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This Technical Memorandum (TM) was prepared as part of the Salton Sea Water Importation Proposal 
Review to provide information to support and reflect the Independent Review Panel’s evaluation of 
submitted ideas to restore the Salton Sea by water importation and provide the Salton Sea Management 
Program (SSMP) with approaches that are feasible. Parts of this TM may be used in the Panel’s Screening 
Report, Fatal Flaw Report, Feasibility Report, and/or Summary Report (Reports). In the event that any 
discrepancies are found between the Reports and this TM, the Reports shall take precedence. 

1.0 Historic, Current, & Projected Salinity 
Salinity in the Salton Sea began increasing in the early 1900s after the initial flooding event formed the 

sea in 1905-1907; salts left in the basin from the historic Lake Cahuilla began dissolving (Tostrud, 1997). 

Salinity decreased in the 1920s as increased agricultural runoff diluted the Sea (Tostrud, 1997). 

Subsequent increases and decreases in salinity are associated with rate changes of agricultural irrigation 

runoff (Tostrud, 1997). The decreased inflow associated with the Quantification Settlement Agreement 

(QSA) in 2003 led to quicker salinity increase, rising from 47,000 mg/L in 2003 (p4-2, Ch2m, 2018) to 

74,200 mg/L in 2020 (Bureau of Reclamation, 2020).  

The QSA is a set of agreements that outline Colorado River water use, conservation, and environmental 

impact mitigation between the U.S., State of California, the Imperial Irrigation District (IID), the 

Metropolitan Water District (MWD), the Coachella Valley Water District (CVWD), and the San Diego 

County Water Authority (SDCWA) (IID, no date). The QSA required the other water districts to pay IID to 

improve agricultural irrigation efficiencies and line the All-American Canal, thereby reducing seepage 

and inflow to the Salton Sea (IID, no date). It transferred 200,000 AFY from IID to SDCWA and 103,000 

AFY from IID to CVWD and MWD, reducing Salton Sea inflow (IID, no date). Lining the All-American Canal 

increased water transferred from IID to SDCWA and San Luis Rey Indian Tribes by 67,000 AFY (IID, no 

date). Because the Salton Sea is in an endorheic basin (i.e., no outflows to other water bodies) and the 
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evaporation rate exceeds inflow rate, the Sea’s salinity has been rising and will continue to rise under a 

no action scenario (Figure 1). 

Figure 1: Historic and Projected Salton Sea Salinity under a Future No Action scenario, 1906-

2077 (pB-5 to B-8, Tostrud, 1997; p4-2 and 6-6 to 6-7, Ch2m, 2018; Bureau of Reclamation, 

2020).  

 

Some salinity measures and predictions may not be fully accurate. SSAM modeling predicts a salinity of 

approximately 196,000 ppm and sea elevation of -254 by 2045. Salinity measurements made prior to 

1945 exist for 1907-1916, 1923, and 1929 (B-5 to B-8, Tostrud, 1997). Yearly measurements exist from 

1945-2020 (Tostrud, 1997; Ch2m, 2018; Bureau of Reclamation, 2020). The accuracy of the early 

measurements is questioned due to inaccurate data collection methods (Weghorst, 2001). Calculated 

salinity for 1906 and those between 1917-1944 are also questioned due to disparities in reported Sea 
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acreage and diversion amounts (pIV-I, Tostrud, 1997). The 2020 recorded salinity is for January only 

(Bureau of Reclamation, 2020), while all other historic measures are either year averages or end-of-year 

measures. Finally, it should be noted that the 2021-2077 projections from the SALSA2 model increase in 

uncertainty as salinity exceeds 200,000 mg/L due to saturation (p6-1, Ch2m, 2018). The SALSA2 model 

developed by TetraTech for IID analyzes Salton Sea salinity and hydrology to simulate future elevation 

and salinity under differing inflow scenarios (p3-1, Ch2m, 2018). Select data tables and visualizations 

from Tostrud (1997) and Ch2m (2018) are in Attachment A. Data from Figure 1 can be found in 

Microsoft Teams in the Support Team channel in the Salinity folder. 

2.0 Salt Precipitation 
The average annual salt precipitation was estimated in 2001 to be between 330,000 to 1.5 million metric 

tons/yr (p23, Amrhein, et al., 2001). Salton Sea salts include sodium chloride, calcite, and gypsum, with 

sodium chloride being the most soluble (Amrhein, et al., 2001). Calcite and gypsum reach their 

saturation point at a salinity of 42,300 mg/L (p1, Weghorst, 2001), which was last surpassed in 1996 (B-

8, Tostrud, 1997). Other salts include bicarbonate, calcium, and sodium sulfate, which reached their 

saturation point soon after the initial flooding event, around 1950, and around 1980, respectively (pIII-9 

and pIII-10, Tostrud, 1997).  

