
  
 
 
 
 
 
 

TECHNICAL EVALUATION OF OPTIONS FOR LONG-TERM 
AUGMENTATION OF THE COLORADO RIVER SYSTEM 

 
 
 
 
 
 
 

OCEAN WATER DESALINATION 
TECHNICAL MEMORANDUM 

 
BY: 

DAVE ARGO, P.E., BLACK & VEATCH 
ANDREW LAZENBY, P.E., BLACK & VEATCH 

ROB KAESSNER, P.E., BLACK & VEATCH 
 

Q/C: 
LISA HENTHORNE, P.E., CH2M HILL 

JIM LOZIER, P.E., CH2M HILL 
TED WAY, P.E., CH2M HILL 

SRINIVAS VEERAPANENI, PhD., P.E., BLACK & VEATCH 
SCOTT FREEMAN, P.E., BLACK & VEATCH 

 
 
 
 
 
 

Final:  June 2007 
Released: March 2008 

 
 



Ocean Water Desalination TOC-1   
Technical Memorandum 
June 11, 2007 
 

 
TABLE OF CONTENTS 

 
EXECUTIVE SUMMARY ...........................................................................................ES-1 
 
1.0 INTRODUCTION ............................................................................................... 1-1 
1.1 Overview ...................................................................................................... 1-1 
1.2 Project Rationale (Objectives) ............................................................................. 1-1 
1.3 Other Ongoing Water Management Efforts......................................................... 1-1 
1.4 Methodology ...................................................................................................... 1-1 
1.5 Technical Memorandum Organization ................................................................ 1-2 
1.6 Abbreviations and Acronyms .............................................................................. 1-2 
1.7 References ...................................................................................................... 1-3 
 
2.0 TECHNICAL DISCUSSION .............................................................................. 2-1 
2.1 Overviews ...................................................................................................... 2-1 
2.2 Development of Ocean Water Desalination Alternatives.................................... 2-1 
 2.2.1 California ................................................................................................. 2-1 
  2.2.1.1 California Coastal Systems .......................................................... 2-1 
  2.2.1.2 Colorado River Alternative.......................................................... 2-3 
 2.2.2 Baja California ......................................................................................... 2-3 
2.3 Development of Evaluation Criteria .................................................................... 2-3 
 2.3.1 General..................................................................................................... 2-3 
  2.3.1.1 Criteria ......................................................................................... 2-4 
  2.3.1.2 Climate Change............................................................................ 2-4 
 2.3.2 Criteria Similar for All Ocean Water Desalination Alternatives ............. 2-4 
  2.3.2.1 Quantity........................................................................................ 2-4 
  2.3.2.2 Water Quality............................................................................... 2-4 
  2.3.2.3 Reliability..................................................................................... 2-4 
2.4 Evaluation of California Alternatives .................................................................. 2-5 
 2.4.1 General..................................................................................................... 2-5 
 2.4.2 Location of Supply................................................................................... 2-5 
 2.4.3 Technical Issues ....................................................................................... 2-5 
  2.4.3.1 Collection..................................................................................... 2-6 
  2.4.3.2 Treatment ..................................................................................... 2-6 
  2.4.3.3 Distribution .................................................................................. 2-9 
 2.4.4 Environmental Issues ............................................................................. 2-11 
  2.4.4.1 General Environmental Issues ................................................... 2-11 
  2.4.4.2 Co-location with an Existing Power Plant ................................. 2-11 
  2.4.4.3 Energy Use................................................................................. 2-11 
 2.4.5 Permitting Issues.................................................................................... 2-13 
 2.4.6 Costs .................................................................................................... 2-15 
 
 
 



Ocean Water Desalination TOC-2   
Technical Memorandum 
June 11, 2007 
 

2.5 Evaluation of Baja California Alternatives........................................................ 2-18 
 2.5.1 General................................................................................................... 2-18 
 2.5.2 Location of Supply................................................................................. 2-18 
 2.5.3 Technical Issues ..................................................................................... 2-21 
 2.5.4 Environmental Issues ............................................................................. 2-21 
 2.5.5 Permitting Issues.................................................................................... 2-21 
 2.5.6 Costs .................................................................................................... 2-21 
2.6 Energy Sensitivity Analysis............................................................................... 2-21 
2.7 Comparison of California and Baja California Alternatives.............................. 2-22  
 
3.0 COSTS ...................................................................................................... 3-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ocean Water Desalination TOC-3   
Technical Memorandum 
June 11, 2007 
 

TABLES 
 
Table ES-1 Summary of Findings Related to Ocean Water Desalination ................ES-3 
Table ES-2 Seven States Ocean Desalination Facility..............................................ES-4 
 
Table 2-1 Preferred Sites for System Integration Study......................................... 2-10 
Table 2-2 Summary of Major Permits.................................................................... 2-14 
Table 2-3 Construction, Capital, and Annual O&M Cost Factors ......................... 2-16 
Table 2-4 Desalination Facility Construction, Capital, and Annual O&M 
  Cost Summary........................................................................................ 2-17 
Table 2-5 Finished Water Conveyance Facilities Components and 
  Construction, Capital, and Annual O&M Cost Summary ..................... 2-20 
Table 2-6 Summary Comparison of Alternatives................................................... 2-23 
 
Table 3-1 Differences in Economic Parameters Used in Cost Analysis .................. 3-1 
 

FIGURES 
 
Figure ES-1 Desalination Plants.................................................................................ES-2 
Figure ES-2 Energy Rate Sensitivity Analysis...........................................................ES-5 
 
Figure 2-1 Desalination Plants................................................................................... 2-2 
Figure 2-2 Simplified RO Process Diagram.............................................................. 2-7 
Figure 2-3 Energy Intensity Comparison Table ...................................................... 2-12 
Figure 2-4 Energy Rate Sensitivity Analysis........................................................... 2-22 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Ocean Water Desalination ES-1   
Technical Memorandum 
June 11, 2007 

 
OCEAN WATER DESALINATION  

TECHNICAL MEMORANDUM 
 

 
EXECUTIVE SUMMARY 

Purpose 

The Seven Colorado River Basin States (Seven States) have authorized Colorado River 
Water Consultants (CRWC) to provide a Technical Evaluation of Options for Long-Term 
Augmentation of the Colorado River System (Project).  This Technical Memorandum 
(TM), one of a series of six TMs being prepared as part of the Project, presents results of 
an evaluation of Ocean Water Desalination.   
 
Scope  
 
The TMs are the second step in an iterative process to develop, screen, and evaluate long-
term water supply augmentation options.  The TMs build upon and expand White Papers 
developed during the initial weeks of the evaluation process.  In this TM, recent and 
ongoing ocean desalination projects in California and Baja California (Mexico) are 
briefly described.  Potential project sites are shown on Figure ES-1.   Technical factors 
reviewed include collection, treatment (process selection and concentrate disposal), and 
distribution system issues.  Environmental and permitting considerations are also 
described, and costs are then presented.  In addition to treatment costs, costs of 
transporting water to the users are considered, as are the impacts of variable energy costs.     

 Findings 

Each of the six TMs evaluated augmentation options against eight criteria.  These criteria, 
and the results of the evaluation for the ocean desalination option are presented in Table 
ES-1.   
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Table ES-1 
 Summary of Findings Related to Ocean Water Desalination 

Parameter Findings 
Location of 
Supply 

Numerous sites are available.  Sites considered in this TM focus on the 
Pacific Ocean coast of California and Baja California.     

