construction and will aid resource 
managers in developing adaptive management strategies for future operation of the site. With 
proper scientific support, it is believed that the Red Hill Bay project will demonstrate how water 
reuse can be successfully implemented to support habitat conservation projects throughout the 
Salton Sea region. 

Justification 
Conservation of threatened and endangered species, migratory birds, and other species of 

concern is vitally important to the U.S. Fish and Wildlife Service, and the National Wildlife 
Refuge System is focused on collaboratively addressing landscape-scale conservation through 
scientifically based adaptive management. This project addresses these priorities. The current 
Salton Sea was accidentally flooded in 1905 and has been sustained with agricultural runoff ever 
since. This flooding occurred during a period of widespread draining of wetlands in California, 
and while unintentional, the habitats created at the Salton Sea provided mitigation habitat for 
migratory birds of the Pacific Flyway. Because of the number of birds and diversity of birds at 
the Salton Sea and surrounding habitats, it is important to maintain habitat for migratory birds 
and to do so using scientifically based approaches. Salton Sea management efforts are focused 
on doing this. Successfully creating healthy replacement habitat is important to the many species 
of migratory birds that pass through the region, and this importance could potentially be 
extended beyond the region as additional habitat losses occur due to climate change. With the 
amount of agricultural water available, the potential exists to create many more acres of 
productive habitat at the Salton Sea than currently exists, but these management decisions should 
be made with the proper scientific support and context.  
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Objectives 
• Document the occurrence of current-use and legacy pesticides present in Alamo River

and Salton Sea water and suspended sediment entering the Red Hill Bay wetlands;
• Document the occurrence of current-use and legacy pesticides in bed sediments present in

Red Hill Bay prior to pond construction;
• Document the occurrence of selenium in Alamo River and Salton Sea water entering the

Red Hill Bay wetlands;
• Provide results and interpretation of data to stakeholders and the public.

Products 
• Quarterly reports;
• A peer reviewed final report;
• All laboratory results from this project will be entered into the USGS National Water

Information System database.

Information to Management 
Results from this study will help inform Refuge managers of the potential for pesticide 

exposure to migratory birds, fish and invertebrates within shallow, saline water, habitat to be 
created in Red Hill Bay. Additionally, this study will aid U.S. Fish and Wildlife Service 
personnel in developing water use/reuse and species protection management strategies for future 
operation of the site. 

Budget 
FY 1 FY 2 

Operating Expenses 
    Dissolved organic carbon $1,000 $ 800 
  Particulate organic carbon analyses  $2,000 $ 800 
  Selenium analyses  $8,000 $8,000 
  Travel and per diem $4,450 $4,450 
  Shipping $ 740 $ 740 
Supplies and Equipment 
  Field supplies (Bottles , filters , etc) $  800 $  800 
   Laboratory supplies (Gasses and consumables ) $11,450 $16,580 

Salaries 
Hydrologist (.2 FTE/yr) 
Project Oversight and Reporting $ 5,250 $ 5,000 
  Sample Collection $ 8,500 $ 5,700 
   Pesticide Analyses $ 3,000 $ 1,500 
  Database Management $ 1,000 $ 2,200 
  Final Report Preparation $ 5,200 $18,400 
Research Chemist (.1 FTE/yr) 
 Pesticide Analyses $19,250 $18,750 
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FY 1 FY 2 
Chemist (.2 FTE/yr) 
 Pesticide Analys es $17,160 $ 6,000 

  Final Report Preparation $ 2,140 
Chemist (.1 FTE/yr) 
  Sample Collection $3,500 $ 2,100 
   Pesticide Analyses $ 8,000 $ 5,640 

Total for FY $99,300 $ 99,600 

Project Total Budget $ 198,900 

Point of Contact 
James Orlando, Mark Ricca 

CONTAM8. Assessing the potential for pesticide and selenium exposure in a newly 
constructed wetland: Species Conservation Habitat Project, Salton Sea, CA 

Introduction 
It is estimated that up to 95% of California’s wetland habitat has been lost to 

development and agriculture in the last century (Dahl, 1990). With this loss of habitat, the Salton 
Sea has become a critical area of refuge for birds along the Pacific flyway. Over 420 species of 
birds have been documented at the Sea with more than 270 species using it on a regular basis. 
These include 19 species that are listed by either the Federal government or the State of 
California as endangered, threatened, or of concern. The Salton Sea resides in a closed basin at 
the northern end of the Imperial Valley and water levels are sustained almost entirely by 
agricultural runoff. 

Water transfer agreements authorized under the 2003 QSA have begun to reduce the 
amount of water entering the Salton Sea. This reduction in inflows has caused the level of the 
Sea to drop nearly 2.5 feet over the last five years, reducing available habitat and exposing large 
areas of sediments. Inflows from the Imperial Valley are projected to decrease dramatically 
beginning in 2018 with full implementation of the transfer agreements and termination of 
mitigation water. Efforts are currently underway by state and federal agencies to protect portions 
of the ecosystem through construction of Species Conservation Habitat (SCH) ponds and other 
mitigation measures designed to provide a range of aquatic habitats supporting migratory birds, 
fish and other wildlife dependent on the Salton Sea.  

The State of California Natural Resources Agency is embarking on a project to reclaim 
640 acres of dry playa near the outlet of the New River within the Salton Sea by constructing 
shallow, saline-water ponds in an effort to restore the habitat functions this area once provided to 
migratory birds and other wildlife when wet (U.S. Army Corps of Engineers and California 
Natural Resources Agency, 2013). Because the terms of the QSA precluded the use of Colorado 
River water, the SCH project will utilize a mix of agricultural wastewater (New River) and 
Salton Sea water to create wildlife habitat. This water reuse practice has previously been 
discouraged for managed habitats due to contaminant (pesticides and selenium) concerns.  
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Previous studies by federal, state, and local agencies have documented elevated levels of 
both current-use and legacy (organochlorine) pesticides in water and associated with suspended 
and bed sediments in the Alamo and New Rivers and the Salton Sea (Crepeau and others, 2002; 
LeBlanc and others, 2004a, b; Sapozhnikova and others, 2004). Studies have also shown that 
selenium concentrations are near levels of concern in surface-waters of the Imperial Valley 
(Miles and others, 2009). A more recent study which sampled both the Alamo and New River 
inputs to the Salton Sea demonstrated that the highest pesticide concentrations and the greatest 
loads occur in the Alamo River (Orlando and others, 2008). Additional research has sought to 
link these elevated levels of contaminants to effects on birds, fish, and invertebrates in the Salton 
Sea ecosystem (deVlaming and others, 2004; Henny and others, 2008; Miles and others, 2009). 

Justification 
Conservation of threatened and endangered species, migratory birds, and other species of 

concern is vitally important to state and federal land managers. This project addresses these 
priorities. The current Salton Sea was accidentally flooded in 1905 and has been sustained with 
agricultural runoff ever since. This flooding occurred during a period of widespread draining of 
wetlands in California, and while unintentional, the habitats created at the Salton Sea provided 
mitigation habitat for migratory birds of the Pacific flyway. Because of the number of birds and 
diversity of birds at the Salton Sea and surrounding habitats it is important to maintain habitat for 
migratory birds and to do so using scientifically-based approaches. Salton Sea Resource 
Management efforts are focused on doing this. Successfully creating healthy replacement habitat 
is important to the many species of migratory birds that pass through the region, and this 
importance could potentially be extended beyond the region as additional habitat losses occur 
due to climate change. With the amount of agricultural water available, the potential exists to 
create many more acres of productive shallow wetland habitat at the Salton Sea than currently 
exists, but these management decisions must be made in the proper scientific context.  

Objectives 
• Document the occurrence of over 125 current-use and legacy pesticides and selenium in 

New River and Salton Sea water and suspended sediment entering the SCH wetlands for 
the period of two calendar years; 

• Provide results and interpretation of data to stakeholders and the public. 

Products 
• Quarterly reports; 
• A peer reviewed final report;  
• All laboratory results from this project will be entered into the USGS National Water 

Information System database. 

Information to Management 
Results from this study will help inform State managers of the potential for pesticide and 

selenium exposure to migratory birds, fish and invertebrates within shallow, saline water, habitat 
to be created in SCH. Additionally, this study will aid State personnel in developing water 
use/reuse and species protection management strategies for future operation of the site. 
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Budget 
Tasks Subtasks Year 1 Year 2 Year 3 

Task 1: Project 
Oversight and 
Reporting 

$11,000 $7,000 $3,000 

Task 2: Routine 
Sampling and 
Analysis  

USGS Sampling 
Labor 

$5,000 $5,000 

Supplies and Travel $5,000 $5,000 $3,000 
GC/MS Analyses $42,000 $35,000 $7,000 
LC/MS/MS Analyses $28,000 $23,000 $5,000 
Selenium Analyses $15,000 $12,000 $3,000 

Task 3: Reporting Interpretive Report $2,000 $8,000 $9,000 

Subtotals $108,000 $95,000 $30,000 
Grand Total $233,000 

Point of Contact 
James Orlando, Mark Ricca 

CONTAM9. Selenium transport, fate, and risk with full implementation of water conservation 

Introduction and Background 
Results of a detailed study by the National Irrigation Water-Quality Program (NIWQP), 

U.S. Department of the Interior, indicate that factors controlling contaminant concentrations in 
subsurface irrigation drain-water in the Imperial Valley are soil characteristics, hydrology, and 
agricultural practices (Setmire and others, 1993). Higher contaminant concentrations commonly 
were associated with clayey soils, which retard the movement of irrigation water and thus 
increase the degree of evaporative concentration. Regression of hydrogen- and oxygen-isotope 
ratios in samples collected from sumps yields a linear drain-water evaporation line that 
extrapolates through the isotopic composition of Colorado River water, thus demonstrating that 
Colorado River water is the sole source of subsurface drain-water in the Imperial Valley. Ratios 
of selenium (Se) to chloride indicate that selenium present in subsurface drain-water throughout 
the Imperial Valley originates from the Colorado River. Biological sampling and analysis 
showed that drain-water contaminants, including selenium, are accumulating in tissues of 
migratory and resident birds that use food sources in the Imperial Valley and the Salton Sea. 
Selenium concentration in fish-eating birds, shorebirds, and the endangered Yuma clapper rail 
were at levels that could affect reproduction. More recent studies provide additional evidence of 
selenium-induced reproductive effects in nesting birds at the Salton Sea. Management 
implications are that the biological effects of selenium in the Salton Sea area warrant further 
consideration in the construction of waterbird habitats. The effects to be addressed include 
reproductive impairment in nesting shorebirds and selenium accumulation in fish which may 
make them hazardous food items for fish-eating birds. 
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Justification 
Previous studies indicated that reproductive effects may be occurring at low levels in the 

Salton Sea environment among nesting birds. The Salton Sea is not a static environment, and 
various factors have changed over time that may alter the nature and extent of impacts from 
selenium contamination in the Salton Sea watershed. Setmire and others, (1993) reported some 
sumps (which pump tile water surface drains) with mean monthly Se concentrations of 267 µg/L, 
with maximum values as high as high as 360 µg/L, while direct discharges of tile water had 
values as low as 2 µg/L. The high values were associated with high-clay soils. The dramatic 
variability suggests that agricultural lands (and potentially practices) may similarly vary across 
the Imperial Valley. Identifying specific agricultural field characteristics that contribute 
disproportionately high Se loadings could lead to more cost-effective Se management strategies, 
including treatment. 

Objectives 
• Develop a GIS database of selenium data from the Setmire and others, 1993, Schroeder

and others, 1993) and more recent (California Resources Agency, 2006);
• Evaluate soil characteristics and agricultural practices spatially relative to data from those

efforts;
• Identify a subset of sampling points to re-sample using a stratified-random design to

capture the range of soil types and previous selenium concentrations measured in
subsurface drain-water;

• Conduct sampling of these points once full implementation of the water conservation
program is in place using the same temporal sampling regime as was conducted during
the Detailed Study;

• Concurrently collect data on crops and irrigation practices as context for interpretation of
the new selenium data;

• Enter data onto the GIS system to allow comparison of selenium concentrations across
the Imperial Valley among studies;

• Assess any patterns in changes of selenium concentrations relative to changes in
agricultural practices;

• Identify locations with consistently high selenium concentrations as targets for treatment
to reduce overall concentrations of selenium entering the Salton Sea or associated
constructed habitats.

Products 
• GIS database of selenium concentrations and agricultural practices and soil information

(to the extent available);
• Report providing any associations between selenium concentrations and soil types and

(or) agricultural practices;
• Recommendations for locations amenable to treatment and appropriate treatment options

to consider.
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Process for Integration 
The information that is developed should be incorporated into models for selenium fate 

and transport in the Imperial Valley and used to assess risk associated with using specific 
drainwater inputs into constructed habitats.  

Project Informing Management 
• Identify specific water sources that should be avoided for use in wildlife habitats; 
• Identify specific inputs that are amenable to treatment; 

Budget  
Item Cost 

Salary—Principal Investigator (@ $150,000/year)   
 Oversight of study activities (0.2 FTE) $ 30,000 
 Data analysis and report writing (0.4 FTE) $ 60,000 
Salary—Technical Support ($80,000/year)   
 Field sample collection—2 technicians (0.25 FTE X 2) $ 40,000 
 Sample management—1 technician (0.1 FTE) $ 8,000 
 Report preparation tasks—1 technician (0.4 FTE) $ 32,000 
Travel and per diem $ 36,000 
Supplies and shipping costs $ 5,000 
Selenium analysis (includes grain size and total organic carbon in soils) $ 35,000 
Total $246,000 

Point of Contact 
Carol Roberts, Mark Ricca 

CONTAM10. Selenium hot-spots 

Justification 
Setmire and others, (1993) and Saiki and others (2010) report selenium concentrations in 

agricultural drains of the Imperial Valley. Some of these selenium concentrations were elevated 
(monthly mean selenium of 267 µg/L, with maximum values as high as high as 360 µg/L), while 
other drains had values as low as 2 µg/L. The high values reported by Setmire and others (1993) 
were associated with high-clay soils. The variability suggests that agricultural lands (and 
practices?) may similarly vary across the Imperial Valley with regard to selenium concentrations 
in soils. Identifying specific agricultural fields that contribute disproportionately high-Se 
loadings could lead to more cost-effective Se management strategies, either by avoiding use of 
water from specific drains or by incentivizing farmers to selectively fallow high-Se fields. 

Objectives 
• Review existing selenium data and input into GIS; 
• New monitoring on potentially high-Se drains; 
• GIS analysis of old & new Se data, toward identifying:  

• location & seasonality of high-Se drains and  
• location of high-Se agricultural lands; and 
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• Rank land parcels by likely Se-loading potential. 

Products  
• Map showing Se loadings by land parcels; and 
• Map/table listing Se concentrations in drains. 

 

How Does This Inform Management?  
Managing Se concentrations in constructed shallow ponds currently requires blending 

input drain water with Sea water. This requires significant upfront capital costs, for pumps and 
new transmission lines, and long term energy and maintenance costs. Limited budgets mean that 
funds that otherwise could be directed toward additional habitat construction must now be 
allocated for blending and Se management. 

The deliverables from the proposed research would specifically and directly address the 
challenge of Se risk, by allowing for the preferential avoidance of high-Se drain-water, or 
avoidance of initial Se loadings, or both. This could enable managers to avoid blending, in turn 
allowing for additional habitat construction. 

Budget  
$500,000 

Point of Contact 
Mark Ricca 

Carbon, CO2, and Algae Proposals 
CARBON1. Carbon capture assessment of the Salton Sea, constructed wetlands, and 
agricultural lands of the Imperial and Coachella Valleys.  
(No proposal developed but identified as a science need.)  

The following items are notes from the team discussion relative to issues to be addressed 
concerning carbon sequestration at the Salton Sea. 

The limited amount of time at the meeting did not allow for a full proposal development. 
However, the organizing committee decided to include these notes in the proposal section to 
indicate the type of discussion necessary to address this topic. 

Carbon sequestration at the Salton Sea has generated interest in a number of categories. 
Although the existing Sea has a shallow photic zone, as indicated by relatively small secchi 
depth measurements (0.4 to 1.4 m [Holdren and Montaño, 2002), its large areal extent (≈350 
mi2) yields a potentially large capacity for carbon uptake through algae production. Chris 
Amrhein (UC Riverside, written commun., 2005) estimates primary productivity (algal biomass) 
at the Salton Sea to be equivalent to 55,000 metric tons of carbon yearly. This action requires the 
uptake of CO2 from the atmosphere. Reducing inflows and the size of the Salton Sea will reduce 
this carbon assimilative capacity. 
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Based on the potential for carbon removal using algal based remediation systems, there 
has been considerable interest in developing algae farms expressly for the purpose of harvesting 
algae for biofuels production. One interesting approach to Salton Sea remediation has been 
offered as the CEP process, in which a high algal growth rate system is employed to uptake CO2 , 
nutrients, and possibly selenium. This process has potential for reducing eutrophication and for 
producing algae biomass for biofuels or as a means of recycling fertilizers to farm fields. What is 
not known about this topic is enormous. With an estimated 40 kg of carbon/acre/day removal at 
the Salton Sea, there is a need to better quantify the carbon balance and develop a means of 
monetizing this removal. Further, the group recommends an analysis of the carbon emissions 
balance of production at the Sea (current) versus Sea in a smaller size, as compared to increased 
carbon emissions brought about through transferring water away from the Sea to urban Southern 
California. There is also the question of how much carbon might be emitted from sediments 
exposed as the water level recedes. The scientists observed that several proposals submitted 
previously concerning algal growth and carbon production for Se mitigation but were never 
funded. The recommendation was that these types of proposals should be updated and 
reconsidered, especially since some initial studies showed 40% reduction in Se concentrations. 
There is considerable interest worldwide in the concept of carbon sequestration in natural and 
managed algae systems (Murray and others, 2011; Sankur and others, 2011; Carlberg and others, 
2003; Chmura and others, 2003).  

The SoSS group listed additional unknowns and concerns: 
• Is this a long-term sink or temporary removal? 
• Are other greenhouse gas capture/production scenarios involved? 
• What is the mechanism/chemistry of C cycle in the Sea? 
• Better understanding of large-scale Sea geochemistry & bio-geochemistry needed 
• What’s prospect for storing additional C as Sea stabilizes at smaller size? 
• How well are elemental pools/fluxes/reservoirs known? C, N, pH, Se? 
• Are constructed marshes a viable option to capture Carbon and other elements such as 

Se? How to measure risk of such projects? 
• What is C uptake potential of shallow habitats? Likely to be much higher than Sea, on 

unit basis. Is this temporary or long-term?  
• Are there other biological systems, for example, bivalves, capable of carbon uptake and 

sequestration? Is there the possibility of using non-native bivalves, currently in the 
ecosystem, despite their controversial existence? 

• What are existing C reservoirs? Organic or inorganic? In anoxic sediments or more stable 
mineral form? 

Budget 
To address high priority concerns listed above: $750,000 

Point of Contact  
Michael Anderson, Lisa Windham-Meyers, Tim Bradley 
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CARBON2. Nutrient and selenium control in drain water to the Salton Sea: Evaluation of the 
Controlled Eutrophication Process (CEP) 

Introduction 
One of the major issues concerning the management of the Salton Sea is the control of 

agricultural and municipal drains that cause high nutrient loading rates and potential selenium 
toxicity in the tributaries and in the Sea. The eutrophic conditions often promote extensive algae 
blooms that eventually “crash” (die), settle, and undergo anaerobic decomposition. This can lead 
to the release of hydrogen sulfide and produce anoxic zones, particularly during wind events. 
These conditions often result in high fish mortality, loss of forage for resident and migratory bird 
populations, contribute to the occurrence of avian diseases, and produce foul odors. 

Selenium toxicity is of concern in constructed shallow-habitat ponds around the margins 
of the receding Salton Sea, leading to expensive and potentially unsustainable management 
actions to reduce potential toxicity. Selenium is of concern due to the potential bioaccumulation 
in the aquatic food chain, which supports abundant and diverse bird populations. In addition, 
anaerobic bacteria and (or) microalgae can transform the selenium into a redox-state that is up to 
eight times more toxic than the form in the drain waters. Currently, pumping of low (<2 ppb) 
selenium Salton Sea water, to blend with higher selenium drain water, has been selected as the 
management approach to reduce the risk of selenium toxicity. Blending drain water and Sea 
water also increases salinity to more than 20 ppt to discourage the establishment of emergent 
aquatic vegetation that can bioaccumulate selenium. 

Kent SeaTech Corporation and Clemson University developed the Controlled 
Eutrophication Process (CEP) (Carlberg and others, 2003) to assimilate and remove nutrients and 
potentially toxic selenium. At the pilot-scale, CEP has shown promising results when treating a 
small portion of the Whitewater River. In previous selenium-tracking studies, the CEP method 
removed over 40% by algae and in spiking studies more than 98% of selenium in sludge in 
anaerobic digestion of algae. By the addition of an anaerobic bacterial pre-treatment step and a 
microcosm benthic invertebrate post-treatment step, the level of removal could be far greater. 
What remains is to evaluate this process on a much larger demonstration-scale to show proof-of-
concept on the New and (or) Alamo Rivers. 

Justification 
Proof-of-concept level evaluation of CEP could offer a cost-effective means of managing 

selenium in constructed habitat ponds at the Salton Sea, reducing or potentially eliminating the 
need to pump water from the Salton Sea for blending. Avoiding these high capital and operations 
costs for blending could enable limited funding to be directed toward the construction of 
additional habitat, with ecological and air quality benefits. 

Objectives 
• To determine the need for and the effectiveness of a pre-treatment solids settling step to

reduce the turbidity caused by clay and silt in the water from the tributaries that can
interfere with photosynthesis by microalgae in the CEP;

• To assess the need for plastic pond liners in the CEP algal production raceway ponds to
prevent the formation of dead zones, resulting in in-situ algal settlement and re-
mineralization of algae biomass and lost productivity;
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• To determine optimal conditions of: water in-flow rates, water velocity, pond depth, and 
hydraulic retention time (HRT), to maximize nutrient assimilation by algae and to 
promote effective harvesting on a year-round basis; 

• To develop methods to minimize the effects from the cold-water winter conditions on 
algal growth and to evaluate co-precipitation as a method for storing phosphorus during 
the cold-water winter months; 

• To refine the algal-harvesting process to maximize removal efficiency and cost 
effectiveness of the various alternative harvest methods, including Tilapia Enhanced 
Sedimentation (TES) and Serial Selection for Bioflocculation (SSB); 

• To improve methods for drying the algal biomass, to minimize contamination from high 
TSS (silt and debris), and to enhance the value of co-products; 

• To evaluate the production and maximize the use of the algal biomass to produce 
valuable co-products that can be a source of revenue to reduce operating expenses; 

• To assess the addition of an anaerobic bacterial pre-treatment step to reduce toxic 
selenium to a redox state more easily assimilated by algae; 

• To evaluate a final post-treatment step using benthic invertebrates to assimilate residual 
selenium, and to develop harvesting and disposal methods; and 

• To assess the technical and economic viability of the CEP water treatment process as the 
preferred nutrient and selenium control method for use in the management of the Sea. 

Products (Bullets) 
• Evaluation of the capacity of CEP units to remove selenium from the water column; 
• Revised sizing guidance for CEP units relative to the size of constructed habitats; and 
• Techno-economic model that helps determine the projected overall capital and operating 

costs of CEP for pre-treatment of New or Alamo River water. 

How Does This Inform Management?  
This proposal directly addresses the management need to identify a cost-effective method 

of managing nutrient and selenium concentrations in constructed habitat ponds. CEP has 
demonstrated promising results at the pilot scale; this proposal would serve as proof of concept.  

Budget 
  Year 1 Year 2 Year 3 

Labor $287,000 $295,000 $582,000 
Equipment (construction) 210,,000 26,000 236,000 
Maintenance & utilities 32,000 36,000 68,000 
Supplies 40,000 60,000 100,000 
Lab analyses 48,000 95,000 143,000 
Miscellaneous-travel 16,000 16,000 31,000 
Indirect 149,000 124,000 273,000 
Subcontracts (academic) 110,000 110,000 220,000 
Total $892,000 $762,000 $1,653,000 
Grand total   $4,069,000 

Point of Contact 
Jim Carlberg, Michael Anderson,  Michael Cohen 
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CARBON3. Carbon sequestration in deep cycled groundwater  
(No proposal developed but identified as a science need.) 

The question of CO2 sequestration in desert soils and groundwater has been a source of 
debate for some time (Grossman and others, 1995; Schlesinger, 1999; Ma and others, 2014). 
Soils have been recognized as the single largest sink for CO2 (Post and others, 1982; Houghton 
and others, 1990). But the debate on how effective soil carbon storage is as a mechanism for 
sequestration as a means of reducing atmospheric concentrations centers on the issue of carbon 
flux from the atmosphere. A slow rate typical of soils is unlikely to alter the atmospheric balance 
(Schlesinger and Bernhardt, 2013).  

Grossman and others (1995) observed that soils containing calcium silicates serve as a 
sink for atmospheric CO2 and it is further reported that calcium in irrigation water can facilitate 
the formation of calcium carbonate, which may sequester CO2 (Monger and Martinez-Rios, 
2001) 

Recent studies have furthered this controversy by suggesting that Deep groundwater may 
be a potentially overlooked mechanism for CO2 storage in desert ecosystems (Evans and others, 
2014; Li and others, 2015). These observations were criticized in conventional analyses of CO2 
uptake in which an unlikely amount of vegetation biomass in desert ecosystems would be 
required to attain the reported sequestration rates (Schlesinger and others, 2009). However, this 
problem may have been overcome recently with reports suggesting massive CO2 storage as 
dissolved inorganic carbon (DIC) in shallow and deep groundwater (Li and others, 2015; Ma and 
others, 2014; Evans and others, 2014; Stone, 2008). Large carbon sequestration into groundwater 
has been reported in Russia (Lapenis and others, 2008) and irrigated agricultural lands of central 
California (Eshel and others, 2007), important because of the long residence time of 
groundwater. Li and others (2015) suggest that there is a “hidden” storage mechanism for carbon 
beneath Chinese deserts in the form of DIC.  

Although the connection to Salton Sea resource management is not directly obvious, this 
topic along with other carbon related issues has the potential for monetization in some form, 
either as carbon capture credits, or carbon offsets involved with emerging climate change 
programs. It is recommended that a preliminary evaluation be made in order to quantify this 
potential 

Budget 
$500,000 

Point of Contact  
Lisa Windham-Meyers James Orlando 
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Biology Proposals 
BIO1. A dynamic ecosystem model for evaluating and managing changes in the Salton Sea 

Introduction and Background 
Dynamic models, set in an ecosystem framework, provide an understanding of the 

relationships among organisms. This information serves as a decision-support platform for 
assisting with the adaptive management of natural systems. Development of such a model for the 
Salton Sea will maximize 30 years of accumulated natural history knowledge, providing the data 
needed to guide science, management, and policy at the Sea.  

The Salton Sea is predicted to face rapid physical change as a result of reduced water 
inputs. These changes (in water level, salinity, oxygen availability) are expected to impact a 
number of key species in the system. Understanding whole system responses to population-level 
variability of key organisms and their responses to key abiotic inputs will provide a more 
complete understanding of the stability of the ecosystem as a whole, and act as a bellwether for 
management in anticipating (and responding to) ecological transition or collapse. 

Justification 
A dynamic ecosystem model can quantify and organize the biological and physical 

information that has already been collected at Sea, and make it available to stakeholders via an 
intuitive, visual interface. Given the basic need to understand the interplay among biotic 
populations and abiotic processes over time (at multiple scales and across hierarchical levels of 
organization, a predictive tool of this kind is of vital importance. This model provides the 
quantitative (or probabilistic) support stakeholders need to predict (or, anticipate) state 
transitions at the Sea, justify the mustering of resources, and manage these changes.  

Objectives 
The objectives of this project are two-fold. The models and their representations serve to 

synthesize existing data, predict important state changes, and interpret these realities for 
stakeholders (scientists, land managers, policy makers, and the public). Thus the models will be 
designed to:  
1. Provide a synthesis of the data that captures extensive history of science on biological

systems of the Salton Sea and identifies critical gaps in knowledge;
2. Develop a relational framework needed to understand processes that are important to the

contemporary dynamics of the biological diversity of the Salton Sea and associate marshes
(engineered/remediation marsh habitat);

3. Develop a predictive, numerical model to assess the risk of undesirable threshold change in
the ecosystem state for the Sea and engineered mitigation/management projects;

4. Provide a conceptualization of biological systems at the Sea that can be aligned and
integrated with physical and socio-economic studies and assessments;

5. Understand the nature of biological linkages (using current data) and linkage interaction
strength (through data-model assimilation associated with specific experimentation); and

6. Develop a robust decision support system that guides monitoring and hypothesis generation
important to adaptive management frameworks (by iterating the model with data from
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monitoring and forecasting biodiversity behavior in the context of specific scenarios assessed 
by monitoring and experimentation).  

Products 
This project would consist of several phases, each with decision-making impact on 

management decisions. We divide our products into strategic and specific products. 

Strategic Products 
• Development of a synthesis product, where simply the biodiversity relationships will

assist in expert opinion guidance on management actions;
• The development of a null-statistical model (likely neural-network model based

approaches) that at minimum can be iterated with monitoring efforts to begin to describe
year-to-year changes in the components of biological diversity in time and inform
adaptive management efforts;

• Third, with targeted experimentation, develop an improved understanding of the strengths
of species interactions within this ecosystem to better develop scenarios associated with
perturbation of the system through loss of key species / functional groups (developed in
collaboration with key stakeholders); and

• Finally, a mechanistic approach will advance multiple model formats to reliable
forecasting tools that can be used to carry out adaptive management and to guide an
evolution of monitoring.

Specific Products 
• A graphic-based conceptual model of species interaction webs;
• A statistical model that is refined through data-model-experiment assimilation across the

three-year project period;
• The initial development of a mechanistically based numerical model that is integrative

with the hydrologic and biogeochemical tools being developed in other settings;
• Web-based visualization tools that highlight scenarios and model runs providing

translation to important stakeholders, such as state and federal land managers;
• A process of stakeholder engagement to refine biological questions and enhance the

dissemination of results across diverse research groups; and
• An addressable database with a general user interface available for use by many

researchers in many settings.

How Does This Project Inform Management? 
The dynamic ecosystem model would complement physical modeling by directly 

assessing the trends in biological systems. The model would inform best practices in monitoring 
by helping to assign value to different data sets in the context of how they inform model 
behavior and best predict real behavior in the system. The model would assist in forecasting 
changes that may mobilize emergency intervention, helping to prepare for worst-case scenarios 
of system collapse.  
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How will this project integrate? 
Our goal would be to initially construct the model to be consistent with the Monitoring 

and Assessment Plan developed by Case and others (2013), so as to be informed by data likely to 
be collected by the diverse stakeholders. The long-term goal is to develop the model approach 
sufficient that coupling with physical models is possible (through either coupling approaches, 
such as Kepler, or through the development of sub-models to be run on the existing large-scale 
integrated systems models being produced by other groups, such as the hydrology group). 

Budget 
Category Year 1 Year 2 Year 3 

Postdoc Researcher I (1.0 FTE) $80,000 $80,000 $80,000 
Postdoc Researcher II (1.0 FTE) $80,000 $80,000 $80,000 
Grad Student (2.5 FTE  $200,000 $200,000 
Senior Researchers (PI – 1.50 FTE) $225,000 $225,000 $225,000 
Stakeholder workshops $45,000 $45,000 $45,000 
Travel $12,000 $12,000 $12,000 
Misc. Supplies $10,000 $10,000 $10,000 
Directed Activities($5K/grad asst)  $20,000 $20,000 
Subtotal $452,000 $672,000 $672,000 
Overhead $203,500 $313,500 $313,500 
Total Budget  $655,500 $985,500 $985,500 
Grand Total   $2,626,500 

Point of Contact 
Travis Huxman, Yev Marusenko, Gregor Yanega, Tim Bradley, Tom Dietsch, Kathy Molina, 
Tom Anderson  

BIO2. Ecosystem services and the role of agricultural land in supporting bird life 

Introduction 
Flood-irrigated crops in the Salton Sea region serve a variety of functions including 

sustained inflow to a shrinking Sea; removal of accumulated soil salts; nutrient cycling; 
microclimate enhancement; toxin sequestration; and support of avian communities (for example, 
long-billed curlew, white-faced ibis, mountain plover, cattle egret, numerous species of gulls). 
Various climatic and economic drivers have led to changes in agricultural practice resulting in 
the use of water-efficient crops and a shift toward water delivery systems that require less water. 

Agricultural lands in the Imperial Valley represent an important greenway and stopover 
site for many birds that use the Pacific Flyway. We do not know the consequences of increased 
fragmentation or temporal fragmentation of habitat for birds in the area. How lands are managed 
will have a large impact on these populations. 

The agricultural community is under pressure to use less water and farm more efficiently. 
The use of water on agricultural lands has implications, not ever, not only for farm production 
but also for environmental impacts. Some uses of water on farm lands have positive impacts. For 
example, flooding of rice fields in the winter in the Central Valley has marked positive effects on 
water fowl abundance and survival. In the Imperial Valley, factors directly affected by watering 
methods include soil salinization and selenium mobilization. As water use evolves in the 
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Imperial Valley, it will be important both for managers of wildlife and for farmers to have 
accurate data on the effects of water use in the fields on ecosystem function. 

Justification 
We propose a comprehensive study to understand the impacts of water use in the Imperial 

Valley on avian diversity and abundance. Changes to the salinity and water volume of the Sea 
can lead to changes in diversity and (or) abundance of avian species using the agricultural 
matrix. Synergies between farm practices that include flooding of fields and delivery of water to 
the Sea are of particular interest in a larger hydrological perspective. In sum, the Salton Sink 
south of the Sea remains an important habitat for many bird species distinct from those found at 
the Sea, and our understanding of their distribution and population trends require more 
comprehensive quantitative survey of the relative importance of crop choice, time of harvest, and 
water management practices for the cohort of species that rely on upland farm habitat. There are 
preliminary data for avian use of farmland conducted in 1998-2000 (Shuford and others, 2000). 
Survey efforts have been very uneven since this time, and the proposed work would build on that 
foundation. 

Objectives 
• Survey the farm practices of agricultural lands on the south side of the Salton Sea 

including acreage occupied by different crops and water budgets for each one of these;  
• Sample bird use across a suite of flood-irrigated crops. Gather habitat data about the crop 

type, crop height, irrigation type; 
• Coordinate sampling with farmers to obtain information concerning type of irrigation and 

timing of irrigation; 
• Compare typical flood irrigation practices with water saving practices to assess how it 

affects bird use; and 
• How do landscape features around fields affect their use? Is fragmentation of desirable 

landscape features correlated with bird abundance and diversity? 

Products 
• Provide data on bird use on crops with varying irrigation practices; 
• Provide recommendations for different irrigation practices (timing of irrigation, type of 

irrigation) for bird use of agricultural landscape; 
• A spatial analysis of bird use relative to various landscape features; 
• An economic analysis of crop and irrigation practices at the Sea relative to bird use; and 
• A secondary economic analysis assessing the “natural capital” and “service shed” 

concepts associated with carbon sequestration, dust mitigation, and biodiversity function 
that are provided by the Sea and the associated farmlands. Propose legislated water 
subsidy based on these values. (See an expansion of this concept at 
http://www.naturalcapitalproject.org/decisions/servicesheds.html). 

This Work Will Inform Management 
• By enabling managers to determine which irrigation practices are most beneficial to birds 

and evaluate economic viability; 

http://www.naturalcapitalproject.org/decisions/servicesheds.html
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• By tracking changes in avian diversity or abundance resulting from management projects
and/or changes to water levels (and salinity levels) at the Sea; and

• By providing managers a set of recommendations for temporal strategies for
incentivizing flooded fields to give the greatest benefit to bird life.

Budget 
Year 1 Year 2 Year 3 

Personnel 89,000 89,000 89,000 
Supplies 10,000 10,000 10,000 
Travel 10,000  10,000  10,000 
Miscellaneous 2,000  3,000  4,000 
Subtotal 109,000 112,000 113,000 
Overhead 167,000 
Grand Total 501,000 

Point of Contact 
Gregor Yanega, Dave Shuford, 

BIO3. Generating a brine shrimp source population for a changing Salton Sea 

Introduction 
The Salton Sea is heading towards a more saline future. The current salinity of 

approximately 60‰ (which is 1.7 times greater than seawater) will only increase as freshwater 
flows into the Sea diminish, and water is lost via evaporation. The Sea currently supports large 
populations of one fish species (a hybrid tilapia) and numerous invertebrate species (pile worms, 
barnacles, copepods, etc.), all of which support a vibrant bird population. It is the large bird 
populations for which the Salton Sea is known throughout the region. However, the salinity of 
the Sea will reach a “tipping point”, above which salinities will become too high to allow most 
aquatic organisms to survive. The absolute value of the tipping point remains unknown for 
individual species, but there is consensus that the Sea will likely have a future devoid of fish. 
The loss of fish species will undoubtedly change the functioning of the Sea ecosystem. (Note: 
most of the Salton Sea would become fishless, but small fish populations could take refuge at the 
river mouths and in agricultural drains, which would have lower salinities.) 

Once the Sea generally becomes devoid of fish, this will create an “ecological release” 
for aquatic invertebrate populations to exploit in the absence of predation by fish. Certain aquatic 
invertebrates (for example, waterboatmen and brine flies) will likely proliferate once predation 
by fish ceases and provide food for birds capable of exploiting them as food resource. Another 
organism that might be able to invade and thrive in such a saline, fishless environment would be 
brine shrimp (Artemia sp.). Brine shrimp are abundant in hypersaline lakes throughout the 
western United States, including the Great Salt Lake in Utah, and Mono Lake in California. 
Brine shrimp generally thrive in hypersaline systems where the salinity prevents predaceous 
invertebrates (for example, waterboatmen). In the Great Salt Lake and Mono Lake, brine shrimp 
and brine flies provide ample food resources for healthy bird populations. Therefore, with a goal 
of maintaining the Salton Sea as a critical avian habitat, the anticipation of the invasion of brine 
shrimp into the Salton Sea is important on many levels, but perhaps most importantly, because 
these organisms can help support some bird populations. 



   

 54 

It remains unknown, however, how long a “phase shift” from a fish-dominated to a brine 
shrimp-dominated Lake would take. It could happen relatively quickly (for example, within a 
few months), or it could take several years to occur. However, the intervening period of time 
between fish and brine shrimp will be filled with other aquatic invertebrates, just no large 
populations of fish to support fish eating birds. The longer this phase shift takes to happen, the 
longer the Sea will go without adequate food resources to sustain its large bird populations. 
Thus, the potential exists for the Sea’s bird population to become decimated. Migration 
elsewhere is becoming more and more problematic since the Western U.S. has lost a vast amount 
of its historic wetlands and those that remain do not have the carrying capacity capable of 
supporting migratory bird numbers typically recorded at the Salton Sea. The goal of this project 
is to stave off a “foodless” Sea by discerning which brine shrimp species would be best suited for 
the Salton Sea, and to create a brine shrimp breeding pond, in which to generate a brine shrimp 
population that can be released into the Salton Sea once the several tipping points arrive. 

Justification 
With more than 400-plus bird species using the Salton Sea as feeding and breeding 

grounds, the Salton Sea is one of the most important bird habitats in the western United States. 
Many bird taxa are local to the Sea, and others, use it as a stopover on migrations. In terms of 
human use of the Sea, the birds are the largest tourism draw to the area, bringing visitors and 
income to local communities. Therefore, in addition to losing valuable bird habitat, a fishless Sea 
we anticipate a loss of most fish-eating species of birds. The Sea would not attract the abundance 
of birds documented historically using the Sea and this could be detrimental to local economies. 
By having a viable population of brine shrimp ready to release into the Sea, this project has the 
potential to minimize such biological and economic losses.  

Objectives 
• Using Salton Sea water, determine which of the eight species of Artemia are most viable 

in Salton Sea water. Because each saline lake has unique chemistry, this is an important 
first step in establishing a population of Artemia that is appropriate for the Salton Sea; 

• Build a 1-acre (approximately 2-feet deep) Artemia pond in which to establish a 
relatively large, robust population of Artemia that can eventually be released into the 
Salton Sea. The pond would need to be adjacent to the Sea to facilitate introduction of the 
Artemia to the Sea when the fish population has collapsed; 

• Once the tipping point is reached, open the dam and allow the Artemia to invade the Sea 
and establish a Sea-wide population that is tolerant of the unique characteristics of Salton 
Sea water; 

• After releasing the first batch of Artemia, the pond can be used to establish a second 
batch to be released to bolster the first introduction. This can be used to evaluate the 
relative success of releasing immature stage, adults, and/or fecund females. Multiple 
releases may be necessary to establish a viable population, or to supplement and amplify 
the rate of establishment of brine shrimp in the Sea; 

• Provide a viable resource for the bird populations reliant on the Salton Sea for food; 
• The Artemia would also likely serve as a food resource for the few fishes remaining at 

river mouths in the Sea, and in agricultural drainage canals. Thus, the brine shrimp would 
help support the remaining fish-eating birds by being food for the remaining fish; and 
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• After the Artemia are established and sustainable within the Sea, the cultured Artemia can 
be sold to the aquarium and/or aquaculture food industries to produce a source of revenue 
for the Salton Sea economy. Artemia populations are a valuable commercial enterprise in 
salt lakes around the world. 

Products 
• Produce a large population of Artemia that can be released into the Sea to facilitate and 

accelerate the rate at which brine shrimp colonize the Sea once the fish population 
collapses; 

• Scientific papers on the selection of Artemia for the Salton Sea and on the rearing 
process; and 

• Professional training on the management and rearing of Artemia populations. 

How Does This Project Inform Management? 
With a scientific consensus that the Salton Sea will reach a “tipping point” of salinity, 

above which fish will no longer be able to inhabit most of the Sea, mitigating the loss of food for 
the bird populations is a priority for management. Recognizing that the tipping point will be 
reached in the near future, this project provides a direct intervention to the loss of food resources 
for birds by generating a population of brine shrimp that is adapted to thrive in the Salton Sea. 

Budget 
  Year 1  Year 2  Year 3 

Personnel  155,000 155,000 155,000 
Equipment/Supplies   25,000 500,000 10,000 
Travel  17,400 17,400 17,400 
Subtotal  197,400 672,400 182,400 
Total    $1,052,200 
Overhead    $526,100 
Grand Total    $1,578,300 

Point of Contact 
Dr. Timothy Bradley, Dr. Donovan P. German 

BIO4. Characterization of the base of the food chain at the Salton Sea 

Introduction  
An adequate understanding of the current ecology of the Sea, as well as the direction and 

effects of future changes, depends on a thorough understanding of food webs in the Sea. Food 
webs describe the inter-relationships of producers (plants) that capture energy and nutrients, and 
consumers (animals and microbes) that feed upon the plants and are themselves fed upon by 
higher trophic levels. While the final consumers in the Salton Sea ecosystem (fish and birds) 
have been the subject of a great deal of scientific investigation, the food web upon which these 
animals depend is less well understood. 

The goal of this project is not scientific study for its own sake, but rather the examination 
and quantification of the base of the ecosystem for the purpose of improved management of the 
resources at the Sea. 
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For example, as the Sea increases in salinity, we expect tilapia, the only remaining fish 
species of importance as a food for birds, to be excluded from the open waters. Several agencies 
associated with resource and habitat management at the Sea are in the process of building 
marshes adjacent to the Sea for the purpose of providing refuges for the fish. The goal of these 
projects is to provide habitat and food for birds. In order to predict how well these marshes will 
perform and what level of food production they can support, we need to have a better 
understanding of the organisms and processes that transfer energy and nutrients up the food 
chain. One approach is to build these marshes and see how well they work. That is a risky and 
very expensive approach. A parallel approach is to gather the scientific data regarding the 
organisms and interactions in the food chain in order to make testable predications about 
productivity, the effects of salinity, water management, and organism responses. These 
approaches are faster and cheaper than massive engineering projects, and they can serve to guide 
and inform decision-making during project design, implementation, and analysis. For example, if 
we find that a certain marsh is built to specification, but fails to be productive of bird food items, 
a knowledge of the underlying ecological factors will allow us to determine the reasons for this 
failure and correct the conditions. In the absence of such knowledge, we must fall back on trial 
and error with no underlying scientific framework. 

Justification 
Currently, data gaps exist due to lack of monitoring capacity and an incomplete 

understanding of food webs in the Sea. Studies incorporating both quantitative and qualitative 
approaches to the study of food webs in the Sea will allow us to understand the current flow of 
nutrients and energy up the food chain, as well as allowing predictions to be made regarding 
future changes and the effectiveness of mitigation procedures. Managers are already engaged in 
mitigative actions, and these will only increase as the negative effects of environmental changes 
become more apparent. A better understanding of ecological function in the Sea will lead to 
better and cheaper mitigation procedures.  

Objectives 
• Gather baseline data on current food web structure and function; 
• Identify components in the food web in the Sea that are critical for energy and nutrient 

transfer to higher organisms; 
• Determine existing gaps/needs and potential unknown/understudied variables; 
• Determine whether a greater and more detailed knowledge of algae, bacteria, and 

microzooplankton is required; 
• Develop a strategy for effective sampling/monitoring; 
• Understand and predict potential tipping point and other thresholds for major 

ecosystem/community changes; and 
• Gather data that will allow mechanistic predictions of the effects of salinity change. 

Products 
• Database that can be utilized by all organizations and stakeholders; 
• Models of ecological interactions and dependencies that can be utilized by all 

organizations and stakeholders; 
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• Reports to provide recommendations for action in current/ongoing projects and future 
efforts; 

• Models of the effects of environmental projects to predict environmental outcomes and 
directions; and 

• Scientific publications (can be used for policy guidance, science research hypothesis-
testing, reports/synthesis for science committee). 

How Does This Project Inform Management? 
The data and models deriving from this work will be used to interpret and analyze to 

patterns in community changes and interactions as well as predicting future scenarios. These 
evaluation tools will be used by managers to supplement their current methods in determining 
action and proposed work.  

Budget 
  Year 1  Year 2  Year 3 

Personnel  112,500  112,500  112,500  
Supplies   85,000  85,000  55,000 
Travel  10,000  10,000  10,000 
Miscellaneous     2,000  3,000 4,000 
     
Subtotal  209,500 210,500 181,500 
Overhead    $300,750 
Grand Total    $902,250. 

Point of Contact 
Timothy Bradley, Yev Marusenko  

BIO5. Salinity tolerance of key organisms in the Salton Sea ecosystem  

Introduction and Background 
As the Sea recedes and salinity increases, a critical issue will be the survival and 

abundance of several organisms that are of great ecological significance. Despite previous work, 
substantial data gaps remain regarding organismal salinity tolerance. For some key organisms 
(such as barnacles and pile worms) inadequate data exist. For others (such as tilapia), the data do 
exist but they were determined using salt mixtures different from those in the Salton Sea. The 
data on tilapia include the effects of temperature. However, the data were collected on fish reared 
in marine waters, not Salton Sea water. The difference in ionic makeup can be critical in such 
studies. 

Management decisions for the Sea as a whole and for the managed wetlands currently 
being constructed will depend on a solid understanding of the salinity tolerance of key organisms 
and of the “tipping points”,  that is the salinity tolerance point at which major ecological shifts 
will occur. Two tipping points are envisioned for the Salton Sea going into the future. The first 
will occur when the fish die off due to salinity or salinity combined with other physiological 
stressors. This will change the ecology of the Sea in many ways, including elimination loss of 
algae removal by fish, and the loss of food for fish-eating birds. It is anticipated that brine shrimp 
and brine flies will then colonize the Sea and serve as consumers of algae and as food for some 
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birds, although fish eating birds will no longer be supported at the Sea. Brine shrimp and brine 
flies do not currently inhabit the Salton Sea in significant numbers. These species are included 
due to the widely-held belief that they will become abundant after fish and other invertebrate 
predators (waterboatmen) have been eliminated from the Sea. A second tipping point is 
anticipated when the salinity exceeds the salinity tolerance of these two invertebrate species., 
after which the Salton Sea will be incapable of providing food resources for the vast majority of 
birds currently observed at the Sea. This second tipping point will also have a profound effect on 
the ecology of the Sea. 

Objectives 
The current proposal will examine the salinity tolerance of key species in the Sea using 

water with appropriate ionic makeup. The goal is not to examine the salinity tolerance of every 
organism in the Sea. Instead, the emphasis is on organisms we are characterizing as key 
organisms in the sense that they have profound and central effects on ecosystem functions at the 
Sea. These include pile worms, barnacles, Tilapia, brine flies and brine shrimp. These species 
have been chosen because of their importance for ecosystem function, particularly for their role 
in transporting nutrients and energy up the food chain to the birds. For some organisms, such as 
brine shrimp and brine flies, data on salinity tolerance exist in the literature. However, these data 
are for animals in other environmental conditions and other lake environments and the chemical 
composition of the Salton Sea water is different from other hypersaline lakes. Because the 
specific ionic makeup of individual salt lakes differs and is a critical determinant of the survival 
of biota, it is important to evaluate salinity tolerance to survival and reproduction using Salton 
Sea water and relevant temperatures.  

Products 
Data on the salinity tolerance of each of the key organisms will be provided. The data 

will be collected using two experimental designs. The first design involves rearing the organisms 
in Salton Sea water in the laboratory to precisely control water temperature. The second design 
involves mesocosms placed adjacent to or in the Salton Sea (using limnocorrals) in order to 
include local environmental factors (temperature, sunlight) appropriate to the environment.  

Salinity tolerance data will be provided both in the form of raw data from the survival 
experiments, and in refined form indicating tolerance at three different temperatures: 15, 25 and 
35 degrees centigrade. The salinities to be tested are 60, 75, 90, 105 and 120 ppt. These salinities 
have been chosen because they are thought to extend across the lower “tipping point” and 
possibly across the upper “tipping point” for some species. Each combination and permutation of 
the three temperatures and five salinities will be tested since each is ecologically relevant for 
conditions at the Lake. 

How Does the Project Inform Management? 
Managers and scientists have identified the issue of “tipping points” as critical to the 

management of the Sea and the adjacent managed habitats. The “tipping points” are times at 
which key species are eliminated from the ecosystem due to environmental change, principally 
increasing salinity. It is recognized that these tipping points are associated with great ecological 
shifts. It is important for us to anticipate those shifts and deal with them rapidly when they occur. 
We cannot predict and respond to those shifts without further information and insights.  
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Elimination of tilapia from the ecosystem will lead to great changes. These changes may 
be muted if pile worms remain in the system as a food resource for many birds. We need data, 
therefore, that will allow us to predict the time and order of species elimination as increases in 
salinity progress. Data on barnacles are needed not because they serve as a food for birds, but 
because they play a major role in the Sea as filter feeders on algae, bacteria and detritus 
suspended in the water. Their larvae are also an important food item for fish. 

Predictions of ecosystem change at the Sea suggest that salinities will eventually proceed 
to a level too saline even for brine shrimp and brine flies. This “second tipping point” is equally 
important in driving our understanding of 1) future changes and 2) management strategies. We 
have therefore included organisms which are not currently in the Sea, but which are widely 
assumed to be colonizers at the Sea following the elimination of fish. For all of the above 
reasons, data on salinity tolerance represents a data gap which when filled will be of great use to 
managers at the Sea.  

Budget 
  Year 1  Year 2  Year 3 

Personnel  395,000  395,000  395,000  
Equipment   20,000   0   0 
Supplies  14,000 10,000 10,000 
Travel  10,000 12,000 12,000 
Miscellaneous    0  3,000 4,000 
Subtotal  439,000 420,000 421,000 
Overhead    $630,000 
Grand Total    $1,910,000 

Point of Contact 
Dr. Tim Bradley, Dr. Donovan German  

BIO6. Migratory connectivity for birds using the Salton Sea 

Introduction and Background  
Bird populations are influenced by factors at multiple scales. Pilot pond efforts have 

included nesting islands for ground-nesting waterbirds, including individuals from one of only 
two breeding populations for Gull-billed Terns in the Western US. Nesting attempts at these 
islands have frequently been disrupted by influxes of common species that either displace 
nesting attempts or prey upon eggs and young birds. Similarly, fluctuations of populations 
observed in the Salton Sea may result from poor resources during another phase of a bird’s 
annual life cycle. This may complicate efforts to adaptively manage ponds and achieve project 
goals. 

Justification 
The Salton Sea avifauna is known for irruptive population patterns with frequent 

invasions from the Gulf of California during poor resource years. Superabundant flocks have the 
potential to overwhelm local bird and fish populations during some years. This may undermine 
conservation efforts for sensitive bird species and attempts to manage fish populations within 
managed ponds. Similarly, adverse conditions outside the Salton Sea could also result in 
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population declines of sensitive species. A better understanding of these larger-scale regional 
processes is needed. Regular bird monitoring is important for tracking local populations through 
time. However, additional research is needed on migratory connectivity and broader landscapes 
that affect bird populations at the Salton Sea.  

Objectives 
Determine Migratory Connectivity for key bird species: 

• Identify regional water bodies in the region where environmental conditions may affect 
bird populations in the Salton Sea; 

• Model bird movement patterns and analyze key factors that may affect conservation 
success within managed Salton Sea habitats; 

• Determine relative importance of Salton Sea for transitory species during migration; and 
• Analyze population fluctuations in the Salton Sea using available data from identified 

migratory localities. 
From historical and census survey data, species will be selected for key groups: 

• Species of Conservation Concern,  that is, Gull-billed Tern, Black Skimmers, Yuma’s 
Ridgeway Rail; 

• Super-abundant/irruptive Species: Caspian Tern, Brown Pelicans, Eared Grebes; and 
• Transitory Species using Salton Sea as a stopover location. 

Approach 
Identified species will be captured or opportunistically sampled (mortalities) with feather 

and blood samples. Those species identified for tracking will have satellite GPS units or 
geolocators attached. 

Migratory Connectivity Techniques 
• Telemetry/Geolocators: Satellite tracking devices mounted on larger birds can provide 

more complete geospatial data of bird movements at larger/regional scales. Similarly, 
geolocators can be mounted on smaller birds. However, birds with geolocators need to be 
recaptured to retrieve data. 

• Stable Isotopes: Molt locations can be identified. With blood, diet and foraging habitats 
can be identified. 

• Genotyping: DNA samples can be collected to identify breeding populations/locations for 
some species. 

Products 
• Geospatial models of short and long distance movements for key bird species to identify 

migratory connectivity with regional water bodies; and 
• Hierarchical population models for key bird species that may affect biological resources 

in managed and unmanaged Salton Sea basin habitats. 

How Does This Project Inform Management?  
Geospatial models derived from transmitter data will identify key life-cycle localities to 

inform modeling efforts. Hierarchical models that incorporate data on environmental conditions 
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at key life-cycle localities (breeding, overwintering, and migratory stopover sites) will provide a 
context for evaluating population changes and planning adaptive management actions.  

Budget 
$1,500,000 

Point of Contact 
Thomas Dietsch  

BIO7. Ecosystem-friendly biogenerated soil enhancer for berm stabilization of engineered 
marshes and wetlands in the Salton Sea watershed 

Introduction and Background 
According to climate model projections by Seager and others, (2012), the Colorado River 

headwaters are expected to have an annual stream flow decline of 10 percent and as much as a 20 
percent drop in spring runoff in California and Nevada, as warmer temperatures of 1–2 °C also 
boost evaporation in 2021–2040. Studies have projected that given a combination of 
circumstances, the Salton Sea water levels are likely to be reduced in the future leading to 
potentially significant effects to air quality due to fugitive dust from wind erosion of exposed 
lakebed playa (Imperial Irrigation District and Bureau of Reclamation, 2002; California 
Resources Agency, 2006; Case and others, 2013). The Colorado River Quantification Settlement 
Agreement (QSA) of 2003 has drastically lowered the amount of fresh water inflows to Salton 
Sea, resulting not only in changes to the amount of water in the Sea, but also in changes the 
geochemistry and overall the water quality, and also long-term impacts to the population 
dynamics of numerous species are expected. 

In anticipation of these deleterious changes to the Salton Sea water levels and water 
chemistry, plans are underway to conserve viable habitat for species of concern, such as the 
Desert Pupfish and California Clapper Rail, and other Salton Sea biota by the construction of 
wetlands and marshes around the Sea. From an engineering standpoint, wetland and marsh 
impoundments must be engineered to counter seepage and withstand earthquakes.  

The Salton Sea is subject to frequent seismic events and lateral spreading can take place 
and generally loose sediments,  for example, areas with steep slopes, can collapse from lack of 
lateral support. The potential effects that seismic activity and potential subsidence (also due to 
ground water pumping and geothermal activity) can have on the wetland berms lead to the 
increased importance of enhanced stabilization of the engineered marshes and wetlands in the 
vicinity of the Salton Sea,  for example, the Species Conservation Habitat Plan and Red Hill Bay 
Project, and within the Salton Sea watershed in general. 

Justification 
One of the concerns and areas identified as requiring more data with regards to habitat 

conversation includes the need for geotechnical data about different management proposals, for 
example, engineered wetlands to preserve biological habitat and diversity. Some of the issues 
revolving around the need for these data included determining how berms will perform given 
seismic activity, wind erosion, and rain event erosion; the cost-effectiveness of berm 
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performance; mechanisms to enhance vegetative growth thereby stabilizing berms; and the need 
to determine how berms will interact with the endemic flora and fauna 

Rhizobium tropici ATCC® 49672, a catalogued symbiotic nodulator of leguminous 
plants (Martinez-Romero and others, 1991), is also known for its production of a gel-like 
extracellular polymeric substance (EPS) (Gil-Serrano and others, 1990). The natural functions of 
the EPS in the rhizosphere include surface adhesion, self-adhesion of cells into biofilms, 
formation of protective barriers, water retention around roots, and nutrient accumulation 
(Laspidou and Rittmann, 2002). The secretion of EPS by bacteria is also recognized as a 
cohesive force in promoting surface erosion resistance in soils and sediment (Droppo 2009; 
Gerbersdorf and others, 2008a, b). The biopolymer produced by R. tropici provides similar soil 
enhancements to a petroleum-based polymer in a long-lived, but ultimately biodegradable, 
material without the environmental concerns. In addition, the biopolymer acts as a carbon 
storehouse for readily biodegradable sugars that would otherwise be oxidized to CO2 and 
contribute to elevated greenhouse gasses in the atmosphere. A technique has been patented by 
the U.S. Army Corps of Engineers (USPTO No. US 7,824.569 B2, 2010) through which R. 
tropici-derived biopolymer can be produced in an aerobic bioreactor. The biopolymer is then 
separated from the bacteria and growth media, concentrated, and can be applied to the soil as 
either a slurry or powder.  

The use of a biopolymer as a soil modifier for erosion control and reduction of sediment 
transport was evaluated through slope stability and surface soil durability studies at bench- and 
meso-scale using soil types with a high potential for erosion (Larson and others, 2012). 
Application of the biopolymer at economically feasible loading rates maintained the slope 
elevation (fig. 5-5), and was able to reduce the transport of soil particulates in runoff water from 
the berm (fig. 5-6). The biopolymer performed effectively when used with soils at high risk for 
erosion. The biopolymer has been shown to enhance soil stabilization of berms and reduce the 
cost of levee maintenance and repair (Larson and others, 2013). It also has the potential to 
contribute to the formation of “blue carbon” sequestration in the wetland areas.  

Objectives 
11. Determine how well the biopolymer versus no biopolymer (control) can stabilize the

wetland/marsh berms under given simulated seismic conditions near the Salton Sea using
a shake table simulator;

12. Determine how well the biopolymer versus no biopolymer (control) can stabilize the
wetland/marsh berms under given simulated wind conditions at the Salton Sea.
Measurements include bulk density, soil texture, water holding capacity, and shear stress;

13. Determine how well the biopolymer versus no biopolymer (control) can stabilize the
wetland/marsh berms under given simulated rain event conditions at the Salton Sea.using
runoff water samplers for analysis of total suspended solids;

14. Determine how well the biopolymer versus no biopolymer (control) might enhance
vegetation growth on the wetland/marsh berms near the Salton Sea as a means of soil
stabilization? Measurements include soil organic and total carbon; plant abundance,
above ground biomass, and density; as well as plant root analysis including density,
below ground biomass, and diameter measurements;

15. Determine changes in the rhizosphere microbial communities (microbial vs fungal affects
carbon sequestration). This will include measures of Microbial Biomass Carbon and
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Figure 5-5. Soil loss from the berm surface and surface roughness for four experimental biopolymer application methods after six months of 
weathering.
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Potentially Mineralizable Nitrogen which represent the activity within nutrient pools and 
the potential nutrient processing capacity in the study area; and 

16. If selected for field study, changes in the berm slope shape and elevation will be
measured for all treatments using LIDAR to detect changes due to seismic or weather
activity.

