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Approach 
The Lower Colorado River Basin Water Quality Model (LCRBWQM) was used to provide 
an assessment of salinity benefits from a low-salinity water supply added to water delivered 
by the Colorado River Aqueduct (CRA). The assessment uses an existing model, described 
below, to compare salinity-related damages to regions of Southern California receiving 
water from the CRA.  Benefits are based on the comparison of damages with versus without 
the low-salinity additional supply, using a version of the model developed to assess salinity 
damages under population and other development conditions projected for the year 2025. 
No changes to the model are made except to compare salinity-related damages with versus 
without the additional supply. 

Description 
LCRBWQM was developed by the U. S. Bureau of Reclamation (Reclamation) and 
Metropolitan Water District of Southern California (Metropolitan) in 1998. The model was 
updated as part of Metropolitan’s and Reclamation’s 1999 Salinity Management Study. The 
version of the model used for this analysis was updated with population data and 
projections from the Department of Water Resources (DWR), and costs have been indexed 
to 2007 levels. For a detailed description of LCRBWQM, see Metropolitan and Reclamation 
(1999). This model was also used to determine a portion of the water quality benefits in the 
Bay Delta Conservation Plan Draft Statewide Economic Impact Report released in August 
2013. 

This version of LCRBWQM uses projected 2025 State Water Project (SWP) deliveries and 
salinity developed by the California Department of Water Resources (DWR) for analysis of 
SWP operations and facilities. 

LCRBWQM divides Metropolitan’s service area into 15 sub areas. The division of the south 
coast region into sub-areas provides detail regarding sources of water and salts in each area. 
This detail is necessary because each region obtains different shares of supply from different 
sources, and some sources, the Colorado River and groundwater, in particular, have higher 
salinity than others.  

The model is designed to assess the average annual salinity benefits or costs based on 
demographic data, water deliveries, TDS concentration, and cost functions that define the 
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relationship between TDS and costs in a number of categories. Cost information was 
developed based on technical studies, consumer surveys, interviews of contractors and 
experts, and engineering judgment. All of the cost data (such as the price of water heaters, 
water rates, reverse osmosis costs, etc.) were obtained from retail stores, warehouses, 
available reports and publications, and engineering cost estimates. For a complete 
description of the data and their sources, see Metropolitan and Reclamation’s Salinity 
Management Study (1999).  

Salinity costs include those incurred by private households and businesses and those 
incurred by water and wastewater utilities. Private cost categories are residential, irrigation, 
commercial, and industrial. Utility costs include recycled water costs, water utility costs, 
and groundwater recharge costs. The types of salinity benefits (reduced costs) in each 
category are: 

 Residential: Residential benefits from reduced salinity levels include an increase in 
appliance and residential plumbing life along with a reduction in use of bottled 
water and water softener products. Equations estimate expected life as a function of 
salinity; see Table 4 below for representative equations. Residential benefits account 
for the costs of appliance and water softener products.  

 Agricultural: Benefits from reduced salinity levels are increased crop yield (Ayers 
1985). The total damages incurred by agriculture are a function of crop area, total 
yield, and the reduction in yield from salinity levels.  

 Commercial and Industrial: Benefits from reduced salinity levels include decreased 
costs for water softening and treatment, water for cooling, and extended equipment 
life. Costs are estimated using a dollar per mg/l per unit of water used. Economic 
damages are also a function of water use, cost of treatment and maintenance. 

 Water Utility: Utility benefits from reduced salinity levels include an increased life of 
treatment and distribution facilities. The total economic damages from salinity are a 
function of population and useful life of facilities.  

 Groundwater Recharge: Groundwater benefits from reduced salinity level are a 
reduction in salt removal costs. The total economic damages from salinity levels are 
also a function of total water pumped. 

 Recycled Water: Recycled water benefits from reduced salinity levels are leeching 
costs and salt removal costs. Total economic damages from salinity include 
additional salinity added by increased use of water softeners.   