Quantity of Water 
Potentially 
Available 

Ocean water available is essentially unlimited, but project capacities are 
dependent upon existing intake and/or distribution facilities.  Capacities 
developed in this TM range from 20 to 80 million gallons per day (mgd).   

Water Quality  Pacific Ocean salinity ranges from 28,000 to 37,000 milligrams per liter 
(mg/L), but may be slightly lower in some bay areas.   Treated water can be 
produced to meet all regulatory requirements.      

Technical Issues  Collection.  Co-locating facilities with existing power plant intakes was 
assumed in this TM to reduce costs.   

Treatment.  Many technologies are available to treat the raw water.  
Requirements for the treated water delivered to the customer will have an 
impact on process selection and design.  Requirements for concentrate 
disposal can be a significant challenge to project feasibility.   

Reliability  The availability of ocean water results in an extremely reliable supply of 
drinking water.  The feasibility of an individual project depends upon a 
dependable source of electricity.  Electrical energy availability needs to be 
better understood, particularly for projects in Baja California.  

Environmental 
Issues 

Environmental issues are similar for projects in both Southern California 
and Baja California and primarily relate to intake/concentrate disposal.  
Energy use is significantly higher than for other water supply options.   

Permitting Issues  Permitting issues are similar for projects in both Southern California and 
Baja California although multi-national projects would require a new (or 
amendment to the existing) border treaty.   

Cost Costs range from $1,120/AF to $1,730/AF.    

 

Costs of ocean water desalination facilities can vary significantly on a case-by-case basis.  
This TM presents the methodology used to define a cost window for desalination 
facilities in California and Baja California.   Table ES-2 presents a cost summary based 
on variation in capacity from 20 mgd to 80 mgd at the Alamitos site. 
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Table ES-2 

 

 In addition, because energy costs are such a significant variable in determining the cost 
of water from ocean water desalination facilities, the TM team was asked to perform an 
energy cost sensitivity analysis assuming a range of costs per kilowatt hour (kWh) of 
energy.  Figure ES-2 shows the results of the sensitivity analysis. 

Parameter 

Plant Capacity, mgd 20 40 50 80

RO Facility Capital Costs, $ 196,799,000 357,086,000 435,642,000 661,909,000
Conveyance Facility Capital Costs, $ 37,839,000 60,280,000 (1) 100,922,000

Total Capital Costs, $ 234,638,000 417,366,000 435,642,000 762,831,000

Amortized RO Facility Capital Costs, $/yr 14,297,000 25,942,000 31,648,917 48,087,000
Amortized Conveyance Capital Costs, $/yr 2,749,000 4,379,000 (1) 7,332,000

Total Amortized Capital Costs, $/yr 17,046,000 30,321,000 (1) 55,419,000

RO Facility Annual O&M Costs, $/yr 13,138,000 24,728,000 30,413,000 47,202,000
Conveyance Annual O&M Costs, $/yr 1,241,000 2,422,000 (1) 4,730,000

Total Annual O&M Costs, $/yr 14,379,000 27,150,000 30,413,000 51,932,000

Total Annual Costs (Treatment Only), $/yr 27,435,000 50,670,000 62,061,917 95,289,000
Total Annual Costs (Treatment & Conveyance), $/yr 31,425,000 57,471,000 (1) 107,351,000

Amount of Water Produced, AFY 20,163 40,327 50,408 80,653
Unit Water Cost (Treatment Only), $/acre-foot 1,360 1,260 1,230 1,180
Unit Water Cost (Treatment & Conveyance), $/acre-foot(2) 1,560 1,430 (1) 1,330
(1)  Conveyance costs calculated for only 20, 40, 80 MGD Southern California capacity alternatives. 
(2) Costs presented for Alamitos Conveyance Alternative.  Section 2 presents multiple conveyance       
alternatives. 
**Costs presented in table vary from costs presented in “Cost Normalization of All Options Technical 
Memorandum “ due to differences in economic parameters. 

Unit Cost Summary 

SOUTHERN CALIFORNIA DESALINATION FACILITY 
(ALAMITOS SITE SELECTED FOR CONVEYANCE 

Total Annual Costs 

Capital Costs 

Amortized Capital Costs

Annual O&M Costs 

 OCEAN DESALINATION FACILTY COST ESTIMATE
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Figure ES-2 

Energy Rate Sensitivity Analysis
(40-mgd Desalination Facility and Alamitos Conveyance Facilities)
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As shown on Figure ES-2, the energy rate has a substantial effect on the unit water cost.  
For example, a one-cent increase in the energy rate results in an increase of about $50 per 
acre-foot (AF) in treated water cost.  Similarly, a five-cent increase in the energy rate 
results in about a $250/AF increase in treated water cost. 

Conclusions 

Ocean water desalination is a reliable, long-term water supply augmentation option that 
adds new water to the system.   
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1.0 INTRODUCTION 
 
1.1 Overview 
 
This section describes Project objectives, briefly discusses the program framework within 
which the evaluation of long-term augmentation options is proceeding, and presents 
overall Project methodology.  Also provided are a brief description of how this TM is 
organized, a list of abbreviations and acronyms used, and information on the references 
cited herein.   

1.2 Project Rationale (Objectives) 

Separate studies and investigations have projected an increase in demands for Colorado 
River system water and a reduction in long-term runoff of the Colorado River.  As part of 
their proactive response to this scenario, the Seven States have authorized CRWC to 
provide a technical evaluation of long-term augmentation options.  The States will 
supplement the technical evaluations with legal, administrative, and/or institutional 
considerations.  All phases of the evaluation are being conducted in close coordination 
with the States and with the two regional offices of the U.S. Bureau of Reclamation 
(Bureau).   
 
1.3 Other Ongoing Water Management Efforts 
 
The evaluation of long-term options focuses on both previously-identified concepts and 
applications of new technology or management options.  The evaluation was begun in 
parallel with the Bureau’s development of Lower Basin Shortage Guidelines and 
Coordinated Management Strategies for Lake Powell and Lake Mead Under Low 
Reservoir Conditions.  It also should be noted that each of the Seven States has 
comprehensive water management programs.  Concepts being developed under these 
independent programs will not be evaluated through the Seven States process.   

1.4 Methodology 
 
Evaluation of options is an ongoing and iterative process.  In the first phase of the 
evaluation, White Papers were developed for 12 potential long-term augmentation 
options developed by CRWC in concert with the Seven States.  Concurrent with White 
Paper preparation, the CRWC team met with representatives of each State, the Bureau’s 
two regional offices, and other interested parties.  A password-protected Project Website 
was developed, an Expert Panel was convened, and a workshop was held with the 
Project’s Technical Committee.  The workshop focus was on the 12 White Paper options 
and three additional options suggested by the Expert Panel.  Grouped by the purpose they 
achieve and the benefit provided, the initial options were: 
 
• Firm up supply/reduce shortages:  Conjunctive use, reservoir evaporation control, 

vegetation management, weather modification, stormwater storage, and additional 
storage. 
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• New supplies.  Basin imports/reduction of exports through exchanges, brackish water 

desalination, coal bed methane produced water, ocean water desalination, and water 
imports using ocean routes. 

 
• Increase water use efficiency/exchange.  Reduction of power plant consumptive use, 

agricultural and urban water reuse, agricultural and urban transfers, and accelerated 
urban water conservation. 

 
During the workshop with the Technical Committee and a subsequent meeting with the 
Project Principals, six options were selected for more detailed evaluation at the TM level: 
brackish water desalination, conjunctive use, ocean water desalination, river imports and 
exports, stormwater management, and vegetation management.  This TM describes ocean 
water desalination.   
 
