








































USBR/MWD SALINITY MANAGEMENT STUDY
TECHNICAL APPENDICES

TABLE OF CONTENTS

TECHNICAL APPENDIX 1 - COLORADO RIVER SALINITY

TECHNICAL APPENDIX 2 - STATE WATER PROJECT SALINITY

TECHNICAL APPENDIX 3 - TOTAL DISSOLVED SOLIDS AND            
CONSTITUENTS CHARACTERISTICS

TECHNICAL APPENDIX 4 - MWD OPERATIONS 

TECHNICAL APPENDIX 5 - ECONOMIC IMPACTS

TECHNICAL APPENDIX 6 - WATER SOFTENERS 

TECHNICAL APPENDIX 7 - REGIONAL BRINE LINES

TECHNICAL APPENDIX 8 - SALINITY IMPACTS ON WATER RECYCLING 

TECHNICAL APPENDIX 9 - SALINITY MANAGEMENT BY REGIONAL
BOARDS

TECHNICAL APPENDIX 10 - SALT BALANCE IN METROPOLITAN’S
SERVICE AREA 

TECHNICAL APPENDIX 11 - BLENDING ANALYSIS OF METROPOLITAN’S
WATER

TECHNICAL APPENDIX 12 - COLORADO RIVER WATER TOTAL
DISSOLVED SOLIDS REMOVAL FEASIBILITY
STUDY - BLACK & VEATCH.

TECHNICAL APPENDIX 13 - IMPACTS OF SALINITY ON HUMAN HEALTH



TECHNICAL APPENDIX 1

���������	���
���

E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C . TA1 - 1

MWD/USBR SALINITY MANAGEMENT STUDY

HISTORY OF THE COLORADO RIVER
SALINITY CONTROL PROGRAM

INTRODUCTION

 COLORADO RIVER BASIN

The Colorado River Basin (Basin) covers an area of 242,000 square miles in the United
States and 2,000 square miles in Mexico.  The River extends 1,400 miles from the Rocky
Mountains to the Gulf of California.  The Colorado River supplies water to 4 million people
within the United States portion of the Basin, and through export, a full or supplemental
water supply to an additional 19 million people outside the Basin, including 16 million within
MWD's service area.

The in-basin economy is based on irrigated agriculture, livestock grazing, mining, forestry,
manufacturing, oil and gas production, recreation and tourism.  About 3.5 million acres are
irrigated within the Basin and hundreds of thousands of acres by water exported from the
Basin.  The Colorado River also serves about 1.7 million people and 500,000 irrigated acres
in Mexico.

 RIVER SALINITY 

Like most western rivers, the Colorado's salinity increases as it moves downstream in its
watershed.  Mineral salts in the Basin are indigenous and pervasive.  Significant portions of
the geologic formations were deposited in ancient saline marine environments.  Salts
deposited within these sedimentary rocks are easily eroded, dissolved, and transported into
the river system.  The salinity concentration is highly variable due to large variations in the
magnitude of runoff.  The United States Geological Survey (USGS) has estimated that the
natural salt load of Colorado River at Lees Ferry, Arizona is 5.3 million tons per year.  The
Bureau of Reclamation (Reclamation) has determined that the salt load currently entering
Lake Mead is about 9 million tons annually.

The Environmental Protection Agency (EPA), in 1971, concluded that about half (47 percent)
of the salinity concentration arriving at Hoover Dam is from natural sources. Natural sources
include contributions from saline springs, groundwater discharge into the river system
(excluding irrigation return flows), erosion and dissolution of sediments, and the
concentrating effects of evaporation and transpiration.  As identified by EPA, about
53 percent results from human activity.  Irrigated agriculture accounts for 37 percent,
reservoir evaporation amounts to 12 percent, out-of-basin export 3 percent, and one percent is
attributed to in-basin municipal and industrial uses.



TECHNICAL APPENDIX 1 HISTORY OF THE COLORADO RIVER SALINITY CONTROL PROGRAM

���������	���
���

E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C . TA1 - 2

 SALINITY IMPACTS

The major impact to Lower Basin users of River water at current levels of salinity is
economic.  Reclamation (based on an economic impact study by Lohman) determined that at
the current level of salinity, 1995 flow weighted average, the damages are estimated to be
about $750 million per year.  California water users suffer most of the estimated salinity
damages.  Salinity impacts include the following:

 Households (water heaters and other appliances, plumbing fixtures)

 Industrial process water uses (cooling towers, boiler feed)

 Water reclamation, reuse, and recycling

 Groundwater replenishment

 Wastewater discharges

 Agriculture/horticulture

 Automotive cooling systems.

HISTORIC ACTIVITIES RELATED TO SALINITY

 EARLY CONCERNS

Sustained attention to water quality problems in the River dates back to 1960 when the
Conference in the “Matter of the Pollution of the Interstate Waters of the Colorado River and
Its Tributaries” was formed under the provisions of the Federal Water Pollution Control Act,
as amended, PL 84-660.  Representatives of each of the Colorado Basin States participated in
the Conference sessions.  Six sessions of the Conference were held from 1960 through 1967.

The long-range salinity problem was identified early in the deliberations, but the paucity of
data cast doubt upon the ability to deal effectively with it until more data were collected and
evaluated.  The seven states advocated and supported efforts to improve the database. During
the series of meetings of the Conferees held in 1966 and 1967, a document was formulated
known as “Guidelines for Formulating Water Quality Standards for the Interstate Waters of
the Colorado System.”  These guidelines were adopted in January 1967. The guidelines said
in part:

“In order to develop practicable and reasonable quality standards for
interstate waters in the Colorado River System, full consideration must be
given to the numerous factors and variables connected with the control,
development, utilization, conservation, and protection of the System's water
resources.  It is evident that future development and utilization of the System's
water resources for expansion of irrigated agriculture, increases in
population, and industrial growth will be accompanied by progressive
increases in consumptive losses of water and attendant increases in
concentration of dissolved solids.



TECHNICAL APPENDIX 1 HISTORY OF THE COLORADO RIVER SALINITY CONTROL PROGRAM

���������	���
���

E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C . TA1 - 3

“The states served by the Colorado River System recognize that answers to
important questions regarding total dissolved solids, chlorides, sulfates and
sodium are lacking or are based on factors that are not yet well-defined.  In
respect of this recognition the states agree that pending the development of
acceptable answers to enable the setting of criteria for total dissolved solids,
chlorides, sulfates and sodium for the Colorado River system, such criteria
should be stated in qualitative terms.  At the same time it is agreed that all
identifiable sources of water pollution will be managed and controlled to the
maximum degree practicable with available technology in order to provide
water quality suitable for present and potential future uses of the System's
interstate waters.”

In 1968, the Secretary of the Interior, in testimony before Congress, stated that the
Department of the Interior (Interior) would pursue an active program to lay a foundation for
setting numerical standards that will be equitable, workable, and enforceable.

The Colorado River Board of California in 1970 released its report, which presented an
appraisal of salinity sources; probable future increases in salinity, impacts of such increases
on California users, and possible measures for controlling salinity increases.

The EPA, in December 1971, released the results of its eight-year study of Colorado River
salinity.  The report recommended the adoption and enforcement of salinity criteria to hold
the maximum mean monthly concentration of total dissolved solids at Imperial Dam at 1000
mg/l -- approximately the maximum mean monthly concentration then of record.

The 1971 EPA report was the major subject of the Seventh Session of the Conference in the
“Matter of Pollution of the Interstate Waters of the Colorado River”.  At the February 17,
1972 Reconvened Seventh Session, the State Conferees unanimously adopted a resolution
regarding Colorado River salinity standards.  The significant part of that resolution states:

“I.  It is recommended that:

“A salinity policy be adopted for the Colorado River system that would have
as its objective the maintenance of salinity concentrations at or below levels
presently found in the lower main stem.  In implementing the salinity policy
objective for the Colorado River system, the salinity problem must be treated
as a basinwide problem that needs to be solved to maintain Lower Basin
water salinity at or below present levels while the Upper Basin continues to
develop its compact-apportioned waters.

“II.  The salinity control program as described by the department of the
Interior in their report entitled 'Colorado River Water Quality Improvement
Program', dated February 1972, offers the best prospect for implementing the
salinity control objective adopted herein . . . .”
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Establishment of the Colorado River Basin Salinity Control Forum

Enactment of PL 92-500 in 1972 introduced a new factor into the salinity problem.  The
legislation was interpreted by EPA as requiring that numerical criteria be set for salinity on
the Colorado River. In the fall of 1973, EPA submitted to the Colorado River Basin States
proposed regulations for water quality standards for salinity and procedures for salinity
control in the Colorado River Basin, including the establishment of an interstate organization
to develop a salinity control plan.

In response to EPA's proposed regulations, representatives of water quality and water
resource interests from the seven Basin states met on November 8 and 9, 1973 to consider
EPA's submittals and to establish a mechanism for interstate cooperation.  During the
meeting, the representatives formed the "Colorado River Basin Salinity Control Forum," and
adopted the "Seven Colorado River Basin States Accord" which expressed the consensus of
the States with respect to the proposed EPA regulations.

The Forum is comprised of two to three representatives from each state, appointed by the
Governor, with representation from both water resources and water quality interests.  The
Forum operates by consensus with each state having only one vote in developing the
consensus. 

On November 26, 1973 in a letter from Lynn M. Thatcher, chairman of the newly created
Forum to Paul DeFalco, Jr., Director, Region IX, the Environmental Protection Agency, Mr.
Thatcher advised of the creation of the Forum and submitted the statement "Seven Colorado
River Basin States Accord."  The key elements of the statement were:

“The States have established a mechanism for interstate cooperation
(Colorado River Basin Salinity Control Forum) and for preparation of semi-
annual reports on the development of numeric criteria and the adoption of
such criteria by October 18, 1975.

“(b) The final statement on proposed water quality standards and plan of
implementation for salinity control should be consistent for all seven
States of the Colorado River Basin; and

“(c) Opportunity should be provided for further direct discussion between
representatives of the Environmental Protection Agency and the
Forum before the proposed regulations are published in the Federal
Register.”

 PROMULGATION OF REGULATIONS

Representatives of EPA met with the Forum in 1973-74 to develop regulations, which would
require the Basin states to adopt water quality standards for salinity and a plan for salinity
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control.  The final regulation - 40 CFR, Part 120, was published in the Federal Register on
December 18, 1975.

 WATER QUALITY STANDARDS FOR SALINITY INCLUDING NUMERIC CRITERIA AND PLAN

OF IMPLEMENTATION FOR SALINITY CONTROL

In response to the EPA draft regulations, the Forum released its proposed salinity standards in
June 1975.  Following public meetings and receipt of comments, the Forum adopted the
numeric criteria and plan of implementation and recommended its adoption to each of the
Basin states.  The numeric criteria and plan of implementation were set forth in the document
"Proposed Water Quality Standards for Salinity Including Numeric Criteria and Plan of
Implementation for Salinity Control." Eventually, each state adopted the Forum
recommended standards as its state standards for the Colorado River.  Subsequently, EPA
approved the standards. 

Federal regulations, Section 303 of the Clean Water Act, require that the standards be
reviewed at least once during each three-year period.  The 1996 Review, the seventh review,
is currently being considered for adoption.  Each review has been documented in a report.

WATER QUALITY STANDARDS FOR SALINITY

The numeric criteria were established at three lower main stem locations at the points where
the Lower Basin states divert Colorado River water. The numeric criteria correspond to the
flow-weighted average annual concentrations in the lower main stem of the Colorado River
during the calendar year 1972.  The numeric criteria are:

Below Hoover Dam 723 mg/l

Below Parker Dam 747 mg/l

Imperial Dam 879 mg/l

Below Imperial Dam, the river's salinity is to be controlled by agreement with Mexico on
salinity as set forth in Minute 242 of the International Boundary and Water Commission.  The
agreement calls for measures to be taken to assure that the waters delivered to Mexico
upstream of Morelos Dam will have a salinity of no more than 115 mg/l ± 30 mg/l greater
than the average annual salinity of Colorado River water arriving at Imperial Dam.  The
implementation plan for compliance with Minute 242 is a federal responsibility and separates
from the Forum's basinwide implementation program.

 IMPLEMENTATION PLAN FOR SALINITY CONTROL

The implementation plan is designed to maintain the salinity of the River at or below the
numeric criteria of the three lower main stem stations while the Basin states continue to
develop their compact apportioned waters.  This is accomplished mainly by reducing the salt
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contributions from existing natural and existing human caused sources and minimizing future
increases in salt loading by human activity.

The Federal agencies have a significant role in implementing the salinity control program.
Reclamation is implementing a number of specific units to reduce salt loading to the River
system.  The units authorized for construction by Congress are Grand Valley, Lower
Gunnison, Dolores, Paradox Valley, and Las Vegas Wash in Colorado and Nevada.

The 1974 Salinity Control Act legislation was a unit-specific approach to control with unit
authorization and funding requiring congressional approval.  This constraint limited the
effectiveness of the implementation plan, causing delays in completion and the inability to
select the most cost-effective units from an array of potential measures. The 1995
amendments resolved the problem by authorizing Reclamation to implement a Basin-wide
approach with an additional $75 million for expenditures. This change permits the Bureau of
Reclamation to select the most effective means of control.

The Department of Agriculture's basin-wide on-farm voluntary cost-share program was
authorized in the 1984 Amendments to the Salinity Control Act. Currently, control measures
are being implemented to reduce salt loading from agricultural activities in Grand Valley,
Lower Gunnison and McElmo Creek in Colorado; Uinta Basin in Utah, and Big Sandy River
in Wyoming.

The Bureau of Land Management's program provides for watershed improvement and
rangeland management for watershed improvement in Colorado, Utah, and Wyoming.

The U.S. Geological Survey, U.S. Fish and Wildlife Service, and the Environmental
Protection Agency all have an active role in salinity control activities.

The Basin states' role in the program involves the control of total dissolved solids through the
National Pollutant Discharge Elimination System Permit (NPDES) program and non-point
source water quality management plans as well as implementation of the Forum's
recommended and adopted policies.  The policies include:

1. "Policy for Implementation of Colorado River Salinity Standards Through
the NPDES Permit Programs";

2. "Policy for Use of Brackish and/or Saline Waters for Industrial
Purposes";

3. "Policy for Implementation of the Colorado River Salinity Standards
Through the NPDES Permit Program for Intercepted Ground Water"; and

4. "Policy for Implementation of the Colorado River Salinity Standards
Through the NPDES Permit Program for Fish Hatcheries."
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MEXICAN SALINITY ISSUE

The salinity of waters delivered to Mexico increased markedly in the winter of 1961-62,
increasing from less than 1,000 mg/l in prior years to 2,600 mg/l.  Mexico protested the
increase.  In 1962, the Presidents of the United States and Mexico agreed to find a mutually
satisfactory solution. 

The increase in salinity was attributed to two major factors.  The Wellton-Mohawk Project
began receiving irrigation water from the Colorado River in 1952.  By 1960, a drainage
system was implemented returning about 300 cubic feet per second (cfs) (217,000 AF/yr.) of
highly saline drainage water to the Colorado River above the Mexican diversion point,
Morelos Dam.  This, combined with the completion of Glen Canyon Dam and the filling of
Lake Powell, greatly reduced flows at the international boundary.

Temporary measures were implemented through a number of Minutes to the 1944 Mexican
Water Treaty.  In 1965, the U.S. with the agreement of the seven Basin state governors
executed Minute 218 of the International Boundary and Water Commission.  Under this
agreement the U.S. constructed an extension to bypass Wellton Mohawk drainage beyond
Morelos Dam and delivered about 50,000 AF/yr. of additional Colorado River water to
Mexico to substitute for bypassed drainage water.

In 1972, President Nixon and Mexico's President Echeverra met to discuss matters of mutual
concern.  High on the list was the salinity of the water being delivered to Mexico.  They
agreed to find a "permanent, definitive and just" solution to the salinity problem.  As part of
the agreement, Minute 241 replaced Minute 218.  The new Minute increased the amount of
Colorado River water that would be substituted for Wellton Mohawk drainage water from
50,000 AF/yr. to 118,000 AF/yr.  The remaining drainage was also bypassed around Morelos
Dam at Mexico's request but was deducted from the required 1.5 million acre-feet of annual
deliveries to Mexico.

A presidential representative, former Attorney General Herbert Brownell, worked closely
with a federal task force and the Committee of Fourteen, which is the seven-state advisory
body to the U.S. Department of State on the Mexican Water Treaty.  An agreement was
reached and approved by the two Presidents in August 1973.  The agreement was formalized
as Minute 242.  Minute 242 terminated Minute 241.

The key provision of Minute 242 was a commitment by the United States to adopt measures
to ensure that the water delivered to Mexico upstream of Morelos Dam would have an
average annual salinity of not more than 115 mg/l plus or minus 30 mg/l over the average
annual salinity.  The guarantee on the salinity of deliveries was to become effective upon
authorization by Congress of funds required to construct the necessary works.

While Minute 242 was considered a permanent solution, it was understood by Mexico and
recognized by the U.S. that control of salinity upstream of Imperial Dam was critical to the
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resolution of the salinity problems with Mexico.  Herbert Brownell stated " . . . that unless the
U.S. does control this threatened and almost certain increase in salinity above Imperial Dam,
the water we deliver to Mexico may become unacceptable, and we shall in the future, have a
new salinity problem with that country."  Similar expressions of concern over future salinity
in the River were expressed by Mexico's Foreign Secretary Rabasa.

SALINITY CONTROL LEGISLATION

 EARLY WATER QUALITY LEGISLATION

In 1963, Public Law 84-485 directed the Secretary of the Interior to continue studies and
report to the Congress and the States on the quality of water of the Colorado River.  Public
Law 87-483 directed the above studies to be continued, to appraise the water's suitability for
various uses, to estimate the effects of future water quality, and to study means of improving
water quality.  The results of these efforts are reported every two years in Reclamation's
"Quality of Water: Colorado River - Progress Reports."

Since legislation was required to meet the salinity control requirements of Minute 242, the
U.S. agreement with Mexico, it was appropriate that the necessary measures upstream of
Imperial Dam be authorized also.  On June 24, 1974, the President signed Public Law 93-
320.

THE COLORADO RIVER BASIN SALINITY CONTROL ACT (PL 93-320)

 COLORADO RIVER BASIN SALINITY CONTROL ACT

P.L. 93-320 contains two titles, Title I -Programs Downstream from Imperial Dam and Title
II - Measures Upstream from Imperial Dam.

Title I authorizes measures which include:
1. Construction of a desalting complex near Yuma Arizona to reduce the salinity of

Wellton Mohawk drainage water;

2. Construction of a lined bypass facility to the Gulf of California to carry brine reject
water from the desalting plant;

3. Improvement of irrigation efficiency in Wellton Mohawk Irrigation and Drainage
District to reduce the amount of drainage water to be desalted;

4. Implementation of protective groundwater pumping in a five-mile-wide strip along
the Arizona-Sonora border; and

5. Replacement of the first 49 unlined miles of the Coachella Canal with a lined reach to
reduce water lost through seepage.  The recovered seepage loss can be used by the
federal government to reduce storage releases until the first year that the Secretary of
the Interior delivers an amount less than requested by the California agencies under
contracts pursuant to the Boulder Canyon Project Act.  At that time, California will
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benefit from the salvaged Coachella Canal water in that less water will be lost to
seepage than would have otherwise been the case if the canal were not lined.

The Yuma desalting complex facility has been completed with an ultimate capacity of about
73 million gallons per day of product water of 300 mg/l.  The desalted water will be blended
with raw drainage water to provide 73,000 acre-feet per year, which will be returned to the
Colorado River upstream of Morelos Dam.  Only about one-third of the reverse osmosis
membranes are installed, and the plant is not operating.  The River system has, at this time,
adequate water to meet the Basin's demands and bypass the Wellton Mohawk drainage water
to Santa Clara Slough.  Costly operation of the desalter can be avoided under these
conditions.  It is understood that Reclamation is currently negotiating with non-Federal
interests to operate the plant at 1/3 capacity in return for rights to the desalted water for an
interim period until the water is needed for meeting Minute 242.

The lined bypass drain from Morelos Dam to Santa Clara Slough in Mexico has been
completed.  It currently is carrying irrigation return flow from Wellton Mohawk.  At such
time that the desalting plant becomes operational, reject brines will be bypassed to Santa
Clara Slough.

The goal of the agricultural improvements in the Wellton Mohawk Irrigation and Drainage
District is to reduce the amount of drainage water to be desalted.  In order to achieve the goal,
10,000 acres of irrigable lands were fallowed.  On-farm irrigation efficiencies have been
improved for a time, on-farm canals have been lined, lands have been leveled and more
efficient irrigation systems have been installed.  The ultimate goal of the overall program is to
reduce irrigation drainage pumping to about 110,000 acre-feet per year.

The cost of the work required by Title I is to be borne by the federal government.

Title II provided for:
1. The Secretary of the Interior to implement the salinity control policy adopted in 1972

for the Colorado River by the seven Basin states in the "Conclusions and
Recommendations" published in the Proceedings of the Reconvened Seventh Session
of the Conference in the “Matter of Pollution of the Interstate Waters of the Colorado
River and Its Tributaries”, 1972;

2. The Secretary to expedite the planning and implementation of the program described
in Reclamation's report, "Colorado River Water Quality Improvement Program,"
February 1972;

3. The Secretary to expedite completion of planning reports on 12 irrigation, point, and
diffuse salt sources identified in Reclamation's 1972 report;

4. Creation of the Colorado River Basin Salinity Control Advisory Council consisting of
gubernatorial-appointed state representatives. (The members of the Advisory Council
are generally the same individuals who are members of the Forum.)
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5. Seventy-five percent of the total cost of construction, operation, maintenance, and
replacement to be a federal cost and nonreimbursable.  Twenty-five percent of the
total costs are allocated between the Upper Colorado River Basin Fund and Lower
Colorado River Basin Development Fund.  Of the 25 percent reimbursement, a
maximum of 15 percent is from the Upper Basin Fund with the remainder, currently
85 percent repaid from the Lower Basin Fund.  Repayment of construction, operation
and maintenance is over 50 years without interest.  (The allocation of 75 percent of
the costs to the federal government is because a major portion of the lands within the
Basin from which the dissolved salt originates is in federal ownership and/or from
federal projects.)

 AMENDMENTS TO THE COLORADO RIVER BASIN SALINITY CONTROL ACT - PL 98-569

In 1981, the Forum recognized the need to amend the Salinity Control Act.  On October 30,
1984, Congress enacted PL 98-569.  The amendments to PL 93-320 authorized:

1. Federal agencies to use cost-effectiveness as the underlying decision-making criterion
in determining which salinity control units should be implemented;

2. Construction of Stage 1 of the Lower Gunnison Unit, Colorado;

3. Construction of portions of the McElmo Creek unit in concert with the Dolores
Project, Colorado;

4. Studies with industrial water users for use and disposal of saline water;

5. The authority to contract with non-federal entities to construct, operate and maintain
salinity control unit facilities;

6. Funding for measures to replace incidental wildlife values foregone as a salinity
control unit is implemented;

7. The Secretary of Agriculture to establish a major voluntary on-farm cooperative
salinity control program;

In addition, the amendments provided for:

1. The Bureau of Land Management to recommend and implement activities to
minimize salt contribution from public domain lands;

2. Additional cost sharing provisions:

A. For newly authorized Reclamation units the cost share percentage was increased
to 30 percent.  Repayment from the Lower Basin fund is to be during the year the
expenditures are made.  If there are insufficient monies in the Fund, repayment is
to be made over time with interest.  Repayment from the Upper Basin fund is to
be over 50 years with interest.
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B. Cost sharing on the newly authorized USDA on-farm program is to be 30 percent
of the control measure and to be paid by the local landowner.  Additionally,
30 percent of the balance of the Department of Agriculture's responsibility is to be
repaid to the federal government from the Upper and Lower Basin funds in the
same manner as Reclamation units.

3. Deauthorized the Crystal Geyser Unit because of poor cost effectiveness.

 ADDITIONAL AMENDMENTS TO THE SALINITY CONTROL ACT

In 1994, it was recognized the existing amended Act with the unit-specific approach to
Reclamation units was limiting implementation of salinity control measures. The
amendments authorize Reclamation to develop and implement a basin-wide approach to
salinity control and provided an additional $75 million to the authorization ceiling.

