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Can the Salton Sea Restoration Project Goals be 

achieved?  
 

The only certainty is that failure is assured without a sound 

scientific basis to guide the restoration effort through what is 

largely "unchartered waters" . The challenge is a contemporary 

one involving the management of wastewater to achieve direct 

benefits for human society and the conservation of avian 

biodiversity. Science will become increasingly important as the 

restoration effort moves forward . A major first step has been 

accomplished through the investigations already undertaken but 

much remains to be done . 

 

MILTON FRIEND, Chief Scientist 

Salton Sea Science Office  2002 



Urgent Program Requirements 

(Initially in 1998) 
 Develop and contract for detailed background studies on birds, fish, 

nutrients, salts, contaminants 

 Develop studies to evaluate wildlife disease and mortality events 

 Develop a strategy and a complete EIS for “restoring “ the Salton Sea 

to Congress in 2 years 

 Reclaim healthy fish and wildlife resources and their habitats 

 reduce and stabilize the overall salinity of the Salton Sea; 

 enhance the potential for recreational uses and economic 

development of the Salton Sea.  

 shall be limited to proven technologies 

 no new or additional water from the Colorado River 

 Assumptions.--account for transfers of water out of the Salton Sea 

Basin, and are based on a maximum likely reduction in inflows 

into the Salton Sea Basin which could be 800,000 acre-feet or 

less per year (a loss of 500,000 acre-feet per year) 



Major findings 

(myth busting) 
Pelicans die from unique form of avian 

botulism 

Fish die from cold stress in winter, oxygen 

deprivation summer 

Major contaminants of concern are 

selenium and arsenic 

System has huge loading of phosphorus 

and nitrogen,  



Focus on 4 issues where science 

influenced management decisions 

Selenium 

 

Hydrogen sulfide 

 

Thermocline 

 

Fugitive dust 

Throughout this discussion 

pay particular attention to 

the area highlighted here 



FOCUS OF PRESENTATION 

ROLE OF SCIENCE ON 4 MAJOR 

ISSUES 
• Hydrogen sulfide 

• Thermocline 

• Fugitive dust 

• Selenium 



Hydrogen sulfide 



SULFIDE IRRUPTIONS AND GYPSUM BLOOMS IN  

THE SALTON SEA AS DETECTED BY SEAWIFS  

SATELLITE IMAGERY, 1998-2004 

Mary Ann Tiffanya, Susan L. Ustinb and Stuart H. Hurlberta 
aDepartment of Biology, San Diego State University 

bDepartment of Land, Air, and Water Resources. 

University of California, Davis 



Astronauts may have been the first to see the 

extent of “green tides” in the Salton Sea. 

 

Photo at left taken by Gemini 5 astronauts, 

those below by International Space Station 

astronauts. 

Photographs from space 

21 Aug, 1965 

9 Oct, 2003 
11 Oct, 2003 



Ground level view of gypsum/hydrogen sulfide event, 

October 2006 





How much H2S production? 

• Flux estimates for H2S based on porewater sulfide 

concentrations:  

     75,000 metric tons per year of H2S 
 

• Based on maximum decomposition rates of algal 

biomass assuming P-limitation knowing annual P 

loading to Sea: 

        78,000 metric tons per year of H2S 
 

• Ignoring any losses, this would yield a Sea-wide 

concentration of 8.1 mg/L after 1 yr 



Toxicity of H2S 

• H2S is highly toxic to 
aquatic life 
 

• H2S toxicity thought to 
substantively change the 
benthic ecology of the 
Sea during the summer 
 

• Upwelling events can 
lead to high H2S and NH3 
levels throughout water 
column of Sea 
 

• Odors from Sea 
sometimes reported 100 
miles away 

Aquatic 

Organism 

96-h 

TLm 

(mg/L) 

Sowbug 0.11 

Scud 0.84 

Sunfish 0.05 

Fathead minnow 0.015 

TLm = Median Tolerance Limit 

50% mortality 



• H2S reacts quickly 
with dissolved O2, 
resulting in anoxic 
conditions: 
 