1.5 Technical Memorandum Organization 
 
Section 1 of this TM presents background information.  Section 2 develops and evaluates 
ocean water desalination alternatives in California and Baja California. Section 3 
normalized project costs so that equivalent comparisons can be made among TM options. 
 
1.6 Abbreviations and Acronyms 

The following abbreviations and acronyms are used in this TM. 

ADC  Affordable Desalination Collaboration 
AF  acre-foot 
Basin  Colorado River Basin 
Bureau  United States Bureau of Reclamation 
CCC  California Coastal Commission 
CEQA  California Environmental Quality Act 
CESPT Tijuana Water and Sewage Authority 
CFE  Comision Federal de Electricidad 
CONAGUA Comision Nacional del Agua 
CRWC  Colorado River Water Consultants 
DBB  design-bid-build 
EIR  Environmental Impact Report 
EIS  Environmental Impact Statement 
EPA  Environmental Protection Agency 
kWh  kilowatt hour 
MF  microfiltration 
mgd  million gallons per day 
mg/L  milligrams per liter 
MIA  Manifesticion de Impacto Ambiental 
MW  megawatt 
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MWD  Metropolitan Water District of Southern California 
MWDOC Municipal Water District of Orange County 
NEPA  National Environmental Policy Act 
NPDES National Pollutant Discharge Elimination System 
O&M  operations and maintenance 
psi  pounds per square inch 
Project  Technical Evaluation of Options for Long-Term Augmentation of the 
  Colorado River System  
RO  reverse osmosis 
RWQCB California Regional Water Quality Control Board 
SDCWA San Diego County Water Authority 
SEMARNAT Ministry of Environment and Natural Resources 
Seven States Seven Colorado River Basin States 
SONGS San Onofre Nuclear Generating Station 
SWP  State Water Project 
TDS  total dissolved solids 
TM  technical memorandum 
UF  ultrafiltration 
U.S.  United States 
WHO  World Health Organization 
 
1.7 References 
 
Major reference sources consulted for this TM are listed below. 

The Affordable Desalination Collaboration (ADA) (2005).  International Desalination 
Association World Congress: SP05-057 (August 07, 2005).  
 
Bay Area Regional Desalination Project Pre-Feasibility Study Final Report (2003).  
Prepared by URS Corporation. 

California Coastal Commission (2004).  Seawater Desalination and the California Coastal 
Act. 

California Energy Commission.  http://www.energy.cal.gov/2005publications/CEC-700-
2005-011-SF.PDF 

California Water Desalination Task Force. 
http://www.owue.water.ca.gov/recycle/desal/Docs/FinalReport.htm 

Long Beach Water Department (2006).  
http://www.lbwater.org/desalination/desalination.html 

Los Angeles Times (December 22, 2006).  “Edison agrees to huge wind power deal.” 
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Metropolitan Water District of Southern California (October 1994).  Desalination system 
Integration Study.  Prepared by Black & Veatch. 

Nevagua (2006).  A Solution for the Water Future of the Southwest and Baja California.  

Pacific Institute (2006).  Desalination with a Grain of Salt: A California Perspective. 

San Diego County Water Authority (SDCWA)/Municipal Water District of Orange 
County (2005).  San Onofre Nuclear Generating Station Seawater Desalination Pre-
Feasibility Level Assessment/Fatal Flaw Analysis Study.  Prepared by PB Water. 

SDCWA et al (2005).  South County Feasibility Report Binational Project. 

WateReuse Association (2006).  Research Needs Workshop.   

WHO (April 2006).  Various papers presented at the “International Symposium on Health 
Aspects of Calcium and Magnesium in Drinking Water,” held in Baltimore, Maryland.
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2.0 TECHNICAL DISCUSSION    
 
2.1  Overview  
 
This section briefly describes the Ocean Water Desalination technical option, develops 
ocean water desalination alternatives for both Southern California and Baja California, 
and presents evaluation criteria.  Criteria common to all alternatives (quantity, water 
quality, and reliability) are described.  Then Southern California and Baja California 
alternatives are evaluated in terms of location of supply, technical issues (collection, 
treatment, and distribution), and environmental and permitting issues.  In addition to 
costs for Southern California and Baja California, cost reference information is presented 
for a major ocean water desalination facility proposed in Northern California.  A 
sensitivity analysis of energy costs is also provided.  The concluding subsection presents 
a comparison of selected Southern California and Baja California options. Section 3 
summarizes cost information from an independent TM, which developed a normalized 
cost comparison for all six long-term water supply augmentation options. This TM builds 
our preliminary studies completed earlier in the project.   

2.2 Development of Ocean Water Desalination Alternatives  
 
Desalination alternatives reviewed in this TM are located in California and Baja 
California as shown on Figure 2-1 and described in more detail below. 

2.2.1  California   

This TM uses a multi-tier methodology to define a cost window for desalination facilities 
in California described in section 2.3.1.1.  An alternative to deliver desalinated water to 
the Colorado River was briefly reviewed, but not further developed.    

2.2.1.1  California Coastal Systems    

The following methodology was used to develop planning level costs.  First, capital and 
operational costs for an RO treatment facility were developed using a cost model.  Next, 
conveyance system costs were developed by updating (to current dollars) a 1994 
conceptual level study by the Metropolitan Water District of Southern California 
(MWD).  The MWD study evaluated alternative conveyance systems to connect large-
scale desalination facilities to existing distribution facilities.  These conveyance and 
treatment costs were then compared against costs developed in three recent studies: (1) 
the 2005 San Onofre Nuclear Generation Station (SONGS) Seawater Desalination 
Assessment by San Diego County Water Authority (SDCWA) and the Municipal Water 
District of Orange County (MWDOC), (2) a 2005 report by SDCWA and others on the 
South County Binational Project, and (3) the Bay Area Regional Desalination Project 
Pre-feasibility Study Final Report (2003).     
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The Bay Area Regional Project is being considered by East Bay Municipal Utility 
District, Contra Costa Water District, Santa Clara Valley Water District, and the San 
Francisco Public Utilities Commission.  Developing Northern California supplies for 
possible exchanges for State Water Project (SWP) supplies as a way to augment 
Colorado River supplies is not considered in this TM.  However, it may be prudent to 
consider the potential of SWP exchange agreements at the feasibility level.   

The conceptual-level treatment facilities, alignments, and connection points reviewed in 
this TM are technically feasible and adequate for cost-estimating purposes.  However, 
any projects which proceed to the feasibility analyses level will require a more in-depth 
analysis, including detailed consultations with the affected local agencies. 

2.2.1.2 Colorado River Alternative   

Treated desalted water integrated into Southern California coastal systems, as described 
in Section 2.3.1.1 above, would be available for exchange for use of Colorado River 
water.  Another approach would be to convey the treated water back to the Colorado 
River at some location such as Imperial Dam.  The water would then clearly be identified 
as “system water” and would not be subject to potential legal issues regarding ownership 
of the water.   For this TM, a conveyance to the Colorado River alternative was not 
developed further because it would require an additional major capital investment, 
significantly increasing the cost of water.       

2.2.2  Baja California   

At the outset of the Project, the consultant team was directed not to consider options 
involving Mexico because of legal and institutional issues.  However, during initial 
meetings with the Seven States and the Bureau and during the workshop with the 
Technical Committee, it was determined that significant opportunities existed in the area 
of ocean water desalination.  For purposes of this TM, two projects were reviewed.  The 
first is the Rosarito site described in the SDCWA South County Binational Project 
Report.  The second is a proposal for the Nevagua Project, which was issued by Nevagua 
LLC in July 2006.  At the feasibility level, contact would be required with specific 
entities that would be involved with a project to be built in Baja California.      