The 1996 Federal Agriculture Improvement and Reform Act (PL 104-127) further amended
USDA’s role in salinity control by creating a new conservation program, the Environmental
Quality Incentives Program (EQIP). EQIP combines four existing USDA conservation
programs including the Colorado River Salinity Control Program.  The authority for the states
to cost-share from the Basin funds is retained.

1996 FORUM SALINITY CONTROL PROGRAM

The 1975 Water Quality Standards for Salinity have been reviewed every three years in
response to Section 303(c) of the Clean Water Act of 1977.  The 1996 Review, the seventh,
was the subject of public hearings conducted triennially by the Forum.  The Forum
considered the 1996 Review and the Supplemental Report, which responds to the comments
received at the public meetings on October 23, 1996.  The Forum adopted the 1996 Review
and Supplemental Report and recommended that each Basin State adopt the 1996 Review as
appropriate.

During the 1996 Review, the Forum reviewed the criteria and plan of implementation and
found no reason to change the numeric criteria.  They remain:

Station Salinity in mg/l
Below Hoover Dam 723
Below Parker Dam 747
Imperial Dam 879

A significant factor affecting salinity concentrations is water use.  The program's
effectiveness is measured under the long-term mean water condition of 15 million acre-feet
per year, downstream of Lake Powell absent upstream storage.  During each review period,
estimates of projected water use are made.  For the 1996 Review, future water uses through
the year 2015 were forecasted for each state.  The Upper Basin usage is estimated to increase
by 730,000 AF between 1995 and 2015, with the Lower Basin to increase 285,000 acre-feet
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over the same period.  Using the projected increases in use, salt-routing studies were
conducted using Reclamation's Colorado River Simulation System (CRSS).

The goal of the salinity control program is to maintain the flow-weighted average annual
salinity at or below the numeric criteria while the Basin states continue to develop their
Colorado River compact apportioned waters. The program is not designed to offset salinity
fluctuations that result from variable flows due to short-term climatic variations.  These
natural variations in runoff can cause a fluctuation in the average annual salinity
concentrations of between 200 and 250 mg/l above the mean salinity below Parker Dam.

The Forum's 1996 Review presents Reclamation's adjusted flow data to remove the effect of
these variations to evaluate whether current salinity control efforts will meet the numeric
criteria under long-term mean flow.  Table 1 shows that under a long-term mean water supply
of 15 million acre-feet per year the numeric criteria would have been exceeded at both the
Hoover Dam and Parker Dam stations.

Table 1 Comparison Of Salinity Levels to the Numeric Criteria for the Existing
(1995) Level of Water Development and Salinity Control 1

Station

Numeric
Criteria
(mg/l)

Adjusted
Salinity 2

(mg/l)

Observed Flow
Weighted Average
Annual Salinity 3

(mg/l)
Colorado River below Hoover Dam 723 756 654
Colorado River below Parker Dam 747 775 661
Colorado River at Imperial Dam 879 882 787
1 From 1996 Review - Water Quality Standards for Salinity - Colorado River System
2 Reflects salinity that would occur with long-term mean water supply as computed by CRSS. Projections were made

to the year 2015
3 Data based on provisional records.

As in previous Triennial Reviews, the Forum made future flow-weighted annual salinity
projections at the criteria stations.  Using projections to the year 2015, the existing salinity
control measures were evaluated and the need for additional salinity control measures to
maintain the numeric criteria was considered for inclusion in the recommended plan.  In
addition, the Review includes a statistical analysis to determine the effectiveness of the
program in maintaining the numeric criteria with the variation in hydrologic conditions from
year to year.  The analysis provides an evaluation of the frequency of exceedance in particular
years as well as information on the range of annual salinity concentrations that could occur.

The non-degradation policy will not (and cannot) eliminate the natural variation in salinity
that occurs due to variations in hydrologic conditions from year to year.   Shown in Table 2
are results of the statistical analysis based on various levels of salinity control measures and
water demand levels for years 1995 and 2015.  As an example, if there were no salinity
controls, the salinity at Parker would exceed 800 mg/l about 63 percent of the time.  With the
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control plan in place in year 2015, the salinity will exceed 800 mg/l 29 percent of the time,
900 mg/l 5 percent of the time, with the mean slightly less than the numeric criteria of
747 mg/l.

Table 2 Estimated Variation in Predicted Salinity Levels of Colorado River at
Parker Dam With Increasing Levels of Control

Exceedance Percentage

Salinity Level
(mg/l)

Without Any Control
Measures and Current

Demand

With 1995 Control
Measures and

Current Demands

With 1995 Control
Measures and Year

2015 Demands

With Full Control
Plan in Year 2015

600 100 96 100 89
700 83 73 82 68
800 63 46 61 29
900 20 9 19 5

1000 2 1 2 0
1100 0 0 0 0

Statistics (mg/l)

Minimum 614 572 608 541
Maximum 1064 1022 1058 991

Mean 817 775 810 743

The Forum's salinity control plan's goal calls for an annual salt load reduction of 1.476
million tons of salt by the year 2015.  Salinity control measures currently in place reduce the
salt load by 621,400 tons.  In order to meet the goal of 1.476 million tons, an additional
855,200 tons need to be controlled to maintain the numeric criteria.

The federal programs represent the major components of the implementation plan as
recommended in the 1996 Review.  Table 3 presents a summary of the salt tonnage reduction
resulting from control measures currently in place as well as the additional salt load reduction
requirements that are needed to meet the goal of about 1.48 million tons annually by the year
2015 in order to maintain numeric criteria at the three lower mainstream stations.  Table 4
presents the individual existing and potential control measures needed through 2015.

Table 3 Colorado River Salinity Control Program Plan Of Implementation
1996-2015 (Values In Ton/Year) 1

Agency
Salt Load Reduction

With Measures
Currently in Place

Additional Salt Load
Reduction from New

Measures 1

Total Salt Load 1 Reduction
Required by 2015 to

Maintain Numeric Criteria
Bureau of Reclamation 375,500 480,000 855,500
Department of Agriculture 212,500 320,000 532,500
Bureau of Land Management 33,400 55,200 88,600
Total 621,400 855,200 1,476,600

1 From 1996 Review - Water Quality Standards for Salinity - Colorado River System.
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Table 4 Summary of Federal Salinity Control Measures 1
UNIT TONS/YR REMOVED

MEASURES IN PLACE
Meeker Dome (USBR)  Colorado 48,000
Las Vegas Wash Pittman (USBR) Nevada 3,800
Grand Valley (USBR) Colorado 131,300
Paradox Valley (USBR) Colorado 128,000
Lower Gunnison Winter Water (USBR) Colorado 41,400
Dolores (USBR) Colorado 23,000

SUBTOTAL 375,500
Grand Valley (USDA) Colorado 66,700
Uinta Basin (USDA) Utah 83,600
Big Sandy River (USDA) Wyoming 24,600
Lower Gunnison (USDA) Colorado 26,600
McElmo Creek (USDA) Colorado 11,000

SUBTOTAL 212,500
Non-Point Sources (BLM) WY, CO, UT, NM 25,000
Well-Plugging (BLM)         WY, CO, UT, NM 8,400

SUBTOTAL 33,400
TOTAL 621,400

POTENTIAL NEW MEASURES
Uinta Basin (USBR) Utah 25,500
San Juan - Hammond (USBR) New Mexico 27,700
Price-San Rafael (USBR/USDA) Utah 161,000
Paradox - Enhanced Treatment (USBR) Colorado 52,000
San Juan Hogback (USDA) New Mexico ---
Grand Valley II Balance (USBR) Colorado 27,300
Lower Gunnison Laterals (USBR) Colorado 64,000
Grand Valley (USDA - EQIP) Colorado 65,300
Uinta Basin (USDA - EQIP) Utah 23,200
Big Sandy River (USDA - EQIP) Wyoming 28,300
Lower Gunnison (USDA - EQIP) Colorado 139,400
McElmo Creek (USDA - EQIP) Colorado 35,000
New Well Plugging (BLM) WY, CO, UT, NM 5,620
Non-Point Sources (BLM)   WY, CO, UT, NM 49,600
Unidentified Measures (USBR) Basin States 178,600

SUBTOTAL 882,520
TOTAL 1,503,920

1 From 1996 Review - Water Quality Standard for Salinity - Colorado River System

The major components of the 1996 Review's salinity control plan are implemented by the
federal agencies in conjunction with state, local and private participants.  Congress needs to
appropriate adequate funds to successfully implement all phases of the plan in a timely
manner.

Table 5 presents the funding provided to the federal agencies for salinity control for the
period 1988 through 1996.
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Table 5 Summary of Title II Colorado River Basin Salinity Control Program
Implementation Funding for the Bureau Of Reclamation, the
Department of Agriculture and The Bureau of Land Management by
Federal Fiscal Year Since 1988
(In Dollars) 1

Federal Fiscal Year Bureau of Reclamation
Department of

Agriculture
Bureau of Land

Management
1988 20,783,000 3,804,000 500,000
1989 16,798,000 5,452,000 500,000
1990 14,185,000 10,341,000 700,000
1991 24,984,000 14,783,000 873,000
1992 34,566,000 14,783,000 873,000
1993 33,817,000 13,783,000 866,000
1994 32,962,000 13,783,000 800,000
1995 12,540,000 4,500,000 1 800,000
1996 8,205,000 9,161,000 2 800,000
1997 3 8,800,000 4,400,000 800,000

1 From 1996 Review - Water Quality Standards for Salinity - Colorado River System
2 From Proposed Supplemental Report on the 1996 Review - Water Quality Standards for Salinity
3 From Colorado River Basin Salinity Control Forum

Based on the 1996 Review's recommended implementation plan, the target annual funding for
the period 1997-2015 for the federal agencies is estimated to be $26 million.  In the near
term, however, additional funding is required to offset the backlog in salinity control required
to meet the numeric criteria.

The program, with the help of favorable hydrologic conditions, has kept the annual
flow-weighted salinity levels below the criteria levels.  The future may or may not provide
favorable conditions that keep salinity levels low.  Although the standards provide for
temporary increases to be considered as in compliance with the approved criteria, Lower
Basin water users would suffer short-term detriments.  Short periods (one to five years) of
high salinity could have significant impacts on regional water quality Basin plans, water
quality treatment facilities and water reuse programs.



TECHNICAL APPENDIX 1 HISTORY OF THE COLORADO RIVER SALINITY CONTROL PROGRAM

���������	���
���

E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C . TA1 - 16

REFERENCES
1. Irons, W.V., Hembree, C.H. and Oakland, G.L.  1965.  "Water Resources of the

Upper Colorado River Basin - Technical Report", USGS Professional Paper, 441

2. Department of the Interior, Bureau of Reclamation, Jan. 1995.  "Quality of Water
Colorado River Basin, Progress Report No. 17"

3. Environmental Protection Agency, 1971, "The Mineral Quality Problems in the
Colorado River Basin, Summary Report"

4. Colorado River Board of California, 1970, "Need for Controlling Salinity of the
Colorado River"

5. Department of the Interior, Bureau of Reclamation, 1972, "Colorado River Water
Quality Improvement Program"

6. Colorado River Basin Salinity Control Forum, 1975, "Water Quality Standards for
Salinity Including Numeric Criteria and Plan of Implementation for Salinity Control -
Colorado River System"

7. Colorado River Basin Salinity Control Forum, 1996, "1996 Review - Water Quality
Standards for Salinity - Colorado River System"

8. Lohman, L.C. et al.  1988, "Economic Impacts of Salinity of the Colorado River",
U.S. Bureau of Reclamation, Denver, Colorado.

9. Mueller, D.K. and Osen, L.L., 1988, "Estimation of Natural Dissolved Solids
Discharge in the Upper Colorado River Basin, Western United States."  U.S.
Geological Survey Water Resources Investigations Report 87-4069

10. Bureau of Reclamation, 1985.  "Colorado River Basin Salinity Control Act
Handbook."



TECHNICAL APPENDIX 2

BOOKMAN-EDMONSTON
E N G I N E E R I N G ,  I N CE N G I N E E R I N G ,  I N CE N G I N E E R I N G ,  I N CE N G I N E E R I N G ,  I N C TA2 - 1

MWD/USBR SALINITY MANAGEMENT STUDY

STATE WATER PROJECT SALINITY ISSUES

INTRODUCTION

The State Water Project (SWP) salinity concentrations are affected primarily by seawater
intrusion into the Sacramento-San Joaquin Delta (Delta) and from upstream uses in the
Sacramento and San Joaquin watersheds. Irrigation return flows in the upstream watersheds
are a significant source of salt. Wastewater discharges and urban runoff also contribute to the
salt loads.  The contribution to salt loads from wastewater discharges is expected to increase
in the future as a result of urbanization of the Sacramento and San Joaquin watersheds.  State
Water Project operations could be optimized to reduce Delta salinity but such operation
changes would need to be balanced with other operational objectives (water supply reliability,
water right permits, environmental and regulatory requirements) and may require significant
institutional and contractual changes. The CALFED planning process is addressing the water
quality issues (including TDS) in a comprehensive manner with all the other issues to the
Bay-Delta problems.

BACKGROUND

The SWP delivers water from Northern California to Metropolitan, one of 29 SWP
Contractors through the East Branch and West Branch of the California Aqueduct. The
California Aqueduct extends from Clifton Court Forebay and Harvey O. Banks Delta
Pumping Plant (Banks Pumping Plant), located at the southern portion of the Delta, to
terminal reservoirs in Southern California. Water diverted from the Delta originates as water
released from Lake Oroville on the Feather River, which is a tributary to the Sacramento
River, or as unregulated flow that is available at certain times in the Delta. The SWP is
operated in coordination with the federal Central Valley Project (CVP) consistent with the
1994 Bay-Delta Accord. The CVP delivers about 7 million acre-feet annually. The major
CVP storage facilities include Shasta, Folsom, New Melones and Friant Dams (see Figure 1).
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Figure 1
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SACRAMENTO-SAN JOAQUIN DELTA AND TRIBUTARIES

The Sacramento River, which flows to the south, and San Joaquin River, which flows to the
north, join in the Delta and are the two major rivers contributing exports to the SWP,
although there are numerous smaller rivers feeding the system.  According to DWR
estimates, on average, the Sacramento River contributes 70 percent and the San Joaquin
River contributes 30 percent of the Delta flows diverted at Clifton Court Forebay.  During
wet years, when the San Joaquin River floods in the south Delta, DWR estimates that the
ratio is closer to 10 percent Sacramento River water and 90 percent San Joaquin River
water 1.  In the wet years, the San Joaquin River water quality is greatly improved due to the
effects of dilution.

Overall, the major factors affecting the quality of water diverted from the Delta are seawater
intrusion, agricultural drainage, municipal and industrial wastewater discharges, and urban
runoff.  The amount of total dissolved solids (TDS) in water diverted from the Delta varies
considerably from year to year.  Figures 2, 3, and 4 show the ranges of TDS for source
waters, the Delta, and various SWP facilities.

Seawater intrusion into the Delta is a major contributor to the variability of TDS in SWP
supplies.  During dry periods, when freshwater flows to the Delta are reduced, seawater
containing high concentrations of TDS encroaches into the Delta and mixes with freshwater
supplies.  Operations of export pumps in the South Delta can cause the flow in the San
Joaquin River and other channels to reverse direction.  When reverse flows occur, seawater
more easily enters the Delta, thereby increasing the TDS of exported supplies. Wet periods
create an opposite effect when increased freshwater flows repel seawater and lower the TDS
of exported supply.  Another factor that can affect seawater intrusion is flooding of Delta
islands as a result of levee failure.  The large volume of flow that would inundate an island
can draw seawater further into the Delta if sufficient freshwater outflows are not available
(see Figure 5).

Agricultural drainage is another significant source of TDS for export waters.  Agricultural
discharges, which are seasonal and episodic, occur in the Delta and along rivers below most
major reservoirs in the Sacramento and San Joaquin valleys.  It has been estimated that
agricultural drainage contributes 30 percent of the TDS load to the Sacramento River and
50 percent to nearly 100 percent of the TDS load to the San Joaquin River 2. Agricultural
drainage from islands in the Delta is another significant source of TDS loading, and presents
special problems because of the close proximity of the discharges to the export pumps.

                                                     
1 Brown and Caldwell Consultants, Sanitary Survey of the State Water Project, October 1990.
2 Brown and Caldwell Consultants, et al, Study of Drinking Water Quality in Delta Tributaries, California
Urban Water Agencies, May 1990.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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There are approximately 150 municipal and industrial (M&I) discharges to the Sacramento
and San Joaquin river basins.  Fifty-eight of them are municipal wastewater treatment plants
with a combined flow totaling approximately 300,000 acre-feet per year (Brown and
Caldwell, 1990).  Such discharges are typically higher in TDS than the receiving waters.
Urban growth within the watershed has the potential to significantly increase the volume of
M&I discharges in the future.

DELTA OPERATIONAL STANDARDS AND THE CALFED PROCESS

Export operations in the Delta are governed by a number of factors including flow
requirements, water quality requirements, in-basin water use, flood control, and fishery
protection. Historically, in order to protect the beneficial uses of the State’s water supplies,
the State Water Resources Control Board (SWRCB) has issued a series of decisions
governing, among other things, operation of SWP facilities in the Delta.  These decisions
have often been controversial, and have led to lengthy court actions.

In December 1994, the major parties involved in Delta issues entered into an agreement, the
Bay-Delta Accord, which pledged cooperation in attempting to resolve the key problems
plaguing the Delta.  The Bay-Delta Accord set forth integrated water quality standards, which
were subsequently adopted by the SWRCB, to protect water quality and the ecosystem while
providing a certain level of reliability for the water users.

In May 1995, the CALFED Bay-Delta Program was established to develop a long-term
solution to problems in the Delta.  CALFED, a consortium of five state agencies and five
federal agencies with management and regulatory responsibilities in the Delta, outlined a
multi-phased process aimed at achieving improvements in four problem areas: ecosystem
quality, water quality, water supply reliability, and system vulnerability.

In September 1996, CALFED issued the Phase 1 Final Documentation Report, which
outlined potential conveyance alternatives and common programs that would be analyzed in
the Phase 2 programmatic environmental review process.  The Water Quality Common
Program consists of a series of potential actions that could be implemented, regardless of
selected conveyance alternative, to improve the quality of water for all users.  In addition to
water quality benefits that may be derived from implementation of the selected Delta
alternative solution, salinity reduction would result from several of the potential components
that have been identified under the Water Quality Common Program.

A Bay-Delta solution along with any water quality standards which are imposed in the future
are certain to have a significant effect on the water quality, including TDS levels, of SWP
supplies.  However, the extent to which these changes will influence SWP TDS levels will
not be known until a preferred Delta alternative has been identified.
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CALIFORNIA AQUEDUCT

Once diverted from the Delta, there are several sources that have the potential to affect the
TDS concentration of SWP supplies.  In the past the main sources have been the
commingling of SWP and CVP supplies, floodwater inflow episodes, and groundwater
conveyance programs.  SWP supplies commingle with CVP supplies when CVP supplies are
pumped into O’Neill Forebay and San Luis Reservoir. Floodwater inflows occur along the
California Aqueduct mainly in three areas: the San Luis Canal portion, the Kern River
Intertie near Bakersfield, and the terminal reservoirs in Southern California. Groundwater
conveyance programs have occurred throughout the length of the California Aqueduct,
mainly during severe dry periods.  The quantity and quality of each of these sources of inflow
vary significantly depending upon the hydrologic conditions and their origin.

SWP supplies traveling south in the California Aqueduct often mix with CVP supplies in
jointly operated facilities in the San Luis Field Division.  The CVP supplies, which are
exported through Tracy Pumping Plant and are generally higher in salinity, can be pumped
from the CVP’s Delta Mendota Canal (DMC) into the California Aqueduct’s O’Neill
Forebay where the blended water can continue to travel south in the Aqueduct or be pumped
into San Luis Reservoir.  DWR’s records show that DMC water accounts for 13 to 51 percent
of the total canal inputs (DMC plus California Aqueduct) on a monthly basis 3. Because the
CVP water is generally of higher salinity content than SWP water, this mixing can
significantly degrade SWP supplies, particularly during drier periods.

The San Luis Canal portion of the California Aqueduct was designed to accept floodwater
inflows from the Coastal Mountain Range rather than having storm flows bypass the canal
through culverts and overshoots.  As a result, high runoff episodes can result in the need to
accept floodwater flows in order to protect the embankment of the San Luis Canal.  These
floodwater inflows are typically highly turbid and can be higher in TDS than the water in the
canal.  Investigations of options to better manage the floodwater problems at several sites
along the San Luis Canal are underway; however, continued acceptance of floodwaters is
expected in the near future.

The Kern River Intertie west of Bakersfield was designed to allow floodwaters conveyed in
the Kern River to be introduced into the California Aqueduct to avoid flooding in the Tulare
Lake Basin.  The source of this water may be Kern River floodwater, or other floodwaters
that are conveyed in the Friant Kern Canal and discharged into the Kern River channel.  The
quality of these floodwaters is usually very good and may have lower TDS levels than water
in the California Aqueduct.

Floodwater from local watersheds may enter Pyramid Lake, Castaic Lake, Silverwood Lake,
and Lake Perris.  The quantity and quality of these floodwater inflows vary significantly. Piru
Creek, which flows into Pyramid Lake, has been identified as being a significant contributor

                                                     
3 Brown and Caldwell, 1990.
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of TDS to SWP supplies taken from the West Branch.  An investigation is currently
underway to determine the extent of the TDS contribution from Piru Creek. 

In 1990, water agencies began conveying groundwater in the California Aqueduct in response
to drought conditions.  Between 1990 and 1994 more than 450,000 acre-feet of groundwater
was introduced into the Aqueduct.  The quality of groundwater conveyed varied considerably
along the length of the Aqueduct, with the poorest quality of introduced water approaching
1,500 mg/l of TDS.  Other locations, however, have low TDS concentrations, which in some
cases are lower than the background levels in the Aqueduct. Since 1995, DWR has not
allowed any non-project groundwater discharges into the California Aqueduct because it was
determined that drought conditions no longer existed.  There have been several proposals by
Westlands Water District (Westlands) to convey groundwater in the Aqueduct in all but the
wettest years.  To date, however, DWR has not allowed introduction of groundwater into the
California Aqueduct on a non-drought basis without adequate CEQA compliance.  In 1995,
Westlands issued two Draft Environmental Impact Reports for long-term programs to convey
groundwater in the California Aqueduct. However, since then, these programs have not
moved forward because of concerns regarding potential water quality impacts to downstream
contractors and potential subsidence impacts to the California Aqueduct.

DELIVERIES TO METROPOLITAN

Figures 6 and 7 show the historical TDS levels of SWP water delivered to Metropolitan along
the West Branch and East Branch of the California Aqueduct, respectively.  These figures
show that TDS can fluctuate significantly from year to year. 

TDS objectives contained in Article 19 of the SWP Water Service Contracts state that DWR
will take reasonable measures to deliver SWP water, at all points of delivery, that does not
exceed an average TDS concentration of 440 mg/L on a monthly basis and of 220 mg/L for
any 10-year period (see Figure 8).  Figures 6 and 7 show that the monthly average of 440
mg/L has been exceeded on two occasions.  Average concentrations for the most recent ten-
year period are 344 mg/L along the West Branch and 302 mg/L along the East Branch, some
30 percent above the contract objectives.
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Figure 6
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Figure 7
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Figure 8
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KEY SALINITY FINDINGS

TDS levels in SWP deliveries to Metropolitan vary significantly, ranging from approximately
75 mg/L to over 470 mg/L since 1972 based on monthly averages. In 1977, TDS levels in
Delta exports exceeded 750 mg/L at the Banks Pumping Plant. The average TDS levels over
the last ten years have exceeded the SWP contract long-term quality objectives. Key specific
findings are summarized below:

 Seawater intrusion into the Delta is the major source and contributor to the variability
in SWP supplies.  Other significant sources include agricultural drainage, municipal
and industrial wastewater discharges, and urban runoff.

 West Branch SWP salinity levels over the last ten years averaged 344 mg/L and
generally ranged about 100 mg/L depending on wet and dry hydrology.  Historically
(1974-1995), West Branch salinity levels have averaged 329 mg/L.

 Piru Creek is a significant local source of naturally occurring salts on the West
Branch.

 Cantua Creek and Arroyo Pasajero also contribute significant salt concentrations to
the California Aqueduct during relatively short-duration flood events.  Conversely,
pump-ins from the Kern Intertie may contribute low TDS supplies (60 mg/L) during
flood events.