Products 
• Peer-reviewed journal articles exploring the science of berm-biopolmer soil amendments;

and
• A report summary of the results which will include recommendations for implementation

of biopolymer soil amendment as it pertains to the Salton Sea Watershed.

How Does This Project Inform Management? 
The findings from this project will elucidate best management practices which can then 

be directly applied to long-term solutions and coordinated with project and program decisions for 
possible full-scale implementation within the Salton Sea Watershed. 

Budget 
$1,185,900 

The proposed project will require $1,185,900 for the three-year effort. This will include 
Federal labor and biopolymer production.  

Point of Contact 
Michael E. Kjelland, Ph.D. 

BIO8. A predictive, dynamic biodiversity model for monitoring, management, and science in 
the Salton Sea hydroclimatic complex (alternative – The predictive ecosystem model) 

Introduction and Background 
The conservation of important biological diversity is more and more considered in the 

context of the habitat characteristics and key interactions with other organisms that influence the 
long term growth, survival and reproduction of any given taxa of importance. Such ecosystems 
frameworks are robust in terms of identifying potential anthropogenic hazards threatening 
conservation and developing the potential management actions that are key to long-term 
sustainability of a biological asset. For example, we know that plant-pollinator interactions 
constrain our management opportunities that favorably maintain the functioning populations of 
rare plants when pollinators are strict mutualists with extremely limited in distribution. We 
cannot expect these plants to have distributions that exceed the geographical extent of their 
pollinator. Additionally, we know that preserving the presence of organisms in the higher trophic 
levels of a particular ecosystem is a function of the presence of organisms lower in a given food 
web, and that certain expectations of the relationship between net ecosystem production and 
species abundance govern the upper limits of a managed system. As such, a key conservation / 
management tool is a robust understanding of how species are related to each other in an 
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ecosystem, which can then be used as a decision support platform assisting with the adaptive 
management of natural systems. 

For more than 30 years we have been sampling aspects of the biology present in the 
greater Salton Sea complex, accumulating a significant knowledge base on the natural history 
and autecology of important species to a number of key ecosystem services. This information is 
invaluable to decision and policy makers in aiding in the application of science to management 
decisions and complying with legislative goals. However, a significant challenge remains in 
creating such a synthetic product that can bring together the organismal dynamics, their 
interactions with each other and the environment, all in such a way to address specific 
management actions to be applied on the ground.  

The Salton Sea is predicted to face rapid physical change in the very near future (~2017), 
upon the disruption of the current allocation of Colorado River Water to the water body, 
resulting in rapid changes in shoreline elevation and increases in salinity. These physical 
characteristics are expected to impact the growth and reproduction of key species in adverse 
ways, yet we do not now have a means of understanding how changes in individual organismal 
biology will cascade through the species complex. The resulting additional undesirable change 
impacting the overall status of the system as a result of the removal or reduction in abundance of 
key species is mostly unknown. Additionally, the ability to understand differences in the 
consequences of acceptable levels of population variability from threshold change would be 
important to develop to more rapidly respond to the evolution of system states that are indicative 
of whole-system collapse. 

This approach requires a dynamical ecosystem model that would act as a vehicle to 
synthesize the biological knowledge base of key organisms in the Sea, that would provide a 
framework for linking physical modification of the system to changes in biological process, that 
would communicate important biological principles and patterns to the related, collaborative 
disciplines also engaged in conservation (hydrology, atmospheric sciences, socioeconomics, 
etc.), and that would act as a predictive tool for determining the risk of certain changes in 
ecosystem structure and function to allow for cost-benefit analysis and potential management 
actions associated with undesirable situations. 

Justification 
• The development of a dynamic ecosystem model would quantify and organize the

tremendous biological information and create an accessible format for stakeholders;
• A dynamic ecosystem model would act to provide prioritization for studies on key

ecosystem aspects that would most improve our understanding of the system so as to
support management;

• A dynamic ecosystem model could provide the prediction and hypothesis testing
processes that underlie effective adaptive management approaches to conservation;

• A dynamic ecosystem model would help to quantify, calculate, and insure equivalence in
the ecosystem services being transferred from the natural system to the engineering
alternatives in place that may be initiated to support a diverse number of management /
mitigation priorities. This model would help optimize allocation of resources to different
engineering attempts at approaching diverse management goals (maintaining fishery
production, maximizing water flow from agricultural run-off);
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• A dynamic ecosystem model would interact with and inform ecosystem valuation 
attempts and other economic, political and regulatory studies / assessments / decision-
making schemes; and 

• Allows us to understand how much habitat diversity is needed to support what kinds of 
aviary systems (what diversity of bird species). 

Objectives 
The objective of this project is to (1) provide a synthetic product of biological knowledge 

inclusive of the extensive history of science on biological systems of the Salton Sea, (2) develop 
a relational framework to understand processes that are important to the contemporary dynamics 
of the biological diversity of the Salton Sea and engineered systems, (3) provide an integrated 
conceptualization of biological systems to be aligned with physical and socio-economic studies 
and assessments, and (4) develop a predictive, numerical model to assess the risk of undesirable 
threshold change in the ecosystem state for the Sea and engineered mitigation / management 
projects. 

Accomplishing such objectives would allow scientists, land managers, decision / policy 
makers and the public to robustly understand biodiversity linkages (using current data) and 
linkage interaction strength (through data-model assimilation associated with specific 
experimentation), and to develop a robust decision support system that guides monitoring and 
hypothesis generation important to adaptive management frameworks (by iterating the model 
with data from monitoring and forecasting biodiversity behavior in the context of specific 
scenarios assessed by monitoring and experimentation).  

Products 
This project would consist of several phases, each with decision-making impact on 

management decisions. First, we are focused on a synthesis product, where simply the 
biodiversity relationships will assist in expert opinion guidance on management actions. Second, 
we are committed to the development of a null-statistical model (likely nueral-network model 
based approaches) that at minimum can be iterated with monitoring efforts to begin to describe 
year-to-year changes in the components of biological diversity in time and inform adaptive 
management efforts. Third, with targeted experimentation, we can improve our understanding of 
the strengths of species interactions within this comprehensive ecosystem to better develop 
scenarios associated with perturbation of the system through loss of key species / functional 
groups (developed in collaboration with key stakeholders). Finally, with appropriate 
collaboration, a mechanistic approach will advance multiple model formats to reliable 
forecasting tools that can be used to carry out adaptive management and to guide an evolution of 
monitoring. 

Specifically, we anticipate the production of (1) a graphic based conceptual model of 
species interaction webs, (2) a statistical model that is refined through data-model-experiment 
assimilation across the three year project period, (3) the initial development of a mechanistically 
based numerical model that is integrative with the hydrologic and biogeochemical tools being 
developed in other settings, (4) web-based visualization tools that highlight scenarios and model 
runs providing translation to important stakeholders, such as state and federal land managers, (5) 
a process of stakeholder engagement to refine biological questions and enhance the 
dissemination of results across diverse research groups, and (6) an addressable data base, 
available for use by many researchers in many settings. 
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How Does This Project Inform Management? 
The dynamic ecosystem model would complement physical modeling by directly 

assessing the trends in biological systems. The model would inform best practices in monitoring 
by helping to assign value to different data sets in the context of how they inform model 
behavior and best predict real behavior in the system. The model would assist in forecasting 
changes that may mobilize emergency intervention, helping to prepare for worst-case scenarios 
of system collapse. 

The goal would be to initially construct the model to be consistent with the Ecosystem 
Monitoring and Assessment Plan, so as to be informed by data likely to be collected by the 
diverse stakeholders. The long-term goal is to develop the model approach sufficient that 
coupling with physical models is possible (through either coupling approaches, such as Kepler, 
or through the development of sub-models to be run on the existing large-scale integrated 
systems models being produced by other groups, such as the hydrology group). 

Budget 
Category Year 1  Year 2  Year 3  Year 4 

Postdoc Researcher I $80,000 $80,000 $80,000  $80,000 
Postdoc Researcher II $80,000 $80,000 $80,000 $80,000 
Grad Student-2.5 FTE 0 $200,000 $200,000 0 
Senior Researchers $225,000 $225,000 $225,000 $225,000 
Stakeholder workshops $45,000  $45,000 $45,000 0 
Travel  $12,000 $12,000 $12,000 $12,000 
Misc. Supplies $10,000 $10,000 $10,000 $10,000 
Directed Activities($5K per 

GA) 
0 $20,000 $20,000 0 

Subtotal $452,000 $672,000 $672,000 $407,000 
Overhead (50% of direct 

costs) 
$203,500 $313,500 $313,500 $203,500 

Total Budget $655,500 $985,500 $985,500 $610,500 
Grand total    $3,237,000 

Point of Contact 
Dave Shuford, Travis Huxman, Lev Marusenko, Gregor Yanega, Tim Bradley, Tom Dietsch,  

BIO9. Comprehensive monitoring and data assessment of the complete Salton Sea 
ecosystem: Invertebrate Survey  

Note: The words “comprehensive” and “complete” are used because the monitoring will be inclusive of 

multiple aspects and scales of biota, not just birds. 
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Introduction and Background 
Currently, data gaps exist due to either lack of monitoring capacity or incomplete 

understanding due to lack of awareness/knowledge of biological info (for example, # of 
organisms, species composition, nutrient cycling rates, interactions/feedbacks). 

Perspective from Microbial Ecology Discipline 
Microbes may undeniably have strong bottom-up effects that control abundance of all 

organisms in higher trophic levels (even if direct or indirect relationship with animals). The 
microbial contribution to nutrient cycling and metabolic toxic byproducts becomes important to 
study. 

Tipping thresholds may be more noticeable in microbial communities than in larger 
organisms. Microbes instantly respond to chemical/environmental changes while larger 
organisms may reveal a sudden effect (that is, massive die-off). This gradual potential microbial 
community replacement can be used as an indicator/marker. 

The footprint of microbial community changes during noticeable environmental 
fluctuations can be used for predictive power. For example, discovery of a particular microbial 
population (during survey monitoring) that is shifting in community dominance may suggest an 
upcoming environmental fluctuation event if we know that the microbe group has a history of 
being previously detected during environmental change.  

The need to study and understand microbiology is difficult to market to the public—
especially compared to nice fluffy birds—but can be done through various teaching/outreach 
modes about the importance of beneficial microbes and relevance for ecosystem/human health. 

Justification 
To gather baseline data on current levels and for long-term ecological monitoring 

(changes over time). The data can be used to guide decision-making for current and future goals. 

Objectives 
• Identify components in ‘interaction model’ that will require monitoring; 
• Determine existing gaps/needs and potential unknown/understudied variables; 
• Will enable prioritization of data needs; 
• Develop strategy for effective sampling/monitoring; 
• Involve citizens to help with gathering data (including public communication); 
• Understand and predict potential tipping point and other thresholds for major 

ecosystem/community changes; 
• Gather data at multiple temporal and spatial scales (short-term and long-term, different 

geographic strata); 
• Identify novel microorganisms that can advance fundamental ecological theory as well as 

instigate economically-thriving biotechnology applications. 

Products 
• Intensive database that can be utilized by anyone/any organization; 
• Data incorporated in reports for the Salton Sea Science Committee to help provide 

recommendations of action in current/ongoing projects and future efforts; 
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• Citizen science- broader impacts of community engagement, products from citizen
action. For example, active citizens may feel more passionate about facilitating political
influence;

• This data can be used in the ‘interaction model’ to advance subsequent iterations of the
model and/or create various model versions depending on scenarios (for example,
before/after tipping point); and

• Scientific publications (can be used for policy guidance, science research hypothesis-
testing, reports/synthesis for science committee).

How Does This Project Inform Management? 
Data will need to be interpreted/analyzed to assess patterns in community changes and 

interactions as well as predicting future scenarios. This simplified evaluation can be used by 
managers to supplement their goals in determining action and proposed work.  

Budget 
Salary – PI’s plus techs $320,000 $320,000 $320,000 
Committee for determining 

monitoring efforts 
$337,500 $337,500 $337,500 

Data analysis $80,000 $80,000 $80,000 
Data management 

(storage/archiving, quality 
control, access)  

Included in overhead Included in 
overhead 

Included in 
overhead 

Overhead $ 368,750 $ 368,750 $ 368,750 
microbial supplies/analyses $61,250 – costs for 

samples all years, 
Macroinvertebrates - Plankton $10,000 $10,000 $10,000 
Chemical and nutrient cycling 

analysis 
$122,500 costs for 
samples all years, 

Travel and other support $16,600 $16,800 $16,600 
Totals $1,316,600 $1,316,800 $1,316,600 
Grand total $3,950,000 

Point of Contact 
Yev Marusenko, Gregor Yanega 

BIO10. Biological inventory—Inventory of extant biological, chemical and physical 
resources (include birds, fish, aquatic invertebrates, basic water quality, contaminants, 
water elevation, mapping of playa)  
(No proposal developed but identified as urgent need.) Could be combined with another effort, for example, 
BIO9, to achieve significant savings.  

Budget 
$2,000,000 

Point of Contact 
Tim Bradley, James Orlando, Mark Ricca, Michael Anderson 
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BIO11. Bivalves as biofilters: Investigations of bivalves as biofilters for nutrient, sediment, 
and selenium remediation  
(No proposal developed but identified as a science need.) 

Budget 
$500,000 

Point of Contact 
Tim Bradley, Lisa Windham-Meyers, Mark Ricca 

Socioeconomic Proposals 
SOCIAL1: Social & Community Research Proposal. Equity oriented collaborative research 
at the Salton Sea 

Case and others (2013) outlines the need to integrate both social and economic 
considerations into its ongoing monitoring and assessment plan (see pages 119–135 in Case and 
others, 2013). In addition, a synthesis of needs outlined by regulatory agencies and managers in 
the Managerial meetings (see appendix 1) highlighted the importance the inclusion of local 
communities, laying a foundation for a shared vision and governance framework, understanding 
the environmental and social justice issues and better outlining the economic costs of 
management. Scientists have also expressed the need to better understand the “social” and 
“cultural” stories of the communities that interact with the Salton Sea, as well as build the 
capacity to integrate these stories into the scientific sharing of data and knowledge emerging 
from the ecological and biological studies. 

In order to meet the concerns and needs expressed above, the conveners of the SSI are 
proposing a three-pronged strategy to integrate the social and community concerns into the 
overall research, monitoring and assessment plan. The three integrated components are (1) 
equity oriented collaborative research aiming to better understand the social and cultural 
story of communities interacting with the Salton Sea; (2) a demographic and land-use 
survey aiming to identify and map land-uses; and (3) an economic study to assess how 
management activities could impact land uses, outline costs over time for both management and 
impacts on the changing economic characteristics of the communities surrounding the region. 

Introduction and Background 
In a report by the Pacific Institute entitled “Hazard’s Toll” (Cohen, 2014), the costs of 

inaction in the Salton Sea would impose massive public health and environmental costs on the 
650,000 community members and Californians more generally. The consequences of inaction 
also extend to the social and historic relationships in the communities surrounding the Salton 
Sea. Thus, an important component of resource management is to understand the needs and 
interests of the communities in proximity to the Salton Sea and a desire to listen and improve 
communication with those communities. While communication from managers and decision 
makers to community members is one aspect of this process, we are also cognizant of the 
importance of the ways in which local community knowledge can inform the science and 
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planning processes; and how communities can be meaningfully engaged in these processes for 
policy advocacy and leadership. 

Justification 
Managers have communicated a need to better understand the communities that are 

connected to the Salton Sea. This proposal responds to that stated need. Specifically, managers 
indicated a need to develop a shared vision and shared governance, together with community 
members and scientists. They also stated a need to address environmental and social justice 
issues in the region in the context of Salton Sea planning. This project will provide this 
information while developing long-term community capacity for leadership, monitoring and 
evaluating the project. 

Research Questions 
Given the increased health risk and community vulnerabilities in the Salton Sea region 

and the desire for a shared vision and governance process between public institutions, 
researchers and communities, equity-based collaborative models of research at the local level are 
needed to facilitate this process. As such, the research needs a transformative approach. To this 
end, Proposal #1 aims to catalyze local communities in the Salton Sea region through 
interdisciplinary equity based collaborative scholarship that aims to generate sustainable 
solutions to the problems identified by the partnerships cultivated in the region. 
Specifically, the research questions aim to 

• Identify the stakeholders in the region who interact with the Salton Sea; 
• Seek understanding of the diverse communities in the region perceive the interact with 

the Salton Sea; and 
• Cultivate the capacity of local communities to form sustainable partnerships with 

researchers, public sector agencies and each other to inform the decision-making 
processes around the Salton Sea. 

Objectives 
In order to help the Salton Sea communities build capacity to address the myriad 

sustainability challenges facing the region, we have formed a working group to develop an 
agenda for equity-oriented collaborative research. The Center for Collaborative Research for an 
Equitable California, a University of California led institution, is based at UC Santa Cruz. They 
define “collaborative research” as an umbrella term that actively engage communities and policy 
makers in the research process from start to finish. Other terms used to identify this approach to 
research include: community based participatory research and participatory based action 
research, among others. 

This means that researchers, community-based organizations, and policy makers will 
work together to 

• Frame the problems to be tackled and the questions that need to be answered around the 
Salton Sea; 

• Undertake the research and interpret the results in terms of their significance for 
community and policy change; and 

• Disseminate the research findings and advocate for change. 
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Collaborative research is engaged scholarship in action, in which researchers, community 
members, and policy makers respect the knowledge that each partner brings to the discussion so 
that together they might know better how to understand the complex problems facing our 
communities and how to design and implement research-based responses to those problems. 

Our proposal seeks to use research includes methodologies that actively engage 
communities and policymakers in all phases of the research process. Elements include 

• Providing a platform for knowledge sharing on current and incremental projects in and 
around the Salton Sea;  

• Building the capacity of academic, agency and community research teams in equity 
oriented community engaged research practices; 

• Building the capacity of relevant stakeholders in community visioning, action planning, 
community research; 

• Fostering youth empowerment and sustainability leadership; 
• Identifying community assets that can provide a foundation for a stronger capacity for 

sustainable management of the Salton Sea and its benefits for the community; 
• Identifying the full range of affected groups, including underrepresented populations, 

affected by and concerned with the future of the region; 
• Providing space for community discussions; 
• Eliciting the current stories of how people identify their connection to the bioregion 

(ecologically, culturally, historically, and economically); 
• Advising and coordinating messaging with Salton Sea Authority’s public relations 

efforts; 
• Connecting and integrating local and expert knowledge and fostering reciprocal co-

creation of research questions; and 
• Engaging disenfranchised groups (gender, race, class, status). 

Elements of Methodology 
A collaborative approach to the research methodology is qualitative in nature and will 

include an iterative and multi-pronged process of data collection, analysis and reporting. Various 
methods will be used to collect data such as in-depth one-on-one interviews, focus groups, or 
photo-voice. Such an approach to research is guided by principles such as: 

• Co-creation of research questions; and 
• Focus on capacity building in the community. Thus, the working group will determine 

the appropriate methods such as  
• Strategic Questioning (and training of); 
• Listening Sessions; 
• Linkage Building; 
• Community Organizing; and 
• Community Asset Mapping. 
After generation of initial co-creation of knowledge, traditional social science surveys, 

ethnography, focus groups, in depth interviews, case studies and citizen science through high 
school science classrooms can be pursued. 
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Products 
• At least three community listening sessions to facilitate collaborative conversations and 

co-creation of knowledge; 
• Co-created work group of governance that can sustain a self- supporting framework to 

provide critical feedback and listen to Salton Sea managers and scientists; 
• Capacity building workshops for “stakeholders” (using community asset mapping, 

strategic questioning); 
• Workshops—training of trainers workshop for best practices in conducting citizen 

science (using community mobilizing); 
• Youth-focused training on issues relevant to communities in the Salton Sea; 
• Communication/outreach training for those who might engage with communities in 

discussing scientific findings and for communities who engage with scientists (the 
Extension model); 

• One or more peer reviewed publications; and 
• Policy notes or briefs for decision makers. 

How Does This Project Inform Management? 
The approach to collaborative research will 

• Meet the stated management need to understand the social and cultural context in which 
policy decisions are made; 

• Meet the stated needs of agency management to ensure that the Salton Sea management 
program is carried out in an inclusive manner that incorporates a wide range of issues and 
interests; 

• Provide managers opportunities for capacity building so that they can better engage with 
diverse community groups; 

• Provides communities with the capacity to engage with managers; and 
• Formalize lines of communication between management process and community groups. 

Budget 
Item Description Year 1 Year 2 Year 3 Total  

1 FTE Post-Doc (PI) $80,000 80,000 80,000 240,000 
2 Grad Student  80,000 80,000 80,000 240,000 
Community Facilitator  6 meetings/yr  12,000 12,000 12,000 36,000 
Capacity Building Trainer 1 session/yr 5,000 5,000 5,000 15,000 
Community Organizer  50,000 50,000 50,000 150,000 
Supplies  5,000 5,000 5,000 15,000 
Space rental community 

meetings  
 5,000 5,000 5,000 15,000 

Travel & accommodation   10,000 10,000 10,000 30,000 
Research supplies   5,000 5,000 $,000 15,000 
Total     756,000 
Overhead     340,500 
Grand Total     $1,096,500 

Point of Contact 
Nina Burkardt, Abby Reyes, Mojgan Sami 
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Administration Proposals 
Admin1. Development and implementation of an integrated database and library archive  

This overarching need was identified in a number of individual proposals. It was also 
identified as an urgent need by the managers group meeting associated with the SoSS and has 
been identified as an urgent need by other science reports: U.S. Fish and Wildlife Service 1997; 
Shipley and others 1999; Science Subcommittee 2000; Case and others 2013).  

The Salton Sea Ecosystem Monitoring and Assessment Plan (MAP) (Case and others 
2013) provides a detail description for a data collection, analysis, and management system. This 
guide will provide for a systematic and standardized methods for data management that will help 
inform and guide potential management actions for the restoration of the Salton Sea ecosystem. 
One critical data-management element for a data management system is in determining which 
entity is responsible for system administration and how this relates to public access. Because 
many of the environmental and socioeconomic assessment and monitoring activities anticipated 
at the Salton Sea involve the collection of geospatial data, it is anticipated that a geographic 
information system (GIS) will be a primary platform used to manage, organize, analyze, and 
express these data. The long-term utility of geospatial data requires significant attention to the 
development of high-quality metadata, data lineage tracking, and quality assurance/quality 
control (QA/QC) of datasets.  

Data collected by scientists working in the Salton Sea area will conform to the guidelines 
and standards discussed in the discipline-specific sections of the MAP. Ultimately, a distributed 
database is envisioned where the physical locations of the data are transparent to the user.  

Effective data management will be integral to the success of a Science Program and, 
ultimately, to the success of the decision making and restoration activities that the monitoring 
data will inform. Data management complexity increases for long-term and broad-scale 
comparative studies and assessments in which scientists from numerous disciplines can be 
involved for long periods to address a complex series of questions or hypotheses. This 
necessitates increased attention to adequate metadata, QA/QC, archiving, and methods 
standardization (Michener, 1997).  

Objectives  
The principal objectives of the data management element are the following:  

• Establishing and enforcing standards for data documentation.  
• Establishing data transfer and storage protocol.  
• Making data easily accessible and in a useable format.  

Data collected under the various projects will be housed and made accessible either 
through the appropriate controlling agency. Data collection will follow the protocols laid out 
under the individual monitoring plans as identified in Case and others (2013). All deliverable 
products will contain metadata that meet the metadata standards as defined in Case and others 
(2013). The intent of this proposal is to initiate the development of an integrated database and 
document library in a searchable format accessible to scientists, managers, and the general 
public.  

Budget 
$3,000,000 
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Point of Contact 
Boykin Witherspoon 
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Appendix 6. Roles and Responsibilities of a Science 
Program in Management of the Salton Sea

Complex and interactive effects between chemical, biological, physical and other factors 
have caused a decline of overall environmental quality of the Salton Sea. In order to understand 
these complex interactions, it has long been recognized that a robust integrated science program 
was necessary to provide information to develop a management plan. In the late 1990s, the 
Secretary of the Interior and the Congressional Salton Sea Task Force requested a science plan to 
support the Salton Sea management effort under the Salton Sea Reclamation Act of 1998 (Public 
Law 105–372). Despite decades of planning efforts (California Resources Agency, 2006, chaps. 
1 and 4) and a multitude of scientific studies, resolution of how to provide for the sustainability 
and economic viability of the Salton Sea region has not yet been accomplished. The State of 
California recently entered into a new phase of planning and is currently working on a plan for 
addressing the myriad of issues of the Salton Sea. With this new planning phase comes a 
potential for a massive reconfiguration of the Sea, encompassing a smaller lake, declining 
inflows, continued degradation of water quality, increase in salinity, loss of wildlife and fisheries 
habitat, fugitive dust generated from exposed sediments, and a need for economic development. 
A new plan with such vast anticipated changes will require a strong science effort to assist 
management agencies to achieve effective management of a future ecosystem—one that could be 
very different from the past. These integrated efforts include assuring that the Sea continues to 
provide desired levels and diversity of natural resources while accommodating changes in the 
environment that may result from human population growth within the area. 

Origins of Integrated Salton Sea Science 
The earliest attempt at organizing a comprehensive and integrated science program was 

in December 1997 with the incorporation of an interim Salton Sea Science Subcommittee (SSC) 
within the Salton Sea Management Project. The SSC, a coalition of Federal agencies, State 
agencies, and non-governmental organizations (NGOs), was tasked with developing guidance for 
a science effort needed to support management as mandated by PL 105–372. The primary 
purpose of the SSC was to provide a sound scientific foundation on which management 
judgments can be based in considering alternatives for achieving project goals. The SSC 
recognized that achieving this objective would involve data evaluation, identifying knowledge 
and data gaps, additional scientific investigations, information synthesis, and robust scientific 
integrity of the process. The SSC further identified two key components of a successful science 
program. First, there needs to be a Strategic Science Plan (SSP) which lays out the overall 
framework of goals and objectives of a science program. Second, there needs to be an 
organizational unit whose function is to enable and execute the SSP. This organizational unit, a 
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Science Office, was to be the permanent operational replacement for the SSC (Salton Sea 
Science Subcommittee, 2000). 

An SSP was developed with assistance of a U.S. Geological Survey “Tiger Team,” which 
was charged with evaluating the underlying science needs for understanding the Salton Sea 
ecosystem. Based in large part on this report (Shipley and others, 1999), the SSP was developed 
to provide a structure for scientific support for the project to replace the SSC (Salton Sea Science 
Subcommittee, 2000). The SSP provided recommendations for the development, function, and 
oversight of a pragmatic science effort to support long-term management actions for restoring 
the Salton Sea and calls for the following goals (Salton Sea Science Subcommittee, 2000): 

● “Establish a dedicated science office to serve as an interface with management efforts;
● Provide timely, objective scientific evaluation and technical assistance to management;
● Establish a long-term database program for supporting investigations and management

actions;
● Establish a steady and reliable funding base for supporting SSRP (Salton Sea Restoration

Plan) science needs;
● Implement a comprehensive, open scientific review process to refine the existing draft

management goals and objectives from a scientific ecosystem perspective. Based on this
review, agree upon performance measures as benchmarks against which to measure true
success of management;

● Develop and continue to refine reliable, flexible conceptual models encompassing
ecosystem components and their functional relationships;

● Develop a long-term ecosystem monitoring program to establish baselines, measure
management outcomes, and help refine future actions;

● Beyond monitoring of baseline conditions, include investigations of episodic, extreme,
and unpredictable events such as fish and wildlife die-offs, algal blooms, and unusual
climatic events that have the potential to significantly affect the ecosystem or influence
individual valued resources;

● Identify and prioritize investigations relevant to management, based on conceptual
models and identified information gaps;

● Develop quantitative, integrative, predictive models based upon identified conceptual
relationships; and

● Establish a data and information management program to make results of long-term
monitoring and focused investigations available to resource managers, scientists,
stakeholders, and the public.”
To this end, a Science Office was established under the auspices of the U.S. Geological

Survey to plan, coordinate, evaluate, and synthesize information for support of the 
management decision process. 

Rationale and Functions of a Science Program 
There is a general perception that the Salton Sea has been “studied to death” (Claiborne, 

1996), a catch phrase still popularized by the public, managers, and stakeholders. The 
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perpetuation of this thought condones the dismissal of requisite scientific understanding of 
ecosystem complexity as nothing more than a roadblock to management action. A 
comprehensive understanding of the ecosystem and its changes is required to enact management 
plans that will achieve desired outcomes and ensure wise investment of public funds into viable 
solutions. This is the core of an adaptive management program.  

A retrospective analysis of scientific information about the Salton Sea conducted by the 
SSC (1998 to 2000) disclosed that much of the information was dated and of limited use because 
of changes taking place within the Salton Sea ecosystem. This analysis revealed that there had 
been no studies of the Sea as a whole, and existing investigations were fragmented and did not 
provide a sufficient interface to meet NEPA/CEQA information needs. It was concluded from 
these evaluations that the immediate priority for science was to describe the current state of the 
Sea ecosystem (Salton Sea Science Subcommittee, 2000). In response, from 1998 to 2002 a 
series of integrated reconnaissance studies were identified, funded, and conducted (table 6-1) in a 
manner that provided “real time” information for use in the NEPA/CEQA evaluations (Salton 
Sea Authority and Bureau of Reclamation, 2000). The prioritization of information needed was 
determined to be an evaluation of the ecological factors resulting in major bird die-offs, followed 
by evaluations of important system processes within the Sea specifically related to nutrient 
cycling in order to better understand eutrophication. An effective integrated science program has 
been instrumental in securing this vast array of information and making it available to managers 
and the public (Barnum and others, 2002; Hurlbert, 2007; Hurlbert, 2008).  

Table 6-1. Reconnaissance-level investigations administered by the Salton Sea Science Subcommittee 
(SSC) and USGS Salton Sea Science Office from 1998 to 2002 (Salton Sea Science Subcommittee, 2000). 

Investigation Organization/Author 
Survey of algal toxins in the Salton Sea University of California at San Diego, Scripps 

Institute of Oceanography 
Avifauna of the Salton Sea: Annual phenology, 

numbers, and distribution 
Point Reyes Bird Observatory 

Fisheries biology and fish ecology of the Salton Sea San Diego State University—Center for Inland 
Waters 

Salton Sea desert pupfish investigations Bureau of Reclamation 
Reconnaissance of the biological limnology of the 

Salton Sea 
San Diego State University—Department of 

Biology 
Limnological assessment of the Salton Sea, Riverside 

and Imperial Counties 
Bureau of Reclamation 

Survey of selected microbial pathogens in the Salton 
Sea 

U.S. Geological Survey—National Wildlife Health 
Center 

Environmental reconnaissance of the Salton Sea: 
Sediment contaminants 

Levine-Fricke Recon 

Baseline reconnaissance vegetation mapping of the 
Salton Sea 

University of Redlands 

Ecology and management of avian botulism at the 
Salton Sea 

U.S. Geological Survey—National Wildlife Health 
Center 

Tilapia food habits University of Southern Mississippi 
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Investigation Organization/Author 
Identification and ecology of disease-causing agents for 

eared grebes at the Salton Sea 
U.S. Geological Survey—National Wildlife Health 

Center 
Investigations of the cause of eared grebe mortality at 

the Salton Sea—Algal blooms and biotoxins 
Wright State University 

Without sufficient understanding of how the ecosystem works, some alternatives may 
have unintended consequences, exacerbating existing issues. For example, three recent 
independent and seemingly unrelated studies investigated the relationship of thermoclines, 
hydrogen sulfide, nutrients, and Sea mixing events1 (Chung and others, 2008; Marti-Cardona and 
others 2008: Reese and others, 2008; Tiffany and others, 2007) (see footnote). These studies 
revealed that water deeper than 10–12 m may exacerbate the hydrogen sulfide problem, with 
potential for widespread ecosystem damage and risk of adverse human health effects. This 
caused planners to reject any alternative promoting a strategy of less surface area while 
concurrently maintaining a water depth of 12 m or more (California Resources Agency, 2006). 

Historical Perspective of the Roles and Functions of a Science Program 
A permanent Science Office was established within the U.S. Geological Survey as a 

continuation of the efforts of the SSC in summer of 2000. The office sustains the focus on peer 
review and production of high quality science evident in the SSC activities and is charged to 
adhere to a basic operational set of guidelines (table 6-2) as established by the SSP.  

Table 6-2. The functions of a Salton Sea Science Office (Salton Sea Science Subcommittee, 2000). 
Operational guidelines 

Science leadership and coordination 
Science information and data synthesis 
Science oversight and responsibility for science activities 
Assist resource management agencies with administration of science funding 
Assist resource management agencies with science contract awards and negotiations 
Science-outreach activities 
Oversight of development and delivery of scientific products 
Collaboration and coordination with resource management agencies 
Networking with external agencies and organizations for data sharing and other science needs 
Accountability and reporting for science program activities 

The results from these scientific studies have provided the vast bulk of information used 
to evaluate proposed management actions and provides the most comprehensive scientific 
evaluations of the Salton Sea to date. Robust scientific findings often reveal relationships and 
facts that may differ from popular perceptions and “conventional wisdom” about the Sea, based 
on earlier investigations or more fragmented scientific efforts, and news accounts.  
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The SSC and USGS Science Office have provided numerous evaluations of proposed 
management actions. Multiple workshops have evaluated various science issues and assessed 
specific management concepts being considered as project alternatives.  Examples of these 
efforts include (Salton Sea Science Subcommittee, 2000; U.S. Geological Survey, 2014) 

● Expert workshop on eutrophication;
● Expert workshop on salt precipitation;
● Expert workshops on selenium;
● Expert workshop on air quality;
● Expert review of proposed alternatives from the Pacific Institute, U.S. Filter Corporation,

Salton Sea Authority;
● Expert workshop on shallow saline wetlands; and
● Stakeholder and expert workshops on science and monitoring needs for the Salton Sea.

Adaptive Management as Foundation for Science Programs 
The SSP asserts that, “The complexity and magnitude of the management effort are such 

that no single action will result in achieving the management project goals. It is now 
acknowledged that a sustained, long-term management effort will be required, some of which 
will involve significant uncertainties. Therefore, a basic assumption is that the management 
effort will be an iterative process involving multiple actions and a phased approach. This type of 
need lends itself to a process commonly referred to as adaptive management. Among the many 
definitions and discussions of adaptive management is the common theme of providing a formal, 
systematic, scientifically defensible, and rigorous approach to learning from the outcomes of 
management actions, accommodating change, and improving management (Holling, 1978)” 
(Salton Sea Science Subcommittee, 2000). In other words, a sustained long-term management 
program requires an investment in a sustained, long-term science program to synthesize and 
evaluate information through focused investigations, modeling, and monitoring. Moreover, 
appropriate iterative feedback mechanisms should be employed (for example, peer review, 
adaptive management) to insure integration of information within a management decision 
support framework.   

 As recommended by the SSP, “A Science Office should not be involved in the direct 
conduct or supervision of individual scientific investigations. This office is the foundation for the 
science program and is accountable for the quality and productivity of science efforts funded as 
part of the management project. A Science Office should include standing committees to help set 
priorities and to address various issues. An External Advisory Committee of stakeholders in the 
Salton Sea would help identify priority scientific investigations at the Sea. A Science Advisory 
Committee, whose members are selected because of their technical expertise would meet to 
address specific technical issues, to assist in establishing science priorities, to serve as peer 
reviewers, and to provide requested scientific evaluations” (Salton Sea Science Subcommittee, 
2000). 
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A Science Program for the Future 
Numerous documents compiled in the past two decades provide information on science 

and monitoring needs for management of the Salton Sea. Progress has been made on addressing 
a basic understanding of ecosystem functioning. Progress has also been made on identifying 
additional science and monitoring needs in order to continue our understanding of this dynamic 
and changing ecosystem as it undergoes a transformation due to full implementation of the QSA. 
For an exhaustive evaluation of future science and monitoring needs, we refer the reader to 
several recent documents, including appendix 5 of this document, environmental and program 
components of the Salton Sea Programmatic EIR (California Resources Agency, 2007), Species 
Conservation Habitat EIS/EIR (U.S. Army Corps of Engineers and California Natural Resources 
Agency, 2013), the Salton Sea Ecosystem Monitoring and Assessment Plan (Case and others, 
2013), and Salton Sea Species Conservation Habitat Monitoring and Adaptive Management Plan 
(California Natural Resources Agency, 2015). 

Management of the Salton Sea has always been anticipated to be a lengthy process that 
will require scientific support and investigations. A fact-based approach for resource 
management in and around the Salton Sea requires a synthesis of information that includes 
retrospective analyses, results from expert issue-focused workshops, and scientifically robust 
research integrated into a cohesive and adaptable plan. Connection of the science effort to 
ongoing rehabilitation efforts, to the continued effectiveness of the science being conducted, and 
the ability to support a management decision process is best accomplished through a science 
program to support resource managers’ data and information needs. The organizing committee 
and participants in the 2014 State of the Salton Sea Meeting support the continuation of an 
independent science program for the Salton Sea based on the principle of unbiased science to 
support the management decision process.  

FOOTNOTE 
1These studies demonstrated that the Sea experiences periodic thermoclines causing thermal 
stratification of the water column. Thermoclines trap hydrogen sulfide gas originating from the 
rich organic deep sediments and cause anoxic conditions in the bottom waters of the Sea. Lake 
mixing events, usually brought about by high velocity winds (Schladow, 2005), destratify the 
water column, dissipate the thermocline and allow hydrogen sulfide gas to be released to the 
water column and vented to the atmosphere. Hydrogen sulfide mixing with the oxygenated upper 
water column in the presence of abundant calcium causes a chemical reaction creating calcium 
sulfate, commonly known as gypsum. The resulting gypsum can be seen as a green swirl on the 
Sea surface and has been observed by satellite imagery for decades, but was misinterpreted as 
algal blooms (figure 6-1). This reaction also consumes oxygen and creates anoxic regions of the 
Sea leading to large scale fish die-offs. These findings were significant by themselves, but 
Schladow (2005) investigated how some alternatives for Salton Sea restoration would affect this 
hydrogen sulfide scenario. Schladow’s modeling suggests that alternatives proposing to reduce 
Sea surface area while maintaining a water depth greater than 10 m would produce a more 
persistent thermocline due to the lack of sufficient wind shear energy from a reduced fetch 
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(distance wind travels over water). The implications are that a more persistent thermocline would 
capture a greater amount of hydrogen sulfide gas. However, when the prolonged thermocline 
was dissipated, it would be rapid and the hydrogen sulfide would be released in a short period of 
time. This would create anoxic conditions throughout the Sea, kill all oxygen dependent life 
forms in the Sea, and potentially affect onshore wildlife and human health (Schladow, 2005). 
This integration of science provided a greater understanding of how these system dynamics work 
in concert with each other and provided information vital to the management decision process.  
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Figure 6-1. Gypsum bloom (locally known as a green-tide event) at the Salton Sea, May through June 2003. Image courtesy of NASA-MODIS.
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Appendix 7. Strategic Science Plan, 2000—Executive 
Summary  

The Executive Summary contained in this appendix is a direct quotation (taken verbatim) from the following 
publication: 
 
Salton Sea Science Subcommittee, 2000, Strategic science plan, Salton Sea restoration project: Salton 

Sea Science Subcommittee, 103 p., accessed at 
https://www2.usgs.gov/saltonsea/docs/history/strategic%20sci%20plan.pdf.  

Executive Summary 

Section I. Introduction 
The Salton Sea is an ecosystem in peril. Its prehistory consists of a series of intermittent 

lakes dependent on infrequent flooding of the Colorado River, while the modern Salton Sea 
originated from the desire to harness the flow of the Colorado River for irrigation. What began as 
an accident of this attempt is now a permanent inland sea supported by wastewater and 
agricultural drainage rather than Colorado River flood flows. However, environmental 
degradation is challenging the ability of the Sea to sustain the biological components that society 
has learned to value as characteristics of this waterbody. Increasing salinity and increasing 
frequency and magnitude of wildlife losses indicate the Sea is under severe environmental stress. 
The Salton Sea Restoration Project originated to reverse this degradation, to stabilize fluctuating 
water levels, and to provide a permanent waterbody that sustains values of the human society 
that uses it. The project foundation is provided by Public Law (PL) 102–575, passed by Congress 
in 1992. PL 102–575 directs the Secretary of the Interior to “conduct a research project for the 
development of a method or combination of methods to reduce and control salinity, provide 
endangered species habitat, enhance fisheries, and protect human recreational values… in the 
area of the Salton Sea.” That PL was followed by the Salton Sea Reclamation Act of 1998 (PL 
105–372), which directs the Secretary of the Interior to “complete all studies, including, but not 
limited to environmental and other reviews, of the feasibility and benefit-cost of various options 
that permit the continued use of the Salton Sea.” 

Section I of this document provides background and historical information relevant to the 
Salton Sea Restoration Project (SSRP). Section II highlights the activities and accomplishments 
of the Science Subcommittee. Section III is the conceptual framework for a continuing Salton 
Sea Science effort that is pragmatically focused on and linked to the SSRP. Section IV contains 
supplemental information referred to within the other sections (reader is urged to read the 
original full report for access to all sections). 
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Section II. Science Subcommittee 
The Salton Sea Science Subcommittee (SSC) was incorporated within the Salton Sea 

Restoration Project in December 1997 to guide the science effort needed to support restoration. 
The primary purpose of the SSC is to provide a sound scientific foundation on which 
management judgments can be based in considering alternatives for achieving project goals. 
Achieving this endpoint has been accomplished by evaluating data, identifying data gaps, and 
awarding contracts for focused scientific investigations. Using the principles of competition and 
peer review, eight reconnaissance projects, four studies of fish and avian mortality, and a nutrient 
cycling investigation were funded in 1998 and 1999 through the Salton Sea Authority (SSA) by a 
research grant provided the SSA by the U.S. Environmental Protection Agency. By September 
1999, two projects had been completed, and eight synthesis documents had been written to 
provide input to the planning documents. These investigations are providing the most 
comprehensive scientific evaluations of the Salton Sea ever available. An additional eight issue-
specific documents were prepared by SSC members to meet urgent needs of the planning 
process. Findings often differ from popular perceptions and conventional wisdom about the Sea, 
based on earlier investigations and more fragmented scientific efforts. As a result, speculation 
and unknowns are being replaced by practical knowledge. The SSC also provided presentations 
at scientific, agency, and environmental community forums and developed a strategic science 
plan (SSP) to guide the long-term integration of science within the SSRP. 

Section III. Future Science Activities 
The SSP provides recommendations for the development, function, and oversight of a 

pragmatic science effort to support long-term management actions for restoring the Salton Sea. 
Development of this segment of the SSP was assisted by input resulting from an SSC request for 
a U.S. Geological Survey “Tiger Team” to carry out an intense evaluation of needs. A strong 
scientific program specifically oriented at guiding management actions will provide a sound 
basis for management decisions, evaluation of progress toward achieving SSRP goals, and 
conceptual models for effective selection among alternatives to address specific SSRP actions. 

The basic objective for the SSP is to provide a framework for a continued scientific effort 
in support of the restoration project that replaces the interim activities of the Science 
Subcommittee. This objective will be met by accomplishing the following goals: 

• Establish a dedicated science office to serve as an interface with restoration efforts; 
• Provide timely, objective scientific evaluation and technical assistance to management; 
• Establish a long-term database program for supporting investigations and management 

actions; and 
• Establish a steady and reliable funding base for supporting SSRP science needs. 

Components of the Science Program 
Environmental baselines need to be established to evaluate change from restoration 

efforts. Monitoring is performed to evaluate the success of restoration actions and to collect 
long-term data from which quantitative models can be validated. Conceptual models are used to 
guide the development of quantitative models by identifying processes and ecosystem functions 
thought to be important. Quantitative modeling then generates hypotheses about these processes 
and ecosystem functions that focused investigations can explore. Focused investigations fill in 
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key information gaps, support monitoring by identifying important measures that were not 
initially recognized, and also help in validating quantitative models. These components interact 
to provide management with a solid base to assess functional system changes being achieved and 
the outcome of management actions relative to the SSRP goals. 

Technical assistance provides the glue linking the science program to restoration 
management. A dedicated technical assistance component is included within this SSP to provide 
a focal point for management requests and to develop processes to support those requests in a 
timely manner. 

The SSRP has need for data and information management. The projected long-term 
efforts of the project will be best served by formal agreement between the project and external 
programs for managing scientific data and information that clearly define the roles, 
responsibilities, and contributions of each entity. Key considerations regarding SSRP scientific 
data and information management are that these components are part of the integrated scientific 
effort rather than a separate scientific program. This is important because formatted input and 
availability of scientific data can be required only for investigations funded by the project. It 
would require a substantial investment in equipment, personnel, and facility costs to establish an 
internal database function within the science program. 

The Science Office 
Restoration of the Salton Sea is a lengthy process that will require scientific support and 

investigations for many years. Continuity of the science effort, effectiveness of the science 
undertaken in support of the SSRP, and efficiency of operations in serving management needs 
will be best served by a funded and staffed Science Office. This office should be established as 
an independent organization along with the management offices for the SSRP. 
The functions of the Science Office are as follows: 

• Science leadership and coordination; 
• Science oversight and responsibility for SSRP science activities; 
• Administration of science funding; 
• Science contract awards and negotiations; 
• Science outreach activities; 
• Development and delivery of scientific products; 
• Collaboration and coordination with the SSRP management agencies; 
• Networking with external agencies and organizations for data sharing and other SSRP 

science needs; and 
• Accountability and reporting for the science program. 

The basic roles for the Science Office are that of science planning, coordination, 
evaluation, and contract awards and administration. The Science Office should not be involved 
in the internal conduct or supervision of individual scientific investigations. It is the foundation 
for the science program and is accountable for the quality and productivity of science efforts 
funded as part of the restoration project. The Science Office has two standing committees to help 
set priorities and to address various issues. The External Advisory Committee of stakeholders in 
the Salton Sea helps coordinate scientific investigations at the Sea, setting priorities and 
resolving science issues. The Science Advisory Committee, whose members are selected because 
of their technical expertise, meets as small focus groups to address specific technical issues, to 
assist in establishing science priorities, to serve as peer reviewers, and to provide requested 
scientific evaluations. 
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Field Station 
The Salton Sea Restoration Project science activities would be greatly enhanced by a 

common use on-site field station. The primary purposes of this facility would be to increase cost 
efficiency by sharing equipment and to facilitate coordination and dialogue among scientific 
studies. This would be a working facility for investigators who should be isolated from external 
disturbances, such as tour groups and unscheduled visits by the public, media, and others. The 
site should provide stability for the life of the project and should not be subject to transient 
occupancy owing to other needs for the site by the landowner. The field station could be 
administered by one of four entities: the private sector, as an interagency cooperative agreement 
for shared government facilities, as sole responsibility of a government agency, or by the Salton 
Sea Science Office. 

Funding the Science Program 
The science program has no directed purpose without the SSRP; therefore, funding for 

the science effort should be part of total federal appropriations for the SSRP. Base funds 
provided the Science Office as an annual appropriation should be augmented by contributions 
from the state of California, grants for specific activities, and cooperative agency science 
activities that are funded through agency budget processes. Base funding should be tied to 
Congressional authorization for the Salton Sea Restoration Project because the purpose for the 
science program is to provide a sound scientific foundation for management decisions and 
actions associated with the restoration effort. Science requires time to gather information needed 
by management; therefore, funding for science should not be delayed if there is a delay between 
SSRP authorization and appropriations for construction. Federal funding for the Science Office 
will need to be provided through some federal agency as base resources to assure annual 
operating funds to sustain the science effort. 
Funding the major components of the science effort should be approached in a manner consistent 
with the objectives of the following components: 

• Modeling and Focused Investigations—base funds, contributed funds from outside
sources, and grants obtained for specific areas of inquiry.

• Monitoring—routine activities should be provided by cooperative state/federal agency
programs, using their internal budget processes and existing program expertise.
Nongovernment agencies also may contribute to a coordinated monitoring effort.
Specialized monitoring associated with pilot and demonstration projects will require
SSRP or base funding.

• Technical Assistance—funding to be provided by the Science Office and charged against
SSRP and other management offices requesting assistance. The nature of the assistance
should dictate what costs would not be borne by the Science Office.

• Data and Information Management—combined funding by the Science Office, external
grants, fees for services provided, and cost-sharing arrangements with stakeholder
agencies and organizations.

The Role of Review Processes in Restoration Science 
External peer review is a fundamental component of quality science programs and should 

be an uncompromised standard for Salton Sea science. Peer review processes should be 
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incorporated within all science activities: competitive science awards, database evaluations, data 
and documents released for use of the public, and collaborative science, such as monitoring. 

Transition from Science Subcommittee to a Workable Science Program 
Several actions are needed to assure continuity of science support for the SSRP. These 

include, but are not limited to, maintaining the current executive director of the SSC to oversee 
the transition, appointing a permanent Science Office executive director, establishing the 
External Advisory and Technical Advisory Committees, holding a modeling workshop to 
develop a conceptual model of the Sea, and producing a publication on the “State of the Salton 
Sea,” which summarizes current knowledge from studies directed by the SSC. Most critical to 
continuing the science support for restoration are obtaining temporary funding for science 
operations until the SSRP is authorized and obtaining commitments from stakeholder agencies 
for continuing oversight on current Salton Sea science investigations. 
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Appendix 8. Salton Sea Ecosystem Monitoring and 
Assessment Plan—Executive Summary 

The Executive Summary contained in this appendix is a direct quotation (taken verbatim) from the following 
publication: 

Case, H.L., III; Boles, Jerry; Delgado, Arturo; Nguyen, Thang; Osugi, Doug; Barnum, D.A.; Decker, Drew; 
Steinberg, Steven; Steinberg, Sheila; Keene, Charles; White, Kristina; Lupo, Tom; Gen, Sheldon; and 
Baerenklau, K.A., 2013, Salton Sea ecosystem monitoring and assessment plan: U.S. Geological Survey 
Open-File Report 2013-1133, 220 p., accessed at https://pubs.usgs.gov/of/2013/1133/. 

Executive Summary 
The Salton Sea, California’s largest lake, provides essential habitat for several fish and 

wildlife species and is an important cultural and recreational resource. It has no outlet, and 
dissolved salts contained in the inflows concentrate in the Salton Sea through evaporation. The 
salinity of the Salton Sea, which is currently nearly one and a half times the salinity of ocean 
water, has been increasing as a result of evaporative processes and low freshwater inputs. Further 
reductions in inflows from water conservation, recycling, and transfers will lower the level of the 
Salton Sea and accelerate the rate of salinity increases, reduce the suitability of fish and wildlife 
habitat, and affect air quality by exposing lakebed playa that could generate dust. 

Legislation enacted in 2003 to implement the Quantification Settlement Agreement 
(QSA) stated the Legislature’s intent for the State of California to undertake the restoration of 
the Salton Sea ecosystem. As required by the legislation, the California Resources Agency (now 
California Natural Resources Agency) produced the Salton Sea Ecosystem Restoration Study 
and final Programmatic Environmental Impact Report (PEIR; California Resources Agency, 
2007) with the stated purpose to “develop a preferred alternative by exploring alternative ways to 
restore important ecological functions of the Salton Sea that have existed for about 100 years.” A 
decision regarding a preferred alternative currently resides with the California State Legislature 
(Legislature), which has yet to take action. 

As part of efforts to identify an ecosystem restoration program for the Salton Sea, and in 
anticipation of direction from the Legislature, the California Department of Water Resources 
(DWR), California Department of Fish and Wildlife (CDFW), U.S. Bureau of Reclamation 
(Reclamation), and U.S. Geological Survey (USGS) established a team to develop a monitoring 
and assessment plan (MAP). This plan is the product of that effort. 

The goal of the MAP is to provide a guide for data collection, analysis, management, and 
reporting to inform management actions for the Salton Sea ecosystem. Monitoring activities are 
directed at species and habitats that could be affected by or drive future restoration activities. The 
MAP is not intended to be a prescriptive document. Rather, it is envisioned to be a flexible, 
program-level guide that articulates high-level goals and objectives, and establishes broad 
sideboards within which future project-level investigations and studies will be evaluated and 
authorized. As such, the MAP, by design, does not, for example, include detailed protocols 
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describing how investigations will be implemented. It is anticipated that detailed study proposals 
will be prepared as part of an implementation plan that will include such things as specific 
sampling objectives, sampling schemes, and statistical and spatial limits. 

Monitoring of the Salton Sea ecosystem is critical for informed decision making and the 
success of restoration efforts. Information derived from monitoring activities will be used to 
guide the initial designs and management of restoration actions. Monitoring will also help ensure 
the success of management actions by identifying actions that are not having the desired effect so 
that they can be adjusted. The MAP is intended to foster the following specific objectives: 

• Establish baseline conditions for the Salton Sea ecosystem. 
• Establish metrics against which data gathered during long-term monitoring can be 

compared. 
• Identify and prioritize filling of existing data gaps. 
• Store, manage, and make monitoring data publicly available in a timely manner. 

The scope of the MAP is intentionally broad to capture the potential range of processes 
and conditions influencing the Salton Sea ecosystem and its associated resources. By adopting a 
broad scope for the MAP, investigators will be able to identify linkages and interactions among 
resources and integrate monitoring actions needed to make full use of the collected data. The 
comprehensive nature of the plan also reflects the current uncertainty regarding the ultimate 
intent of restoration and the desire to collect an array of information that will not preclude 
informing specific restoration actions or alternatives. 

The MAP will be subject to regularly scheduled reviews, and revised as needed as 
monitoring needs, technologies, and assessment methods evolve. Further, the initial monitoring 
protocols identified in the MAP could change over time as new and improved techniques and 
assessment methods are identified. Because many of the previously mentioned objectives have 
data as a component of the objective, data management through the entire life cycle of 
monitoring and assessment program is included within the scope of the MAP. Data management 
will be the responsibility of individual investigators and coordinated through the CDFW, as 
described in this plan. 

The MAP is envisioned to be one of several components of an integrated science program 
that would coordinate and oversee (including peer review) data collection, data analysis 
(including a retrospective analysis), and an adaptive management strategy to support future 
restoration actions at the Salton Sea. This framework envisions a science integration and 
coordination entity that would answer questions relevant to policy and decision making by using 
the best available science and an adaptive management approach based on integrated assessment 
of data developed through the MAP, results of focused investigations, and a retrospective 
analysis of prior data and existing literature. 

Identifying and prioritizing monitoring activities that would be implemented under this 
MAP will be the subject of a detailed implementation plan. The implementation plan will 
establish the elements of the MAP that should be performed and the scope of those activities. 
Monitoring activities to be performed will be identified on the basis of information needed for 
future environmental documentation, information needed to help resolve uncertainty, and 
information needed to provide a basis for comparison. Funding and logistics for the actual field 
work will be considered in development of the implementation plan. 

This MAP is organized by separate, potentially stand-alone modules, describing 
monitoring of biological, hydrologic, geographic and geologic, air quality and climate, and 
socioeconomic resources, as well as data management activities. Each module includes a general 
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overview, the monitoring objectives, key questions and information needs, the geographic scope, 
conceptual models, and recommended monitoring activities. Each section describing 
recommended monitoring activities includes a description of the purpose and justification for the 
monitoring activity, location, period and frequency of monitoring, protocol for data collection, a 
description of the data to be collected and the anticipated use of the data, recommended quality-
assurance measures, data reporting guidelines, and an overview of similar current monitoring 
activities. Opportunities for coordination of activities are generally identified in the section on 
period and frequency of monitoring. References cited are part of each module, and additional 
supporting documentation is included at the end of the report in the appendices. 

This MAP was developed with input from a wide variety of subject matter experts 
including scientists, managers, regulators, and staff representing a range of state, federal, 
academic, tribal, local, industry, and nongovernmental organizations. The overall intent was to 
be inclusive of the scientific community to assure that monitoring needs could be reasonably 
anticipated. A slightly modified version of the data-quality objective (DQO) process (U.S. 
Environmental Protection Agency, 2006) was used to help guide development of the MAP. This 
process included stating the problem, identifying the goal of the study, identifying the 
information inputs, defining the boundaries, developing the analytical approach, and developing 
the plan for obtaining the data. Focused technical groups (FTGs) of technical experts for each 
resource (biology, hydrology, geography and geology, air quality and climate, and 
socioeconomics) were tasked with identifying the purpose and objectives for monitoring of their 
specific resources and developing key questions (see appendices) that could be answered through 
monitoring, developing conceptual models, identifying specific monitoring activities, and 
identifying needed coordination and integration with other resource areas. 

This monitoring plan was developed within the context of the final PEIR prepared by the 
California Resources Agency (California Resources Agency, 2007) and the future direction of 
ecosystem restoration defined by that process. Several assumptions related to decisions made 
through the development of the PEIR were used to further focus the initial monitoring plan. 
These relate primarily to the expected direction and configuration of ecosystem restoration, 
given what is currently known about the system, and factors that likely will influence the design 
and management of restoration features. These assumptions could change when the California 
Legislature provides direction on the restoration and identifies an implementing agency. These 
constraints and assumptions were grouped under one of the following categories: programmatic, 
environmental, engineering and physical, hydrological, and legal. 

All monitoring activities recommended in this MAP are intended to help answer key 
questions anticipated to be asked by managers responsible for restoration of the Salton Sea 
ecosystem. These key questions were identified through brainstorming and a subsequent 
grouping process by FTG members. Not all questions identified by the FTGs could reasonably 
be expected to be answered by monitoring alone. Answers to some questions will need to be 
addressed by focused investigations or by specific studies and research. Focused investigations 
are not part of this MAP; however, some potential investigations and studies were identified by 
the FTGs and are included in a listing of key questions for each resource in the appendices. 

Simplified conceptual models were developed for each major resource area. These 
models serve as initial starting points upon which to build more robust models and a clearer 
understanding of the overall functioning of the Salton Sea ecosystem. The conceptual models 
guide both long-term monitoring and focused investigations toward goals and objectives 
identified for restoration. 



4 

The development of this document was born out of a desire to establish common sets of 
processes and procedures to which all scientists can adhere as well as a framework for future 
science activities. This document further aspires to promote the integration of ideas, activities, 
and sampling strategies and locations to the greatest practical extent whenever possible. Success 
or failure in restoration of the Salton Sea ecosystem rests heavily on the degree to which science, 
through monitoring and focused investigations, can provide resource managers with skillful 
guidance for adaptive management. This guidance rests squarely on implementation of a 
rigorous framework for science, integration of all program activities, and incisive analysis. 

Considerable attention was given to monitoring, design, and strategy as implementation 
of the MAP was contemplated, including retrospective analysis, quality assurance (QA), data 
assessment, peer review, and adaptive management. Retrospective data are data collected in the 
past that provide a foundation for the identification of data gaps, questions, and unknowns, 
which, in turn, will be used to identify specific data that will be collected under this MAP. 
Quality assurance is a critical element of all monitoring programs. Inclusion of a QA element 
helps ensure that the type, amount, and quality of data collected are adequate to meet study 
objectives. It is anticipated that focused investigations will be used in conjunction with data 
collected through the monitoring program to answer key questions and to assist with efforts to 
adaptively manage restoration activities. Data, analyses, and publications developed from this 
plan will be organized, stored, and made publicly accessible through a common distributed data 
management system (that is, the CDFW’s Biogeographic Information and Observation System, 
or BIOS). Data collected and stored within the data management system will be publicly 
available for the application of statistical and other analytical techniques. This step helps to 
simplify the collected data, test for change and differences, develop and test hypotheses, and 
evaluate uncertainty. Data assessment is used to foster the integration, consolidation, and review 
of data, updating of the conceptual models, answering of key questions, reporting, and providing 
management recommendations within an adaptive management framework. Peer review is a 
critical step to help ensure that data collection and analyses are conducted in a manner that 
provides defensible scientific conclusions or findings. Adaptive management entails feedback 
between management practices and monitoring of responses in the ecosystem in order to 
measure the success of management actions and to fine-tune future actions accordingly. In 
practice, this means that science is used to design the actions, and then monitoring results are 
provided to managers overseeing management so that adjustments can be made, if needed. This 
feedback works best if scientists are engaged in the design of restoration actions as experiments 
whose outcomes can be predicted and then measured. 