2.3 Development of Evaluation Criteria  
 
This section identifies the evaluation criteria used and discusses criteria similar for all 
ocean water desalination alternatives.  Southern California and Baja California 
alternatives are developed more fully, respectively, in Sections 2.5 and 2.6.   
 
2.3.1   General  
 
For the evaluation presented in this TM, criteria used during the White Paper review were 
investigated in more detail with an emphasis on specific opportunities pertaining to the 
Colorado River Basin (Basin).  Climate change also was considered.   
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2.3.1.1 Criteria 
 
Each White Paper evaluated seven factors: quantity available, water quality, technical 
considerations, supply reliability, environmental considerations, permitting, and costs.  
This TM revisits these factors with a focus on Southern California and Baja California.  
Preliminary costs are also developed, and an energy sensitivity analysis is provided.  In 
Section 3, costs are amortized to enable equivalent comparisons among TM options.     
 
2.3.1.2 Climate Change 
 
The Expert Panel noted that high mountain snowmelt provides the majority of runoff into 
the Colorado River and that climate change conditions could have a potentially 
significant impact on the long-range augmentation options program.  Projections of water 
availability under changing climate conditions are beyond the purpose of the Project.  
However, this TM briefly touches upon the degree of susceptibility to climate change for 
the ocean water desalination option.       
 
2.3.2 Criteria Similar for All Ocean Water Desalination Alternatives  
 
Three of the evaluation criteria are expected to be the same for both Southern California 
and Baja California alternatives and were considered collectively: quantity, quality, and 
reliability. 
 
2.3.2.1 Quantity  
 
 Water from the Pacific Ocean would be used as the source for Southern California and 
Baja California ocean water desalination facilities.  Using an open ocean intake, the 
amount of water available is essentially unlimited.  The quantity of water that can be used 
is governed by the capacity of the ocean water intake and the treated water distribution 
system and by environmental and permitting issues.  (See Sections 2.5 and 2.6.)   
 
2.3.2.2 Water Quality  
 
As described in the White Paper, the quality of Pacific Ocean water is similar to that of 
standard seawater with the concentration of total dissolved solids (TDS) ranging from 
28,000 to 37,000 mg/L.  In general, based on information available at several sites, any 
potentially harmful constituent contained in seawater can be removed using any number 
of proven, available treatment methods.  However, specific water quality requirements – 
such as bromide, TDS, etc. – can have implications on the treatment process and costs.  
One example is boron, which has emerged as a constituent of concern.  California 
Department of Health Services guidelines require treatment to 1 mg/L for California 
facilities.  Baja California facilities come under WHO guidelines, which specify 0.5 mg/L 
provisional guidelines for boron.  This could have cost implications for the water 
treatment process.  A single-pass RO plant could meet 1 mg/L boron, but a partial 
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second-pass might be needed to yield less than 0.5 mg/L boron.  A dual-pass system was 
assumed in this TM for facilities in Baja California. 
     
2.3.2.3 Reliability  
 
One of the major advantages of ocean water desalination is the abundant supply of source 
water at all times.  Ocean water is possibly the greatest source of “new” water of all the 
Project options currently being considered.  In addition, very high reliability can be 
achieved through design.  As discussed in Section 2.5.4.3, existing and projected energy 
consumption for ocean water desalination facilities in California is well below one 
percent of the total energy provided on the grid.  Availability of energy in California and 
Baja California needs to be investigated further.  In both California and Baja California, 
ocean water desalination is less susceptible to climate change than other options.  The 
Expert Panel and Technical Committee concluded that ocean water desalination improves 
water supply reliability and is not susceptible to changes in precipitation patterns 
(precipitation falling as rain rather than as snow).      
 
2.4 Evaluation of California Alternatives  
 
2.4.1  General.   
 
This section of the TM presents the evaluation of several California coastal sites.  
Technical, environmental, and permitting issues and preliminary costs are described, and 
preliminary conclusions are presented.    
 
2.4.2  Location of Supply   
 
Figure 2-1 identifies the proposed locations of the coastal sites.  These include 11 sites 
identified in the MWD study, the San Onofre site, and the South Bay site evaluated in the 
SDCWA Binational Report.  (It should be noted that South Bay was also evaluated in the 
MWD study.)  All locations assume co-location with existing power plants to take 
advantage of utilizing an existing ocean intake structure located in the ocean directly 
offshore near the power plant site.  Twelve of the power plants use fossil fuels; the San 
Onofre site assumes co-location with a nuclear plant.  Co-location was considered as a 
means to reduce costs by using an existing intake and outfall and diluting concentrate.  
However, recent California rulings indicate that co-location could be problematic.  Some 
environmental groups oppose co-location as a means of prolonging the life of once-
through cooling systems.  
 
Water from the Pacific Ocean coastal zone would be the source of supply for the 
desalination facilities.  The quantity of available water is essentially limitless when 
compared to the volume of potable water required for municipal uses.  However, this 
limitless supply of ocean water is also perceived as a natural public resource.  As 
developed more fully in Subsections 2.5.4 and 2.5.5, the uses of this source must be 
approved and must be in the best public interest. 
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2.4.3 Technical Issues   
 
The technical evaluation of ocean water desalination is subdivided into three 
components; collection, treatment, and distribution. 
 
2.4.3.1 Collection  
 
The first step of the ocean water desalination facility includes the collection of the water 
through an intake structure.  As discussed in Section 2.5.2, this TM assumes co-location 
with a power plant to utilize an existing open intake structure.  Environmental concerns 
have been considered regarding potential negative impacts to marine life from 
impingement and entrainment using such an intake structure.  Measures are available to 
minimize such impacts.  
 
An alternative to an open intake is a subsurface intake, which is utilized by several 
facilities around the world.  The feasibility of such an intake is dependent on local 
hydrogeology.  In California, the City of Long Beach is investigating the feasibility of 
such a facility.  Local hydrogeology did not permit conventional beach wells for ocean 
water abstraction due to low permeability.  However, the City is considering several 
alternatives, including an infiltration gallery in the surf zone and replacement of natural 
sand with a more permeable sand size.  Further, the City is evaluating whether pre-
treatment is required for water obtained through such a subsurface intake.   
 
If determined to be feasible, such an intake would reduce environmental concerns, 
particularly with respect to entrainment and impingement of marine organisms.  In 
addition, such an approach may allow the ocean water to be treated directly by RO 
without the need for pre-treatment, which would reduce treatment costs. Such an intake 
would have higher capital cost than an open ocean intake (particularly if an existing 
cooling water intake is used) depending on the subsurface geology.  However, the intake 
would reduce the capital and operating costs of the pre-treatment system if one were 
required.  (See the Long Beach Water Department website for more information.) 
 
2.4.3.2 Treatment  
 
Desalination of ocean water can be accomplished by either membrane or thermal based 
processes.  Process selection depends on site-specific conditions including the salt 
content of the water, economics, the quality of water needed by the end user, and 
availability of steam (proximity to a power plant). RO, a membrane-based technology, 
has become the preferred method for ocean water desalination and continues to grow in 
popularity within the U.S. market.  (A typical process schematic is shown on Figure 2-2.)     
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Figure 2-2.  Simplified RO Process Diagram 
 
For this TM, RO technology was selected as the basis at the conceptual facility design 
level and considers the following components: pre-treatment, RO process, post-treatment, 
and concentrate disposal. 
 