 The relatively large volume of terminal reservoir storage on the West Branch in
Pyramid and Castaic Lake can somewhat dampen significant changes in Delta
salinity.

 The East Branch, because Lake Silverwood has significantly smaller storage volume,
will vary in monthly salinity levels much more than the West Branch.

 Devil Canyon Afterbay (East Branch) salinity levels over the last decade averaged
302 mg/L but during wet periods the salinity dropped to the 100 mg/L range and
during droughts exceeded 400 mg/L.  Historically (1974-1995), the East Branch
salinity levels have averaged 252 mg/L.

 The California Department of Water Resources (DWR) conducted studies (1996) that
estimated that TDS levels in Delta inflows may increase by as much as 17.5 mg/L by 2020
due to increased wastewater discharges associated with urban growth in the Central Valley
drainage area (see Figures 9 and 10).

 Some groundwater “pump-in” programs can be a significant addition to the salt load (e.g.,
Westlands 1995 proposal). Such programs should be carefully analyzed on a case-by-case
basis to determine their salinity impacts on downstream users. 
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 Figure 9
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 Figure 10
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 STATE WATER PROJECT CONTRACT

 Article 19 of the State Water Project contract provides that DWR “shall take all reasonable
measures” to meet the water quality objectives:

 TDS: 440 mg/L (monthly average), 220 mg/L (10 year average)

The contract includes water quality objectives for TDS, hardness, chlorides, sulfates, boron,
and sodium. 

The long-term average TDS level of State Project water delivered to Metropolitan is
290 mg/L, about 70 mg/L in excess of the contract 10-year average objective.  On a monthly
basis, SWP deliveries to Metropolitan have exceeded the 440 mg/L objective twice.
Furthermore, the monthly average TDS levels in State Project water delivered to
Metropolitan has exceeded a 400 mg/L level 19 times in 25 years.

BAY-DELTA PLANNING ISSUES

Metropolitan has taken a lead role with the California Urban Water Agencies (CUWA) in
identifying specific problems and issues resulting from the variability of Delta export TDS
levels on urban water agencies. Delta salinity may increase the demand for Delta water,
inhibit the ability to recycle water and use Delta supplies for groundwater replenishment
programs, and cause significant economic impacts.

INCREASED DEMAND FOR DELTA WATER

Several Bay area and Southern California urban water agencies depend on relatively low TDS
Delta supplies to blend with other higher salinity water supplies. When Delta water salinity
increases (typically during dry-year drought episodes), more Delta water is needed to
maintain salinity objectives for blended water supplies. High salinity will also increase
irrigation demands for farmers and urban landscapes to leach salts from the root zone.
Therefore, higher TDS in Delta supplies will increase demands possibly causing shortages to
different exporters and will likely increase costs to water agencies since Delta export supplies
are generally the most expensive alternative supply.

WATER RECYCLING AND GROUNDWATER REPLENISHMENT

Water recycling is a critical part of the future statewide supplies (DWR Bulletin 160-93).
Groundwater replenishment programs in Southern California have been dependent on
relatively low TDS supplies to meet Basin Plan Salinity objectives (e.g., Santa Ana River
Watershed). Higher TDS levels in Delta exports adversely impact water recycling and
groundwater replenishment programs.

During the 1987-1992 drought, chloride levels in SWP supplies to Southern California
doubled and TDS levels increased to over 440 mg/L, causing violation of wastewater
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discharge permit requirements to Publicly Owned Treatment Works. Water recycling
customers noticed these water quality changes immediately and raised concerns, with their
ability to use recycled water.

ECONOMIC IMPACTS

Higher Delta export supply TDS will have direct economic impacts on industrial, residential,
and agricultural water users. Industrial users will likely have to intensify their treatment
practices with increased chemical and energy costs to handle higher TDS levels. Higher TDS
levels also affect residential customers and agriculture (see Technical Appendix 5).

CURRENT ACTIVITIES TO IMPROVE SWP WATER QUALITY

CALFED

The CALFED planning process is evaluating a wide-range of alternatives to restore the
ecosystem of the Bay-Delta Watershed, improve water quality, reduce risk of levee failure,
and enhance water supply reliability.  Three alternatives were presented in a draft
Environmental Impact Report (EIS/EIR) in March 1998.  It is expected that by fall 1998, an
alternative will be chosen.

Table 1 Estimated Ranges of Monthly Averaged TDS Values Under Various
Alternatives

No Action Alternative 1 Alternative 2 Alternative 3

90 percent High 395 404 285 196

50 percent Medium 239 256 201 155

10 percent Low 176 172 161 118

SWP SANITARY SURVEY

DWR and the State Water Contractors (SWC) have conducted detailed water quality
monitoring studies and a sanitary survey to identify potential sources of contamination within
the Bay-Delta Watershed that could degrade SWP water quality.  TDS is an important water
quality factor being considered.  The SWC has been active in pursuing measures identified in
the sanitary survey action plan.

AG/URBAN POLICY GROUP

Urban and agricultural water users have created a policy group to develop recommendations
to CALFED (and other stakeholders) on the long-term Bay-Delta solution. Members in this
urban and agricultural policy group (Ag/Urban Policy Group) include CUWA, State Water
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Contractors, Association of California Water Agencies, Friant Water Authority, San Joaquin
Tributary Association, Northern California Water Association, and Central Valley Project
Water Association. Metropolitan staff is playing a major role in the leadership of this process.
The Ag/Urban Policy Group initiated meeting in February 1997 and provides
recommendations to CALFED.

The Ag/Urban Policy Group with its technical committees, which includes the water quality
technical group, plans to develop a comprehensive package of recommendations to
CALFED. The list of specific categories of recommendations are summarized below:

1. Description of Physical Facilities - new facilities, such as, conveyances, fish screens,
pumps, levees, surface storage, groundwater storage, and flood control features.

2. Description of Operational Rules and Water Quality/Supply Benefits - Future salinity
levels in Delta exports will be modeled.

3. Description of Ecosystem Restoration Program and Benefits.

4. Description of Finance and Repayment Plan.

5. Assurance that the CALFED plan is implemented.

An Ag/Urban workplan has been developed to address all five recommendations. Under the
water quality recommendations, the following issue categories will be addressed in addition
to evaluating water quality benefits/impacts of the various conveyance and storage options:

 Mine drainage

 Urban and industrial runoff

 Agricultural drainage

 Water and wastewater treatment (including water recycling).

 Watershed coordination

 Dilution

 The Ag/Urban water quality objectives are to provide the highest water quality reasonably
available, seek a strong program of pollutant source control, and encourage voluntary land
retirement (San Joaquin Valley) to reduce contaminant loads. Thirty-two potential water
quality actions have been identified are being evaluated to improve the Bay-Delta water
quality. A partial list of these water quality actions that are being considered which would
potentially lower the Delta export salinity is listed below.

 Reduce the concentration of pollutants entering Delta and its tributaries.

 Improve water circulation in the Delta.

 Reduce the vulnerability of Delta water quality to salinity intrusion through
implementation of a long-term protection plan (including levee maintenance).
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 Enforce source control regulations to reduce concentrations of pesticides, mineral
salts and microbial agents.

 Avoid increased salt loads from irrigation and drainage practices.

 Reduce urban and industrial constituent loading to the Delta.

 Develop comprehensive watershed management programs to control point and non-
point sources.

 Control discharges from boats in the waterways of the Delta.

 CUWA

 CUWA has recently formed a water quality committee to actively address all sources of
possible contaminants that could negatively affect SWP water quality.  For example, CUWA
recently expressed strong concerns about salinity impacts associated with the proposed
expansion of the Sacramento Regional Wastewater Treatment Plant (SRWTP) and requested
that the SRWTP consider mitigation measures to reduce any significant impacts.

 CUWA has developed preliminary recommendations for salinity targets for the CALFED
Bay/Delta program.  The preliminary recommendations include a salinity target of 220 mg/L
for Delta water and note the need for reduced variability in TDS levels.  CUWA’s
preliminary recommendations emphasize the importance of consistently low salinity Delta
water to assure the viability of recycling and groundwater management programs which
depend on Delta exports to meet local resource program salinity objectives.

 The preliminary recommendations also emphasize the need for consistently low salinity Delta
water to minimize salinity-related economic impacts.  Further, CUWA’s recommendations
recognize that increases in Delta salinity levels increase the demand for Delta water when
such water is used to “blend-down” the TDS levels in high salinity water.

 METROPOLITAN

 Metropolitan staff is very active in CUWA and the CALFED process, including participation
in the Ag/Urban Policy Group.  Metropolitan has also actively opposed projects that would
reduce the quality of Delta exports to the SWP. For example, Westlands Water District
proposed a groundwater-pumping program into the State Aqueduct that would increase
salinity by 40 to 80 mg/L. Another project opposed by Metropolitan was a proposed large
paper processing plant to be located in West Sacramento that would have contributed salts
and other contaminants to Delta waters. Metropolitan has also asked for mitigation to offset
any significant salinity contributions that would occur under the proposed expansion to the
Sacramento Regional Wastewater Treatment Plant.

 In order to better understand water quality behavior of the Delta, Metropolitan is developing
a computer model that can assess present and future operational conditions.
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 POSSIBLE FUTURE ACTIONS

 Salinity control actions, which may be considered in the future, include:

 Amplify source control in coordination with agencies and parties involved with
the Delta.

 Develop a regional impact function to measure the impacts to Metropolitan’s service
area of potential TDS increase.

 Shift CVP pumping from Tracy to Banks Pumping Plant in certain months.

 Minimize saline groundwater introduction into the California Aqueduct.

 Control salt inputs from Piru Creek to Pyramid Reservoir.

 Maximize storage of imported water when the TDS level in SWP is low.

 Participate in the CALFED Bay-Delta program for long-term solutions.
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MWD/USBR SALINITY MANAGEMENT STUDY

SALINITY AND TOTAL DISSOLVED SOLIDS

INTRODUCTION

Salinity or Total Dissolved Solids (TDS) is a measure of the total ionic concentration of
dissolved minerals in water.  Owing to broad variations in the TDS of both imported and
local water supplies, water resource managers for many years have been forced to balance the
consumer's demands for high quality water with the quality of available water supplies.  This
issue paper provides brief background information related to the chemical constituents
comprising TDS and their analytical determination, and includes discussions on the
limitations of these chemical constituents relative to their ultimate uses. The purpose of this
issue paper is to provide a background reference guide on the threshold concentrations of
salinity that impact various uses.

CHEMICAL COMPONENTS OF TDS AND THEIR MEASUREMENT

TDS is composed of the following principal cations (or positively charged ions): Sodium
(Na+), Calcium (Ca2+), Potassium (K+), Magnesium (Mg2+), and anions (or negatively
charged ions): Chloride (Cl-), Sulfate (SO4 

2-), Carbonate (CO3 
2-), Bicarbonate (HCO3 

-), and,
to a lesser extent by Nitrate (NO3 

-), Boron (B), Iron (Fe), Manganese (Mn) and Fluoride (F-).
TDS can be readily estimated in the field or laboratory by measuring the electrical
conductivity (EC) of an aqueous solution.  Electrical conductance is a measure of the
electrical current produced [typically in micromhos per centimeter (µmhos/cm) or
microsiemens per centimeter (µS/cm)] by the dissolved ions.  For water containing less than
5,000 milligrams per liter (mg/l) TDS, the ratio of EC: TDS generally ranges from about
1.04:1 to 1.85:1 (Hem, 1985) and averages about 1.56:1 (Todd, 1980).  In the laboratory,
TDS is typically determined by evaporating a known quantity of filtered water at 180oC then
weighing the residue.  The TDS of a water sample may also be estimated by summing the
concentrations of the principal cations and anions.  However, to accurately obtain, by
summation, a result comparable to that determined by the evaporation method, only one-half
of the HCO3 value is to be used since, under the evaporation method, carbon dioxide (CO2)
and water of hydration (H2O) which make up approximately one-half of the HCO3 would be
driven off and not included in the residue.

The individual cations and anions comprising TDS, with the exception of CO3 and HCO3, are
measured by specific analytical methods in the laboratory.  Carbonate and HCO3 are typically
determined by means of a calculation based on the results of alkalinity analyses and the
associated pH at the titration endpoints.  Nitrate, Fe, Mn, F and B concentrations are also
determined through specific chemical analyses.
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OTHER RELATED ANALYSES

Another item of concern to water resources managers is the hardness of the water supply.
Hardness results from the presence of divalent metallic cations, of which Ca and Mg are the
most abundant (Todd, 1980).  Excessive hardness causes scale formation in boilers and reacts
with soap to form a scum which prohibits lathering.  Hardness can be measured
experimentally or calculated through the formula: H=2.5 Ca + 4.1 Mg (Todd, 1980) where Ca
and Mg concentrations are in mg/l.  Hardness may also be calculated by multiplying the sum
of the milliequivalents per liter of Ca and Mg by 50 [As reference, the milliequivalent of an
ionic species is calculated based on the atomic weight of the ionic species divided by its
valence (e.g., Ca = 40.08/2 = 20.04) which is then divided by the concentration (in mg/l) of
the ionic species in water].

LIMITATIONS OF TDS AND RELATED CHEMICAL CONSTITUENTS TO
WATER USE

The beneficial uses of imported water and local water supplies generally consist of domestic
or municipal, industrial and agricultural.  These waters can also be used for groundwater
recharge as part of a basin management program.  The concentration of TDS and/or the
related chemical constituents comprising TDS in water supplies can limit the beneficial use
of these waters.  The following sections provide information on the limitations of water
supplies based on TDS and related chemical constituent concentrations.

DRINKING WATER QUALITY STANDARDS

The Safe Drinking Water Act (SDWA) was signed into law in 1974.  The SDWA has been
amended several times since, most recently in 1996 (Public Law 104-182).  The SDWA
mandates that USEPA develop maximum contaminant levels (MCLs) or treatment
techniques for drinking water constituents that may be of a health or aesthetic concern. 
MCLs for a wide range of constituents have been established, some of which are summarized
in Table 1 for drinking water relative to TDS and related chemical constituents.  Primary
standards are for substances with a health risk.  Secondary standards are recommended levels
for substances, which can affect the aesthetic quality of water such as color, taste, or odor;
but have no health risk.
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Table 1 Summary of Primary And Secondary State and Federal Drinking Water
Standards for Total Dissolved Solids and Related Chemical Constituents

Chemical
Constituent

California Department of Health Services (DOHS)
MCL (mg/l) 1

USEPA
MCL (mg/l)

Primary MCLs
Fluoride 1.4 - 2.4 2 4.0
Nitrate 45 3 10 4

Secondary MCLs
Iron 0.3 0.3
Manganese 0.05 0.05
Boron 5 NS 6 NS

Recommended Level Upper Level Short-term Level

Chloride 250 500 600 250
Sulfate 250 500 600 250 7

TDS 500 1000 1500 500
Electrical Conductivity 900 1600 2200 NS
1 Units is milligrams per liter except electrical conductivity, which is in units of micromhos/centimeter.
2 Fluoride MCL varies with air temperature as follows:

2.4 mg/l(<53.7°F); 2.2 mg/l(53.8-58.3°F); 2.0 mg/l(58.4-63.8°F);
1.8 mg/l(63.9-70.6°F); 1.6 mg/l(70.7-79.2°F); 1.4 mg/l(79.3-90.5°F).

3 Measured as NO-
3. In addition, the MCL for total nitrate plus nitrite = 10 mg/l as N.

4 Measured as N.  In addition, the MCL for total nitrate plus nitrite = 10 mg/l as N.
5 DOHS nonenforceable Action Level for Boron = 1.0 mg/l.
6 NS = No Standard established at the present time.
7 Proposed Primary Standard of 500 mg/l is under consideration.

DOMESTIC/INDUSTRIAL LIMITATIONS

Presented in Table 2 (modified from Todd, 1980) is a summary of the various limitations of
TDS and related chemical constituents for domestic and industrial use.  It should be noted
that some types of industry (e.g., computer microchip manufacturers) require water that
exceeds drinking water standards and therefore must treat the water supply prior to use.
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Table 2 Principal Chemical Constituents Related to TDS, their Natural
Concentrations in Water and Suitability for Use 1

Chemical Constituent Concentration in
Natural Water

Suitability for
Industrial and Domestic Use

Calcium (Ca2+) Generally less than 100 mg/l;
brine may contain as much as
75,000 mg/l.

Calcium and magnesium combine with bicarbonate,
carbonate, sulfate and silica to form heat-retarding, pipe-
clogging scale in boilers and in other heat-exchange
equipment.  Calcium and magnesium

Magnesium (Mg2+) Generally less than 50 mg/l;
ocean water contains more than
1000 mg/l, and brine may contain
as much as 57,000 mg/l.

Combine with ions of fatty acid in soaps to form soap
scum; the more calcium and magnesium, the more soap
required to form scum.  A high concentration of magnesium
has a laxative effect, especially on new users of the supply.

Sodium (Na+) Generally less than 200 mg/l;
about 10,000 mg/l in seawater;
about 25,000 mg/l in brine

More than 50 mg/l sodium and potassium in the presence of
suspended matter causes foaming which accelerates scale
formation and corrosion in boilers. 

Potassium (K+) Generally less than about 10 mg/l;
as much as 100 mg/l in hot
springs; as much as 25,000 mg/l
in brine.

Sodium and potassium carbonate in recirculating cooling
water can cause deterioration of wood cooling towers. 
More than 65 mg/l of sodium can cause problems in ice
manufacture.

Carbonate (CO3  
2-) Commonly less than 10 mg/l in

groundwater. Water high in
sodium may contain as much as
50 mg/l of carbonate.

Upon heating, bicarbonate is changed into steam, carbon
dioxide, and carbonate.  The carbonate combines with
alkaline earths - principally calcium and magnesium - to
form crust like scale of calcium.

Bicarbonate (HCO3 
-) Commonly less than 500 mg/l;

may exceed 100 mg/l in water
highly charged with carbon
dioxide.

Carbonate that retards flow of heat through pipe walls and
restricts flow of fluids in pipes.  Water containing large
amounts of carbonate alkalinity is undesirable in many
industries.

Sulfate (SO4 
2-) Commonly less than 300 mg/l

except in water supplies
influenced by acid mine drainage.
As much as 200,000 mg/l in some
brine.

Sulfate combines with calcium to form an adherent, heat-
retarding scale.  More than 250 mg/l is objectionable in
water in some industries.  Water containing about 500 mg/l
of sulfate tastes bitter; water containing about 1,000 mg/l
may have a laxative effect.

Chloride (Cl-) Commonly less than 10 mg/l in
humid regions but up to 1,000
mg/l in more arid regions.  About
19,300 mg/l in seawater; and as
much as 200,000 mg/l in brine.

Chloride in excess of 100 mg/l imparts a salty taste. 
Concentrations greatly in excess of 100 mg/l may cause
physiological damage.  Food processing industries usually
require less than 250 mg/l.  Some industries - textile
processing, paper manufacturing, and synthetic rubber
manufacturing - desire less than 100 mg/l.

Fluoride (F-) Concentrations generally do not
exceed 10 mg/l. Concentrations
may be as much as 1,600 mg/l in
brine.

Fluoride concentration between 0.6 and 1.5 mg/l in
drinking water has a beneficial effect on the structure and
resistance to decay of children’s teeth.  Fluoride in excess
of 1.5 mg/l in some areas causes “mottled enamel” in
children’s teeth.  Fluoride in excess of 6.0 mg/l causes
pronounced mottling and disfiguration of teeth.
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Table 2 Principal Chemical Constituents Related to TDS, their Natural
Concentrations in Water and Suitability for Use 1

Chemical Constituent Concentration in
Natural Water

Suitability for
Industrial and Domestic Use

Nitrate (NO-
3) Commonly less than 10 mg/l. Water containing large amounts of nitrate (more than 100

mg/l) is bitter tasting and may cause physiological distress.
Water containing more than 45 mg/l has been reported to
cause methemoglobinemia in infants. Small amounts of
nitrate help reduce cracking of high-pressure boiler steel.

Iron (Fe) Generally less than 0.50 mg/l in
fully aerated water. Groundwater
having pH less than 8.0 may
contain 10 mg/l; rarely as much as
50 mg/l may occur.  Acid water
from thermal springs, mine
wastes, and industrial wastes may
contain more than 6,000 mg/l.

More than 0.1 mg/l Fe+2 precipitates after exposure to air;
causes turbidity, stains plumbing fixtures, laundry, and
cooking utensils, and imparts objectionable tastes and
colors to foods and drinks.  More than 0.2 mg/l is
objectionable for most industrial uses.  Precipitates if the
iron is in the Fe+2 (Ferrous) valence state.  Not all iron and
manganese precipitate out.

Manganese (Mn) Generally 0.20 mg/l or less.
Groundwater and acid mine water
may contain more than 10 mg/l.

More than 0.2 mg/l Mn+2 precipitates upon oxidation;
causes undesirable tastes, deposits on foods during
cooking, stains plumbing fixtures and laundry, and fosters
growth of Iron/Mn bacteria in reservoirs, filters, and
distribution systems.  Most industrial users object to water
containing more than 0.2 mg/l.

Dissolved Solids Commonly contain less than
5,000 mg/l; some brine contains
as much as 300,000 mg/l.

Less than 500 mg/l is desirable for drinking.  Less than 300
mg/l is desirable for dyeing of textiles and the manufacture
of plastics, pulp paper, rayon.  Dissolved solids cause
foaming in steam boilers; the maximum permissible content
decreases with increases in operating pressure.

1 Modified after Todd (1980).

As indicated previously, the concentrations of Ca and Mg ions are used to calculate hardness.
The effects of hardness (i.e., hard water producing scale or soap scum) are directly related to
the concentrations of Ca and Mg ions in the water supply (described above in Table 2). 
Owing to these observed reactions, hard water is considered undesirable for most domestic
and industrial uses. In order to determine if water softening is required prior to beneficial use,
several researchers have developed hardness classifications to assess these potential
deleterious impacts.  Table 3 presents two of these hardness classification schemes.

Table 3 Hardness Classification
Hardness Range

mg/l (as CaCO3) 
1

Hardness Range
mg/l (as CaCO3) 

2
Description

0 - 60 0 - 75 Soft
61 - 120 75 - 150 Moderately Hard

121 - 180 150 - 300 Hard
Over 180 Over 300 Very Hard

1 After Durfor and Becker (1964) as presented in Hem (1985).
2 After Sawyer and McCarty (1967) as presented in Todd (1980).
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In the water softening industry, hardness is expressed in grains per gallon (one grain per
gallon equals 17.1 mg/l).  No State or Federal drinking water MCLs has been established for
hardness due to the lack of unequivocal data relating to public health.

CROP IRRIGATION LIMITATIONS

The suitability of the water supply for crop irrigation is contingent upon the ability of the
dissolved constituents to be consumptively used by the crops for maintaining proper growth. 
Adequate drainage of applied water is also an important facet of proper crop irrigation.  Two
principal limitations to crop growth are salt tolerance and sodium content. Table 4 lists
various crop families by relative salt tolerance and provides a range of salinity (in µS/cm and
mg/l) in which the various crops in each crop family are capable of growing.