In cooperation with technical and management staff, and with input from stakeholder 
groups, the assessment and analysis of data are anticipated to lead to periodic updates of this 
entire MAP. Updates could be focused on specific resource areas or be applied to the entire plan. 
The plan is envisioned to be a living document and will need to remain flexible in order to 
respond effectively to unanticipated events.  
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September 30, 2020 

California Natural Resources Agency
1416 Ninth Street, Suite 1311
Sacramento, CA 95814 
(916) 653-5656
Salton Sea Management Program (SSMP)
cnra-saltonsea@resources.ca.gov

Subject: “Public Comment” in response to “Community Input Sought for Salton Sea
Management Program (SSMP) Projects” - from Nikola Lakic, Architect. 

Greetings, SSMP team: 

Thank you for the opportunity to comment. In response to the “Community Input
Sought for SSMP Projects”, I am writing you the letter included in attachment for the
record. 

Sincerely, 

Nikola N. Lakic
Graduate Eng. Architect 
Geothermal Worldwide, Inc. 
78-365 Hwy 111, #402
La Quinta, CA 92253
USA

www.GeothermalWorldwide.com

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=d1116f606172463aa67f754ae55953f6-CNRA Salton
mailto:cnra-saltonsea@resources.ca.gov
http://www.geothermalworldwide.com/
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September 29, 2020





California Natural Resources Agency
1416 Ninth Street, Suite 1311
Sacramento, CA 95814

(916) 653-5656

Salton Sea Management Program (SSMP)

cnra-saltonsea@resources.ca.gov 



Subject: “Public Comment” in response to “Community Input Sought for Salton Sea Management Program (SSMP) Projects” - from Nikola Lakic, Architect.





Greetings, SSMP team:



Thank you for the opportunity to comment. In response to the “Community Input Sought for SSMP Projects”, I am writing you this letter for the record. 

I strongly oppose the “Current Course of Action” which is the “Perimeter Lake” and related dust suppression projects because those projects are based on the false assumption that importing seawater is not a feasible concept, and actually contributes to incoming ecological disaster. 

Since I have not been invited to make a presentation yet so that you can learn about the real situation and the solution for the restoration of the Salton Sea, and since 2 – 3 minutes occasional comment is not enough time for explaining a comprehensive design that involves several breakthrough technologies, I am submitting my “Public Comment” with several important links, and hopefully, after reviewing it, you will get involved, ask questions, learn about the proposal, and inform Secretary Wade Crowfoot about it, and hopefully, he will inform Governor Gavin Newsom.

At this time I will pint on only one paragraph from the “draft Project Description” ( https://saltonsea.ca.gov/wp-content/uploads/2020/08/Draft-SSMP-Phase-1-10-Year-Plan-Project-Description-_8-31-2020_a.pdf ). In the last paragraph of the “Background” 1.1 Segment, you are accepting declining Lake elevation as a given factor and you continue with projects. Here it is:

“Declining inflows has resulted in increasing salinity that has exceeded most fish species’ tolerance limits and resulted in loss of most of the fishery, bird declines due to loss of food, and exposure of soils to wind erosion. Continued loss of water in future years will result in the continued degradation of the Salton Sea ecosystem due to increasing salinity and other water quality issues, including temperature extremes, eutrophication (increased nutrient loads), related anoxia (oxygen deficiency) and algal productivity. Reduction of inflows to the Sea from other factors, such as water recycling in Mexico, is also contributing to increases in salinity and a declining sea elevation”.

I am in dispute with the members of the Salton Sea Authority (SSA) because they are systematically ignoring my proposal for the restoration of the Salton Sea since 2013. Because I have exhausted all options with them, I am hoping that some of you or Secretary Wade Crowfoot, or Governor Gavin Newsom will be able to understand and recognize the potential of my proposal and have the courage to voice a need for radical change in plans regarding saving and restoring the Salton Sea. 

I strongly oppose the “Perimeter Lake” and related dust suppression projects and I will tell you here below why I am opposing, and how we got in this situation, and how we can get out of this situation.

I watched several of your workshops (presentations) and I watched the recent hearing “FEDERAL AND STATE EFFORTS TO RESTORE THE SALTON SEA” televised on September 24, 2020.

Chair, Jared Huffman; participants: Rep. Tom McClintock; Wade Crowfoot, Secretary, State of California Natural Resources Agency; E. Joaquin Esquivel, Chair, California State Water Resources Control Board; Thomas Tortez, Jr. Tribe Council Chairman, Torres Martinez Desert Cahuilla; Alan Lowenthal, chair, Subcommittee on Energy and Mineral Resources; Dr. Raul Ruiz, Representative, CA;  Juan Vargas Representative CA; Grace Napolitano Representative CA. 



It is my understanding that federal representatives (partners) have declined the Committee’s invitation to testify to discuss the critical issue of federal responsibility at the Salton Sea.



The local and state officials (Panelists) are asking for federal government engagement for funding the “restoration” of the Salton Sea. In my opinion, the Federal Government should help for the right reason, but NOT for the “current course of action” which is “Smaller, Sustainable Lake” or so-called “Perimeter Lake” and relating “dust suppression projects”. The concept of the “Perimeter Lake” is based on a FALSE assumption that importing seawater is not a feasible solution. Also, it was/is based on gaining some land on the southern part of the Lake for the IID to be used for geothermal and agricultural benefits. The “Perimeter Lake” is a ridiculous concept that leads to the disappearance of the Salton Sea and subsequently to incoming ecological disaster. The “Perimeter Lake” concept is equal to the “destruction” of the Salton Sea.     

The Salton Sea is terminal, shallow lake 35 miles long and 15 miles wide. It is below sea level -220 feet. It was made accidentally when a dike broke near Yuma AZ and water from the Colorado River surged into Salton Sink in 1905-1907. The Lake was a tourist attraction during the 1950s and 60s. Now, the Lake is already twice saltier than the Ocean, and polluted, and is facing ecological disaster.  

The “Perimeter Lake” concept is a thin stripe “U” shaped snake-like lake” (consisting of the south-west part, the western part, northern part, and eastern part) that will funnel New River and Alamo River around the periphery of the current Lake and then merge into “Brine Lake” located in the central section of the “U shaped “Perimeter lake”. The New River and Alamo River are runoff waters from nearby farmland and are contaminated with pesticides and fertilizers and partially treated sewer from Mexicali. The “Brine Lake” will be smaller, saltier, smellier, and more polluted every year. Also, will be exposed about 150-200 square miles of the lakebed. The fish have already disappeared. If current leadership continues with the “current course of action”, in near future, the “Brine Lake” will be so polluted that if some birds land on it will instantly die. The more appropriate name for the “Perimeter/Brine Lake” would be a “Cesspool”. 

They (the SSA) are using wording such as “… will be healthier Lake”; “…  to revitalize the environment and economy of the Sea.” etc., knowing very well that the truth is just the opposite. The “current course of action” leads slowly and surely towards the disappearance of the Salton Sea. They (the SSA) systematically and intentionally deceive the local population, state, and federal officials. That is a fraud (scam). 

There is a known geothermal reservoir in the south-east section of the Salton Sea. The majority of the land is owned by the Imperial Irrigation District (IID) and it is in their interest to shrink the Lake to gain land that they intend to lease for about 12 million dollars per year plus a percentage of mineral extraction such as Lithium. That is not a secret – it is well documented and was in a newspaper article. They (the SSA and the IID) do not care that will be exposed about 150-200 square miles of the lakebed. The Salton Sea Authority (SSA) has several members (directors) from the IID and is overwhelmingly influenced by the IID.  

The “Perimeter Lake” means, without any doubt, “destruction (disappearance) of the Salton Sea”. I am aware that my accusation is strong and hard to believe in, but it is true and easy to verify by answering three simple questions: 



With the “current course of action” or so-called the “Perimeter Lake” will the Salton Sea in every following year be: 

a) Smaller than is today?  

b) b) Saltier than is today? 

c) c) Smellier than is today? 

d) d) More polluted than is today? 



Everyone with common sense knows the answer to those questions – the Salton Sea will be smaller, saltier, smellier, and more polluted. 



It is mind-boggling that the members of the SSA would support projects which leads to the disappearance of the Lake and at the same time completely ignore the proposal that would provide a clean environment and condition for tourism, that would generate electricity and potable water, and would bring prosperity to communities - but it is true, and I am dealing with this set of leadership since 2013.



They (the SSA) are not using wording such as “Destruction of the Lake” although they know very well that the “current course of action” leads slowly and surely to it – but they are using wording such as: “Healthier Lake” and “revitalize the environment” etc. 



NOTE: I was present during the SSA board meeting from 7-15-2020, (webinar, recorded – thanks to COVID-19). I will summarize a few noticeable points. 

The mission statement says:

“The SSA seeks to protect human health, revitalize the environment and economy of the Sea.” 

Also, the Vision Statement says: 

“A healthier and more prosperous Salton Sea.” 

Also, at the Reviewed SSA guiding principles it says: “Secure plans and investments that create opportunities for the future Salton Sea that is healthier and more prosperous for all concerned. 

Also, Guiding principles priorities:

Human Health

Habitat Restoration 

Opportunities

(H2O)



Such statements are not truthful statements. They are “wishful thinking” statements designed to persuade state and federal officials to get funding for the ill-conceived projects. 

Also, at a recent meeting, the GM/Executive Director Phil Rosentrater reinstated the importance of one of the guiding principles that have been adapted years ago which is: Local Leadership (NOT state’s or federal’s). 

The obvious question for those who promote and tirelessly work on such ridiculous projects is: Why you are doing that? “Why losing time (10-years) and money (billions of dollars) on such projects when there is already a proposal for a long-term solution for the restoration of the Salton Sea that could provide a functional Lake in 5-6 years? 

My proposal would properly import seawater and fill the Lake to the level of 1950s and 60s so that we do not need to wary about exposed playa, equalize the salinity of the central section of the Lake with the salinity of the Ocean, reestablish beaches and Marine bays, provide a condition for tourism, provide huge wildlife sanctuary, harness geothermal, hydro, and solar energy, and generate a substantial amount of potable water for free – and much more. The absurdity of the situation is that I have provided the solution so that the IID can have and use their desired land without destroying the Lake but they are not willing to read it nor have the desire to ask me a question about it, or have no technical knowledge to understand it on their own.

Another observation of the “Perimeter Lake” which prove it as an absolute nonsensical concept.

I witnessed on several occasions several people “wannabe experts” lacking basic technical knowledge, talking about pumping water from depleting Lake into Marine bay.

Just think about it for a moment. Imagine a cross-section of the Salton Sea through one of the Marina bays. Now, imagine a boat in that Marine bay. Now, imagine the Lake which is already about 12 feet below Marine bay level and distant and that will gradually increase. Now, try to think of how that boat from Marine bay will go down into the Lake. Also, try to think about how that boat from the Lake will go back up into the Marine bay. It is an absolute nonsensical concept that can come only from absolute amateurs who lack basic common sense and/or basic technical knowledge. Unfortunately, I also witnessed that the SSA board members paid serious attention and supported such a proposal without asking a single challenging question which puts the SSA board members in the same category with those amateurs with respect to lacking common sense and basic technical knowledge.

Also, recently, I heard comments such as “supporting current and long-term Salton Sea restoration”. The long-term Salton Sea restoration alludes to importing seawater.

First of all, just importing seawater, as some people naively think that would solve all problems, actually would not solve the problems because pollution of the Lake would continue with New River and Alamo River which are runoff waters from nearby farmland contaminated with fertilizers and pesticides.  

NOTE: I am providing the solution for importing seawater and how it can be done properly, successfully, and profitably. My proposal provides an architectural design explaining how to divide the Lake into three sections properly – How to redirect the New River and Alamo River back to Mexico successfully - How to import seawater into the central section efficiently – how to provide a condition for tourism - how to provide vast wildlife sanctuary – how to harness hydropower efficiently – how to harness solar energy efficiently – how to harness geothermal energy efficiently – how to drill deeper and wider wellbores efficiently – how to desalinate the Salton Sea – and in process of desalination - produce potable water for free, and salty brine that can be used for the production of lithium. My proposal does not interfere with plans already in motion for the extraction of lithium from the brine of conventional geothermal plants – it is in harmony with them. Also, my proposal is in harmony with the QSA.

Secondly, it cannot be a compromise between the “current course of action” which is “Perimeter Lake” and related projects, - and long-term solution for restoration of the Salton Sea which includes importing seawater.  

NOTE: The statement “supporting current and long-term Salton Sea restoration” is absurd. Think for a moment about such a statement. Supporting the “current projects” means supporting “Smaller Lake” or so-called “Perimeter Lake” and related projects which lead to the “Brine Lake” and incoming ecological disaster. Have in mind that trying to cultivate several thousand acres of the lakebed in the hope to prevent the formation of the toxic dust storm is an insignificant and very expensive task knowing that 150-200 square miles of lakebed will be exposed soon and that will not be enough water to manage it. Supporting “Ocean Water Import” is fine but it is not logical to support both options – the “Smaller Lake” and “Ocean Water Import”. 



Think for a moment about it: Supporting the “current projects” means supporting projects on the already exposed lakebed. Importing seawater meant that those projects on the exposed lakebed will be flooded. 



If their/your argument is “… but we will import seawater only to have a smaller Lake and not to flood those projects that we are working on currently”. That means that Marine bays and beaches will never be functional again (marines are already dry – water level of a smaller Lake is already below the level of the Marine bays). Also, the SSA will constantly ask for more money from the people and governments (state and federal) for fixing never-ending problems. The smaller Lake means that will be exposed lakebed of the Salton Sea and that governments (State and Federal) will be dealing with the environment and health issues of the local population constantly. 

A few words about how we get to this situation:

About the QSA: “The Quantification Settlement Agreement (QSA) for the Colorado River was completed in October 2003. This historic agreement provides California the means to implement water transfers and supply programs that will allow California to live within the state's 4.4-million-acre-foot basic annual apportionment of Colorado River water. The QSA is a major achievement for enhancing San Diego County's long-term water supply reliability. Supplies related to the accord now account for nearly 38 percent of our region's water and they will continue to grow in the years ahead. The QSA commits a Joint Powers Authority (QSA JPA), to mitigate any negative impacts to the Salton Sea caused by these water supply programs. It also commits the state to a restoration plan, called the Salton Sea Management Program (SSMP), which will provide a path forward for any impacts to the Salton Sea caused outside of the QSA, and any impacts beyond what is required of the QSA JPA. The SSMP will guide investments at the Salton Sea to protect public health and ecosystem wealth”.

The SSA, which is strongly influenced by the IID, did nothing since 2003 regarding saving and restoring the Salton Sea because their strategy was/is to wait and sooner or later the Lake will shrink and they will get their desired land - exposed playa on the south-east section of the Lake where there is a known geothermal reservoir.

Also, the Salton Sea Authority (SSA) had information on the long-term solution for the restoration of the Salton Sea since the Summer of 2013. I personally met with some of SSA's directors and have several meetings with now ex-assistant Secretary of California Natural Resource, Mr. Bruce Wilcox who frequently briefed the SSA. Mr. Bruce Wilcox is also an ex-employee of the IID. Mr. Bruce Wilcox had intentionally withheld the information about the existence of a long-term solution for the restoration of the Salton Sea (my proposal) from former Governor Jerry Brown in 2015 when Governor Brown approved the Salton Sea Management Program (SSMP) which is based on the false assumption that import of seawater is not a feasible option. Now, because of it (withholding the important information) we are stack with the SSMP and 10-years plan that lead to losing time, money, and inevitable to the destruction of the Salton Sea.

A few words about my effort and concern:

I am fighting this war to save and restore the Salton Sea alone since 2013. I contacted Wade Crowfoot, California Secretary for Natural Resources, through his official email and Deputy Secretary for Communications numerous times with the hope that he will inform Governor Gavin Newsom about the faultiness of the “current course of action” and about the existence my proposal. 

Now, my proposal, among several others, is under review by independent reviewers. Those several other proposals have no solution for the problem of the Salton Sea, but rather provides services for a particular job. Some of those proposals offer administrative services claiming that they have connections with Mexico officials and some capable companies. All those other proposals require a lot of money for implementation and maintenance but do not generate positive revenue.

If common sense prevails, my proposal will be accepted. My concern is that independent reviewers might consider only one segment – importing seawater – out of five integral (co-operating) segments which are all important for having a functional Lake. 

Also, my concern is, I am reading that California State has dedicated $29 million to the New River Improvement Project and about $20 million to the pilot program at the North part of the “Perimeter Lake”. Also, the Species Conservation Habitat (SCH) project at the Sea’s south end. Those projects are in contradiction to my proposal and are completely unnecessary. It is a loss of time and money. My concern is that Secretary Wade Crowfoot did not receive or understood my message. The essential part for saving and restoring the Salton Sea is to stop pollution of the Lake by redirecting the New River and Alamo River back to Mexico. Although that might look like a complicated task - it is not. We have “International Boundary and Water Commission” and Mexico has a corresponding team. Only then, we can start working on desalinization, wildlife sanctuaries, etc. By the way, my proposal provides North Lake and South Lake with islands planted with mangrove trees (a few tests may need to see which kind is most appropriate) so that it would not need constant maintenance. It would be a self-sustaining wildlife sanctuary and tourist attraction. Have in mind that the Salton Sea will be divided into three sections with at least two-lane roads with several piers with restaurant and parking extensions. 

NOTE:  I would like to reinstate again – that by implementing my system of pipelines - just for farmland Northern and Southern area of the Salton Sea – it would generate, at least, several hundred million dollars in revenue every year - “out of blue” - literally. More likely will be +/- $1 billion (See Segment I, Figs. 3,4,5,8 and Segment III, Figs. 1-9). Also, I would like to mention that if my proposal is accepted it will be employed many thousands of peoples during construction and after construction. 

It is mind-boggling that local and state officials ignore such an opportunity and rather proceed with the destruction of the Lake. 

NOTE: If my proposal was/is accepted, would not be difficulties in getting support from the federal government because my proposal provides a clean environment, generate revenue, and boost the economy.  



A few words about my work:



I am a Graduate Engineer Architect.



My talent and expertise are in solving serious environmental and energy-related problems.  



My PROPOSAL FOR CONTROLLING DYSFUNCTIONAL “BLOW OUT PREVENTER” - Offshore of Louisiana, Gulf of Mexico – 2010, was used to stop bursting crude oil in the Gulf of Mexico. 

In Summary: After an accident in the Gulf of Mexico on April 20, 2010, and a failure of the "Blow Out Preventer" (BOP) in the Macondo well, it became a challenge how to stop uncontrollable bursts of crude oil in the Gulf of Mexico and prevent disasters of epic proportions. After several unsuccessful, almost laughable attempts, which have been televised "live" on TV, mostly on CNN, I postponed most of my activities at that time and started working on a solution. As an outsider, with limited information, only from TV, I submitted three proposals. The first two proposals which I submitted several weeks earlier are based on information that I obtained from Television. Soon after I submitted my first proposal I learned that there were several (not one) leakages in the "fallen riser pipe"  and later on, after my second proposed submission, I also learned that there is a pipe inside the "fallen riser pipe" which made my two earlier proposals insufficient and I had to work on and submit an additional proposal.

I submitted my third proposal on June 8, 2010. On July 10, 2010, 32 days after I submitted my proposal, the BP began operations to install a sealing cap atop the failed BOP. By July 15, 2010, the Macondo well was sealed, if only temporary, for the first time in 87 days. My proposal is well documented (it is on my website) and implementation of the control valve on top of the dysfunctional BOP was televised. Televised implementation of the control valve on top of the dysfunctional BOP and my submitted papers (proposal/illustrations) are identical.



I have made presentations (as a speaker) with the title “Harnessing Energy and Water in the Salton Sea” at SMU Dallas, TX, in 2015. ; and at Long Range Plan Committee, CVWD, Palm Desert, CA, on February 25, 2016; and at the National Association of Environmental Professionals Conference, NAEP, in Durham, NC, on March 27-30, 2017; and at the Request for Information (RFI) for Salton Sea Water Importation Projects by California Natural Resource Agency - May 21, 2018, in El Centro, CA; and at Electric Power Conference in Las Vegas, on April 26, 2019; and at the World Geothermal Congress (WGC) in Reykjavik, Iceland, April 26 - May 2, 2020 - (Note: because of COVID-19, the WGC 2020 is postponed for the next year).

Submitted papers at the Universities and International Conferences pass through a strict vetting period and if accepted are registered as scientific documents.

My proposal for the restoration of the Salton Sea involves architectural design which incorporates several breakthrough technologies in the energy industry which I have invented and modified to incorporate local conditions of the Salton Sea area with the final product – the long-term solution for the restoration of the Salton Sea. It might be considered as a project of the century costing only about $10 billion and generating $100s billion in revenue in a few decades and would continue so in the future.

 

At this point, I will just mention the subjects of my breakthrough methodologies:



1.            I am the inventor of the new system for harnessing geothermal energy (completely closed-loop system) which is not limited to geothermal reservoirs.

2.            I am also the inventor of the new system for drilling deeper and wider wellbores.

3.            I am also the inventor of the new system for harnessing solar energy (thermo-optical solar system) having power unite with pistons, which is at least several times more efficient than Photo Voltaic (PV) systems.

4.            I am also the inventor of the new system of the cross-country pipelines for importing seawater or other fluids, having the “in-line-pump” as segments of the pipeline for uphill routes, and having the “in-line-generator” as segments of the pipeline for downhill routes. 

5.            I am also the inventor of the new system for using the pipeline as a foundation for solar panels which eliminates expenses for purchasing or leasing huge sections of land, which is an expensive requirement for conventional solar facilities on an industrial scale.

6.            I am also the inventor of the new system for desalinization of the salty water using solar and/or geothermal energy to generate electricity and having potable water as a free byproduct.

My mission is global – which is licensing technologies to capable companies/contractors with means. The Salton Sea project is a small part of it but an important part. It is imperative to save the Salton Sea and our environment despite unreasonable opposition. I am providing a solution and the “know-how” to the desperate situation.

Here is the link to the video of the complete presentation – it is about 1:00 hour: https://youtu.be/pcYTUPCiljQ.

The video is not of the best quality, but it summarizes in one hour my work of the last dozen years. Included are several options including several different corridors. For more details, please read the papers. The papers and slides, which can be zoomed in, are accessible on my website: www.GeothermalWorldwide.com   => “Our Technology” => “Presentation – CNRA – El Centro, CA”.  

 

Also, I am including links, a summary of my proposal for the restoration of the Salton Sea, divided into five segments for easier understanding. Each of the segments is essential for the final result. 



(About Importing Seawater – Segment - I)

http://www.geothermalworldwide.com/images/ImportingSeawater-1.pdf 



(About Harnessing Hydropower – Segment - II)

http://www.geothermalworldwide.com/images/HarnessingHydroPower-2.pdf 



(About Harnessing Solar Energy – Segment - III))

http://www.geothermalworldwide.com/images/HarnessingSolarEnergy-3.pdf 



(About Harnessing Geothermal Energy – Segment - IV)

http://www.geothermalworldwide.com/images/HarnessingGeothermalEnergy-4.pdf 



(About Drilling Deeper and Wider Wellbores – Segment - V)  

http://www.geothermalworldwide.com/images/DrillingDeeperWellbores-5.pdf



The value of my work is the simplicity of it and the necessity for it. An average high school student could understand it in a relatively short time if read thoroughly. My work is patented with several “continuation-in-part” applications still pending.



I would like to say that this is not time to be loyal to anyone and continue with the problematic policy established and promoted by the IID and ex-assistant Secretary Mr. Bruce Wilcox. This is time to realize wrongful policy (for the last 5 years - more correctly 18 years since the formation of the Quantification Settlement Agreement (QSA)), and change course on time in the direction of saving and restoring the Salton Sea and our environment.  



Again, the ego, prestige, special interest, and personal interest must be taken out of the equation when dealing with such an important subject such as saving and restoring the Salton Sea, our environment, and the health of people of nearby communities. 

 

The virtue of the late Steve Jobs, CEO of the Apple corporation was the ability to make the so-called “turn on the dime” when he sees a better solution despite already invested money and effort on some projects that he was already working on earlier. That is characteristic of intelligent people. That is quite different from those who continue with doomed projects just because they have already committed to it or have already spent money on it - in this case, taxpayers’ money (not their own money). If the members of the SSA are investing their own money in the restoration of the Salton Sea, I guarantee you that common sense and logic would start functioning faster.   

 

In Closing: 



There are really only two options for decision-makers to choose about the fate of the Salton Sea:



Option I - To proceed with the current project already in motion a “Smaller, Sustainable Lake” –  “10-year plan” – “Perimeter Lake”  - The projects that will be constantly asking the State and Federal Governments for help (for more money) for fixing never-ending problems - and at the end losing the Lake with liabilities exceeding $70 billion (environmental disaster – toxic dust storms, health issues, and economic fold). (NOTE: In the process would benefit a few “friendly” companies on the expenses of environment and communities);  And 



Option II – To redirect allocated money (at the moment $300 million) and efforts toward implementation of the long-term solution (my proposal) which would restore the Salton Sea to the water level of the 1950s and 60s; provide the condition, for tourism, wildlife sanctuary, clean environment, and generate revenue in 100s Billion Dollars in several decades and would continue so in future. (NOTE: A few companies that would benefit from the Option I, would benefit even more with the Option II, – they just don’t have time to read the material).



I respectfully urge you, the SSMP members, to perform your duty and get involved in saving and restoring the Salton Sea. Base on new information and technology involved the state needs to evolve the strategy for the restoration of the Salton Sea. That could be done.

The Assemblymember Eduardo Garcia and representative Raul Ruiz could make an amendment to their bills and ask for 10 billion dollars for the long-term solution for the restoration of the Salton Sea, based on new information. I do believe that if my proposal is properly promoted explaining emergency situation and benefits of its implementation, that we would be able to ask and get $3B from State and $3B from Federal Government, and $3B-$4B from the private sector. We are a little bit behind, but we are still on time to fix the problem. If local leadership has not been ignorant for the last 5 years, we would have a functional lake today and would be already generating billions of dollars. 



NOTE: I would like to say that I have nothing personally against any member of the SSA or IID or Mr. Bruce Wilcox, but I strongly oppose their policies and how they handle this situation.

Sincerely, 

Nikola N. Lakic



Nikola N. Lakic
Graduate Eng. Architect
Geothermal Worldwide, Inc.
78-365 Hwy 111, #402
La Quinta, CA 92253
01-760-347-1609
01-760-333-3851 cell
www.GeothermalWorldwide.com  
nlakic@GeothermalWorldwide.com
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September 29, 2020 
 
 
California Natural Resources Agency 
1416 Ninth Street, Suite 1311 
Sacramento, CA 95814 
(916) 653-5656 
Salton Sea Management Program (SSMP) 
cnra-saltonsea@resources.ca.gov  
 
Subject: “Public Comment” in response to “Community Input Sought for Salton Sea 
Management Program (SSMP) Projects” - from Nikola Lakic, Architect. 
 
 
Greetings, SSMP team: 
 
Thank you for the opportunity to comment. In response to the “Community Input Sought 
for SSMP Projects”, I am writing you this letter for the record.  

I strongly oppose the “Current Course of Action” which is the “Perimeter Lake” and 
related dust suppression projects because those projects are based on the false 
assumption that importing seawater is not a feasible concept, and actually contributes to 
incoming ecological disaster.  

Since I have not been invited to make a presentation yet so that you can learn about the 
real situation and the solution for the restoration of the Salton Sea, and since 2 – 3 
minutes occasional comment is not enough time for explaining a comprehensive design 
that involves several breakthrough technologies, I am submitting my “Public Comment” 
with several important links, and hopefully, after reviewing it, you will get involved, ask 
questions, learn about the proposal, and inform Secretary Wade Crowfoot about it, and 
hopefully, he will inform Governor Gavin Newsom. 

At this time I will pint on only one paragraph from the “draft Project Description” ( 
https://saltonsea.ca.gov/wp-content/uploads/2020/08/Draft-SSMP-Phase-1-10-Year-
Plan-Project-Description-_8-31-2020_a.pdf ). In the last paragraph of the “Background” 
1.1 Segment, you are accepting declining Lake elevation as a given factor and you 
continue with projects. Here it is: 

“Declining inflows has resulted in increasing salinity that has exceeded most fish 
species’ tolerance limits and resulted in loss of most of the fishery, bird declines due to 
loss of food, and exposure of soils to wind erosion. Continued loss of water in future 
years will result in the continued degradation of the Salton Sea ecosystem due to 
increasing salinity and other water quality issues, including temperature extremes, 
eutrophication (increased nutrient loads), related anoxia (oxygen deficiency) and algal 

mailto:cnra-saltonsea@resources.ca.gov
https://saltonsea.ca.gov/wp-content/uploads/2020/08/Draft-SSMP-Phase-1-10-Year-Plan-Project-Description-_8-31-2020_a.pdf
https://saltonsea.ca.gov/wp-content/uploads/2020/08/Draft-SSMP-Phase-1-10-Year-Plan-Project-Description-_8-31-2020_a.pdf
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productivity. Reduction of inflows to the Sea from other factors, such as water recycling 
in Mexico, is also contributing to increases in salinity and a declining sea elevation”. 

I am in dispute with the members of the Salton Sea Authority (SSA) because they are 
systematically ignoring my proposal for the restoration of the Salton Sea since 2013. 
Because I have exhausted all options with them, I am hoping that some of you or 
Secretary Wade Crowfoot, or Governor Gavin Newsom will be able to understand and 
recognize the potential of my proposal and have the courage to voice a need for radical 
change in plans regarding saving and restoring the Salton Sea.  

I strongly oppose the “Perimeter Lake” and related dust suppression projects and I will 
tell you here below why I am opposing, and how we got in this situation, and how we 
can get out of this situation. 

I watched several of your workshops (presentations) and I watched the recent hearing 
“FEDERAL AND STATE EFFORTS TO RESTORE THE SALTON SEA” televised on 
September 24, 2020. 
Chair, Jared Huffman; participants: Rep. Tom McClintock; Wade Crowfoot, Secretary, 
State of California Natural Resources Agency; E. Joaquin Esquivel, Chair, California 
State Water Resources Control Board; Thomas Tortez, Jr. Tribe Council Chairman, 
Torres Martinez Desert Cahuilla; Alan Lowenthal, chair, Subcommittee on Energy and 
Mineral Resources; Dr. Raul Ruiz, Representative, CA;  Juan Vargas Representative 
CA; Grace Napolitano Representative CA.  
 
It is my understanding that federal representatives (partners) have declined the 
Committee’s invitation to testify to discuss the critical issue of federal responsibility at 
the Salton Sea. 
 
The local and state officials (Panelists) are asking for federal government engagement 
for funding the “restoration” of the Salton Sea. In my opinion, the Federal Government 
should help for the right reason, but NOT for the “current course of action” which is 
“Smaller, Sustainable Lake” or so-called “Perimeter Lake” and relating “dust 
suppression projects”. The concept of the “Perimeter Lake” is based on a FALSE 
assumption that importing seawater is not a feasible solution. Also, it was/is based on 
gaining some land on the southern part of the Lake for the IID to be used for geothermal 
and agricultural benefits. The “Perimeter Lake” is a ridiculous concept that leads to the 
disappearance of the Salton Sea and subsequently to incoming ecological disaster. The 
“Perimeter Lake” concept is equal to the “destruction” of the Salton Sea.      

The Salton Sea is terminal, shallow lake 35 miles long and 15 miles wide. It is below 
sea level -220 feet. It was made accidentally when a dike broke near Yuma AZ and 
water from the Colorado River surged into Salton Sink in 1905-1907. The Lake was a 
tourist attraction during the 1950s and 60s. Now, the Lake is already twice saltier than 
the Ocean, and polluted, and is facing ecological disaster.   



Page 3 of 12 
 

The “Perimeter Lake” concept is a thin stripe “U” shaped snake-like lake” (consisting of 
the south-west part, the western part, northern part, and eastern part) that will funnel 
New River and Alamo River around the periphery of the current Lake and then merge 
into “Brine Lake” located in the central section of the “U shaped “Perimeter lake”. The 
New River and Alamo River are runoff waters from nearby farmland and are 
contaminated with pesticides and fertilizers and partially treated sewer from Mexicali. 
The “Brine Lake” will be smaller, saltier, smellier, and more polluted every year. Also, 
will be exposed about 150-200 square miles of the lakebed. The fish have already 
disappeared. If current leadership continues with the “current course of action”, in near 
future, the “Brine Lake” will be so polluted that if some birds land on it will instantly die. 
The more appropriate name for the “Perimeter/Brine Lake” would be a “Cesspool”.  

They (the SSA) are using wording such as “… will be healthier Lake”; “…  to revitalize 
the environment and economy of the Sea.” etc., knowing very well that the truth is just 
the opposite. The “current course of action” leads slowly and surely towards the 
disappearance of the Salton Sea. They (the SSA) systematically and intentionally 
deceive the local population, state, and federal officials. That is a fraud (scam).  

There is a known geothermal reservoir in the south-east section of the Salton Sea. The 
majority of the land is owned by the Imperial Irrigation District (IID) and it is in their 
interest to shrink the Lake to gain land that they intend to lease for about 12 million 
dollars per year plus a percentage of mineral extraction such as Lithium. That is not a 
secret – it is well documented and was in a newspaper article. They (the SSA and the 
IID) do not care that will be exposed about 150-200 square miles of the lakebed. The 
Salton Sea Authority (SSA) has several members (directors) from the IID and is 
overwhelmingly influenced by the IID.   

The “Perimeter Lake” means, without any doubt, “destruction (disappearance) of the 
Salton Sea”. I am aware that my accusation is strong and hard to believe in, but it is true 
and easy to verify by answering three simple questions:  
 
With the “current course of action” or so-called the “Perimeter Lake” will the Salton Sea 
in every following year be:  

a) Smaller than is today?   
b) b) Saltier than is today?  
c) c) Smellier than is today?  
d) d) More polluted than is today?  

 
Everyone with common sense knows the answer to those questions – the Salton Sea 
will be smaller, saltier, smellier, and more polluted.  
 
It is mind-boggling that the members of the SSA would support projects which leads to 
the disappearance of the Lake and at the same time completely ignore the proposal that 
would provide a clean environment and condition for tourism, that would generate 
electricity and potable water, and would bring prosperity to communities - but it is true, 
and I am dealing with this set of leadership since 2013. 
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They (the SSA) are not using wording such as “Destruction of the Lake” although they 
know very well that the “current course of action” leads slowly and surely to it – but they 
are using wording such as: “Healthier Lake” and “revitalize the environment” etc.  

 
NOTE: I was present during the SSA board meeting from 7-15-2020, (webinar, 
recorded – thanks to COVID-19). I will summarize a few noticeable points.  
The mission statement says: 
“The SSA seeks to protect human health, revitalize the environment and 
economy of the Sea.”  
Also, the Vision Statement says:  
“A healthier and more prosperous Salton Sea.”  
Also, at the Reviewed SSA guiding principles it says: “Secure plans and 
investments that create opportunities for the future Salton Sea that is healthier 
and more prosperous for all concerned.  
Also, Guiding principles priorities: 
Human Health 
Habitat Restoration  
Opportunities 
(H2O) 
 

Such statements are not truthful statements. They are “wishful thinking” statements 
designed to persuade state and federal officials to get funding for the ill-conceived 
projects.  

Also, at a recent meeting, the GM/Executive Director Phil Rosentrater reinstated the 
importance of one of the guiding principles that have been adapted years ago which is: 
Local Leadership (NOT state’s or federal’s).  

The obvious question for those who promote and tirelessly work on such ridiculous 
projects is: Why you are doing that? “Why losing time (10-years) and money (billions of 
dollars) on such projects when there is already a proposal for a long-term solution for 
the restoration of the Salton Sea that could provide a functional Lake in 5-6 years?  

My proposal would properly import seawater and fill the Lake to the level of 1950s and 
60s so that we do not need to wary about exposed playa, equalize the salinity of the 
central section of the Lake with the salinity of the Ocean, reestablish beaches and 
Marine bays, provide a condition for tourism, provide huge wildlife sanctuary, harness 
geothermal, hydro, and solar energy, and generate a substantial amount of potable 
water for free – and much more. The absurdity of the situation is that I have provided 
the solution so that the IID can have and use their desired land without destroying the 
Lake but they are not willing to read it nor have the desire to ask me a question about it, 
or have no technical knowledge to understand it on their own. 

Another observation of the “Perimeter Lake” which prove it as an absolute nonsensical 
concept. 



Page 5 of 12 
 

I witnessed on several occasions several people “wannabe experts” lacking basic 
technical knowledge, talking about pumping water from depleting Lake into Marine bay. 

Just think about it for a moment. Imagine a cross-section of the Salton Sea through one 
of the Marina bays. Now, imagine a boat in that Marine bay. Now, imagine the Lake 
which is already about 12 feet below Marine bay level and distant and that will gradually 
increase. Now, try to think of how that boat from Marine bay will go down into the Lake. 
Also, try to think about how that boat from the Lake will go back up into the Marine bay. 
It is an absolute nonsensical concept that can come only from absolute amateurs who 
lack basic common sense and/or basic technical knowledge. Unfortunately, I also 
witnessed that the SSA board members paid serious attention and supported such a 
proposal without asking a single challenging question which puts the SSA board 
members in the same category with those amateurs with respect to lacking common 
sense and basic technical knowledge. 

Also, recently, I heard comments such as “supporting current and long-term Salton Sea 
restoration”. The long-term Salton Sea restoration alludes to importing seawater. 

First of all, just importing seawater, as some people naively think that would solve all 
problems, actually would not solve the problems because pollution of the Lake would 
continue with New River and Alamo River which are runoff waters from nearby farmland 
contaminated with fertilizers and pesticides.   

NOTE: I am providing the solution for importing seawater and how it can be done 
properly, successfully, and profitably. My proposal provides an architectural 
design explaining how to divide the Lake into three sections properly – How to 
redirect the New River and Alamo River back to Mexico successfully - How to 
import seawater into the central section efficiently – how to provide a condition 
for tourism - how to provide vast wildlife sanctuary – how to harness hydropower 
efficiently – how to harness solar energy efficiently – how to harness geothermal 
energy efficiently – how to drill deeper and wider wellbores efficiently – how to 
desalinate the Salton Sea – and in process of desalination - produce potable 
water for free, and salty brine that can be used for the production of lithium. My 
proposal does not interfere with plans already in motion for the extraction of 
lithium from the brine of conventional geothermal plants – it is in harmony with 
them. Also, my proposal is in harmony with the QSA. 

Secondly, it cannot be a compromise between the “current course of action” which is 
“Perimeter Lake” and related projects, - and long-term solution for restoration of the 
Salton Sea which includes importing seawater.   

NOTE: The statement “supporting current and long-term Salton Sea restoration” 
is absurd. Think for a moment about such a statement. Supporting the “current 
projects” means supporting “Smaller Lake” or so-called “Perimeter Lake” and 
related projects which lead to the “Brine Lake” and incoming ecological disaster. 
Have in mind that trying to cultivate several thousand acres of the lakebed in the 
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hope to prevent the formation of the toxic dust storm is an insignificant and very 
expensive task knowing that 150-200 square miles of lakebed will be exposed 
soon and that will not be enough water to manage it. Supporting “Ocean Water 
Import” is fine but it is not logical to support both options – the “Smaller Lake” and 
“Ocean Water Import”.  

 
Think for a moment about it: Supporting the “current projects” means supporting 
projects on the already exposed lakebed. Importing seawater meant that those 
projects on the exposed lakebed will be flooded.  

 
If their/your argument is “… but we will import seawater only to have a smaller 
Lake and not to flood those projects that we are working on currently”. That 
means that Marine bays and beaches will never be functional again (marines are 
already dry – water level of a smaller Lake is already below the level of the 
Marine bays). Also, the SSA will constantly ask for more money from the people 
and governments (state and federal) for fixing never-ending problems. The 
smaller Lake means that will be exposed lakebed of the Salton Sea and that 
governments (State and Federal) will be dealing with the environment and health 
issues of the local population constantly.  

A few words about how we get to this situation: 

About the QSA: “The Quantification Settlement Agreement (QSA) for the Colorado 
River was completed in October 2003. This historic agreement provides California the 
means to implement water transfers and supply programs that will allow California to 
live within the state's 4.4-million-acre-foot basic annual apportionment of Colorado River 
water. The QSA is a major achievement for enhancing San Diego County's long-term 
water supply reliability. Supplies related to the accord now account for nearly 38 percent 
of our region's water and they will continue to grow in the years ahead. The QSA 
commits a Joint Powers Authority (QSA JPA), to mitigate any negative impacts to the 
Salton Sea caused by these water supply programs. It also commits the state to a 
restoration plan, called the Salton Sea Management Program (SSMP), which will 
provide a path forward for any impacts to the Salton Sea caused outside of the QSA, 
and any impacts beyond what is required of the QSA JPA. The SSMP will guide 
investments at the Salton Sea to protect public health and ecosystem wealth”. 

The SSA, which is strongly influenced by the IID, did nothing since 2003 regarding 
saving and restoring the Salton Sea because their strategy was/is to wait and sooner or 
later the Lake will shrink and they will get their desired land - exposed playa on the 
south-east section of the Lake where there is a known geothermal reservoir. 

Also, the Salton Sea Authority (SSA) had information on the long-term solution for the 
restoration of the Salton Sea since the Summer of 2013. I personally met with some of 
SSA's directors and have several meetings with now ex-assistant Secretary of California 
Natural Resource, Mr. Bruce Wilcox who frequently briefed the SSA. Mr. Bruce Wilcox 
is also an ex-employee of the IID. Mr. Bruce Wilcox had intentionally withheld the 
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information about the existence of a long-term solution for the restoration of the Salton 
Sea (my proposal) from former Governor Jerry Brown in 2015 when Governor Brown 
approved the Salton Sea Management Program (SSMP) which is based on the false 
assumption that import of seawater is not a feasible option. Now, because of it 
(withholding the important information) we are stack with the SSMP and 10-years plan 
that lead to losing time, money, and inevitable to the destruction of the Salton Sea. 

A few words about my effort and concern: 

I am fighting this war to save and restore the Salton Sea alone since 2013. I contacted 
Wade Crowfoot, California Secretary for Natural Resources, through his official email 
and Deputy Secretary for Communications numerous times with the hope that he will 
inform Governor Gavin Newsom about the faultiness of the “current course of action” 
and about the existence my proposal.  

Now, my proposal, among several others, is under review by independent reviewers. 
Those several other proposals have no solution for the problem of the Salton Sea, but 
rather provides services for a particular job. Some of those proposals offer 
administrative services claiming that they have connections with Mexico officials and 
some capable companies. All those other proposals require a lot of money for 
implementation and maintenance but do not generate positive revenue. 

If common sense prevails, my proposal will be accepted. My concern is that 
independent reviewers might consider only one segment – importing seawater – out of 
five integral (co-operating) segments which are all important for having a functional 
Lake.  

Also, my concern is, I am reading that California State has dedicated $29 million to the 
New River Improvement Project and about $20 million to the pilot program at the North 
part of the “Perimeter Lake”. Also, the Species Conservation Habitat (SCH) project at 
the Sea’s south end. Those projects are in contradiction to my proposal and are 
completely unnecessary. It is a loss of time and money. My concern is that Secretary 
Wade Crowfoot did not receive or understood my message. The essential part for 
saving and restoring the Salton Sea is to stop pollution of the Lake by redirecting the 
New River and Alamo River back to Mexico. Although that might look like a complicated 
task - it is not. We have “International Boundary and Water Commission” and Mexico 
has a corresponding team. Only then, we can start working on desalinization, wildlife 
sanctuaries, etc. By the way, my proposal provides North Lake and South Lake with 
islands planted with mangrove trees (a few tests may need to see which kind is most 
appropriate) so that it would not need constant maintenance. It would be a self-
sustaining wildlife sanctuary and tourist attraction. Have in mind that the Salton Sea will 
be divided into three sections with at least two-lane roads with several piers with 
restaurant and parking extensions.  

NOTE:  I would like to reinstate again – that by implementing my system of 
pipelines - just for farmland Northern and Southern area of the Salton Sea – it 
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would generate, at least, several hundred million dollars in revenue every year - 
“out of blue” - literally. More likely will be +/- $1 billion (See Segment I, Figs. 
3,4,5,8 and Segment III, Figs. 1-9). Also, I would like to mention that if my 
proposal is accepted it will be employed many thousands of peoples during 
construction and after construction.  

It is mind-boggling that local and state officials ignore such an opportunity and rather 
proceed with the destruction of the Lake.  

NOTE: If my proposal was/is accepted, would not be difficulties in getting support from 
the federal government because my proposal provides a clean environment, generate 
revenue, and boost the economy.   
 
A few words about my work: 
 
I am a Graduate Engineer Architect. 
 
My talent and expertise are in solving serious environmental and energy-related 
problems.   
 

My PROPOSAL FOR CONTROLLING DYSFUNCTIONAL “BLOW OUT 
PREVENTER” - Offshore of Louisiana, Gulf of Mexico – 2010, was used to stop 
bursting crude oil in the Gulf of Mexico.  
In Summary: After an accident in the Gulf of Mexico on April 20, 2010, and a 
failure of the "Blow Out Preventer" (BOP) in the Macondo well, it became a 
challenge how to stop uncontrollable bursts of crude oil in the Gulf of Mexico and 
prevent disasters of epic proportions. After several unsuccessful, almost 
laughable attempts, which have been televised "live" on TV, mostly on CNN, I 
postponed most of my activities at that time and started working on a solution. As 
an outsider, with limited information, only from TV, I submitted three proposals. 
The first two proposals which I submitted several weeks earlier are based on 
information that I obtained from Television. Soon after I submitted my first 
proposal I learned that there were several (not one) leakages in the "fallen riser 
pipe"  and later on, after my second proposed submission, I also learned that 
there is a pipe inside the "fallen riser pipe" which made my two earlier proposals 
insufficient and I had to work on and submit an additional proposal. 
I submitted my third proposal on June 8, 2010. On July 10, 2010, 32 days after I 
submitted my proposal, the BP began operations to install a sealing cap atop the 
failed BOP. By July 15, 2010, the Macondo well was sealed, if only temporary, 
for the first time in 87 days. My proposal is well documented (it is on my website) 
and implementation of the control valve on top of the dysfunctional BOP was 
televised. Televised implementation of the control valve on top of the 
dysfunctional BOP and my submitted papers (proposal/illustrations) are identical. 
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I have made presentations (as a speaker) with the title “Harnessing Energy and Water 
in the Salton Sea” at SMU Dallas, TX, in 2015. ; and at Long Range Plan Committee, 
CVWD, Palm Desert, CA, on February 25, 2016; and at the National Association of 
Environmental Professionals Conference, NAEP, in Durham, NC, on March 27-30, 
2017; and at the Request for Information (RFI) for Salton Sea Water Importation 
Projects by California Natural Resource Agency - May 21, 2018, in El Centro, CA; and 
at Electric Power Conference in Las Vegas, on April 26, 2019; and at the World 
Geothermal Congress (WGC) in Reykjavik, Iceland, April 26 - May 2, 2020 - (Note: 
because of COVID-19, the WGC 2020 is postponed for the next year). 

Submitted papers at the Universities and International Conferences pass through a 
strict vetting period and if accepted are registered as scientific documents. 

My proposal for the restoration of the Salton Sea involves architectural design which 
incorporates several breakthrough technologies in the energy industry which I have 
invented and modified to incorporate local conditions of the Salton Sea area with the 
final product – the long-term solution for the restoration of the Salton Sea. It might be 
considered as a project of the century costing only about $10 billion and generating 
$100s billion in revenue in a few decades and would continue so in the future. 
  
At this point, I will just mention the subjects of my breakthrough methodologies: 
 

1.            I am the inventor of the new system for harnessing geothermal energy 
(completely closed-loop system) which is not limited to geothermal reservoirs. 

2.            I am also the inventor of the new system for drilling deeper and wider 
wellbores. 

3.            I am also the inventor of the new system for harnessing solar energy 
(thermo-optical solar system) having power unite with pistons, which is at least 
several times more efficient than Photo Voltaic (PV) systems. 

4.            I am also the inventor of the new system of the cross-country pipelines for 
importing seawater or other fluids, having the “in-line-pump” as segments of the 
pipeline for uphill routes, and having the “in-line-generator” as segments of the 
pipeline for downhill routes.  

5.            I am also the inventor of the new system for using the pipeline as a 
foundation for solar panels which eliminates expenses for purchasing or leasing 
huge sections of land, which is an expensive requirement for conventional solar 
facilities on an industrial scale. 

6.            I am also the inventor of the new system for desalinization of the salty 
water using solar and/or geothermal energy to generate electricity and having 
potable water as a free byproduct. 
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My mission is global – which is licensing technologies to capable companies/contractors 
with means. The Salton Sea project is a small part of it but an important part. It is 
imperative to save the Salton Sea and our environment despite unreasonable 
opposition. I am providing a solution and the “know-how” to the desperate situation. 
 
Here is the link to the video of the complete presentation – it is about 
1:00 hour: https://youtu.be/pcYTUPCiljQ. 
 
The video is not of the best quality, but it summarizes in one hour my work of the last 
dozen years. Included are several options including several different corridors. For more 
details, please read the papers. The papers and slides, which can be zoomed in, are 
accessible on my website: www.GeothermalWorldwide.com   => “Our Technology” => 
“Presentation – CNRA – El Centro, CA”.   
  
Also, I am including links, a summary of my proposal for the restoration of the Salton 
Sea, divided into five segments for easier understanding. Each of the segments is 
essential for the final result.  
 
(About Importing Seawater – Segment - I) 
http://www.geothermalworldwide.com/images/ImportingSeawater-1.pdf  
 
(About Harnessing Hydropower – Segment - II) 
http://www.geothermalworldwide.com/images/HarnessingHydroPower-2.pdf  
 
(About Harnessing Solar Energy – Segment - III)) 
http://www.geothermalworldwide.com/images/HarnessingSolarEnergy-3.pdf  
 
(About Harnessing Geothermal Energy – Segment - IV) 
http://www.geothermalworldwide.com/images/HarnessingGeothermalEnergy-4.pdf  
 
(About Drilling Deeper and Wider Wellbores – Segment - V)   
http://www.geothermalworldwide.com/images/DrillingDeeperWellbores-5.pdf 
 
The value of my work is the simplicity of it and the necessity for it. An average high 
school student could understand it in a relatively short time if read thoroughly. My work 
is patented with several “continuation-in-part” applications still pending. 
 
I would like to say that this is not time to be loyal to anyone and continue with the 
problematic policy established and promoted by the IID and ex-assistant Secretary Mr. 
Bruce Wilcox. This is time to realize wrongful policy (for the last 5 years - more correctly 
18 years since the formation of the Quantification Settlement Agreement (QSA)), and 
change course on time in the direction of saving and restoring the Salton Sea and our 
environment.   
 

https://youtu.be/pcYTUPCiljQ
http://www.geothermalworldwide.com/
http://www.geothermalworldwide.com/images/ImportingSeawater-1.pdf
http://www.geothermalworldwide.com/images/HarnessingHydroPower-2.pdf
http://www.geothermalworldwide.com/images/HarnessingSolarEnergy-3.pdf
http://www.geothermalworldwide.com/images/HarnessingGeothermalEnergy-4.pdf
http://www.geothermalworldwide.com/images/DrillingDeeperWellbores-5.pdf
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Again, the ego, prestige, special interest, and personal interest must be taken out of the 
equation when dealing with such an important subject such as saving and restoring the 
Salton Sea, our environment, and the health of people of nearby communities.  
  

The virtue of the late Steve Jobs, CEO of the Apple corporation was the ability to make 
the so-called “turn on the dime” when he sees a better solution despite already invested 
money and effort on some projects that he was already working on earlier. That is 
characteristic of intelligent people. That is quite different from those who continue with 
doomed projects just because they have already committed to it or have already spent 
money on it - in this case, taxpayers’ money (not their own money). If the members of 
the SSA are investing their own money in the restoration of the Salton Sea, I guarantee 
you that common sense and logic would start functioning faster.    

  
In Closing:  
 
There are really only two options for decision-makers to choose about the fate of the 
Salton Sea: 
 

Option I - To proceed with the current project already in motion a “Smaller, 
Sustainable Lake” –  “10-year plan” – “Perimeter Lake”  - The projects that will be 
constantly asking the State and Federal Governments for help (for more money) 
for fixing never-ending problems - and at the end losing the Lake with liabilities 
exceeding $70 billion (environmental disaster – toxic dust storms, health issues, 
and economic fold). (NOTE: In the process would benefit a few “friendly” 
companies on the expenses of environment and communities);  And  
 
Option II – To redirect allocated money (at the moment $300 million) and efforts 
toward implementation of the long-term solution (my proposal) which would 
restore the Salton Sea to the water level of the 1950s and 60s; provide the 
condition, for tourism, wildlife sanctuary, clean environment, and generate 
revenue in 100s Billion Dollars in several decades and would continue so in 
future. (NOTE: A few companies that would benefit from the Option I, would 
benefit even more with the Option II, – they just don’t have time to read the 
material). 

 

I respectfully urge you, the SSMP members, to perform your duty and get involved in 
saving and restoring the Salton Sea. Base on new information and technology involved 
the state needs to evolve the strategy for the restoration of the Salton Sea. That could 
be done. 

The Assemblymember Eduardo Garcia and representative Raul Ruiz could make an 
amendment to their bills and ask for 10 billion dollars for the long-term solution for the 
restoration of the Salton Sea, based on new information. I do believe that if my proposal 
is properly promoted explaining emergency situation and benefits of its implementation, 
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that we would be able to ask and get $3B from State and $3B from Federal 
Government, and $3B-$4B from the private sector. We are a little bit behind, but we are 
still on time to fix the problem. If local leadership has not been ignorant for the last 5 
years, we would have a functional lake today and would be already generating billions 
of dollars.  

NOTE: I would like to say that I have nothing personally against any member of the SSA 
or IID or Mr. Bruce Wilcox, but I strongly oppose their policies and how they handle this 
situation. 

Sincerely,  

Nikola N. Lakic 

Nikola N. Lakic 
Graduate Eng. Architect 
Geothermal Worldwide, Inc. 
78-365 Hwy 111, #402
La Quinta, CA 92253

www.GeothermalWorldwide.com

http://www.geothermalworldwide.com/
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September 30, 2020 

California Natural Resources Agency
1416 Ninth Street, Suite 1311
Sacramento, CA 95814  
(916) 653-5656
Salton Sea Management Program (SSMP)
cnra-saltonsea@resources.ca.gov

Subject: Please replace the previous letter with the new one - “Public Comment” in
response to “Community Input Sought for Salton Sea Management Program (SSMP)
Projects” - from Nikola Lakic, Architect.  

Greetings, SSMP team: 

Thank you for the opportunity to comment. In response to the “Community Input
Sought for SSMP Projects”, I am writing you the letter included in the attachment for
the record.  

I found a few misspellings in my previous "Public Comment" letter (dated 9-29-2020)
which I sent you about noon today.  

Would you please replace my previous (earlier) "Public Comment" letter with the
corrected one, now attached (dated 9-30-2020)? 

Sincerely, 

Nikola N. Lakic
Graduate Eng. Architect 
Geothermal Worldwide, Inc. 
78-365 Hwy 111, #402
La Quinta, CA 92253

www.GeothermalWorldwide.com

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=d1116f606172463aa67f754ae55953f6-CNRA Salton
mailto:cnra-saltonsea@resources.ca.gov
http://www.geothermalworldwide.com/
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September 30, 2020





California Natural Resources Agency
1416 Ninth Street, Suite 1311
Sacramento, CA 95814

(916) 653-5656

Salton Sea Management Program (SSMP)

cnra-saltonsea@resources.ca.gov 



Subject: “Public Comment” in response to “Community Input Sought for Salton Sea Management Program (SSMP) Projects” - from Nikola Lakic, Architect.





Greetings, SSMP team:



Thank you for the opportunity to comment. In response to the “Community Input Sought for SSMP Projects”, I am writing you this letter for the record. 

I strongly oppose the “Current Course of Action” which is the “Perimeter Lake” and related dust suppression projects because those projects are based on the false assumption that importing seawater is not a feasible concept. Actually, those projects contribute to incoming ecological disaster. 

Since I have not been invited to make a presentation yet so that you can learn about the real situation and the solution for the restoration of the Salton Sea, and since 2 – 3 minutes occasional comment is not enough time for explaining a comprehensive design that involves several breakthrough technologies, I am submitting my “Public Comment” with several important links, and hopefully, after reviewing it, you will get involved, ask questions, learn about the proposal, and inform Secretary Wade Crowfoot about it, and hopefully, he will inform Governor Gavin Newsom.

At this time I will point on the only one paragraph from the “draft Project Description” ( https://saltonsea.ca.gov/wp-content/uploads/2020/08/Draft-SSMP-Phase-1-10-Year-Plan-Project-Description-_8-31-2020_a.pdf ) to show the faultiness of the your projects. In the last paragraph of the “Background” 1.1 Segment, you are accepting declining Lake elevation as a normal (given) factor and you continue with projects. Here it is:

“Declining inflows has resulted in increasing salinity that has exceeded most fish species’ tolerance limits and resulted in loss of most of the fishery, bird declines due to loss of food, and exposure of soils to wind erosion. Continued loss of water in future years will result in the continued degradation of the Salton Sea ecosystem due to increasing salinity and other water quality issues, including temperature extremes, eutrophication (increased nutrient loads), related anoxia (oxygen deficiency) and algal productivity. Reduction of inflows to the Sea from other factors, such as water recycling in Mexico, is also contributing to increases in salinity and a declining sea elevation”.

I am in dispute with the members of the Salton Sea Authority (SSA) because they are systematically ignoring my proposal for the restoration of the Salton Sea since 2013. Because I have exhausted all options with them, I am hoping that some of you or Secretary Wade Crowfoot, or Governor Gavin Newsom will be able to understand and recognize the potential of my proposal and have the courage to voice a need for radical change in plans regarding saving and restoring the Salton Sea. 

I strongly oppose the “Perimeter Lake” and related dust suppression projects and I will tell you here below why I am opposing, and how we got in this situation, and how we can get out of this situation.

I watched several of your workshops (presentations) and I watched the recent hearing “FEDERAL AND STATE EFFORTS TO RESTORE THE SALTON SEA” televised on September 24, 2020.

Chair, Jared Huffman; participants: Rep. Tom McClintock; Wade Crowfoot, Secretary, State of California Natural Resources Agency; E. Joaquin Esquivel, Chair, California State Water Resources Control Board; Thomas Tortez, Jr. Tribe Council Chairman, Torres Martinez Desert Cahuilla; Alan Lowenthal, chair, Subcommittee on Energy and Mineral Resources; Dr. Raul Ruiz, Representative, CA;  Juan Vargas Representative CA; Grace Napolitano Representative CA. 



It is my understanding that federal representatives (partners) have declined the Committee’s invitation to testify to discuss the critical issue of federal responsibility at the Salton Sea.



The local and state officials (Panelists) are asking for federal government engagement for funding the “restoration” of the Salton Sea. In my opinion, the Federal Government should help for the right reason, but NOT for the “current course of action” which is “Smaller, Sustainable Lake” or so-called “Perimeter Lake” and relating “dust suppression projects”. The concept of the “Perimeter Lake” is based on a FALSE assumption that importing seawater is not a feasible solution. Also, it was/is based on gaining some land on the southern part of the Lake for the IID to be used for geothermal and agricultural benefits. The “Perimeter Lake” is a ridiculous concept that leads to the disappearance of the Salton Sea and subsequently to incoming ecological disaster. The “Perimeter Lake” concept is equal to the “destruction” of the Salton Sea.     

The Salton Sea is terminal, shallow lake about 35 miles long and 15 miles wide. It is below sea level -220 feet. It was made accidentally when a dike broke near Yuma AZ and water from the Colorado River surged into Salton Sink in 1905-1907. The Lake was a tourist attraction during the 1950s and 60s. Now, the Lake is already twice saltier than the Ocean, and polluted, and is facing ecological disaster.  