Pre-treatment.  Pre-treatment is essential to ensure RO system performance and to 
extend membrane life, particularly when using open water intake systems.  Pre-treatment 
requirements for source water obtained through subsurface intake systems are site 
specific.     
 
In the past, conventional pre-treatment has typically involved in-line coagulation 
followed by two-stage media filtration.  However, this system often has operation 
limitations and associated variability of filtered water quality and its subsequent effect on 
the RO membranes.   In recent years, use of microfiltration or ultrafiltration (MF/UF) 
systems has been evaluated as pre-treatment for seawater RO desalination.  The primary 
benefits of MF/UF systems are smaller footprint, ability to automate, consistently high 
filtered water quality irrespective of feed water quality variations and pre-treatment 
conditions, declining costs, and ability to achieve almost complete removal of disease-
causing pathogens.   For this TM, a robust pre-treatment process was selected that should 
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handle most open intake water issues: in-line coagulation and sedimentation followed by 
MF/UF membranes. 
 
RO Process.  RO can successfully remove dissolved salts and other impurities from the 
high salinity ocean water using semi-permeable membranes that primarily allow passage 
of water.  The operating pressures required to transport water through the membranes 
depends on the salinity and pressure and is typically at 1000 pounds per square inch (psi).  
Depending on the desired product water quality, a dual-pass RO system design may be 
selected.  In such a configuration, the permeate from the first RO membrane would pass 
through a second RO system to further improve the finished water quality.   
 
For this TM, the recommended RO process for California based desalination facilities 
was assumed to be a single-pass system, while the Baja California desalination facilities 
would require a partial dual-pass system.  The differentiating factor is the desired 
concentration of boron in the finished water.  California sites typically require a single 
pass RO process to reduce impurities to meet U.S. Environmental Protection Agency 
(EPA) water quality regulations, as well as California Department of Health Services 
requirements for boron of 1 mg/L.  It was assumed that Baja California facilities would 
be required to meet the WHO provisional guidelines for boron of 0.5 mg/L and hence 
would require a dual-pass configuration. 
 
The major components of the ocean water RO desalination system are cartridge filters, 
chemical addition, feed pumps, RO system, and energy recovery system.  Ancillary 
equipment includes a cleaning system for removing fouling material and scale from 
membranes and a flushing system to flush the concentrated feed stream from the 
membranes when not in use.   
 
Post-treatment.  RO permeate tends to be corrosive due to low concentrations of 
hardness and alkalinity and relatively high chloride concentrations and acidic pH.  Post-
treatment is required to reduce the corrosivity of the water and to ensure compatibility 
with the water and materials of construction in the distribution system.  Post-treatment 
typically involves addition of one or more chemicals, including carbon dioxide.     
 
Concentrate Disposal.  Due to the large volume of concentrate generated at an RO 
facility, the most viable method of disposal is direct discharge to the ocean.  The 
concentration of dissolved solids in the concentrate is roughly double the concentration 
present in the feed water and approximately equal to the product water flow rate, 
assuming 50 percent recovery.     
 
For typical Pacific Ocean water quality, the TDS in the RO concentrate will approach 
70,000 mg/L.  Concentrate outfalls are designed to minimize the local impacts on marine 
life of discharging higher concentration than the background ocean water.  Sharing an 
ocean outfall with a power plant can facilitate blending at the discharge point by 
effectively lowering the discharge concentration.  For this TM it was assumed that the 
RO concentrate would share outfall facilities with an existing power plant where it would 
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be blended with a large volume of once-through cooling water, yielding a discharge 
concentration only a few percent higher than the raw ocean water.     
 
 2.4.3.3 Distribution   
 
Both collection and treatment requirements of ocean water desalination were discussed in 
the White Paper.  The charge to the TM team was to address ways to get treated water to 
potential users and revise/refine project costs (develop planning level costs).   As 
discussed in Section 2.3.1.1, information on distribution systems in California was taken 
from the MWD report and compared to other recent studies.     
 
MWD System Integration Study.  The MWD report evaluated 11 coastal sites, 
developing three delivery system alternatives for each site: (1) local distribution system 
integration (2) MWD (or) SDCWA integration, and (3) combination of MWD system and 
the local member system integration.  Although this study was originally developed in 
1994, it was considered a valuable reference because it included so many potential sites.  
For purposes of this TM, cost information from the report was updated, and a preferred 
distribution system was determined for each of the 11 sites.   
 
The preliminary assessment was based upon plant capacities ranging from 20 through 80 
mgd.  For planning purposes, plant capacities were assumed at increments of 20 mgd, 40 
mgd, and 80 mgd.  The preferred system for each site was selected based upon ability to 
handle the full range of flow capacity (20 through 80 mgd) and on costs (Section 2.5.5).  
Table 2-1 summarizes the 11 sites.   
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Table 2-1 

Preferred Sites for System Integration Study   
 

Desalination System 
Site

Delivery System 
Alternative

Capacities, 
MGD

Pipeline 
Length, miles

Tunneling 
Required, ft

Required 
TDH, ft

Preferred 
Alternative

Local 20 - 40 - 80 12 800 319 Preferred 
MWD System 20 - 40 - 80 59.5 3,000 1,880  - 
Combination 40 - 80 60.3 3,000 2,056 -

Local 20 - 40 - 80 11.4 1,000 313 Preferred 
MWD System 20 - 40 - 80 23.4 600 1,089  - 
Combination 40 - 80 67 3,200 2,713 -

Local 20 3.1 0 232 -
MWD System 20 - 40 - 80 3.1 0 339 Preferred
Combination 20 - 40 - 80 3.3 0 362 -

Local 20 3.6 0 237 -
MWD System 20 - 40 - 80 3.7 0 345 Preferred
Combination 20 - 40 - 80 6.4 400 534 -

Local 20 6.4 600 281 -
MWD System 20 - 40 - 80 4.4 400 423 Preferred
Combination 20 - 40 - 80 5.2 400 451 -

Local 20 - 40 - 80 3.9 1,300 237 Preferred 
MWD System 20 - 40 - 80 3.2 700 369  - 
Combination 20 - 40 - 80 3.2 1,100 398 -

Local 20 - 40 - 80 3.9 700 223 Preferred 
MWD System 20 - 40 - 80 4.8 1,000 410  - 
Combination 80 6.2 600 403 -

Local 20 0.6 200 187 -
MWD System 20 - 40 - 80 3.6 200 455 Preferred
Combination 40 - 80 4 200 459 -

Local 20 1.8 0 199 -
MWD System 20 - 40 - 80 4.8 500 466 Preferred
Combination 40 - 80 5.2 500 490 -

Local 20 - 40 4.1 600 224 -
MWD System 20 - 40 - 80 9.5 500 548 Preferred
Combination 20 - 40 - 80 27.6 0 1,346 -

Local 20 - 40 4.5 600 229 -
SDCWA System 20 - 40 - 80 7.9 0 1,071 Preferred
Combination 40 - 80 8.7 0 885 -

Local 20 - 40 4.7 0 230 -
SDCWA System 20 - 40 - 80 10.5 0 570 Preferred
Combination 80 10.7 0 576 -

Redondo Beach

Mandalay

El Segundo

Ormond

Scattergood

Alamitos

Long Beach

Harbor

South Bay

Encina

Huntington Beach

Haynes
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Other Studies. Three more recent studies evaluated both treatment and conveyance 
systems.  The 2005 SONGS Assessment developed a conceptual facility (San Onofre 
Desalination Facility) that included a feed water pump station, MF pre-treatment system, 
RO process, and post-treatment.  The proposed conveyance system considered multiple 
pipeline alignments which offered flexibility by providing product water to both Orange 
County and San Diego Counties.  The 2005 SDCWA Binational Study evaluated ocean 
desalination facilities closer to the U.S./Mexico border to help meet water demands for 
the metropolitan areas within San Diego and Baja California (South Bay and Rosarito, 
respectively).  The 2003 Bay Area Regional Desalination Project Pre-feasibility Study 
evaluated sites in the San Francisco Bay Area.   These studies were reviewed to provide 
additional information for the costs developed in Section 2.5.6.  
 