Table 4 Relative Tolerances of Crops to Salt Concentrations   1,2,3

Crop Division Low Salt Tolerance Medium Salt Tolerance High Salt Tolerance

Fruit Crops Avocado
Lemon
Strawberry
Peach
Apricot
Almond
Plum
Prune
Grapefruit
Orange
Apple
Pear

Cantaloupe
Date
Olive
Fig
Pomegranate

Date Palm

Vegetable Crops 3,000 µS/cm 
 
(1,900 mg/l)

Green bean
Celery
Radish

4000 µS/cm (2,550 mg/l)

4,000 µS/cm (2,550 mg/l)
Cucumber
Squash
Peas
Onion
Carrot
Potato
Sweet corn
Cauliflower
Bell pepper
Cabbage
Broccoli
Tomato

10,000 µS/cm (6,400 mg/l)

10,000 µS/cm(6,400 mg/l)
Spinach
Asparagus
Kale
Garden beet

12,000 µS/cm (7,700 mg/l)
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Table 4 Relative Tolerances of Crops to Salt Concentrations   1,2,3

Crop Division Low Salt Tolerance Medium Salt Tolerance High Salt Tolerance

Forage Crops 2,000 µS/cm (1,300 mg/l)
Burnet
Ladino clover
Red clover
Alsike clover
Meadow foxtail
White Dutch
clover

4,000 µS/cm (2,550 mg/l)

4,000 ΦS/cm (2,550 mg/l)
Sickle milkvech
Sour clover
Cicer milkvetch
Tall meadow oat
grass
Smooth brome
Big trefoil
Reed canary
Meadow fescue
Blue grame
Orchard grass
Oats (hay)
Wheat (hay)
Rye (hay)
Tall fescue
Alfalfa
Huban clover
Sudan grass
Dallis grass
Strawberry clover
Mountain brome
Perennial rye grass
Yellow sweet clover
White sweet clover

12,000 µS/cm (7,700 mg/l)

12,000 µS/cm (7,700 mg/l)
Bird?s-foot trefoil
Barley (hay)
Western wheat grass
Canada wild rye
Rescue grass
Rhodes grass
Bermuda grass
Nattal alkali grass
Salt grass
Alkali sacaton

18,000 µS/cm (11,500 mg/l)

Field Crops 4,000 µS/cm (2,550 mg/l)
Field bean

6,000 µS/cm (3,850 mg/l)
Castor bean
Sunflower
Flax
Corn (field)
Sorghum (grain)
Rice
Oat (grain)
Wheat (grain)
Rye (grain)

10,000 µS/cm (6,400 mg/l)

10,000 µS/cm (6,400 mg/l)
Cotton
Rape
Sugar beet
Barley (grain)

16,000 µS/cm (10,250 mg/l)

1 After Richards (1954).
2  Crops are listed in order of increasing salt tolerance. 
3 Electrical conductance values represent salinity levels of the saturation extract at which a 50 percent decrease

in yield may be expected as compared to yields on non-saline soils under comparable growing conditions. The
saturation extract is the solution extracted from a soil at its saturation percentage.

Table 5 provides a listing of irrigation water salt tolerances for a select group of crops, some
of which are also shown in Table 4.  It is noted that for some of the crops shown in Tables 4
and 5 (e.g., tomatoes), the range of ECs in Table 4, when converted to TDS, do not
correspond with the indicated TDS values shown in Table 5.  This may be due, in part, to the
fact that the EC ranges shown in Table 4 reflect the crop salt tolerances of extract saturation
of the soil corresponding to a 50 percent reduction in crop yields; whereas, the TDS values in
Table 5 correspond to an irrigation water salinity level that causes no reduction or a 10
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percent reduction in crop yields.  The salt tolerance ranges in Table 5 will depend on the
salinity content in the soil and the salinity of water applied to reach saturation.

Table 5 Irrigation Water Salt Tolerances
for Selected Crops 1,2,3

Crop Irrigation Water TDS (mg/l)
Apples 725
Avocado 555
Citrus 768
Grapes 640
Macadamia 840
Persimmons 768
Strawberries 427
Roots, bulbs, tubers 640 - 2,560
Carnations 2 640 - 1,280
Gladiolas 429 - 840
Poinsettias 5 1,058 - 1,728
Roses 1,472
Beans 427
Corn 726
Cucumbers 1,087
Mushrooms Highly Insensitive
Potatoes 725
Squash 853
Tomatoes 1,067
Fescue 1,864
Bermuda Grass 2,944

1 Data Sources: Western Fertilizer Handbook, San Diego Area Reuse Study,
Strawberry News Bulletin, Knott’s Vegetable Handbook, Soils: An
Introduction to Soils & Plant Growth, 4th Edition, D.M.S., no dates.

2 Under normal conditions, soil moisture salinity (ECe) is approximately 1.5
x irrigation water salinity (ECw) or (ECe = 1.5 x ECw).

Under drought conditions, soil salinity can be as much as 3 x ECw.  Salinity
tolerance levels assume no yield reductions.

Boron

Boron, in minute concentrations, is essential to the normal growth of all plants.  However,
when present in larger concentrations boron becomes toxic.  Table 6 provides a list of crops
based on their relative tolerance to boron.  Boron in excess of 2.0 mg/l in irrigation water is
deleterious to certain plants and some plants may be affected adversely by concentrations as
low as 1.0 mg/l.
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Table 6 Relative Tolerance of Plants to Boron
(Listed In Order Of Increasing Tolerance) 1

Sensitive Semi-tolerant Tolerant
Lemon
Grapefruit
Avocado
Orange
Thornless blackberry
Apricot
Peach
Cherry
Persimmon
Kadota fig
Grape
Apple
Pear
Plum
American elm
Navy bean
Jerusalem artichoke
English walnut
Black walnut
Pecan

Lima bean
Sweet potato
Bell pepper
Pumpkin
Zinnia
Oat
Milo
Corn
Wheat
Barley
Olive
Ragged robin rose
Field pea
Radish
Sweetpea
Tomato
Cotton
Potato
Sunflower

Carrot
Lettuce
Cabbage
Turnip
Onion
Broadbean
Gladiolus
Alfalfa
Garden beet
Mangel
Sugar beet
Date palm
Palm
Asparagus
Athel

1 After Richards (1954)

Sodium Content (Percent Sodium) and Sodium Adsorption Ration

The concentration of sodium in irrigation water supplies is important because sodium reacts
with soil causing a reduction in soil permeability.  Sodium content in irrigation water
supplies is usually expressed as percent sodium using the equation:

Where all ionic concentrations are expressed in milliequivalent per liter.

The Sodium Adsorption Ratio (SAR) is also used to estimate the probable impact of sodium
adsorption by soils for irrigation of crops.  The SAR is calculated using the formula:              

S A R
N a

C a M g
=

+( ) / 2

Where the concentrations of the chemical constituents are expressed in milliequivalents per
liter.  SAR is used in conjunction with the salinity of the irrigation water.  The higher the
salinity the lower the SAR should be (Richards, 1954).

%
( )
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n a K
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=
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Classification of Irrigation Water Quality

A typical water quality classification scheme for irrigation water supplies is presented in
Table 7.  The data shown in the table are useful in that these numerical ranges may be
compared with the relative tolerances to salinity (e.g., EC) in Tables 4 and 5 and boron in
Table 6.

Table 7 Quality Classification of Water for Irrigation 1

Water
Class

Percent
Sodium

Electrical Conductivity/TDS
[(µS/cm)/(mg/l)]

Boron (mg/l)

Sensitive
Crops

Semi-tolerant
Crops

Tolerant
Crops

Excellent <20 <250/(160) <0.33 <0.67 <1.00
Good 20-40 250-750/(160-480) 0.33-0.67 0.67-1.33 1.00-2.00
Permissible 40-60 750-2,000/(480-1,300) 0.67-1.00 1.33-2.00 2.00-3.00
Doubtful 60-80 2,000-3,000/(1,300-1,900) 1.00-1.25 2.00-2.50 3.00-3.75
Unsuitable >80 >3,000/(1,900) >1.25 >2.50 >3.75
1 After Wilcox (1955).

Other Issues

The relationship between TDS and related chemical constituents to the taste of water supplies
has emerged as an issue.  For example, the Santa Ana Regional Water Quality Control Board
(RWQCB) has been evaluating the need to review water quality objectives for TDS in order
to maintain a particular taste threshold.  The RWQCB re-assessment of TDS concentrations
relative to taste may, in part, be the result of various taste quality studies that have been
published in recent years (e.g., Bruvold and Daniels, 1990).  However, the regulation of TDS
(or other related chemical constituents) to meet a particular range of taste thresholds (which
is not in itself a public health issue, but rather for aesthetic purposes) would most likely raise
concerns among water resources managers regarding the potential additional levels of water
treatment required and the associated potential costs for such enhanced water treatment.
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MWD/USBR SALINITY MANAGEMENT STUDY

IMPACTS ON MWD OPERATIONS

INTRODUCTION

Beginning with the introduction of State Water Project (SWP) water into Metropolitan’s
system in 1972, the subject of how it is to be used in conjunction with Colorado River water
(CRW) to manage system water quality has been a matter of periodic discussion by
Metropolitan’s Board of Directors and its member agencies.  The primary reason for this
discussion has usually been related to the total dissolved solids (TDS or salinity)
concentration and hardness of these two sources and how their combination through blending
ultimately affects end users. TDS concentration in CRW is about 700 mg/l while SWP water
typically runs at about 300 mg/l TDS. Not only does salinity concentration affect urban end
users such as municipal and industrial (M&I) customers, but also agricultural users and
groundwater replenishment customers. More recently, the ability of local agencies to market
recycled water has become a salinity-related issue as well. Additionally, there is a tradeoff on
water quality when one considers the TDS of CRW, versus the issue of disinfectant by-
products such as trihalomethane (THM) precursors, when utilizing SWP water as a substitute
for CRW. Costs associated with salinity control have to be weighed against the retrofitting of
MWD filtration plants with ozone to prevent the formation of THMs. Long-term trends of
increasing and variable salinity concentrations in imported supplies is an important
consideration in the management of water resources in Southern California.

Blending of the two sources is one potential strategy to mitigate for higher salinity CRW, but
it has its own complexities. Various legal and policy documents have addressed the
operational issue of blending the two sources, primarily for management of salinity
concentrations.  For example, the Metropolitan Water District Act (Act) was amended in
1974 to add the following language in Section 136:

“...it shall be the objective of the district that, to the extent determined by such
district to be reasonable and practical, not less than 50 percent of such blended
water shall be water from the State Water Resources Development System.”

Existing policies of Metropolitan that support groundwater management within its service
area, as well as a commitment to encourage water recycling programs are potentially
impacted by any strategies used by Metropolitan to manage salinity.

HISTORIC POLICY FOR MANAGEMENT OF SALINITY

The MWD Act contains language, which addresses the issue of total dissolved solids. As
noted, Section 136 was added in 1974 by the State Legislature in the form of a bill by
Assemblyman Frank Lanterman, who represented portions of the service areas of
Metropolitan member agencies Foothill MWD and Pasadena.  Assemblyman Lanterman
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undertook this effort shortly after the decision was made to defer construction of the middle
reach of Metropolitan’s Foothill Feeder, which would have enabled direct deliveries of West
Branch SWP water to the Foothill MWD and Pasadena areas. Section 136 has a provision for
operational flexibility embodied in the clause “...to the extent determined by such district to
be reasonable and practical...” concerning the matter of a 50-percent blend of SWP water
with other sources.  The insertion of this language into Section 136 at the time of its adoption
by the State Legislature in 1974 is a recognition of the complexity of managing the resources
of a system as large as that of Metropolitan, and was the result of negotiations between
representatives of the State Legislature and Metropolitan.

 Operations from 1983 through 1994

Metropolitan’s system has historically been operated to fully utilize the lowest-cost available
supplies first in order to maintain the lowest water rates possible to its customers. From 1983
through 1994, this meant primarily the maximum utilization of Colorado River supplies to
base load this imported water delivery system. During this period, CRW delivery costs were
approximately $100 per acre-foot (AF) less expensive than SWP water deliveries. This
reduction was due primarily to the difference in pumping costs for CRW and SWP water.
This manner of operation was typically in place throughout the year.  The effect of base-
loaded operation using CRW was that salinity concentrations supplied by Metropolitan to its
member agencies were determined in large part by the need to blend lower salinity water
from the SWP, with CRW in the course of simply meeting all quantitative demands on the
system, as well as storage requirements. The practice of mixing the available sources of water
within the distribution system to manage salinity concentrations is commonly described as
creating a system blend. Attachment 1 depicts the historic salinity concentrations of the
Colorado River Aqueduct (CRA), West Branch, and East Branch sources. With the normal
variations in demands placed on the system, salinity concentrations varied in the blend areas
within Metropolitan’s system due to the use of SWP water as the peaking supply for the
system. As the system is currently configured, areas served by the Weymouth, Diemer, and
Skinner filtration plants are the portions of the system capable of receiving treated, blended
water. These areas account for approximately 82-87 percent of the demands on Metropolitan
in a given year. Approximately 15-18 percent of the demands are in areas capable of
receiving only SWP water and the remaining 1-2 percent of the demands are in areas capable
of receiving only CRW. Attachment 2 is a schematic diagram showing the approximate
capability to blend within Metropolitan’s distribution system with existing facilities. In
addition to those areas served by these three filtration plants, a few raw water service
connections can also receive blended water. The ability to provide a system blend has
historically been driven by the overall level of demand for water from Metropolitan.

 Operations in 1995 and 1996

In response to concerns of its member agencies regarding the salinity impacts on reclaimed
water and other uses of water, Metropolitan developed an interim TDS management strategy
and has operated specifically to provide a lower-salinity supply to portions of its system
during a critical time of the year.  In 1995 and again in 1996, for the April through September
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period (for improved irrigation water quality), the areas of the system served with treated
water from the Weymouth, Diemer, and Skinner filtration plants received at least a 25-
percent blend of SWP water. Attachment 2 depicts the approximate extent of blending on the
distribution system during the summers of these two years.  This blend of lower-salinity
water from the East Branch of the State Project (approximately 220 mg/l average TDS during
the blending period) and CRW (700 mg/l TDS) provides significant improvements to retail
customers as well as reuse customers.  When supplied at this time of the year, it has benefits
to irrigation uses of reclaimed water, for which the generally accepted salinity threshold level
is 1,000 mg/l.  It should be remembered that each typical urban use cycle adds 250 to
400 mg/l of salinity as presented in Figure 1 below. This is particularly significant if
reclaimed water is to be reused.

Figure 1

In order to provide the 25-percent blend at Metropolitan’s present overall demand level (1.65
MAF in CY 1996), some CRW available to Metropolitan is not diverted from the river and is
replaced with East Branch SWP water.  This entails bringing into the system a larger amount
of East Branch water than would have otherwise been required to meet quantitative demands.

Impact of Urban Use on Salinity *

Imported
Source Supply

200-700 mg/l

Imported
Source Supply

200-700 mg/l

Urban Uses
Add 250-350 mg/l from

•Blend with high TDS local supplies
•Household use
•Industrial wastes
•Self-regenerating water softeners
•Sewage infiltration

Urban Uses
Add 250-350 mg/l from

•Blend with high TDS local supplies
•Household use
•Industrial wastes
•Self-regenerating water softeners
•Sewage infiltration

Reclaimed
Water of

450-1,050 mg/l

Reclaimed
Water of

450-1,050 mg/l

* Typical for MWD service area.
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 The net amounts of additional water in 1995 and 1996 were approximately 140,000 AF and
145,000 AF, respectively.  Because of the generally higher cost for pumping SWP water, the
operational cost to Metropolitan to meet the same level of demands is estimated to have
increased by $10 million in 1995 due to blending operations.  Though the overall demand
levels were approximately the same in both 1995 and 1996, deliveries of additional East
Branch water in 1996, due to the exchange agreements with the Desert Water Agency
(Desert) and Coachella Valley Water District (Coachella) for State Project “turnback pool”
water, offset some of the costs of the blend in 1996.  This involved the replacement of CRW,
which was delivered to the Coachella Basin for spreading, with the same amount of SWP
water from the East Branch--Desert and Coachella’s turnback pool water.  It should be noted
that while such supplemental water was available to the two agencies in 1996, it is an
extremely variable supply that cannot be relied upon on a year-to-year basis, because its
availability is totally dependent upon relatively wet hydrologic conditions in the State
Project’s watershed.  Thus, Metropolitan cannot count on such water to reduce the cost of
salinity management on a continuing basis.  Absent the “turnback pool” water, costs for the
blending program in 1996 would have been very similar to those incurred in 1995--about $10
million.

SYSTEM OPERATIONS ISSUES

Metropolitan’s delivery system is an integrated system. It consists of the CRA and its related
facilities, facilities to receive to the SWP water, filtration plants, storage and regulatory
reservoirs, and the distribution pipeline system to transport the water from these facilities to
member agencies.  These facilities are operated as a single system in a coordinated manner,
and all are necessary to achieve the goal of reliably delivering water. This integration can be
illustrated by some examples.

 The large-diameter pipelines that comprise the distribution system function as
regulatory reservoirs, absorbing to some degree short-term fluctuations in flows
caused by changing customer demands. This occurs continuously during normal
operations, and can provide some margin for safety during unusual operating
conditions.

 During outages and emergencies, the integrated system allows all customers to have
continuous (though possibly reduced) service under most circumstances, even though
one of Metropolitan’s three imported source conveyance facilities may be temporarily
unavailable.  The integrated nature of the system allows for the meeting of all
demands under most abnormal operating situations.

 Management of water quality is also highly dependent upon the integration of
Metropolitan’s system.  Should an algae bloom cause a “taste and odor” episode to
occur in a storage reservoir, the extent of the area served by that facility can be
minimized while the reservoir is treated to eliminate the problem, and supplies from
other imported sources can be used to meet demands in most of the affected areas.
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 The ability to blend CRA and SWP water supplies is yet another demonstration of the
integrated nature of Metropolitan’s system.  When used to manage salinity
concentrations, the amounts of imported water from each source can be adjusted to
control to a large degree the salinity concentration in water served to most customers,
and allow all demands to be met quantitatively as well.  The ability to serve blended
water to nearly all of the system is a very graphic example of system integration.

Unlike the SWP’s California Aqueduct, which was designed to operate with daily flow
variations, the CRA was designed to operate under steady-flow conditions over relatively
long periods of time, due largely to the limited ability to store water within the aqueduct
system once it has been pumped from the river. Lake Mathews must currently be operated
such that it is able to absorb the seasonal fluctuations in demands with normal demand
patterns on the system.  If Lake Mathews is not cycled annually by at least 60,000 AF, there
is a greatly increased likelihood that CRA pumping would have to be reduced during
low-demand periods such as late winter and early spring when system storage capacity is full.
Since the capacity of the CRA is such that it must be operated at full flow throughout the year
with a 6 percent outage factor to reach 1.2 million AF (MAF) of deliveries, decreased
deliveries at one time of the year can not be made up later.

Within Metropolitan’s system, numerous physical constraints of existing facilities currently
limit or prevent the blending of supply sources to manage salinity.  These are primarily
“plumbing” situations in which blending has not been accomplished due to a lack of facility
connections or hydraulic constraints, but can also be due to geographic location within the
system.  As examples, a few situations are summarized below.

 Service connection OC-28 on the Lower Feeder via the East Orange Feeder No. 1,
just upstream of the Diemer plant, can currently receive only Colorado River water.
To provide State Project water at OC-28 an extension from the terminus of the Yorba
Linda Pipeline at the Diemer plant to OC-28 would be required.

 Establishing a blend of water in Lake Mathews would also provide blended water to
OC-28, and other locations along the Upper and Lower feeders, benefiting San
Bernardino, Riverside, and Orange counties.  In addition to OC-28, blended supplies
could then also be delivered to the Santiago Lateral system, which includes another
groundwater replenishment service connection, OC-11. It should be emphasized that
it is likely that such an operational mode would also result in leaving water unpumped
in the Colorado River in order to provide space for blending in Lake Mathews.  To
accomplish a blend in Lake Mathews with current facilities, Devil Canyon or Lake
Perris water would be delivered via the Lakeview Pipeline into the CRA at Casa
Loma. At times, this could mean reducing certain deliveries of East Branch water to
several competing demands now using the capacity of the Santa Ana Valley/Lakeview
Pipeline system (approximately 600 cfs): demands in the Mills plant service area,
demands for SWP water in the Skinner plant service area (including San Diego
County), and for the early filling of the Eastside Reservoir (scheduled for 1999).
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Sufficient transmission capacity to meet all of these demands and blend in Lake
Mathews is not currently available during moderate to high demand periods.
Completion of construction of the Inland Feeder from Devil Canyon (now scheduled
for 2004) will eliminate this constraint.

 Current demand patterns and the resulting operations dictate the delivery of blended
water from the Weymouth plant most of the year.  Because of its location within the
distribution system, this includes deliveries through the Upper Feeder to replenish the
Raymond Basin.  While piping currently exists to deliver 100 percent SWP water
from the East Branch to this location (as requested by agencies replenishing the
Raymond Basin), it would mean converting the Weymouth plant service area to 100
percent SWP water, and no use of the Upper Feeder from Lake Mathews to the
junction with the Etiwanda Pipeline.  This, in turn, would greatly reduce the getaway
capacity of Lake Mathews (by over 800 cfs), as well as its ability to regulate system
storage to balance system flow with demands. Additionally, during high-demand
periods, it would not be possible to meet all demands in the Central Pool and on the
Rialto Pipeline solely with East Branch water. A proposal to connect replenishment
facilities in the Raymond Basin with the East Valley Feeder will allow the delivery of
West Branch SWP water for replenishment.

Other examples could be cited as well. In summary, physical constraints exist on
Metropolitan’s system that currently limit the ability to provide blended water at various
locations. Remedies for these constraints need to be taken into account in the consideration of
any specific salinity management strategies.

It is anticipated that the addition of the Eastside Reservoir Project’s (ERP) facilities will
significantly aid the operational ability to serve a more consistent blend of water to all areas
capable of receiving blended water. The ability to store large amounts of surplus SWP water
when it is available, coupled with the ability to blend with CRW in the reservoir or in the San
Diego Canal, or in Lake Mathews would eventually achieve this end. Until that time,
however, extraordinary measures would have to be taken to further reduce salinity
concentrations in the Weymouth, Diemer, and Skinner service areas.  As previously noted,
the ability to manage salinity concentrations is highly dependent upon the overall demands on
Metropolitan.  In general, under low-demand conditions, more SWP water may need to be
imported over and above what is needed to quantitatively meet those demands. Conversely,
as demands on Metropolitan increase, the amount of additional SWP water needed solely to
manage salinity concentrations is reduced. Over the longer term (five to seven years),
increasing demands coupled with the completion of the ERP and Inland Feeder, would
significantly improve the ability to manage the salinity concentrations delivered by
Metropolitan.  It should also be noted that in future years with a full ERP, if demands are not
at a high enough level, some supplemental measures to maintain a particular salinity
management strategy may entail additional costs to Metropolitan. This would also have to
account for salt accumulation in the ERP. The following sections are discussions of some
specific operational issues.
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 Impacts on Colorado River Aqueduct Operations

Since the Colorado River is the source of a large portion of the salinity concentration in water
eventually served by Metropolitan, any strategy must consider how use of this source can be
managed to reduce the amount of salinity reaching the service area.  As is now being done
under the interim 1995 policy, CRW can simply be left in the river and replaced with lower
salinity sources such as SWP water, resulting in an artificially created system blend.  There
are impacts and risks associated with leaving CRW unpumped.  Costs are impacted when
more expensive SWP water is used in lieu of CRW.  Risks would include potential political
ramifications to leaving CRW unused in a year in which California agencies are water short,
which may result in impacts upon other California water agencies also reliant upon the SWP
or other supply sources.  Generally, supplies made available by the Bureau of Reclamation
from the Colorado River cannot be carried over by a contractor from year to year.  That is,
any water left unused in one year remains in system storage and becomes a part of the supply
for allocation to all Arizona, California and Nevada users of river water in a future year. (One
exception to this policy is that the water saved by the Palo Verde Test Land Fallowing
Program from 1992 to 1994 was stored for Metropolitan’s benefit by the Bureau of
Reclamation in Lake Mead. As the Colorado River system reservoirs filled, this was released
for flood control purposes in 1997.) Even though the level of risk is not normally high, in a
water-short year, the potential loss of valuable CRW should be considered as various
strategies are evaluated.

While the CRA has not been operated to full capacity in every year (due primarily to the need
to reduce pumping for maintenance purposes or the need to lay off CRA water in favor of
SWP water), it has been accomplished as recently as Calendar Year (CY) 1994, in which
over 1.3 MAF was pumped through the CRA. However, in CY 1995, just over 1.0 MAF was
pumped, and in 1996 about 1.2 MAF was pumped. Of the 300,000 AF reduction seen in 1995
(compared to 1994), about 140,000 AF remained in the river because of blending operations
to manage salinity.  The remainder was due to the overall lower level of demands in CY
1995.  In 1996, this determination is slightly more complicated.  While as much as 145,000
AF would have remained unpumped from the river to manage salinity and for maintenance
purposes, as noted previously the associated water supply cost was offset by the SWP
“turnback pool” water delivered to Desert and Coachella by exchange. Once again as noted
previously, the unreliable nature of such supplemental SWP water should be taken into
account.  Had such water not been available in 1996, the financial and water supply impacts
would have been very similar to those experienced in 1995.