The “Perimeter Lake” concept is a thin stripe “U” shaped snake-like Lake” (consisting of the south-west part; the western part; northern part; and eastern part) that will funnel New River, Alamo River, and Whitewater River around the periphery of the current Lake and then merge into “Brine Lake” located in the central section of the “U shaped “Perimeter lake”. The New River and Alamo River are runoff waters from nearby farmland and are contaminated with pesticides and fertilizers and partially treated sewer from Mexicali. The “Brine Lake” will be smaller, saltier, smellier, and more polluted every year. Also, will be exposed about 150-200 square miles of the lakebed. The fish have already disappeared. If current leadership continues with the “current course of action”, in near future, the “Brine Lake” will be so polluted that if some birds land on it will instantly die. The more appropriate name for the “Perimeter/Brine Lake” would be a “Cesspool”. 

They (the SSA) are using wording such as “… will be healthier Lake”; “…  to revitalize the environment and economy of the Sea.” etc., knowing very well that the truth is just the opposite. The “current course of action” leads slowly and surely towards the disappearance of the Salton Sea. They (the SSA) systematically and intentionally deceive the local population, state, and federal officials. That is a fraud (scam). 

There is a known geothermal reservoir in the south-east section of the Salton Sea. The majority of the land is owned by the Imperial Irrigation District (IID) and it is in their interest to shrink the Lake to gain land that they intend to lease for about 12 million dollars per year plus a percentage of mineral extraction such as Lithium. That is not a secret – it is well documented and was in a newspaper article. They (the SSA and the IID) do not care that will be exposed about 150-200 square miles of the lakebed. The Salton Sea Authority (SSA) has several members (directors) from the IID and is overwhelmingly influenced by the IID.  

The “Perimeter Lake” means, without any doubt, “destruction (disappearance) of the Salton Sea”. I am aware that my accusation is strong and hard to believe in, but it is true and easy to verify by answering three simple questions: 



With the “current course of action” or so-called the “Perimeter Lake” will the Salton Sea in every following year be: 

a) Smaller than is today?  

b) b) Saltier than is today? 

c) c) Smellier than is today? 

d) d) More polluted than is today? 



Everyone with common sense knows the answer to those questions – the Salton Sea will be smaller, saltier, smellier, and more polluted every year. 



It is mind-boggling that the members of the SSA would support projects which leads to the disappearance of the Lake and at the same time completely ignore the proposal that would provide a clean environment and condition for tourism, that would generate electricity and potable water, and would bring prosperity to communities - but it is true, and I am dealing with this set of leadership since 2013.



They (the SSA) are not using wording such as “Destruction of the Lake” although they know very well that the “current course of action” leads slowly and surely to it – but they are using wording such as: “Healthier Lake” and “revitalize the environment” etc. 



NOTE: I was present during the SSA board meeting from 7-15-2020, (webinar, recorded – thanks to COVID-19). I will summarize a few noticeable points. 

The mission statement says:

“The SSA seeks to protect human health, revitalize the environment and economy of the Sea.” 

Also, the Vision Statement says: 

“A healthier and more prosperous Salton Sea.” 

Also, at the Reviewed SSA guiding principles it says: “Secure plans and investments that create opportunities for the future Salton Sea that is healthier and more prosperous for all concerned. 

Also, Guiding principles priorities:

Human Health

Habitat Restoration 

Opportunities

(H2O)



Such statements are not truthful statements. They are “wishful thinking” statements designed to persuade state and federal officials to get funding for the ill-conceived projects. 

Also, at a recent meeting, the GM/Executive Director Phil Rosentrater reinstated the importance of one of the guiding principles that have been adapted years ago which is: “Local Leadership (NOT state’s or federal’s)”. 

The obvious question for those who promote and tirelessly work on such ridiculous projects is: Why you are doing that? “Why losing time (10-years) and money (billions of dollars) on such projects when there is already a proposal for a long-term solution for the restoration of the Salton Sea that could provide a functional Lake in 5-6 years? 

My proposal would properly import seawater and fill the Lake to the level of 1950s and 60s so that we do not need to wary about exposed playa, equalize the salinity of the central section of the Lake with the salinity of the Ocean, reestablish beaches and marine bays, provide a condition for tourism, provide huge wildlife sanctuary, harness geothermal, hydro, and solar energy, and generate a substantial amount of potable water for free – and much more. The absurdity of the situation is that I have provided the solution so that the IID can have and use their desired land without destroying the Lake but they are not willing to read it nor have the desire to ask me a question about it, or have no technical knowledge to understand it on their own.

Another observation of the “Perimeter Lake” which prove it as an absolute nonsensical concept.

I witnessed on several occasions several people “wannabe experts” lacking basic technical knowledge, talking about pumping water from depleting Lake into Marine bay.

Just think about it for a moment. Imagine a cross-section of the Salton Sea through one of the Marina bays. Now, imagine a boat in that Marine bay. Now, imagine the Lake which is already about 12 feet below Marine bay level and distant about a mile and that will gradually increase. Now, try to think of how that boat from Marine bay will go down into the Lake. Also, try to think about how that boat from the Lake will go back up into the Marine bay. It is an absolute nonsensical concept that can come only from absolute amateurs who lack basic common sense and basic technical knowledge. Unfortunately, I also witnessed that the SSA board members paid serious attention and supported such a proposal without asking a single challenging question which puts the SSA board members in the same category with those amateurs with respect to lacking common sense and basic technical knowledge.

Also, recently, I heard comments such as “supporting current and long-term Salton Sea restoration”. The long-term Salton Sea restoration alludes to importing seawater.

First of all, just importing seawater, as some people naively think that would solve all problems, actually would not solve the problems because pollution of the Lake would continue with New River and Alamo River which are runoff waters from nearby farmland contaminated with fertilizers and pesticides.  

NOTE: I am providing the solution for importing seawater and how it can be done properly, successfully, and profitably. My proposal provides an architectural design explaining how to divide the Lake into three sections properly – How to redirect the New River and Alamo River back to Mexico successfully - How to import seawater into the central section efficiently – how to provide a condition for tourism - how to provide vast wildlife sanctuary – how to harness hydropower efficiently – how to harness solar energy efficiently – how to harness geothermal energy efficiently – how to drill deeper and wider wellbores efficiently – how to desalinate the Salton Sea – and in process of desalination - produce potable water for free, and salty brine that can be used for the production of lithium. My proposal does not interfere with plans already in motion for the extraction of lithium from the brine of conventional geothermal plants – it is in harmony with them. Also, my proposal is in harmony with the QSA.

Secondly, it cannot be a compromise between the “current course of action” which is “Perimeter Lake” and related projects, - and long-term solution for restoration of the Salton Sea which includes importing seawater.  

NOTE: The statement “supporting current and long-term Salton Sea restoration” is absurd. Think for a moment about such a statement. Supporting the “current projects” means supporting “Smaller Lake” or so-called “Perimeter Lake” and related projects which lead to the “Brine Lake” and incoming ecological disaster. Have in mind that trying to cultivate several thousand acres of the lakebed in the hope to prevent the formation of the toxic dust storm is an insignificant and very expensive task knowing that 150-200 square miles of lakebed will be exposed soon and that will not be enough water to manage it. Supporting “Ocean Water Import” is fine but it is not logical to support both options – the “Smaller Lake” and “Ocean Water Import”. 



Think for a moment about it: Supporting the “current projects” means supporting projects on the already exposed lakebed. Importing seawater meant that those projects on the exposed lakebed will be flooded. 



If their/your argument is “… but we will import seawater only to have a smaller Lake and not to flood those projects that we are working on currently”. That means that Marine bays and beaches will never be functional again (marines are already dry – water level of a smaller Lake is already below the level of the Marine bays). Also, the SSA will constantly ask for more money from the people and governments (state and federal) for fixing never-ending problems. The smaller Lake means that will be exposed lakebed of the Salton Sea and that governments (State and Federal) will be dealing with the environment and health issues of the local population constantly. 

A few words about how we get to this situation:

About the QSA: “The Quantification Settlement Agreement (QSA) for the Colorado River was completed in October 2003. This historic agreement provides California the means to implement water transfers and supply programs that will allow California to live within the state's 4.4-million-acre-foot basic annual apportionment of Colorado River water. The QSA is a major achievement for enhancing San Diego County's long-term water supply reliability. Supplies related to the accord now account for nearly 38 percent of our region's water and they will continue to grow in the years ahead. The QSA commits a Joint Powers Authority (QSA JPA), to mitigate any negative impacts to the Salton Sea caused by these water supply programs. It also commits the state to a restoration plan, called the Salton Sea Management Program (SSMP), which will provide a path forward for any impacts to the Salton Sea caused outside of the QSA, and any impacts beyond what is required of the QSA JPA. The SSMP will guide investments at the Salton Sea to protect public health and ecosystem wealth”.

The SSA, which is strongly influenced by the IID, did nothing since 2003 regarding saving and restoring the Salton Sea because their strategy was/is to wait, and sooner or later the Lake will shrink and they will get their desired land - exposed playa on the south-east section of the Lake where there is a known geothermal reservoir.

Also, the Salton Sea Authority (SSA) had information on the long-term solution for the restoration of the Salton Sea since the Summer of 2013. I personally met with some of SSA's directors and have several meetings with now ex-assistant Secretary of California Natural Resource, Mr. Bruce Wilcox who frequently briefed the SSA. Mr. Bruce Wilcox is also an ex-employee of the IID. Mr. Bruce Wilcox had intentionally withheld the information about the existence of a long-term solution for the restoration of the Salton Sea (my proposal) from former Governor Jerry Brown in 2015 when Governor Brown approved the Salton Sea Task Force and Salton Sea Management Program (SSMP) which is based on the false assumption that import of seawater is not a feasible option. Now, because of it (withholding the important information) we are stack with the SSMP and 10-years plan that lead to losing time, money, and inevitable to the destruction of the Salton Sea.

A few words about my effort and concern:

I am fighting this war to save and restore the Salton Sea alone since 2013. I contacted Wade Crowfoot, California Secretary for Natural Resources, through his official email and Deputy Secretary for Communications numerous times with the hope that he will inform Governor Gavin Newsom about the faultiness of the “current course of action” and about the existence my proposal. 

Now, my proposal, among several others, is under review by independent reviewers. Those several other proposals have no solution for the problem of the Salton Sea, but rather provides services for a particular job. Some of those proposals offer administrative services claiming that they have connections with Mexico officials and some capable companies. All those other proposals require a lot of money for implementation and maintenance but do not generate positive revenue.

If common sense prevails, my proposal will be accepted. My concern is that independent reviewers might consider only one segment – importing seawater – out of five integral (co-operating) segments which are all important for having a functional Lake. 

Also, my concern is, I am reading that California State has dedicated $29 million to the New River Improvement Project and about $20 million to the pilot program at the North part of the “Perimeter Lake”. Also, the Species Conservation Habitat (SCH) project at the Sea’s south end. Those projects are in contradiction to my proposal and are completely unnecessary. It is a loss of time and money. My concern is that Secretary Wade Crowfoot did not receive or did not understand my message. The essential part for saving and restoring the Salton Sea is to stop pollution of the Lake by redirecting the New River and Alamo River back to Mexico. Although that might look like a complicated task - it is not. We have “International Boundary and Water Commission” and Mexico has a corresponding team. Only then, we can start working on desalinization, wildlife sanctuaries, etc. By the way, my proposal provides North Lake and South Lake with islands planted with mangrove trees (a few tests may need to see which kind is most appropriate) so that it would not need constant maintenance. It would be a self-sustaining wildlife sanctuary and tourist attraction. Have in mind that the Salton Sea will be divided into three sections with at least two-lane roads with several piers with restaurant and parking extensions. 

NOTE:  I would like to reinstate again – that by implementing my system of pipelines - just for farmland Northern and Southern area of the Salton Sea – it would generate, at least, several hundred million dollars in revenue every year - “out of blue” - literally. More likely will be around $1 billion (See Segment I, Figs. 3,4,5,8 and Segment III, Figs. 1-9). Also, I would like to mention that if my proposal is accepted would be jobs for many thousands of peoples during construction and after construction. 

It is mind-boggling that local and state officials ignore such an opportunity and rather proceed with the destruction of the Lake. 

NOTE: If my proposal was/is accepted, would not be difficulties in getting support from the federal government because my proposal provides a clean environment, generate revenue, and boost the economy.  It would not be needed to scamming people, state, and federal officials which is the case today with the “current course of action”.



A few words about my work:



I am a Graduate Engineer Architect.



My talent and expertise are in solving serious environmental and energy-related problems.  



My PROPOSAL FOR CONTROLLING DYSFUNCTIONAL “BLOW OUT PREVENTER” - Offshore of Louisiana, Gulf of Mexico – 2010, was used to stop bursting crude oil in the Gulf of Mexico. 

In Summary: After an accident in the Gulf of Mexico on April 20, 2010, and a failure of the "Blow Out Preventer" (BOP) in the Macondo well, it became a challenge how to stop uncontrollable bursts of crude oil in the Gulf of Mexico and prevent disasters of epic proportions. After several unsuccessful, almost laughable attempts, which have been televised "live" on TV, mostly on CNN, I postponed most of my activities at that time and started working on a solution. As an outsider, with limited information, only from TV, I submitted three proposals. The first two proposals which I submitted several weeks earlier are based on information that I obtained from Television. Soon after I submitted my first proposal I learned that there were several (not one) leakages in the "fallen riser pipe"  and later on, after my second proposed submission, I also learned that there is a pipe inside the "fallen riser pipe" which made my two earlier proposals insufficient and I had to work on and submit an additional proposal.

I submitted my third proposal on June 8, 2010. On July 10, 2010, 32 days after I submitted my proposal, the BP began operations to install a sealing cap atop the failed BOP. By July 15, 2010, the Macondo well was sealed, if only temporary, for the first time in 87 days. My proposal is well documented (it is on my website) and implementation of the control valve on top of the dysfunctional BOP was televised. Televised implementation of the control valve on top of the dysfunctional BOP and my submitted papers (proposal/illustrations) are identical.



I have made presentations (as a speaker) with the title “Harnessing Energy and Water in the Salton Sea” at SMU Dallas, TX, in 2015. ; and at Long Range Plan Committee, CVWD, Palm Desert, CA, on February 25, 2016; and at the National Association of Environmental Professionals Conference, NAEP, in Durham, NC, on March 27-30, 2017; and at the Request for Information (RFI) for Salton Sea Water Importation Projects by California Natural Resource Agency - May 21, 2018, in El Centro, CA; and at Electric Power Conference in Las Vegas, on April 26, 2019; and at the World Geothermal Congress (WGC) in Reykjavik, Iceland, April 26 - May 2, 2020 - (Note: because of COVID-19, the WGC 2020 is postponed for the next year).

Submitted papers at the Universities and International Conferences pass through a strict vetting period and if accepted are registered as scientific documents.

My proposal for the restoration of the Salton Sea involves architectural design which incorporates several breakthrough technologies in the energy industry which I have invented and modified to incorporate local conditions of the Salton Sea area with the final product – the long-term solution for the restoration of the Salton Sea. It might be considered as a project of the century costing only about $10 billion and generating $100s billion in revenue in a few decades and would continue so in the future.

 

At this point, I will just mention the subjects of my breakthrough methodologies:



1.            I am the inventor of the new system for harnessing geothermal energy (completely closed-loop system) which is not limited to geothermal reservoirs.

2.            I am also the inventor of the new system for drilling deeper and wider wellbores.

3.            I am also the inventor of the new system for harnessing solar energy (thermo-optical solar system) having power unite with pistons, which is at least several times more efficient than Photo Voltaic (PV) systems.

4.            I am also the inventor of the new system of the cross-country pipelines for importing seawater or other fluids, having the “in-line-pump” as segments of the pipeline for uphill routes, and having the “in-line-generator” as segments of the pipeline for downhill routes. 

5.            I am also the inventor of the new system for using the pipeline as a foundation for solar panels which eliminates expenses for purchasing or leasing huge sections of land, which is an expensive requirement for conventional solar facilities on an industrial scale.

6.            I am also the inventor of the new system for desalinization of the salty water using solar and/or geothermal energy to generate electricity and having potable water as a free byproduct.

My mission is global – which is licensing technologies to capable companies/contractors with means. The Salton Sea project is a small part of it but an important part. It is imperative to save the Salton Sea and our environment despite unreasonable opposition. I am providing a solution and the “know-how” to the desperate situation.

Here is the link to the video of the complete presentation – it is about 1:00 hour: https://youtu.be/pcYTUPCiljQ.

The video is not of the best quality, but it summarizes in one hour my work of the last dozen years. Included are several options including several different corridors. For more details, please read the papers. The papers and slides, which can be zoomed in, are accessible on my website: www.GeothermalWorldwide.com   => “Our Technology” => “Presentation – CNRA – El Centro, CA”.  

 

Also, I am including links, a summary of my proposal for the restoration of the Salton Sea, divided into five segments for easier understanding. Each of the segments is an essential integral (co-operating) part for having a functional Lake.   



(About Importing Seawater – Segment - I)

http://www.geothermalworldwide.com/images/ImportingSeawater-1.pdf 



(About Harnessing Hydropower – Segment - II)

http://www.geothermalworldwide.com/images/HarnessingHydroPower-2.pdf 



(About Harnessing Solar Energy – Segment - III))

http://www.geothermalworldwide.com/images/HarnessingSolarEnergy-3.pdf 



(About Harnessing Geothermal Energy – Segment - IV)

http://www.geothermalworldwide.com/images/HarnessingGeothermalEnergy-4.pdf 



(About Drilling Deeper and Wider Wellbores – Segment - V)  

http://www.geothermalworldwide.com/images/DrillingDeeperWellbores-5.pdf



The value of my work is the simplicity of it and the necessity for it. An average high school student could understand it in a relatively short time if read thoroughly. My work is patented with several “continuation-in-part” applications still pending.



I would like to say that this is not time to be loyal to anyone and continue with the problematic policy established and promoted by the IID and ex-assistant Secretary Mr. Bruce Wilcox. This is time to realize wrongful policy (for the last 5 years - more correctly 18 years since the formation of the Quantification Settlement Agreement (QSA)), and change course on time in the direction of saving and restoring the Salton Sea and our environment.  



Again, the ego, prestige, special interest, and personal interest must be taken out of the equation when dealing with such an important subject such as saving and restoring the Salton Sea, our environment, and the health of people of nearby communities. 

 

The virtue of the late Steve Jobs, CEO of the Apple corporation was the ability to make the so-called “turn on the dime” when he sees a better solution despite already invested money and effort on some projects that he was already working on earlier. That is characteristic of intelligent people. That is quite different from those who continue with doomed projects just because they have already committed to it or have already spent money on it - in this case, taxpayers’ money (not their own money). If the members of the SSA are investing their own money in the restoration of the Salton Sea, I guarantee that common sense and logic would start functioning faster.   

 

In Closing: 



There are really only two options for decision-makers to choose about the fate of the Salton Sea:



Option I - To proceed with the current project already in motion a “Smaller, Sustainable Lake” –  “10-year plan” – “Perimeter Lake”  - The projects that will be constantly asking the State and Federal Governments for help (for more money) for fixing never-ending problems - and at the end losing the Lake with liabilities exceeding $70 billion (environmental disaster – toxic dust storms, health issues, and economic fold). (NOTE: In the process would benefit a few “friendly” companies on the expenses of environment and communities); and 



Option II – To redirect allocated money (at the moment $300 million) and efforts toward implementation of the long-term solution (my proposal) which would restore the Salton Sea to the water level of the 1950s and 60s; provide the condition, for tourism, wildlife sanctuary, clean environment, and generate revenue in 100s Billion Dollars in several decades and would continue so in future. (NOTE: A few companies that would benefit from the Option I, would benefit even more with the Option II, – they just do not have time to read the material).



I respectfully urge you, the SSMP members, to perform your duty and get involved in saving and restoring the Salton Sea. Base on new information and technology involved the state needs to evolve the strategy for the restoration of the Salton Sea. That could be done.

After accepting my proposal, the Assemblymember Eduardo Garcia and Representative Dr. Raul Ruiz could amend their bills and ask for 10 billion dollars for the long-term solution for the restoration of the Salton Sea, based on new information. I do believe that if my proposal is properly promoted explaining the emergency situation and the benefits of its implementation, that we would be able to ask and get $3B from State and $3B from Federal Government, and $3B-$4B from the private sector. We are a little bit behind, but we are still on time to fix the problem. If local leadership has not been ignorant for the last 5 years, we would have a functional lake today and would be already generating billions of dollars. 



NOTE: I would like to say that I have nothing personally against any member of the SSA or IID or Mr. Bruce Wilcox, but I strongly oppose their policies and how they handle this situation.

Sincerely, 

Nikola N. Lakic



Nikola N. Lakic
Graduate Eng. Architect
Geothermal Worldwide, Inc.
78-365 Hwy 111, #402
La Quinta, CA 92253
01-760-347-1609
01-760-333-3851 cell
www.GeothermalWorldwide.com  
nlakic@GeothermalWorldwide.com
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September 30, 2020 
 
 
California Natural Resources Agency 
1416 Ninth Street, Suite 1311 
Sacramento, CA 95814 
(916) 653-5656 
Salton Sea Management Program (SSMP) 
cnra-saltonsea@resources.ca.gov  
 
Subject: “Public Comment” in response to “Community Input Sought for Salton Sea 
Management Program (SSMP) Projects” - from Nikola Lakic, Architect. 
 
 
Greetings, SSMP team: 
 
Thank you for the opportunity to comment. In response to the “Community Input Sought 
for SSMP Projects”, I am writing you this letter for the record.  

I strongly oppose the “Current Course of Action” which is the “Perimeter Lake” and 
related dust suppression projects because those projects are based on the false 
assumption that importing seawater is not a feasible concept. Actually, those projects 
contribute to incoming ecological disaster.  

Since I have not been invited to make a presentation yet so that you can learn about the 
real situation and the solution for the restoration of the Salton Sea, and since 2 – 3 
minutes occasional comment is not enough time for explaining a comprehensive design 
that involves several breakthrough technologies, I am submitting my “Public Comment” 
with several important links, and hopefully, after reviewing it, you will get involved, ask 
questions, learn about the proposal, and inform Secretary Wade Crowfoot about it, and 
hopefully, he will inform Governor Gavin Newsom. 

At this time I will point on the only one paragraph from the “draft Project Description” ( 
https://saltonsea.ca.gov/wp-content/uploads/2020/08/Draft-SSMP-Phase-1-10-Year-
Plan-Project-Description-_8-31-2020_a.pdf ) to show the faultiness of the your projects. 
In the last paragraph of the “Background” 1.1 Segment, you are accepting declining 
Lake elevation as a normal (given) factor and you continue with projects. Here it is: 

“Declining inflows has resulted in increasing salinity that has exceeded most fish 
species’ tolerance limits and resulted in loss of most of the fishery, bird declines due to 
loss of food, and exposure of soils to wind erosion. Continued loss of water in future 
years will result in the continued degradation of the Salton Sea ecosystem due to 
increasing salinity and other water quality issues, including temperature extremes, 
eutrophication (increased nutrient loads), related anoxia (oxygen deficiency) and algal 

mailto:cnra-saltonsea@resources.ca.gov
https://saltonsea.ca.gov/wp-content/uploads/2020/08/Draft-SSMP-Phase-1-10-Year-Plan-Project-Description-_8-31-2020_a.pdf
https://saltonsea.ca.gov/wp-content/uploads/2020/08/Draft-SSMP-Phase-1-10-Year-Plan-Project-Description-_8-31-2020_a.pdf
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productivity. Reduction of inflows to the Sea from other factors, such as water recycling 
in Mexico, is also contributing to increases in salinity and a declining sea elevation”. 

I am in dispute with the members of the Salton Sea Authority (SSA) because they are 
systematically ignoring my proposal for the restoration of the Salton Sea since 2013. 
Because I have exhausted all options with them, I am hoping that some of you or 
Secretary Wade Crowfoot, or Governor Gavin Newsom will be able to understand and 
recognize the potential of my proposal and have the courage to voice a need for radical 
change in plans regarding saving and restoring the Salton Sea.  

I strongly oppose the “Perimeter Lake” and related dust suppression projects and I will 
tell you here below why I am opposing, and how we got in this situation, and how we 
can get out of this situation. 

I watched several of your workshops (presentations) and I watched the recent hearing 
“FEDERAL AND STATE EFFORTS TO RESTORE THE SALTON SEA” televised on 
September 24, 2020. 
Chair, Jared Huffman; participants: Rep. Tom McClintock; Wade Crowfoot, Secretary, 
State of California Natural Resources Agency; E. Joaquin Esquivel, Chair, California 
State Water Resources Control Board; Thomas Tortez, Jr. Tribe Council Chairman, 
Torres Martinez Desert Cahuilla; Alan Lowenthal, chair, Subcommittee on Energy and 
Mineral Resources; Dr. Raul Ruiz, Representative, CA;  Juan Vargas Representative 
CA; Grace Napolitano Representative CA.  
 
It is my understanding that federal representatives (partners) have declined the 
Committee’s invitation to testify to discuss the critical issue of federal responsibility at 
the Salton Sea. 
 
The local and state officials (Panelists) are asking for federal government engagement 
for funding the “restoration” of the Salton Sea. In my opinion, the Federal Government 
should help for the right reason, but NOT for the “current course of action” which is 
“Smaller, Sustainable Lake” or so-called “Perimeter Lake” and relating “dust 
suppression projects”. The concept of the “Perimeter Lake” is based on a FALSE 
assumption that importing seawater is not a feasible solution. Also, it was/is based on 
gaining some land on the southern part of the Lake for the IID to be used for geothermal 
and agricultural benefits. The “Perimeter Lake” is a ridiculous concept that leads to the 
disappearance of the Salton Sea and subsequently to incoming ecological disaster. The 
“Perimeter Lake” concept is equal to the “destruction” of the Salton Sea.      

The Salton Sea is terminal, shallow lake about 35 miles long and 15 miles wide. It is 
below sea level -220 feet. It was made accidentally when a dike broke near Yuma AZ 
and water from the Colorado River surged into Salton Sink in 1905-1907. The Lake was 
a tourist attraction during the 1950s and 60s. Now, the Lake is already twice saltier than 
the Ocean, and polluted, and is facing ecological disaster.   
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The “Perimeter Lake” concept is a thin stripe “U” shaped snake-like Lake” (consisting of 
the south-west part; the western part; northern part; and eastern part) that will funnel 
New River, Alamo River, and Whitewater River around the periphery of the current Lake 
and then merge into “Brine Lake” located in the central section of the “U shaped 
“Perimeter lake”. The New River and Alamo River are runoff waters from nearby 
farmland and are contaminated with pesticides and fertilizers and partially treated sewer 
from Mexicali. The “Brine Lake” will be smaller, saltier, smellier, and more polluted every 
year. Also, will be exposed about 150-200 square miles of the lakebed. The fish have 
already disappeared. If current leadership continues with the “current course of action”, 
in near future, the “Brine Lake” will be so polluted that if some birds land on it will 
instantly die. The more appropriate name for the “Perimeter/Brine Lake” would be a 
“Cesspool”.  

They (the SSA) are using wording such as “… will be healthier Lake”; “…  to revitalize 
the environment and economy of the Sea.” etc., knowing very well that the truth is just 
the opposite. The “current course of action” leads slowly and surely towards the 
disappearance of the Salton Sea. They (the SSA) systematically and intentionally 
deceive the local population, state, and federal officials. That is a fraud (scam).  

There is a known geothermal reservoir in the south-east section of the Salton Sea. The 
majority of the land is owned by the Imperial Irrigation District (IID) and it is in their 
interest to shrink the Lake to gain land that they intend to lease for about 12 million 
dollars per year plus a percentage of mineral extraction such as Lithium. That is not a 
secret – it is well documented and was in a newspaper article. They (the SSA and the 
IID) do not care that will be exposed about 150-200 square miles of the lakebed. The 
Salton Sea Authority (SSA) has several members (directors) from the IID and is 
overwhelmingly influenced by the IID.   

The “Perimeter Lake” means, without any doubt, “destruction (disappearance) of the 
Salton Sea”. I am aware that my accusation is strong and hard to believe in, but it is true 
and easy to verify by answering three simple questions:  
 
With the “current course of action” or so-called the “Perimeter Lake” will the Salton Sea 
in every following year be:  

a) Smaller than is today?   
b) b) Saltier than is today?  
c) c) Smellier than is today?  
d) d) More polluted than is today?  

 
Everyone with common sense knows the answer to those questions – the Salton Sea 
will be smaller, saltier, smellier, and more polluted every year.  
 
It is mind-boggling that the members of the SSA would support projects which leads to 
the disappearance of the Lake and at the same time completely ignore the proposal that 
would provide a clean environment and condition for tourism, that would generate 
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electricity and potable water, and would bring prosperity to communities - but it is true, 
and I am dealing with this set of leadership since 2013. 
 
They (the SSA) are not using wording such as “Destruction of the Lake” although they 
know very well that the “current course of action” leads slowly and surely to it – but they 
are using wording such as: “Healthier Lake” and “revitalize the environment” etc.  

 
NOTE: I was present during the SSA board meeting from 7-15-2020, (webinar, 
recorded – thanks to COVID-19). I will summarize a few noticeable points.  
The mission statement says: 
“The SSA seeks to protect human health, revitalize the environment and 
economy of the Sea.”  
Also, the Vision Statement says:  
“A healthier and more prosperous Salton Sea.”  
Also, at the Reviewed SSA guiding principles it says: “Secure plans and 
investments that create opportunities for the future Salton Sea that is healthier 
and more prosperous for all concerned.  
Also, Guiding principles priorities: 
Human Health 
Habitat Restoration  
Opportunities 
(H2O) 
 

Such statements are not truthful statements. They are “wishful thinking” statements 
designed to persuade state and federal officials to get funding for the ill-conceived 
projects.  

Also, at a recent meeting, the GM/Executive Director Phil Rosentrater reinstated the 
importance of one of the guiding principles that have been adapted years ago which is: 
“Local Leadership (NOT state’s or federal’s)”.  

The obvious question for those who promote and tirelessly work on such ridiculous 
projects is: Why you are doing that? “Why losing time (10-years) and money (billions of 
dollars) on such projects when there is already a proposal for a long-term solution for 
the restoration of the Salton Sea that could provide a functional Lake in 5-6 years?  

My proposal would properly import seawater and fill the Lake to the level of 1950s and 
60s so that we do not need to wary about exposed playa, equalize the salinity of the 
central section of the Lake with the salinity of the Ocean, reestablish beaches and 
marine bays, provide a condition for tourism, provide huge wildlife sanctuary, harness 
geothermal, hydro, and solar energy, and generate a substantial amount of potable 
water for free – and much more. The absurdity of the situation is that I have provided 
the solution so that the IID can have and use their desired land without destroying the 
Lake but they are not willing to read it nor have the desire to ask me a question about it, 
or have no technical knowledge to understand it on their own. 
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Another observation of the “Perimeter Lake” which prove it as an absolute nonsensical 
concept. 

I witnessed on several occasions several people “wannabe experts” lacking basic 
technical knowledge, talking about pumping water from depleting Lake into Marine bay. 

Just think about it for a moment. Imagine a cross-section of the Salton Sea through one 
of the Marina bays. Now, imagine a boat in that Marine bay. Now, imagine the Lake 
which is already about 12 feet below Marine bay level and distant about a mile and that 
will gradually increase. Now, try to think of how that boat from Marine bay will go down 
into the Lake. Also, try to think about how that boat from the Lake will go back up into 
the Marine bay. It is an absolute nonsensical concept that can come only from absolute 
amateurs who lack basic common sense and basic technical knowledge. Unfortunately, 
I also witnessed that the SSA board members paid serious attention and supported 
such a proposal without asking a single challenging question which puts the SSA board 
members in the same category with those amateurs with respect to lacking common 
sense and basic technical knowledge. 

Also, recently, I heard comments such as “supporting current and long-term Salton Sea 
restoration”. The long-term Salton Sea restoration alludes to importing seawater. 

First of all, just importing seawater, as some people naively think that would solve all 
problems, actually would not solve the problems because pollution of the Lake would 
continue with New River and Alamo River which are runoff waters from nearby farmland 
contaminated with fertilizers and pesticides.   

NOTE: I am providing the solution for importing seawater and how it can be done 
properly, successfully, and profitably. My proposal provides an architectural 
design explaining how to divide the Lake into three sections properly – How to 
redirect the New River and Alamo River back to Mexico successfully - How to 
import seawater into the central section efficiently – how to provide a condition 
for tourism - how to provide vast wildlife sanctuary – how to harness hydropower 
efficiently – how to harness solar energy efficiently – how to harness geothermal 
energy efficiently – how to drill deeper and wider wellbores efficiently – how to 
desalinate the Salton Sea – and in process of desalination - produce potable 
water for free, and salty brine that can be used for the production of lithium. My 
proposal does not interfere with plans already in motion for the extraction of 
lithium from the brine of conventional geothermal plants – it is in harmony with 
them. Also, my proposal is in harmony with the QSA. 

Secondly, it cannot be a compromise between the “current course of action” which is 
“Perimeter Lake” and related projects, - and long-term solution for restoration of the 
Salton Sea which includes importing seawater.   

NOTE: The statement “supporting current and long-term Salton Sea restoration” 
is absurd. Think for a moment about such a statement. Supporting the “current 
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projects” means supporting “Smaller Lake” or so-called “Perimeter Lake” and 
related projects which lead to the “Brine Lake” and incoming ecological disaster. 
Have in mind that trying to cultivate several thousand acres of the lakebed in the 
hope to prevent the formation of the toxic dust storm is an insignificant and very 
expensive task knowing that 150-200 square miles of lakebed will be exposed 
soon and that will not be enough water to manage it. Supporting “Ocean Water 
Import” is fine but it is not logical to support both options – the “Smaller Lake” and 
“Ocean Water Import”.  

 
Think for a moment about it: Supporting the “current projects” means supporting 
projects on the already exposed lakebed. Importing seawater meant that those 
projects on the exposed lakebed will be flooded.  

 
If their/your argument is “… but we will import seawater only to have a smaller 
Lake and not to flood those projects that we are working on currently”. That 
means that Marine bays and beaches will never be functional again (marines are 
already dry – water level of a smaller Lake is already below the level of the 
Marine bays). Also, the SSA will constantly ask for more money from the people 
and governments (state and federal) for fixing never-ending problems. The 
smaller Lake means that will be exposed lakebed of the Salton Sea and that 
governments (State and Federal) will be dealing with the environment and health 
issues of the local population constantly.  

A few words about how we get to this situation: 

About the QSA: “The Quantification Settlement Agreement (QSA) for the Colorado 
River was completed in October 2003. This historic agreement provides California the 
means to implement water transfers and supply programs that will allow California to 
live within the state's 4.4-million-acre-foot basic annual apportionment of Colorado River 
water. The QSA is a major achievement for enhancing San Diego County's long-term 
water supply reliability. Supplies related to the accord now account for nearly 38 percent 
of our region's water and they will continue to grow in the years ahead. The QSA 
commits a Joint Powers Authority (QSA JPA), to mitigate any negative impacts to the 
Salton Sea caused by these water supply programs. It also commits the state to a 
restoration plan, called the Salton Sea Management Program (SSMP), which will 
provide a path forward for any impacts to the Salton Sea caused outside of the QSA, 
and any impacts beyond what is required of the QSA JPA. The SSMP will guide 
investments at the Salton Sea to protect public health and ecosystem wealth”. 

The SSA, which is strongly influenced by the IID, did nothing since 2003 regarding 
saving and restoring the Salton Sea because their strategy was/is to wait, and sooner or 
later the Lake will shrink and they will get their desired land - exposed playa on the 
south-east section of the Lake where there is a known geothermal reservoir. 

Also, the Salton Sea Authority (SSA) had information on the long-term solution for the 
restoration of the Salton Sea since the Summer of 2013. I personally met with some of 
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SSA's directors and have several meetings with now ex-assistant Secretary of California 
Natural Resource, Mr. Bruce Wilcox who frequently briefed the SSA. Mr. Bruce Wilcox 
is also an ex-employee of the IID. Mr. Bruce Wilcox had intentionally withheld the 
information about the existence of a long-term solution for the restoration of the Salton 
Sea (my proposal) from former Governor Jerry Brown in 2015 when Governor Brown 
approved the Salton Sea Task Force and Salton Sea Management Program (SSMP) 
which is based on the false assumption that import of seawater is not a feasible option. 
Now, because of it (withholding the important information) we are stack with the SSMP 
and 10-years plan that lead to losing time, money, and inevitable to the destruction of 
the Salton Sea. 

A few words about my effort and concern: 

I am fighting this war to save and restore the Salton Sea alone since 2013. I contacted 
Wade Crowfoot, California Secretary for Natural Resources, through his official email 
and Deputy Secretary for Communications numerous times with the hope that he will 
inform Governor Gavin Newsom about the faultiness of the “current course of action” 
and about the existence my proposal.  

Now, my proposal, among several others, is under review by independent reviewers. 
Those several other proposals have no solution for the problem of the Salton Sea, but 
rather provides services for a particular job. Some of those proposals offer 
administrative services claiming that they have connections with Mexico officials and 
some capable companies. All those other proposals require a lot of money for 
implementation and maintenance but do not generate positive revenue. 

If common sense prevails, my proposal will be accepted. My concern is that 
independent reviewers might consider only one segment – importing seawater – out of 
five integral (co-operating) segments which are all important for having a functional 
Lake.  

Also, my concern is, I am reading that California State has dedicated $29 million to the 
New River Improvement Project and about $20 million to the pilot program at the North 
part of the “Perimeter Lake”. Also, the Species Conservation Habitat (SCH) project at 
the Sea’s south end. Those projects are in contradiction to my proposal and are 
completely unnecessary. It is a loss of time and money. My concern is that Secretary 
Wade Crowfoot did not receive or did not understand my message. The essential part 
for saving and restoring the Salton Sea is to stop pollution of the Lake by redirecting the 
New River and Alamo River back to Mexico. Although that might look like a complicated 
task - it is not. We have “International Boundary and Water Commission” and Mexico 
has a corresponding team. Only then, we can start working on desalinization, wildlife 
sanctuaries, etc. By the way, my proposal provides North Lake and South Lake with 
islands planted with mangrove trees (a few tests may need to see which kind is most 
appropriate) so that it would not need constant maintenance. It would be a self-
sustaining wildlife sanctuary and tourist attraction. Have in mind that the Salton Sea will 
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be divided into three sections with at least two-lane roads with several piers with 
restaurant and parking extensions.  

NOTE:  I would like to reinstate again – that by implementing my system of 
pipelines - just for farmland Northern and Southern area of the Salton Sea – it 
would generate, at least, several hundred million dollars in revenue every year - 
“out of blue” - literally. More likely will be around $1 billion (See Segment I, Figs. 
3,4,5,8 and Segment III, Figs. 1-9). Also, I would like to mention that if my 
proposal is accepted would be jobs for many thousands of peoples during 
construction and after construction.  

It is mind-boggling that local and state officials ignore such an opportunity and rather 
proceed with the destruction of the Lake.  

NOTE: If my proposal was/is accepted, would not be difficulties in getting support from 
the federal government because my proposal provides a clean environment, generate 
revenue, and boost the economy.  It would not be needed to scamming people, state, 
and federal officials which is the case today with the “current course of action”. 
 
A few words about my work: 
 
I am a Graduate Engineer Architect. 
 
My talent and expertise are in solving serious environmental and energy-related 
problems.   
 

My PROPOSAL FOR CONTROLLING DYSFUNCTIONAL “BLOW OUT 
PREVENTER” - Offshore of Louisiana, Gulf of Mexico – 2010, was used to stop 
bursting crude oil in the Gulf of Mexico.  
In Summary: After an accident in the Gulf of Mexico on April 20, 2010, and a 
failure of the "Blow Out Preventer" (BOP) in the Macondo well, it became a 
challenge how to stop uncontrollable bursts of crude oil in the Gulf of Mexico and 
prevent disasters of epic proportions. After several unsuccessful, almost 
laughable attempts, which have been televised "live" on TV, mostly on CNN, I 
postponed most of my activities at that time and started working on a solution. As 
an outsider, with limited information, only from TV, I submitted three proposals. 
The first two proposals which I submitted several weeks earlier are based on 
information that I obtained from Television. Soon after I submitted my first 
proposal I learned that there were several (not one) leakages in the "fallen riser 
pipe"  and later on, after my second proposed submission, I also learned that 
there is a pipe inside the "fallen riser pipe" which made my two earlier proposals 
insufficient and I had to work on and submit an additional proposal. 
I submitted my third proposal on June 8, 2010. On July 10, 2010, 32 days after I 
submitted my proposal, the BP began operations to install a sealing cap atop the 
failed BOP. By July 15, 2010, the Macondo well was sealed, if only temporary, 
for the first time in 87 days. My proposal is well documented (it is on my website) 
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and implementation of the control valve on top of the dysfunctional BOP was 
televised. Televised implementation of the control valve on top of the 
dysfunctional BOP and my submitted papers (proposal/illustrations) are identical. 

 

I have made presentations (as a speaker) with the title “Harnessing Energy and Water 
in the Salton Sea” at SMU Dallas, TX, in 2015. ; and at Long Range Plan Committee, 
CVWD, Palm Desert, CA, on February 25, 2016; and at the National Association of 
Environmental Professionals Conference, NAEP, in Durham, NC, on March 27-30, 
2017; and at the Request for Information (RFI) for Salton Sea Water Importation 
Projects by California Natural Resource Agency - May 21, 2018, in El Centro, CA; and 
at Electric Power Conference in Las Vegas, on April 26, 2019; and at the World 
Geothermal Congress (WGC) in Reykjavik, Iceland, April 26 - May 2, 2020 - (Note: 
because of COVID-19, the WGC 2020 is postponed for the next year). 

Submitted papers at the Universities and International Conferences pass through a 
strict vetting period and if accepted are registered as scientific documents. 

My proposal for the restoration of the Salton Sea involves architectural design which 
incorporates several breakthrough technologies in the energy industry which I have 
invented and modified to incorporate local conditions of the Salton Sea area with the 
final product – the long-term solution for the restoration of the Salton Sea. It might be 
considered as a project of the century costing only about $10 billion and generating 
$100s billion in revenue in a few decades and would continue so in the future. 
  
At this point, I will just mention the subjects of my breakthrough methodologies: 
 

1.            I am the inventor of the new system for harnessing geothermal energy 
(completely closed-loop system) which is not limited to geothermal reservoirs. 

2.            I am also the inventor of the new system for drilling deeper and wider 
wellbores. 

3.            I am also the inventor of the new system for harnessing solar energy 
(thermo-optical solar system) having power unite with pistons, which is at least 
several times more efficient than Photo Voltaic (PV) systems. 

4.            I am also the inventor of the new system of the cross-country pipelines for 
importing seawater or other fluids, having the “in-line-pump” as segments of the 
pipeline for uphill routes, and having the “in-line-generator” as segments of the 
pipeline for downhill routes.  

5.            I am also the inventor of the new system for using the pipeline as a 
foundation for solar panels which eliminates expenses for purchasing or leasing 
huge sections of land, which is an expensive requirement for conventional solar 
facilities on an industrial scale. 
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6. I am also the inventor of the new system for desalinization of the salty
water using solar and/or geothermal energy to generate electricity and having
potable water as a free byproduct.

My mission is global – which is licensing technologies to capable companies/contractors 
with means. The Salton Sea project is a small part of it but an important part. It is 
imperative to save the Salton Sea and our environment despite unreasonable 
opposition. I am providing a solution and the “know-how” to the desperate situation. 

Here is the link to the video of the complete presentation – it is about 
1:00 hour: https://youtu.be/pcYTUPCiljQ. 

The video is not of the best quality, but it summarizes in one hour my work of the last 
dozen years. Included are several options including several different corridors. For more 
details, please read the papers. The papers and slides, which can be zoomed in, are 
accessible on my website: www.GeothermalWorldwide.com   => “Our Technology” => 
“Presentation – CNRA – El Centro, CA”.  

Also, I am including links, a summary of my proposal for the restoration of the Salton 
Sea, divided into five segments for easier understanding. Each of the segments is an 
essential integral (co-operating) part for having a functional Lake. 

(About Importing Seawater – Segment - I) 
http://www.geothermalworldwide.com/images/ImportingSeawater-1.pdf 

(About Harnessing Hydropower – Segment - II) 
http://www.geothermalworldwide.com/images/HarnessingHydroPower-2.pdf 

(About Harnessing Solar Energy – Segment - III)) 
http://www.geothermalworldwide.com/images/HarnessingSolarEnergy-3.pdf 

(About Harnessing Geothermal Energy – Segment - IV) 
http://www.geothermalworldwide.com/images/HarnessingGeothermalEnergy-4.pdf 

(About Drilling Deeper and Wider Wellbores – Segment - V)   
http://www.geothermalworldwide.com/images/DrillingDeeperWellbores-5.pdf 

The value of my work is the simplicity of it and the necessity for it. An average high 
school student could understand it in a relatively short time if read thoroughly. My work 
is patented with several “continuation-in-part” applications still pending. 

I would like to say that this is not time to be loyal to anyone and continue with the 
problematic policy established and promoted by the IID and ex-assistant Secretary Mr. 
Bruce Wilcox. This is time to realize wrongful policy (for the last 5 years - more correctly 
18 years since the formation of the Quantification Settlement Agreement (QSA)), and 

https://youtu.be/pcYTUPCiljQ
http://www.geothermalworldwide.com/
http://www.geothermalworldwide.com/images/ImportingSeawater-1.pdf
http://www.geothermalworldwide.com/images/HarnessingHydroPower-2.pdf
http://www.geothermalworldwide.com/images/HarnessingSolarEnergy-3.pdf
http://www.geothermalworldwide.com/images/HarnessingGeothermalEnergy-4.pdf
http://www.geothermalworldwide.com/images/DrillingDeeperWellbores-5.pdf
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change course on time in the direction of saving and restoring the Salton Sea and our 
environment. 

Again, the ego, prestige, special interest, and personal interest must be taken out of the 
equation when dealing with such an important subject such as saving and restoring the 
Salton Sea, our environment, and the health of people of nearby communities. 

The virtue of the late Steve Jobs, CEO of the Apple corporation was the ability to make 
the so-called “turn on the dime” when he sees a better solution despite already invested 
money and effort on some projects that he was already working on earlier. That is 
characteristic of intelligent people. That is quite different from those who continue with 
doomed projects just because they have already committed to it or have already spent 
money on it - in this case, taxpayers’ money (not their own money). If the members of 
the SSA are investing their own money in the restoration of the Salton Sea, I guarantee 
that common sense and logic would start functioning faster. 

In Closing: 

There are really only two options for decision-makers to choose about the fate of the 
Salton Sea: 

Option I - To proceed with the current project already in motion a “Smaller, 
Sustainable Lake” –  “10-year plan” – “Perimeter Lake”  - The projects that will be 
constantly asking the State and Federal Governments for help (for more money) 
for fixing never-ending problems - and at the end losing the Lake with liabilities 
exceeding $70 billion (environmental disaster – toxic dust storms, health issues, 
and economic fold). (NOTE: In the process would benefit a few “friendly” 
companies on the expenses of environment and communities); and  

Option II – To redirect allocated money (at the moment $300 million) and efforts 
toward implementation of the long-term solution (my proposal) which would 
restore the Salton Sea to the water level of the 1950s and 60s; provide the 
condition, for tourism, wildlife sanctuary, clean environment, and generate 
revenue in 100s Billion Dollars in several decades and would continue so in 
future. (NOTE: A few companies that would benefit from the Option I, would 
benefit even more with the Option II, – they just do not have time to read the 
material). 

I respectfully urge you, the SSMP members, to perform your duty and get involved in 
saving and restoring the Salton Sea. Base on new information and technology involved 
the state needs to evolve the strategy for the restoration of the Salton Sea. That could 
be done. 
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After accepting my proposal, the Assemblymember Eduardo Garcia and Representative 
Dr. Raul Ruiz could amend their bills and ask for 10 billion dollars for the long-term 
solution for the restoration of the Salton Sea, based on new information. I do believe 
that if my proposal is properly promoted explaining the emergency situation and the 
benefits of its implementation, that we would be able to ask and get $3B from State and 
$3B from Federal Government, and $3B-$4B from the private sector. We are a little bit 
behind, but we are still on time to fix the problem. If local leadership has not been 
ignorant for the last 5 years, we would have a functional lake today and would be 
already generating billions of dollars.  

NOTE: I would like to say that I have nothing personally against any member of the SSA 
or IID or Mr. Bruce Wilcox, but I strongly oppose their policies and how they handle this 
situation. 

Sincerely,  

Nikola N. Lakic 

Nikola N. Lakic 
Graduate Eng. Architect 
Geothermal Worldwide, Inc. 
78-365 Hwy 111, #402
La Quinta, CA 92253

www.GeothermalWorldwide.com

http://www.geothermalworldwide.com/
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September 30, 2020 


 


Arturo Delgado 


Assistant Secretary for Salton Sea Policy 


California Natural Resources Agency 


Via email: cnra-saltonsea@resources.ca.gov  


 


Re: Draft Salton Sea Management Program Phase I: 10-Year Plan Project Description 


 


Dear Secretary Delgado: 


 


We submit the following comments on the August 31, 2020 Draft Salton Sea Management Program 


(SSMP) Phase I: 10-Year Plan Project Description (“draft project description”) on behalf of Alianza 


Coachella Valley, Audubon California, Defenders of Wildlife, Environmental Defense Fund, Leadership 


Counsel for Justice and Accountability, Loma Linda University, National Parks Conservation Association, 


Pacific Institute, Sierra Club, and Water Foundation. We commend the progress the Natural Resources 


Agency, the Department of Fish and Wildlife (DFW), and the Department of Water Resources 


(collectively, the “State Team”) have made in the SSMP planning process and look forward to working 


with you to realize these plans as projects on the ground. We offer these comments to help the State 


Team further refine the draft project description and, importantly, to help describe the SSMP Project in 


terms of a compelling and attractive vision for the region.  Our comments and recommendations are 


grouped by section, below. 


 


1 Introduction and Background  


 Describe community context.  We recommend that the Introduction and Background sections 


have a stronger focus on the region’s local context, including demographics, workforce, 


community descriptions, and other sociological and environmental descriptors, particularly as it 


relates to disadvantaged and environmental justice communities.  Doing so will ground the 


SSMP Project in the context of the Salton Sea region, particularly as it relates to the people and 


communities surrounding the Sea.  We note that human communities are only mentioned twice 


in the entire document and believe this to be a significant flaw with the Project Description.  


This limited focus on communities minimizes the critical role the SSMP project could play in 


delivering multi-benefit projects that address urgent public health needs for disadvantaged 


communities that deserve long overdue investments in the region. 


 Include artistic renderings for a more compelling vision.  The draft project description would be 


more effective and compelling if it included artist renderings of proposed projects to help 


readers visualize the projects once completed.  Examples of effective use of renderings can be 


found in Los Angeles Department of Water and Power’s Owen’s Lake Master Project Document.  


This would help convey the State Team’s vision for the Salton Sea and improve understanding of 


the habitats and public amenities the projects will provide. 



mailto:cnra-saltonsea@resources.ca.gov
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1.2 Purpose and Need 


NEPA regulations require a statement of the “underlying purpose and need to which the agency is 


responding in proposing the alternatives including the proposed action.”  (40 C.F.R. 1502.13).  The state 


of purpose and need is important because it explains why the proposed action is being undertaken and 


what objectives in the action it is intended to achieve.  Moreover, the statement of purpose and need is 


critical in helping the lead agencies develop a reasonable range of alternatives to evaluate and aids the 


decision makers in preparing findings.   


 


 Identify all of the reasons for undertaking the project.  This is important since the purpose and 


need explains WHY the proposed action is being undertaken.  The Resources Agency referenced 


the statutory authorities driving the Salton Sea Ecosystem Restoration Program PEIR in 2007; 


those authorities should be included here as well.  This section should also include a reference 


to the State Water Resources Control Board Order WR 2017-0134 that accepted a negotiated 


stipulation and revised order WRO 2002-0013.  Finally, the source for the purpose and need 


(e.g., statute, the State Team, other?) should be identified. 


 Do not characterize the purpose of the project as merely a mechanism for project delivery, but 


instead as a project designed to protect the environment and public health.  The purpose of 


the project should be revised to better reflect why the state is undertaking the SSMP Project 


and to provide a better basis for the development of a reasonable range of alternatives.   Page 


1-5 states, in effect, that the purpose of the SSMP Project is to implement projects.  Better 


language is provided on p. 2-19: “The purpose of the proposed SSMP Project is to create 


projects that provide wildlife habitat and suppress dust” as the Sea recedes (we recommend 


strikeout language be removed).  The project description website provides an even better 


purpose:  “to revitalize the environment and protect public health” in and around the Salton 


Sea.  The project purpose and need statement shapes the range of alternatives to be 


considered.  The alternatives should be a range of different project types and considerations, 


not the mechanisms to deliver the projects. 


● Include need for monitoring as identified in Aquatic Habitat Restoration projects (p. 2-20) and 


Dust Suppression and Restoration projects (p. 2-21) sections under Purpose and Need.  A sea-


wide monitoring plan needs to be developed in advance of projects being constructed so that 


baseline and/or preexisting conditions can be measured both within a site and across the Sea to 


determine long term impacts or changes to populations that may trigger adaptive management. 


Page 2-20 states “The frequency of data collection and evaluation would be guided by the 


purpose and need for monitoring.”  Page 2-21 states “to determine the magnitude of the mass 


transport and effectiveness of control areas there is a need to measure the saltation activity and 


dust concentration upwind and downwind of the project areas.”  Both of these should be 


included under Purpose and Need as well. 


 Add need to protect public health and strengthen community resiliency.  Both the purpose and 


need should explicitly include multi-beneficial community infrastructure projects as part of the 


stated purpose, embedding these necessary project features within the core mission of the 


SSMP projects. 
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 Define “multiple benefit projects.”  On p. 1-5, the draft provides a very limited definition of 


Multiple Benefit Projects: “the proposed SSMP Project would strive to provide multiple benefit 


projects that combine dust suppression with habitat restoration.” We recommend expanding 


this definition to include public benefits such as recreation, education, public amenities, and 


community access. P.2-3 includes the following sentence: “To the extent that public amenities 


do not conflict with the overall purpose and need of the proposed SSMP Project, they may be 


included in the design of individual projects.” This very narrow description of the project is not 


consistent with the legislative intent enumerated in Fish and Game Code section 2930, et seq. As 


Diringer et al. note, “Integrating co-benefits throughout the decision-making process provides 


an opportunity to build partnerships, leverage additional resources, and garner public support.”1 


We strongly encourage the State Team to embrace a broader purpose and need, encompassing 


multiple benefits and referencing the range of objectives identified by the Legislature. 


 


Our recommended definition for “Multiple Benefit Projects” is as follows:  Multi-benefit 


infrastructure projects are ones that integrate improved air quality, protected and enhanced 


ecosystems, and social and climate resiliency into their design and implementation. Each one 


of these factors is required at the outset for a successful project that addresses issues of the 


Salton Sea holistically, and all three carry equal weight, and thus should be integrated into the 


short and long term planning of the restoration of the Salton Sea.  


 


Range of Alternatives 


The range of alternatives is the heart of the NEPA environmental analysis. The alternatives should 


provide a clear basis for choice among options by the decision-maker and the public. As noted above, 


the project’s purpose and need statement provides the basis from which the range of alternatives is 


derived.  The draft Project Description states that “In addition, a range of alternatives will be developed 


and analyzed in the draft EA that will be informed by public comment.” (p.1-1) What criteria will the 


SSMP Team use to evaluate alternatives? Will capital and annual costs be factors? 


 


The draft SSMP project description includes a set of criteria:  Are these the criteria: “Projects considered 


under this proposed SSMP Project will need: (1) water to meet the needs of the project (if applicable); 


(2) existing or obtainable land rights for the project itself and any needed access corridors; and (3) to 


provide a public benefit consistent with the 10-Year Plan and the State of California’s ecosystem and 


habitat restoration goals as described in the Salton Sea Restoration Act, Fish and Game Code section 


2930, et seq.” (p.1-5) Are these the project criteria that will shape the range of alternatives? If so, these 


criteria should be noted within the Purpose and Need statement of the project.  


 


                                                           
1 Diringer et al., 2020, Incorporating Multiple Benefits into Water Projects: A Guide for Water Managers, Oakland, 


Calif.: Pacific Institute.  
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1.3 Goals and Objectives 


The purpose and needs statement must also include a description of the goals and objectives the project 


is intended to accomplish.  Again, this is important in clearly articulating the specific outcomes for the 


project, but also to guide the crafting of what would be considered a reasonable range of 


alternatives.   We were pleased to see the inclusion of goals and objectives in this draft, but we 


recommend refining the language of the three identified goals to highlight the goals themselves and 


remove the process language. We further recommend that the State Team eliminate goals for planning 


and instead develop goals based on functional projects and outcomes as identified by statute, State 


Water Board order, and by community residents and stakeholders.  Objectives should be measurable 


and time-bound to the greatest extent possible.   


 


We also recommend reorganizing goals in the following priority order and adding two new goals that 


reflect community needs and priorities: 


 


 Move Goal 2 to Goal 1 and revise as follows:  “Eliminate dust emissions from Salton Sea playa 


to reduce and prevent public health impacts to the surrounding communities.”  While we 


recognize the infeasibility of completely eliminating all such emissions, we believe this is a more 


accurate statement of the goal.  Objectives under this goal should include “expedite the 


construction of dust suppression projects atop the most emissive playa” and “site projects to 


optimize benefits for local communities.” 


 Move Goal 1 to Goal 2 and revise as follows:  “Restoration of long term stable aquatic and 


shoreline habitat for the historic levels and diversity of fish and wildlife that depend on the 


Salton Sea.”  Objectives under this goal should include “Expedite the construction of a range of 


aquatic and shoreline habitats of at least 14,800 acres to support fish and wildlife species 


dependent on the Salton Sea.” 


 Add new Goal 3: Improve the region’s resilience to climate change by implementing 


community-identified multi-benefit (or co-benefit) infrastructure projects at the Salton Sea.  


See previous section for our recommended definition of “Multiple Benefit Projects”.  Other 


objectives under this goal should include increased collaboration across sectors in order to 


leverage past, current, and future plans, programs, and opportunities for advancing restoration 


efforts at the Salton Sea.  Some of these projects should provide thermal comfort, public access, 


recreational opportunities, and urban greening components. 


 Add new Goal 4: Protect water quality.  Objectives for Goal 4 should include “Monitor and 


manage Salton Sea inflows to optimize water quality in aquatic habitats;” “ensure areas with 


public access meet or exceed existing water quality standards;” and, “protect vulnerable 


communities from exposure to the New River.”  Water quality monitoring should be specifically 


tied to each independent project activity and results of water quality testing should guide future 


progress.  Finally, project implementation should be flexible enough to accommodate changes in 


the water quality data. 


 Move Goal 3 to Goal 5 and revise as follows:  “Adaptively manage the SSMP Project using the 


best available science.”  The objectives under Goal 5 will be especially important. Adaptive 







management requires a clear set of metrics and goals, so that project managers have targets in 


mind and can use monitoring data to inform their actions and operations. We look forward to 


clear metrics and milestones for each of the SSMP projects, including dust emissivity and air 


quality metrics in communities affected by Salton Sea dust, bird species intended to benefit 


from the projects, fish and invertebrate target populations, water quality parameters, and 


related operational criteria necessary for adaptive management. 


 The objectives related to adaptive management (new Goal 5) include “Develop and implement a 


monitoring and adaptive management plan” and “Develop a decision-making framework.” We 


recommend that the following questions be addressed under this goal: 


o What is the status of the Department of Fish and Wildlife (DFW) monitoring plan?  


o Will the DFW monitoring plan be peer-reviewed?  


o Will the State Team re-engage the science committee, or convene some other science 


advisory panel to review the monitoring and adaptive management plans and the 


decision-making framework? 