2.4.4 Environmental Issues   
 
The California Coastal Commission (CCC), which reviews nearly all coastal desalination 
proposals, issued a March 2004 report on Seawater Desalination and the California 
Coastal Act.  The report cites the growing importance of desalination in California’s 
future and states that: “The question is not whether, but rather how, where, when, by 
whom, and under what conditions will desalination projects be designed, built, and 
operated.”  This section summarizes some of the environmental issues to be addressed. 
 
2.4.4.1 General Environmental Issues   
 
The March 2004 CCC report and a 2006 report by the Pacific Institute describe key 
environmental concerns and conclude that environmental and permitting issues are 
project-specific.  However, nearly all impacts can be mitigated through proper design and 
other measures.  Specifics will need to be considered in detail at the feasibility analysis 
stage.  
 
2.4.4.2 Co-location with an Existing Power Plant  
 
Many studies and proposed projects have assumed co-locating an ocean water desalter 
with an existing power plant using once-through cooling because of the significant 
economic benefits.  However, environmental groups and others have argued that such an 
approach could exacerbate potentially harmful effects on marine life.  The CCC report 
states that desalination facilities proposing to co-locate with coastal power plants will 
raise “unique issues” that need to be considered on a project-specific basis. 
 
2.4.4.3 Energy Use    
 
Section 30253 of the Coastal Act requires, in part, that energy consumption of a new 
development be minimized (CCC 2004).  Energy concerns include quantity of energy 
used, potential greenhouse gas effects, and costs. 
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Amount of Energy Used.  Desalination technologies have become increasingly energy 
efficient, but ocean water desalination is more energy-intensive than alternative water 
supply sources.  As shown on Figure 2-3, energy use for ocean water desalination in 
California is considerably higher than that required to pump Colorado River water or 
SWP water.  Estimates for energy use at a desalination facility will vary due to specific 
site conditions, pre-treatment requirements, and treated water distribution facilities.  For 
purposes of this TM, the total energy use for a seawater desalination facility was 
estimated to be 13.1 kWh per 1000 gallons (kWh/kgal) for single-pass RO plants and 
16.6 kWh/kgal for dual-pass plants.  Of this total energy use, the single-pass RO system 
uses approximately 9-11 kWh/kgal. For the dual-pass RO system, energy use would 
range between 12 – 14 kWh/kgal.   
 

Figure 2-3 

 
For comparison purposes, the figure also shows ocean water desalination energy use from 
the 2006 Pacific Institute report and a 2005 report from the Affordable Desalination 
Collaboration (ADC).  The TM assumptions are comparable to the Pacific Institute 
report.  However, the ADC data shows a lower value.  This value is for the RO system 
only, and single-pass is assumed.   It should also be noted that ADC power values are 
based on the use of a high efficiency positive displacement RO feed pump, which is not 
applicable to the size of RO trains that would be used with 20 – 80 mgd ocean water 
desalination plants.  
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Two websites offer interesting information on ocean desalination facilities’ energy 
requirements and the potential impact on California’s energy grid.  (See California 
Energy Commission and California Water Desalination Task Force references in Section 
1.7.)  The latter website states that the energy consumption of existing and planned ocean 
water desalination facilities is approximately 22.5 GWhr per year and 1,000 GWhr per 
year, respectively.  These represent well below one percent of the total energy available 
on the grid – about 0.009 percent in 2003 and 0.34 percent by 2010.   
 
Greenhouse Gas Effect.  Most ocean water desalination facilities use fossil fuel, and the 
potential greenhouse gas effect is a concern.  Wind power has emerged as a possible 
alternative strategy.  Three potential approaches are: (1) build a “wind farm” co-located 
with the desalination plant and supplement with a combustion engine or grid imports, (2) 
build a wind farm that generates the same power that the desalination facility consumes 
and place it on the grid, and (3) purchase renewable energy credits.    
 
A 50 megawatt (MW) wind farm (Babcock & Brown’s Kumeyaay) has been built on the 
California-Mexico border.  Another wind farm is in the planning stage.  According to the 
Los Angeles Times, Southern California Edison has agreed to buy wind power from a 
planned facility in Tehachapi, California, that would be the largest in the U.S.  The utility 
would purchase at least 1,500 MW of power from the planned wind farm under a 20-year 
contract (Los Angeles Times, 2006).  
 
To address the greenhouse gas issue, the Water Corporation of Western Australia’s new 
$300 million, 37 mgd ocean water desalination plant, an RO facility, is entirely powered 
by wind energy.  Up to 24 MW from the new Emu Downs Wind Farm has been set aside 
for ocean water desalination based on a total desalination facility energy consumption of 
15.1 to 22.7 kWh/kgal.   
 
Cost.   Annual energy costs for ocean water desalination are site specific.  (See Section 
2.7 for a sensitivity analysis as a function of the cost of electricity per kWh.)    
 
2.4.5 Permitting Issues 
 
Permitting is a major part of implementing an ocean water desalination project and can 
contribute significantly to project costs.  The complexity of project permitting is 
illustrated in the Bay Area Regional Desalination Project Pre-feasibility Report (2003) 
through Florida’s Tampa Bay Seawater Desalination Plant.   The permitting process for 
this 25 mgd plant, co-located with an existing power facility on Tampa Bay on the Gulf 
of Mexico, took two years and required 23 permits.  The time required to permit a 
California ocean desalination plant is considerably longer.  Obtaining the necessary 
permits for the Carlsbad desalination facility has required nearly six years (as stated by 
N. Voutchkov during the November 2006 WateReuse Research Needs Workshop.) 
 
California requirements are extensive and affect every facet of a desalination project – 
from intake to treatment to concentrate disposal to conveyance.  A project will require 
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preparation of an Environmental Impact Report (EIR) and/or an Environmental Impact 
Statement (EIS), under, respectively, the California Environmental Quality Act (CEQA) 
or the National Environmental Policy Act (NEPA).  Many specific permits are also 
required, involving a large number of federal and state agencies, not to mention local 
utilities, water management districts, health departments, and air quality districts.  
Although permit requirements are project-specific, major permits are summarized in 
Table 2-2.   
 