 Impacts on State Project Deliveries

Additional deliveries through the East Branch of the California Aqueduct to the Weymouth,
Diemer, and Skinner filtration plants can provide the SWP water required to accomplish the
desired system blending.  However, to do so has impacts upon the manner in which
Metropolitan takes its deliveries of SWP water. Historically, when demands increase and it
becomes necessary to supplement the Colorado River supply, the next least-cost source of
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imported water--usually the West Branch of the State Project--is used until demands trigger
the use of the more expensive deliveries from the East Branch of the SWP.

As noted above, in the event there are shortages of SWP water, and Metropolitan cannot meet
the demand for water for blending to manage system salinity, or worse, is short in terms of
meeting quantitative demands on the system (particularly if CRW has been left unpumped),
major implications can arise. In such a situation, Metropolitan could be in the position of
having forgone the pumping of available Colorado River in order to meet blending criteria,
and then finding it has to compete for possibly limited SWP supplies. Because of the
uncertainty associated with SWP supplies, such an operational strategy by Metropolitan could
reduce overall supply reliability, particularly if SWP carryover supplies are depleted and
precipitation is below normal. For example, if such a situation were to develop in late spring,
and some available CRW had been left unpumped since April to accommodate a blend, that
laid-off CRW could be recovered because of the lost opportunity to pump.  If maximum CRA
pumping capacity for the remainder of the year is needed to meet total demands, additional
non-SWP imported supplies may have to be made available for delivery via the SWP’s
facilities. Whether this is from a State-administered water bank or other purchases, the higher
cost of obtaining and delivering them through the California Aqueduct must be considered. 
Thus, any salinity management strategy should either provide for an assessment of the State
Project supply for the remainder of the year and the next year, and allow for modification of
the management strategy if potential supply shortages will be created due to its
implementation, or accept the added cost to buy additional water to maintain the desired
blend.

This also relates to the exchange deliveries made to fellow State Project contractors, Desert
and Coachella.  Neither of the two agencies has a direct connection to the SWP, but together
they have annual project entitlements totaling 61,200 AF. In order to make use of these
entitlements; Metropolitan has had exchange agreements with Desert and Coachella in place
since 1967, which allow Metropolitan to make deliveries to these agencies by exchange.
Deliveries from the CRA are applied via spreading to replenish the Coachella groundwater
basin, from which both agencies pump. In return, Metropolitan takes delivery of Desert and
Coachella’s SWP water entitlements on the East Branch.  This has distinct advantages for all
parties. Desert and Coachella obtain an amount of water equal to their SWP water without
having to construct direct connections to the State Project, saving many millions in
construction and operation costs.  Metropolitan receives lower-salinity water from the State
Project in place of an equal amount of CRW.

To further enhance this arrangement, in 1984, the three agencies executed an advance
delivery agreement to store CRW when available; utilizing relatively inexpensive
hydroelectric energy that was available through May 1987.  This agreement provides for the
delivery of additional water to the Coachella Basin, over and above what was needed to meet
the obligations of the exchange agreements.  Then, this extra water would be exchanged in
some future year without having to make any deliveries from the CRA to the Coachella Basin
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increasing Metropolitan’s water supply realiability.  This arrangement has been advantageous
in water-short years because instead of making exchange deliveries of CRW to Desert and
Coachella for spreading, Metropolitan has drawn on the advance delivery account while still
taking Desert and Coachella’s entitlement deliveries from the East Branch. 

Through this arrangement, however, Metropolitan does not recover the costs of making the
advance deliveries until they are used to meet the exchange obligation in some future year.
Also, Metropolitan cannot recover the advance delivery water at a rate greater than the
maximum entitlements of Desert and Coachella--61,200 AF per year when SWP supplies are
adequate.  There is no means to physically pump the advance delivery water from the
Coachella Basin back into the CRA.  It can only be recovered as fast as Desert and Coachella
use their SWP entitlements.  Thus, Metropolitan has incurred a cost to deliver the advance
delivery water, and cannot recover that cost until it is drawn upon to meet the exchange
obligation.  There is over 330,000 AF as of March 1998 in the advance delivery account,
which would take longer to recover when CRW is being laid off to accomplish the current
salinity management strategy.  The lengthening of the recovery period stems from the fact
that the advance delivery account can only be drawn upon when all of Metropolitan’s CRW
is needed to meet demands in its service area, and none can be spared for delivery to Desert
and Coachella.  Thus, if CRW is being laid off, it is not by definition, needed in the service
area and the advance delivery account cannot be drawn down at such times.  This represents a
significant consideration when defining a new salinity management policy. However, the
amount of Metropolitan’s annual exchange with Desert and Coachella may increase in the
future as those agencies gain increased access to SWP water.

 Impacts on Lake Mathews Operations

As was noted above in the discussion of historical blending operations, the operation of the
Colorado River Aqueduct and thus Lake Mathews is greatly affected by most salinity
management strategies.  Lake Mathews total storage capacity is 182,000 AF.  Historically,
and in consideration of the design of the system, Lake Mathews has been cycled annually to
absorb the seasonal fluctuations in demands on Metropolitan without having to reduce CRA
pumping at any time during the year.  Under present operating plans, about 80,000 AF of
drawdown is scheduled for Lake Mathews on an annual basis.  Conversely, allowing Lake
Mathews to be drawn down too far runs the risk of not being able to meet daily peak
demands at times during higher use periods.  In addition, to cycle Lake Mathews any deeper
results in a reduction of currently available emergency supplies and loss of energy generation
due to low lake elevations.

Viewed in terms of Lake Mathews seasonal cycling, in years when more CRW is left
unpumped in the river, it is likely that the lake will not be cycled as deeply as it has
historically.  If this were the situation in most years, it is possible that shoreline vegetation
would become more permanent due to higher water levels, which could reduce operational
flexibility in future years due to establishment of new wildlife habitats. Also, the risk of
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having too high a lake level in late winter would increase the possibility of needing to curtail
pumping from the Colorado River when demands are typically at their lowest levels.

Maximizing CRA pumping on an annual basis, most closely approximating the operations in
the pre-1995 period, would generally permit the greatest cycling of Lake Mathews.  This
ability to cycle the reservoir over the largest range possible translates directly into the greatest
amount of operational flexibility.  It also probably produces the lowest overall operating cost
for meeting a given demand level.

 Impacts on System Flexibility

The fact that Metropolitan’s is an integrated system greatly enhances system flexibility. From
an operations perspective, it is most desirable to maintain as much flexibility as possible
when planning for future operations of the importation and distribution system. The concept
of system flexibility basically involves minimizing constraints on system operations in order
to permit the system operators to have a range of options to deal with any situations which
may arise during the course of normal operations, or in emergency situations.  This is very
important in order to provide the best level of service to the member agencies at all times. 
The system is normally operated based upon requests for water deliveries received from the
operational personnel of the member agencies.  These requests are typically received on a
daily basis at the Operations Control Center (OCC) at Eagle Rock, and determine in large
part how Metropolitan’s systems will be operated in both the short term (weekly) and long
term (the current year).  Based upon such requests, usually in the form of a requested amount
of flow (cubic feet per second or cfs) at a specified Metropolitan service connection, water is
routed through the system under the overall coordination of the OCC.  The ability to quickly
reroute system flows is important under normal operational circumstances in order to
continuously meet customer demands, and becomes even more essential in extraordinary
situations.  System flexibility is an important element that give the OCC the ability to manage
the system to meet demands under all possible situations, and should be given due
consideration in the development of salinity management strategies.

One issue related to the setting of salinity targets and operational flexibility is whether to use
a percent blend of SWP water, or to set concentration targets (in mg/l) for the finished water.
 The 1995 strategy utilized a 25-percent blend of SWP water for the April through September
period. An alternative would have been to set a salinity concentration at some targeted level.
While this latter method has the advantage of providing water of predictable salinity
concentration, it in fact could be very difficult to maintain on a continuous basis without a
variable operating range, given the current limitations of Metropolitan’s system. Also, the
salinity concentration of SWP water can vary significantly during the year, and in fact is
continually increasing or decreasing depending upon conditions in the Sacramento-San
Joaquin Delta and the source of the water. The amount of SWP water being brought in for
blending would have to be frequently, if not continually adjusted, making the filtration plants
more difficult to operate, and potentially having significant negative impacts on system
operating flexibility. This, in turn, would cause significant difficulty in operating the State
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Project as well. Enhancement of capabilities currently in place to monitor salinity on a
continuous basis would be essential for such a strategy. Such information would be necessary
at key locations on the system on a “real time” basis in order to provide the needed data to
make such operational decisions. Sufficiently wide operating tolerance ranges (+/- mg/l)
could make this a workable strategy.

With respect to the Colorado River, varying salinity concentrations can also be expected in
response to the level of runoff received in a given year, though this variability is not as
volatile as that found in the Delta.  Coupled with this is the widely accepted presumption that
continuing development upstream on the Colorado River is likely to contribute to a long-term
continuation of increasing salinity in the Colorado River (without additional salinity control
measures).  Considering how these factors affect imported supplies, management of blends
by Metropolitan using current and planned facilities to achieve a specific concentration target
within the distribution system would be very difficult.

Another important factor related to system flexibility and the mix of CRW and SWP water is
the desire to optimize hydroelectric energy production at the fifteen generation units on
Metropolitan’s distribution system.  Since the program to install these units began in the mid-
1970s, they have proven to be outstanding producers of revenue for Metropolitan.  For the 14
plants operating during the FY 1987-1996 period, annual revenues from generation have
averaged over $15 million.  Excluding the recently completed Etiwanda Power Plant, when
taken together, generation from these other fourteen units have more than paid for their costs
and they are now a significant contribution to Metropolitan’s overall revenue picture. System
flexibility that allows the operators to account for generation potential when making
decisions on how to route requested water deliveries through the distribution system is the
major factor in maximizing those generation revenues.  Any new salinity management
strategy should consider the impacts upon system flexibility and this revenue stream.  Such
operational considerations in this respect are especially true in the decision of how to use
West Branch and East Branch SWP waters. A consideration in the use of the two SWP
supply sources has historically been to attempt to optimize power production (and revenues)
in the process of meeting water demands.  This mode of operation works well when water
system demands are at moderate to high levels, but some power production is lost when
demands are low, and at their peak when water has to be bypassed around the power plants in
order to meet high levels of demand.

Metropolitan can deliver water for groundwater replenishment at several locations in its
service area.  Because of the existence of water quality-related basin objectives in most of the
groundwater basins to which Metropolitan can serve imported water, the salinity of water that
can be made available to replenish those basins is of concern.  Complicating this is the fact
that the objectives are implemented by three different regional water quality control boards,
and the objectives vary somewhat from basin to basin.  Most of these Metropolitan service
connections are capable of making deliveries of blended water for replenishment purposes. 
Some of these connections, however, such as those on the Rialto Pipeline for delivery into
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the Chino Basin can only receive 100 percent SWP water.  Other connections such as USG-
03 (for deliveries into the Main San Gabriel Basin) and CenB-48 (for deliveries into the
Central Basin) are supplied primarily by SWP water.  Under limited conditions, however, a
blend of SWP water and CRW can be delivered to these connections.  Still other
replenishment connections such as OC-11 and OC-28 for the Orange County Basin can only
receive CRW.  Because of the construction of the Etiwanda Pipeline, service connection
CenB-28 can, depending upon the system blend configuration, receive 100 percent SWP
water, 100 percent CRW, or a blend of the two sources.  Prior to construction of the Etiwanda
Pipeline, this service connection could only receive 100 percent CRW.

It is important to note that when system demands are high and groundwater replenishment
deliveries are being made at certain service connections, it may be difficult to maintain
desired blend ratios at the Weymouth and Diemer filtration plants because of system capacity
restrictions which come into play in high-demand periods.  The impacts of salinity
management upon system flexibility and the ability to serve these replenishment connections
with water that does not conflict with basin water quality objectives are significant
considerations for the development of a new salinity management strategy.

CONCLUSIONS
 1. The 1995 and 1996 blending operations for salinity management have reduced (but not
eliminated) the impacts of high salinity in the areas receiving blended water from
Metropolitan.  The integrated nature of Metropolitan’s system provides the ability to
manage salinity through blending.  Over the longer term, the ERP and higher demands on
the importation and distribution system will tend to reduce system salinity, assuming no
unforeseen changes in salinity of imported water sources.

 2. Leaving CRW unpumped to accommodate salinity management could have negative
water supply impacts in shortage years, resulting in an overall reduction in system
reliability (a lost opportunity to store available CRW supplies).

 3. Use of SWP water to blend down salinity will generally result in higher costs for O&M,
with this increase being maximized when all unpumped CRW must be replaced with
SWP water for which Metropolitan must pay all associated delivery costs.  There can be
salinity management advantages for Metropolitan when additional SWP water (like
turnback pool water) is delivered to Desert and Coachella through exchange.  This can
result in lower distribution system salinity at no net increase in cost to Metropolitan for
that increment of water. The continuing availability of such supplemental water, however,
is very unpredictable.

 4. Operational flexibility could be affected by certain salinity management strategies.  This
could include the creation of additional operational constraints that would affect the
ability to respond to water quality episodes, the need to reroute water within the system
on short notice to respond to changes in demands, as well as to emergency situations.
Issues related to operational flexibility would include:
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 Increased blending requirements implemented as higher percentages of SWP
water, longer periods of time for required blending levels, or both could add
increased complexity and decreased flexibility in the operation of system which
must also balance needs related to meeting quantitative demands, source
limitations, other water quality concerns, and potential loss of energy generation
revenues.

 Concentration targets (mg/l) for salinity management rather than percent blend,
which could significantly impact operational flexibility because such targets
would likely drive more frequent system changes, with possible "rippling" effects
on the operations of the CRA as well as the SWP water.

 Salinity management strategies that affect operational flexibility could have
adverse impacts on energy generation revenues.  Note is taken of the potential for
energy generation revenues to offset some increased costs associated with more
intensive management of salinity.

 A greater blend of SWP presents a higher probability of forming THMs in the
distribution system. While this will eventually be mitigated to a degree by
switching to ozone as a disinfectant, the situation today represents a tradeoff of
lower salinity water for water that presents a higher risk of THM formation.
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ECONOMIC IMPACT OF CHANGES
IN WATER SUPPLY SALINITY

SUMMARY

Salinity refers to the total dissolved solids (TDS) content of water and is of concern because high
TDS water can cause corrosion of pipes, scaling, and spotting; reduce the useful life of water-
using appliances; and require greater use of cleaning products.  Vegetation can experience
restricted growth when salinity becomes too high.  As salinity increases, industrial users incur
extra treatment costs for uses in cooling towers, boilers and manufacturing processes.  At
sufficiently high levels, salty water also begins to have an unpleasant taste, resulting in increased
purchases of bottled water or home treatment devices.  High salinity is a primary water quality
constraint to water recycling and groundwater replenishment activities.

As part of the Salinity Management Study, Metropolitan Water District of Southern California
(Metropolitan) in collaboration with the U.S. Bureau of Reclamation (USBR), California
Department of Water Resources, and Metropolitan's member agencies developed a Salinity
Economic Impacts Model to calculate a regional approximation of the economic impacts (costs
to customers and agencies) of changes in salinity of water sold by Metropolitan.  The model is an
update of USBR’s 1988 model and it includes salinity impacts of both State Water Project
(SWP) and Colorado River Aqueduct (CRA) water to residential, commercial, industrial,
agricultural, groundwater, water recycling, and water treatment and distribution facilities in
Metropolitan’s service area.  Impacts are sensitive to TDS changes of the CRA and SWP water
and Metropolitan’s blending policy.  As shown in Figure 1, Metropolitan’s service area was
divided into 15 subareas to reflect unique water supply and impact conditions.
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Figure 1
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The purpose of the model is to calculate the economic impacts of high salinity water in the
region.

The model is designed to assess regional impacts based on average annual data such as water
deliveries, TDS, and costs for a typical household, agricultural field, etc.  It is not applicable to
individual households or industries.  It uses mathematical functions which define the relationship
between TDS and economic impact for various items affected by salinity such as the useful life
of appliances, specific crops’ yield, additional costs to industries and commercial businesses, etc.
For example, Figure 2 shows the relationship between TDS concentration and the useful life of
household water heaters:
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Figure 2
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Hardness and other individual ions in water are responsible for many of the economic impacts
listed in this report.  Under normal conditions, there is a linear relationship between TDS,
hardness and other constituents in CRA and SWP water.  Hence, in order to simplify the model,
changes in TDS were used as a surrogate for changes in other ions.

The model calculates the “incremental” economic benefits or impacts of TDS changes in SWP
and CRA water compare to a selected baseline condition.  All costs are expressed in 1998
dollars.  (Appendices 5A and 5B present the agricultural crop values in 1995 dollars and all other
costs in 1996 dollars.  To convert those costs to 1998 dollars, the 1995 values were escalated by
7.5 percent and the 1996 values were escalated by 5 percent.)

A hypothetical analysis was done to demonstrate the economic benefits of a 100-mg/L-salinity
decrease in both SWP and CRA water supplies. It is based on SWP salinity decreasing from
250 mg/L to 150 mg/L at O’Neill Forebay and CRA salinity decreasing from 700 mg/L to
600 mg/L.  As shown in Figure 3, the annual economic benefits to Metropolitan’s service area
would be about $95 million.  Individual categories are also quantified.  As shown in Figure 3, the
primary benefits are in residential, groundwater and agricultural categories.
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Figure 3
Benefits of 100 mg/L Salinity Decrease
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Two additional analyses were conducted to observe the economic impacts of salinity changes in
only SWP or CRA water supplies.  Figure 4 depicts the range of incremental economic impacts
of SWP salinity changes when the CRA salinity is a constant 700 mg/L.  The purpose of this
graph is to show the incremental impacts of SWP salinity compared to a 100-mg/L baseline.
Historically, the average annual salinity of SWP water has never been below 100 mg/L.

Figure 5 shows the range of economic impacts of CRA salinity changes when the SWP salinity is
a constant 250 mg/L at O’Neill Forebay.  The purpose of this graph is to show the incremental
impacts of CRA salinity compared to a 500-mg/L baseline.  Historically, the average annual
salinity of CRA has never been below 500 mg/L.
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Figure 4

0

50

100

150

100 200 300 400 500

Salinity (mg/L)

A
nn

u
al

 Im
p

ac
ts

($
 M

ill
io

n
)

Incremental Impacts of SWP Salinity  *

* Based on CRA salinity at 700 mg/L and baseline deliveries for normal 1998 conditions

Figure 5
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GENERAL INFORMATION

 BACKGROUND

Salinity refers to the total dissolved solids (TDS) content of water and is of concern because high
TDS water can cause corrosion of pipes, scaling, and spotting; reduce the useful life of water-
using appliances; and require greater use of cleaning products. Vegetation can experience
restricted growth when salinity becomes too high.  As salinity increases, industrial users incur
extra treatment costs for water uses in cooling towers, boilers and manufacturing processes.  At
sufficiently high levels, salty water also begins to have an unpleasant taste, resulting in increased
purchases of bottled water or home treatment devices.  High salinity is a primary water quality
constraint to water recycling and groundwater replenishment activities.

High TDS levels in Colorado River water have been an issue for many years.  The Colorado
River Salinity Control Forum (Forum), consisting of representatives of the seven basin states,
was established for the purpose of interstate cooperation and to provide the states with
information necessary to comply with the U.S. Environmental Protection Agency’s regulations,
“Water Quality Standards, Colorado River System: Salinity Control Policy and Standards
Procedures” and Sections 303(a) and 303(b) of the Clean Water Act.  The Forum has fostered a
partnership relationship with the federal government in managing the salinity levels in the
Colorado River.  Historically, the Forum has requested that Congress provide the federal share of
funding for the Colorado River Salinity Control Program (Program).  The Program's primary
purpose is to maintain salinity levels at or below certain numeric criteria by implementing staged
salinity control measures.  At the Forum's request, USBR has sponsored several studies (1978,
1980, and 1988) to assess the economic impacts of Colorado River salinity in the Lower
Colorado River Basin.  The 1988 study included verification and refinement of findings of the
two previous studies, and developed a computer model (1988 model) to provide a better means
to estimate the present and future economic impacts of Colorado River salinity changes.  The
results of the economic analysis are used to justify federal funding for the Program.

Metropolitan is currently engaged in a comprehensive study of salinity management strategies
for its service area.  Part of the study focuses on updating that part of the 1988 model pertaining
to Metropolitan's service area.  Furthermore, both the USBR and Metropolitan need to better
understand the constraints salinity imposes on water recycling as part of their cooperative reuse
planning study for Southern California.  This paper briefly describes the approach and formulas
used in the model update.

 1988 MODEL

The 1988 model includes economic impacts on residential, commercial, industrial, and
agricultural water users; and water and wastewater treatment and distribution facilities.  In
addition, the increased costs associated with wastewater discharge requirements were calculated
outside the model and added to the total economic impacts.  The 1988 model calculates annual
replacement costs (e g. water heaters), additional costs (e.g. bottled water purchases), or loss of
income (e.g. agricultural crops) attributed to a given TDS level.  It calculates the incremental
economic impacts over a baseline TDS level.  The 1988 model uses a TDS of 500 mg/L as a
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baseline, calculating the impacts of TDS levels above 500 mg/L only (500 mg/L is the drinking
water secondary standard).  This does not mean that there are no economic impacts when the
TDS level in the Colorado River is at or below 500 mg/L.

The data input for the 1988 model and the mathematical relationship defining the impacts of
TDS on various items such as useful life of appliances, specific crop yields, etc. (Impact
Functions) for several items were outdated and needed to be reassessed.  The 1988 model did not
include the impacts on local resources (i.e. groundwater and recycled water).  These impacts
were calculated outside of the model and added to the result of the model.  It addressed the entire
Lower Colorado River Basin; excluded Ventura County; and assessed the impacts of only
Colorado River water on a county-level basis.  In addition, a pre-set baseline of 500 mg/L does
not work well for Metropolitan's service area because TDS levels in SWP water, under normal
conditions, and some local groundwater and surface water sources are far below 500 mg/L.

 NEW MODEL

In 1998, Metropolitan in collaboration with USBR, the California Department of Water
Resources, and Metropolitan's member agencies developed a Salinity Economic Impacts Model
to calculate a regional approximation of the economic impacts of changes in salinity of water
delivered by Metropolitan.  The new model updates the Southern California part of USBR’s
1988 model and addresses salinity impacts of both SWP and CRA water indicating those impacts
on water recycling.

The model includes economic impacts of salinity changes to residential, commercial, industrial,
agricultural, groundwater, water recycling, and water and wastewater utilities.  The model is
designed to assess the average annual economic impacts based on average annual demographic
data, water deliveries, TDS, costs, etc. for a typical household, agricultural field, etc.

The model development process included literature search, data gathering, and interviewing
experts; verifying or updating the previous Impact Functions for residential customers and water
utilities; developing new Impact Functions for commercial, industrial, agricultural, groundwater,
and recycled water; conducting a consumer survey to quantify the salinity impacts on residential
bottled water purchases and use of water softeners; conducting an analysis of salinity impacts on
use of detergents; and designing a new computer model.  Metropolitan’s service area was
divided into 15 subareas to reflect unique water supply and impact conditions.

 PURPOSE OF THE MODEL

The purpose of the model is to calculate the economic impacts of high salinity water in the
region and not for a specific household or industry.  It uses representative costs of impacted
items for the region.  It calculates the incremental economic impacts over a baseline TDS level.
Unlike the 1988 model, which had a set value of 500 mg/L as baseline TDS, the new model has
an adjustable baseline TDS.
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 GENERAL CONDITIONS

The following is a list of general conditions used to develop the model:

 There is a linear relationship between impacts of short-term (one-year) and long-term (10
to 20 years) TDS changes;

 There is a linear relationship between TDS and hardness, chloride, sodium, nitrate in
imported water and, therefore, the impacts are all based on TDS levels;

 The impacts of other constituents in water, such as pH, temperature, oxygen level, etc.,
are uniform at various TDS levels;

 Average socio-economic conditions (e.g. age and size of housing, lifestyle, income, etc.)
are uniformly dispersed throughout the service area;

 All the Impact Functions (e.g. the effect of TDS on water heaters, cooling towers,
agricultural crops, etc.) were developed based on surveys, interviewing contractors and
experts, engineering judgment, and previous studies;

 Economic impacts of salinity are calculated  for the region and not for a specific
household or industry and, therefore, the average costs for a typical household,
agricultural field, etc. were used;

 All the costs (e.g. price of water heaters, water and recycled water rates, reverse osmosis
costs, etc.) were obtained from available publications, department stores, warehouses,
and by engineering cost estimates;

 Only direct economic impacts are reported, indirect impacts are not; and

 All costs are in 1998 dollars.  (Appendices 5A and 5B present the agricultural crop values
in 1995 dollars and all other costs in 1996 dollars.  To convert those costs to 1998 dollars,
the 1995 values were escalated by 7.5 percent and the 1996 values were escalated by
5 percent.)