 Incorporate statutory goals in Section 2930 et seq. of the Fish and Game Code into the Goals 


and Objectives.  For reference, these include: 


o (1) Protect and provide long-term conservation of fish and wildlife that are dependent on the 


Salton Sea ecosystem. 


o (2) Restore the long-term stable aquatic and shoreline habitat for fish and wildlife that depend 


on the Salton Sea. 


o (3) Mitigate air quality impacts from restoration projects using the best available technology or 


best available control measures, as determined by the South Coast Air Quality Management 


District and the Imperial County Air Pollution Control District. 


o (4) Protect water quality. 


o (5) Maintain the Salton Sea as a vital link along the Pacific Flyway. 


o (6) Preserve local tribal heritage and cultural values associated with the Salton Sea. 


o (7) Minimize noxious odors and other water and air quality problems. 


o (8) Coordinate with local, state, and federal agencies that are responsible for air quality, 


endangered species, and other environmental mitigation implementation requirements of the 


Quantification Settlement Agreement. 


o (9) Enhance economic development opportunities that will provide sustainable financial 


improvements benefiting the local environment and the economic quality of life for communities 


around the Salton Sea. 


 


2 Project Description 


 Include a summary project description under this heading, on p. 2-1.  A version of the first 


three sentences under “Purpose and Need” would provide context and a useful introduction for 


a reader looking for a general overview.  


 As a general principle, the SSMP should only implement or indicate support for projects or 


actions that have provided an opportunity for the communities surrounding the Sea to weigh in 


and provide input.  For example, many community residents have raised concerns related to 


geothermal and lithium extraction activity which are discussed in the Draft Project Description, 


but there have not been community engagement opportunities associated with these types of 







projects outside of the Salton Sea Authority meetings. We recommend that the Resources 


Agency not imply or indicate support for any type of development projects at the Sea without 


first consulting with the surrounding communities who may face additional environmental 


and public health impacts as a result of such activities.  


 


2.1 Project Location 


As already mentioned, the project description and location should describe the communities and 


populations in the vicinity.  The Salton Sea is sustained by agricultural runoff; it cannot be understood 


without making the human connection explicit. The Draft Project Description’s very limited 


acknowledgement of the people and communities in the area deprives the lake and the project as a 


whole of context, reducing the likelihood of public and legislative support that will be necessary for the 


project to succeed.  


 


 Depict non-SSMP projects, in addition to the Red Hill Bay project, in the figures and maps in 


the Draft Project Description.  Examples include the 2000+ acres of dust suppression projects 


IID has constructed to date, Audubon’s proposed Bombay Beach project, DFW’s Imperial 


Wildlife Area habitat enhancements, and the Torres Martinez wetland. The project description 


should include a map showing property ownership. It would be informative to depict the state 


recreation area and DFW-managed wildlife areas on these maps, especially given the State 


Team’s emphasis on land access and permitting. What habitat and dust suppression projects 


might be feasible on state owned lands? Can the SSMP use these lands for project mobilization? 


Will the SSMP eventually have a SSMP project headquarters, perhaps with public access, at one 


of these (or another) locations?  Given the existing projects, and planned projects, what is the 


projected amount of future habitat acreage, compared to previous conditions (as identified in 


Audubon’s report)? 


 Identify source(s) of exposed lake bed projections.  Figure 2-1 includes historic and projected 


lake elevations.  Page 2-3 states “The planning area for the proposed project is 63,008 acres 


between the 2003 and projected 2028 water surface elevation levels.”  Our understanding is 


that the 2028 and 2047 projected elevations do not reflect the additional evaporation from the 


aquatic wetland habitats and the irrigated dust suppression projects.  This section should also 


address the projected additional lakebed exposure attributable to SSMP projects themselves.  


 Evaluate the additional water demand for SSMP projects and update Draft Project Description 


maps and figures to reflect the projected lake elevations once the SSMP projects are 


constructed. 


 


2.2 SSMP Project Overview 


Compatibility with Geothermal 


 Clarify whether or not the state intends to maintain access for renewable energy development 


and coordinate with geothermal developers.  We are concerned with the Draft Project 


Description’s language relative to future geothermal development. Page 2-3 states 


“Modifications to aquatic habitat and dust suppression projects to accommodate this future 







development would be the responsibility of the geothermal developers.” This is not consistent 


with the language of the 10-Year Plan itself, which states “Phase I will incorporate two priority 


elements of the Initiative: (1) maintaining access for the development of renewable energy 


(primarily geothermal)…” (p. 8) and “The State will continue to coordinate with the geothermal 


developers, regulatory agencies, and land owners to design the SSMP projects to minimize or 


eliminate conflicts with renewable energy development” (p. 11). 


 


2.2.1 Aquatic Habitat Restoration Opportunity Areas  


Water supply and demand (and re-use) will be critical factors affecting all aquatic habitat restoration 


opportunity areas. We encourage the State Team to clarify their hydrologic assumptions and optimize 


water use for SSMP projects.  For example, p. 2-5 states, “The estimated inflow required for the North 


Lake is about 50,000 AFY,” for a stated surface area of about 4,000 acres. This raises several key 


questions that should be addressed in this section:   


 


 How is this volume calculated given that net evaporation in the region is six acre-feet per year?   


 Does the State Team assume more than another six acre-feet per acre for flow through and 


seepage? 


 How was this additional volume determined?  


 Will the project capture and re-use this significant volume – more than 50% of the total water 


demand – for downstream projects?  


 Presumably, this flow-through water could be used again and again, supporting 2,000 additional 


acres immediately downgradient and then, if water quality is still adequate, another 1,000 acres 


below that, almost doubling the total project footprint sustained by the identified water 


demand. 


 What is the total water demand for all SSMP projects? 


 Climate change is not mentioned ONCE in the document, not even in the adaptive management 


section. Please describe how you may need to manage habitats based on hotter temperatures 


and less water or other climate-related impacts, and how climate change may affect water 


supply and demand. 


 


Habitat Planning 


 The Draft Project Description does not identify a Baseline for evaluating and managing habitat 


and species’ requirements. What baseline/year are you using as a starting point in order to 


measure change? 


 Existing wetlands are not quantified, evaluated, or referenced. How will you build habitats that 


incorporate these existing wetlands instead of scraping them and rebuilding them, as will be 


done in the Species Conservation Habitat? 


 Dust suppression projects that have habitat value is not necessarily the same thing as habitat 


projects built for habitat value.  A site managed for dust suppression with water and vegetation 


may not be compatible to wildlife unless that planning is included at the onset. “Upland areas” 







that have upland vegetation added to them with furrows have limited habitat value to the 


waterbirds most reliant on the Sea. 


 The State Team needs to identify the ratio of each habitat type they describe here to determine 


if that closely follows Audubon’s calculation of habitat types, to determine the net gain or loss of 


each habitat type and/or to identify which habitat types and target species are the highest 


priority from a regional and fly-way perspective 


 Page 12 states, “The Project’s target species are those that use the Salton Sea and are 


dependent on the Salton Sea ecosystem for essential habitat requirements and the viability of a 


significant portion of their population.” How will the State Team determine this? Audubon and 


other ornithological experts are available to help define these targets. 


 Page 13: Adaptive Management– there is no monitoring plan as of yet that we are aware of, 


despite one being promised more than a year ago. A monitoring plan needs to be completed 


now so that there is an opportunity to build a dataset of baseline and pre existing conditions 


and so the State Team can measure change once habitat is built. 


 Page 17: “ The amounts, types, and locations of habitat and dust suppression projects would be 


based on the location and availability of a water supply, suitable soils, and landscape/habitat 


compatibility.” This is the point where the draft project description should reference existing 


habitats, particularly the 6,000 acres of emergent wetlands that have been quantified around 


the Sea. 


 


North Lake Demonstration Project 


While our organizations support the concept of this project, we think the goals and objectives for the 


project need to be better articulated in the Draft Project Description.  We recommend that this section 


do this and also address the following questions: 


 


 As a demonstration project, is it intended to test habitat, water quality, construction and 


operational design, water supply, and/or community access criteria?  


 How will success be defined for this demonstration project?  


 For which specific species or guilds of birds will it be designed?  


 What will be the water surface elevation?  


 How will the State Team identify and address any trade-offs between potentially desiccating 


emergent wetlands along the northern shore and implementing this project?  At last year’s 


Salton Sea Summit and at the Salton Sea Authority board meeting on September 17, Robert 


McKernan provided extensive documentation of the avian species richness and diversity found 


at the emergent wetlands sustained by agricultural drains in the immediate area. McKernan 


estimates more than 2,000 acres of emergent wetlands, supporting more than 100 species of 


birds, currently exist along the northern extent of the Salton Sea. 


 Has the State Team anticipated any environmental compliance challenges or delays associated 


with moving water from an existing wetland to a new project?  


 Will this, or future expansion of the North Lake Project, have any impacts to the region’s 


groundwater?  







 Will the water that will be used from the five agricultural drains be treated before entering the 


project area?  


 


North Lake Project 


 Explain the rationale for siting the North Lake below the current elevation of the Sea.  


According to USGS, the elevation of the Salton Sea on September 10, 2020 was -236.1’ 


(NAVD88), meaning the surface of the North Lake would lie almost a full foot below the current 


elevation of the Salton Sea. It seems preferable to site the North Lake at -226’ or -228’, covering 


additional playa and providing a water source for additional, lower elevation projects.   


 Resolve this discrepancy related to projected Sea elevations in this section.  The table below 


shows the SALSA2 projected “No Action” Salton Sea surface elevations on January 1 of each year 


listed, using the NAVD 1988 datum. Fig. 2-1 (excerpted below) shows the North Lake berms at 


roughly the -240’ contour, not the -245 or -250 foot elevation contours stated in the text. 


 


Jan. 1, Year Salton Sea Elev. (NAVD88) 


2003 -226.5 


2020 -235.6 


2023 -238.9 


2028 -243.4 


2046 -247.8 


 


Northern Salton Sea, excerpted from Fig. 2-1. 


 


In addition, we recommend this section address the following questions: 


 Will the design or objectives of the North Lake Project focus on providing a greater proportion of 


deeper water habitat than the New and Alamo River projects will provide?  


 Will goals include public health and community access criteria?  


 How will community amenities that are accessible to residents of the surrounding area be 


incorporated into all phases of this project? 







 Page 2-5 states, “Ponds would be created by constructing berms 10 to 15 feet high along the -


245 to -250 feet elevation contours, with the water surface in the ponds planned at -237 feet 


below sea level.” Will these berms be constructed in the wet, or does the State Team propose 


delaying construction until this lakebed is all exposed? 


 


New River Expansion Project and Alamo River Project 


We recommend this section address the following questions: 


 What is the estimated water demand for each of these projects?  


 Should we assume an annual water demand of more than 12 acre-feet per acre, similar to the 


demand estimate for the North Lake?  


 What lessons did the State Team learn from the saltwater pumping operation supplying some of 


the water to the USGS/Reclamation pilot pond project?  


 What were the maintenance requirements for that earlier effort?  


 


2.2.2 Dust Suppression and Restoration Project Opportunity Areas 


IID’s consultant estimates that about 20% of exposed playa contributes almost 80% of total dust 


emissions. This information is implicit in Figure 2-2 but should be highlighted. The proposed dust 


suppression projects listed in Table 2-1 should be included on Figure 2-2, or on a new map, overlaid atop 


the dust emissivity gradient highlighted in Figure 2-2, to improve the reader’s understanding of siting 


decisions and the relative timing of Phase A and Phase B projects. 


 


The Phase A/Phase B naming convention is confusing. Figures 2-1 and 2-2 indicate that Phase A and 


Phase B projects differ in timing and location and are distinct projects. Yet p.2-8 notes, “All Phase A 


areas plus additional areas are to be transitioned to projects that provide dust suppression and habitat 


restoration benefits by creating wetted ponds and establishing vegetation, and are collectively termed 


Phase B” (emphasis added).  It might be clearer to refer to the timing of projects as Phase 1 and Phase 2, 


and the methods used as Method A & B.  


 


 Add additional background to this section to improve understanding of existing dust 


suppression efforts at the Salton Sea and the regulatory context in which they occur.  This 


could include a description of Imperial County Air Pollution Control District’s existing regulations 


and requirements, including its definitions of Best Available Control Measures (BACM) and 


alternative BACM, as well as those of the South Coast Air Quality Management District.  The 


state’s mitigation requirements under the QSA and how the SSMP Project might help satisfy 


these obligations would also be useful. The DSAP notes that “Sites close to residential 


populations were identified to benefit communities from reduced emissions from exposed 


lakebed.” Similar language should be included in the draft project description. 


 Describe the Imperial Irrigation District’s (IID) Air Quality Mitigation Program, and reference      


relevant soil and air quality data collected by IID to best inform project development.  The 


absence of any discussion of IID’s 2000+ acres of dust suppression projects to date markedly 


detracts from this draft project description and the reader’s understanding of the efficacy of the 
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proposed dust suppression methods. The location of IID’s dust suppression projects should be 


marked on project description maps. The draft project description should describe the methods 


used and the amount of dust controlled by IID’s projects. The draft project description should 


describe the air quality mitigation requirements required under the State Water Resource 


Control Board’s Order WRO 2002-0013 (revised). The draft project description should describe 


whether the SSMP dust suppression projects will complement or supplant planned IID efforts. If 


IID were planning to construct some of the IID projects as part of its QSA JPA efforts, is the SSMP 


not adding any net additional acreage? 


 Acknowledge and quantify the extent of wetlands that have emerged atop Salton Sea playa 


and the beneficial impact these new wetlands have had on both air quality and habitat 


availability.  We are encouraged to hear from State Team staff that, as you work on each 


project area, you will survey the site to determine the amount of vegetation and 


marshy/shallow habitat located within a planning area to determine the acres available for 


roughening and will not site Phase A projects atop existing habitat. We strongly recommend 


adding this necessary information about protecting existing wetlands to the project description, 


schedules and timelines, and to the DSAP. Please also include the locations of these emergent 


wetlands in Figures 2-1 and 2-2. 


 Clarify how (and whether) DSAP projects will be incorporated into the SSMP.  The following 


sentence on p. 2-8 is not clear: “the State cannot be sure how many acres will be completed for 


the DSAP and how many will be completed under the proposed SSMP Project.” 


 Identify water source(s) for Phase B projects.  On p. 2-8, it says “Some of the dust suppression 


projects are water dependent and may be constructed where there are available water sources” 


and “Phase B projects would be considered dust suppression and restoration projects because 


they would create wetlands and vegetated uplands that would provide habitat for birds and 


other species.” That is, Phase B projects would be water dependent. Proposed Fig. 2-2 depicts 


Phase B projects near Salton City. 


 


2.2.2.2 Future Dust Suppression 


 


 Clarify how SSMP will address additional playa exposed between 2023 and 2028.  Table 1 of 


the 10-Year Plan estimates that 19,200 additional acres of playa will be exposed during this time 


period.  The Draft Project Description should calculate the additional lakebed exposure that will 


occur as a result of the additional net water consumption from SSMP Projects themselves and 


how the State Team will manage this additional playa. 


 Identify location of IID’s 2,000 acres of dust suppression in figures and maps in the Draft 


Project Description.  The Draft Project Description notes that, “The proposed layout of the 


future dust suppression areas has two important features.  First, it connects multiple adjacent 


projects ….” (p. 2-12). IID has completed more than 2,000 acres of dust suppression projects in 


the area, many near or adjacent to Phase A and Phase B projects. 


 Describe what criteria will be used to determine if dust suppression projects will not be 


implemented.  Page 2-11 states “It is anticipated that during the planning process some areas 



https://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2002/wro2002-13revised.pdf





may be determined not suitable for implementation and that not all 7,900 acres would be 


implemented." This section should describe the criteria the State Team will use to determine 


suitability. If emissive playa is determined to be “unsuitable” for projects, the State Team should 


identify which agency will be liable and what strategy will be used in its place. 


 


2.2.2.3 Dust Suppression Techniques 


 


 Describe how the State Team will address ongoing concerns with surface roughening.  This 


section identifies “Temporary Surface Roughening” as a top dust control measure. According to 


agencies from the Imperial Valley, surface roughening is not an adequate solution, even if 


temporary, for dust suppression. Despite these claims, Resources Agency continues to include 


these strategies in its plans. 


 Assess the greening opportunities that can be implemented as dust suppression measures.  


This section also explores supplemental strategies to surface roughening like the establishment 


of vegetation. Urban greening around the Salton Sea and nearby adjacent communities has 


been identified as a top priority for community residents, particularly in the community of North 


Shore.  If implemented, greening can provide additional co-benefits to the environment and 


public health. 


 Include Audubon’s Bombay Beach emergent wetland project description under this section, 


including acreage and species benefitted. 


 Use of artificial suppressants and soil binders is disconcerting – more information is needed on 


the environmental and public health and water quality impacts of applying chemicals to the 


lakebed and how that may contribute to habitat loss.  In addition, because birds such as Snowy 


Plovers nest on primarily dry lake bed around the Salton Sea, there could be impacts to this 


species and/or other ground nesting birds.  The state should identify if other saline lakes or 


similar environments have used these techniques and describe why is it being considered 


here.  Gravel, used at Owens Lake, is extremely expensive, especially if there is no local source, 


and contributes substantially to emissions because of the number and frequency of trucks used. 


 


2.2.3 Pilot Project 


 


 Describe how the SSMP distinguishes between a “pilot project” and a demonstration project. 


 Identify Desert Shores Channel Restoration Project acreage and how it will sustain vegetation. 


The description on p. 2-17 notes that the proposed project would refill existing boat channels 


with water pumped from the Salton Sea, providing clear air quality, public health, and public 


benefits. It is not clear, however, how this salty water would sustain revegetation.  


 


Errata 


We identified the following syntactical or grammatical errors in the Draft Project Description and 


recommend that they be corrected: 


 







 Page 1-2 – The sentence “IID was required to provide conserved water to the Sea to mitigate the 


effects of the transfer on salinity until 2017 at which point mitigation ceased” could be 


misinterpreted to mean that all mitigation, rather than just the delivery of mitigation water, 


ceased at the end of 2017. 


 Page 1-3 and 1-6 – Please delete the misleading modifiers in “Fugitive dust emissions from the 


exposed lakebed will likely reduce the air quality conditions” and “potential for reduced air 


quality due to fugitive dust” (emphasis added). By definition, fugitive dust emissions degrade air 


quality (see for example Imperial County Air Pollution Control District’s Regulation VIII – Fugitive 


Dust Rules. 


 Figure 1-1 – Please label the larger cities and towns in the Imperial Valley. 


 Figure 2-1 – It is odd to label future lake levels as “inundation lines.” Please relabel these as 


“Projected Shoreline” and note the source of the projections. 


 Figures 2-1 and 2-2 are low resolution in the pdf, making it difficult to discern the hatching and 


other marks used to identify project features. Please include high resolution versions of these 


images on the SSMP website. 


 Page 2-8 – Change “shown in green” to “shown in red” in “Dust suppression and restoration 


opportunity areas would target the most emissive exposed lakebed areas …. (shown in green on 


Figure 2-1)” (emphasis added). 


 Figure 2-2 – Please label the units for the annual PM10 emissions estimate referenced in the 


legend (Metric tons/km2?). 


 Table 2-1 – Phase A project acreages in this table appear to be from the draft DSAP rather than 


the version dated July 31, 2020. 


 


We appreciate the opportunity to provide these comments on the Draft Project Description and would 


be happy to discuss further should you have any questions.  Please contact ___ for any follow-up. 


 


Sincerely, 


 


Rebecca Zaragoza 


Leadership Counsel for Justice 


and Accountability 


 


Michael Cohen 


Pacific Institute 


Patricia Leal-Gutierrez 


Alianza Coachella Valley 


Pablo Garza 


Environmental Defense Fund 


 


Chris Clarke 


National Parks Conservation 


Association 


 


Brandon Dawson 


Sierra Club 


Pamela Flick 
Defenders of Wildlife 
 


Frank Ruiz 
Audubon California 


Ryan Sinclair Ph.D, MPH 
Loma Linda University 


Andrew Fahlund 
Water Foundation 
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September 30, 2020 

 

Arturo Delgado 

Assistant Secretary for Salton Sea Policy 

California Natural Resources Agency 

Via email: cnra-saltonsea@resources.ca.gov  

 

Re: Draft Salton Sea Management Program Phase I: 10-Year Plan Project Description 

 

Dear Secretary Delgado: 

 

We submit the following comments on the August 31, 2020 Draft Salton Sea Management Program 

(SSMP) Phase I: 10-Year Plan Project Description (“draft project description”) on behalf of Alianza 

Coachella Valley, Audubon California, Defenders of Wildlife, Environmental Defense Fund, Leadership 

Counsel for Justice and Accountability, Loma Linda University, National Parks Conservation Association, 

Pacific Institute, Sierra Club, and Water Foundation. We commend the progress the Natural Resources 

Agency, the Department of Fish and Wildlife (DFW), and the Department of Water Resources 

(collectively, the “State Team”) have made in the SSMP planning process and look forward to working 

with you to realize these plans as projects on the ground. We offer these comments to help the State 

Team further refine the draft project description and, importantly, to help describe the SSMP Project in 

terms of a compelling and attractive vision for the region.  Our comments and recommendations are 

grouped by section, below. 

 

1 Introduction and Background  

 Describe community context.  We recommend that the Introduction and Background sections 

have a stronger focus on the region’s local context, including demographics, workforce, 

community descriptions, and other sociological and environmental descriptors, particularly as it 

relates to disadvantaged and environmental justice communities.  Doing so will ground the 

SSMP Project in the context of the Salton Sea region, particularly as it relates to the people and 

communities surrounding the Sea.  We note that human communities are only mentioned twice 

in the entire document and believe this to be a significant flaw with the Project Description.  

This limited focus on communities minimizes the critical role the SSMP project could play in 

delivering multi-benefit projects that address urgent public health needs for disadvantaged 

communities that deserve long overdue investments in the region. 

 Include artistic renderings for a more compelling vision.  The draft project description would be 

more effective and compelling if it included artist renderings of proposed projects to help 

readers visualize the projects once completed.  Examples of effective use of renderings can be 

found in Los Angeles Department of Water and Power’s Owen’s Lake Master Project Document.  

This would help convey the State Team’s vision for the Salton Sea and improve understanding of 

the habitats and public amenities the projects will provide. 

mailto:cnra-saltonsea@resources.ca.gov
https://www.ladwp.com/cs/idcplg?IdcService=GET_FILE&dDocName=OPLADWP050832&RevisionSelectionMethod=LatestReleased


1.2 Purpose and Need 

NEPA regulations require a statement of the “underlying purpose and need to which the agency is 

responding in proposing the alternatives including the proposed action.”  (40 C.F.R. 1502.13).  The state 

of purpose and need is important because it explains why the proposed action is being undertaken and 

what objectives in the action it is intended to achieve.  Moreover, the statement of purpose and need is 

critical in helping the lead agencies develop a reasonable range of alternatives to evaluate and aids the 

decision makers in preparing findings.   

 

 Identify all of the reasons for undertaking the project.  This is important since the purpose and 

need explains WHY the proposed action is being undertaken.  The Resources Agency referenced 

the statutory authorities driving the Salton Sea Ecosystem Restoration Program PEIR in 2007; 

those authorities should be included here as well.  This section should also include a reference 

to the State Water Resources Control Board Order WR 2017-0134 that accepted a negotiated 

stipulation and revised order WRO 2002-0013.  Finally, the source for the purpose and need 

(e.g., statute, the State Team, other?) should be identified. 

 Do not characterize the purpose of the project as merely a mechanism for project delivery, but 

instead as a project designed to protect the environment and public health.  The purpose of 

the project should be revised to better reflect why the state is undertaking the SSMP Project 

and to provide a better basis for the development of a reasonable range of alternatives.   Page 

1-5 states, in effect, that the purpose of the SSMP Project is to implement projects.  Better 

language is provided on p. 2-19: “The purpose of the proposed SSMP Project is to create 

projects that provide wildlife habitat and suppress dust” as the Sea recedes (we recommend 

strikeout language be removed).  The project description website provides an even better 

purpose:  “to revitalize the environment and protect public health” in and around the Salton 

Sea.  The project purpose and need statement shapes the range of alternatives to be 

considered.  The alternatives should be a range of different project types and considerations, 

not the mechanisms to deliver the projects. 

● Include need for monitoring as identified in Aquatic Habitat Restoration projects (p. 2-20) and 

Dust Suppression and Restoration projects (p. 2-21) sections under Purpose and Need.  A sea-

wide monitoring plan needs to be developed in advance of projects being constructed so that 

baseline and/or preexisting conditions can be measured both within a site and across the Sea to 

determine long term impacts or changes to populations that may trigger adaptive management. 

Page 2-20 states “The frequency of data collection and evaluation would be guided by the 

purpose and need for monitoring.”  Page 2-21 states “to determine the magnitude of the mass 

transport and effectiveness of control areas there is a need to measure the saltation activity and 

dust concentration upwind and downwind of the project areas.”  Both of these should be 

included under Purpose and Need as well. 

 Add need to protect public health and strengthen community resiliency.  Both the purpose and 

need should explicitly include multi-beneficial community infrastructure projects as part of the 

stated purpose, embedding these necessary project features within the core mission of the 

SSMP projects. 

https://saltonsea.ca.gov/planning/ssmp-draft-description-project/


 Define “multiple benefit projects.”  On p. 1-5, the draft provides a very limited definition of 

Multiple Benefit Projects: “the proposed SSMP Project would strive to provide multiple benefit 

projects that combine dust suppression with habitat restoration.” We recommend expanding 

this definition to include public benefits such as recreation, education, public amenities, and 

community access. P.2-3 includes the following sentence: “To the extent that public amenities 

do not conflict with the overall purpose and need of the proposed SSMP Project, they may be 

included in the design of individual projects.” This very narrow description of the project is not 

consistent with the legislative intent enumerated in Fish and Game Code section 2930, et seq. As 

Diringer et al. note, “Integrating co-benefits throughout the decision-making process provides 

an opportunity to build partnerships, leverage additional resources, and garner public support.”1 

We strongly encourage the State Team to embrace a broader purpose and need, encompassing 

multiple benefits and referencing the range of objectives identified by the Legislature. 

 

Our recommended definition for “Multiple Benefit Projects” is as follows:  Multi-benefit 

infrastructure projects are ones that integrate improved air quality, protected and enhanced 

ecosystems, and social and climate resiliency into their design and implementation. Each one 

of these factors is required at the outset for a successful project that addresses issues of the 

Salton Sea holistically, and all three carry equal weight, and thus should be integrated into the 

short and long term planning of the restoration of the Salton Sea.  

 

Range of Alternatives 

The range of alternatives is the heart of the NEPA environmental analysis. The alternatives should 

provide a clear basis for choice among options by the decision-maker and the public. As noted above, 

the project’s purpose and need statement provides the basis from which the range of alternatives is 

derived.  The draft Project Description states that “In addition, a range of alternatives will be developed 

and analyzed in the draft EA that will be informed by public comment.” (p.1-1) What criteria will the 

SSMP Team use to evaluate alternatives? Will capital and annual costs be factors? 

 

The draft SSMP project description includes a set of criteria:  Are these the criteria: “Projects considered 

under this proposed SSMP Project will need: (1) water to meet the needs of the project (if applicable); 

(2) existing or obtainable land rights for the project itself and any needed access corridors; and (3) to 

provide a public benefit consistent with the 10-Year Plan and the State of California’s ecosystem and 

habitat restoration goals as described in the Salton Sea Restoration Act, Fish and Game Code section 

2930, et seq.” (p.1-5) Are these the project criteria that will shape the range of alternatives? If so, these 

criteria should be noted within the Purpose and Need statement of the project.  

 

                                                           
1 Diringer et al., 2020, Incorporating Multiple Benefits into Water Projects: A Guide for Water Managers, Oakland, 

Calif.: Pacific Institute.  

https://pacinst.org/wp-content/uploads/2020/06/Incorporating-Multiple-Benefits-into-Water-Projects_Pacific-Institute-_June-2020.pdf


1.3 Goals and Objectives 

The purpose and needs statement must also include a description of the goals and objectives the project 

is intended to accomplish.  Again, this is important in clearly articulating the specific outcomes for the 

project, but also to guide the crafting of what would be considered a reasonable range of 

alternatives.   We were pleased to see the inclusion of goals and objectives in this draft, but we 

recommend refining the language of the three identified goals to highlight the goals themselves and 

remove the process language. We further recommend that the State Team eliminate goals for planning 

and instead develop goals based on functional projects and outcomes as identified by statute, State 

Water Board order, and by community residents and stakeholders.  Objectives should be measurable 

and time-bound to the greatest extent possible.   

 

We also recommend reorganizing goals in the following priority order and adding two new goals that 

reflect community needs and priorities: 

 

 Move Goal 2 to Goal 1 and revise as follows:  “Eliminate dust emissions from Salton Sea playa 

to reduce and prevent public health impacts to the surrounding communities.”  While we 

recognize the infeasibility of completely eliminating all such emissions, we believe this is a more 

accurate statement of the goal.  Objectives under this goal should include “expedite the 

construction of dust suppression projects atop the most emissive playa” and “site projects to 

optimize benefits for local communities.” 

 Move Goal 1 to Goal 2 and revise as follows:  “Restoration of long term stable aquatic and 

shoreline habitat for the historic levels and diversity of fish and wildlife that depend on the 

Salton Sea.”  Objectives under this goal should include “Expedite the construction of a range of 

aquatic and shoreline habitats of at least 14,800 acres to support fish and wildlife species 

dependent on the Salton Sea.” 

 Add new Goal 3: Improve the region’s resilience to climate change by implementing 

community-identified multi-benefit (or co-benefit) infrastructure projects at the Salton Sea.  

See previous section for our recommended definition of “Multiple Benefit Projects”.  Other 

objectives under this goal should include increased collaboration across sectors in order to 

leverage past, current, and future plans, programs, and opportunities for advancing restoration 

efforts at the Salton Sea.  Some of these projects should provide thermal comfort, public access, 

recreational opportunities, and urban greening components. 

 Add new Goal 4: Protect water quality.  Objectives for Goal 4 should include “Monitor and 

manage Salton Sea inflows to optimize water quality in aquatic habitats;” “ensure areas with 

public access meet or exceed existing water quality standards;” and, “protect vulnerable 

communities from exposure to the New River.”  Water quality monitoring should be specifically 

tied to each independent project activity and results of water quality testing should guide future 

progress.  Finally, project implementation should be flexible enough to accommodate changes in 

the water quality data. 

 Move Goal 3 to Goal 5 and revise as follows:  “Adaptively manage the SSMP Project using the 

best available science.”  The objectives under Goal 5 will be especially important. Adaptive 



management requires a clear set of metrics and goals, so that project managers have targets in 

mind and can use monitoring data to inform their actions and operations. We look forward to 

clear metrics and milestones for each of the SSMP projects, including dust emissivity and air 

quality metrics in communities affected by Salton Sea dust, bird species intended to benefit 

from the projects, fish and invertebrate target populations, water quality parameters, and 

related operational criteria necessary for adaptive management. 

 The objectives related to adaptive management (new Goal 5) include “Develop and implement a 

monitoring and adaptive management plan” and “Develop a decision-making framework.” We 

recommend that the following questions be addressed under this goal: 

o What is the status of the Department of Fish and Wildlife (DFW) monitoring plan?  

o Will the DFW monitoring plan be peer-reviewed?  

o Will the State Team re-engage the science committee, or convene some other science 

advisory panel to review the monitoring and adaptive management plans and the 

decision-making framework? 

 Incorporate statutory goals in Section 2930 et seq. of the Fish and Game Code into the Goals 

and Objectives.  For reference, these include: 

o (1) Protect and provide long-term conservation of fish and wildlife that are dependent on the 

Salton Sea ecosystem. 

o (2) Restore the long-term stable aquatic and shoreline habitat for fish and wildlife that depend 

on the Salton Sea. 

o (3) Mitigate air quality impacts from restoration projects using the best available technology or 

best available control measures, as determined by the South Coast Air Quality Management 

District and the Imperial County Air Pollution Control District. 

o (4) Protect water quality. 

o (5) Maintain the Salton Sea as a vital link along the Pacific Flyway. 

o (6) Preserve local tribal heritage and cultural values associated with the Salton Sea. 

o (7) Minimize noxious odors and other water and air quality problems. 

o (8) Coordinate with local, state, and federal agencies that are responsible for air quality, 

endangered species, and other environmental mitigation implementation requirements of the 

Quantification Settlement Agreement. 

o (9) Enhance economic development opportunities that will provide sustainable financial 

improvements benefiting the local environment and the economic quality of life for communities 

around the Salton Sea. 

 

2 Project Description 

 Include a summary project description under this heading, on p. 2-1.  A version of the first 

three sentences under “Purpose and Need” would provide context and a useful introduction for 

a reader looking for a general overview.  

 As a general principle, the SSMP should only implement or indicate support for projects or 

actions that have provided an opportunity for the communities surrounding the Sea to weigh in 

and provide input.  For example, many community residents have raised concerns related to 

geothermal and lithium extraction activity which are discussed in the Draft Project Description, 

but there have not been community engagement opportunities associated with these types of 



projects outside of the Salton Sea Authority meetings. We recommend that the Resources 

Agency not imply or indicate support for any type of development projects at the Sea without 

first consulting with the surrounding communities who may face additional environmental 

and public health impacts as a result of such activities.  

 

2.1 Project Location 

As already mentioned, the project description and location should describe the communities and 

populations in the vicinity.  The Salton Sea is sustained by agricultural runoff; it cannot be understood 

without making the human connection explicit. The Draft Project Description’s very limited 

acknowledgement of the people and communities in the area deprives the lake and the project as a 

whole of context, reducing the likelihood of public and legislative support that will be necessary for the 

project to succeed.  

 

 Depict non-SSMP projects, in addition to the Red Hill Bay project, in the figures and maps in 

the Draft Project Description.  Examples include the 2000+ acres of dust suppression projects 

IID has constructed to date, Audubon’s proposed Bombay Beach project, DFW’s Imperial 

Wildlife Area habitat enhancements, and the Torres Martinez wetland. The project description 

should include a map showing property ownership. It would be informative to depict the state 

recreation area and DFW-managed wildlife areas on these maps, especially given the State 

Team’s emphasis on land access and permitting. What habitat and dust suppression projects 

might be feasible on state owned lands? Can the SSMP use these lands for project mobilization? 

Will the SSMP eventually have a SSMP project headquarters, perhaps with public access, at one 

of these (or another) locations?  Given the existing projects, and planned projects, what is the 

projected amount of future habitat acreage, compared to previous conditions (as identified in 

Audubon’s report)? 

 Identify source(s) of exposed lake bed projections.  Figure 2-1 includes historic and projected 

lake elevations.  Page 2-3 states “The planning area for the proposed project is 63,008 acres 

between the 2003 and projected 2028 water surface elevation levels.”  Our understanding is 

that the 2028 and 2047 projected elevations do not reflect the additional evaporation from the 

aquatic wetland habitats and the irrigated dust suppression projects.  This section should also 

address the projected additional lakebed exposure attributable to SSMP projects themselves.  

 Evaluate the additional water demand for SSMP projects and update Draft Project Description 

maps and figures to reflect the projected lake elevations once the SSMP projects are 

constructed. 

 

2.2 SSMP Project Overview 

Compatibility with Geothermal 

 Clarify whether or not the state intends to maintain access for renewable energy development 

and coordinate with geothermal developers.  We are concerned with the Draft Project 

Description’s language relative to future geothermal development. Page 2-3 states 

“Modifications to aquatic habitat and dust suppression projects to accommodate this future 



development would be the responsibility of the geothermal developers.” This is not consistent 

with the language of the 10-Year Plan itself, which states “Phase I will incorporate two priority 

elements of the Initiative: (1) maintaining access for the development of renewable energy 

(primarily geothermal)…” (p. 8) and “The State will continue to coordinate with the geothermal 

developers, regulatory agencies, and land owners to design the SSMP projects to minimize or 

eliminate conflicts with renewable energy development” (p. 11). 

 

2.2.1 Aquatic Habitat Restoration Opportunity Areas  

Water supply and demand (and re-use) will be critical factors affecting all aquatic habitat restoration 

opportunity areas. We encourage the State Team to clarify their hydrologic assumptions and optimize 

water use for SSMP projects.  For example, p. 2-5 states, “The estimated inflow required for the North 

Lake is about 50,000 AFY,” for a stated surface area of about 4,000 acres. This raises several key 

questions that should be addressed in this section:   

 

 How is this volume calculated given that net evaporation in the region is six acre-feet per year?   

 Does the State Team assume more than another six acre-feet per acre for flow through and 

seepage? 

 How was this additional volume determined?  

 Will the project capture and re-use this significant volume – more than 50% of the total water 

demand – for downstream projects?  

 Presumably, this flow-through water could be used again and again, supporting 2,000 additional 

acres immediately downgradient and then, if water quality is still adequate, another 1,000 acres 

below that, almost doubling the total project footprint sustained by the identified water 

demand. 

 What is the total water demand for all SSMP projects? 

 Climate change is not mentioned ONCE in the document, not even in the adaptive management 

section. Please describe how you may need to manage habitats based on hotter temperatures 

and less water or other climate-related impacts, and how climate change may affect water 

supply and demand. 

 

Habitat Planning 

 The Draft Project Description does not identify a Baseline for evaluating and managing habitat 

and species’ requirements. What baseline/year are you using as a starting point in order to 

measure change? 

 Existing wetlands are not quantified, evaluated, or referenced. How will you build habitats that 

incorporate these existing wetlands instead of scraping them and rebuilding them, as will be 

done in the Species Conservation Habitat? 

 Dust suppression projects that have habitat value is not necessarily the same thing as habitat 

projects built for habitat value.  A site managed for dust suppression with water and vegetation 

may not be compatible to wildlife unless that planning is included at the onset. “Upland areas” 



that have upland vegetation added to them with furrows have limited habitat value to the 

waterbirds most reliant on the Sea. 

 The State Team needs to identify the ratio of each habitat type they describe here to determine 

if that closely follows Audubon’s calculation of habitat types, to determine the net gain or loss of 

each habitat type and/or to identify which habitat types and target species are the highest 

priority from a regional and fly-way perspective 

 Page 12 states, “The Project’s target species are those that use the Salton Sea and are 

dependent on the Salton Sea ecosystem for essential habitat requirements and the viability of a 

significant portion of their population.” How will the State Team determine this? Audubon and 

other ornithological experts are available to help define these targets. 

 Page 13: Adaptive Management– there is no monitoring plan as of yet that we are aware of, 

despite one being promised more than a year ago. A monitoring plan needs to be completed 

now so that there is an opportunity to build a dataset of baseline and pre existing conditions 

and so the State Team can measure change once habitat is built. 

 Page 17: “ The amounts, types, and locations of habitat and dust suppression projects would be 

based on the location and availability of a water supply, suitable soils, and landscape/habitat 

compatibility.” This is the point where the draft project description should reference existing 

habitats, particularly the 6,000 acres of emergent wetlands that have been quantified around 

the Sea. 

 

North Lake Demonstration Project 

While our organizations support the concept of this project, we think the goals and objectives for the 

project need to be better articulated in the Draft Project Description.  We recommend that this section 

do this and also address the following questions: 

 

 As a demonstration project, is it intended to test habitat, water quality, construction and 

operational design, water supply, and/or community access criteria?  

 How will success be defined for this demonstration project?  

 For which specific species or guilds of birds will it be designed?  

 What will be the water surface elevation?  

 How will the State Team identify and address any trade-offs between potentially desiccating 

emergent wetlands along the northern shore and implementing this project?  At last year’s 

Salton Sea Summit and at the Salton Sea Authority board meeting on September 17, Robert 

McKernan provided extensive documentation of the avian species richness and diversity found 

at the emergent wetlands sustained by agricultural drains in the immediate area. McKernan 

estimates more than 2,000 acres of emergent wetlands, supporting more than 100 species of 

birds, currently exist along the northern extent of the Salton Sea. 

 Has the State Team anticipated any environmental compliance challenges or delays associated 

with moving water from an existing wetland to a new project?  

 Will this, or future expansion of the North Lake Project, have any impacts to the region’s 

groundwater?  



 Will the water that will be used from the five agricultural drains be treated before entering the 

project area?  

 

North Lake Project 

 Explain the rationale for siting the North Lake below the current elevation of the Sea.  

According to USGS, the elevation of the Salton Sea on September 10, 2020 was -236.1’ 

(NAVD88), meaning the surface of the North Lake would lie almost a full foot below the current 

elevation of the Salton Sea. It seems preferable to site the North Lake at -226’ or -228’, covering 

additional playa and providing a water source for additional, lower elevation projects.   

 Resolve this discrepancy related to projected Sea elevations in this section.  The table below 

shows the SALSA2 projected “No Action” Salton Sea surface elevations on January 1 of each year 

listed, using the NAVD 1988 datum. Fig. 2-1 (excerpted below) shows the North Lake berms at 

roughly the -240’ contour, not the -245 or -250 foot elevation contours stated in the text. 

 

Jan. 1, Year Salton Sea Elev. (NAVD88) 

2003 -226.5 

2020 -235.6 

2023 -238.9 

2028 -243.4 

2046 -247.8 

 

Northern Salton Sea, excerpted from Fig. 2-1. 

 

In addition, we recommend this section address the following questions: 

 Will the design or objectives of the North Lake Project focus on providing a greater proportion of 

deeper water habitat than the New and Alamo River projects will provide?  

 Will goals include public health and community access criteria?  

 How will community amenities that are accessible to residents of the surrounding area be 

incorporated into all phases of this project? 



 Page 2-5 states, “Ponds would be created by constructing berms 10 to 15 feet high along the -

245 to -250 feet elevation contours, with the water surface in the ponds planned at -237 feet 

below sea level.” Will these berms be constructed in the wet, or does the State Team propose 

delaying construction until this lakebed is all exposed? 

 

New River Expansion Project and Alamo River Project 

We recommend this section address the following questions: 

 What is the estimated water demand for each of these projects?  

 Should we assume an annual water demand of more than 12 acre-feet per acre, similar to the 

demand estimate for the North Lake?  

 What lessons did the State Team learn from the saltwater pumping operation supplying some of 

the water to the USGS/Reclamation pilot pond project?  

 What were the maintenance requirements for that earlier effort?  

 

2.2.2 Dust Suppression and Restoration Project Opportunity Areas 

IID’s consultant estimates that about 20% of exposed playa contributes almost 80% of total dust 

emissions. This information is implicit in Figure 2-2 but should be highlighted. The proposed dust 

suppression projects listed in Table 2-1 should be included on Figure 2-2, or on a new map, overlaid atop 

the dust emissivity gradient highlighted in Figure 2-2, to improve the reader’s understanding of siting 

decisions and the relative timing of Phase A and Phase B projects. 

 

The Phase A/Phase B naming convention is confusing. Figures 2-1 and 2-2 indicate that Phase A and 

Phase B projects differ in timing and location and are distinct projects. Yet p.2-8 notes, “All Phase A 

areas plus additional areas are to be transitioned to projects that provide dust suppression and habitat 

restoration benefits by creating wetted ponds and establishing vegetation, and are collectively termed 

Phase B” (emphasis added).  It might be clearer to refer to the timing of projects as Phase 1 and Phase 2, 

and the methods used as Method A & B.  

 

 Add additional background to this section to improve understanding of existing dust 

suppression efforts at the Salton Sea and the regulatory context in which they occur.  This 

could include a description of Imperial County Air Pollution Control District’s existing regulations 

and requirements, including its definitions of Best Available Control Measures (BACM) and 

alternative BACM, as well as those of the South Coast Air Quality Management District.  The 

state’s mitigation requirements under the QSA and how the SSMP Project might help satisfy 

these obligations would also be useful. The DSAP notes that “Sites close to residential 

populations were identified to benefit communities from reduced emissions from exposed 

lakebed.” Similar language should be included in the draft project description. 

 Describe the Imperial Irrigation District’s (IID) Air Quality Mitigation Program, and reference      

relevant soil and air quality data collected by IID to best inform project development.  The 

absence of any discussion of IID’s 2000+ acres of dust suppression projects to date markedly 

detracts from this draft project description and the reader’s understanding of the efficacy of the 

http://pubs.er.usgs.gov/publication/ofr20091276
https://www.saltonseaprogram.com/aqm/


proposed dust suppression methods. The location of IID’s dust suppression projects should be 

marked on project description maps. The draft project description should describe the methods 

used and the amount of dust controlled by IID’s projects. The draft project description should 

describe the air quality mitigation requirements required under the State Water Resource 

Control Board’s Order WRO 2002-0013 (revised). The draft project description should describe 

whether the SSMP dust suppression projects will complement or supplant planned IID efforts. If 

IID were planning to construct some of the IID projects as part of its QSA JPA efforts, is the SSMP 

not adding any net additional acreage? 

 Acknowledge and quantify the extent of wetlands that have emerged atop Salton Sea playa 

and the beneficial impact these new wetlands have had on both air quality and habitat 

availability.  We are encouraged to hear from State Team staff that, as you work on each 

project area, you will survey the site to determine the amount of vegetation and 

marshy/shallow habitat located within a planning area to determine the acres available for 

roughening and will not site Phase A projects atop existing habitat. We strongly recommend 

adding this necessary information about protecting existing wetlands to the project description, 

schedules and timelines, and to the DSAP. Please also include the locations of these emergent 

wetlands in Figures 2-1 and 2-2. 

 Clarify how (and whether) DSAP projects will be incorporated into the SSMP.  The following 

sentence on p. 2-8 is not clear: “the State cannot be sure how many acres will be completed for 

the DSAP and how many will be completed under the proposed SSMP Project.” 

 Identify water source(s) for Phase B projects.  On p. 2-8, it says “Some of the dust suppression 

projects are water dependent and may be constructed where there are available water sources” 

and “Phase B projects would be considered dust suppression and restoration projects because 

they would create wetlands and vegetated uplands that would provide habitat for birds and 

other species.” That is, Phase B projects would be water dependent. Proposed Fig. 2-2 depicts 

Phase B projects near Salton City. 

 

2.2.2.2 Future Dust Suppression 

 

 Clarify how SSMP will address additional playa exposed between 2023 and 2028.  Table 1 of 

the 10-Year Plan estimates that 19,200 additional acres of playa will be exposed during this time 

period.  The Draft Project Description should calculate the additional lakebed exposure that will 

occur as a result of the additional net water consumption from SSMP Projects themselves and 

how the State Team will manage this additional playa. 

 Identify location of IID’s 2,000 acres of dust suppression in figures and maps in the Draft 

Project Description.  The Draft Project Description notes that, “The proposed layout of the 

future dust suppression areas has two important features.  First, it connects multiple adjacent 

projects ….” (p. 2-12). IID has completed more than 2,000 acres of dust suppression projects in 

the area, many near or adjacent to Phase A and Phase B projects. 

 Describe what criteria will be used to determine if dust suppression projects will not be 

implemented.  Page 2-11 states “It is anticipated that during the planning process some areas 

https://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2002/wro2002-13revised.pdf


may be determined not suitable for implementation and that not all 7,900 acres would be 

implemented." This section should describe the criteria the State Team will use to determine 

suitability. If emissive playa is determined to be “unsuitable” for projects, the State Team should 

identify which agency will be liable and what strategy will be used in its place. 

 

2.2.2.3 Dust Suppression Techniques 

 

 Describe how the State Team will address ongoing concerns with surface roughening.  This 

section identifies “Temporary Surface Roughening” as a top dust control measure. According to 

agencies from the Imperial Valley, surface roughening is not an adequate solution, even if 

temporary, for dust suppression. Despite these claims, Resources Agency continues to include 

these strategies in its plans. 

 Assess the greening opportunities that can be implemented as dust suppression measures.  

This section also explores supplemental strategies to surface roughening like the establishment 

of vegetation. Urban greening around the Salton Sea and nearby adjacent communities has 

been identified as a top priority for community residents, particularly in the community of North 

Shore.  If implemented, greening can provide additional co-benefits to the environment and 

public health. 

 Include Audubon’s Bombay Beach emergent wetland project description under this section, 

including acreage and species benefitted. 

 Use of artificial suppressants and soil binders is disconcerting – more information is needed on 

the environmental and public health and water quality impacts of applying chemicals to the 

lakebed and how that may contribute to habitat loss.  In addition, because birds such as Snowy 

Plovers nest on primarily dry lake bed around the Salton Sea, there could be impacts to this 

species and/or other ground nesting birds.  The state should identify if other saline lakes or 

similar environments have used these techniques and describe why is it being considered 

here.  Gravel, used at Owens Lake, is extremely expensive, especially if there is no local source, 

and contributes substantially to emissions because of the number and frequency of trucks used. 

 

2.2.3 Pilot Project 

 

 Describe how the SSMP distinguishes between a “pilot project” and a demonstration project. 

 Identify Desert Shores Channel Restoration Project acreage and how it will sustain vegetation. 

The description on p. 2-17 notes that the proposed project would refill existing boat channels 

with water pumped from the Salton Sea, providing clear air quality, public health, and public 

benefits. It is not clear, however, how this salty water would sustain revegetation.  

 

Errata 

We identified the following syntactical or grammatical errors in the Draft Project Description and 

recommend that they be corrected: 

 



 Page 1-2 – The sentence “IID was required to provide conserved water to the Sea to mitigate the 

effects of the transfer on salinity until 2017 at which point mitigation ceased” could be 

misinterpreted to mean that all mitigation, rather than just the delivery of mitigation water, 

ceased at the end of 2017. 

 Page 1-3 and 1-6 – Please delete the misleading modifiers in “Fugitive dust emissions from the 

exposed lakebed will likely reduce the air quality conditions” and “potential for reduced air 

quality due to fugitive dust” (emphasis added). By definition, fugitive dust emissions degrade air 

quality (see for example Imperial County Air Pollution Control District’s Regulation VIII – Fugitive 

Dust Rules. 

 Figure 1-1 – Please label the larger cities and towns in the Imperial Valley. 

 Figure 2-1 – It is odd to label future lake levels as “inundation lines.” Please relabel these as 

“Projected Shoreline” and note the source of the projections. 

 Figures 2-1 and 2-2 are low resolution in the pdf, making it difficult to discern the hatching and 

other marks used to identify project features. Please include high resolution versions of these 

images on the SSMP website. 

 Page 2-8 – Change “shown in green” to “shown in red” in “Dust suppression and restoration 

opportunity areas would target the most emissive exposed lakebed areas …. (shown in green on 

Figure 2-1)” (emphasis added). 

 Figure 2-2 – Please label the units for the annual PM10 emissions estimate referenced in the 

legend (Metric tons/km2?). 

 Table 2-1 – Phase A project acreages in this table appear to be from the draft DSAP rather than 

the version dated July 31, 2020. 

 

We appreciate the opportunity to provide these comments on the Draft Project Description and would 

be happy to discuss further should you have any questions.  Please contact ___ for any follow-up. 

 

Sincerely, 

 

Rebecca Zaragoza 

Leadership Counsel for Justice 

and Accountability 

 

Michael Cohen 

Pacific Institute 

Patricia Leal-Gutierrez 

Alianza Coachella Valley 

Pablo Garza 

Environmental Defense Fund 

 

Chris Clarke 

National Parks Conservation 

Association 

 

Brandon Dawson 

Sierra Club 

Pamela Flick 
Defenders of Wildlife 
 

Frank Ruiz 
Audubon California 

Ryan Sinclair Ph.D, MPH 
Loma Linda University 

Andrew Fahlund 
Water Foundation 
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Hello
Please accept the attachment as an official comment of GEOGRAPHOS, Burbank, California. 
The third article, pages 20-33, represents our current outlook for a Salton Sea resurrection.
(My CV, attached also, details the published work of GEOGRAPHOS.)

Sincerely,
Richard B. Cathcart
GEOGRAPHOS

Burbank, CA 91506-2225
USA
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Richard B. Cathcart
GEOGRAPHOS


1300 West Olive Avenue
Suite M


Burbank, California 91506-2225
USA


(818) 953-9113
E-mail: rbcathcart@gmail.com


(1943)
Experience


Founded during 1969, GEOGRAPHOS is a geo-science/engineering consultancy located 
in Burbank, California, USA.   I participated directly in the late Mr. Howard Jarvis’ 
Proposition 13 tax-revolt during 1978.


Education


Earned AA degree by 1964 from the City College of San Francisco, transferred to San 
Francisco State College where I earned a BA degree (majoring in Geography) by 1966 
and a Master of Arts degree (Geography) by 1969. Followed, in 1972, with an earned 
California Community College Instructor Credential, #23930.


Organization Appointment


Member of the Candida Oancea Institute in Bucharest, Romania since 1997.


Membership


TASME, The American Society of Macro Engineering.  (GOTO: http://www.tasme.org )


Honors


An foreign Editor of the online science periodical based in Brazil, CALIBRE-Revista 
Brasiliense de Engenharia e Fisica Aplicada.


 On-line Reports


The UK astronomer Dr. David Darling consolidated in one section all of my Macro-
engineering essays previously posted within his “Astrobiology Central” website.  GOTO:
www.daviddarling.info/Cathcart.html .



http://www.daviddarling.info/Cathcart.html

http://www.tasme.org/
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Five Macro-engineering essays are posted at the website representing the World 
Development Federation’s “First Virtual Global Super Projects Conference”.  GOTO: 
www.wdf.org .


On-line Books


Ecological Echo-Chamber: SciFi Macro-Imagineering, 233 page textbook freely 
downloadable since January 2017 via simple Google title search, or ResearchGate and 
LinkedIn websites.


Macro-engineers’ Dreams, a nine-chapter, 176 page textbook freely downloadable since 
November 2006 as a pdf from http://textbookrevolution.org/ingineering/macro-engineers-
dreams .


Print Books


Richard B. Cathcart, MACRO-IMAGINEERING OUR DOSMOZOICUM (Lambert 
Academic Publishing, 2018). 154 pages. paperback.


Richard B. Cathcart, ATLANTROPA AND BEYOND: Magical Macro-Imagineering 
Mega-Projects, (Infinity Publishing, 2017), 190 pages. paperback.


Richard B. Cathcart, Sci-Fi Macro-Imagineering. (Infinity Publishing, 2017). 159 pages. 
paperback.


Richard B. Cathcart, World Macro-Imagineering: Masterpiece Mega Projects (Infinity 
Publishing, September 2016) 167 pages, paperback.


Richard B. Cathcart, World Macro-Imagineering: Aquatectures of Earth & Mars (Infinity
Publishing, February 2016) 238 pages, paperback.


Richard B. Cathcart, World Macro-Imagineering: Aquatecture Mega-Projects (Infinity 
Publishing, March 2015). 197 pages, paperback.


Richard B. Cathcart, Medicative Macro-Imagineering (CreateSpace, April 2014) 322 
pages, paperback.


Viorel Badescu and Richard B. Cathcart, Macro-engineering Seawater in Unique 
Environments: Arid Lowlands and Water Bodies Rehabilitation (Springer, 2010) 880 
pages.


Alexander Bolonkin and Richard Brook Cathcart, Macro-Projects: Environment and 
Technology (NOVA Publishing, 2009) 515 pages.



http://textbookrevolution.org/ingineering/macro-engineers-dreams

http://textbookrevolution.org/ingineering/macro-engineers-dreams

http://www.wdf.org/





Viorel Badescu, R.D. Schuiling and R.B. Cathcart, Macro-Engineering: A Challenge for 
the Future (Springer, 2006) 336 pages.


R.B.C. CHAPTERS in the Stanley D. Brunn-edited book ENGINEERING THE EARTH:
THE IMPACTS OF MEGAENGINEERING PROJECTS (Springer, 2010) 1878 pages.


Chapter 81, “Sea Art: The Mediterranean Sea Terrace Proposal”.
Chapter 87, “Freshwater Supplies Necklace Super-Project: Floating Bags and Rolling 
Freshwater Tires Facilitating Future India-China-Bangladesh Life Necessities Trade”
Chapter 88, “The Aral Sea Refilling Macroproject”
Chapter 89, “Geo-engineering South Australia: the case of Lake Eyre”.


R.B.C. CHAPTERS IN OTHER PUBLISHED BOOKS


“Gibraltar Strait Barrier: Macro-Engineering to Regulate Future Sea-Level Rise”, 
Chapter 4, pages 187-216, in Victoria M. Petrova (Ed.) ADVANCES IN 
ENGINEERING RESEARCH, Volume 26. (Nova Science Publishing, NY, 2019).


“Shaped Metal Earth-Delivery Systems”, Chapter 22, pages 507-537, in Viorel Badescu 
(Ed.), ASTEROIDS: PROSPECTIVE ENERGY AND MATERIAL RESOURCES 
(Springer, 2013).


“Macro-Imagineering a ‘Fifth Coast’ USA: Salton Sea Megaport and Seawater Canal”, 
Chapter 4 in Mathew R. White (Ed.), SEAWATER: GEOCHEMISTRY, 
COMPOSITION AND ENVIRONMENTAL IMPACTS (Nova Publishing, NY, 2013).


Part IV, “Reducing the Risk Associated to Desalinization Brine Disposal on the Coastal 
Areas of the Red Sea”, in Charles W. Finkl (Ed.), COASTAL HAZARDS (Springer, 
2013).


Chapter 1, “Tsunamis and Poisonous Gases Generated by Asteroid Impact in the Black 
Sea”, pp. 1028, in Neil Veitch and Gordon Jaffray (Eds.), TSUNAMIS: CAUSES, 
CHARACTERISITICS, WARNINGS AND PROTECTION (Nova Publishers, 2010).
Chapter 21, “Liquid Freshwater Delivery from Amery Ice Shelf to Western Australia”, 
pp. 479, in Benjamin Veress and Jozsi Szigethy (Eds.), HORIZONS IN EARTH 
SCIENCE RESEARCH, VOLUME 1 (Nova Publishers, 2010).


Blog


Over a dozen assorted short blogs are posted at http://www.geographos.blogspot.com/ .


Physics Website: arXiv.org postings


Maintained by Cornell University, the arxiv.org website contains more than ten postings 
authored, wholly or in part, by RBC.  Each posting is freely downloadable as a pdf.



http://www.geographos.blogspot.com/





Journal Print Publications


“MACRO-IMAGINEERING: Carpet Tidal Power-Plant Around the Peninsula Valdes in 
NE Chubut Province, Argentina” Revista Barsiliense de Engenharia e Fisica Aplicada 5: 
1-12 (May 2020).


“HYPO-LOOP CONTAINER FREIGHT TRANSPORT: PART I: Macro-Imagineering 
New World Macro-Projects” RBEFA 5: 13-20 (May 2020).


“HYPO-LOOP CONTAINER FREIGHT TRANSPORT: PART II: Macro-Imagineering 
New World Macro-Projects” RBEFA 5: 21-28 (May 2020).


“Guanabara Bay Special Edition: Including unpublished PARTS III and IV” REVISTA 
BRASILIENSE DE ENGENHARIA E FISICA APLICADA 5 (February 2020).


“Proposals for a Territory of Exclusion Born from Paradise—Part II, For a Macro-
Engineering Covenant” CALIBRE—REVISTA BRASILIENSE DE ENGENHARIA E 
FISICA APLICADA 4: 1927 (December 2019).


“In silico macro-imagineering of Salton Sea alternative futures under climate uncertainty 
and water transfer considerations” ENVIRONMENT SYSTEMS AND DECISIONS 39: 
409-418 (December 2019).


“Guanabara Bay: Proposals for a Territory of Exclusion Born from Paradise—Part I, The 
Present-Day Mess” CALIBRE—REVISTA BRASILIENSE DE ENGENHARIA E 
FISICA APLICADA 4: 1-11 (April 2019).


“21st Century Macro-Imagineering: Lake Titicaca Hydropower Megaproject” CALIBRE 
REVISTA BRASILIENSE DE ENGENHARIA E FISICA APLICADA 4: 12-18 (April 
2019).


“Galvanic Tripartite Amazon River Basin Macro-Imagineering” REVISTA 
BRASILIENSE DE ENGENHARIA E FISICA APLICADA 3: 1-8 (20 October 2018).


“Macro-engineering Australia’s Lake Eyre with imported seawater”, INTERNATIONAL
JOURNAL OF ENVIRONMENT AND SUSTAINABLE DEVELOPMENT 12: 264-284
(2013).


“Desalination Brine Disposal by Submerged Pipes in the Red Sea”, JOURNAL OF 
COASTAL RESEARCH 29: 81-92 (2013).


“A Review of Potential Tsunami Impacts to the Suez Canal”, JOURNAL OF COASTAL 
RESEARCH 28:745-759 (2012).


“Macro-project on Electricity and Freshwater Supply for Djibouti, Lac Assal Area” 
PROCEEDINGS OF THE 8TH INTERNATIONAL CONFERENCE ON STRUCTURAL







DYNAMICS, EURODYN 2011, LEUVEN, BELGIUM, 4-6 JULY 2011, G. De Roeck, 
G. Degrande, G. Lombaert, G. Muller (Eds.): ISBN 978-90-760-1931-4. 