Table 2-2 
 Summary of Major Permits 

Permit Lead Time Regulated Activities Lead Agency 

Clean Water Act Section 404 
Permit  

12 months Impacts of dredge or fill materials 
on special aquatic sites and 
wetlands (intake facility, 
pipelines at creek crossings)   

U.S. Army Corps of 
Engineers   

Rivers and Harbors Act Section 
10  Permit 

12 months Impacts on navigable waters 
(intake and outfall structures)  

U.S. Army Corps of 
Engineers 

National Pollutant Discharge 
Elimination System (NPDES) 
Permit/Waste Discharge 
Permit/Water Quality 
Certification  

2 months to 
6 months 

Discharges to waters of the state 
(concentrate, cooling water, 
other)  

California Regional 
Water Quality 
Control Board, Cal-
EPA, and U.S. EPA 

Coastal Development  Permit 
(CDP)/      Consistency 
Determination 

12 months Impacts on state waters, 
immediate shoreline, or lands 
subject to the pubic trust 

California Coastal 
Commission  

Amended Drinking Water 
Permit/ Source Water 
Assessment and Protection Plan 

2 month to  
6 months 

New water supply (source water 
characteristics, watershed 
conditions, reliability features)  

California 
Department of 
Health Services  

California Endangered Species 
Act Section 2081 
Permit/California Fish and 
Game Code Section 
1601Streambed Alteration Plan 

12 months Streambed alteration (intake, 
outfall, pipelines)  

California 
Department of Fish 
and Game  

Lease Permit (not always 
required)  

6 months Offshore components on           
un-granted tidelands  

State Lands 
Commission  

 
“Consultation” and/or special studies also may be required, including:    
 

• U.S. Coast Guard (Section 10 Permit) 
• U.S. Fish and Wildlife Service, National Marine Fisheries Services (Section 7 of 

the Federal Endangered Species Act, biological opinions), California Department 
of Fish and Game  

• State Historic Preservation Office (Section 106 of the National Historic 
Preservation Act)   
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• Local health departments and air quality agencies 
• City and county encroachment, zoning, and other permits 

 
The 2004 CCC report describes another permitting-related issue that has recently 
emerged: the implications of consumptive use of ocean water under international trade.  
Several multilateral agreements could potentially impact ocean water desalination.   
Examples include the General Agreement on Tariffs and Trade, the World Trade 
Organization Agreement, the North American Free Trade Agreement, the Free Trade 
Area of the Americas, and the General Agreement on Trade in Services.  The Southern 
California projects described in this TM section do not involve multilateral agreements.  
However, projects undertaken in Baja California could potentially be affected, as could 
future Southern California projects.  Projects proposed by multi-national interests will 
undergo careful review to ensure conformity to the Coastal Act (CCC 2004). 
 
2.4.6 Costs 
 
This section introduces the methodology for estimating the desalination facility costs and 
establishes the economic basis for evaluating the conveyance alternatives discussed in 
Section 2.3.  The economic evaluation includes cost factors and assumptions used to 
develop the construction costs, capital costs, and the annual operation and maintenance 
(O&M) costs.  The basis for the cost estimate assumed a Design-Bid-Build (DBB) 
method of project delivery.  The estimated accuracy of costs is considered to be +50/-30 
percent as defined by the American Association of Cost Engineers for a Class V planning 
level estimate. 
 
Cost estimates were based upon a Black & Veatch cost model which uses empirical data 
and vendor budgetary cost quotes.  Also considered were specific preliminary cost 
estimates prepared for U.S. projects, including the Tampa Bay Desalination Plant, Long 
Beach Desalination Study, Maui Seawater Desalination Study, and Santa Cruz Project.  
Table 2-3 summarizes the construction, capital, and O&M cost factors for the seawater 
desalination and product water conveyance facilities. 
 
Table 2-4 provides a summary of the construction, capital, and annual O&M costs for the 
desalination facilities with varying capacities.  The table assumes incorporation of the 
Alamitos conveyance alternative. 
 
In addition, as discussed in Section 2.5.3.3, costs from reports prepared by others were 
also reviewed.  Table 2-4 compares the cost evaluation from this analysis with cost 
information from the following reports: 
 

• Bay Area Regional Desalination Facility (40 mgd) 
• San Onofre Desalination Facility (50 mgd) 
• South Bay Desalination Facility (50 mgd) 
• Rosarito Desalination Facility (50 mgd) 
• San Onofre Desalination Facility (100 mgd) 
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Parameter Value 
Interest Rate 6%
Amortization Period, years 30
On-stream factor 90%

RO Facilities Energy Rate, $/kWh $0.08
Transmission Facilities Energy Rate, $/kWh $0.08

Open Ocean Intake / Outfall Improvements (1) Lump Sum Cost 
Conventional Pretreatment, $/gpd clarified water $0.25
MF/UF Pretreatment, $/gpd filtrate (2) $(0.18-0.30)
RO Treatment, $/gpd permeate $2.50
Facility Buildings, $/SF $150
Chemical Feed Facilities (1) Lump Sum Cost 
Storage/Residuals Management  (1) Lump Sum Cost 
Total Facilities Energy Consumption, kWh/kgal 13.1 (Single Pass RO) 
Chemical Consumption, $/kgal $0.31
Membrane Replacement (MF/UF, cartridge filters, and RO), $/kgal $0.15
Sludge Handling (1) Lump Sum Cost 
Misc. O&M, percent of total desalination construction costs 1%

Pipelines
Unit Construction Cost, $/in-dia/LF $20
Tunnel Construction Cost, $/LF $5,000

Pump Stations 
Unit Construction Costs, $/installed HP $5,000
Pumping  Efficiency 75%

Pipeline Annual Expenses, $/mile $10,000
Pump Station Annual Expenses, percent of total conveyance construction costs 2%

Engineering, Construction Management, Start-Up, % of construction costs 15%
Contractor Overhead, % of construction costs 8%
Interest During Construction, % of construction costs 5%
Insurance, % of construction costs 5%
Contingency, % of construction costs 15%
Total Construction to Capital Cost Factor 1.48

(2)   MF/UF pretreatment cost factor varies based upon facility capacity.
Shaded Cells indicate cost factors which may be refined as determined by the QAQC review team. 

(1)    Lump Sum Cost estimates are based upon recent 2005 preliminary study level cost estimates for projects including 
Tampa Bay, Long Beach, Maui, and Santa Cruz seawater desalination facilities.

Capital Costs 

Seawater Desalination Facilities O&M 

Conveyance Facilities O&M 

General 

Energy Rate 

Seawater Desalination Facility 

Conveyance Facilities 

 

 
The table shows unit costs ranging from $1,330 - 1,560/AF (for the four alternatives 
developed in this TM).  
 

Table 2-3 
Construction Capital and Annual O&M Cost Factors 

  
 
 
 
The evaluation identified the construction, capital, and O&M costs for multiple ocean 
desalination studies.  It should be noted that unit cost factors used in each of these studies 
varied.  To allow a comparison of the bottom line unit cost ($/AF), interest rate, project 
life, and cost of energy were adjusted.  A calculation spreadsheet was created to establish 
common values for these factors to facilitate comparison among the reports.   
 



 

 
Ocean Water Desalination 2-17  
Technical Memorandum 
June 11, 2007 



 

 
Ocean Water Desalination 2-18  
Technical Memorandum 
June 11, 2007 

Table 2-4 lists the unit water cost ($/AF) with or without conveyance costs.  The table 
incorporates the capital and O&M costs for the 20, 40, 80 mgd Alamitos conveyance 
alternative.  The table shows that ocean water desalination and conveyance costs for the 
Alamitos site are approximately $1,430 per AF (40 mgd capacity).  This falls within the 
range of costs developed in the comparison studies. 
 
It is possible to determine AF costs for a 40 mgd facility at the other sites evaluated in the 
MWD study.  Additional conveyance costs for the 40 mgd capacity are identified in 
Table 2-5 Finished Water Conveyance Facilities Components and Construction, Capital, 
and Annual O&M Cost Summary.  For the 40-mgd facility comparison only, any one of 
the eleven conveyance unit costs ($/AF) presented in Table 2-5 can be substituted with 
the Alamitos conveyance cost presented in Table 2-4.  For example, the Mandalay 40 
mgd conveyance alternative unit price of $230/AF can substituted with the Alamitos 
conveyance alternative and this translates to a unit water cost (Treatment & Conveyance) 
of $1,490/AF.  This provides a site-specific total unit water cost for any of the eleven 
sites included with the MWD study. 
 