3.0 Inflow Salinity & Salt Load 
The flooding event from 1905-1907 brought in Colorado River water with a salinity of 500 mg/L (p2-1, 

Ch2m, 2018). The salt left in the basin prior to the current Sea’s formation dissolved, increasing the 

salinity of the flood water (p2-1, Ch2m, 2018). An estimated 77 million tons of salt were in the Salton 

Sea by 1907 with 22 million tons coming from the Colorado River (pIII-6, Tostrud, 1997). This increased 

to 110 million tons by 1914 with 30 million tons total from the Colorado River (pIII-6, Tostrud, 1997). 

Tostrud (1997) contains historic salt loads into the Sea for 1943-1996 (pIII-1 to III-4). The average annual 

salt load from inflows to the Sea is predicted to be 3,970,000 tons/yr (for 2016-2077) (p5-3, Ch2m, 

2018). 

Inflow comes from the Alamo River, New River, Whitewater River/Coachella Valley Stormwater Channel 

(CVSC), other drains and small water bodies (Salton Sea Authority, 2016) and groundwater (Amrhein, et 

al., 2001). Each vary in salinity and salt load (Table 1). Soils in the region are not equipped to store or 

leach salts because they are sandy and porous (pB-5, Salton Sea Accounting Model, 2000). 

 

Table 1: Salinity and salt load data for Salton Sea inflow sources. Groundwater data from 

Ajami (2021) page 32 and Sanford (2018) page 2. 
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Source Salinity  

(mg/L TDS) 

Salt Loada  

(metric ton/y) 

Salt Load % 

Alamo River 2,100 1,518,000 47% 

New River 2,700 1,348,000 42% 

Whitewater River/ 
CVSC 

1,200 58,000 2% 

Other drains/ small 
water bodies 

- 312,000 10% 

Groundwaterb,c Imperial Basin: 14,000 

Indio Subbasin: 224-
520 

Low Not Included 

a- Salt load based on 2004-2014 average. 

b- Groundwater data from Ajami (2021) page 32 and Sanford (2018) page 2. 

c- There are 7 groundwater basins in the region, each varying in salinity and not all are known 

(p32, Ajami, 2021). The Imperial Valley basin has a salinity of 14,000 mg/L TDS (p32, Ajami, 

2021) and the Indio Subbasin has a salinity of 224-520 mg/L TDS (p2, Sanford, 2018), but others 

have lower salinities and higher seepage rates (Amrhein, et al., 2001). It is thought that salt 

loading from groundwater is low (Amrhein, et al., 2001).  

The Salton Sea Accounting Model assumes salinity of agricultural drainage in the Imperial and Coachella 

Valleys increases as inflow amount decreases. For instance, the salinity is 2,800 mg/L for 1,346,000 a-

f/yr, 3,459 mg/L for 1,006,000 a-f/yr, and 4,107 mg/L for 806,000 a-f/yr (pB-6, Salton Sea Accounting 

Model, 2000). 

Pacific Ocean salinity in the California Current is 32,500-34,500 mg/L (Britannica, 2011) and the Sea of 

Cortez salinity is 35,000-35,800 mg/L (Nix, 2013). 

4.0 Impact on Evaporation 
Evaporation is the largest part of the Salton Sea water budget (p5-15, Ch2m, 2018) and decreases as 

salinity increases above 56,200 mg/L (Figure 3) (pIII-4, Tostrud, 1997). The total evaporation is 69 in/yr 

with a net evaporation of 66.4 in/yr (p5-14, Ch2m, 2018). Climate change will increase evaporation by 

0.03-0.11 in/yr (p5-15, Ch2m, 2018), but the slowed evaporation rate from increased salinity may 

negate this. 
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Figure 3: Evaporation rate reduction percentage with increased salinity (pIII-5, Tostrud, 

1997). 

               
 

The Salton Sea Accounting Model uses the evaporation rate change equation of:  

  

Y = (0.9819 + (-0.00000013982 * X ^2.5))^2/0.9606 

 

where X = salinity in ppt and Y = standardized evaporation in percent of freshwater pan 

evaporation (pB-7, Salton Sea Accounting Model, 2000).  
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ATTACHMENT A: ADDITIONAL SALTON SEA SALINITY DATA & VISUALIZATIONS 

Historical and Projected Salton Sea Salinity under a Future No Action scenario, 2003-2078 (p6-2, 

Ch2m, 2018). 

 

Observed salinity (mg/L) from 2004-2020 compared to Pacific Ocean salinity. Data from Bureau 

of Reclamation, graph from California Natural Resources Agency (p46, CNRA, 2021). 
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Measured and Computed Salton Sea Salinity (ppm), 1906-1996 (pIV-5, Tostrud, 1997). 

 

Measured and Computed Salton Sea Salinity (ppm), 1906-1996 (pB-5 to B-8, Tostrud, 1997). 
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Projected Salton Sea Salinity (mg/L) 2018-2077 (p6-7 to 6-8, Ch2m, 2018). 
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