The model can calculate the incremental economic benefits or costs of SWP and Colorado 
River Aqueduct salinity changes compared to a selected baseline condition. It also can 
estimate the change in salinity-related damages from a change in the volume of imported 
supply. For example, higher deliveries of SWP supplies would reduce overall economic 
damages in the model, because SWP deliveries are blended with much more saline supplies 
such as from the Colorado River. For the assessment here, the model is run with a 2025 level 
of development for population, water use, agricultural cropping patterns, and water supply.  
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Assumptions and Limitations 
 LCRBWQM does not consider economic benefits associated with water quality 

constituents other than salinity. Consumers may be willing to pay to reduce the 
effects of other constituents, but these benefits are not calculated by LCRBWQM. 
Also, water and wastewater utilities have costs associated with many water quality 
constituents other than salinity.  

 The model relies on somewhat dated information about the current ownership 
patterns and costs of modern water-using appliances. Reclamation and Metropolitan 
plan to update the information in the model, but the analysis here uses the current 
model’s data.  

 The model bases its estimates of salinity damages on the average quality of water 
supplies over a time period. Long-term average projected supplies and qualities are 
used here. 

 For this assessment, benefits are estimated assuming the additional water supply 
blends fully with the existing CRA supply by the time it is delivered to users. 

 The quantity and quality of additional water supply were provided for the 
assessment – they were not estimated independently as part of this assessment. 
Neither Reclamation nor Metropolitan has reviewed the model implementation and 
results presented here. 

 For this assessment, it is assumed that the base average CRA delivery is 957,000 acre-
feet per year, at an average salinity of 687 mg/l total dissolved solids (TDS). The 
salinity value was developed in the Metropolitan and Reclamation’s Salinity 
Management Study (1999).  This report looked at monthly salinity values from May 
1941 to June 1998 at Lake Matthews.  While the salinity values went up to 900 mg/l 
in drought years, two-thirds of the months the salinity ranged from 650-750 mg/l.    
These and other assumptions are consistent with the information developed by 
DWR for its evaluation of SWP operations and facilities. An additional water supply 
of 50,000 acre-feet per year is added to that delivery volume, with a salinity of 300 
mg/l TDS. 

Results 
Salinity-related benefits of the additional water supply are summarized in the Table below. 
Average annual benefits (avoided damages) are itemized by category of damage in 
LCRBWQM. The model calculates benefits in 2007 dollars, and these have been updated to 
2012 values using the GDP Implicit Price Deflator. Annual avoided damages at a salinity of 
300 mg/l TDS are estimated to be $7.89 million per year.  Over a fifty year period, using a 
real discount rate of 3%, the present value of these benefits is $203 million.  This discount 
rate is consistent with the BDCP economic analysis. 
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Additional Benefits From Banked SWP Water Supply 
An additional feature of the project could include banking of State Water Project (SWP) 
water through an agreement with Mojave Water Agency. Banked water would be extracted 
during non-surplus years and delivered into the CRA along with the baseline project 
supply. For purposes of this analysis, the following assumptions are used: 

 30,000 acre-feet of banked SWP water, at an average salinity of 240 mg/l TDS, is 
added to the 50,000 acre-feet from the proposed project. 

 This water would not otherwise have been available for delivery to Metropolitan’s 
service area. 

 The incremental water provides benefit only in those years in which it is extracted 
and delivered into the CRA. 

 The incremental water fully blends with existing CRA supply by the time it is 
delivered to users. 

Estimated Annual Benefits of an Additional Water Supply
2025 Level of Development
Annual Average Metropolitan 
Water District Service Area 
Damages Avoided Year Type

Avoided Damages at 
300 mg/l (2012$)

Average $1,774,170

Average $3,341,200

Average $913,176

Average $693,611

Average $299,883

Average $248,377

Average $619,969

Average $7,890,388

Agricultural Damages

Residential Damages

Commercial Damages

Recycled Water Damages

Total

Utility Damages

Industrial Damages

Ground Water Damages
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 Benefits are estimated using an average year at 2025 level of development. If the 
incremental water is actually delivered during a year of SWP shortage, its benefits 
would potentially be greater than shown below. 

The table below summarizes the potential additional benefits of $5.8 million in years when 
the incremental water is provided. 
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2025 Level of Development
Additional Metropolitan 
Water District Service Area 
Damages Avoided

Avoided Damages 
(2012$)

$1,222,367

$2,482,910

$688,188

$519,554

$229,942

$187,435

$472,962

$5,803,359

Recycled Water Damages

Total

Additional Benefits in Years When Banked SWP 
Water is Extracted

Utility Damages

Industrial Damages

Ground Water Damages

Agricultural Damages

Residential Damages

Commercial Damages