2.5  Evaluation of Baja California Alternatives 
 
2.5.1.  General 
 
This section introduces potential seawater desalination facility and conveyance 
alternatives for sites in Baja California.  Information was taken from the: SDCWA 
Binational Study and the Nevagua Proposal.   
 
2.5.2  Location of Supply 
 
The Rosarito Beach Power Plant site described in the Binational Project Study would 
utilize an existing intake/outfall structure used for the power plant once-through cooling 
system.  The study further describes the Rosarito site as having favorable attributes 
including adequate power supply, relatively close proximity to demand, and economical 
capital cost.   The conveyance alternative for the Rosarito site would be capable of 
serving both Tijuana and San Diego users.  The facilities include a pump station and 
pipeline within Mexico with service turnouts to existing storage tanks at Porticos San 
Antonio and Construction Parte Alta. The proposed pipeline is to continue across the 
border to connect to the SDCWA Pipeline No. 4 at Lower Otay. 
 
The Nevagua Project also proposes a facility near the City of Rosarito.  The project’s 
initial concept includes a modular design in 25 mgd increments up to a total capacity of 
100 mgd.  A new delivery pipeline(s) would be constructed along existing utility and 
road rights-of-way to connect to the Tijuana Water and Sewage Authority (CESPT).  
Although some of the water could be used along the coastal area, the majority would be 
delivered to the El Florido Reservoir and blended with Tijuana’s Colorado River supply 
for service in the Tijuana River Basin.  Nevagua is a Design-Build project, and costs are 
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not available at this time.  Project proponents expect that the cost will be competitive 
with the costs associated with construction and operation of a similar facility in the US.  
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2.5.3  Technical Issues  
 
Technical issues for Baja California ocean water desalination facilities sites would be 
similar to those in California.  However, as discussed in Section 2.4.2.2, the required 
water quality produced from a desalination facility is also dependent on the selected 
national region served.  For product water conveyed exclusively within the transmission 
system within Mexico, water quality regulations follow WHO recommendations.  The 
WHO provisional guideline for the boron concentration is 0.5 mg/L, which is anticipated 
to require a second pass of RO.   
 
2.5.4  Environmental Issues  
 
Environmental laws and regulations for water supply, development, management, and 
delivery in Mexico are similar to those in the U.S.  Environmental impact studies through 
the Manifesticion de Impacto Ambiental (MIA) process are equivalent to those required 
by CEQA and NEPA.  It is anticipated that environmental issues associated with the 
intake structure and concentrate discharge would be raised during the MIA process. 
 
2.5.5  Permitting Issues  
 
As for environmental issues, permitting issues also would be comprehensive.  Affected 
agencies include CESPT, the Comision Federal de Electricidad (CFE), Ministry of 
Environment and Natural Resources (SEMARNAT), and the Comision Nacional del 
Agua (CONAGUA), among others.  Permitting requirements would be even more 
stringent for projects where water would be conveyed to the U.S., thus necessitating 
compliance with permitting requirements of both countries.  In addition, as discussed in 
Section 2.5.5, a potential cross-border water delivery scenario would require a new treaty 
or revisions to the existing border treaty between the U.S. and Mexico.  This would 
necessitate negotiations and approval by the federal governments of both countries. 
 
2.5.6  Costs   
 
Costs for the Binational Study project are discussed in Section 2.5.5.   Nevagua project 
costs are not included because the project is envisioned as a Design-Build, and cost 
information is not yet available. 
 
2.6  Energy Sensitivity Analysis 
 
This section presents an energy sensitivity analysis to show how varying energy cost can 
affect the cost of a desalination facility.    Based on the values discussed in this TM, a 
single-pass RO desalination facility utilizing energy recovery will require approximately 
22 MW, and dual-pass RO will require 28 MW.  A 50 mgd single-pass plant would need 
27 MW for single pass and 35 MW for dual-pass.  For comparison, according to the 
California Energy Commission,   a typical 50 mgd capacity desalination facility would 
require 33 MW of power.   
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Desalination facility operation costs are highly influenced by the cost of energy.  Energy 
costs in this TM were assumed to be $0.08/kWh for both desalination facilities and 
conveyance facilities.   
 
This sensitivity analysis summarized on Figure 2-4 shows the cost of water as a function 
of energy use.  The desalination costs are based on the 40 mgd capacity. The Alamitos 
conveyance alternative was included assuming a unit energy rate of $0.08/kWh.  Figure 
2-4 illustrates energy costs ranging from $0.045 to $0.20/kWh.    
 

Figure 2-4 
 

Energy Rate Sensitivity Analysis
(40-mgd Desalination Facility and Alamitos Conveyance Facilities)
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As shown on the figure, the energy cost has a substantial effect on the unit water cost.  
For example, a one-cent increase in the energy rate translates into about a $50/AF 
increase in cost.  Similarly, a five-cent increase in the energy rate translates into about a 
$250/AF increase in cost. 

 
2.7 Comparison of California and Baja California Alternatives  
 
Table 2-6 provides a preliminary comparison of California and Baja California ocean 
desalination facility alternatives. 
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Table 2-6  
Summary Comparison of Alternatives  

Criteria California Baja California 
Location of Supply Pacific Ocean coast. Pacific Ocean coast. 
Quantity of Water 
Potentially Available 

Essentially unlimited Essentially unlimited 

Water Quality High salinity, but can be treated to 
meet all anticipated requirements 

High salinity; can be treated to 
meet all anticipated requirements.  
Dual-pass RO may be required to 
meet WHO provisional guidelines 
for boron 

Technical Issues Intake structure and concentrate 
disposal.   

Intake structure and concentrate 
disposal.   

Reliability Extremely reliable, but additional 
information is needed regarding 
availability of power from the 
energy grid.   

Extremely reliable, but additional 
information is needed regarding 
availability of power from the 
energy grid.   

Environmental 
Issues 

Intake structure and concentrate 
disposal.  Energy requirements. 

Intake structure and concentrate 
disposal.  Energy requirements. 

Permitting Issues Extensive and complex. Similar to Southern California, but 
also would require a new (or 
amended) binational treaty. 

Cost Comparable.  Comparable.   
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3.0 COSTS 
 
For comparison of the economic costs of each option, a cost normalization analysis was 
completed in a separate TM. The cost normalization analysis used the same methodology 
as this TM except that some of the economic parameters were different. A summary of 
the differences between the two analyses is given in Table 3-1. 

The different economic parameters between the TMs change the calculated unit cost of 
water. Using the economic parameters from the Cost Normalization TM, the unit costs of 
water produced are as follows: 

• Alamitos 20 mgd - $1,470/AF 
• Alamitos 40 mgd - $1,350/AF 
• Alamitos 50 mgd - $1,320/AF 
• Alamitos 80 mgd - $1,260/AF 
• Bay Area 40 mgd - $1,410/AF 
• South Bay 50 mgd - $1,730/AF 
• Rosartio 50 mgd - $1,280/AF 
• San Onofre 50 mgd - $1,230/AF 
• San Onofre 100 mgd - $1,120/AF 
 
These unit costs can be used to compare the Ocean Water Desalination options against 
other unit costs. 
 

Table 3-1 
Differences in Economic Parameters Used in Cost Analysis 

Characteristic Value in Ocean 
Desalination TM 

Value in Cost 
Normalization TM 

Interest Rate (Discount Rate) 6.0% 5.0% 

Alamitos Site 50 mgd – 
Conveyance Capital Costs 

None $75,000,000 
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