 GENERAL INPUT
 Key model inputs for each subarea include:

 Population,

 Number of households (sum of single and multi-family units),

 Water supply values (sources and their associated average annual TDS levels),

 Agricultural acreage for each crop listed in the model,

 Average annual value per acre for each crop listed in the model,

 Recycled water use,

 Wastewater production (as a percentage of water demand),

 Representative TDS requirements for groundwater recharge, recycled water use, and
wastewater discharge, and
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 Indirect replenishment as the percent of total water used that percolates into the ground.

 IMPACT CATEGORIES

The impact categories and modeled items are listed in Table 1.

Table 1
BENEFIT/IMPACT CATEGORIES

RESIDENTIAL
Water pipe
Water heater
Faucet
Garbage disposal
Clothes washer
Dish washer
Bottled water purchase
Water softener

COMMERCIAL
Sanitary
Cooling
Irrigation
Kitchen
Laundry
Miscellaneous

WATER UTILITIES
Water Treatment
Water Distribution

AGRICULTURE
Nursery products
Cut Flowers
Strawberry
Misc. Vegetables
Citrus
Avocado
Pasture/Grain
Vineyard
Deciduous
Field

WATER RECYCLING
Direct Groundwater Recharge
Indirect Groundwater Recharge

(through deep percolation)
Irrigation
Commercial/Industrial

INDUSTRIAL
Process Water
  -Demineralization
  -Softening
  -Minor
Cooling Towers
Boilers
Sanitation/Irrigation

GROUNDWATER
Direct Groundwater Recharge
Indirect Groundwater Recharge

(through deep percolation)
Incidental Recharge through

Wastewater Discharge

 CALCULATING THE AVERAGE TDS:

The model uses the flow-weighted average TDS value of water served to customers in each
subarea.  Imported supplies include SWP, CRA, and Los Angeles Aqueduct.  Local supplies
include surface water, groundwater, and desalted brackish groundwater.  Recycled water TDS is
calculated separately by increasing the average TDS of served water by a representative
increment resulting from urban use.  (See Water Recycling Impacts Section).

The remaining sections of this report will briefly discuss the salinity impacts on each item in the
model.

RESIDENTIAL IMPACTS

Economic impacts were evaluated for: water pipes, water heaters, faucets, garbage disposals,
dishwashers, clothes washers, bottled water, water softeners, and water filters. Based on research
conducted during the course of this study, it was concluded that the economic impacts of TDS on
automotive radiators (due to technology advances and use of aluminum and plastic), toilet
flushing mechanisms, and clothes replacement are insignificant.  The following briefly describes
the approach, data, and calculations used to quantify the residential impacts.  See Appendix 5A
for a detailed discussion on residential impacts.
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 PLUMBING SYSTEMS, WATER HEATERS, AND WATER-USING APPLIANCES

High salinity levels in imported water could reduce the useful life of household plumbing and
water-using appliances.  The mathematical relationships between TDS and useful life of
plumbing and appliances were obtained from the 1988 model.  The cost of plumbing, water
heaters, and water-using appliances were updated by surveying appliance stores and interviewing
contractors.  The percentages of houses having water heaters, garbage disposal, cloth washers,
and dishwashers were obtained from 1993 census data.

Several studies did not find evidence of reduced life of copper, plastic, or cast iron pipes due to
TDS.  Based on discussions with the building officials and plumbing supply houses it was
concluded that all new houses have copper piping for water and plastic piping for wastewater,
and that the existing galvanized and cast iron piping in older homes are being replaced with
copper and plastic as they wear out.  Based on available housing information, it was estimated
that about 13 percent of houses have galvanized piping for water service that are subject to TDS
impacts.

A study by the Gas Research Institute indicated that the economic impacts of TDS on water
heater efficiency (the amount of energy used) are insignificant and, therefore, it is not included in
the model.

Table 2 shows the Impact Functions for Plumbing Systems, Water Heaters, and Water-Using
Appliances.

Table 2
Unit Cost and Impact Functions for Plumbing, Water Heater, and Water-Using Appliances

ITEM Unit Cost
% of 

Houses
Impact Functions                           

y = useful life (year), x = TDS (mg/L)
Galvanized Water Pipe $2,700 13 y = 12 + e(3.4 - 0.0018x)

Water Heaters $320 100 y = 14.63 - 0.013x + 0.689(10-5)x2 - 0.11(10-8)x3

Faucets $460 100 y = 11.55 - 0.00305x
Garbage Grinders $130 75 y = 9.23 - 0.00387x + 1.13(10-6)x2

Clothes Washers $450 67 y = 14.42 - 0.0114x + 0.46(10-5)x2

Dishwashers $470 51 y = 14.42 - 0.0114x + 0.46(10-5)x2

Model Calculation: First, the model calculates the useful life of each item at a given TDS level using
Table 2.  Then it calculates the annual replacement costs for each item per household by dividing the unit
cost of that item by its useful life.  Next, it multiplies the total annual replacement costs of household
items by the number of households and by the percent of houses having that item to obtain the total
annual replacement costs.  It calculates the total annual costs for two TDS conditions.  The economic
impact is the difference in the total annual costs associated with the two TDS levels.
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 BOTTLED WATER AND HOME WATER FILTRATION DEVICES

A 1990 study by Bruvold indicated that the relationship between bottled water use and TDS level
in drinking water is based on taste quality and is independent of average per-capita income and
length of exposure to a particular elevated TDS level in tap water.  For the purposes of this
report, bottled water includes store-bought bottled water, home delivered bottled water and water
from vending machines.  Alternatively, people may use home water filtration devices in place of
purchasing bottled water.  People may purchase bottled water or use home water filtration for
various reasons such as aesthetic and personal health concerns as well as a result of marketing
campaigns.

Hence, a consumer survey was conducted to quantify the impacts of TDS on use of bottled water
and home water filtration devices.  Since home filtration devices are a substitution for purchasing
bottled water, an Impact Function was developed for combined bottled water and home water
treatment devices.  In general, use of bottled water or home water filters is insensitive to either
TDS or income, but it is related to the use of water softeners.  Using the relationship between use
of home water filters and water softeners, a relationship was defined between TDS and use of
bottled water or home water filters.  The Impact Function is shown below:

Y =  61.1 + 0.00323 * TDS

Where, y is percent of households using bottled water.

Model Calculation: First, the model calculates percentage of households using bottled water at a given
TDS level using the above formula.  Then, it multiplies the percentage by the number of households, and
by $62 (average annual cost of bottled water per household, per 1998 Metropolitan consumer survey) to
obtain the total annual cost of bottled water purchases.  The model calculates the total annual costs for
two TDS conditions.  The economic impact is the difference in the total annual costs associated with the
two TDS levels.

 HOME WATER SOFTENERS

Excessive hardness can cause scaling in plumbing systems and water heaters, reduce cleaning
products efficiency, and expedite cloth wear and tear.  Water softeners are used to reduce water
hardness.  Since there is a linear relationship between hardness and TDS in water delivered by
Metropolitan, the model uses TDS as a variable to determine the economic impacts of TDS on
the use of water softeners.  Households may use home water softeners for reasons other than
TDS such as personal health concerns, personal preference, or as a result of advertisement
campaigns.  A consumer survey was conducted to quantify the impacts of salinity on use of
water softeners.  The result indicates that there is a statistically significant relationship between
water softener use and TDS.  The Impact Function for water softeners is shown below:

y = 6.758 + 0.007 * TDS + 3.01(10-6) * (TDS2) + 2.2 (10-10) * (TDS3)

Where y is the percent of households using water softeners.



TECHNICAL APPENDIX 5 ECONOMIC IMPACTS OF CHANGES
IN WATER SUPPLY SALINITY

���������	���
���

E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C . TA5 - 12

Model Calculation: First, the model calculates the percentage of households using water softeners at a
given TDS level using the above formula.  Then, it multiplies the percentage by the number of households
and by $340 (average annual cost purchasing and operating water softeners per household, per 1993
HYA Report and escalated to 1998 dollars) to obtain the total annual cost of water softeners.  The model
calculates the total annual costs for two TDS conditions.  The economic impact is the difference in the
total annual costs associated with the two TDS levels.

 DETERGENT

In previous years, increased amounts of laundry detergents were used when hardness in water
increased.  However, recent changes in the composition of detergents respond well to hardness.
We reviewed the existing data collected as part of The High Efficiency Laundry Metering and
Marketing Analysis (THELMA) study and could not find a relationship between TDS and use of
detergent.   However, Ragan’s 1993 study showed a minor change in detergent use when
hardness increases (4000 mg/L resulted in a 0.1 cup increase in detergent use per load).  This
relationship is used in the model.  The Impact Functions for cleaning products is shown below:

Y =  $121 * (1 + 0.000025 * TDS)

Where y is the annual household’s expenditure on cleaning products.  ($121 represents the
average annual household’s expenditure on cleaning products, obtained from U.S. Bureau of
Labor Statistics - 1994 Consumer Expenditure Survey and escalated to 1998 dollars using the
Consumer Price Index.

Model Calculation: First, the model calculates a household’s annual cost of purchasing cleaning
products.  Then, it multiplies the annual cost by the number of households to obtain the total annual cost
of cleaning products.  The model calculates the total annual costs for two TDS conditions.  The economic
impact is the difference in the total annual costs associated with the two TDS levels.

COMMERCIAL IMPACTS

This section briefly describes the approach, data, and Impact Functions used to quantify the
commercial impacts.  See Appendix 5A for a detailed discussion on commercial impacts.

Commercial use refers to schools, hospitals, nursing homes, laundromats, hotels, restaurants, and
similar facilities.  Commercial water use can include sanitary, cooling, irrigation, kitchen,
laundry, and miscellaneous uses.  The percentage of commercial water use for each category was
obtained from the document entitled Urban Water Use Characteristics in the Metropolitan Water
District, dated April 1993 and Metropolitan’s conservation audits of approximately 700
commercial facilities, conducted from 1991 to 1996.

An Impact Function, representing the annual costs per acre-foot of commercial water use for
each mg/L change in TDS, was developed for each commercial water-use category.  See
Appendix 5A for more detail.  Table 3 shows the Impact Functions and the average percent
commercial water use by each category.
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Table 3
Commercial Water Use and Impact Functions 

Sanitary Cooling Irrigation Kitchen Laundry Misc. Total

Percent of Total Commercial Water Use 29% 12% 32% 7% 8% 12% 100%

Impact Functions ($/AF per mg/L) 0.19 1.05 0.00 0.32 0.63 0.47

Model Calculation: First the model calculates the amount of water used by each category by multiplying
the percentages by total commercial water use.  It then calculates the annual costs for each category by
multiplying the Impact Function by the TDS of water and the amount of water used for that category.   It
sums the results of all categories to obtain and total annual costs.  It calculates the total annual costs for
two TDS conditions.  The economic impact is the difference in the total annual costs associated with the
two TDS levels.

INDUSTRIAL IMPACTS

This section briefly describes the approach, data, and Impact Functions used to quantify the
impacts of salinity to industrial water users.  See Appendix 5A for a detailed discussion on
industrial impacts.

Water with increased salinity and hardness causes increased costs to industry.  Industrial water
use can include process water, cooling towers, boiler feed, sanitation and irrigation.  The
percentage of industrial water use for each category was obtained from two reports prepared for
Metropolitan: Cost of Industrial Water Shortages, April 1991 and Commercial and Industrial
Water Use in Southern California, March 1990.  Based on the information in these two reports
and data obtained from the Southern California Association of Governments and San Diego
Association of Governments, the percentages of water use for each category were estimated in
each subarea.

An Impact Function, representing the annual costs per acre-foot of industrial water use for each
mg/L change in TDS, was developed for each industrial water use category.  See Appendix 5A
for more detail.  Table 4 shows the Impact Functions and the average percent industrial water use
by each category.

Table 4
Industrial Water Use  and Impact Functions 

Process Water - 
Demineralization

Process 
Water - 

Softening

Process 
Water - 
Minor

Cooling 
Towers

Boiler 
Feed

Sanitation 
& Irrigation

Total

Percent of Total Industrial Water Use 12% 12% 21% 21% 11% 23% 100%

Impact Functions ($/AF per mg/L) 1.48 0.63 0.00 0.61 1.05 0.00

Model Calculation: First the model calculates the amount of water used by each category by multiplying
the percentages by total industrial water use.  It then calculates the annual costs for each category by
multiplying the Impact Function by the TDS of water and the amount of water used for that category.   It
sums the results of all categories to obtain and total annual costs.  It calculates the total annual costs for
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two TDS conditions.  The economic impact is the difference in the total annual costs associated with the
two TDS levels.

UTILITY IMPACTS

This section briefly describes the approach, data, and Impact Functions used to quantify the
impacts of salinity to water utilities.  See Appendix 5A for a detailed derivation of utility
impacts.

The useful life of water and wastewater facilities may decrease as TDS levels in water and/or
wastewater increase.  The mathematical relationships, Impact Functions, between TDS and
useful life of water treatment and distribution facilities in the 1988 model were updated.  The
average replacement costs of water treatment and distribution facilities on a per capita basis were
obtained from the 1988 USBR report, updated for inflation and adjusted for the additional cost of
water treatment plant upgrades under current regulations.  The revised Impact Functions and
replacement costs are shown in Table 5.

Sanitary agencies indicate that other constituents such as sulfides rather than TDS mainly cause
the corrosion in wastewater facilities.  Therefore, the impacts of TDS on wastewater facilities are
considered to be negligible and are not included in the model.

Table 5
Water Utilities Replacement Capital Costs and Impact Functions

Impact Functions Replacement Costs

Item y = useful life (year), x = TDS (mg/L) ($ per Capita)

Water Utility Production y = 30.83 - 0.003x $370 - $870*

Water Utility Distribution y = 60 + 50e-0.0009x $2,180

 *  Varies based on local water production and imported water use in each subarea.  See Appendix 5A

Model Calculation: The model calculates the useful life of each item at a given TDS level using Table 5.
It then calculates the annual replacement costs per capita for each item by dividing the cost per capita by
the useful life of each facility.   Next, it multiplies the annual replacement cost per capita by the
population to obtain the total annual costs.  It calculates the total costs for two TDS conditions.  The
economic impact is the difference in the total annual costs associated with the two TDS levels.

AGRICULTURAL IMPACTS

This section briefly describes the approach, data, and Impact Functions used to quantify the
impacts of salinity to agricultural crops.  See Appendix 5A for a detailed discussion on
agricultural impacts.

High TDS affects agricultural crop growth and yield when above the crop’s salt tolerance level.
The impacts of minor increases in the TDS levels can be overcome by applying additional water
to leach the salts out of the root zone.  This is a common practice at normal TDS levels but is less
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effective as salinity rises.  This solution is applicable when there are adequate agricultural water
supplies and is dependent on the gross value of a salt sensitive crop, otherwise, the farmer may
simply reduce the acreage of the crop or substitute to a more salt tolerance crop. The salinity
Impact Functions (mathematical relationships between TDS and percent crop yield reduction) for
strawberry, vegetables, citrus, avocados, vineyards, pasture/grains, deciduous, and field crops
were obtained from a 1997 USBR study.  The Impact Functions for nursery stock and cut
flowers were developed jointly by Bookman-Edmonston Engineering and the USBR in 1998.
These two Impact Functions are based on the cost of additional water to leach the salt from the
root zone to maintain full crop yield.  The salinity Impact Functions for agricultural crops are
shown in Table 6.  The crop acreage by subarea and the corresponding value per acre were
obtained from DWR land use surveys (1982-1986) and the County Agricultural Commissioner’s
Annual Report and are listed in Tables 7 and 8.

Table 6
Impact Functions for Agricultural Crops (y = % of Full Yield, x = TDS) 

Crop Impact Function

Strawberry for x <= 427   y = 100, for 427<x<= 1200    y = 132.879 - 0.077x

Nursery Stock for x < 400   y = 100, for 400<= x <=1200    y = 100.87 - 0.0024x

Cut Flowers for x <= 400   y = 100, for 400< x <=1200    y =  99.937 + 0.0004x - 0.000004x2

Misc. Vegetables for x <=640   y = 100, for 640< x <=1200    y= 121.12 - 0.033x

Citrus for x <=544   y = 100, for 544< x <=1200 y = 127.20 - 0.05x

Avocados for x <=378   y = 100, for 378< x <=1200   y = 120.79 - 0.055x

Vineyards for x <480   y = 100, for 480<= x <=1200   y = 114.4 - 0.03x

Pasture/Grains for x <=853   y = 100, for 853< x <=1200    y = 114.501 - 0.017x

Deciduous for x <=480   y = 100, for 480< x <=1200    y = 127.12 - 0.0565x

Field for x <=725   y = 100, for 725< x <=1200   y = 119.33 - 0.0267x
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Table 7
Crop Price ($/Acre) *

SUB-AREA Strawberry
Misc. 

Vegetable Nursery Cut Flowers Citrus Avocados Vineyards
Pasture/
Grains Deciduous Field

1.) North West $35,900 $8,300 $48,800 $23,300 $6,700 $6,400 $0 $35 $2,600 $1,500

2.) San Fernando Valley - West $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

3.) San Fernando Valley - East $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

4.) San Gabriel Valley $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

5.) Central Los Angeles $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

6.) Central and West Basins $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7.) Coastal Plain $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

8.) North West Orange County $22,500 $6,300 $52,000 $52,000 $4,200 $10,200 $0 $0 $1,400 $400

9.) South East Orange County $22,500 $6,300 $52,000 $52,000 $4,200 $10,200 $0 $0 $1,400 $400

10.) Western MWD $0 $6,300 $21,300 $21,500 $3,900 $4,300 $8,800 $500 $8,900 $1,200

11.) Eastern MWD $0 $6,300 $21,300 $21,500 $3,900 $4,300 $8,800 $500 $8,900 $1,200

12.) Upper Chino $25,600 $3,600 $57,800 $5,600 $3,700 $3,700 $800 $800 $1,100 $200

13.) Lower Chino $25,600 $3,600 $57,800 $5,600 $3,700 $3,700 $800 $800 $1,100 $200

14.) North San Diego $23,800 $9,600 $100,900 $22,000 $6,100 $4,200 $700 $400 $2,600 $3,700

15.) South San Diego $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Table 8

SUB-AREA Strawberry
Misc. 

Vegetable Nursery Cut Flowers Citrus Avocados Vineyards
Pasture/ 
Grains Deciduous Field

1.) North West 138             3,584          1,734          1,579          9,845          6,963          -              307             60               1,434          

2.) San Fernando Valley - West -              -              -              -              -              -              -              -              -              -              

3.) San Fernando Valley - East -              -              -              -              -              -              -              -              -              -              

4.) San Gabriel Valley -              -              -              -              -              -              -              -              -              -              

5.) Central Los Angeles  -              -              -              -              -              -              -              -              -              -              

6.) Central and West Basins -              -              -              -              -              -              -              -              -              -              

7.) Coastal Plain -              -              -              -              -              -              -              -              -              -              

8.) North West Orange County 2,077          5,438          2,707          25               2,596          1,804          -              400             -              42               

9.) South East Orange County -              -              12               -              -              -              -              -              -              -              

10.) Western MWD 14               1,210          439             70               15,591        359             705             4,664          38               708             

11.) Eastern MWD -              5,322          344             55               3,781          -              3                 28,644        58               972             

12.) Upper Chino -              -              -              -              -              -              -              -              -              -              

13.) Lower Chino 179             785             307             115             394             6                 3,848          7,241          8                 2,362          

14.) North San Diego 500             8,115          6,487          1,676          17,592        26,613        187             14,335        2,195          661             

15.) South San Diego -              -              -              -              -              -              -              -              -              -              
Total 2,908          24,454        12,030        3,520          49,799        35,745        4,743          55,591        2,359          6,179          

Crop Acreage

Model Calculation: First, the model calculates the percent reduction of crop yield at a given TDS level by
subtracting values calculated using formulas in Table 6 from 100 percent. Then, it calculates the gross
crop value by multiplying this percentage by the acreage and average value per acre for each crop from
Tables 7 & 8.  It adds up gross crop values for all crops to obtain the total gross crop values.   It
calculates the total gross crop values for two TDS conditions.  The economic impact is the difference in
the total annual gross crop values associated with the two TDS levels.

GROUNDWATER IMPACTS

This section briefly describes the approach, data, and Impact Functions used to quantify the
impacts of salinity to groundwater.  See Appendices 5A and 5B for a detailed discussion on
groundwater impacts.
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Salt is introduced into groundwater through groundwater recharge of storm flows, imported
water, and recycled water as well as by incidental recharge of wastewater discharges.  This
section includes the salinity impacts on groundwater through direct groundwater recharge with
imported water, indirect groundwater recharge with imported water, and incidental groundwater
recharge through wastewater discharges.  The model includes the impacts of imported water and
not the storm flows.  The economic impacts of salinity on groundwater recharge with recycled
water are included in the Water Recycling Impacts Section.

 DIRECT GROUNDWATER RECHARGE

Where imported water is used for groundwater replenishment, agencies favor the use of SWP
water because it is of lower TDS than CRA water.  Groundwater basins in subareas 4 and 8
receive exclusively SWP water.  Groundwater basins in subarea 6, on an average basis, receive
50 percent SWP water and 50 percent CRA water.  Groundwater basins in subarea 8, on an
average basis, receive 15 percent SWP water and 85 percent CRA water.  The composition of the
blend changes from year to year.

The Regional Water Quality Control Boards have established surface and groundwater Basin
Plan Objectives (BPO) to protect the beneficial uses of surface water and groundwater.  For
modeling purposes, representative BPOs were set for each subarea.  See Appendix 5B for more
detail.  Basins were considered to have assimilative capacity for recharged water with TDS
below the BPO and would require mitigation for recharge water with TDS above the BPO.   The
method of mitigation for this study was demineralization by reverse osmosis.

Based on initial review of existing and planned groundwater desalination projects in
Metropolitan’s service area, the average RO costs are estimated to be $300/ton and $520/ton
(1998 dollars) of salt removed for coastal and inland areas, respectively.  The costs for inland
desalters are higher because of additional brine disposal requirements.  See Appendix 5B for
more detail.  The model uses the following formulas to calculate the groundwater impacts due to
direct recharge with imported water:

for TDS < BPO y = 0
for TDS > BPO y = RO * (TDS - BPO) * AF * 0.00136

Where,
y = Average annual cost of removing additional salt above BPO level ($)
RO = Unit cost of desalting ($/ton)
TDS = TDS level in replenishment water (mg/L)
BPO = Basin Plan Objectives for TDS (mg/L)
AF = Amount of replenishment water delivered by Metropolitan (acre-feet)
0.00136 = Factor to convert mg/L to ton/acre-foot

Representative BPO values and RO costs for groundwater desalting are given in Table 9 below.
See Appendix 5B for more detail.
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Table 9
Groundwater - BPO, RO Cost, and % percolation 

SUB-AREA
RO Cost  
($/ton)

BPO  
(mg/L)

% of  Total 
Water Demand 

which Percolates 
To Useable 

Groundwater
1.) North West 520 500 5%
2.) San Fernando Valley - West 520 700 20%
3.) San Fernando Valley - East 520 700 20%
4.) San Gabriel Valley 520 450 20%
5.) Central Los Angeles 300 700 * 1%
6.) Central and West Basins 300 700 5%
7.) Coastal Plain 300 700 * 1%
8.) North West Orange County 300 600 7%
9.) South East Orange County 300 600 1%
10.) Western MWD 520 990 * 15%
11.) Eastern MWD 520 350 10%
12.) Upper Chino 520 330 20%
13.) Lower Chino 520 330 * 5%
14.) North San Diego 300 1500 * 1%
15.) South San Diego 300 1500 * 1%
*  There is no direct recharge with imported water in these subareas.