“Antarctica-to-Western Australia Liquid Freshwater Shipments Using Stauber Bags in a 
Paternoster-Like Transfer System: Inaugurating a Southern Ocean Antidrought Action 
Sealane”, JOURNAL OF COASTAL RESEARCH 27:1005-1018 (2011). 


“The ‘Morning Glory’ Project: A Papua New Guinea-Queensland Australia Undersea 
Freshwater Pipeline”, JOURNAL OF COASTAL RESEARCH 27: 607-618 (2011)


“Anthropic Rock: a brief history”, HISTORY OF GEO- AND SPACE SCIENCES 2: 57-
74 (2011).


“Aral Sea partial restoration. I. A Caspian water importation macroproject”, 
INTERNATIONAL JOURNAL OF ENVIRONMENT AND WASTE MANAGEMENT 
7: 161-182 (2011).


“Aral Sea partial restoration. II. Simulation of time-dependent processes”, 
INTERNATIONAL JOURNAL OF ENVIRONMENT AND WASTE MANAGEMENT 
7: 183-193 (2011).


“Electricity and freshwater macro-project in the arid African landscape of Djibouti”, 
ARGEO-C3 Third East African Rift Geothermal Conference, Djibouti, 22-25 November 
2010: pages 525-436.


“Transatlantic Freshwater Aqueduct”, WATER RESOURCES MANAGEMENT 24: 
1645-1675 (2010).


“Sand Dune Fixation: A Solar-Powered Sahara Seawater Pipeline Macroproject”, LAND
DEGRADATION & DEVELOPMENT 19: 676-691 (2008).


“Kra Canal (Thailand) excavation by nuclear-powered dredges”, INTERNATIONAL 
JOURNAL OF GLOBAL ENVIRONMENTAL ISSUES 8: 248-255 (2008).


“Antarctica: a southern hemisphere wind power station?”, INTERNATIONAL 
JOURNAL OF GLOBAL ENVIRONMENTAL ISSUES 8:  262-273 (2008).


“Aims, obstacles and potential stakeholders of macro-engineering projects”, IJGENVI 8: 
207-223 (2008).


“Power from closing the Red Sea: economic and ecological costs and benefits following 
the isolation of the Red Sea”, INTERNATIONAL JOURNAL OF GLOBAL 
ENVIRONMENTAL ISSUES 7: 341-361 (2007).







“Asteroid impact in the Black Sea: a black scenario”, pp. 1-8 in S.J. Rzoska and V.A. 
Mazur (Eds.), SOFT MATTER UNDER EXOGENIC IMPACTS (Springer 2007).


“Tapping earth’s upper-mantle methane gas resource at a nuclear drilling initiative area, 
Palk Bay, India/Sri Lanka”, CURRENT SCIENCE 92: 729-732 (25 March 2007).


“Sethusamudram ship channel macroproject: Anti-tsunami and storm surge textile 
arrestors protecting Palk Bay (India and Sri Lanka)”, CURRENT SCIENCE 91: 1474-
1476 (10 December 2006).


“Asteroid Impact in the Black Sea: Death by Drowning or Asphyxiation?”, NATURAL 
HAZARDS 40: 327-338 (2007).


“Inflatable ‘Evergreen’ dome settlements for Earth’s Polar Regions”, CLEAN 
TECHNOLOGIES AND ENVIRONMENT POLICY, 9, 125-132 (May 2007).


“A Cable Space Transportation System at the Earth’s Poles to Support Exploitation of the
Moon”, JOURNAL OF THE BRITISH INTERPLANETARY SOCIETY 59: 375-380.


“Use of class A and class C stellar engines to control sun movement in the galaxy”, 
ACTA ASTRONAUTICA 58: 119-126 (2006).


“Environmental thermodynamic limitations on global human population”, 
INTERNATIONAL JOURNAL OF GLOBAL ENERGY 25: 129-140.


“The Hormuz Strait Dam Macroproject—21st Century Electricity Development 
Infrastructure Node (EDIN)?”, MARINE GEOSCIENCES AND GEOTECHNOLOGY 
23: 25-37.


“Nautical Jugs or Not?”, CURRENT SCIENCE 88: 1211-1212 (25 April 2005).


“Palk Bay: A future industrial complex site?”, CURRENT SCIENCE 87: 849-850 (10 
October 2004).


“Architectural Ecology: A Tentative Sahara Restoration”, INTERNATIONAL 
JOURNAL OF ENVIRONMENTAL STUDIES 61: 145-160 (April 2004).


“Geo-engineering Gone Awry: A New Partial Solution of Fermi’s Paradox”, JOURNAL 
OF THE BRITISH INTERPLANETARY SOCIETY 57: 209-215 (2004).


“Palk Strait power station: A future fixed link on Adam’s Bridge?”, CURRENT 
SCIENCE 85: 430-431 (25 August 2003).


“Unnatural Envelopment: Fieldwork on the Active Tectonics of J.G. Ballard’s ‘Build-Up’
(1957)”, JOURNAL OF GEOSCIENCE EDUCATION 50: 176-181 (March 2002).







“Stellar Engines for Kardashev’s Type II Civilization”, JOURNAL OF THE BRITISH 
INTERPLANETARY SOCIETY 53: 297-306 (September-October 2003).


“Tibetan power: A unique hydro-electric Macroproject servicing India and China”, 
CURRENT SCIENCE 77: 854-855 (10 October 1999).


“Land Art as global warming or cooling antidote”, SPECULATIONS IN SCIENCE AND
TECHNOLOGY 21: 65-72 (1998).


“Taming Mars with a Tent and a Tunnel: Creation of a Biosphere-City”, 
SPECULATIONS IN SCIENCE AND TECHNOLOGY 21: 117-131 (June 1998).


“Greenhouse atmospherics: Mega-deaths or Macro-engineering?”, SPECULATIONS IN 
SCIENCE AND TECHNOLOGY 20: 17-20 (1997).


“Seeing is Believing: Planetographic Data Display on a Spherical TV”, JOURNAL OF 
THE BRITISH INTERPLANETARY SOCIETY 50: 103-104 (1997).


“Gauthier’s ‘Linear City’”, ENVIRONMENTAL CONSERVATION 23: 286 (1996).


“Mitigative Anthropogeomorphology: a revived ‘plan’ for the Mediterranean Sea Basin 
and the Sahara”, TERRA NOVA: THE EUROPEAN JOURNAL OF GEOSCIENCES 7: 
636-640 (1995).


“Macro-engineering and terraforming: building modernized and additional functional 
regions”, SPECULATIONS IN SCIENCE AND TECHNOLOGY 14: 34-40 (1991).


“Is the Trans-Channel Icebridge a viable alternative to the Channel Tunnel?”, 
SPECULATIONS IN SCIENCE AND TECHNOLOGY 10: 63-65 (1987).


“Improving the status of Rodoman’s electronic geography proposal”, SPECULATIONS 
IN SCIENCE AND TECHNOLOGY 9: 37-39 (1986).


“What if We Lowered the Mediterranean Sea?”, SPECULATIONS IN SCIENCE AND 
TECHNOLOGY 8: 7-15 (1985).


“Macro-engineering Transformation of the Mediterranean Sea and Africa”, WORLD 
FUTURES 19: 111-121 (1983).


“A Megastructural End to Geologic Time”, JOURNAL OF THE BRITISH 
INTERPLANETARY SOCIETY 36: 291-297 (1983).


“Radioactive Waste Element Liquefying Device for Geologic Fault Fusion”, 
SPECULATIONS IN SCIENCE AND TECHNOLOGY 4: 103-104 (1981).







“How a Global Warming Could Change Geographical Future”, THE FUTURIST 14: 28 
(October 1980).


Journal Special Macro-engineering Issue Guest Editorship


Volume 8, Issue 3, 2008 of Inderscience Publishers’ journal INTERNATIONAL 
JOURNAL OF GLOBAL ENVIROMENTAL ISSUES (IJGENVI).


Essay Bibliographies


Vance Bibliographies published fourteen essay-bibliographies during the period 1979-
1980.  The availability of these essays from a commercial source is unknown.  However, 
they can be copied or gotten via Inter-library Loan from the USA’s Library of Congress.


Mentioned and/or Quoted


Peloggia, A.U.G. (2018) The Rock Cycle of the Anthropocene: Inserting Human Agency 
into the Earth System. Revista do Instituto Geologico, Sao Paulo [Brazil] 39: 1-13.


Valenti Rull (2017) “The ‘Anthropocene’ uncovered”, Collectanea Botanica 36: E008.


Andrew S. Goudie and Heather A. Viles, Geomorphology in the Anthropocene (2016), 
page 178.


Ezekiel Nygren, Hypothetical Spacecraft and Interstellar Travel (2015) pages 34-35.


Fabio Femino, Macrocitta del future, pages 110-141, URANIA 148 (2015) and 
Macroingegneria planetaria, pages 179-205, URANIA (2016). [Both are in Italian.]


Martine Beech, Alpha Centauri: Unveiling the Secrets of Our Nearest Stellar Neighbor 
(2015) pages208-209, 231.


Michael Marshall, “World Changing”, NEW SCIENTIST, 225: 34-37 (3 January 2015).


Ulrich Blode, “Gibraltardamm und Mittelmeersenkung, BLUESCREEN 43-44: 86-97 
(2010).


Philip Robert Harris, Space Enterprise: Living and Working Offworld in the 21  st   Century 
(2009), pages 320, 353, 383, 404.


Nick Bostrom and Milan M. Cirkovic (Eds.) Global Catastrophic Risks (2008), page 133.


Martin Beech, Rejuvenating the Sun and Avoiding Other Global Catastrophes (2008), 
pages 162, 177-178.







M.A.G. Michaud’s Contact with Alien Civilizations: Our Hopes and Fears about 
Encountering Extraterrestrials (2007), page 418.


W.R. Cotton and R.A. Pielke Sr., Human Impact on Weather and Climate (2006 Revised 
Edition), page 147.


A.A. Harrison, Spacefaring: The Human Dimension (2001), pages 243 & 308. 


U. Kitzinger and E.G. Frankel, Macro-engineering and the Earth: World Projects for Year
2000 and Beyond (1998), page 81.


W. Voigt, Atlantropa: Weltbauen amn Mittelmeer. Ein Architecktentraum der Moderne 
(1998), pages 121, 123 & 139.


M.J. Fogg, Terraforming: Engineering Planetary Environments (1995) page 9.


A.S. Goudie, The Human Impact on the Natural Environment (1986 & 2006 revision), 
page 140.


J.E. Oberg, New Earths: Restructuring Earth and Other Planets (1981), page 94.
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Abstract: Two tractable New World west-coast Mediterranean climate zones, burdened with increasing urbanized 
populations, must each be transformed by humans because of inherent North-South variances of natural precipitation. In 
other words, each politically-defined landscapes must technically devise its own anthropogenic dimension for future 
prosperity induced by the prospect of a plentiful freshwater supply. Both the nation of Chile, as well as the State of 
California (USA), have investigated the hypothetical use of gigantic offshore buoyant freshwater pipelines to serve their 
coastal and inland population’s needs. This report is meant to inspire and engage the next generation of 
Macro-Imagineering experts. 
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Resumo: Duas zonas de clima Mediterrâneo na costa oeste do Novo Mundo, sobrecarregadas com o aumento das 
populações urbanizadas, devem ser transformadas por seres humanos devido às variações inerentes de precipitação 
natural entre o Norte e o Sul. Em outras palavras, cada cenário politicamente definido deve tecnicamente conceber sua 
própria dimensão antropogênica para a prosperidade futura, induzida pela perspectiva de um suprimento abundante de 
água doce. Tanto o Chile como o Estado da Califórnia (EUA) investigaram o uso hipotético de dutos de água doce 
flutuantes (offshore) gigantescos para atender às necessidades de suas populações costeiras e interiores. Este relatório 
tem como objetivo inspirar e engajar a próxima geração de especialistas em Macro-Imagineering. 
 
Palavras-chave: Aqueduto submarino, transporte de água doce, Chile, Estado da Califórnia, semelhanças geográficas.  
 


1. Introduction 


   Earth’s principal watershed separates the drainage 
regions of the Atlantic, Pacific and Indian oceans; in 
the New World the watershed follows the Cordilleran 
Belt, which includes the Southern Hemisphere’s Andes 
Mountains, as mapped by the indefatigable Russian 
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geographer A.A. Tillo (1839-1899) by 1887 AD. 
Numerical model experiments show that both coastal 
Chile, extending latitudinally 4,200 km between 
latitudes 170 30’ South and 560 00’ South, and the 
USA’s State of California located in the Northern 
Hemisphere would become more arid climatically if 
our Earth actually spun in a retrograde rotation [1]; in 
other words, even with an Earth spinning backwards, 
their thirst-beset, needful populaces would still have to 
technically overcome significant urban and agricultural 
freshwater supply macro-problems for all human 
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inhabitants! Ultimately, the definition of “fresh-water” 
is a function of the actual end-use of water — human 
consumption, river release and industrial 
applications/municipal uses [2-3]. Homo sapiens’ 
working real-world collaboration with our 
Earth-biosphere’s total water mass means that, from 
our multiple regionalized human outlooks, major parts 
of our world’s natural hydrologic cycle is rapidly 
becoming properly named the “hydro-social cycle” [4]. 
Well before the World Wide Web’s advent, 
agriculture, mining and cities are humankind’s 
longest-running examples of “open-source” 
megaprojects.  
 
    The northernmost part of Chile is likely our 
planet’s driest region while the southernmost part of 
Chile is probably the wettest extra-Tropical Zone 
region of our Earth-biosphere. Chile’s physiography 
stimulates the divergence of expert opinions about the 
comprehensive management of its natural freshwater 
resources — ~928 km3, 7.9% of all South America 
runoff [5]. The UNO, as well as other concerned 
organizations, hold the threshold value internationally 
considered minimum for sustainable development is 
~2,000 m3/person/year; from Chile’s capital,  
Santiago, to the far-north desert, the average freshwater 
availability is only ~800 m3/person/year whilst, by 
marked hydro-social contrast, from Santiago to the 
far-south freshwater availability exceeds 10,000 
m3person/year! The rain-shadow effect of the Andes 
Mountains maintains the hyper-arid conditions of the 
Atacama Desert in northern Chile and the South Pacific 
Ocean’s cold northward flowing Humboldt Current 
paralleling Chile’s shoreline further contributes to the 
south-north latitudinal desiccation landscape 
geography. A Mediterranean-type climate occupies a 
narrow ocean-adjacent landscape zone from 300-360 
South latitude. However, all 21st Century climate 
regimes are changing and this evident and appreciable 
alteration has come just as freshwater availability is 
increasingly vital to intensifying industrialization and 


mining of Chile’s northernmost landscape. The 
aquifers (groundwater) of Chile’s northern and central 
landscapes suffer overexploitation as well as natural 
and anthropogenic pollution! Freshwater pollution in 
northern Chile is mainly the naturally mineral-rich 
soils formed by ancient and modern-day erosion of 
rock formations bearing contaminants such as copper, 
molybdenum, boron, aluminum and arsenic whereas in 
Chile’s central Mediterranean climate zone most of the 
apprehensive freshwater pollution seems to originate 
from cities and modern agriculture’s use of artificial 
chemicals. In the past, anthropogenic freshwater 
supply management systems were typically designed 
and operated under the assumption of stationarity; this 
normal operational assumption is nowadays invalid 
under increasingly sophisticated and perfected global 
and regional climate change modelling scenarios [6-7]. 
Coordinated management of the total natural flowing 
freshwater resources of Chile’s northern, central and 
southern regions, perhaps to most embellish its coastal 
Mediterranean climate zone where most of the nation’s 
human population dwells and works, is of paramount 
national importance to forestall or prevent freshwater 
insecurity (stimulated by meteorological droughts, 
desperate user competition, over-allocation of 
available freshwater and freshwater supply 
infrastructure damaged or destroyed by commonly 
world-renowned earthquakes accompanied sometimes 
by major tsunamis) [8]. 
 
 


2. Submarine Pipeline, Chile 


   Long-distance freshwater transport by can be 
accomplished by the emplacement of a system of pipes 
forming a continuous pipeline carrying that chemically 
stable substance, so vital to human prosperity and 
comfort, to wherever it has been deemed to be needed. 
Team Geographos visualizes submarine pipelines as 
reserve supply tanks, a kind of elongated storage 
“bottle” which ought to be complemented by carefully 
built back-ups on land since freshwater dependency is 
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not desirable. Chiles’ Minister of Public Works first 
sent a letter of interest to Via-Marina, focused on its 
Subma-River (submarine river) concept, during June 
2009; Via-Marina’s freshwater-carrying flexible 
undersea pipeline — dubbed Subma-Flex — is secured 
by the European Patent Office publication EP 
2,788,643 B1 as a proprietary protected technology. 
Via-Marina emphasizes the pipeline’s structural 
flexibility because the well-known natural occurrence 
of major seismic events in Chile arouses skepticism 
amongst a few potential design and construction 
partners and ordinary financial investors. The quite 
recent Maule region earthquake, with its epicenter near 
Chile’s second largest city, Concepcion, stalled 
temporarily governmental consideration of this 
proposed 2,500 km-long megaproject transporting 
freshwater abstracted from the Bio-Bio River and then 
inexpensively pumped to northward to Arica situated 
near the Chile-Peru border. The most recent 
news-media provided status report of related 
organizational activity dates from late-2017 AD. Patent 
holder Mr. Felix Bogliolo, presently listed as a 
Founding Partner and the acting Chief Executive 
Officer of Via-Marina, when contacted on 11 October 
2018 through the business entity’s Via-Marina website 
(http://www.via-marina.com), declined to provide any 
“sensitive”, generally enlightening or substantial 
information whatsoever. However, according to data 
provided in various documents derived from a 
thorough search of the Internet, in the Chile setting and 
instance, Via-Marina offered to convey 2.6 million 
m3/day of freshwater moving at 30 m3/second, shifted 
geographically at a basic energy cost of ~0.9 kWh/m3 
from the Bio-Bio River, situated adjacent to but south 
of earthquake devastated Maule, to the Arica coastal 
segment of northern Chile. The Mean Annual Runoff 
difference between these two places could not be more 
startling: a ~335 m3/second flow for the Bio-Bio River 
versus ~0.3 m3/second outflow at Arica — that is, 
~1116 times more freshwater river runoff per second! 
A submarine pipeline would be a difficult target for 


petty or major freshwater thefts, nuisance vandalism, 
industrial sabotage and even some inadequately 
strategized terrorist-schemed onslaughts on Chileans. 
Figure 1, prominent base image of South America, 
illustrates the maximum possible extended length of a 
national Subma-Flex pipeline that is geopolitically 
conceivable as of late-2018 AD. (As mentioned earlier 
in this Section 2, Mr. Felix Bogliolo declined to offer 
publicly a location-precise map of Via-Marina’s 
proposed offshore undersea route.) 


 
Figure 1. The maximum possible extended length of a 
national Subma-Flex pipeline in Chile. 
 
As is the case of Subma-River, publicly available 
information on any macroproject is usually imperfect, 
rarely complete, and often lacking in absolute revealed 
clarity. Team Geographos, surely characterizable as 
upstarts in the offshore infrastructure business, here 
boldly suggests several possible improvements for the 
Subma-River concept as it is here applied to Chile’s 
coastline. First noticed elsewhere during the mid-1960s 
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[9], beach-sited groundwater springs supported 
pre-historic human populations living on the distant 
island of Rapa Nui, Chile [10]. Though known coastal 
aquifers are present in the northernmost region of 
Chile, most known to exist in the Atacama are located 
in fluvial valleys on land, none yet known to be 
offshore. Yet, at Surquillo, Peru, freshwater is 
currently pumped from beach-located wells which is 
subsequently distributed by ordinary commercial 
tanker-trucks [11] and meteoric-origin freshwater 
exists in quantity within the marine sediments near 
Callao, Peru’s biggest international seaport [12]. In the 
context of northern Chile, tanker-trucks might in future 
be assisted in especially hilly landscapes by dedicated 
funicular railways using freshwater-transporting pods 
than can be rolled horizontally from trucks to railway 
flatbed wagons where they would be latched to assure 
immobility during transit. Perhaps intensive 21st 
Century exploration of Chile’s offshore continental 
shelf ought to be done to develop supplemental or 
emergency resources for the Subma-River 
mega-project? Furthermore, a reflective Team 
Geographos recommends Beryle D. Brister’s US 
Patent 4,220,012, “Apparatus for freezing a slug of 
liquid in a section of large diameter fluid transmission 
line”, awarded on 2 September 1980, as a potentially 
worthwhile and economical means for controlling the 
Subma-Flex freshwater inflows and outflows at 
important places along the submarine route. Since the 
undersea pipeline is necessarily affixed to the seafloor 
with numerous anchor moorings, why not utilize its 
obligatory structural fixity for useful and profitable 
macro-planned structural add-ons, such as associated 
aquaculture installations (fish-farming, seaweed 
farming)? Even when moored, inhabited artificial 
islands afloat on the ocean’s surface above the invisible 
South-North flowing freshwater pipeline does not seem 
too ridiculous as a viable Macro-Imagineering 
proposition! Such installations are possible as the 
submarine pipe, filled with freshwater, naturally floats 
because of a density difference with seawater; 


consequently, the submarine freshwater pipeline will 
bend upward slightly between its vertical anchors, 
some of which could be perhaps intentionally spaced 
more widely at desirable geographical ocean-surface 
sites. Under the influence of seawater currents, the 
flexing submarine pipeline can be monitored by 
attached remote-reporting devices powered by 
piezoelectric patches attached to the constantly 
vibrating pipeline. Nothing ambiguous is deemed 
impossible, just so long as Macro-Engineering can 
make it happen eventually whenever afterwards the 
real-world economic cost appears to be reasonable; a 
corollary rule of commerce is that every situationally 
non-recurrent — that is truly unique — macroproject 
must also be constructed by closely associated and 
cooperative public event-managers, news-media 
consultants, website-masters, region marketers, 
brand-name formulators and politicians. In its 
present-day formulation, Chile’s serious and 
sober-minded announced investigations of a seemingly 
feasible real-world civilian submarine freshwater 
pipeline megaproject cannot be compared to any 
distasteful, illegal drug-induced human pipedream! 
 
 
3. Submarine freshwater pipeline, State of 
California (USA) 
   In the USA, the State of California’s coastline 
extends from 320 30’ to 420 North latitude, a shoreline 
of ~1,350 km. Like Chile, the disparity of coastal zone 
river runoff regimes is remarkable: the State’s North 
Coast has an annual runoff of ~35.6 km3 while the 
Sacramento River (27.6 km3) and San Joaquin River 
(9.7 km3) finally debauch into the Delta Region and 
thence into San Francisco Bay. In contrast, the South 
Coast has a runoff of merely ~1.5 km3 yearly — in 
other words, ~48 times less than the North Coast 
alone! “California’s [fresh-] water landscape has been 
reengineered so that roughly 75 percent of the demand 
for water originates south of Sacramento, although 75 
percent of the water supply in the state comes from 
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north of the capital city” [13]. The key fact relevant to 
Team Geographos’ proposal in Section 3 is that, 
because of persistent long-term farming and some 
established industrial use, the only freshwater entering 
the Delta Region since World War II issues from the 
Friant Dam Reservoir with some enhancement by 
selenium-infused farm return drainage and urban 
sewage! In other words, like today’s repugnant Salton 
Sea located in Imperial County in Southern California, 
the lower reaches of the San Joaquin River is a 
perennially polluted human-designated “sump 
sacrifice region” that contributes to the further 
degradation of beloved San Francisco Bay 
ecosystems. Since the San Joaquin River deposits 
little or no sediment into the Delta Region, the puny 
marshlands partly surrounding San Francisco Bay are 
dwindling spatially through normal erosion 
event-processes. Supercomputer climate modelling 
implies a future Pacific Ocean sea-level rise that, 
inevitably, will push tidal seawater into the already 
ecologically-distressed Delta Region [14]. Realizing 
the societal gravity of this worrisome mismatch of 
regionalized river freshwater runoff data and the 
macro-problems nowadays endemic to 
environmentally beleaguered San Francisco Bay, 
Team Geographos will here offer a new 
Macro-Imagineering solution for a very difficult 
hydro-social cycle intellectual “knot” of ecologic and 
general political discord amongst extant Californians. 
Figure 1, upper incomplete image of the State of 
California, with small dot that indicate site of San 
Luis Reservoir mentioned in the text. 
 
    It is immensely instructive that a 107 km-long, 
1.6 m-diameter freshwater pipeline already 
horizontally extends 80.15 km beneath the 
Mediterranean Sea’s surface linking the reservoir of 
Alakopru Dam on Turkey’s Anamur River (draining 
the Taurus Mountains) to the reservoir backed by the 
Gecitkoy Dam on north Cypress. The satisfactorily 
serving submarine pipeline, operational since 29 


October 2015 AD, is immersed ~250 m below the 
seawater’s surface — deep enough to avoid ships from 
striking and sundering the underwater high-density 
polyethylene tube — and is held in place by 132 
plastic buoys. Therefrom, 0.075 km3 of freshwater can 
be distributed annually to northern Cypress farms and 
homes as well as other connected and served 
establishments. The concept of buoyant, anchored 
structures is proposed by Team Geographos as having 
many unique advantages over existing conventional 
seafloor-resting, load-bearing marine structures 
usually emplaced in the ocean. The particular case of a 
submerged, buoyant pipeline, anchored safely below 
the tumultuous Pacific Ocean’s notable surface energy 
effects for the purpose of transporting freshwater by 
gravity flow from California’s North Coast to near 
Moss Landing on the shore of Monterey Bay, thence 
~40 km inland to the San Luis Reservoir and beyond, 
ultimately to merge with the San Joaquin River south 
of the seaport City of Stockton is rudimentarily 
technically and economically evaluated. (Electric 
power for pumping delivered fluid from Moss 
Landing uphill to San Luis Reservoir may most easily 
be provided were Vistra Energy’s natural gas-fired 
Moss Landing Power Plant, now idled, were brought 
on-line again.) We have dubbed this proposed 
infrastructure the “California Umbilical Cord”. In 
effect, it continues an 11-page preliminary technology 
assessment effort instigated 14 August 1991; by 
January 1992 the Congress of the United States, 
Office of Technology Assessment, issued its 
summarizing report Alaska Water for California? 
The Subsea Pipeline Option — Background Paper, 
OTA-BP-O-92. Freshwater was to be subtracted from 
rivers in Alaska at a withdrawal site upstream of the 
river mouth and then entering an intake sited 
somewhere near Prince Rupert Sound, conveyed by 
submarine pipeline to a landfall place east of the 
Pacific Ocean, but exactly west of Shasta Lake, a 
reservoir impounded by Shasta Dam, which usually 
contributes to the overall seasonal regulated flow of 
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northern California’s Sacramento River. From the 
near-seashore outfall, the freshwater was intended to 
be pumped, at considerable energy and monetary cost, 
to far-distant Shasta Lake. Such a scheme is hereby 
determined to be economically infeasible as well as 
unsightly infrastructure if carelessly emplaced in that 
mostly wild, pastoral and rural landscape! Like Chile, 
the State of California cannot ever actually be 
under-resourced in terms of its freshwater so long as 
much of its freshwater runs off into the Pacific Ocean; 
conversely, like Chile the State will have a 
naturally-limited freshwater resource so long as its 
coastal rivers continue to flow unimpeded into the 
Pacific Ocean, without anthropogenic infrastructure 
intervention whatsoever. 
 
     The “California Umbilical Cord” megaproject 
fostered by Team Geographos contains some very 
attractive elements in its operation if it is realized and 
materialized! Like Chile’s potential undersea 
aqueduct, these systems operate gravitationally and 
energy is needed chiefly to pump the delivered 
freshwater into established major canal distribution 
systems on land; this feature allows a 
speculation—that a volumetrically enlarged San Luis 
Reservoir, today used jointly by the State Water 
Project and the Central Valley Project could, in an 
emergency (such as cave-in or blockage of the twin 
tunnels bored under the Delta Region west of 
Stockton connecting from south of Sacramento to 
Clifton Court Forebay), serve as a substitute 
freshwater deliver mechanism. As of 2018 AD, barely 
2% of all State of California energy consumption is 
applied to pumping freshwater — extraction, 
conveyance, potability treatment and waste disposal. 
Massive freshwater redistribution within the State of 
California using relatively short ocean routes is 
desirable from a hydro-social cycle managerial 
viewpoint. However, we cannot honestly claim 
origination of the basic hydro-social cycle idea 
because the outlining vision was originally proposed 


by partners of the (now corporately defunct) National 
Engineering Science Company of Pasadena, 
California [15-17]. During the late-1960s and 
early-1970s, legislators at the capital in Sacramento 
helped to shift profoundly California’s general 
outlook on supply management of freshwater to 
greater consideration of managing demands by 
improving efficiency to cause freshwater cost 
reductions, or at least to retard the increase in 
freshwater supply costs paid by the public. The 
proposed Macro-Engineering-styled megaprojects, 
such as vastly increasing the lake area of San Luis 
Reservoir could act to create anomalous regional 
moisture and/or heat sources (or sinks) the effects of 
which may, in theory, propagate eastwards via 
atmospheric dynamics [18]. The main goal for our 
“California Umbilical Cord” must be the essential 
restoration of the San Joaquin River’s pre-World War 
II volume of freshwater flow into the overstressed 
Delta Region and San Francisco Bay by using its 
watery augmentation through North Coast freshwater 
importation via submarine pipeline and connected 
overland pipeline to San Luis Reservoir. Coincident 
with this singular environmental maintenance goal 
must be the reformation or reorganization of the Eel 
River [19-21], Russian River and Rogue River; the 
documented response of North Coast residents and 
their representatives, in the past, has been hostile to 
development plans affecting these California rivers. 
On 18 July 2018, California’s Supreme Court 
removed Proposition 9 from the General [State-wide] 
Election Ballot slated for 6 November 2018. 
Proposition 9, sometimes referred to as the “Three 
State Initiative”, would have sought the citizenry’s 
voted advice on a proposal to divide the State’s 
existing counties into three new USA states. Monterey 
County, Santa Clara County and San Benito County 
were suggestively mapped as included in one of the 
three new USA states, “Coastal California”. Were this 
political separation to occur it would be fortunate that 
these strategically nodal counties be joined in 
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freshwater supply management since the rock-mass 
volume beneath the 417 m-high Pacheco Pass (370 3’ 
59” North latitude by 1210 13’ 7” West longitude) and 
surrounding the extant San Luis Reservoir currently is 
being excavated in places and reshaped for enlarged 
reservoir capacity by massive earthmoving 
megaprojects: the California High-Speed Rail System 
tunnels penetrating the difficult Franciscan mélange 
formation of the Coast Range into the Central Valley 
and the rebuilding of the B.F. Fisk Dam (first closed 
1963) prior to some unpredictable future seismic 
dam-failure event initiated by the dangerously nearby 
66 km-long north-northwest-striking, right-lateral 
strike-slip Ortigalita Fault [22]. Shortly after the 
sudden release of 2.518 km3 of that mass of 
deliberately stored off-stream freshwater, the B.F. 
Fisk Dam’s failure could cause flooding of the 
western outskirts of the City of Stockton and certainly 
disrupt ocean-going shipping schedules at its port! 
Still uncertain, is whether the Delta Region’s 
yet-t-be-dug twin tunnels under the Sacramento-San 
Joaquin rivers could be damaged by strong temblors. 
(By comparison, California’s famed Lake Tahoe 
contains only 0.903 km3 of freshwater.) Both intrusive 
megaprojects are multi-billion USA dollar 
governmental investments, funding for which remains 
open, uncertain and legally disputable (see Figure 2).  
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Figure 2. All Californians’ standard of living depends on access to abundant and low-cost freshwater. Might a 
“California Umbilical Cord” imitate Chile’s potential Subma-River before 2030 AD? 
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Abstract: Based mainly on the Fourier Law valid for parallel material layer temperature gradients, a massive floating 
seawater desalination macro-project almost entirely covering the Golfo de Cariaco, NE Venezuela, is proposed. The 
purpose of the geographically-scalable unsinkable Fountain-Barge Desalination Factory (FBDF) formed chiefly of 
composite metal foam is bulk freshwater production then to be utilized domestically for commercial crop irrigation and 
urban population maintenance and increase. Brine reject from the huge FBDF could allow 21st Century development of 
a commercial aquaculture industry during a potential local encompassing region BSw Koppen Climatic Classification 
change as well as adjacent southern Caribbean Sea changes [1].  
 
Key words: Freshwater production, aquaculture industry, solar thermal-powered desalination fountain-barge. 
 


Resumo: Com fundamento na Lei de Fourier, válida para gradientes de temperatura em camadas paralelas de material, 
propõe-se um macroprojeto flutuante de dessalinização da água do mar cobrindo quase inteiramente o Golfo de Cariaco, 
NE Venezuela. O objetivo da Fountain-Barge Desalination Factory (FBDF), geograficamente escalável e formada 
principalmente de espuma de metal compósito, é a produção de água doce para ser utilizada em residências, em 
irrigação comercial e demais aplicações da população urbana. A rejeição de salmoura da grande FBDF poderia permitir 
o desenvolvimento, no século XXI, de uma indústria de aquacultura coetânea à potencial transformação da região de 
BSw Koppen, assim como às mudanças adjacentes no sul do Caribe [1].  
 
Palavras-chave: Dessalinização da água do mar, indústria de aquacultura, barcaça-fonte termosolar.  
 


1. Introduction 


   The relative scarcity of freshwater compared to the 
Earth’s super-abundance of seawater has fostered the 
investigation of many abstruse technologies for 
removing salt from seawater as a centuries-old human 
quest via Macro-Imagineering to amplify reliable and 
                                                        
Corresponding Author: Richard Brook Cathcart, 
GEOGRAPHOS, rbcathcart@gmail.com. 
 


 
 


well-regulated regional freshwater supplies. Fountains 
are a source of both refreshment and joyous renewal 
[3]. Greenhouses afford constant shelter from all kinds 
of weathers for commercially valuable plants, 
decorative or edible; at one locale in the Old World’s 
southern Spain landscape ~270 km2 are presently 
enclosed contiguously by sealed glass-houses growing 
tomatoes and other commercial crops controllably; the 
effect of the sunshine-reflecting landscape-cover of 
glazing is to cool the local climate whilst protecting all 
plants grown within from radical short-term air 
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temperature excursions [4]. A floating solar 
thermal-powered desalination fountain-barge (FBDF) 
built atop an open 640 km2 body of seawater, 
Venezuela’s Golfo de Cariaco, Figure 1, might be 
composed of a plurality of prefabricated, standardized 
rectangular, composite metal foam modules rigidly 
locked together in a continuous side-by-side relation 
and anchored so as to rest on a very large area of 
swell-quelled gulf seawater. These modules will not 
require Cathartic Protection. GEOGRAPHOS 
supposes a maximal freshwater FBDF product 
annually to be ~0.57 km3 predictably derived from a 
FBDF solar distiller empowered by a ~640 km2 solar 
energy VANTA-black receiving surface which 
ultimately causes 2.5 liters/m2 of freshwater to be made 
during near-Equator sunny days. The multi-level 
moored FBDF, unencumbered by shading obstacles 
above, can be expected to revolutionize freshwater 
supply (quantity and quality) and use within the 
Koppen Classification BSw Tropical Semi-desert that 
completely surrounds Golfo de Cariaco. The 
contiguous hill and mountain reliefs restrict the gulf’s 
precipitation catchment but might serve as lookouts for 
enthralling vistas appreciated by national and 
international  tourists appreciating the gulf’s 
monumental anthropogenic facility scenery. Modern 
solar thermal-powered desalination first commenced at 
the Las Salinas factory (1872-1912), which generated 
4.0 liters/m2, in desert-coast Chile and various brine 
and seawater evaporator devices with significant-sized 
distilled freshwater outputs have operated in Venezuela 
since circa AD 1930 [5]. 
 


2. “Drinking Watershed”: Un Unexamined 
Mega-Infrastructure 


   A statement of opportunities for enhancement of 
freshwater supply infrastructure in Latin America 
ignored recently-developed desalination technology 
[6]. During the 21st Century, NE Venezuela can 
become the essential national region contributing vital 
drinking freshwater withdrawn from Golfo de Cariaco 


seawater using a gigantic industrialized thermal 
energy-powered mechanism, the FBDF which abides 
by the Fourier Law, for the region’s agriculturalists and 
potable water guzzling urbanists . More than a century 
old [7], pressure-driven membrane desalination is, 
currently, the most preferred means of manufacturing 
freshwater from a seawater  “Drinking Watershed” 
resource [8]. Mega-scale floating desalination plants 
for Spaceship Earth have been proposed previously, 
although never before on the spatial scale as the 
macro-imagined FBDF! Admittedly and unavoidably, 
the FBDF concept has a starkly characteristic aura of a 
young child’s paracosm — a self-created imaginary 
parallel world — as, for example, the puzzling but 
stimulating observed fact that crewmembers aboard the 
interstellar space-travel vehicles associated with Star 
Trek television episodes and films never, ever worried 
about their personal freshwater source; no actor/actress 
is ever seen repairing a freshwater-fountain [9]! 
GEOGRAPHOS apprehends its FBDF proposal as a 
“Grand Design” [10] which, if constructed and 
successful, would correlate its operational product, 
artificial freshwater, and its encompassing Venezuelan 
arid landscape. The Koppen BSw Tropical Semidesert 
Climate of the entire ~400 m-high Araya Peninsula and 
the heights of the ~800 m-high topography Eastern 
Interior Range bordering the latitudinally-elongated 
Golfo de Cariaco requires irrigation all year for 
commercial crop farming.  
 
    On gulf’s southern flank, the Pan American 
Highway [11] parallels the Golfo de Cariaco, following 
a route traversing its southern shoreline north of the 
Eastern Interior Range’s foreland, potentially allowing 
the FBDF, with or without a remarkable viewable 
urban skyline, or even be entirely invisible from both 
shorelines due to Earth’s curvature, to become an 
infrastructure signed by place-marketers, transnational 
aquaculture boosterism, waterfront development and 
de-development, perhaps even a unique tourism 
floating attraction named after some 
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globally-recognized Latin American celebrity (of 
course, toponyms can always be altered to adhere to 
evolving popular sentiment about faddish and 
eventually outdated identifiers) ! With its modularized, 
linked foamed-metal base, the buoyant FBDF might 
attractive to persons nowadays exclusively dwelling 
ashore to its offered futuristic living and working 
accommodations as well as themed entertainment 
features primarily because it will be isolated from any 
major future effects of too-familiarly destructive 
regional earthquakes (think rentable apartments, 
leasable condominiums, owned single-family 
residences stacked decorously atop a vibration-free, 
noiseless movable desalination barge-fountain floating 
man-made island [2]). Because of its components and 
sturdy naval construction, the FBDF is 
earthquake-proof and unsinkable — that is, there can 
never be an installation failure (the unacceptable 
difference between expected and observed buoyant 
platform’s module performance)! It is safely 
foreseeable that only very small, technically-isolatable 
and extinguishable fires could pose a life-threatening 
menace to people, pets and personal property. 
 
 
3. Un Uncertain Future 
   Chapter 14 of H. Michael Tarver’s The History of 
Venezuela (2nd Edition, Greenwood, Santa Barbara 
CA, 2018, 248 pages) carries the same title as this 
Section. But, the brief statement is generally true of all 
human-manipulated things, alive and/or organizational 
and seems inapplicable, or at least inartful, when taken 
as a prospectus conclusion relating to ever-changing 
Venezuela. Macro-Imagineering ought to play an 
increasingly useful role in helping Venezuela’s 21st 
Century citizenry (32+ million persons, 89% of whom 
are currently urbanized) to progress technologically 
and economically. Many bays of Venezuela’s coastline 
seem adaptable for additional non-electricity 
consuming FBDF-type installations, so it is surely the 
case here that GEOGRAPHOS randomly selected 


Golfo de Cariaco, situated in NE Venezuela abutting 
the Caribbean Sea, as a suitable demonstration of the 
unusual “Drinking Watershed” macro-project concept 
that is quite independent of present-day landscape 
topography, including past planned or unplanned 
terrain changes thereof [12]. (Envision 11,800 km2 
blank-slate State of Sucre available for remodeling by 
its 900,000 + human population, nearly 300,000 of 
whom live in the State’s seaport-capital Cumana City, 
established under another toponym in AD 1515. It is 
the oldest Spanish settlement on the New World 
mainland).  
 
    The truly singular composite metal foam FBDF 
installation bearing a glassed-in distiller, atop ~4,347 
km3 of Golfo de Cariaco seawater separated from the 
Caribbean Sea by a 55 m-deep seafloor sill 
officially-dubbed the “Salazar Sill”, Figure 2, located 
northwest of Cumana which could be geometrically 
modified to reduce or increase the present-day Golfo de 
Cariaco tidal range of 10-20 cm, could cover ~2.13% 
of Venezuela’s declared 30,000 km2 national water 
territory, enduring future higher mean air temperature 
than 26-27oC and mean wind-speed of >4.0 m/s. 
Cumana receives ~250 mm of rainfall annually. 
Therefore, the prevalent BSw climate encourages the 
anticipation of some wind-power and solar-thermal 
power enterprises focused on, and in the vicinity of, the 
State of Sucre’s central geographical feature, the Golfo 
de Cariaco! Within a Nation hampered by an ongoing 
electricity shortage mega-problem, NE Venezuela has 
difficult-to-master landforms as well as an aridic 
regional climate affected by pronounced latitudinal 
fluctuations of the Earth-atmosphere’s Intertropical 
Convergence Zone that, so far, still restrictively 
inhibits, or even retards, developmental pace of the 
region’s early-21st Century vigorous socioeconomic 
development.  
 
    Major earthquakes and subsequent tsunamis have 
had a profound impact on the Golfo de Cariaco for 
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many thousand years. The earliest Spanish-reported 
tsunami in Venezuela, in AD 1498, occurred at Boca de 
la Sierpe, Pedrenales. Some geoscientists strongly 
support the geohistorical opinion the 1498 AD temblor 
first opened the Gulf of Cariaco to massive seawater 
intrusion [20] and the opening event-process was 
furthered later by the seismic catastrophes of AD 1530 
and 1543 AD and, perhaps, then completed by a 
large-scale seafloor displacement on the sill’s western 
face at the gulf’s entrance. Little of the available and 
thoroughly examined published geological evidence is 
actually conclusive on this specific sediment slump 
timing subject [21-22]. 


 


4. Geographical Summary of the Present 


   The Golfo de Cariaco east of Cumana City is a 
semi-enclosed ocean sub-basin hydrographically 
affected mainly by the present-day wind regime 
affecting northeastern Venezuela [13]. Unintentionally 
Cumana City was sited and continues to be maintained 
on the dangerously active 800 km-long  right-lateral 
strike-slip El Pilar Fault which formed the whole gulf 
in its existence as a visible geomorphic surface trace 
for accommodative relative motion along the 
Caribbean-South American tectonic plate boundary. 
During the most recent Ice Age low-stands, the Golfo 
de Cariaco was disconnected from the world-ocean and 
sometimes functioned as a freshwater and/or saline 
lake basin. West of the gulf, the Cariaco Basin is the 
largest anoxic basin of  Venezuela’s submarine 
continental borderland, in our world second in volume 
only to the notorious Black Sea [14-15]. Venezuelans 
have promoted the inundation of some segments of the 
Nation’s 2,800 km coastline — that is, ~0.4% of the 
Earth’s — by their petroleum mining: since AD 1929, 
the 12,000 km2 Maracaibo Lake located in 
northwestern Venezuela evidenced induced lakebed 
subsidence of >5.5 m caused by that extraction of  
valuable liquid and gaseous materials. Dredger 
deepening of an oil-tanker shipping lane by AD 1956 


increased ocean seawater flow into Maracaibo Lake 
[16]. Future sea-level rise must, therefore, subject both 
Maracaibo Lake and the Golfo de Cariaco to greatly 
increased openness to non-placid marine influence 
[17]. Indeed, the Nation’s Caribbean coast is constantly 
subject to Trade Winds and, episodically, to hurricane 
storm surges and tsunami-generated waves. Since circa 
AD 1950, agricultural landscapes of the Caribbean Sea 
Basin have suffered a drying trend as well as a few 
multi-year droughts — for instance the 2013-2016 AD 
drought was universally judged as very severe, putting 
at risk ~2.0 million people because of food production 
insecurity and slackening tourism [18]. Even the 
diminishing fishery annual take has apparently been 
affected by commonly observed climate change [19]. 


 


5. Solar-thermal Fountain-Barge   
Desalination Factory (FBDF) Particulars 


   Established incrementally — modules added to the 
“initiating rectangular barge kernel” as propitious 
financing permits — the composite metal foam FBDF 
has the potential to become a picturesque tourist 
industrial desalination factory venue additional to 
many other already extant famous attractions of the 
State of Sucre, Venezuela. For example, tri-cable 
detachable gondolas, each carrying ~35 passengers, 
moving at 30 km/h, passing support towers spaced 
3,000 m apart, could afford visitors fine, inspiring 
elevated and long-distance views of the stationary 
FBDF from the Araya Peninsula and the Eastern 
Interior Range hillsides. Possibly the cable-supporting 
towers — executed in some recognizably Venezuelan 
architectural style — could be designed also to remind 
people that Cumana City is/was an industrial seaport 
containing ships and waterfront cranes. Of course, such 
a cableway would have to be constructed so as to 
endure expectable major earthquakes and remain 
always in a safe condition of workability! The use of 
super-cables formed of graphene might be advisable 
too. In the event of necessity — such as a reasonable 
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tsunami warning — the cableway might be beneficial 
to the citizenry and tourists as a method for rapid 
evacuation of low-elevation high-risk wave run-up 
danger zone landscapes. Serious strong temblor 
disasters seem to be repeated sporadically on, 
approximately, 130 year cycles meaning that long 
time-periods elapse before similar recurrences. All 
structures intended for disaster mitigation and 
post-disaster recovery inevitably are subject to 
expensive maintenance costs and, therefore, ought best 
to be used daily. The specific weight of seawater may 
be taken to be 10.09 kN/m3 or 1.03 t/m3; a general 
operational rule is that it is necessary to have a 
breakwater if the significant wave-height is >4 m. As a 
result of the major temblor of AD 1530, Cumana City 
was totally swamped, and all its infrastructure 
converted into worthless rubble by serial 7 m-high 
tsunamis! Ideally, this fact indicates that resettlement 
of the human population currently at considerable risk 
ought to be accomplished; however, practicality and 
finances surely intervene in this instance, necessitating 
instead other pragmatic real-world actions. 
Abandonment of some unprotectable at-risk strand 
properties should be considered carefully by 
responsible local authorities and concerned citizens. 
Would thousands of willing former Cumana residents, 
assured of their safety during future tsunami 
event-processes, live permanently aboard the 
solar-thermal composite metal foam FBDF? (YES!) 
Kiyonori Kikutake (1928-2011), the Japanese 
proponent of marine metropoles — that is, 
self-sustaining, flexible, clean, safe communities — 
under the rubric of Metabolist Architecture was only 
able during his lifetime to complete one tiny example, 
the Okinawa Ocean Expo in 1975 AD as the only 
Metabolist Architecture floating macro-project: as a 
social group, until circa AD 1970, Metabolist architects 
planned to transform Tokyo Bay into a body of 
seawater supporting a floating metropolis extension of 
old Tokyo.  


But, what is the alluded GEOGRAPHOS 
macro-imagined FBDF? 
 
    Floating all solar-thermal FBDF components on a 
spatially-vast captive composite metal foam barge 
infrastructure decouples the installation from seismic 
disturbance because the linked rectangular modules 
floating base-isolation structure prevents relative shifts 
of all FBDF components aboard [22]. Any damaged 
edge-modules can be removed for timely repair or if 
the sea-surface space is needed for other “Grand 
Design” purposes in future. The FBDF’s constant 
position in all circumstances with respect to the 
seawater surface, whatever its position at any specific 
time or sea-state condition, facilitates boats and ships 
to come along-side in the same manner as usually done 
with fixed piers and berths. From AD 1995 until 2001 
AD, macro-engineers tested technologies inherent in a 
Mega-Float airport (with a 1 km-long runway) in 
Tokyo Bay, Japan, which is subject to tsunamis of 
remarkable size [23]. “Closed cell metal foam was first 
announced in 1926 by M.A. DeMeller in his French 
Patent 615,147” [24].Composite metal foams are 
lightweight, reduce collision penetration and can cope 
with fire temperatures twice that of the metals of which 
they are comprised [25]. Robust metal-ceramic foam 
forms a part of the hulls and superstructures of many 
boats and ships already afloat upon the world’s mutable 
ocean as well as our planet’s navigable lakes and rivers 
[26]. Since such foams are cellularized (enclosing 
empty voids or trapped gas bubbles by >50%), the 
Fourier Law of thermal transmission by conduction 
between various materials or layers of material, and 
convection, according to the values of heat resistance 
or surface thermal resistance owing to the convection 
currents generated applies rigorously. The surrounding 
Golfo de Cariaco dryland is an appropriate region for 
the confident operation of the effectively 
high-performance and low-cost desalination factory 
entailed by the composite-metal foam FBDF. 
Industrially simple, the interfacial one-Sun (1000 
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W/m2) solar contactless steam/vapor generation by 
photon management and heat localization FBDF, 
operating at 100oC and ambient air pressure, raises the 
possibility of stable and ultra-efficient daytime-only 
solar-thermal Golfo de Cariaco seawater desalination 
[27-28] (see Figure 3).  
 
    The pervasive fabric photon-absorber, normally 
situated beneath the overhead slanted glass-house as a 
VANTA-black flat defect-free carpet affixed to the 
deck of each FBDF module, is the key technology for 
the proposed FBDF freshwater factory. The 
dark-colored fabric reflects ~0.035% visible spectrum 
sunlight [29]. The Serpentine Gallery Pavilion in 
London, England, designed by Peter Zumthor as a 
uniformly black-box artwork situated in a vast expanse 
of naturally green grass owned by London Kensington 
Gardens, existed for three months during AD 2011 
[30]. VANTA-black is almost impossible for the 
human eye to perceive the shape of any object and 
structure coated by the light-absorbing pigmented 
spray-painted carrier solution: Asif Khan unveiled a 
pavilion at the Pyeongchang Winter Olympics Games 
held in South Korea during AD 2018 as his version of 
our world’s darkest 35 m by 35 m building. 
(Pyeongchang, South Korea is typed as a Koppen 
Climate Classification Dwb, a humid continental 
climate). Anish Kapoor’s Descent into Limbo (1992) 
was displayed until 6 January 2019 at the Fundação de 
Serralves, Museum of Contemporary Art in Porto, 
Portugal. Suggesting a cube-shaped building inside of 
which is a lit, circular 2.5 m-deep real hole coated in 
black-pigmented paint, thus presenting an illusion to its 
parade of temporary viewers of a depthless ground 
cavity. Sadly, during August 2018 a 60 years-old 
Italian man fell into it and was injured! From a close or 
distant vantage place, the FBDF might appear to be a 
sparkling crystalline structure, but its interior would 
have an entirely different impressive visual effect: 
maintenance personnel must be wary as they carry out 
their duties inside the Fountain-Barge Desalination 


Factory! GEOGRAPHOS supposes some 
infrastructure add-ons might be required if the FBDF 
installed at the Golfo de Cariaco. Reject brine produced 
by seawater flushing of the accumulated particles of 
salt resulting from the FBDF’s operation as a distiller 
may need to be managed using a method quite different 
from those usually employed [31]. From a trough-like 
collector along the keel of the FBDF, a slightly 
self-buoyant plastic hose may be used to convey the 
brine wastewater westwards toward the lip of the 
“Salazar Sill”. Released through a pendulous hose’s 
directive nozzle, the dense brine fluid would naturally 
flow by gravity down the western slope of the sill and, 
thusly, be transported for ultimate disposal into the 
anoxic Cariaco Basin. Humbly, GEOGRAPHOS 
recommends that Venezuelan regional planners please 
consider the FBDF as a potentially viable 21st Century 
infrastructural option for their Golfo de Cariaco 
segment of the New World’s “little Venice” [32]. 
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Figure 1. Authoritative Venezuelan armed forces navigation chart of the Golfo de Cariaco. 


 
 
 


 
Figure 2. Entrance/exit of Golfo de Cariaco illustrating the “Salazar Sill”. Source of data and author(s) unknown. 
Notice the unfortunate tsunami-vulnerable geographical siting of present-day Cumana City. 
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Figure 3. Schematic diagram of the FBDF module. 


 
 







 
                         Revista Brasiliense de Engenharia e Física Aplicada 


 


 
 


 
                   CALIBRE – Revista Brasiliense de Engenharia e Física Aplicada, ISSN 2526-4192. 
                   Livre direito de cópia de acordo com os princípios estabelecidos pela Creative Commons. 
  


Meteorological 
Macro-Imagineering:  
A Re-plumbed Freshwater Supply  


System for the USA’s Southwest? 
 
Richard Brook Cathcart 
GEOGRAPHOS, Burbank, California, USA. 


 
Received: _26 November 2018 
Accepted: _12 December 2018 
Published: _02 January 2019 
 


Abstract: The macroproject proposed, encompassing the arid 


Southwest of the USA and northern Mexico, has the potential to 


more than pay for itself. If a radical volumetric enlargement 


were competently completed by correctly educated advocates of 


Macro-Imagineering, supplemented by geothermal 


power-plants, it could make benign an over-polluted aquatic 


“monster” — the present-day stagnant and putrid Salton Sea — 


through induced importation of diluting Gulf of California 


saltwater resulting in rapid areal increase of the inanimate 


“creature”, converting it from its presently degraded smelly 


status to an amply beneficial condition as an anthropogenic 


extension of Mexico’s Gulf of California! Formation by 


Macro-Engineering means of a sustainable human development 


around and thereon can result in profitable voluminous 


desalinated seawater exportation from the State of California to 


adjacent Arizona, Nevada and nearby Utah as well as Mexico 


bordering the USA’s Southwest. The key infrastructure 


permitting these developments is a centralized multi-segment 


photovoltaic-powered desalination factory resting atop named  
Introduction 
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floating artificial islands covering most of a deliberately 


enlarged and robotized Salton Sea. A particular macroproject 


proposed, the Southwest Water Alliance Project (SWAP), is 


fashioned somewhat after NEOM, an announced ecopolis, but 


still structurally unspecified robot megacity, scheduled to be 


built in northern Saudi Arabia connected by a 


yet-to-be-constructed fixed sea-strait crossing linking Tabuk, 


Saudi Arabia to Sharm el-Sheikh on the Sinai Peninsula of 


bordering Egypt.   
 
Key words: Seawater desalination, floating photovoltaic 
platforms, arid Southwest USA and Mexico development, 
Macro-Imagineering, Macro-Engineering.  
 


Resumo: O macroprojeto proposto, abrangendo o árido 
sudoeste dos EUA e norte do México, tem potencial para 
mais do que pagar por si mesmo. Se um aumento 
volumétrico radical fosse conduzido por defensores 
competentes da Macro-Imagineering, suplementado por 
usinas de energia geotérmica, seria possível tornar 
benigno um "monstro" aquático extremamente poluído 
— o atual e estagnado Mar de Salton — por meio de 
importações induzidas de água salgada diluente do Golfo 
da Califórnia, resultando em um rápido aumento de área 
da "criatura" inanimada, resgatando-a de seu estado atual 
degradado como uma extensão antropogênica do Golfo 
da Califórnia! Por meio da Macroengenharia é possível 
conduzir um desenvolvimento humano sustentável e 
lucrativo capaz de garantir uma expressiva exportação de 
água do mar dessalinizada do estado da Califórnia para 
os adjacentes Arizona, Nevada e Utah, além do México 
na fronteira com o sudoeste dos EUA. A principal 
infraestrutura que permite esse desenvolvimento é uma 
fábrica centralizada para dessalinização multissegmento 
baseada em energia fotovoltaica, formada por ilhas 
artificiais flutuantes que cobririam a maior parte do Mar 
de Salton em um sistema ampliado e robotizado. Em 
                                                                                         


 
 







Revista Brasiliense de Engenharia e Física Aplicada  


  


21


particular, um macroprojeto semelhante proposto é o 
Southwest Water Alliance Project (SWAP) — criado um 
pouco depois do NEOM —, uma ecópolis anunciada, 
megacidade robótica estruturalmente ainda não 
especificada, programada para ser construída no norte da 
Arábia Saudita, conectada por uma passagem estreita 
ligando Tabuk, na Arábia Saudita, a Sharm el-Sheikh, na 
Península do Sinai (fronteira com o Egito). 
 
Palavras-chave: Dessalinização da água do mar, 
plataformas fotovoltaicas flutuantes, desenvolvimento do 
sudoeste dos EUA e do México, Macroengenharia. 
 
 


1. Introduction 


   The trash-cluttered, chemically contaminated and 
ugly defective “monster” of 20th Century Technology 
that is today’s infective Salton Sea puree is not an 
apprehension prevalence-induced concept [1] but 
rather a widely-recognized, real-world degraded 
environmental quality macro-problem actually 
adversely affecting directly the citizens of northern 
Mexico and the USA simultaneously [2]. What air 
pollution was to the State of California’s infamous 
smog-town, the City of Los Angeles during the 1950s, 
toxic lakebed dust emissions is to today’s inland 
Imperial Valley. This article is not just another spoofy 
Salton Sea redevelopment manifesto; instead, it will 
merely outline in sufficient geographical detail several 
new macro-planning means to indisputably suplant all 
of the past disastrous so-called State of California 
“desert development” schemes, possibly to achieve an 
attractive and lasting 21st Century Salton Trough 
infrastructural development status realized via SWAP, 
the Southwest Water Alliance Project. In other words, 
to close-out Southern California’s never-ending 
costly-to-taxpayers cascades of unsafe curative 
Macro-Imagineering fantasies with conversion of the 
Salton Trough into a real-world public-appreciated 
asset, the region’s ultimate landscape perfection done 
with proper Macro-Imagineering! In this report, Team 


Geographos excludes discussion of all navigational 
aspects of a previously proposed twin canal and 
megaports macroproject plan — the Salton Sea PLUS 
— other than to present an exemplary ultra-case of 
photovoltaic-desalination SWAP trades! In other 
words, here we do not account for the requirements of 
multiple seaports and their marked navigational 
channels for very large ships.  
 
    An English-language antonymic neologism for a 
newly-described aspirational social group, or 
recognizable community, avivocracy’s fans oppose 
blind ideology and any demonstrably wasteful 
implementation of unadulterated Technocracy, which 
is both an identifier as well as a popular social 
movement first fostered during AD 1919 by 
Californian engineer William Henry Smyth 
(1855-1940). First imagined as new terminology by 
Marc Hudson working at the Sustainable Consumption 
Institute, University of Manchester in the UK, carefully 
he sought to impose the term avivocracy on all 
Region-reforming macro-planners as a cautionary 
bridle because, Hudson  says, “It means those tasked 
with imagining how we will cope, as a species, cannot 
hide [anymore] behind soothing stories of 
technological (and technocratic) salvation” [3]. 
Obviously, the newly-minted term well applies to this 
outrageous everyday technological-geographical State 
of California tainted desert “monster”, today’s 
occasionally putrid non-cyborg Salton Sea! Advocates 
and silent followers of avivocracy prudently attempt to 
train and constrain the most outrageously hubristic 
proponents of Macro-Imagineering to be humbler and 
more forthright about the data and informational limits 
to what they know for certain as accepted truth 
(sometimes referred to as “prediction”), what is 
indisputably uncertain, as well as what they may 
personally deliver to the world-public in the form of 
totalizing regional and global macro-plans and 
megaprojects [4]. It is possible, in other words, for 
cosmopolitan Macro-Imagineering persons, studied 
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intentional special-interest groups to create desirable 
21st Century eucatastrophes, a word coined in 1944 by 
famed story-teller J.R.R Tolkien (1892-1973) [5]! Viva 
Happy Endings! 
 