 HS- + 2O2  SO4
2- + 

H+  
 

• Under persistent 
stratification, sulfide 
would accumulate in 
the hypolimnion; a 
subsequent mixing 
event could easily 
deplete the lake of 
dissolved oxygen 
(e.g., August 2000)  
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High levels of H2S are present in the porewater of the 
Sea, especially during the warm summer months 
 
Waters overlying the sediments are also generally 
enriched in H2S 
 
Levels are above the TLm for many  common aquatic 
organisms 
 
An estimated 75,000 metric tons of H2S may be 
emitted from the sediments each year 
 
H2S is lost from the water column through reoxidation 
to sulfate, volatilization, and precipitation as iron sulfide 
minerals 
 
Prolonged stratification and reduced upwelling may 
increase hypolimnetic H2S levels, resulting in 
potentially severe aquatic mortality upon mixing 



Fish Kills due to 

low oxygen 

concntrations 

brought about by 

Hydrogen sulfide 

emissions 

 

Fish Kills due to 

low water 

temperatures 



Thermocline 



Whole Lake Scenario Half Lake Scenario 

measured 

modeled 



the Sea is characterized by stratification over an approximately 4 month period. The 

stratification is weak, breaks and reforms several times, and is dominated by a broad 

thermocline.  

 

The effect of dividing the Sea with a dam or barrier was explored.. The results are 

expected to be similar whether the remnant Sea was in the north or the south. Thermal 

stratification was intensified, with the formation of a very sharp and intense thermocline 

commencing at a depth of about 4 m below the surface. The stratification was also 

extremely persistent, with all but 1-2 months being stratified. The breakdown of 

stratification was very quick, occurring over several days.  

 

The development of such an intense and persistent stratification will have extreme 

and profound effects on the Sea. It will in all likelihood to the development of anoxia, 

which will in turn lead to the formation of H2S and NH4. There will be little opportunity for 

venting during the stratification period, due to the high values of Lake Number, so 

concentration will build up to unprecedented levels. The rapid breakdown of the 

stratification will lead to a sudden redistribution of low dissolved oxygen, H2S and NH4 

throughout the water column and the release of gaseous NH3 and H2S to the air. The 

effect of this will be an annual die off of all fish in the Sea, and potential human and 

wildlife mortality. While no other depths were examined, this result should be the same 

for all depths greater than 10 m.  



SO WHAT???? 

Thermocline modeling, destratification, and 

hydrogen sulfide findings all indicate that any 

residual lake depth should not exceed 10 m 

 

Failure to heed this advice could easily lead to 

castrophic ANNUAL loss of every oxygen 

dependent life form in the water column 

 



Fugitive dust 

Lots of research and innovation being 

conducted, but all of it is being 

conducted on dry lake beds 

 

We have been asked to predict what, 

where, and how much will blow, 50 years 

from now, in a system where the entire 

lakebed is still covered with water. 



No action 

California Recommended 

Plan 



Owens Valley or Imperial Valley? 

Impacts on Air Quality 

• Microscopic particles 

  penetrate deep into 

  lungs 

• Studies link PM10 to 

  respiratory disease 

• Imperial County has 

  highest incidence of  

  childhood asthma in 

  State 



Dust generation requires 

 

Sand source upwind of 

smaller clay particles 

 

Winds in excess 15 mph 



Dual beam acoustic 

imaging 

 

Allows particle size 

detection 

 

Provides overlay 

picture of sand grain 

size AND clay size 

particles 

 

This is converted 

into vulnerabilities  



Algodones dunes 

Dust generation requires 

 

Sand source upwind of smaller 

clay particles 

 

Winds in excess 15 mph 



15 MPH is critical 

threshold for dust 

generation.  These 

regularly occur over 

the most vulnerable 

sites 





SO WHAT??? 

• With decling inflows it is certain that 

under ANY scenario, lake bed sediments 

will be exposed. 

• Wind velocity regularly exceeds dust 

generating standards.   