Model Calculation: The model calculates the average annual cost of removing excess salt over the BPO
level at a given TDS level, using the above formula.  It calculates the total cost for two TDS conditions.
The economic impact is the difference in the total annual costs associated with the two TDS levels.

 INDIRECT GROUNDWATER RECHARGE

A portion of the imported water applied for irrigation percolates into the ground and eventually
reaches the useable groundwater.  The percent of total delivered water, which percolates into the
useable groundwater, has been established at 20 percent in the San Fernando Valley during the
adjudication process for the basin.  Using this data and pertinent hydrologic characteristics of
each subarea, Bookman-Edmonston estimated average percent of water supply percolating to
useable groundwater in each subarea.  Based on an analysis by Bookman-Edmonston, the
salinity of percolated water is about 2.55 times the salinity of delivered water.  See Appendix 5A
for more detail.

As with direct groundwater recharge, RO is employed to mitigate basin salt loading.  The model
uses the following formula to calculate the groundwater impacts due to indirect recharge with
imported water:

for 2.55*TDS < BPO y = 0

for 2.55*TDS > BPO y = RO * (2.55 * TDS - BPO) * %PERC * DW * 0.00136
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Where,
y = Average annual cost of removing additional salt above BPO level ($)
RO = Unit cost of desalting ($/ton)
2.55 = Factor accounting for increase in salinity resulting from irrigation and other use
TDS = TDS level in delivered water (mg/L)
BPO = Basin Plan Objectives for TDS (mg/L)
%PERC = Percent of delivered water which percolates (%)
DW = Total delivered water (acre-feet)
0.00136 = Factor to convert mg/L to ton/acre-foot

Representative BPO values and percent of total delivered water that percolates to useable
groundwater are given in Table 9 above.  See Appendix 5A for more detail.

Model Calculation: The model calculates the average annual cost of removing excess salt over the BPO
level at a given TDS level, using the above formula.  It calculates the total cost for two TDS conditions.
The economic impact is the difference in the total annual costs associated with the two TDS levels.

 INCIDENTAL RECHARGE

Some regulatory and groundwater management agencies have established Discharge Permit
Limits (DPL) on the TDS concentration of wastewater discharges to protect the groundwater
basins.  The model calculates the TDS of wastewater by increasing the TDS of served water by a
representative increment resultant from urban use unique to each subarea.  When TDS of
imported water increases, the TDS of the wastewater increases an equal amount.  Wastewater
discharged to streams can impact the groundwater when its TDS exceeds the DPL for that
wastewater facility.  The method of mitigation for this study was demineralization by reverse
osmosis.

Based on review of the available data, the average RO costs for wastewater and recycled water
projects are estimated to be $560/ton and $780/ton of salt removed for coastal and inland areas,
respectively.  The cost for inland desalters is higher because of additional brine disposal
requirements.  See Appendix 5B for more detail.

Table 10 shows the average TDS load contributed by consumers and RO unit cost for each
subarea.
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Table 10
Consumer TDS Load and RO Cost

SUB-AREA
Consumer 
TDS Load 

(mg/L)

RO Cost *  
($/ton)

1.) North West 340 780
2.) San Fernando Valley - West 410 780
3.) San Fernando Valley - East 160 780
4.) San Gabriel Valley 200 780
5.) Central Los Angeles 390 560
6.) Central and West Basins 340 560
7.) Coastal Plain 200 560
8.) North West Orange County 490 560
9.) South East Orange County 250 560
10.) Western MWD 250 780
11.) Eastern MWD 220 780
12.) Upper Chino 180 780
13.) Lower Chino 230 780
14.) North San Diego 360 560
15.) South San Diego 520 560
*  Includes brine disposal costs.

The model uses the following formulas to calculate the groundwater impacts due to incidental
recharge:

for TDS < DPL y = 0
for TDS > DPL y = RO * (TDS - DPL) * AF * 0.00136

Where,
y = Average annual cost of removing additional salt above DLP level ($)
RO = Unit cost of desalting ($/ton)
TDS = TDS level in wastewater (mg/L)
DPL = Discharge Permit Limit for TDS (mg/L)
AF = Amount of wastewater discharged (acre-feet)
0.00136 = Factor to convert mg/L to ton/acre

The selected DPL used in the model are listed in Table 11.   See Appendix 5B for more detail.
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Table 11
Wastewater TDS Discharge Permit Limits

Subarea
Discharge

Permit Limits
(mg/L)

Comment

1.) North West 1,200 Oxnard Plain (Saticoy and El Rio SG)
2.) San Fernando Valley-West 950 LA River above Figueroa Street
3.) San Fernando Valley-East 950 Same as San Fernando Valley West
4.) San Gabriel Valley N/A Wastewater is conveyed out of subarea
4.) Central Los Angeles N/A Discharges to outfall/lined channels
6.) Central and West Basins N/A Discharges to outfall/lined channels
7.) Coastal Plain N/A No discharge to streams
8.) Northwest Orange Co. N/A Discharges to outfall
9.) Southeast Orange Co. N/A Discharges to outfall

10.) Western MWD 700
Based on Upper Santa Ana Reach 3
Basin Plan Limit (Table 4-1)

11.) Eastern MWD 670
Weighted average of permit limit based
on treatment plant capacity.

12.) Upper Chino 330
Same BPO for groundwater since there
is no assimilative capacity in the basin.

13.) Lower Chino 740
Water quality objectives for Chino III
sub-basin

14.) North San Diego N/A Discharges to outfall/lined channels
15.) South San Diego N/A Discharges to outfall/lined channels

Model Calculation: The model calculates the average annual cost of removing excess salt over the DPL
level at a given TDS level, using the above formulas.  It calculates the total cost for two TDS conditions.
The economic impact is the difference in the total annual costs associated with the two TDS levels.

 HOME WATER SOFTENERS IMPACTS

As the TDS and hardness of water supplies increase, more households are expected to purchase
and use water softeners.  Household use of self-regenerating water softeners contributes
additional salts to wastewater, which in turn could degrade the groundwater basins (through
incidental recharge) or limit the use of recycled water.  Based on a 1993 HYA study, the average
annual salt loading by a household is about 300 pounds per year.  The method of mitigation for
this study was removing the additional salts by reverse osmosis.  There are no impacts related to
wastewater discharged directly to the ocean.  See Appendix 5B for more detail.

The following equation calculates the economic impacts of protecting (or mitigating)
groundwater and applies to subareas where the portion of wastewater not used for water
recycling is discharged to streams or ponds:

y = A * B * C * D
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There is no economic impact to groundwater in a subarea where wastewater is discharged to the
ocean.  However, a portion of that wastewater may be used for water recycling.  The following
equation calculates the economic impact of protecting recycled water quality in those subareas:

y = A * B * C * D * E

Where,
y = Average annual cost of removing additional salt added by self-regenerating water softeners
A = Number of houses that use water softeners in each subarea
B = Ratio of self-regenerating water softeners to total water softeners in Metropolitan’s service

area
C = Average Annual salt use by a household self-regenerating water softener (0.15 ton per year)
D = Reverse osmosis unit cost ($560/ton and $780/ton for coastal and inland areas, respectively.
E = Ratio of recycled water use to total wastewater in each subarea

Model Calculation: The model calculates the average annual cost of removing additional salt at a given
TDS level, using the above formulas.  It calculates the total cost for two TDS conditions.  The economic
impact is the difference in the total annual costs associated with the two TDS levels.

WATER RECYCLING IMPACTS

This section briefly describes the approach, data, and Impact Functions used to quantify the
impacts of salinity on water recycling.  See Appendix 5B for a detailed discussion on water
recycling impacts.

Recycled water is used for landscape irrigation, direct groundwater recharge, commercial and
industrial, and seawater barrier purposes.  A portion of the recycled water applied for irrigation
percolates into the ground and eventually reaches the useable groundwater (indirect recharge).
Unless desalted, recycled water TDS is always higher than that of source water by the amount of
salt added to wastewater during each use.  Increases in TDS of recycled water could limit its
beneficial uses.  This paper includes the salinity impacts on recycled water regarding irrigation,
commercial and industrial, direct groundwater recharge, and indirect groundwater recharge.  Per
discussions with local agencies, it was concluded that salinity impacts on recycled water used for
sea water barrier purposes are not noticeable because, generally, the recycled water must be
treated for removal of other constituents such as total organic carbon, which in turn reduces TDS
concentrations.

 LANDSCAPE IRRIGATION

Based on discussions with local agencies and assumptions used by the Bureau of Reclamation’s
Southern California Comprehensive Water Reclamation and Reuse Study (SCCWRRS), recycled
water with TDS levels up to 900 mg/L is suitable for all landscape irrigation purposes.  It was
also concluded that when using recycled water with a TDS level of 900 to 1,000 mg/L, additional
recycled water must be used to leach salt from the root zone.  Based on Agricultural Salinity
Assessment and Management (ASCE 1990), various grasses can tolerate soil extract salinity
between 1900 to 6400 mg/L.  The model uses an average soil salinity of 2,560 mg/L to calculate
the leaching requirement.  The leaching requirement can be calculated using the following
formula, adopted from Wastewater Reuse for Golf Course Irrigation, Chapter 3, USGA 1994:
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LR = TDSwater / (5 * TDSsoil - TDSwater)

and substituting 2560 mg/L for TDSsoil, the formula is:

LR = TDS / (12,800 - TDS)

Where
LR = Leaching requirement as percent of total irrigation water need.
TDS = TDS level in recycled water (mg/L)

When the recycled water TDS level exceeds 1,000 mg/L, excess salt must be removed and,
therefore, the cost of reverse osmosis was employed as the mitigation measure.  Based on review
of the available data, the average recycled water rate is $460 per acre-foot and the average RO
costs for desalting wastewater and recycled water are estimated to be $560/ton and $780/ton of
salt removed for coastal and inland areas, respectively.

The model uses the following formulas to calculate the salinity impacts on use of recycled water
for irrigation purposes:

for TDS < 900 y = 0
for 900 < TDS <1,000 y = LR * RATE
for TDS > 1,000 y = RO * (TDS - 900) * AF * 0.00136

Where:
y = Average annual cost of purchasing additional leaching water or removing additional salt ($)
LR = Leaching requirement (AF)
RATE = Average recycled water rate ($460/AF)
RO = Unit cost of desalting ($/ton)
AF = Amount of recycled water uses for irrigation (acre-feet)
TDS = TDS level in recycled water (mg/L)
0.00136 = Factor to convert mg/L to ton/acre

Model Calculation: The model calculates the cost for purchasing additional leaching water or removing
the additional salt at a given TDS level, using the above formulas.  It calculates the total cost for two TDS
conditions.  The economic impact is the difference in the total annual costs associated with the two TDS
levels.

 COMMERCIAL AND INDUSTRIAL

Recycled water is mainly used for boiler feed water and cooling purposes. Commercial and
industrial use of recycled water is fairly new and, therefore, there is not much data to quantify
the percent use for various purposes.  Hence, we estimated that 50 percent of recycled water is
used for boilers and 50 percent for cooling.  Using the Impact Functions for boilers and cooling
towers (see Industrial Impacts Section), the annual cost for boiler feed water and cooling is
$0.83/AF per mg/L of salinity.

The model used the following formula to calculate the commercial and industrial impacts of
recycled water:
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y = 0.83 * AF * TDS

Where,
y = Average annual cost of additional water purchases and treatment ($)
AF = Annual commercial/industrial recycled water use (acre-feet)
TDS = TDS level in recycled water (mg/L)

Model Calculation: The model calculates the annual costs by multiplying the amount of recycled water
used for commercial and industrial purposes by the TDS of recycled water and by 0.83.  It calculates the
total annual costs for two TDS conditions.  The economic impact is the difference in the total annual costs
associated with the two TDS levels.

 DIRECT GROUNDWATER RECHARGE WITH RECYCLED WATER

The Regional Water Quality Control Boards have established BPOs for groundwater recharge
with recycled water.  For modeling purposes, representative BPOs were set for each subarea and
are presented in Table 12.  Note that BPOs in Tables 9 and 12 may differ because of the different
location of water application within the subarea.  See Appendix 5B for more detail.  Basins were
considered to have assimilative capacity for recharge water with TDS below the BPO and would
require mitigation for recharge water with TDS above the BPO.   The method of measuring
mitigation for this study was demineralization by reverse osmosis.  Based on review of the
available data, the average RO costs for desalting wastewater and recycled water are estimated to
be $560/ton and $780/ton of salt removed for coastal and inland areas, respectively.

The model uses the following formulas to calculate the groundwater impacts due to direct
recharge with recycled water:

for TDS < BPO y = 0
for TDS > BPO y = RO * (TDS - BPO) * AF * 0.00136

Where,
y = Average annual cost of removing additional salt above BPO level ($)
RO = Unit cost of desalting recycled water ($/ton)
TDS = TDS level in recycled water (mg/L)
BPO = Basin Plan Objectives for TDS (mg/L)
AF = Amount of replenishment recycled water (acre-feet)
0.00136 = Factor to convert mg/L to ton/acre-foot

Representative BPO values are given in Table 12.  See Appendix 5B for more detail.
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Table 12
Water Recycling - BPO and % percolation

SUB-AREA BPO   (mg/L)

% of Irrigation 
Water which 

Percolates To 
Useable 

Groundwater
1.) North West 1200 8%
2.) San Fernando Valley - West 700 33%
3.) San Fernando Valley - East 700 33%
4.) San Gabriel Valley 450 33%
5.) Central Los Angeles 700 2%
6.) Central and West Basins 700 8%
7.) Coastal Plain 700 2%
8.) North West Orange County 600 12%
9.) South East Orange County 600 2%
10.) Western MWD 700 25%
11.) Eastern MWD 1350 17%
12.) Upper Chino 330 33%
13.) Lower Chino 330 8%
14.) North San Diego 1500 2%
15.) South San Diego 1500 2%

Model Calculation: The model calculates the average annual cost of removing excess salt over the BPO
level at a given TDS level, using the above formulas.  It calculates the total cost for two TDS conditions.
The economic impact is the difference in the total annual costs associated with the two TDS levels.

 INDIRECT GROUNDWATER RECHARGE WITH RECYCLED WATER

A portion of the recycled water applied for irrigation percolates into the ground and eventually
reaches the useable groundwater.  The percent of recycled water, which percolates into the
useable groundwater, is shown in Table 12 above.  These values were derived using the same
basic approach for indirect recharge of potable water.  Based on an analysis by Bookman-
Edmonston, the salinity of percolated water is about 2.55 times the salinity of recycled water
used for irrigation.  See Appendix 5B for more detail.

As with direct groundwater recharge, RO is employed to measure the mitigation of basin salt
loading.  The model uses the following formula to calculate the groundwater impacts due to
indirect recharge with recycled water:

for 2.55*TDS < BPO y = 0
for 2.55*TDS > BPO y = RO * (2.55 * TDS - BPO) * %PERC * AF * 0.00136

Where,
y = Average annual cost of removing additional salt above BPO level ($)
RO = Unit cost of desalting recycled water ($/ton)
2.55 = Factor accounting for increase in salinity resulting from irrigation
TDS = TDS level in recycled water (mg/L)
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BPO = Basin Plan Objectives for TDS (mg/L)
%PERC = Percent of recycled water which percolates (%)
AF = Total recycled water used for irrigation (AF)
0.00136 = Factor to convert mg/L to ton/acre-foot

Model Calculation: The model calculates the average annual cost of removing excess salt over the BPO
level at a given TDS level, using the above formulas.  It calculates the total cost for two TDS conditions.
The economic impact is the difference in the total annual costs associated with the two TDS levels.

APPENDICES
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ECONOMIC IMPACTS MODEL, BOOKMAN-EDMONSTON
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ABBREVIATIONS AND DEFINITIONS
ABS Acrylic butylene Styrene (plastic used for wastewater pipe)
AF Acre-feet or Acre-foot.  A term used in measuring the volume of water equal to the

quantity of water required to cover 1 acre 1 foot in depth, or 43,560 cu foot.
AFY Acre-feet per year
ASTM American Society for Testing and Materials
CaCO3 Calcium carbonate (used as an index of water hardness)
CWT- Hundredweight (=100 pounds)

Hardness A characteristic of water, chiefly due to the existence therein of the carbonates
and sulfates and occasionally the nitrates and chlorides of calcium, iron, and
magnesium, which causes “curdling” of the water when soap is used, an increased
consumption of soap, the deposition of scale in boilers, injurious effects in some
industrial processes, and sometimes objectionable taste in water.  It is commonly
computed from the amounts of calcium and magnesium in the water and
expressed as equivalent calcium carbonate.

mg/L Milligram per liter
OLAC Orange and Los Angeles Counties (Joint sponsors of the 1982 water reuse study

which is referred to as the OLAC report.
pH The negative logarithm of the effective hydrogen ion concentration which

is used as a scale to express degree of acidity/alkalinity.
ppm Parts per million
PVC Polyvinyl chloride (plastic used for water and wastewater pipe).
RO Reverse osmosis which is the forced passage of water through a membrane

against the natural osmotic pressure to accomplish separation of water and ions.
Salinity or total dissolved solids (TDS), commonly expressed in milligrams per liter

(mg\L), are mineral salts dissolved in water.
Scale An accumulation of solid material, precipitated out of waters containing certain

mineral salts in solution, and formed on the interior surfaces of pipelines, tanks,
boilers, etc. under certain physical conditions.

SIC Standard Industrial Classification
Softening The process of removing from water certain mineral substances, which produce a

condition, called hardness.  Two softening processes in general use include
chemical precipitation and zeolite process.

TDS Total Dissolved Solids
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SECTION 1
INTRODUCTION

The Metropolitan Water District of Southern California (Metropolitan) and the Bureau of
Reclamation (USBR) are refining an existing economic model to evaluate the economic impacts
of salinity in water supplies.  Metropolitan’s objective is to develop a model to more accurately
estimate the economic impacts of salinity to residential, commercial, industrial, and agricultural
water users as well as groundwater, recycled water, and water and wastewater utilities.  Impacts
are sensitive to TDS changes of the imported water supplies and Metropolitan’s blending policy.
Therefore, Metropolitan’s service area is divided into 15 subareas as shown in Figure 1-1 to
reflect unique water supply and impact conditions.

Figure 1-1
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9  - South OC
10 - Western
11 - Eastern
12 - Upper Chino
13 - Lower Chino
14 - San Diego - North
15 - San Diego -South

1  - North West
2  - SF Valley - West
3  - SF Valley - East
4  - San Gabriel
5  - Central LA
6  - Central & West
7  - Coastal Plain
8  - North OC

Analytical Subareas

Pacific Ocean

The model is to be developed in a format, which is generic, and applicable to other areas served
by the USBR with minor modifications.  Agricultural impact functions are specific to
Metropolitan’s service area.  The purpose of this report is to develop and provide data to be
utilized in the model of economic impacts.
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 SALINITY AND HARDNESS

The term salinity is used throughout this report with reference to economic impacts.  Many, if
not most of the impact functions related to water quality are associated with hardness.  (Note:
Hardness is usually expressed in mg/L as CaCO3 and Salinity or Total Dissolved Solids (TDS) is
expressed in mg/L.)  Review of the data indicates that for Southern California waters, the
hardness of each source tends to vary linearly with the salinity.  If the salinity of a given water
increases by 20 percent, the hardness will also increase by 20 percent.

The total hardness, as a percent of the salinity, does vary for different sources of water.  For
Colorado River water, the hardness is about 47 percent of the salinity.  For State Project water
and Los Angeles Aqueduct water, the hardness is about 37 percent of salinity.  Groundwater
hardness varies normally from 50 to 60 percent of salinity with some values reaching as high as
68 percent.  Recycled water has a hardness of 35 to 40 percent of salinity.

The linear relationship between hardness and salinity tends to remain relatively stable.  For
example, for Colorado River water, between 1973 and 1996, the ratio has averaged 47 percent
and on an annual basis has varied between 45  and 51 percent.  State Project water measured on
the East Branch has had an average hardness of 37 percent with values for individual years
ranging from 35  to 47 percent.  Since 1975, the relationship between hardness and salinity at
Whittier Narrows Water Reclamation Plant for recycled water has averaged 37 percent and
varied between 34  and 39 percent.

Because the salinity and hardness of individual water supplies are linear, the use of salinity as a
measure of impacts is valid.  In addition, there is generally a linear relationship between TDS
and other constituents such as sodium, chloride, and sulfate.

 SCOPE OF REPORT

Included in this report are sections addressing the following major areas:

 Residential, including single family and multiple family;

 Commercial and institutional including schools and hospitals;

 Industrial;

 Agriculture;

 Water and wastewater utilities; and

 Groundwater basins (Indirect Recharge).

The impacts on groundwater (direct recharge and incidental recharge due to wastewater
discharges) and recycled water are prepared by Metropolitan staff in a separate document.

This report was prepared by Bookman Edmonston Engineering, Inc. with assistance from
Metropolitan staff.  The residential data reported in Section 2 was prepared by Lee & Ro, Inc.
Lee and Ro, Inc. also participated in acquiring data for Sections 3 and 4, Commercial and
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Industrial impacts.  Additional data on industrial impacts was obtained from Puckorius &
Associates, Inc.  Agricultural data and input was obtained from the Bureau of Reclamation.
Considerable input was obtained from a working group of member agency representatives and
other interested parties who met several times at Metropolitan’s invitation to review and provide
input to the model.
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SECTION 2
RESIDENTIAL IMPACTS

INTRODUCTION

The salinity level of water in the Metropolitan Water District of Southern California’s
(Metropolitan’s) service area results in economic impacts to residential customers.  Quantifying
these and other economic impacts provides guidance for appropriate levels of investment to
reduce salinity, for distribution of water supplies with varying salinity levels, and for evaluation
of source control efforts.

The Bureau of Reclamation (USBR) is also concerned with the impacts of salinity.  In 1988, the
USBR published a study prepared by the Milliken Chapman Research Group (Milliken-
Chapman 1988).  Milliken-Chapman estimated the economic impacts of salinity on users of
Colorado River water.  Most of that effort went to compiling data from previous studies and
preparing a computer model, which applied these data to areas served by the Colorado River.
The study addressed several broad categories of impacts:

 Impacts to irrigated agriculture.

 Impacts to households (including damages to commercial).

 Physical and economic impacts to water and wastewater utilities.

 Policy-induced impacts to water and wastewater utilities.

 Impacts to industries.

The model structure and data of Milliken-Chapman provided a starting point for this economic
impact analysis.  The computer model, previously constructed as a Lotus spreadsheet, has been
converted to an Excel spreadsheet.  In a joint effort, the data inputs to the model are being
updated, and the format of the spreadsheet is being adapted to be generic in nature for use by
Metropolitan and others.

Most existing literature consists of a series of interrelated studies.  The researchers involved in
preparing Andersen and Kleinman (1978), which included D’Arge and Eubanks (1978) as an
appendix, prepared many additional studies that tended to repackage the data found in the earlier
studies.  Robert A. Young, one of the researchers who worked with Andersen and Kleinman, was
an author of the only significant post-Milliken Chapman Research Group studies: Ragan (1993).
Ragan’s studies did not use data from earlier studies. Instead, data was collected from
communities along the Arkansas River. Ragan performed extensive household surveys and used
sophisticated statistical techniques to calculate the impacts (as opposed to the heavy reliance on
anecdotal evidence from plumbing contractors and building officials that was typical of the
earlier studies).

This analysis reviews and updates existing literature. Updates include:

 evaluation of changes in purchase costs
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 evaluation of changes in construction practices

 evaluation of changes in housing stock

 evaluation of changes in technology

 updating of population data

 updating of water quality data

Consistent with earlier studies, salinity is quantified as milligrams per liter (mg/L) of total
dissolved solids (TDS).

The economic impacts on residential users of water with high salinity levels can be classified
into three categories:

1. reduced life of water-using appliances and plumbing;

2. avoidance of salinity impacts by purchase of dispensed water and home water treatment
devices; and

3. reduced efficiency of water heaters and detergents.

These individual economic impacts become input into the model.  Impacts are aggregated by
fifteen salinity subareas.  The salinity subareas were selected for similarity of overall supply
TDS levels.  The model sums the economic impacts for all households in each subarea based on
changes in TDS levels in that subarea.