   Today’s Salton Sea is an artificial, increasingly salty 
terminal lake sitting in a 6.3-million-year-old 
rift-valley, a sometimes-deadly feature of a 
trough-shaped Earth-crust rip still being torn asunder 
by Nature. A maximum area 1,100 km2 Salton Sea was 
emplaced during 1904-1907 AD in the dryland Trough 
at minus ~60 m below global sea-level as a result of an 
extra-ordinary sequence of environmental 
event-processes involving the intentional commercial 
diversion of Colorado River freshwater for irrigation 
farming. Unlike its many historical natural 
predecessors, the existing unnatural Salton Sea has 
been sustained since those early days mainly by 
contaminated drainage from its surrounding 
intensively irrigated fertile landscape. Nowadays, it is 
basically a briny sump presently subject to total 
evaporation under some often vaguely futuristic 
climate regime change scenarios that usually entail 
postulated presence, in future, of a much drier climate 
regime affecting the USA’s Southwest and northern 
Mexico desert. One of the initial founders of the 
University of Southern California, Joseph Pomeroy 
Widney (1841-1938), as early as AD 1873, wastefully 
proposed to deliberately divert the Colorado River into 
the USA’s below-sea level rift-valley territory with the 
goal of creating a big “…freshwater lake and to 
ameliorate the region’s hot and dry climate” [6]; a year 
after the Colorado River ceased to flow naturally into 
Mexico because of the closure of several massive 
upstream dams constructed in the USA, maverick 
atmospheric scientist James Edward McDonald 
(1920-1971) had correctly pooh-poohed — proven 
fallacious as well as ridiculed — J.P. Widney’s and 
others’ regional air-modification concept, 
evaporational rain-making downwind from artificially 
pooled freshwater [7]. However, the overrated idea is 


still grudgingly promoted, often by densely jargonized, 
obfuscating, circumscription-style pseudo-scientific 
reports authored by innumerable researchers with 
various educational and employment qualifications — 
many are mere Californian politicians first trained as 
lawyers and realtors [8-10]. And, it is generally alleged 
that extensive solar-power panel arrays sited above 
simultaneously cultivated fertile soils underneath 
(so-called agri-voltaism) may have an as yet unknown 
effect on post-installation precipitation distribution; 
two Salton Sea PLUS-proposed canals from the Gulf of 
California conveying seawater north to enlarge and 
maintain the Salton Sea by water-mass compensation 
could reduce slightly the Region’s surrounding 
adjacent landscape air temperature, increasing annual 
precipitation as well as the year-round vegetation 
density because of moisture-laden winds arriving from 
the Gulf of California following the canal routes as 
happened in the Middle East after the Suez Canal had 
been dug by AD 1869. (To access the “California 
Climate Tracker tool, please visit: 
https://wrcc.dri.edu/Climate/Tracker/CA/). Hurricane Odile 
interrupted the energy and freshwater supply systems 
for several days during September 2014 in the State of 
Baja California Sur, Mexico; assuming future climate 
regime change, hurricanes could move still farther 
north, making landfall so as to affect the Colorado 
Delta and commercial shipping within the sheltering 
Gulf of California with slightly increased storminess).  
 
   Following the accidental emplacement of the Salton 
Sea, by AD 1909 all commercial cargo shipping ceased 
using the lower Colorado River as an arterial 
freshwater rivercraft traffic route after 
completion-by-closure of the Laguna Diversion Dam 
situated between the State of California and the State of 
Arizona. The troubled binational territorial influence of 
today’s wretched Salton Sea exists because of the past 
absence of international cooperation between Mexico 
and the USA: the American developer-builder of the 
unsound irrigation canal head-gate at a locality within 
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the jurisdiction of Mexico which failed structurally 
under Spring floodwater impact, allowing the full flow 
of the Colorado River for several years to enter the 
Salton Trough, sought exemption by geopolitical 
evasion tactics from the few then existing legal 
regulations imposable by the State of California as well 
as the USA’s national government, by only obtaining 
building permits from Mexico’s national government. 
Today’s Salton Sea is a disappearing monument to past 
disharmony amongst two ecosystem-nations; 
nowadays their respective citizenry require 
“togetherness”!   
 


2. Abandoning all previous generations’ 
infrastructure development hallucinations 
[9-10]!  


   By dictionary definition, “the geographical future” 
is a place, landscape or Region without objects. During 
AD 2012, the USA and Mexico concluded a bilateral 
agreement to restore the Colorado River Delta [11-12]. 
This enshrined international concord typifies the 
stale-minded thinking ever-present in the 
two-international border-separated political and 
academic conversational circles, unfortunately hosted 
by somewhat confused and ill-informed Californians 
and Mexicans, focused upon the extant disgusting, 
horrendously low-environmental sustainability status 
so-called Salton Sea. Professional landscape Architects 
are promoting the idea that Americans must retreat in 
another compass direction because of the Southwest’s 
supposed ultimate natural freshwater supply 
limitations [13], one of the sub-themes of the 1994 
Hollywood movie Wagon’s East! starring comedian 
John Candy (1950-1994)! Alternatively, Team 
Geographos determinedly recommends a singular 
massive macro-planned enlargement of the Salton Sea 
— to nearly seven times its present-day area — finally 
to attain a constant artificial seawater area of ~7,722 
km2 using seawater imported from the Gulf of 
California, via cost-free gravitational flow through one 
or more canals excavated by floating dredgers, and 


passing through cooperating Mexico and Imperial 
County, State of California, into a new 
internationalized and robotic landscape feature, the 
Salton Sea PLUS [14] — that is, a permanent 
anthropogenic seawater-flooding of the entire 
below-sea level part of the Salton Trough north of the 
Gulf of California, including Mexico’s below-sea-level 
Laguna Salada. (Daring Geoscience literature 
speculates that between 1000-1600 AD, when the 
world-ocean is known to have been >1 m higher than 
its measured average global 21st Century elevation, the 
Salton Trough may have become inundated by 
seawater owing to the arid Colorado River Delta’s 
high-tides and associated large tidal-bore; it is possible 
that Gulf of California seawater may have reached, 
impactfully eroded and finally penetrated a former 
river delta crest located at Volcano Lake near Cerro 
Prieto, Mexico, subsequently wholly flooding Mexico 
and the USA’s shared Salton Trough geographic 
feature.) Whether or not Nature ever 
seawater-submerged the Salton Trough in the USA, 
today’s landscape ought to become, by 
binationally-deliberated agreed design a seascape at the 
hands of positivist Geoscience human beings! If 
undertaken, such a Macro-engineering project must, of 
necessity, surpass all currently contemplated linear 
“restoration”, “reclamation” or “stop further 
deterioration” misaligned mega-schemes — all of 
which are fabulously hyper-costly to taxpayers as well 
as so poorly conceived structurally as to be obviously 
inappropriate financial and mega-engineering 
binational reactions when considered in the full 21st 
Century world civilization context — in short, too 
many proposed schemes are simply the effusions of 
resigned and uncaring politicians and the faithful 
news-media’s hallucinations ceremoniously dumped 
onto the otherwise uninformed publics, some of whom 
are irked knowledgeable voters! Could it be that the 
commonly employed deterministic “landscape 
developmental” scenarios, in fact the equivalent to 
virtual resignations to existential risks [15], used until 
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ow for evaluating environmental outcomes should be 
substituted by stochastic scenarios after AD 2018?  
 
    The Colorado River, which supplies freshwater to 
~ 40 million dependent persons in the Southwest and 
northern Mexico, including corporatized commercial 
farmers in the Imperial Valley, endured the worst 
mega-drought of recorded history during 2000-2014 
AD. The 2015 “Salton Sea Restoration and Renewable 
Energy Initiative” framed California’s stinking and 
eye-irritating brine pool’s geographical recession 
(because of desert climate regime conditions and a 
reduction in anthropogenic effluents) as an inevitable 
and lucrative economic desert landscape windfall since 
profitable geothermal wells could be drilled and 
serviced based on dry-land worksites rather than 
operated through a impeding brine layer; briefly, for 
commercial renewable energy facility operators a 
semi-disgusting anthropogenic desert playa is 
preferable to any remaining area of the State’s 
repulsive anthropogenic Salton Sea! The Salton Sea’s 
2018 AD exposed lakebed constitutes a 
medically-recognized, spatially-widespread public 
health risk since the persisting poisonous odiferous 
dust is already wind-shifted in every direction; before 
AD 2028, will these industrial macro-planners, 
real-estate developers and their lax State and Federal 
governmental regulators suppose its aerosolized 
topping toxicant-impregnated grainy salt residue will 
not become equally harmful to adjacent Imperial 
Valley residents, workers and other important persons 
and organizations, whenever blown by rainless 
windstorms off the even vaster dry lakebed resulting 
from the Salton Sea’s total evaporation? This vivid 
prospective Region doomsday scenario is daunting; 
eucatastrophe for the Salton Sea Region can most 
certainly never actualize during our 21st Century 
without the genuine teamwork and camaraderie of its 
majority contributors and specialist consultants 
seeking concerted infrastructural improvements for the 
Region [16]! 


3. Optimizing northern Mexico-southern 
California’s Freshwater Supply Systems    


    Obviously Whilst taxpaying residents, businesses 
and governmental entities unintentionally unsafely 
sited on the Nature-provided eastern Pacific Ocean 
coasts of  western Mexico and southern California 
must fitfully mull physical retreat from an impending, 
or at least popularly forecast, global sea-level rise 
[17-18], those presently located next to the evaporating 
Salton Sea — trending physically to become a kidney 
bean-shaped tainted hot desert-dunal landscape—must 
consider ways to avoid its harmful wind-lofted toxic 
dust emissions and stinky brine water 
chemistry-induced clouds which do not yet, but should 
perhaps, contain injected pleasantly odorized 
disinfectants! Could a conjunction of humans and their 
managed computation-mechanical agencies (robots) 
revolutionize this unmistakably blighted binational 
New World Region? For Saudi Arabians, the toponym 
“NEOM” was constructed from two words: Greek 
“neo” (new) and the Arabic word “Mostaqbal” (future) 
[19-20]; NEOM identifies an abuilding new Middle 
East city (280 17’ 17” North latitude by 340 50’ 42” 
East longitude) where robots function to produce 
desalinated water, provide adequate installation 
security and efficient time-tabled industrial and civic 
logistics, all powered by reliable renewable energy 
resources and backed-up by out-of-Region 
high-voltage direct current (HVDC) transmission line 
sources of electricity input. If the USA possessed a 
practically functional nationwide electrical grid, then 
solar power emanating from the desert Southwest 
could meet peak electricity demand in the 
early-evening Northeast and then support a similar 
demand peak in the West a few hours later; new HVDC 
transmissions lines could follow existing Federal 
Government-granted trans-continental railroad 
rights-of-way with very little political or commercial 
contestation. In the instance of a technically futurized 
Salton Sea, such resources shall include major 
photovoltaic, geothermal facilities and a few powerful 
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“wind farms”. Team Geographos admires the inspiring 
AD 1975 geographical thoughts of Allen Kellogg 
Philbrick (1914-2007) regarding desalination 
infrastructure strategic modality [21]. 


 
    Figure 1 illustrates proposed desalination Plants 
that are herein indicated by ovoid-shaped dot symbols, 
located at appropriate landscapes on crucial coastlines, 
causing manufactured freshwater, put into connected 
pipelines (narrow dark arrow-tipped lines) thence 
transporting the made potable freshwater inland to 
virgin agricultural landscapes and old or new 
burgeoning cities. Top-left: photovoltaic installation 
actually should be illustrated as sited on the 
areally-enlarged Salton Sea resting atop special 
floating islands (uniquely big unsinkable foamed metal 
barges [22])! See Figures 2-3 for a clearer 
photomontage image of the macroproject suggested 
elsewhere by the supporting and referenced texts for 
this article [6]. Imagine the Pacific Ocean-volumized 
Salton Sea being entirely covered by industrial buoyant 
structures, possibly including within its multi-level 
“skyscraper” overall form of farms, residences and 
supporting businesses! According to the USA’s 2018 
National Ocean Recreation Expenditure Survey, the 
Pacific Coast is 48% of the USA’s coastline which 
garnered the largest number of beachgoers, the most 
beach-days accumulated and the greatest ocean-related 
consumer spending; some ~9,848 km of skirting 
beaches will become available following full 
emplacement of the envisioned single articulated 
artificial island of securely interlinked modularized 
flat-boats or immobile non-keeled Megafloat-like 
installation; imagine finalization of the Italy-based 
architectural firm Superstudio’s Il Monumenteo 
Continuo inhabited monolith as being afloat in desertic 
southern California! Such structural envelopment 
would, of course, halt almost all direct evaporation 
from the Salton Sea PLUS. At the very least, such a 
gigantic aquatic installation would allow decoupling of 
Mexico and the USA from any future freshwater flow 


Colorado River variability. In fact, the human 
populations of the USA’s Southwest and northern 
Mexico might find themselves in a truly revolutionary 
early-21st Century situation whereby independence 
from all freshwater extraction macro-problems related 
to the Colorado River is achievable under neart-term 
future meteorological circumstances [23]. Surely, 
governmental budgeteers will be pleased, as will 
taxpayers, and commercial circles will certainly take 
notice of persuasively influential new economic facts 
[24-27].  
 


    The southern shoreline of today’s Salton Sea is 
subsiding by ~52 mm/annually, “…greater than the 
far-field background rate” [28]. The State of 
California, therefore, ought to become a major 
for-profit desalinated water exporter to the customer 
States of Nevada, Arizona and Mexico. Through two 
dredged canals, unlined like those of the Middle East’s 
Suez Canal, commencing at the Colorado River Delta, 
seawater originating in the Gulf of California would 
move northwards (down gradient) into the USA’s 
Salton Trough property: ~400 km3 of seawater inflow 
should fill the below sea-level Earth-crust hollow to 
present-day eastern Pacific Ocean sea-level [29]; 
however, although capped or lidded by a sunshine 
intercepting photovoltaic barge of immense area, the 
two canals will exhibit permanent strong north-flowing 
non-tidal seawater currents due to the extraction from a 
closed basin at a single enormous electricity-powered 
distillery of a huge volume of freshwater! Indeed, 
removed solid salt particles must then be exported to 
somewhere that is receptive to massive imports of that 
sunlight-reflective granular waste product—elsewhere 
Team Geographos will suggest filling 1,300 km2 of the 
below sea-level Death Valley, State of California via a 
heavy brine-slurry pipeline to prevailing world-ocean 
sea-level. In a typical sunlight-aided seawater reverse 
osmosis desalination factory, the factory consumes 3-6 
kWh (electric) per m3 of freshwater produced; 
therefore, harnessing 1.69884 million GW generated 
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by a single Salton Sea PLUS-covering 7,722 km2 
floating array of photovoltaics operating with a 
standard commercial solar cell efficiency of 23%, ~339 
km3 of freshwater will be abstracted. (By circa 2014 
AD, more than 17,000 individual desalination factories 
worldwide existed, some of which drew only seawater; 
those that did so had a freshwater output of ~30 km3 
yearly!). Let us take some numbers: 


7722 km2 = 7722 x 106 m2; 
 
The PV operate 8 h/day x 365 days: 
 
8 x 3600 x 365 = 10512000 s / year; 
 
Solar average irradiance: per year 400 W/m2 (this 
might be too large); 
 
Energy per year, for a PV efficiency of 0.23: 
 
7722 x 106 x 1.05 x 107 x 4 x 102 x 0.23 = 7459 x 1015 J; 
 
1 m3 of fresh water requires 5 kWh = 5000 x 3600 J = 
18 x 106 J; 
 
Number of m3 of fresh water = 7459 x 1015 / 18 x 106 = 
1801 x 109 m3 = 414 km3 / year. 


 


4. Team Geographos’ Action Proposal: A 
Southwest Water Alliance Project (SWAP) 


   Geoscientist now casually assert “…that the annual 
direct anthropogenic contribution to the global 
production of sediment in 2015 was conservatively 
some…150 km3, a figure more than 24 times greater 
than the sediment supplied annually by the world’s 
major rivers to the ocean” [30]. Speaking in the fashion 
of pro-desalination Ecopolis-Macro-Imagineering 
extremists, the yearly replenishment of an enlarged 
Salton Sea might eclipse that impressive 
ocean-sedimentation deposition bulk! A photovoltaic 
platform lidding all of the enlarged Salton Sea will 


perform structurally as equivalent to an ordinary 
land-based building’s floating foundation in terms of 
response to seismic-induced vibrations — in other 
words, otherwise powerful earthquakes can, in future, 
be treated as urban nuisances through diminishment by 
structural intervention! The transform San Andreas 
Fault trends from Mexico, chiefly at the head of the 
Gulf of California, to San Francisco, State of 
California; the majority of the State of California’s 
population lives in the vicinity of the San Andreas 
Fault. The anticipated next major projected temblor 
epicenter is assumed to be near Brawley, California 
[31]. The landscape and cities finally inundated forever 
by the Salton Sea PLUS-SWAP megaproject, perhaps 
partially rebuilt under the shading photovoltaic 
paneling of the artificial island covering the bigger 
Salton Sea artificial water-body, will never again suffer 
damage, property destruction or human and animal 
lives lost inflicted by the San Andreas Fault’s notorious 
strike-slip movements! A future slippage of tectonic 
plates edges seems to be a real potential based on 2018 
AD Imperial County news reports of increased 
horizontally shifting boiling mud-pot activity which 
threaten to sever Union Pacific’s freight railroad tracks 
from Yuma, Arizona to the City of Los Angeles and 
beyond, a Kinder Morgan petroleum pipeline, a 
Verizon fiber-optic telecommunications cable [32] and 
a heavily-traveled section of Interstate Highway 10 in 
the Coachella Valley connecting to the USA-Mexico 
international boundary. During 1540 AD, Spanish 
explorer Melchor Diaz encountered “fields of boiling 
mud” at several places on his march northwards from 
the Colorado River Delta and, before their 
anthropogenic submergence centuries later, live steam 
fumaroles, mud volcanos and boiling mud-pots were 
encountered by local inhabitants. The first effort to 
exploit the evident geotherm resources of the Salton 
Sea Trough took place during 1927-1928 AD [33]. 
Moderate future release of geothermal heat by Nature 
into the seawater beneath the enlarged Salton Sea’s 
artificial island can be considered quite beneficial since 
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by raising the seawater temperature for the distillery, 
the distillation process is made quicker and thus more 
efficient [34] and some have already sought 
successfully means to tap this manifestation of 
Earth-crust energy resource via underwater submarine 
geothermal facilities [35]. Photovoltaic farming upon 
the turbulent high-seas is a staple of futurist dogma 
[36] and even a floating university was tried on a placid 
artificial lake in Berlin, Germany during AD 2018. 
What was not outstanding in either of these proposals 
and attempts is any recognition of the future 
importance of aquaculture [37]. Expected Salton 
Trough Region climate regime change [38], as well as 
the large alluvial landscapes in Mexico such as the 
Vizcaino Plain and Magdalena Plain which can be 
more vigorously cultivated whenever low-cost 
desalinated water becomes available, makes it 
imperative that farmers and others working outdoors 
wear sun-protective clothing, possibly including 
air-cooling properties. As the climate regime changes, 
heatwaves intensify, and humidity increases, working 
many hours outside in farm fields as well as inside 
buildings without or equipped with inadequate 
air-conditioning systems will become unhealthier, and 
in some instances dangerously life-threatening, for 
active humans of both the State of California and 
northern Mexico. Thus, robotic agents may have to 
replace humans in some especially 
health-compromising industrial production situations 
[39]. On 13 March 2004 until 2007, in the rough desert 
between Barstow, State of California and Primm, State 
of Nevada three DARPA Grand Challenge 
tournaments were held as tests of robotic wheeled 
cross-country vehicles; since then driverless 
automobiles and trucks have transited highways as 
almost everyday car/truck technology worldwide. 
“While humankind faces unprecedented challenges, 
technology still represents the best shot to overcome 
them….[It] is timely to dissect in depth those grand 
challenges and the respective technologies that could 
address them, covering research, design, development, 


practice, maintenance, and even the social-related 
elements” [40]. 
 
    In the State of California, the City of Los Angeles’ 
Department of Water and Power (LADWP) is seriously 
examining the 2018 USD $3 billion 
Macro-Engineering concept to place near Hoover Dam 
a huge photovoltaic array on the Colorado River which 
will generate enough electricity for a battery of fluid 
pumps below Hoover Dam to collect spilled Lake 
Mead freshwater — that is freshwater that has already 
fallen through Hoover Dam’s powerhouse — and push 
it uphill to refill the reservoir (Lake Mead) impounded 
by Hoover Dam and recirculated through the 
powerhouse again and again! Such a scheme is highly 
notional — it keeps the LADWP in business providing 
customers with electricity but provides no additional 
freshwater and, worse, may well reduce freshwater 
flows to places downstream of Hoover Dam! 
Depending on the pump intake site and the intake size, 
this question is pertinent: how many times can outdoor 
freshwater be recycled for power generation, especially 
as evaporation is unhindered in any fashion whatsoever 
by the LADWP’s “loon-shot”? It is Team Geographos’ 
assessment of the current State of California-northern 
Mexico freshwater macro-problem that these adjoining 
territorial Regions have chiefly two megaproject 
options: (I) keep and mend their current water supply 
systems or (II) conduct an exchange via the Salton Sea 
PLUS-Southwest Water Alliance Project, SWAP. The 
State of Nevada, in particular the City of Las Vegas, 
and the State of Arizona have been adapting to a 
forecasted  21st Century future of freshwater shortage 
induced by climate regime change but that policy is 
very stressful and, sometimes, disliked by their voting 
publics. It is possible that even some of the 
macro-planning techniques utilized by Walt Disney 
Imagineering for, say, its unbuilt Western River 
Expedition, could be helpful in the proper creation of 
SWAP-Salton Sea PLUS [41]. A chemical engineer, 
Mr. Sidney Loeb, who died in 2004, invented the 
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reverse osmosis membrane, perfecting it after AD 1965 
with filtering tests done in the San Joaquin Valley for 
the City of Coalinga, State of California. During AD 
2014, an Israel-California water cooperation agreement 
was concluded which is premised on the fact that Israel 
has constructed coast-sited desalination factories and 
now exports freshwater from its national territory [42]. 
Ponder Figures 3-4.   
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Figure 1: Proposed desalination Plants indicated by ovoid-shaped dot symbols. 
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Figure 2: One-half of the Salton Sea PLUS-SWAP idea — that is, the two canals and the amplified area of the transmogrified Salton 


Sea which could add another international marine seaport to the USA’s extant infrastructure of ~150 such installations. After the 
imposition of such a shipping center, the State of California’s Inland Empire will spread geographically eastwards and probably 


become far more prosperous than it was during AD 2018 [44]. 
 


 
Figure 3: Tiny photovoltaic “island” as a polka-dot sample-kernel for the larger Salton Sea PLUS version proposed in our text. After 
all, if we had covered the entire enlarged Salton Sea, then it would have become uninstructive by geographical invisibility! The tipped 


arrows indicate freshwater product being transported to northern Mexico only. 
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Figure 4: The SWAP pipeline system (the Northern California system, with the box-shaped cartographic symbol 
representing a man-made freshwater reservoir, the bigger-than-Lake Tahoe San Luis Reservoir, was explained in detail 
in a previous paper published in this journal [43] so that further explanation herein is repetitive). This figure indicates 
Team Geographos’ hope that the State of Utah’s Great Salt Lake may someday become a paying Salton Sea 
PLUS-SWAP customer [45]!  
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Abstract: Two tractable New World west-coast Mediterranean climate zones, burdened with increasing urbanized 
populations, must each be transformed by humans because of inherent North-South variances of natural precipitation. In 
other words, each politically-defined landscapes must technically devise its own anthropogenic dimension for future 
prosperity induced by the prospect of a plentiful freshwater supply. Both the nation of Chile, as well as the State of 
California (USA), have investigated the hypothetical use of gigantic offshore buoyant freshwater pipelines to serve their 
coastal and inland population’s needs. This report is meant to inspire and engage the next generation of 
Macro-Imagineering experts. 
  
Key words: Submarine pipeline, freshwater transport, Chile, State of California, geographical similarities. 
 

Resumo: Duas zonas de clima Mediterrâneo na costa oeste do Novo Mundo, sobrecarregadas com o aumento das 
populações urbanizadas, devem ser transformadas por seres humanos devido às variações inerentes de precipitação 
natural entre o Norte e o Sul. Em outras palavras, cada cenário politicamente definido deve tecnicamente conceber sua 
própria dimensão antropogênica para a prosperidade futura, induzida pela perspectiva de um suprimento abundante de 
água doce. Tanto o Chile como o Estado da Califórnia (EUA) investigaram o uso hipotético de dutos de água doce 
flutuantes (offshore) gigantescos para atender às necessidades de suas populações costeiras e interiores. Este relatório 
tem como objetivo inspirar e engajar a próxima geração de especialistas em Macro-Imagineering. 
 
Palavras-chave: Aqueduto submarino, transporte de água doce, Chile, Estado da Califórnia, semelhanças geográficas.  
 

1. Introduction 

   Earth’s principal watershed separates the drainage 
regions of the Atlantic, Pacific and Indian oceans; in 
the New World the watershed follows the Cordilleran 
Belt, which includes the Southern Hemisphere’s Andes 
Mountains, as mapped by the indefatigable Russian 
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geographer A.A. Tillo (1839-1899) by 1887 AD. 
Numerical model experiments show that both coastal 
Chile, extending latitudinally 4,200 km between 
latitudes 170 30’ South and 560 00’ South, and the 
USA’s State of California located in the Northern 
Hemisphere would become more arid climatically if 
our Earth actually spun in a retrograde rotation [1]; in 
other words, even with an Earth spinning backwards, 
their thirst-beset, needful populaces would still have to 
technically overcome significant urban and agricultural 
freshwater supply macro-problems for all human 
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inhabitants! Ultimately, the definition of “fresh-water” 
is a function of the actual end-use of water — human 
consumption, river release and industrial 
applications/municipal uses [2-3]. Homo sapiens’ 
working real-world collaboration with our 
Earth-biosphere’s total water mass means that, from 
our multiple regionalized human outlooks, major parts 
of our world’s natural hydrologic cycle is rapidly 
becoming properly named the “hydro-social cycle” [4]. 
Well before the World Wide Web’s advent, 
agriculture, mining and cities are humankind’s 
longest-running examples of “open-source” 
megaprojects.  

    The northernmost part of Chile is likely our 
planet’s driest region while the southernmost part of 
Chile is probably the wettest extra-Tropical Zone 
region of our Earth-biosphere. Chile’s physiography 
stimulates the divergence of expert opinions about the 
comprehensive management of its natural freshwater 
resources — ~928 km3, 7.9% of all South America 
runoff [5]. The UNO, as well as other concerned 
organizations, hold the threshold value internationally 
considered minimum for sustainable development is 
~2,000 m3/person/year; from Chile’s capital, 
Santiago, to the far-north desert, the average freshwater 
availability is only ~800 m3/person/year whilst, by 
marked hydro-social contrast, from Santiago to the 
far-south freshwater availability exceeds 10,000 
m3person/year! The rain-shadow effect of the Andes 
Mountains maintains the hyper-arid conditions of the 
Atacama Desert in northern Chile and the South Pacific 
Ocean’s cold northward flowing Humboldt Current 
paralleling Chile’s shoreline further contributes to the 
south-north latitudinal desiccation landscape 
geography. A Mediterranean-type climate occupies a 
narrow ocean-adjacent landscape zone from 300-360 
South latitude. However, all 21st Century climate 
regimes are changing and this evident and appreciable 
alteration has come just as freshwater availability is 
increasingly vital to intensifying industrialization and 

mining of Chile’s northernmost landscape. The 
aquifers (groundwater) of Chile’s northern and central 
landscapes suffer overexploitation as well as natural 
and anthropogenic pollution! Freshwater pollution in 
northern Chile is mainly the naturally mineral-rich 
soils formed by ancient and modern-day erosion of 
rock formations bearing contaminants such as copper, 
molybdenum, boron, aluminum and arsenic whereas in 
Chile’s central Mediterranean climate zone most of the 
apprehensive freshwater pollution seems to originate 
from cities and modern agriculture’s use of artificial 
chemicals. In the past, anthropogenic freshwater 
supply management systems were typically designed 
and operated under the assumption of stationarity; this 
normal operational assumption is nowadays invalid 
under increasingly sophisticated and perfected global 
and regional climate change modelling scenarios [6-7]. 
Coordinated management of the total natural flowing 
freshwater resources of Chile’s northern, central and 
southern regions, perhaps to most embellish its coastal 
Mediterranean climate zone where most of the nation’s 
human population dwells and works, is of paramount 
national importance to forestall or prevent freshwater 
insecurity (stimulated by meteorological droughts, 
desperate user competition, over-allocation of 
available freshwater and freshwater supply 
infrastructure damaged or destroyed by commonly 
world-renowned earthquakes accompanied sometimes 
by major tsunamis) [8]. 

2. Submarine Pipeline, Chile

Long-distance freshwater transport by can be
accomplished by the emplacement of a system of pipes 
forming a continuous pipeline carrying that chemically 
stable substance, so vital to human prosperity and 
comfort, to wherever it has been deemed to be needed. 
Team Geographos visualizes submarine pipelines as 
reserve supply tanks, a kind of elongated storage 
“bottle” which ought to be complemented by carefully 
built back-ups on land since freshwater dependency is 
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not desirable. Chiles’ Minister of Public Works first 
sent a letter of interest to Via-Marina, focused on its 
Subma-River (submarine river) concept, during June 
2009; Via-Marina’s freshwater-carrying flexible 
undersea pipeline — dubbed Subma-Flex — is secured 
by the European Patent Office publication EP 
2,788,643 B1 as a proprietary protected technology. 
Via-Marina emphasizes the pipeline’s structural 
flexibility because the well-known natural occurrence 
of major seismic events in Chile arouses skepticism 
amongst a few potential design and construction 
partners and ordinary financial investors. The quite 
recent Maule region earthquake, with its epicenter near 
Chile’s second largest city, Concepcion, stalled 
temporarily governmental consideration of this 
proposed 2,500 km-long megaproject transporting 
freshwater abstracted from the Bio-Bio River and then 
inexpensively pumped to northward to Arica situated 
near the Chile-Peru border. The most recent 
news-media provided status report of related 
organizational activity dates from late-2017 AD. Patent 
holder Mr. Felix Bogliolo, presently listed as a 
Founding Partner and the acting Chief Executive 
Officer of Via-Marina, when contacted on 11 October 
2018 through the business entity’s Via-Marina website 
(http://www.via-marina.com), declined to provide any 
“sensitive”, generally enlightening or substantial 
information whatsoever. However, according to data 
provided in various documents derived from a 
thorough search of the Internet, in the Chile setting and 
instance, Via-Marina offered to convey 2.6 million 
m3/day of freshwater moving at 30 m3/second, shifted 
geographically at a basic energy cost of ~0.9 kWh/m3 
from the Bio-Bio River, situated adjacent to but south 
of earthquake devastated Maule, to the Arica coastal 
segment of northern Chile. The Mean Annual Runoff 
difference between these two places could not be more 
startling: a ~335 m3/second flow for the Bio-Bio River 
versus ~0.3 m3/second outflow at Arica — that is, 
~1116 times more freshwater river runoff per second! 
A submarine pipeline would be a difficult target for 

petty or major freshwater thefts, nuisance vandalism, 
industrial sabotage and even some inadequately 
strategized terrorist-schemed onslaughts on Chileans. 
Figure 1, prominent base image of South America, 
illustrates the maximum possible extended length of a 
national Subma-Flex pipeline that is geopolitically 
conceivable as of late-2018 AD. (As mentioned earlier 
in this Section 2, Mr. Felix Bogliolo declined to offer 
publicly a location-precise map of Via-Marina’s 
proposed offshore undersea route.) 

 
Figure 1. The maximum possible extended length of a 
national Subma-Flex pipeline in Chile. 
 
As is the case of Subma-River, publicly available 
information on any macroproject is usually imperfect, 
rarely complete, and often lacking in absolute revealed 
clarity. Team Geographos, surely characterizable as 
upstarts in the offshore infrastructure business, here 
boldly suggests several possible improvements for the 
Subma-River concept as it is here applied to Chile’s 
coastline. First noticed elsewhere during the mid-1960s 
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[9], beach-sited groundwater springs supported 
pre-historic human populations living on the distant 
island of Rapa Nui, Chile [10]. Though known coastal 
aquifers are present in the northernmost region of 
Chile, most known to exist in the Atacama are located 
in fluvial valleys on land, none yet known to be 
offshore. Yet, at Surquillo, Peru, freshwater is 
currently pumped from beach-located wells which is 
subsequently distributed by ordinary commercial 
tanker-trucks [11] and meteoric-origin freshwater 
exists in quantity within the marine sediments near 
Callao, Peru’s biggest international seaport [12]. In the 
context of northern Chile, tanker-trucks might in future 
be assisted in especially hilly landscapes by dedicated 
funicular railways using freshwater-transporting pods 
than can be rolled horizontally from trucks to railway 
flatbed wagons where they would be latched to assure 
immobility during transit. Perhaps intensive 21st 
Century exploration of Chile’s offshore continental 
shelf ought to be done to develop supplemental or 
emergency resources for the Subma-River 
mega-project? Furthermore, a reflective Team 
Geographos recommends Beryle D. Brister’s US 
Patent 4,220,012, “Apparatus for freezing a slug of 
liquid in a section of large diameter fluid transmission 
line”, awarded on 2 September 1980, as a potentially 
worthwhile and economical means for controlling the 
Subma-Flex freshwater inflows and outflows at 
important places along the submarine route. Since the 
undersea pipeline is necessarily affixed to the seafloor 
with numerous anchor moorings, why not utilize its 
obligatory structural fixity for useful and profitable 
macro-planned structural add-ons, such as associated 
aquaculture installations (fish-farming, seaweed 
farming)? Even when moored, inhabited artificial 
islands afloat on the ocean’s surface above the invisible 
South-North flowing freshwater pipeline does not seem 
too ridiculous as a viable Macro-Imagineering 
proposition! Such installations are possible as the 
submarine pipe, filled with freshwater, naturally floats 
because of a density difference with seawater; 

consequently, the submarine freshwater pipeline will 
bend upward slightly between its vertical anchors, 
some of which could be perhaps intentionally spaced 
more widely at desirable geographical ocean-surface 
sites. Under the influence of seawater currents, the 
flexing submarine pipeline can be monitored by 
attached remote-reporting devices powered by 
piezoelectric patches attached to the constantly 
vibrating pipeline. Nothing ambiguous is deemed 
impossible, just so long as Macro-Engineering can 
make it happen eventually whenever afterwards the 
real-world economic cost appears to be reasonable; a 
corollary rule of commerce is that every situationally 
non-recurrent — that is truly unique — macroproject 
must also be constructed by closely associated and 
cooperative public event-managers, news-media 
consultants, website-masters, region marketers, 
brand-name formulators and politicians. In its 
present-day formulation, Chile’s serious and 
sober-minded announced investigations of a seemingly 
feasible real-world civilian submarine freshwater 
pipeline megaproject cannot be compared to any 
distasteful, illegal drug-induced human pipedream! 
 
 
3. Submarine freshwater pipeline, State of 
California (USA) 
   In the USA, the State of California’s coastline 
extends from 320 30’ to 420 North latitude, a shoreline 
of ~1,350 km. Like Chile, the disparity of coastal zone 
river runoff regimes is remarkable: the State’s North 
Coast has an annual runoff of ~35.6 km3 while the 
Sacramento River (27.6 km3) and San Joaquin River 
(9.7 km3) finally debauch into the Delta Region and 
thence into San Francisco Bay. In contrast, the South 
Coast has a runoff of merely ~1.5 km3 yearly — in 
other words, ~48 times less than the North Coast 
alone! “California’s [fresh-] water landscape has been 
reengineered so that roughly 75 percent of the demand 
for water originates south of Sacramento, although 75 
percent of the water supply in the state comes from 
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north of the capital city” [13]. The key fact relevant to 
Team Geographos’ proposal in Section 3 is that, 
because of persistent long-term farming and some 
established industrial use, the only freshwater entering 
the Delta Region since World War II issues from the 
Friant Dam Reservoir with some enhancement by 
selenium-infused farm return drainage and urban 
sewage! In other words, like today’s repugnant Salton 
Sea located in Imperial County in Southern California, 
the lower reaches of the San Joaquin River is a 
perennially polluted human-designated “sump 
sacrifice region” that contributes to the further 
degradation of beloved San Francisco Bay 
ecosystems. Since the San Joaquin River deposits 
little or no sediment into the Delta Region, the puny 
marshlands partly surrounding San Francisco Bay are 
dwindling spatially through normal erosion 
event-processes. Supercomputer climate modelling 
implies a future Pacific Ocean sea-level rise that, 
inevitably, will push tidal seawater into the already 
ecologically-distressed Delta Region [14]. Realizing 
the societal gravity of this worrisome mismatch of 
regionalized river freshwater runoff data and the 
macro-problems nowadays endemic to 
environmentally beleaguered San Francisco Bay, 
Team Geographos will here offer a new 
Macro-Imagineering solution for a very difficult 
hydro-social cycle intellectual “knot” of ecologic and 
general political discord amongst extant Californians. 
Figure 1, upper incomplete image of the State of 
California, with small dot that indicate site of San 
Luis Reservoir mentioned in the text. 
 
    It is immensely instructive that a 107 km-long, 
1.6 m-diameter freshwater pipeline already 
horizontally extends 80.15 km beneath the 
Mediterranean Sea’s surface linking the reservoir of 
Alakopru Dam on Turkey’s Anamur River (draining 
the Taurus Mountains) to the reservoir backed by the 
Gecitkoy Dam on north Cypress. The satisfactorily 
serving submarine pipeline, operational since 29 

October 2015 AD, is immersed ~250 m below the 
seawater’s surface — deep enough to avoid ships from 
striking and sundering the underwater high-density 
polyethylene tube — and is held in place by 132 
plastic buoys. Therefrom, 0.075 km3 of freshwater can 
be distributed annually to northern Cypress farms and 
homes as well as other connected and served 
establishments. The concept of buoyant, anchored 
structures is proposed by Team Geographos as having 
many unique advantages over existing conventional 
seafloor-resting, load-bearing marine structures 
usually emplaced in the ocean. The particular case of a 
submerged, buoyant pipeline, anchored safely below 
the tumultuous Pacific Ocean’s notable surface energy 
effects for the purpose of transporting freshwater by 
gravity flow from California’s North Coast to near 
Moss Landing on the shore of Monterey Bay, thence 
~40 km inland to the San Luis Reservoir and beyond, 
ultimately to merge with the San Joaquin River south 
of the seaport City of Stockton is rudimentarily 
technically and economically evaluated. (Electric 
power for pumping delivered fluid from Moss 
Landing uphill to San Luis Reservoir may most easily 
be provided were Vistra Energy’s natural gas-fired 
Moss Landing Power Plant, now idled, were brought 
on-line again.) We have dubbed this proposed 
infrastructure the “California Umbilical Cord”. In 
effect, it continues an 11-page preliminary technology 
assessment effort instigated 14 August 1991; by 
January 1992 the Congress of the United States, 
Office of Technology Assessment, issued its 
summarizing report Alaska Water for California? 
The Subsea Pipeline Option — Background Paper, 
OTA-BP-O-92. Freshwater was to be subtracted from 
rivers in Alaska at a withdrawal site upstream of the 
river mouth and then entering an intake sited 
somewhere near Prince Rupert Sound, conveyed by 
submarine pipeline to a landfall place east of the 
Pacific Ocean, but exactly west of Shasta Lake, a 
reservoir impounded by Shasta Dam, which usually 
contributes to the overall seasonal regulated flow of 
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northern California’s Sacramento River. From the 
near-seashore outfall, the freshwater was intended to 
be pumped, at considerable energy and monetary cost, 
to far-distant Shasta Lake. Such a scheme is hereby 
determined to be economically infeasible as well as 
unsightly infrastructure if carelessly emplaced in that 
mostly wild, pastoral and rural landscape! Like Chile, 
the State of California cannot ever actually be 
under-resourced in terms of its freshwater so long as 
much of its freshwater runs off into the Pacific Ocean; 
conversely, like Chile the State will have a 
naturally-limited freshwater resource so long as its 
coastal rivers continue to flow unimpeded into the 
Pacific Ocean, without anthropogenic infrastructure 
intervention whatsoever. 
 
     The “California Umbilical Cord” megaproject 
fostered by Team Geographos contains some very 
attractive elements in its operation if it is realized and 
materialized! Like Chile’s potential undersea 
aqueduct, these systems operate gravitationally and 
energy is needed chiefly to pump the delivered 
freshwater into established major canal distribution 
systems on land; this feature allows a 
speculation—that a volumetrically enlarged San Luis 
Reservoir, today used jointly by the State Water 
Project and the Central Valley Project could, in an 
emergency (such as cave-in or blockage of the twin 
tunnels bored under the Delta Region west of 
Stockton connecting from south of Sacramento to 
Clifton Court Forebay), serve as a substitute 
freshwater deliver mechanism. As of 2018 AD, barely 
2% of all State of California energy consumption is 
applied to pumping freshwater — extraction, 
conveyance, potability treatment and waste disposal. 
Massive freshwater redistribution within the State of 
California using relatively short ocean routes is 
desirable from a hydro-social cycle managerial 
viewpoint. However, we cannot honestly claim 
origination of the basic hydro-social cycle idea 
because the outlining vision was originally proposed 

by partners of the (now corporately defunct) National 
Engineering Science Company of Pasadena, 
California [15-17]. During the late-1960s and 
early-1970s, legislators at the capital in Sacramento 
helped to shift profoundly California’s general 
outlook on supply management of freshwater to 
greater consideration of managing demands by 
improving efficiency to cause freshwater cost 
reductions, or at least to retard the increase in 
freshwater supply costs paid by the public. The 
proposed Macro-Engineering-styled megaprojects, 
such as vastly increasing the lake area of San Luis 
Reservoir could act to create anomalous regional 
moisture and/or heat sources (or sinks) the effects of 
which may, in theory, propagate eastwards via 
atmospheric dynamics [18]. The main goal for our 
“California Umbilical Cord” must be the essential 
restoration of the San Joaquin River’s pre-World War 
II volume of freshwater flow into the overstressed 
Delta Region and San Francisco Bay by using its 
watery augmentation through North Coast freshwater 
importation via submarine pipeline and connected 
overland pipeline to San Luis Reservoir. Coincident 
with this singular environmental maintenance goal 
must be the reformation or reorganization of the Eel 
River [19-21], Russian River and Rogue River; the 
documented response of North Coast residents and 
their representatives, in the past, has been hostile to 
development plans affecting these California rivers. 
On 18 July 2018, California’s Supreme Court 
removed Proposition 9 from the General [State-wide] 
Election Ballot slated for 6 November 2018. 
Proposition 9, sometimes referred to as the “Three 
State Initiative”, would have sought the citizenry’s 
voted advice on a proposal to divide the State’s 
existing counties into three new USA states. Monterey 
County, Santa Clara County and San Benito County 
were suggestively mapped as included in one of the 
three new USA states, “Coastal California”. Were this 
political separation to occur it would be fortunate that 
these strategically nodal counties be joined in 
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freshwater supply management since the rock-mass 
volume beneath the 417 m-high Pacheco Pass (370 3’ 
59” North latitude by 1210 13’ 7” West longitude) and 
surrounding the extant San Luis Reservoir currently is 
being excavated in places and reshaped for enlarged 
reservoir capacity by massive earthmoving 
megaprojects: the California High-Speed Rail System 
tunnels penetrating the difficult Franciscan mélange 
formation of the Coast Range into the Central Valley 
and the rebuilding of the B.F. Fisk Dam (first closed 
1963) prior to some unpredictable future seismic 
dam-failure event initiated by the dangerously nearby 
66 km-long north-northwest-striking, right-lateral 
strike-slip Ortigalita Fault [22]. Shortly after the 
sudden release of 2.518 km3 of that mass of 
deliberately stored off-stream freshwater, the B.F. 
Fisk Dam’s failure could cause flooding of the 
western outskirts of the City of Stockton and certainly 
disrupt ocean-going shipping schedules at its port! 
Still uncertain, is whether the Delta Region’s 
yet-t-be-dug twin tunnels under the Sacramento-San 
Joaquin rivers could be damaged by strong temblors. 
(By comparison, California’s famed Lake Tahoe 
contains only 0.903 km3 of freshwater.) Both intrusive 
megaprojects are multi-billion USA dollar 
governmental investments, funding for which remains 
open, uncertain and legally disputable (see Figure 2).  
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Figure 2. All Californians’ standard of living depends on access to abundant and low-cost freshwater. Might a 
“California Umbilical Cord” imitate Chile’s potential Subma-River before 2030 AD? 
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Abstract: Based mainly on the Fourier Law valid for parallel material layer temperature gradients, a massive floating 
seawater desalination macro-project almost entirely covering the Golfo de Cariaco, NE Venezuela, is proposed. The 
purpose of the geographically-scalable unsinkable Fountain-Barge Desalination Factory (FBDF) formed chiefly of 
composite metal foam is bulk freshwater production then to be utilized domestically for commercial crop irrigation and 
urban population maintenance and increase. Brine reject from the huge FBDF could allow 21st Century development of 
a commercial aquaculture industry during a potential local encompassing region BSw Koppen Climatic Classification 
change as well as adjacent southern Caribbean Sea changes [1].  
 
Key words: Freshwater production, aquaculture industry, solar thermal-powered desalination fountain-barge. 
 

Resumo: Com fundamento na Lei de Fourier, válida para gradientes de temperatura em camadas paralelas de material, 
propõe-se um macroprojeto flutuante de dessalinização da água do mar cobrindo quase inteiramente o Golfo de Cariaco, 
NE Venezuela. O objetivo da Fountain-Barge Desalination Factory (FBDF), geograficamente escalável e formada 
principalmente de espuma de metal compósito, é a produção de água doce para ser utilizada em residências, em 
irrigação comercial e demais aplicações da população urbana. A rejeição de salmoura da grande FBDF poderia permitir 
o desenvolvimento, no século XXI, de uma indústria de aquacultura coetânea à potencial transformação da região de 
BSw Koppen, assim como às mudanças adjacentes no sul do Caribe [1].  
 
Palavras-chave: Dessalinização da água do mar, indústria de aquacultura, barcaça-fonte termosolar.  
 

1. Introduction 

   The relative scarcity of freshwater compared to the 
Earth’s super-abundance of seawater has fostered the 
investigation of many abstruse technologies for 
removing salt from seawater as a centuries-old human 
quest via Macro-Imagineering to amplify reliable and 
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well-regulated regional freshwater supplies. Fountains 
are a source of both refreshment and joyous renewal 
[3]. Greenhouses afford constant shelter from all kinds 
of weathers for commercially valuable plants, 
decorative or edible; at one locale in the Old World’s 
southern Spain landscape ~270 km2 are presently 
enclosed contiguously by sealed glass-houses growing 
tomatoes and other commercial crops controllably; the 
effect of the sunshine-reflecting landscape-cover of 
glazing is to cool the local climate whilst protecting all 
plants grown within from radical short-term air 
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temperature excursions [4]. A floating solar 
thermal-powered desalination fountain-barge (FBDF) 
built atop an open 640 km2 body of seawater, 
Venezuela’s Golfo de Cariaco, Figure 1, might be 
composed of a plurality of prefabricated, standardized 
rectangular, composite metal foam modules rigidly 
locked together in a continuous side-by-side relation 
and anchored so as to rest on a very large area of 
swell-quelled gulf seawater. These modules will not 
require Cathartic Protection. GEOGRAPHOS 
supposes a maximal freshwater FBDF product 
annually to be ~0.57 km3 predictably derived from a 
FBDF solar distiller empowered by a ~640 km2 solar 
energy VANTA-black receiving surface which 
ultimately causes 2.5 liters/m2 of freshwater to be made 
during near-Equator sunny days. The multi-level 
moored FBDF, unencumbered by shading obstacles 
above, can be expected to revolutionize freshwater 
supply (quantity and quality) and use within the 
Koppen Classification BSw Tropical Semi-desert that 
completely surrounds Golfo de Cariaco. The 
contiguous hill and mountain reliefs restrict the gulf’s 
precipitation catchment but might serve as lookouts for 
enthralling vistas appreciated by national and 
international  tourists appreciating the gulf’s 
monumental anthropogenic facility scenery. Modern 
solar thermal-powered desalination first commenced at 
the Las Salinas factory (1872-1912), which generated 
4.0 liters/m2, in desert-coast Chile and various brine 
and seawater evaporator devices with significant-sized 
distilled freshwater outputs have operated in Venezuela 
since circa AD 1930 [5]. 
 

2. “Drinking Watershed”: Un Unexamined 
Mega-Infrastructure 

   A statement of opportunities for enhancement of 
freshwater supply infrastructure in Latin America 
ignored recently-developed desalination technology 
[6]. During the 21st Century, NE Venezuela can 
become the essential national region contributing vital 
drinking freshwater withdrawn from Golfo de Cariaco 

seawater using a gigantic industrialized thermal 
energy-powered mechanism, the FBDF which abides 
by the Fourier Law, for the region’s agriculturalists and 
potable water guzzling urbanists . More than a century 
old [7], pressure-driven membrane desalination is, 
currently, the most preferred means of manufacturing 
freshwater from a seawater  “Drinking Watershed” 
resource [8]. Mega-scale floating desalination plants 
for Spaceship Earth have been proposed previously, 
although never before on the spatial scale as the 
macro-imagined FBDF! Admittedly and unavoidably, 
the FBDF concept has a starkly characteristic aura of a 
young child’s paracosm — a self-created imaginary 
parallel world — as, for example, the puzzling but 
stimulating observed fact that crewmembers aboard the 
interstellar space-travel vehicles associated with Star 
Trek television episodes and films never, ever worried 
about their personal freshwater source; no actor/actress 
is ever seen repairing a freshwater-fountain [9]! 
GEOGRAPHOS apprehends its FBDF proposal as a 
“Grand Design” [10] which, if constructed and 
successful, would correlate its operational product, 
artificial freshwater, and its encompassing Venezuelan 
arid landscape. The Koppen BSw Tropical Semidesert 
Climate of the entire ~400 m-high Araya Peninsula and 
the heights of the ~800 m-high topography Eastern 
Interior Range bordering the latitudinally-elongated 
Golfo de Cariaco requires irrigation all year for 
commercial crop farming.  
 
    On gulf’s southern flank, the Pan American 
Highway [11] parallels the Golfo de Cariaco, following 
a route traversing its southern shoreline north of the 
Eastern Interior Range’s foreland, potentially allowing 
the FBDF, with or without a remarkable viewable 
urban skyline, or even be entirely invisible from both 
shorelines due to Earth’s curvature, to become an 
infrastructure signed by place-marketers, transnational 
aquaculture boosterism, waterfront development and 
de-development, perhaps even a unique tourism 
floating attraction named after some 
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globally-recognized Latin American celebrity (of 
course, toponyms can always be altered to adhere to 
evolving popular sentiment about faddish and 
eventually outdated identifiers) ! With its modularized, 
linked foamed-metal base, the buoyant FBDF might 
attractive to persons nowadays exclusively dwelling 
ashore to its offered futuristic living and working 
accommodations as well as themed entertainment 
features primarily because it will be isolated from any 
major future effects of too-familiarly destructive 
regional earthquakes (think rentable apartments, 
leasable condominiums, owned single-family 
residences stacked decorously atop a vibration-free, 
noiseless movable desalination barge-fountain floating 
man-made island [2]). Because of its components and 
sturdy naval construction, the FBDF is 
earthquake-proof and unsinkable — that is, there can 
never be an installation failure (the unacceptable 
difference between expected and observed buoyant 
platform’s module performance)! It is safely 
foreseeable that only very small, technically-isolatable 
and extinguishable fires could pose a life-threatening 
menace to people, pets and personal property. 

3. Un Uncertain Future
Chapter 14 of H. Michael Tarver’s The History of

Venezuela (2nd Edition, Greenwood, Santa Barbara 
CA, 2018, 248 pages) carries the same title as this 
Section. But, the brief statement is generally true of all 
human-manipulated things, alive and/or organizational 
and seems inapplicable, or at least inartful, when taken 
as a prospectus conclusion relating to ever-changing 
Venezuela. Macro-Imagineering ought to play an 
increasingly useful role in helping Venezuela’s 21st 
Century citizenry (32+ million persons, 89% of whom 
are currently urbanized) to progress technologically 
and economically. Many bays of Venezuela’s coastline 
seem adaptable for additional non-electricity 
consuming FBDF-type installations, so it is surely the 
case here that GEOGRAPHOS randomly selected 

Golfo de Cariaco, situated in NE Venezuela abutting 
the Caribbean Sea, as a suitable demonstration of the 
unusual “Drinking Watershed” macro-project concept 
that is quite independent of present-day landscape 
topography, including past planned or unplanned 
terrain changes thereof [12]. (Envision 11,800 km2 
blank-slate State of Sucre available for remodeling by 
its 900,000 + human population, nearly 300,000 of 
whom live in the State’s seaport-capital Cumana City, 
established under another toponym in AD 1515. It is 
the oldest Spanish settlement on the New World 
mainland).  

    The truly singular composite metal foam FBDF 
installation bearing a glassed-in distiller, atop ~4,347 
km3 of Golfo de Cariaco seawater separated from the 
Caribbean Sea by a 55 m-deep seafloor sill 
officially-dubbed the “Salazar Sill”, Figure 2, located 
northwest of Cumana which could be geometrically 
modified to reduce or increase the present-day Golfo de 
Cariaco tidal range of 10-20 cm, could cover ~2.13% 
of Venezuela’s declared 30,000 km2 national water 
territory, enduring future higher mean air temperature 
than 26-27oC and mean wind-speed of >4.0 m/s. 
Cumana receives ~250 mm of rainfall annually. 
Therefore, the prevalent BSw climate encourages the 
anticipation of some wind-power and solar-thermal 
power enterprises focused on, and in the vicinity of, the 
State of Sucre’s central geographical feature, the Golfo 
de Cariaco! Within a Nation hampered by an ongoing 
electricity shortage mega-problem, NE Venezuela has 
difficult-to-master landforms as well as an aridic 
regional climate affected by pronounced latitudinal 
fluctuations of the Earth-atmosphere’s Intertropical 
Convergence Zone that, so far, still restrictively 
inhibits, or even retards, developmental pace of the 
region’s early-21st Century vigorous socioeconomic 
development.  

    Major earthquakes and subsequent tsunamis have 
had a profound impact on the Golfo de Cariaco for 
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many thousand years. The earliest Spanish-reported 
tsunami in Venezuela, in AD 1498, occurred at Boca de 
la Sierpe, Pedrenales. Some geoscientists strongly 
support the geohistorical opinion the 1498 AD temblor 
first opened the Gulf of Cariaco to massive seawater 
intrusion [20] and the opening event-process was 
furthered later by the seismic catastrophes of AD 1530 
and 1543 AD and, perhaps, then completed by a 
large-scale seafloor displacement on the sill’s western 
face at the gulf’s entrance. Little of the available and 
thoroughly examined published geological evidence is 
actually conclusive on this specific sediment slump 
timing subject [21-22]. 

 

4. Geographical Summary of the Present 

   The Golfo de Cariaco east of Cumana City is a 
semi-enclosed ocean sub-basin hydrographically 
affected mainly by the present-day wind regime 
affecting northeastern Venezuela [13]. Unintentionally 
Cumana City was sited and continues to be maintained 
on the dangerously active 800 km-long  right-lateral 
strike-slip El Pilar Fault which formed the whole gulf 
in its existence as a visible geomorphic surface trace 
for accommodative relative motion along the 
Caribbean-South American tectonic plate boundary. 
During the most recent Ice Age low-stands, the Golfo 
de Cariaco was disconnected from the world-ocean and 
sometimes functioned as a freshwater and/or saline 
lake basin. West of the gulf, the Cariaco Basin is the 
largest anoxic basin of  Venezuela’s submarine 
continental borderland, in our world second in volume 
only to the notorious Black Sea [14-15]. Venezuelans 
have promoted the inundation of some segments of the 
Nation’s 2,800 km coastline — that is, ~0.4% of the 
Earth’s — by their petroleum mining: since AD 1929, 
the 12,000 km2 Maracaibo Lake located in 
northwestern Venezuela evidenced induced lakebed 
subsidence of >5.5 m caused by that extraction of  
valuable liquid and gaseous materials. Dredger 
deepening of an oil-tanker shipping lane by AD 1956 

increased ocean seawater flow into Maracaibo Lake 
[16]. Future sea-level rise must, therefore, subject both 
Maracaibo Lake and the Golfo de Cariaco to greatly 
increased openness to non-placid marine influence 
[17]. Indeed, the Nation’s Caribbean coast is constantly 
subject to Trade Winds and, episodically, to hurricane 
storm surges and tsunami-generated waves. Since circa 
AD 1950, agricultural landscapes of the Caribbean Sea 
Basin have suffered a drying trend as well as a few 
multi-year droughts — for instance the 2013-2016 AD 
drought was universally judged as very severe, putting 
at risk ~2.0 million people because of food production 
insecurity and slackening tourism [18]. Even the 
diminishing fishery annual take has apparently been 
affected by commonly observed climate change [19]. 

 

5. Solar-thermal Fountain-Barge   
Desalination Factory (FBDF) Particulars 

   Established incrementally — modules added to the 
“initiating rectangular barge kernel” as propitious 
financing permits — the composite metal foam FBDF 
has the potential to become a picturesque tourist 
industrial desalination factory venue additional to 
many other already extant famous attractions of the 
State of Sucre, Venezuela. For example, tri-cable 
detachable gondolas, each carrying ~35 passengers, 
moving at 30 km/h, passing support towers spaced 
3,000 m apart, could afford visitors fine, inspiring 
elevated and long-distance views of the stationary 
FBDF from the Araya Peninsula and the Eastern 
Interior Range hillsides. Possibly the cable-supporting 
towers — executed in some recognizably Venezuelan 
architectural style — could be designed also to remind 
people that Cumana City is/was an industrial seaport 
containing ships and waterfront cranes. Of course, such 
a cableway would have to be constructed so as to 
endure expectable major earthquakes and remain 
always in a safe condition of workability! The use of 
super-cables formed of graphene might be advisable 
too. In the event of necessity — such as a reasonable 
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tsunami warning — the cableway might be beneficial 
to the citizenry and tourists as a method for rapid 
evacuation of low-elevation high-risk wave run-up 
danger zone landscapes. Serious strong temblor 
disasters seem to be repeated sporadically on, 
approximately, 130 year cycles meaning that long 
time-periods elapse before similar recurrences. All 
structures intended for disaster mitigation and 
post-disaster recovery inevitably are subject to 
expensive maintenance costs and, therefore, ought best 
to be used daily. The specific weight of seawater may 
be taken to be 10.09 kN/m3 or 1.03 t/m3; a general 
operational rule is that it is necessary to have a 
breakwater if the significant wave-height is >4 m. As a 
result of the major temblor of AD 1530, Cumana City 
was totally swamped, and all its infrastructure 
converted into worthless rubble by serial 7 m-high 
tsunamis! Ideally, this fact indicates that resettlement 
of the human population currently at considerable risk 
ought to be accomplished; however, practicality and 
finances surely intervene in this instance, necessitating 
instead other pragmatic real-world actions. 
Abandonment of some unprotectable at-risk strand 
properties should be considered carefully by 
responsible local authorities and concerned citizens. 
Would thousands of willing former Cumana residents, 
assured of their safety during future tsunami 
event-processes, live permanently aboard the 
solar-thermal composite metal foam FBDF? (YES!) 
Kiyonori Kikutake (1928-2011), the Japanese 
proponent of marine metropoles — that is, 
self-sustaining, flexible, clean, safe communities — 
under the rubric of Metabolist Architecture was only 
able during his lifetime to complete one tiny example, 
the Okinawa Ocean Expo in 1975 AD as the only 
Metabolist Architecture floating macro-project: as a 
social group, until circa AD 1970, Metabolist architects 
planned to transform Tokyo Bay into a body of 
seawater supporting a floating metropolis extension of 
old Tokyo.  

But, what is the alluded GEOGRAPHOS 
macro-imagined FBDF? 