• Wind direction is maximum over areas 

considered to be of highest vulnerability 

• Methods must be developed to prevent 

fugitive dust emmissions 

 



Selenium 
Treatment options are expensive and/or ineffective 

 

Because of the importance of the migratory bird 

issue, selenium impacts are a major concern for 

any restoration activity 

 

The strategy discussed here is probably the least 

expensive option but still carries a potential risk 

 

The strategy was developed out of need to 

minimize cost and risk, while making less water 

cover more ground 



Selenium 

sediment 

deposition 

patterns and 

selenium from 

inflows are 

problematic 

 

Inflows > 5 ppb 

Salton Sea 1-2 

ppb  



In 2005, Reclamation and USGS 

constructed a series of ponds to 

conduct research on selenium impacts 

and wildlife uses as a model for habitat 

development  

 

Low selenium with high salt content 

Salton Sea water was blended with 

moderate selenium, low salt content 

water from the Alamo River 



 
 Conduct an ecological 

risk assessment – 
particularly for selenium 
 

 Evaluate avian:  
– Numerical abundance  
– Species diversity 
– Nesting success 
– Recruitment 
– Use patterns 
 

 Evaluate water, 
sediments, and aquatic 
invertebrate response to 
blended water 
 

 Evaluate construction 
techniques and the 
durability of levees and 
islands 

Study Objectives 



CELL 1 
CELL 2 

CELL 3 CELL 4 

N 

DAVIS ROAD 

   

• Reclamation/USGS Shallow habitat project 
site.  Aerial photo November 2007 



Why 20 ppt salinity ? 
Lowered selenium achieved by blending sources of water.  

River water is low salinity but elevated selenium – Salton 
Sea is high salinity and low selenium 

Minimize aquatic plant growth thus partially interrupting 
selenium uptake via organic detritus 

Reduced mosquitoes through salinity suppression  of 
aquatic vegetation 

Minimize Avian Disease 

Invertebrate community exhibits low diversity but high 
productivity 

Still able to support some species of fish 



Stakeholder concerns 

• Magnitude of risk 

• Will the habitat support numbers and 

diversity of birds documented for the 

Salton Sea 

• Will diving birds e.g. pelicans use the 

habitat  

• How can we optimize this for birds and fish 

 



• Shallow habitat project pond 2, mixed gulls, White pelican, mixed 
shorebirds 



• Shallow habitat pond 2, Wilson’s phalaropes, mixed shorebirds 







• Shallow habitat project pond 3, California Brown pelicans 





• Shallow habitat project pond 1, Black skimmer 



Black skimmers nesting on island pond 2 SHP 2009, after half 

of island substrate was modified with barnacle shells.   



• Shallow habitat project pond 2, Great egret 
eating Desert pupfish 







A. Keith Miles, Mark A. Ricca, Anne 

Meckstroth, and Sarah E. Spring 

Miles et al. 2009 

documents selenium 

ecological risk 

assessment – overall 

minimal impact on 

reproduction – primarily 

seen as decreased 

hatchability.  Anderson 

2009 (MS Thesis) 

documents bird use, 

species diversity, and 

nesting success 





Focus on 4 issues where science 

influenced management decisions 

Selenium 

 

Hydrogen sulfide 

 

Thermocline 

 

Fugitive dust 

Throughout this discussion 

pay particular attention to 

the area highlighted here 



INFORMATION SYNTHESIS IS 

CRITICAL 

All 4 issues involved multiple independent 

investigations, and it only through an integration 

of the information that we were able to come up 

with a more comprehensive examination of the 

overall impact of piecing together a plan for 

overall restoration with a minimum impact on the 

environment 



California Recommended 

Plan 

Residual lake depth 

does not exceed 10 m 

 

Highest vulnerability 

sites for fugitive dust 

maintain wet though 

strategic location of 

habitat 

 

Habitat development  

adheres to guidelines for 

minimizing selenium risk 

 



SCIENCE ACTIVELY WORKING WITH 

MANAGEMENT IS CRITICAL 

• Support science that tells you what you NEED to hear 

rather than science that simply tells you what you WANT 

to hear 

• Don’t artificially constrain science to preconceived 

notions or costs 

• Encourage and demand dissenting scientific opinion if it 

exists 

• SCIENTISTS must learn to avoid Armageddon type 

language 



Partners 

• US Bureau of Reclamation 

• California State Water Resources Control Board 

• USGS – multiple locations 

• California Department of Water Resources 

• California Department of Fish and Game 

• UC Davis 

• UC Riverside 

• San Diego State University 

• PRBO 

• University of Redlands (GIS) 

 



Thank You 

doug_barnum@usgs.gov 