    Floating all solar-thermal FBDF components on a 
spatially-vast captive composite metal foam barge 
infrastructure decouples the installation from seismic 
disturbance because the linked rectangular modules 
floating base-isolation structure prevents relative shifts 
of all FBDF components aboard [22]. Any damaged 
edge-modules can be removed for timely repair or if 
the sea-surface space is needed for other “Grand 
Design” purposes in future. The FBDF’s constant 
position in all circumstances with respect to the 
seawater surface, whatever its position at any specific 
time or sea-state condition, facilitates boats and ships 
to come along-side in the same manner as usually done 
with fixed piers and berths. From AD 1995 until 2001 
AD, macro-engineers tested technologies inherent in a 
Mega-Float airport (with a 1 km-long runway) in 
Tokyo Bay, Japan, which is subject to tsunamis of 
remarkable size [23]. “Closed cell metal foam was first 
announced in 1926 by M.A. DeMeller in his French 
Patent 615,147” [24].Composite metal foams are 
lightweight, reduce collision penetration and can cope 
with fire temperatures twice that of the metals of which 
they are comprised [25]. Robust metal-ceramic foam 
forms a part of the hulls and superstructures of many 
boats and ships already afloat upon the world’s mutable 
ocean as well as our planet’s navigable lakes and rivers 
[26]. Since such foams are cellularized (enclosing 
empty voids or trapped gas bubbles by >50%), the 
Fourier Law of thermal transmission by conduction 
between various materials or layers of material, and 
convection, according to the values of heat resistance 
or surface thermal resistance owing to the convection 
currents generated applies rigorously. The surrounding 
Golfo de Cariaco dryland is an appropriate region for 
the confident operation of the effectively 
high-performance and low-cost desalination factory 
entailed by the composite-metal foam FBDF. 
Industrially simple, the interfacial one-Sun (1000 
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W/m2) solar contactless steam/vapor generation by 
photon management and heat localization FBDF, 
operating at 100oC and ambient air pressure, raises the 
possibility of stable and ultra-efficient daytime-only 
solar-thermal Golfo de Cariaco seawater desalination 
[27-28] (see Figure 3).  
 
    The pervasive fabric photon-absorber, normally 
situated beneath the overhead slanted glass-house as a 
VANTA-black flat defect-free carpet affixed to the 
deck of each FBDF module, is the key technology for 
the proposed FBDF freshwater factory. The 
dark-colored fabric reflects ~0.035% visible spectrum 
sunlight [29]. The Serpentine Gallery Pavilion in 
London, England, designed by Peter Zumthor as a 
uniformly black-box artwork situated in a vast expanse 
of naturally green grass owned by London Kensington 
Gardens, existed for three months during AD 2011 
[30]. VANTA-black is almost impossible for the 
human eye to perceive the shape of any object and 
structure coated by the light-absorbing pigmented 
spray-painted carrier solution: Asif Khan unveiled a 
pavilion at the Pyeongchang Winter Olympics Games 
held in South Korea during AD 2018 as his version of 
our world’s darkest 35 m by 35 m building. 
(Pyeongchang, South Korea is typed as a Koppen 
Climate Classification Dwb, a humid continental 
climate). Anish Kapoor’s Descent into Limbo (1992) 
was displayed until 6 January 2019 at the Fundação de 
Serralves, Museum of Contemporary Art in Porto, 
Portugal. Suggesting a cube-shaped building inside of 
which is a lit, circular 2.5 m-deep real hole coated in 
black-pigmented paint, thus presenting an illusion to its 
parade of temporary viewers of a depthless ground 
cavity. Sadly, during August 2018 a 60 years-old 
Italian man fell into it and was injured! From a close or 
distant vantage place, the FBDF might appear to be a 
sparkling crystalline structure, but its interior would 
have an entirely different impressive visual effect: 
maintenance personnel must be wary as they carry out 
their duties inside the Fountain-Barge Desalination 

Factory! GEOGRAPHOS supposes some 
infrastructure add-ons might be required if the FBDF 
installed at the Golfo de Cariaco. Reject brine produced 
by seawater flushing of the accumulated particles of 
salt resulting from the FBDF’s operation as a distiller 
may need to be managed using a method quite different 
from those usually employed [31]. From a trough-like 
collector along the keel of the FBDF, a slightly 
self-buoyant plastic hose may be used to convey the 
brine wastewater westwards toward the lip of the 
“Salazar Sill”. Released through a pendulous hose’s 
directive nozzle, the dense brine fluid would naturally 
flow by gravity down the western slope of the sill and, 
thusly, be transported for ultimate disposal into the 
anoxic Cariaco Basin. Humbly, GEOGRAPHOS 
recommends that Venezuelan regional planners please 
consider the FBDF as a potentially viable 21st Century 
infrastructural option for their Golfo de Cariaco 
segment of the New World’s “little Venice” [32]. 
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Figure 1. Authoritative Venezuelan armed forces navigation chart of the Golfo de Cariaco. 

 
 
 

 
Figure 2. Entrance/exit of Golfo de Cariaco illustrating the “Salazar Sill”. Source of data and author(s) unknown. 
Notice the unfortunate tsunami-vulnerable geographical siting of present-day Cumana City. 
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Figure 3. Schematic diagram of the FBDF module. 
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Abstract: The macroproject proposed, encompassing the arid 

Southwest of the USA and northern Mexico, has the potential to 

more than pay for itself. If a radical volumetric enlargement 

were competently completed by correctly educated advocates of 

Macro-Imagineering, supplemented by geothermal 

power-plants, it could make benign an over-polluted aquatic 

“monster” — the present-day stagnant and putrid Salton Sea — 

through induced importation of diluting Gulf of California 

saltwater resulting in rapid areal increase of the inanimate 

“creature”, converting it from its presently degraded smelly 

status to an amply beneficial condition as an anthropogenic 

extension of Mexico’s Gulf of California! Formation by 

Macro-Engineering means of a sustainable human development 

around and thereon can result in profitable voluminous 

desalinated seawater exportation from the State of California to 

adjacent Arizona, Nevada and nearby Utah as well as Mexico 

bordering the USA’s Southwest. The key infrastructure 

permitting these developments is a centralized multi-segment 

photovoltaic-powered desalination factory resting atop named  
Introduction 
                                                        
Corresponding Author: Richard Brook Cathcart, 
GEOGRAPHOS, rbcathcart@gmail.com. 
 

floating artificial islands covering most of a deliberately 

enlarged and robotized Salton Sea. A particular macroproject 

proposed, the Southwest Water Alliance Project (SWAP), is 

fashioned somewhat after NEOM, an announced ecopolis, but 

still structurally unspecified robot megacity, scheduled to be 

built in northern Saudi Arabia connected by a 

yet-to-be-constructed fixed sea-strait crossing linking Tabuk, 

Saudi Arabia to Sharm el-Sheikh on the Sinai Peninsula of 

bordering Egypt.   
 
Key words: Seawater desalination, floating photovoltaic 
platforms, arid Southwest USA and Mexico development, 
Macro-Imagineering, Macro-Engineering.  
 

Resumo: O macroprojeto proposto, abrangendo o árido 
sudoeste dos EUA e norte do México, tem potencial para 
mais do que pagar por si mesmo. Se um aumento 
volumétrico radical fosse conduzido por defensores 
competentes da Macro-Imagineering, suplementado por 
usinas de energia geotérmica, seria possível tornar 
benigno um "monstro" aquático extremamente poluído 
— o atual e estagnado Mar de Salton — por meio de 
importações induzidas de água salgada diluente do Golfo 
da Califórnia, resultando em um rápido aumento de área 
da "criatura" inanimada, resgatando-a de seu estado atual 
degradado como uma extensão antropogênica do Golfo 
da Califórnia! Por meio da Macroengenharia é possível 
conduzir um desenvolvimento humano sustentável e 
lucrativo capaz de garantir uma expressiva exportação de 
água do mar dessalinizada do estado da Califórnia para 
os adjacentes Arizona, Nevada e Utah, além do México 
na fronteira com o sudoeste dos EUA. A principal 
infraestrutura que permite esse desenvolvimento é uma 
fábrica centralizada para dessalinização multissegmento 
baseada em energia fotovoltaica, formada por ilhas 
artificiais flutuantes que cobririam a maior parte do Mar 
de Salton em um sistema ampliado e robotizado. Em 
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particular, um macroprojeto semelhante proposto é o 
Southwest Water Alliance Project (SWAP) — criado um 
pouco depois do NEOM —, uma ecópolis anunciada, 
megacidade robótica estruturalmente ainda não 
especificada, programada para ser construída no norte da 
Arábia Saudita, conectada por uma passagem estreita 
ligando Tabuk, na Arábia Saudita, a Sharm el-Sheikh, na 
Península do Sinai (fronteira com o Egito). 
 
Palavras-chave: Dessalinização da água do mar, 
plataformas fotovoltaicas flutuantes, desenvolvimento do 
sudoeste dos EUA e do México, Macroengenharia. 
 
 

1. Introduction 

   The trash-cluttered, chemically contaminated and 
ugly defective “monster” of 20th Century Technology 
that is today’s infective Salton Sea puree is not an 
apprehension prevalence-induced concept [1] but 
rather a widely-recognized, real-world degraded 
environmental quality macro-problem actually 
adversely affecting directly the citizens of northern 
Mexico and the USA simultaneously [2]. What air 
pollution was to the State of California’s infamous 
smog-town, the City of Los Angeles during the 1950s, 
toxic lakebed dust emissions is to today’s inland 
Imperial Valley. This article is not just another spoofy 
Salton Sea redevelopment manifesto; instead, it will 
merely outline in sufficient geographical detail several 
new macro-planning means to indisputably suplant all 
of the past disastrous so-called State of California 
“desert development” schemes, possibly to achieve an 
attractive and lasting 21st Century Salton Trough 
infrastructural development status realized via SWAP, 
the Southwest Water Alliance Project. In other words, 
to close-out Southern California’s never-ending 
costly-to-taxpayers cascades of unsafe curative 
Macro-Imagineering fantasies with conversion of the 
Salton Trough into a real-world public-appreciated 
asset, the region’s ultimate landscape perfection done 
with proper Macro-Imagineering! In this report, Team 

Geographos excludes discussion of all navigational 
aspects of a previously proposed twin canal and 
megaports macroproject plan — the Salton Sea PLUS 
— other than to present an exemplary ultra-case of 
photovoltaic-desalination SWAP trades! In other 
words, here we do not account for the requirements of 
multiple seaports and their marked navigational 
channels for very large ships.  
 
    An English-language antonymic neologism for a 
newly-described aspirational social group, or 
recognizable community, avivocracy’s fans oppose 
blind ideology and any demonstrably wasteful 
implementation of unadulterated Technocracy, which 
is both an identifier as well as a popular social 
movement first fostered during AD 1919 by 
Californian engineer William Henry Smyth 
(1855-1940). First imagined as new terminology by 
Marc Hudson working at the Sustainable Consumption 
Institute, University of Manchester in the UK, carefully 
he sought to impose the term avivocracy on all 
Region-reforming macro-planners as a cautionary 
bridle because, Hudson  says, “It means those tasked 
with imagining how we will cope, as a species, cannot 
hide [anymore] behind soothing stories of 
technological (and technocratic) salvation” [3]. 
Obviously, the newly-minted term well applies to this 
outrageous everyday technological-geographical State 
of California tainted desert “monster”, today’s 
occasionally putrid non-cyborg Salton Sea! Advocates 
and silent followers of avivocracy prudently attempt to 
train and constrain the most outrageously hubristic 
proponents of Macro-Imagineering to be humbler and 
more forthright about the data and informational limits 
to what they know for certain as accepted truth 
(sometimes referred to as “prediction”), what is 
indisputably uncertain, as well as what they may 
personally deliver to the world-public in the form of 
totalizing regional and global macro-plans and 
megaprojects [4]. It is possible, in other words, for 
cosmopolitan Macro-Imagineering persons, studied 
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intentional special-interest groups to create desirable 
21st Century eucatastrophes, a word coined in 1944 by 
famed story-teller J.R.R Tolkien (1892-1973) [5]! Viva 
Happy Endings! 
 
   Today’s Salton Sea is an artificial, increasingly salty 
terminal lake sitting in a 6.3-million-year-old 
rift-valley, a sometimes-deadly feature of a 
trough-shaped Earth-crust rip still being torn asunder 
by Nature. A maximum area 1,100 km2 Salton Sea was 
emplaced during 1904-1907 AD in the dryland Trough 
at minus ~60 m below global sea-level as a result of an 
extra-ordinary sequence of environmental 
event-processes involving the intentional commercial 
diversion of Colorado River freshwater for irrigation 
farming. Unlike its many historical natural 
predecessors, the existing unnatural Salton Sea has 
been sustained since those early days mainly by 
contaminated drainage from its surrounding 
intensively irrigated fertile landscape. Nowadays, it is 
basically a briny sump presently subject to total 
evaporation under some often vaguely futuristic 
climate regime change scenarios that usually entail 
postulated presence, in future, of a much drier climate 
regime affecting the USA’s Southwest and northern 
Mexico desert. One of the initial founders of the 
University of Southern California, Joseph Pomeroy 
Widney (1841-1938), as early as AD 1873, wastefully 
proposed to deliberately divert the Colorado River into 
the USA’s below-sea level rift-valley territory with the 
goal of creating a big “…freshwater lake and to 
ameliorate the region’s hot and dry climate” [6]; a year 
after the Colorado River ceased to flow naturally into 
Mexico because of the closure of several massive 
upstream dams constructed in the USA, maverick 
atmospheric scientist James Edward McDonald 
(1920-1971) had correctly pooh-poohed — proven 
fallacious as well as ridiculed — J.P. Widney’s and 
others’ regional air-modification concept, 
evaporational rain-making downwind from artificially 
pooled freshwater [7]. However, the overrated idea is 

still grudgingly promoted, often by densely jargonized, 
obfuscating, circumscription-style pseudo-scientific 
reports authored by innumerable researchers with 
various educational and employment qualifications — 
many are mere Californian politicians first trained as 
lawyers and realtors [8-10]. And, it is generally alleged 
that extensive solar-power panel arrays sited above 
simultaneously cultivated fertile soils underneath 
(so-called agri-voltaism) may have an as yet unknown 
effect on post-installation precipitation distribution; 
two Salton Sea PLUS-proposed canals from the Gulf of 
California conveying seawater north to enlarge and 
maintain the Salton Sea by water-mass compensation 
could reduce slightly the Region’s surrounding 
adjacent landscape air temperature, increasing annual 
precipitation as well as the year-round vegetation 
density because of moisture-laden winds arriving from 
the Gulf of California following the canal routes as 
happened in the Middle East after the Suez Canal had 
been dug by AD 1869. (To access the “California 
Climate Tracker tool, please visit: 
https://wrcc.dri.edu/Climate/Tracker/CA/). Hurricane Odile 
interrupted the energy and freshwater supply systems 
for several days during September 2014 in the State of 
Baja California Sur, Mexico; assuming future climate 
regime change, hurricanes could move still farther 
north, making landfall so as to affect the Colorado 
Delta and commercial shipping within the sheltering 
Gulf of California with slightly increased storminess).  
 
   Following the accidental emplacement of the Salton 
Sea, by AD 1909 all commercial cargo shipping ceased 
using the lower Colorado River as an arterial 
freshwater rivercraft traffic route after 
completion-by-closure of the Laguna Diversion Dam 
situated between the State of California and the State of 
Arizona. The troubled binational territorial influence of 
today’s wretched Salton Sea exists because of the past 
absence of international cooperation between Mexico 
and the USA: the American developer-builder of the 
unsound irrigation canal head-gate at a locality within 
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the jurisdiction of Mexico which failed structurally 
under Spring floodwater impact, allowing the full flow 
of the Colorado River for several years to enter the 
Salton Trough, sought exemption by geopolitical 
evasion tactics from the few then existing legal 
regulations imposable by the State of California as well 
as the USA’s national government, by only obtaining 
building permits from Mexico’s national government. 
Today’s Salton Sea is a disappearing monument to past 
disharmony amongst two ecosystem-nations; 
nowadays their respective citizenry require 
“togetherness”!   
 

2. Abandoning all previous generations’ 
infrastructure development hallucinations 
[9-10]!  

   By dictionary definition, “the geographical future” 
is a place, landscape or Region without objects. During 
AD 2012, the USA and Mexico concluded a bilateral 
agreement to restore the Colorado River Delta [11-12]. 
This enshrined international concord typifies the 
stale-minded thinking ever-present in the 
two-international border-separated political and 
academic conversational circles, unfortunately hosted 
by somewhat confused and ill-informed Californians 
and Mexicans, focused upon the extant disgusting, 
horrendously low-environmental sustainability status 
so-called Salton Sea. Professional landscape Architects 
are promoting the idea that Americans must retreat in 
another compass direction because of the Southwest’s 
supposed ultimate natural freshwater supply 
limitations [13], one of the sub-themes of the 1994 
Hollywood movie Wagon’s East! starring comedian 
John Candy (1950-1994)! Alternatively, Team 
Geographos determinedly recommends a singular 
massive macro-planned enlargement of the Salton Sea 
— to nearly seven times its present-day area — finally 
to attain a constant artificial seawater area of ~7,722 
km2 using seawater imported from the Gulf of 
California, via cost-free gravitational flow through one 
or more canals excavated by floating dredgers, and 

passing through cooperating Mexico and Imperial 
County, State of California, into a new 
internationalized and robotic landscape feature, the 
Salton Sea PLUS [14] — that is, a permanent 
anthropogenic seawater-flooding of the entire 
below-sea level part of the Salton Trough north of the 
Gulf of California, including Mexico’s below-sea-level 
Laguna Salada. (Daring Geoscience literature 
speculates that between 1000-1600 AD, when the 
world-ocean is known to have been >1 m higher than 
its measured average global 21st Century elevation, the 
Salton Trough may have become inundated by 
seawater owing to the arid Colorado River Delta’s 
high-tides and associated large tidal-bore; it is possible 
that Gulf of California seawater may have reached, 
impactfully eroded and finally penetrated a former 
river delta crest located at Volcano Lake near Cerro 
Prieto, Mexico, subsequently wholly flooding Mexico 
and the USA’s shared Salton Trough geographic 
feature.) Whether or not Nature ever 
seawater-submerged the Salton Trough in the USA, 
today’s landscape ought to become, by 
binationally-deliberated agreed design a seascape at the 
hands of positivist Geoscience human beings! If 
undertaken, such a Macro-engineering project must, of 
necessity, surpass all currently contemplated linear 
“restoration”, “reclamation” or “stop further 
deterioration” misaligned mega-schemes — all of 
which are fabulously hyper-costly to taxpayers as well 
as so poorly conceived structurally as to be obviously 
inappropriate financial and mega-engineering 
binational reactions when considered in the full 21st 
Century world civilization context — in short, too 
many proposed schemes are simply the effusions of 
resigned and uncaring politicians and the faithful 
news-media’s hallucinations ceremoniously dumped 
onto the otherwise uninformed publics, some of whom 
are irked knowledgeable voters! Could it be that the 
commonly employed deterministic “landscape 
developmental” scenarios, in fact the equivalent to 
virtual resignations to existential risks [15], used until 
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ow for evaluating environmental outcomes should be 
substituted by stochastic scenarios after AD 2018?  
 
    The Colorado River, which supplies freshwater to 
~ 40 million dependent persons in the Southwest and 
northern Mexico, including corporatized commercial 
farmers in the Imperial Valley, endured the worst 
mega-drought of recorded history during 2000-2014 
AD. The 2015 “Salton Sea Restoration and Renewable 
Energy Initiative” framed California’s stinking and 
eye-irritating brine pool’s geographical recession 
(because of desert climate regime conditions and a 
reduction in anthropogenic effluents) as an inevitable 
and lucrative economic desert landscape windfall since 
profitable geothermal wells could be drilled and 
serviced based on dry-land worksites rather than 
operated through a impeding brine layer; briefly, for 
commercial renewable energy facility operators a 
semi-disgusting anthropogenic desert playa is 
preferable to any remaining area of the State’s 
repulsive anthropogenic Salton Sea! The Salton Sea’s 
2018 AD exposed lakebed constitutes a 
medically-recognized, spatially-widespread public 
health risk since the persisting poisonous odiferous 
dust is already wind-shifted in every direction; before 
AD 2028, will these industrial macro-planners, 
real-estate developers and their lax State and Federal 
governmental regulators suppose its aerosolized 
topping toxicant-impregnated grainy salt residue will 
not become equally harmful to adjacent Imperial 
Valley residents, workers and other important persons 
and organizations, whenever blown by rainless 
windstorms off the even vaster dry lakebed resulting 
from the Salton Sea’s total evaporation? This vivid 
prospective Region doomsday scenario is daunting; 
eucatastrophe for the Salton Sea Region can most 
certainly never actualize during our 21st Century 
without the genuine teamwork and camaraderie of its 
majority contributors and specialist consultants 
seeking concerted infrastructural improvements for the 
Region [16]! 

3. Optimizing northern Mexico-southern 
California’s Freshwater Supply Systems    

    Obviously Whilst taxpaying residents, businesses 
and governmental entities unintentionally unsafely 
sited on the Nature-provided eastern Pacific Ocean 
coasts of  western Mexico and southern California 
must fitfully mull physical retreat from an impending, 
or at least popularly forecast, global sea-level rise 
[17-18], those presently located next to the evaporating 
Salton Sea — trending physically to become a kidney 
bean-shaped tainted hot desert-dunal landscape—must 
consider ways to avoid its harmful wind-lofted toxic 
dust emissions and stinky brine water 
chemistry-induced clouds which do not yet, but should 
perhaps, contain injected pleasantly odorized 
disinfectants! Could a conjunction of humans and their 
managed computation-mechanical agencies (robots) 
revolutionize this unmistakably blighted binational 
New World Region? For Saudi Arabians, the toponym 
“NEOM” was constructed from two words: Greek 
“neo” (new) and the Arabic word “Mostaqbal” (future) 
[19-20]; NEOM identifies an abuilding new Middle 
East city (280 17’ 17” North latitude by 340 50’ 42” 
East longitude) where robots function to produce 
desalinated water, provide adequate installation 
security and efficient time-tabled industrial and civic 
logistics, all powered by reliable renewable energy 
resources and backed-up by out-of-Region 
high-voltage direct current (HVDC) transmission line 
sources of electricity input. If the USA possessed a 
practically functional nationwide electrical grid, then 
solar power emanating from the desert Southwest 
could meet peak electricity demand in the 
early-evening Northeast and then support a similar 
demand peak in the West a few hours later; new HVDC 
transmissions lines could follow existing Federal 
Government-granted trans-continental railroad 
rights-of-way with very little political or commercial 
contestation. In the instance of a technically futurized 
Salton Sea, such resources shall include major 
photovoltaic, geothermal facilities and a few powerful 
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“wind farms”. Team Geographos admires the inspiring 
AD 1975 geographical thoughts of Allen Kellogg 
Philbrick (1914-2007) regarding desalination 
infrastructure strategic modality [21]. 

 
    Figure 1 illustrates proposed desalination Plants 
that are herein indicated by ovoid-shaped dot symbols, 
located at appropriate landscapes on crucial coastlines, 
causing manufactured freshwater, put into connected 
pipelines (narrow dark arrow-tipped lines) thence 
transporting the made potable freshwater inland to 
virgin agricultural landscapes and old or new 
burgeoning cities. Top-left: photovoltaic installation 
actually should be illustrated as sited on the 
areally-enlarged Salton Sea resting atop special 
floating islands (uniquely big unsinkable foamed metal 
barges [22])! See Figures 2-3 for a clearer 
photomontage image of the macroproject suggested 
elsewhere by the supporting and referenced texts for 
this article [6]. Imagine the Pacific Ocean-volumized 
Salton Sea being entirely covered by industrial buoyant 
structures, possibly including within its multi-level 
“skyscraper” overall form of farms, residences and 
supporting businesses! According to the USA’s 2018 
National Ocean Recreation Expenditure Survey, the 
Pacific Coast is 48% of the USA’s coastline which 
garnered the largest number of beachgoers, the most 
beach-days accumulated and the greatest ocean-related 
consumer spending; some ~9,848 km of skirting 
beaches will become available following full 
emplacement of the envisioned single articulated 
artificial island of securely interlinked modularized 
flat-boats or immobile non-keeled Megafloat-like 
installation; imagine finalization of the Italy-based 
architectural firm Superstudio’s Il Monumenteo 
Continuo inhabited monolith as being afloat in desertic 
southern California! Such structural envelopment 
would, of course, halt almost all direct evaporation 
from the Salton Sea PLUS. At the very least, such a 
gigantic aquatic installation would allow decoupling of 
Mexico and the USA from any future freshwater flow 

Colorado River variability. In fact, the human 
populations of the USA’s Southwest and northern 
Mexico might find themselves in a truly revolutionary 
early-21st Century situation whereby independence 
from all freshwater extraction macro-problems related 
to the Colorado River is achievable under neart-term 
future meteorological circumstances [23]. Surely, 
governmental budgeteers will be pleased, as will 
taxpayers, and commercial circles will certainly take 
notice of persuasively influential new economic facts 
[24-27].  
 

    The southern shoreline of today’s Salton Sea is 
subsiding by ~52 mm/annually, “…greater than the 
far-field background rate” [28]. The State of 
California, therefore, ought to become a major 
for-profit desalinated water exporter to the customer 
States of Nevada, Arizona and Mexico. Through two 
dredged canals, unlined like those of the Middle East’s 
Suez Canal, commencing at the Colorado River Delta, 
seawater originating in the Gulf of California would 
move northwards (down gradient) into the USA’s 
Salton Trough property: ~400 km3 of seawater inflow 
should fill the below sea-level Earth-crust hollow to 
present-day eastern Pacific Ocean sea-level [29]; 
however, although capped or lidded by a sunshine 
intercepting photovoltaic barge of immense area, the 
two canals will exhibit permanent strong north-flowing 
non-tidal seawater currents due to the extraction from a 
closed basin at a single enormous electricity-powered 
distillery of a huge volume of freshwater! Indeed, 
removed solid salt particles must then be exported to 
somewhere that is receptive to massive imports of that 
sunlight-reflective granular waste product—elsewhere 
Team Geographos will suggest filling 1,300 km2 of the 
below sea-level Death Valley, State of California via a 
heavy brine-slurry pipeline to prevailing world-ocean 
sea-level. In a typical sunlight-aided seawater reverse 
osmosis desalination factory, the factory consumes 3-6 
kWh (electric) per m3 of freshwater produced; 
therefore, harnessing 1.69884 million GW generated 
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by a single Salton Sea PLUS-covering 7,722 km2 
floating array of photovoltaics operating with a 
standard commercial solar cell efficiency of 23%, ~339 
km3 of freshwater will be abstracted. (By circa 2014 
AD, more than 17,000 individual desalination factories 
worldwide existed, some of which drew only seawater; 
those that did so had a freshwater output of ~30 km3 
yearly!). Let us take some numbers: 

7722 km2 = 7722 x 106 m2; 
 
The PV operate 8 h/day x 365 days: 
 
8 x 3600 x 365 = 10512000 s / year; 
 
Solar average irradiance: per year 400 W/m2 (this 
might be too large); 
 
Energy per year, for a PV efficiency of 0.23: 
 
7722 x 106 x 1.05 x 107 x 4 x 102 x 0.23 = 7459 x 1015 J; 
 
1 m3 of fresh water requires 5 kWh = 5000 x 3600 J = 
18 x 106 J; 
 
Number of m3 of fresh water = 7459 x 1015 / 18 x 106 = 
1801 x 109 m3 = 414 km3 / year. 

 

4. Team Geographos’ Action Proposal: A 
Southwest Water Alliance Project (SWAP) 

   Geoscientist now casually assert “…that the annual 
direct anthropogenic contribution to the global 
production of sediment in 2015 was conservatively 
some…150 km3, a figure more than 24 times greater 
than the sediment supplied annually by the world’s 
major rivers to the ocean” [30]. Speaking in the fashion 
of pro-desalination Ecopolis-Macro-Imagineering 
extremists, the yearly replenishment of an enlarged 
Salton Sea might eclipse that impressive 
ocean-sedimentation deposition bulk! A photovoltaic 
platform lidding all of the enlarged Salton Sea will 

perform structurally as equivalent to an ordinary 
land-based building’s floating foundation in terms of 
response to seismic-induced vibrations — in other 
words, otherwise powerful earthquakes can, in future, 
be treated as urban nuisances through diminishment by 
structural intervention! The transform San Andreas 
Fault trends from Mexico, chiefly at the head of the 
Gulf of California, to San Francisco, State of 
California; the majority of the State of California’s 
population lives in the vicinity of the San Andreas 
Fault. The anticipated next major projected temblor 
epicenter is assumed to be near Brawley, California 
[31]. The landscape and cities finally inundated forever 
by the Salton Sea PLUS-SWAP megaproject, perhaps 
partially rebuilt under the shading photovoltaic 
paneling of the artificial island covering the bigger 
Salton Sea artificial water-body, will never again suffer 
damage, property destruction or human and animal 
lives lost inflicted by the San Andreas Fault’s notorious 
strike-slip movements! A future slippage of tectonic 
plates edges seems to be a real potential based on 2018 
AD Imperial County news reports of increased 
horizontally shifting boiling mud-pot activity which 
threaten to sever Union Pacific’s freight railroad tracks 
from Yuma, Arizona to the City of Los Angeles and 
beyond, a Kinder Morgan petroleum pipeline, a 
Verizon fiber-optic telecommunications cable [32] and 
a heavily-traveled section of Interstate Highway 10 in 
the Coachella Valley connecting to the USA-Mexico 
international boundary. During 1540 AD, Spanish 
explorer Melchor Diaz encountered “fields of boiling 
mud” at several places on his march northwards from 
the Colorado River Delta and, before their 
anthropogenic submergence centuries later, live steam 
fumaroles, mud volcanos and boiling mud-pots were 
encountered by local inhabitants. The first effort to 
exploit the evident geotherm resources of the Salton 
Sea Trough took place during 1927-1928 AD [33]. 
Moderate future release of geothermal heat by Nature 
into the seawater beneath the enlarged Salton Sea’s 
artificial island can be considered quite beneficial since 
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by raising the seawater temperature for the distillery, 
the distillation process is made quicker and thus more 
efficient [34] and some have already sought 
successfully means to tap this manifestation of 
Earth-crust energy resource via underwater submarine 
geothermal facilities [35]. Photovoltaic farming upon 
the turbulent high-seas is a staple of futurist dogma 
[36] and even a floating university was tried on a placid 
artificial lake in Berlin, Germany during AD 2018. 
What was not outstanding in either of these proposals 
and attempts is any recognition of the future 
importance of aquaculture [37]. Expected Salton 
Trough Region climate regime change [38], as well as 
the large alluvial landscapes in Mexico such as the 
Vizcaino Plain and Magdalena Plain which can be 
more vigorously cultivated whenever low-cost 
desalinated water becomes available, makes it 
imperative that farmers and others working outdoors 
wear sun-protective clothing, possibly including 
air-cooling properties. As the climate regime changes, 
heatwaves intensify, and humidity increases, working 
many hours outside in farm fields as well as inside 
buildings without or equipped with inadequate 
air-conditioning systems will become unhealthier, and 
in some instances dangerously life-threatening, for 
active humans of both the State of California and 
northern Mexico. Thus, robotic agents may have to 
replace humans in some especially 
health-compromising industrial production situations 
[39]. On 13 March 2004 until 2007, in the rough desert 
between Barstow, State of California and Primm, State 
of Nevada three DARPA Grand Challenge 
tournaments were held as tests of robotic wheeled 
cross-country vehicles; since then driverless 
automobiles and trucks have transited highways as 
almost everyday car/truck technology worldwide. 
“While humankind faces unprecedented challenges, 
technology still represents the best shot to overcome 
them….[It] is timely to dissect in depth those grand 
challenges and the respective technologies that could 
address them, covering research, design, development, 

practice, maintenance, and even the social-related 
elements” [40]. 
 
    In the State of California, the City of Los Angeles’ 
Department of Water and Power (LADWP) is seriously 
examining the 2018 USD $3 billion 
Macro-Engineering concept to place near Hoover Dam 
a huge photovoltaic array on the Colorado River which 
will generate enough electricity for a battery of fluid 
pumps below Hoover Dam to collect spilled Lake 
Mead freshwater — that is freshwater that has already 
fallen through Hoover Dam’s powerhouse — and push 
it uphill to refill the reservoir (Lake Mead) impounded 
by Hoover Dam and recirculated through the 
powerhouse again and again! Such a scheme is highly 
notional — it keeps the LADWP in business providing 
customers with electricity but provides no additional 
freshwater and, worse, may well reduce freshwater 
flows to places downstream of Hoover Dam! 
Depending on the pump intake site and the intake size, 
this question is pertinent: how many times can outdoor 
freshwater be recycled for power generation, especially 
as evaporation is unhindered in any fashion whatsoever 
by the LADWP’s “loon-shot”? It is Team Geographos’ 
assessment of the current State of California-northern 
Mexico freshwater macro-problem that these adjoining 
territorial Regions have chiefly two megaproject 
options: (I) keep and mend their current water supply 
systems or (II) conduct an exchange via the Salton Sea 
PLUS-Southwest Water Alliance Project, SWAP. The 
State of Nevada, in particular the City of Las Vegas, 
and the State of Arizona have been adapting to a 
forecasted  21st Century future of freshwater shortage 
induced by climate regime change but that policy is 
very stressful and, sometimes, disliked by their voting 
publics. It is possible that even some of the 
macro-planning techniques utilized by Walt Disney 
Imagineering for, say, its unbuilt Western River 
Expedition, could be helpful in the proper creation of 
SWAP-Salton Sea PLUS [41]. A chemical engineer, 
Mr. Sidney Loeb, who died in 2004, invented the 



Revista Brasiliense de Engenharia e Física Aplicada  

  

28 

reverse osmosis membrane, perfecting it after AD 1965 
with filtering tests done in the San Joaquin Valley for 
the City of Coalinga, State of California. During AD 
2014, an Israel-California water cooperation agreement 
was concluded which is premised on the fact that Israel 
has constructed coast-sited desalination factories and 
now exports freshwater from its national territory [42]. 
Ponder Figures 3-4.   
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Figure 1: Proposed desalination Plants indicated by ovoid-shaped dot symbols. 
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Figure 2: One-half of the Salton Sea PLUS-SWAP idea — that is, the two canals and the amplified area of the transmogrified Salton 

Sea which could add another international marine seaport to the USA’s extant infrastructure of ~150 such installations. After the 
imposition of such a shipping center, the State of California’s Inland Empire will spread geographically eastwards and probably 

become far more prosperous than it was during AD 2018 [44]. 
 

 
Figure 3: Tiny photovoltaic “island” as a polka-dot sample-kernel for the larger Salton Sea PLUS version proposed in our text. After 
all, if we had covered the entire enlarged Salton Sea, then it would have become uninstructive by geographical invisibility! The tipped 

arrows indicate freshwater product being transported to northern Mexico only. 
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Figure 4: The SWAP pipeline system (the Northern California system, with the box-shaped cartographic symbol 
representing a man-made freshwater reservoir, the bigger-than-Lake Tahoe San Luis Reservoir, was explained in detail 
in a previous paper published in this journal [43] so that further explanation herein is repetitive). This figure indicates 
Team Geographos’ hope that the State of Utah’s Great Salt Lake may someday become a paying Salton Sea 
PLUS-SWAP customer [45]!  
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Subject:
Date:

Richard K Perez
CNRA Salton Sea
Salton sea restoration
Sunday, September 13, 2020 7:24:45 AM

Need to realize that drinking water will never be used to maintain this body of water. The solution is 
160 miles to the south in the Baja.

Sent from Mail for Windows 10
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From:
To:

ronnv
CNRA Salton Sea

Subject: Desert Shores Channel Restoration Project
Date: Saturday, September 5, 2020 6:33:31 PM

I would like to be included in the comment section for your September 22, 2020 virtual workshop discussing the
Desert Shores Channel Restoration Project.
Ro Spears, Chairman, Salton Sea Restoration Committee
President, Bahia Del Mar Property Owners Association at Desert Shores

Sent from my iPhone
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From:
To:
Cc:
Subject:
Date:
Attachments:

Rob Zimmer
CNRA Salton Sea

Salton Sea comment
Saturday, September 12, 2020 2:17:28 PM 
SPE-RobsAirBoat copy 2.pdf

In reference to the Desert Sun article requesting comments for ideas for recommendation.

Attached is a drawing depicting a plan to mitigate dust as plans are developed by distributing a
EPA sanctioned dust suppressant .

Rob Zimmer
Spectrum
Community  •  Advertising  •  Public 

www.communityspectrum.org

www.spectrumad.com
www.thepublicspectrum.org
www.saltonseawatch.com
https://spectrumtransit.org

El Centro, CA 92243
San Diego, CA 92101
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From:
To:
Cc:

Subject:
Date:
Attachments:

Rob Zimmer
Kiewit Salton Sea
                   ; CNRA Salton Sea; 

Salton Sea California
Wednesday, September 16, 2020 4:02:28 PM
SPE-RobsAirBoat copy 2.pdf

Hi Kelly,

I attached a dust mitigation plan I created that would work great suppressing dust while
facilitating other deliverable your company has been assigned.

Rob

Rob Zimmer
Spectrum
Community  •  Advertising  •  Public   
                               El Centro, CA 92243
                               San Diego, CA 92101

www.communityspectrum.org
www.spectrumad.com
www.thepublicspectrum.org
www.saltonseawatch.com
https://spectrumtransit.org
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From:
To:
Subject:
Date:

Patras, Russ
CNRA Salton Sea
Salton Sea restoration
Saturday, September 12, 2020 9:26:07 AM

To whom it may concern:

I Propose that since San Diego is being allowed to divert the water that formally supported the sea as ag runoff, that
San Diego should build a pipeline from their service area that would return at least some of the treated wastewater to
the Salton Sea.

San Diego has negotiated a water transfer from IID, that has doomed the sea, unfortunately at the expense of the
environment and residents of the Coachella and Imperial Valleys, and all taxpayers.

The state has agreed to this water transfer and even given protections to San Diego by agreeing to be largely
responsible for the mitigation of the pending environmental disaster.

Russ Patras

________________________________

This communication, together with any attachments or embedded links, is for the sole use of the intended
recipient(s) and may contain information that is confidential or legally protected. If you are not the intended
recipient, you are hereby notified that any review, disclosure, copying, dissemination, distribution or use of this
communication is strictly prohibited. If you have received this communication in error, please notify the sender
immediately by return e-mail message and delete the original and all copies of the communication, along with any
attachments or embedded links, from your system.
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From:
To:
Subject:
Date:
Attachments:

Tom Sephton
CNRA Salton Sea
Comment on Phase 1: 10 Year Plan Project Description
Thursday, October 1, 2020 12:00:24 AM
Comments on Draft SSMP 10 Year Plan Project Description Tom Sephton.docx

Dear SSMP Staff,

Please accept these comments on the Phase 1: 10 Year Plan Project
Description

Best Regards,
Tom Sephton
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Goals and Objectives



The Phase 1: 10 Year Plan Should not Exclude or Block a Long Term Plan



Many restoration plans, and mitigation plans, have been proposed for the Salton Sea over decades of discussion, and study, and stymied efforts. The Draft Salton Sea Management Program, Phase 1: 10 Year Plan Project Description is in essence a stopgap mitigation plan.



The Salton Sea Authority favors a Perimeter Lake Plan drafted by Tetra Tech under contract with the Salton Sea Authority using funds cut from years two and three of the Salton Sea Financial Assistance Program. That Perimeter Lake Plan has been supported by several regional political entities. It would stabilize a shoreline and provide a narrow, but significant, band of roughly marine salinity water along that shoreline by blending water from the New and Alamo Rivers, the Whitewater Storm Channel, and various drains with brine from the residual Salton Sea. The center would dry down to two large brine ponds at the deepest parts of the current Salton Sea. Some form of dust suppression may be applied to the vast area of exposed playa inside the Perimeter Lake.



In 2016, and again in 2018, the State solicited proposals for Salton Sea restoration in a public RFI process. The second RFI specified that the proposals should be water import strategies. The State has made an effort this year to review the eleven proposals for long term Salton Sea restoration incorporating some kind of water import strategy that were submitted in February 2018. The only proven 100% dust suppression method that also can restore the habitat and recreational values of the Salton Sea is to restore the water supply and manage salinity and water quality.



A fourth goal of the Salton Sea Management Program, Phase 1: 10 Year Plan Project Description should be:



“Design the range of aquatic habitat and dust suppression projects such that they do not block or preclude the adoption and execution of a long term restoration plan for the Salton Sea.”



A long term restoration plan could take the form of a Perimeter Lake, or water import from the ocean, or some other source if another source sufficient to offset half a million acre feet or more of annual inflow losses can be identified, or possibly some other plan not yet defined. Either of the two defined general strategies could refill the Salton Sea and restore and manage a shoreline at some chosen elevation. Aquatic habitat projects that have been heavily invested in, should be designed in such a way that they would not be flooded by a future restored Salton Sea elevation. Aquatic habitat projects built at lower elevations on the playa should be built with berms high enough that they would be operational if the Salton Sea elevation were restored to a level that eliminates most dust from newly exposed playa, for example roughly -230 feet below mean sea level. If dust mitigation projects built under the 10 Year Plan were to be preserved indefinitely, that target restoration elevation might be lower, perhaps closer to the current elevation of -238 feet below mean sea level. In any event the millions to be invested in this mitigation plan should not preclude implementation of a long term restoration plan.

Aquatic Habitat Restoration Projects



Desert Shores Channels Restoration Pilot Project



While locating aquatic habitat projects in close proximity to sources of no cost brackish water is obvious and logical, these do not include most of the areas where people in shoreline communities live. The shoreline communities of Bombay Beach, Salton City, Vista del Mar, Salton Sea Beach, and Desert Shores were built and populated on the expectation of being adjacent to a Salton Sea available for recreation, fishing, bird watching, and a good quality of life. The desert to coast water transfers of the QSA have been the largest factor in driving down the level of the Salton Sea by nine feet since the 2003 QSA signing causing a receding community shoreline and cutting off boat channels that once were thriving aquatic habitat areas.



At Desert Shores there are drying channels next to homes formerly filled with Salton Sea water. Restoring water to those channels from the adjacent Salton Sea can restore a former tilapia breeding area for the Salton Sea fishery and eliminate a modest source of dust. While the Salton Sea is salinity challenged, this Summer I observed and video recorded near shore schools of fish fry and juveniles in the open Sea far from rivers or drains. Salton Sea water is still viable for fish breeding for the time being. Cost effective salinity reduction and water quality control measures have been proposed for the Desert Shores Channels Restoration Project as Salton Sea salinity increases in the future. The Salton Sea Management Program and the Imperial County Air Pollution Control District have been in a seven month negotiation on an MOU document. That document was recently approved by both parties. The local residents have shown their support for the project in a four year grass roots effort to convince the State to include their shoreline in Salton Sea restoration efforts. The Desert Shores Channels are essentially pre-dug habitat ponds full of the dry empty nests formerly used by tilapia to breed. The Salton Sea Management Program could proceed with this project to get near term habitat started and eliminate a dust source next to homes while providing community revitalization and recreation benefits to local residents of a disadvantaged community.



Salton City Channels Restoration



An opportunity very similar to Desert Shores for near term habitat restoration and dust elimination exists in already dug channels near homes on the now dry Salton City waterfront at the Riviera Keys and the Pelican Keys. Here too, the Salton Sea provides an immediate water source and the evidence that these were fish breeding areas is obvious based on the tilapia nests on the now dry channel banks. The two Salton City locations also provide pre-dug habitat pond opportunities and are in one of the most critical dust emission areas. State plans on the former Salton City waterfront do not offer a reliable dust control solution because the soils are not suitable for surface roughening and a water supply for vegetation has yet to be identified. The same methods to restore aquatic habitat that apply in the Desert Shores Channels can and should be replicated at Salton City

Dust Suppression and Restoration Projects

How Temporary is “Temporary Surface Roughening”

The Imperial Irrigation District (IID) has borrowed the lowest cost dust mitigation method from the Owens Dry Lake dust mitigation project and implemented a substantial acreage of surface roughening (plowing the playa) under the QSA JPA funding authority to protect itself from liability for dust emissions on some of the vast acreage of Salton Sea playa it owns. While this method has reduced the dust emissions from the plots plowed to date, it is not recognized as a best available control measure (BACM). IID is lobbying to have its preferred surface roughening method approved as a BACM, but this has not been approved yet. Surface roughening by IID of 112 acres at Brouchard Road is the only completed project directly funded by the Salton Sea Management Program to date. Based on the Phase 1: 10 Year Plan and the Dust Suppression Action Plan it seems clear that “temporary” surface roughening is to be implemented as the dominant dust mitigation strategy in the near term. Indeed 950 acres of land that had been designated as part of the 3,700 acres of Species Conservation Habitat aquatic habitat project will instead be plowed into “temporary” surface roughening under the Dust Suppression Action Plan. The Phase 1: 10 Year Plan Project Description should define what “temporary” means with respect to surface roughening. Will these acres be converted to aquatic habitat and/or other BACM approved methods of dust suppression? If so on what time frame and what will trigger that conversion after millions have been spent plowing the playa?



Protection of West Shores Communities from Dust



The entire West Shores of the Salton Sea from the community of Desert Shores in the North to the former Navy Test Base in the South is a critical area for both desert and exposed playa dust emission as noted in the Dust Suppression Action Plan. Soils in much of this area are too coarse for surface roughening to be effective because the sandy soils will not hold the plowed furrows and because sand dune intrusion onto the exposed playa is already a problem at the former Navy Test base.



The time tested solution to dust control and prevention of sand dune intrusion on the West Shores are Wind Rows, rows of trees planted to dramatically slow the wind speed and cause dust and sand particles to drop out. These Wind Rows can be observed protecting citrus orchards at the Three Flags Ranch from desert dust and sand with modest irrigation to sustain a thick wind blocking curtain. On the nearby Navy Test Base Wind Rows were planted on top of earthen berms to protect the central area of the Base from sand dunes and dust. Even with no irrigation for decades, these Wind Rows survive today and have kept the central area of the former Navy Base protected from sand and dust.



It’s not clear why the State has not seriously looked at this proven local solution. Perhaps because the method was not used at Owens Dry Lake, the dust suppression model chosen by to be implemented at an unrestored Salton Sea? While the Wind Rows used to protect farms and railroads from sand and dust in the Imperial and Coachella Valleys are mostly composed of Salt Cedar (Tamarisk), mesquite species native to the desert Southwest can be equally effective and have been used for Wind Rows elsewhere. The water requirement to establish mesquite Wind Rows will be about six acre feet per year per mile of windbreak based on data from existing studies of desert mesquite water use. Like salt cedar, mesquite put down deep 100 foot tap roots and can survive on brackish water. Once established it may be possible to reduce the irrigation where brackish groundwater is less than 100 feet below surface. Even with full irrigation, a single Wind Row along the entire West Shores playa plus another protecting Salton City from desert dust would require 33 miles of irrigated Wind Rows needing only 200 acre feet of water annually. 600 acre feet of water annually would supply Wind Rows in triple depth with 50 meters of separation between rows. That would provide dust suppression along the entire West Shore area reducing windblown dust in all four communities and blocking sand dune intrusion onto Salton Sea playa at the former Navy Test Base.

Public Uses Amenities

As previously noted, the shoreline communities at the Salton Sea were built to be just that, shoreline communities. They lose the essence of their existence when cut off from the shoreline. The dominant landowner of Salton Sea shoreline has been installing “No Trespassing” signs along most of what once were publicly accessible shorelines in several communities on the West Shores of the Salton Sea. This may be intended to restrict off road vehicle access that does increase emissivity of playa, and reduce liability for IID, but the actual effect has been to restrict pedestrian access.



These shorelines are also used by wildlife, particularly shorebirds. They are nesting habitat for snowy plover. There is reason to preserve this habitat value.



The public who live in and visit the Salton Sea shoreline communities should be granted pedestrian access to the shorelines their communities were built around. One way to do this would be to construct pedestrian and wheelchair accessible wood plank, or similar, walkways with handrails to enable pedestrian access while limiting off road vehicle access and preserving nesting areas for snowy plover. Simple shade structures could also be provided. This would be extended as the shoreline recedes.



Sincerely,

Tom Sephton

Board President, The EcoMedia Compass

226 West J Street

Brawley, CA 92227





Goals and Objectives 

The Phase 1: 10 Year Plan Should not Exclude or Block a Long Term Plan 

Many restoration plans, and mitigation plans, have been proposed for the Salton Sea over decades of 
discussion, and study, and stymied efforts. The Draft Salton Sea Management Program, Phase 1: 10 
Year Plan Project Description is in essence a stopgap mitigation plan. 

The Salton Sea Authority favors a Perimeter Lake Plan drafted by Tetra Tech under contract with the 
Salton Sea Authority using funds cut from years two and three of the Salton Sea Financial Assistance 
Program. That Perimeter Lake Plan has been supported by several regional political entities. It would 
stabilize a shoreline and provide a narrow, but significant, band of roughly marine salinity water along 
that shoreline by blending water from the New and Alamo Rivers, the Whitewater Storm Channel, and 
various drains with brine from the residual Salton Sea. The center would dry down to two large brine 
ponds at the deepest parts of the current Salton Sea. Some form of dust suppression may be applied 
to the vast area of exposed playa inside the Perimeter Lake. 

In 2016, and again in 2018, the State solicited proposals for Salton Sea restoration in a public RFI 
process. The second RFI specified that the proposals should be water import strategies. The State has 
made an effort this year to review the eleven proposals for long term Salton Sea restoration 
incorporating some kind of water import strategy that were submitted in February 2018. The only 
proven 100% dust suppression method that also can restore the habitat and recreational values of the 
Salton Sea is to restore the water supply and manage salinity and water quality. 

A fourth goal of the Salton Sea Management Program, Phase 1: 10 Year Plan Project Description 
should be: 

“Design the range of aquatic habitat and dust suppression projects such that they do not block or 
preclude the adoption and execution of a long term restoration plan for the Salton Sea.” 

A long term restoration plan could take the form of a Perimeter Lake, or water import from the ocean, 
or some other source if another source sufficient to offset half a million acre feet or more of annual 
inflow losses can be identified, or possibly some other plan not yet defined. Either of the two defined 
general strategies could refill the Salton Sea and restore and manage a shoreline at some chosen 
elevation. Aquatic habitat projects that have been heavily invested in, should be designed in such a 
way that they would not be flooded by a future restored Salton Sea elevation. Aquatic habitat projects 
built at lower elevations on the playa should be built with berms high enough that they would be 
operational if the Salton Sea elevation were restored to a level that eliminates most dust from newly 
exposed playa, for example roughly -230 feet below mean sea level. If dust mitigation projects built 
under the 10 Year Plan were to be preserved indefinitely, that target restoration elevation might be 
lower, perhaps closer to the current elevation of -238 feet below mean sea level. In any event the 
millions to be invested in this mitigation plan should not preclude implementation of a long term 
restoration plan. 

Aquatic Habitat Restoration Projects 

Desert Shores Channels Restoration Pilot Project 

While locating aquatic habitat projects in close proximity to sources of no cost brackish water is 
obvious and logical, these do not include most of the areas where people in shoreline communities 
live. The shoreline communities of Bombay Beach, Salton City, Vista del Mar, Salton Sea Beach, and 
Desert Shores were built and populated on the expectation of being adjacent to a Salton Sea available 
for recreation, fishing, bird watching, and a good quality of life. The desert to coast water transfers of 
the QSA have been the largest factor in driving down the level of the Salton Sea by nine feet since the 
2003 QSA signing causing a receding community shoreline and cutting off boat channels that once 
were thriving aquatic habitat areas. 



At Desert Shores there are drying channels next to homes formerly filled with Salton Sea water. 
Restoring water to those channels from the adjacent Salton Sea can restore a former tilapia breeding 
area for the Salton Sea fishery and eliminate a modest source of dust. While the Salton Sea is salinity 
challenged, this Summer I observed and video recorded near shore schools of fish fry and juveniles in 
the open Sea far from rivers or drains. Salton Sea water is still viable for fish breeding for the time 
being. Cost effective salinity reduction and water quality control measures have been proposed for the 
Desert Shores Channels Restoration Project as Salton Sea salinity increases in the future. The Salton 
Sea Management Program and the Imperial County Air Pollution Control District have been in a seven 
month negotiation on an MOU document. That document was recently approved by both parties. The 
local residents have shown their support for the project in a four year grass roots effort to convince 
the State to include their shoreline in Salton Sea restoration efforts. The Desert Shores Channels are 
essentially pre-dug habitat ponds full of the dry empty nests formerly used by tilapia to breed. The 
Salton Sea Management Program could proceed with this project to get near term habitat started and 
eliminate a dust source next to homes while providing community revitalization and recreation 
benefits to local residents of a disadvantaged community. 

Salton City Channels Restoration 

An opportunity very similar to Desert Shores for near term habitat restoration and dust elimination 
exists in already dug channels near homes on the now dry Salton City waterfront at the Riviera Keys 
and the Pelican Keys. Here too, the Salton Sea provides an immediate water source and the evidence 
that these were fish breeding areas is obvious based on the tilapia nests on the now dry channel 
banks. The two Salton City locations also provide pre-dug habitat pond opportunities and are in one of 
the most critical dust emission areas. State plans on the former Salton City waterfront do not offer a 
reliable dust control solution because the soils are not suitable for surface roughening and a water 
supply for vegetation has yet to be identified. The same methods to restore aquatic habitat that apply 
in the Desert Shores Channels can and should be replicated at Salton City 

Dust Suppression and Restoration Projects 
How Temporary is “Temporary Surface Roughening” 
The Imperial Irrigation District (IID) has borrowed the lowest cost dust mitigation method from the 
Owens Dry Lake dust mitigation project and implemented a substantial acreage of surface roughening 
(plowing the playa) under the QSA JPA funding authority to protect itself from liability for dust 
emissions on some of the vast acreage of Salton Sea playa it owns. While this method has reduced the 
dust emissions from the plots plowed to date, it is not recognized as a best available control measure 
(BACM). IID is lobbying to have its preferred surface roughening method approved as a BACM, but 
this has not been approved yet. Surface roughening by IID of 112 acres at Brouchard Road is the only 
completed project directly funded by the Salton Sea Management Program to date. Based on the 
Phase 1: 10 Year Plan and the Dust Suppression Action Plan it seems clear that “temporary” surface 
roughening is to be implemented as the dominant dust mitigation strategy in the near term. Indeed 
950 acres of land that had been designated as part of the 3,700 acres of Species Conservation Habitat 
aquatic habitat project will instead be plowed into “temporary” surface roughening under the Dust 
Suppression Action Plan. The Phase 1: 10 Year Plan Project Description should define what 
“temporary” means with respect to surface roughening. Will these acres be converted to aquatic 
habitat and/or other BACM approved methods of dust suppression? If so on what time frame and what 
will trigger that conversion after millions have been spent plowing the playa? 

Protection of West Shores Communities from Dust 

The entire West Shores of the Salton Sea from the community of Desert Shores in the North to the 
former Navy Test Base in the South is a critical area for both desert and exposed playa dust emission 
as noted in the Dust Suppression Action Plan. Soils in much of this area are too coarse for surface 
roughening to be effective because the sandy soils will not hold the plowed furrows and because sand 
dune intrusion onto the exposed playa is already a problem at the former Navy Test base. 

The time tested solution to dust control and prevention of sand dune intrusion on the West Shores are 
Wind Rows, rows of trees planted to dramatically slow the wind speed and cause dust and sand 



particles to drop out. These Wind Rows can be observed protecting citrus orchards at the Three Flags 
Ranch from desert dust and sand with modest irrigation to sustain a thick wind blocking curtain. On 
the nearby Navy Test Base Wind Rows were planted on top of earthen berms to protect the central 
area of the Base from sand dunes and dust. Even with no irrigation for decades, these Wind Rows 
survive today and have kept the central area of the former Navy Base protected from sand and dust. 

It’s not clear why the State has not seriously looked at this proven local solution. Perhaps because the 
method was not used at Owens Dry Lake, the dust suppression model chosen by to be implemented at 
an unrestored Salton Sea? While the Wind Rows used to protect farms and railroads from sand and 
dust in the Imperial and Coachella Valleys are mostly composed of Salt Cedar (Tamarisk), mesquite 
species native to the desert Southwest can be equally effective and have been used for Wind Rows 
elsewhere. The water requirement to establish mesquite Wind Rows will be about six acre feet per 
year per mile of windbreak based on data from existing studies of desert mesquite water use. Like salt 
cedar, mesquite put down deep 100 foot tap roots and can survive on brackish water. Once 
established it may be possible to reduce the irrigation where brackish groundwater is less than 100 
feet below surface. Even with full irrigation, a single Wind Row along the entire West Shores playa plus 
another protecting Salton City from desert dust would require 33 miles of irrigated Wind Rows needing 
only 200 acre feet of water annually. 600 acre feet of water annually would supply Wind Rows in triple 
depth with 50 meters of separation between rows. That would provide dust suppression along the 
entire West Shore area reducing windblown dust in all four communities and blocking sand dune 
intrusion onto Salton Sea playa at the former Navy Test Base. 

Public Uses Amenities 
As previously noted, the shoreline communities at the Salton Sea were built to be just that, shoreline 
communities. They lose the essence of their existence when cut off from the shoreline. The dominant 
landowner of Salton Sea shoreline has been installing “No Trespassing” signs along most of what once 
were publicly accessible shorelines in several communities on the West Shores of the Salton Sea. This 
may be intended to restrict off road vehicle access that does increase emissivity of playa, and reduce 
liability for IID, but the actual effect has been to restrict pedestrian access. 

These shorelines are also used by wildlife, particularly shorebirds. They are nesting habitat for snowy 
plover. There is reason to preserve this habitat value. 

The public who live in and visit the Salton Sea shoreline communities should be granted pedestrian 
access to the shorelines their communities were built around. One way to do this would be to 
construct pedestrian and wheelchair accessible wood plank, or similar, walkways with handrails to 
enable pedestrian access while limiting off road vehicle access and preserving nesting areas for snowy 
plover. Simple shade structures could also be provided. This would be extended as the shoreline 
recedes. 

Sincerely, 

Tom Sephton 

Board President, The EcoMedia Compass 

Brawley, CA 92227 
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     The enclosed attachment is for your consideration. 
Best regards,
William L. Osborn

Palm Desert Ca. 92211
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     The realization that water is an essential commodity sought by all in the greater Southwest is well known. The demand for fresh clean water will only increase as the population and development continue to grow. The natural replenishment of waters to the Salton Sea has been used to replenish this shortfall. This is the major reason why we are currently in this crisis. 

     The following solution could address the primary health issues concerning air and water pollution. First, the water level in the Salton Sea must be stabilized to a constant level. After water stabilization is accomplished, problematic dust control areas need to be identified and addressed with ground cover vegetation and the creation water fowl estuaries.  

     The achievement of creating a constant water level would be accomplished by the construction of two underground tunnels from the Pacific Ocean to the Salton Sea filling the lake to the desired level using ocean water. The new higher water level would dilute the pollution concentration in the lake. Recycling fresh ocean water into the lake would create a new salt water environment. This positive action over the long term would produce a cleaner air and water environment. Revenue enhancement from property taxes and area development would offset the initial cost.

     After the accomplishment of this public works project, the lake could once again be the “Jewel of the Coachella Valley”.

    

Thank you for your consideration.

William L. Osborn

78864 Cadence Lane 

Palm Desert Ca. 92211





Salton Sea Project 

     The realization that water is an essential commodity sought by all in 
the greater Southwest is well known. The demand for fresh clean water 
will only increase as the population and development continue to grow. 
The natural replenishment of waters to the Salton Sea has been used to 
replenish this shortfall. This is the major reason why we are currently in 
this crisis.  

     The following solution could address the primary health issues 
concerning air and water pollution. First, the water level in the Salton 
Sea must be stabilized to a constant level. After water stabilization is 
accomplished, problematic dust control areas need to be identified and 
addressed with ground cover vegetation and the creation water fowl 
estuaries.   

     The achievement of creating a constant water level would be 
accomplished by the construction of two underground tunnels from the 
Pacific Ocean to the Salton Sea filling the lake to the desired level using 
ocean water. The new higher water level would dilute the pollution 
concentration in the lake. Recycling fresh ocean water into the lake 
would create a new salt water environment. This positive action over 
the long term would produce a cleaner air and water environment. 
Revenue enhancement from property taxes and area development 
would offset the initial cost. 

     After the accomplishment of this public works project, the lake could 
once again be the “Jewel of the Coachella Valley”. 

Thank you for your consideration. 

William L. Osborn 



Palm Desert Ca. 92211 
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