 ECONOMIC IMPACTS OF REDUCED LIFE OF WATER-USING APPLIANCES AND
PLUMBING

Economic impacts of reduced life for water-using appliances and plumbing are calculated by
determining the life span of the appliance or plumbing at different salinity levels.  If higher
salinity levels reduce the life span, the annualized cost of purchasing the appliance increases. For
example, a $100 appliance lasting five years has an annual cost of $20.  If the appliance lasted
ten years at a lower salinity level, the annual cost would be $10.  As appliances and plumbing are
purchased at a relatively constant rate over time, the impacts of a discount rate are negligible.
Costs for purchase and installation of water using appliances have been established by
interviewing contractors, surveying appliance stores, and using cost estimating manuals.

Table 2-1 summarizes the inputs to the model for calculating the economic impacts of salinity on
water using appliances and plumbing.  Based on this review of available information, there is no
basis to quantify any changes in the impact functions previously identified in the 1988 study for
these items.
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Table 2-1

ECONOMIC IMPACTS OF REDUCED LIFE OF WATER USING APPLIANCES AND PLUMBING
(1996 Price Level)

Appliance/Plumbing Item Percent of
Residences

with Appliance

Replacement
Cost

Life Span in Years as a Function of TDS in mg/L

Galvanized steel water supply
pipes1

13% $2,600 12 + exp(3.4 - 0.0018 TDS)

Water Heater 97% $300 14.63 - 0.013 TDS + 0.689 (10 -5)TDS2 - 0.11 (10 -8)TDS 3

Faucet 100% $442 11.55 - 3.05 (10 -3)TDS
Garbage Disposal 75% $120 9.23 - 3.87 (10 -3)TDS + 1.13 (10 -6)TDS2

Washing Machine 67% $425 14.42 - 0.011 TDS + 4.6 (10 –5)TDS2

Dishwasher 51% $450 14.42 - 0.011 TDS + 4.6 (10 -5)TDS2

1 Equation from Tihansky (1974)

Copper Water Supply Pipes

None of the existing studies found statistically significant relationships between the life of
copper pipe and TDS.  Orange County Water District (OCWD, 1972), did not find a relationship
based on household surveys.  D’Arge and Eubanks (1978), surveying portions of Orange and Los
Angeles counties found an unanticipated relationship: the higher the TDS, the longer the life
span. D’Arge and Eubanks note that their result is not statistically significant.  Milliken-
Chapman, reviewing existing studies, did not find evidence of a relationship between TDS and
life span of copper water pipe.

Singley (1985), lists dissolved oxygen, pH, free carbon dioxide (carbonic acid), and temperature
as the main factors affecting uniform corrosion of copper pipe. According to Singley, pitting of
copper in the United States has been associated with cold, hard, well water; and with soft water
in the hottest portions of a hot water system.

Building officials and plumbers in the San Gabriel Valley indicate that in those locations where
the life span of copper pipe is affected by pitting, dissolved oxygen is the primary factor.
Because of this problem, plastic pipes are allowed in some county areas, and the City of Duarte
requires that Type L copper pipes be used rather than Type M copper.  Type L is approximately
40 percent thicker in 1/2 and 3/4-inch sizes typical of residential plumbing.

There is insufficient evidence of a significant relationship between TDS and the life of copper
piping.  No impacts are included in this analysis.

Galvanized Steel Water Supply Pipes

Milliken-Chapman, summarizing data from earlier studies of the relationship between TDS and
the life span of galvanized pipe, noted that the data was erratic.  They used the relationship found
by Tihansky (1974).  No studies have addressed the issue since Milliken-Chapman.

There is a need to determine how many residences have galvanized (as opposed to copper or
plastic) pipes.
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OCWD (1972), found that 43 percent of residential water supply piping was galvanized; 53
percent, copper; and the remaining 4 percent, plastic (ignoring cases where the resident did not
know what their pipe material was).  The average housing age in that survey was eleven years.

During the 1960’s, copper pipe became more economical material than galvanized pipe for
above ground installation, and PVC pipe, more economical for below ground installation.  Thus,
galvanized pipe fell out of favor as a material for residential water supply piping.

Based on California Department of Finance data, the number of residential units in the six
Southern California Counties in 1970 was 3,989,007 and in 1995 was 6,508,101.

A plausible estimate can be made of the percentage of residences with galvanized water piping
(note that the percentage will decrease with time) based on the above data:

1. Per discussions with building officials, post-1972 homes have copper or plastic water
supply pipes.

2. Accept the OCWD data that in 1972, 43 percent of residential water supply piping
was galvanized.

3. As these pre-1972 homes are now more than 25 years old, at least half of them have
been re-piped with copper according to our data on the life span of galvanized piping.

4. Use the Department of Finance housing data to estimate the percentage of residences
built prior to 1972.

Based on the above estimates, the percentage of residences with galvanized water supply pipes is
calculated to be:

0.43 * 0.5 * (3,989,007/6,508,101) = 13 percent

This value is sensitive to some of the estimations:  If the median life span of galvanized piping is
much longer than 25 years, then the percentage of residences with galvanized pipe would be
higher.  Many of the pre-1972 homes are much older than 25 years today.  No allowance has
been made for demolished units or units with plumbing replaced as part of a remodel.   Much, if
not most, of the useful life of existing galvanized pipes has already expired.

With the above cautions, the economic impact of reduced life of galvanized water pipes due to
TDS is included in these calculations.  Milliken-Chapman equations are used for calculating the
life span.

The estimated cost to re-pipe a typical existing household in 1996 dollars is $2,600.  Note that as
approximately 50 percent of all existing household units are either single-family-attached or
multi-family, this is less than the cost to re-pipe a detached single family residence.



TECHNICAL APPENDIX 5 ECONOMIC IMPACTS OF CHANGES
IN WATER SUPPLY SALINITY

���������	���
���

E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C . TA5A - 8

Waste Water Pipes

The vast majority of waste water pipes in the Metropolitan service area consists of vitrified clay,
cast iron or plastic.  Discussions with building and safety departments, plumbing contractors and
plumbing supply houses indicate that since approximately 1970, the dominant residential waste
pipe material has been plastic (mostly ABS, but also some PVC). The transition to plastic
occurred during the late 1960’s.

Only two existing studies addressed impacts of salinity on cast iron pipes.  D’Arge and  Eubanks
(1978), did not find any statistically significant relationship between TDS and the life of cast iron
waste pipe. Black & Veatch (1967) presented data points for the expected life of cast iron pipe as
a function of TDS, but had only four data points at TDS levels less than 1,400 mg/L, all of which
were inconclusive.

Other studies either did not address waste water pipes at all or collected data for galvanized or
copper waste pipes.

Those studies, which addressed plastic pipe, either water or wastewater, found no statistically
significant data.  This is consistent with standard engineering practices of using plastics in highly
corrosive service.  Also, there is no evidence to indicate that vitrified clay is affected by salinity.

Based upon this review of available information, there is no evidence that salinity impacts the
life span of waste water pipes in the Metropolitan service area.  No impacts are included in this
investigation.

Water Heaters

Most investigations did find a correlation between TDS and the life of water heaters. Milliken-
Chapman compiled data from earlier studies.  Ragan (1993), using more rigorous survey and
statistical techniques, also found a relationship.

Nearly all water heaters have glass-lined steel tanks and have had them since some time before
1960.  Plastic tanks are available from Sears, but make up a negligible proportion of the market.
While one would presume that there have been improvements in the quality of materials and
construction, we have no basis to quantify any change in the impact functions previous
identified.  Thus, earlier studies have not been adjusted for technology changes.

While there is speculation on the relationship between the use of water softeners and the life span
of water heaters, there is no data to establish what that relationship may be.  A case could be
made that water softeners either increase or decrease the life span of water heaters.  There is no
basis to quantify the life span of water heaters as a function of water softener use.  Thus, no
adjustment has been made for the presence of water softeners.  Milliken-Chapman’s relationship
is used in this analysis.  The estimated installed cost in 1996 dollars of a 40-gallon gas water
heater is $300.  Based on 1993 census data, there are 0.97 water heaters per household.
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Faucets

Several studies report data on faucets.  Each of these studies notes that the data gathered was
extremely inconsistent.  Coe (1982), and OCWD (1972) noted that their data were not
statistically significant.  Patterson & Banker (1968), who reported on data collected by Black &
Veatch (1967), speculated that the "wide dispersion of data is possibly due to wide variations in
water faucet material quality."  D’Arge and Eubanks (1978) did find what was considered to be a
statistically significant relationship.  Milliken-Chapman aggregated the data from these studies.

While manufacturing technology has changed (more plastics, reduced lead), there is no basis to
quantify the impacts of these changes on the life span of faucets.  The results of the Milliken-
Chapman’s study have been used in this analysis.  The estimated installed cost at 1996 price
level of faucets in the typical residence is $442.

Garbage Disposals

Milliken-Chapman developed a relationship between TDS and life span of garbage disposals
based on Coe (1982), Patterson & Banker (1968), D’Arge & Eubanks (1978), OCWD (1972),
and Tihansky (1974).  Ragan’s (1993) more statistically rigorous study confirms that there is a
relationship.  Milliken-Chapman’s relationship is used in this study.  The estimated installed cost
in 1996 dollars of a garbage disposal unit is $120.  No census data exists for the number of
garbage disposals per household.  The Los Angeles Times (October 11, 1997) estimated that 75
percent of homes in California have garbage disposals. For this analysis, it is estimated that 75
percent of residences have garbage disposal units.

Toilet Flushing Mechanisms

While Black & Veatch (1967) found a relationship between the life span of toilet tank
mechanisms and TDS, toilet mechanisms were manufactured with copper and brass at that time.
Today, toilet flushing mechanisms are made of plastic with small amounts of stainless steel and
occasionally copper alloy screws.  Technology has changed substantially and the available data
is not applicable to existing technology.  Plastic is inert in saline solutions.

No statistically significant relationship was found between life of modern toilet flushing
mechanisms and TDS levels in those studies that applied statistical analysis to their data.  There
are no identifiable economic impacts from TDS on toilet flushing mechanisms.  Thus, no impacts
are included in this investigation.

Washing Machines

Coe (1982), D’Arge and Eubanks (1978), and Ragan (1993) found the relationship between TDS
and the life span of washing machines to be statistically significant. Black & Veatch (1967), and
Milliken-Chapman (Lohman 1988) combined the data on washing machines and dishwashers.

Discussions with a major Maytag dealership indicate that roughly 10 percent of Maytag’s
washers now come with plastic tubs.  Also, pump impellers and volutes are plastic.  While it
appears likely that these changes have reduced the impacts of salinity, we have no basis to
quantify the change.  Milliken-Chapman’s relationship is used for this study.  The estimated cost
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in 1996 dollars for a washing machine (installation is generally included in the delivery price) is
$425.  The percentage of residences with washing machine units, per 1993 census data, is 67
percent.

Dishwashers

Ragan (1993) did not find the relationship between dishwasher life span and TDS to be
statistically significant at the 10 percent level.  Coe (1982), did not address dishwashers. D’Arge
and Eubanks (1978), found a statistically significant relationship.  Black & Veatch (1967) and
Milliken-Chapman combined washing machines and dishwashers.

There were no data available to quantify the impacts of changes in materials.  Milliken-
Chapman’s relationship is used for this study.  The estimated installed cost for a dishwasher in
1996 dollars is $450.  The percentage of residences with dishwashers,  based on 1993 census
data, is 51 percent.

Motor Vehicle Cooling Systems

Review of published literature from the motor vehicle industry (Dorward, 1978; Fedco, no date;
Sundberg, 1987) reveals no concern with internal corrosion in a properly maintained radiator.
All discussion of corrosion in these references focus on external corrosion.

The only research report into the impacts of TDS on motor vehicle cooling systems was
Milliken-Chapman (Lohman 1988).  Their investigations found TDS induced damage to
automotive cooling system.  Milliken-Chapman’s data came from Chrysler Motors; the ASTM
Committee D-15 on Engine Coolants membership; and the Chairman of the ASTM Committee
D-15 on Engine Coolants, Roy E. Beal.  While Milliken-Chapman states that they used data from
General Motors Research Laboratories, that data is not quoted.

Chrysler Motors addressed chloride levels above 300 mg/L.  Chloride levels as a percentage of
TDS  vary from 14 percent in Colorado River, through 20 to 25 percent of TDS in the West
Branch of the State Water Project, to a roughly 33 percent in the East Branch of the State Water
Project.  Thus, the Chrysler Motors data is relevant to TDS levels above 900 mg/L  for East
Branch water and above 2100 mg/L for Colorado River water.

The ASTM Committee D-15 membership was more concerned with chloride levels.  They
addressed a level as low as 100 mg/L (equivalent to 300 mg/L TDS for East Branch and 714 for
Colorado River).  Mr. Beal, Chairman of the ASTM Committee D-15 commented "We would
slightly disagree with Chrysler in that we know 100 ppm [chloride] or above is too much and
causes premature cooling system failure."  He gives no other quantification.

For this study, Ernest M. Weber interviewed ten new car dealer service departments, independent
automotive repair garages, and radiator service facilities (Weber, 1997).  He found that major
changes in motor vehicle cooling systems and coolants since 1985 have led to significant
reductions in the repair frequency of vehicular cooling systems.  None of these operators of
repair facilities were knowledgeable about local water quality or made an effort to use other than
regular tap water when servicing such systems.
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While the above discussion does not prove there is no impact from salinity on motor vehicle
cooling systems, an attempt to quantify a possible impact from the above data would require
addressing the following issues:

 Our discussions with the industry indicate that at any TDS level, radiators must be
regularly maintained.  We have not found any data from which we can infer different
maintenance periods for different levels of TDS.  This implies that if TDS levels are a
factor in internal corrosion, they are not a significant enough factor to affect maintenance.

 The lack of knowledge/concern about water quality within the automotive repair
profession implies that water quality is not a significant problem.

 As construction of radiators and coolants has changed significantly in the last decade, the
data we have from Milliken-Chapman would not apply to newer cars or to any cars using
modern coolants.   If the data applies to any vehicles, it applies only to older vehicles and
those that are not properly maintained.

 The more conservative data points in the available data (Chrysler) states that economic
impacts start at TDS levels above any anticipated for Metropolitan water sources.

 The data we have, from which we could infer an economic impact, is based on chloride
levels and not on TDS.  Chlorides as a percentage of TDS vary substantially with the
water source, and any calculations would require revising the model to reflect the salinity
constituents of various water sources.

There is no quantifiable evidence that TDS levels impact the life span of modern motor vehicle
cooling systems.

No economic impacts of salinity on automotive radiators are included in this analysis.

 ECONOMIC IMPACTS OF AVOIDANCE OF SALINITY IMPACTS BY PURCHASE OF
DISPENSED WATER AND HOME WATER TREATMENT

In order to avoid the impacts of high salinity, residents may choose to purchase dispensed water
or to install home water treatment systems.  Studies have established that there is a relationship
between dispensed water purchase and TDS, and between installation of water softeners and
TDS.

These impacts are quantified by determining the additional expenditures as salinity increases.

 Home Water Softeners
Information on usage of home water softeners was collected by Bruvold (1976), Black & Veatch
(1967), Howson (1962), Ragan (1993), and OCWD (1972).  Bruvold and Ragan have the most
complete and meticulous data.   Both found strong correlation between TDS and use of Water
Softeners.  But there are serious limitations in the applicability of both studies to this
investigation. Bruvold’s data is over twenty years old and does not include information for TDS
levels over 750 mg/l.  Ragan’s data was collected along the Arkansas River.
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Due to these limitations, additional data collection and was performed within Metropolitan’s
service area.  Telephone surveys of residences with the service area were performed in January
and March 1998 and the data quantified in April and May 1998.  This investigation by M. Cubed
and Freeman-Sullivan Co. (“Estimated Consumer Expenditures to Avoid Higher Salinity Water
in Domestic Tap Water in the Metropolitan Water District of Southern California’s Service
Area”. May 8, 1998) is included as Attachment 1.

M. Cubed and Freeman-Sullivan found a positive correlation between use of water softeners and
TDS.  In addition, they found a positive correlation between water softeners and both income
and size of household.  The estimated annual cost of a water softener is $324 (1996 dollars).
Table 2-2 summarizes the inputs to the model for calculating the economic impacts of salinity on
use of home water softeners.

 Dispensed Water and Home Treatment of Drinking Water
Previous studies investigating the impact of TDS on dispensed water use include Black & Veatch
(1967), Tihansky (1974), OCWD (1972), Coe (1982) and Bruvold (1976 and 1990). Bruvold is
the most meticulous study.  He collected data from 100 households in each of fifteen separate
communities within California. The data included percentage of households using dispensed
water, amount used and expenditures as a function of TDS.

On first reflection, many water resource planners are very uncomfortable with the idea that there
is a correlation between purchase of dispensed water and TDS.  To some extent this is due to a
belief that purchase of dispensed water is predominately the result of a highly effective
advertising campaign rather than due to the taste impacts of salinity.  Bruvold carefully
addressed this issue.  He performed both laboratory taste tests and field surveys confirming that
the higher the TDS level the poorer the taste of water.

While Bruvold’s investigations were thorough and meticulous, his data is over twenty years old.
The market for dispensed water and home treatment technology have changed substantially since
then.  Thus additional data collection and analysis has been done.  Telephone surveys were
performed within Metropolitan’s service area during January and March 1998, and the data
quantified in April and May 1998.  This investigation was conducted by M. Cubed and Freeman-
Sullivan Co. (see Attachment 1).

Their investigation found a relationship between TDS and total dispensed water purchase and
use of home filtration systems for drinking water.  Dispensed water use increases with increased
TDS levels.  Installation of home filter systems increases with the installation of water softeners
(which is itself a function of TDS).

Table 2-2 summarizes the inputs to the model for calculating the economic impacts of salinity on
purchases of dispensed water and home filtration systems.
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Table 2-2

ECONOMIC IMPACTS OF AVOIDANCE OF SALINITY IMPACTS BY PURCHASE OF
DISPENSED WATER, HOME FILTRATION SYSTEMS, AND WATER SOFTENERS

(1996 Price Level)

Avoidance Method Annual Cost per Household as Function of TDS.
(($/year)/(mg/L))

Home water softeners $324 *[6.758 + (0.007 * TDS + 3.01(10)-6 * TDS2) +
(2.2(10)-10 * TDS3)]

Dispensed Water and Home Filtration Systems $62 * (0.611 + 0.0000323 * TDS)

ECONOMIC IMPACTS OF REDUCED EFFICIENCY

 Reduced Efficiency of Water Heaters
The Gas Research Institute investigated the effect of water quality on residential water heater
efficiency.  Their test program operated water heaters for four years under accelerated test
conditions.  The water heaters’ recovery efficiencies were re-measured at approximately 6-month
intervals.  After 60 pounds of scale buildup in those gas water heaters operated with hard water
(representing about 20 years of normal use in hard water), the overall efficiency dropped by 3
percent.  There was no impact on the efficiency of electric water heaters.

A new, 40-gallon water heater uses from 235 to 278 therms per year and Southern California Gas
Company’s baseline charge for a term (which varies monthly) is approximately $ 0.50.  Thus,
energy cost for a gas water heater is approximately $130 per year.

Available data does not support any hypothesis about the relationship between water heater
efficiency and specific TDS levels within the Metropolitan service area.  One could infer from
the above data and the expected life span of a water heater in Metropolitan’s service area
(approximately nine years) that the efficiency of a water heater drops by a little more than one-
percent by the end of its life.  We do not have a basis to make this a function of TDS; the number
is highly speculative, and it would be a negligible fraction of total household impacts from hard
water.  No economic impacts from reduced efficiency of water heaters are included in this
analysis.

 Reduced Efficiency of Detergent and Soap
DeBoer (1961), found a cleaning product cost related to hardness: Annual per capita cost
(1961 dollars) of cleaning products went from $11 to $13 (1961 price level) as hardness went
from 100 to 450 mg/L as CaCO3.  But, the composition of detergents has changed substantially
since 1961.  Ragan (1993) found a small, but statistically significant relationship: an increase of
approximately 1/10 cup detergent per load as TDS increased from 0 to 4,000 mg/L.  The
consumer relations departments of detergent manufacturers (Procter and Gamble, Lever Brothers
and Colgate-Palmolive Company) inquire about hardness levels when they receive inquiries
from consumers about poor performance of detergents.  While they recommend using more
detergent when the water is hard, they do not quantify the recommendation.
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M. Cubed and Freeman-Sullivan reviewed data previously collected as part of the High-
Efficiency Laundry Metering and Marketing Analysis for The Electric Power Research Institute
for relationships between TDS and detergent use (See Appendix A).  An overall effect of TDS
on detergent use could not be derived.

While there is a relationship between TDS and the efficiency of detergents and soaps, there is not
enough information to quantify an increased use of detergent or soap due to TDS within
Metropolitan’s service area.
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SECTION 3
COMMERCIAL/INSTITUTIONALIMPACTS

Procedures for estimating the economic impact on commercial and institutional water users from
utilizing water with increasing salinity are presented in this section.  In this report, the types of
water uses by commercial/institutional customers were determined.  Such uses include
sanitation, cooling, laundry, turf and garden irrigation, and kitchen.  This characterization of
water use for this economic impact evaluation allows a more accurate assessment than has
historically been conducted.

BACKGROUND

Commercial/institutional water use is defined differently by various retail water utilities,
basically for billing purposes.  To standardize definitions, the commercial/institutional water use
definition in this study is utilized by the Metropolitan Water District of Southern California
(Metropolitan) in its Regional Urban Water Management Plan - 1995 and other documents.
Metropolitan separates commercial and institutional water use as a separate subset for purposes
of projections of water use.

Many retail water utilities classify apartments as commercial units for billing purposes.  In
Metropolitan’s water use projections and in this study, apartments are classified as multiple
residential.  Also, the irrigation of turf for schools, golf courses, parks, and other municipal
purposes are included with commercial/institutional water use.  Commercial/institutional is
sometimes referred to only as “commercial.”

In the preliminary estimate of economic impacts, commercial/institutional impacts were
measured as 26 percent of residential impacts.  This preliminary assumption was based on the
ratio of commercial/institutional water use to residential water use in 1994. The basis of this
assumption are the data from Metropolitan’s Urban Water Management Plan - 1995.

AMOUNT OF COMMERCIAL WATER USE

The commercial water use in Metropolitan’s service area exceeds 500,000 acre-feet per year.
Table 3-1 presents Metropolitan’s historical (1994) and projected (2010) commercial water use
(Metropolitan - Regional Urban Water Management Plan - 1995).  Also shown are residential
water use, and commercial water use as a percentage of residential use.  This shows that in 1994,
commercial water use was determined to be 552,000 AF or 26 percent of the residential water
use.   It is projected by Metropolitan to increase to nearly 900,000 AF by 2010, or 33 percent of
residential water use.
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Table 3-1

COMMERCIAL/INSTITUTIONAL WATER USE AND PERCENTAGE OF
RESIDENTIAL USE IN METROPOLITAN’S SERVICE AREA

Water Use
(1000 acre-feet)County

Residential Commercial

Commercial/
Residential

(%)
1994

Los Angeles 1,065 279 26
Orange 396 99 25
Riverside 171 39 23
San Bernardino 95 36 38
San Diego 346 85 25
Ventura 72 14 19

Total 2,145 552 26
2010

Los Angeles 1,171 431 37
Orange 450 171 38
Riverside 333 67 20
San Bernardino 132 53 40
San Diego 471 136 29
Ventura 92 24 26

Total 2,650 881 33

CHARACTERIZATION OF COMMERCIAL/INSTITUTIONAL WATER USE

To estimate the economic impact of water quality, it is necessary to characterize quantitatively
the types of commercial water users.  For some uses such as sanitation and turf irrigation,
changes in salinity (within limits) have minimal impact on commercial users.  On the other hand,
hospitals and laundries may be significantly impacted. Table 3-2 presents a breakdown of
commercial water use by major groups of users in Metropolitan’s service area.  These data are
from Urban Water Use Characteristics in the Metropolitan Water District of Southern California,
dated April 1993.  These were originally developed in “Commercial and Industrial Water Use in
Southern California” by Planning and Management Consultants Ltd. (PMCL) of Carbondale,
Illinois dated March 1990.
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Table 3-2

 MAJOR TYPES OF COMMERCIAL/ INSTITUTIONAL
WATER USERS IN MWD SERVICE AREA

Commercial/Institutional
User

Percent of Total

Schools 15.0
Hospitals 13.2
Hotels/Motels 11.1
Amusement/Recreation 9.5
Colleges/Universities 7.7
Nursing Homes 4.8
Restaurants 4.4
Public Administrations 4.4
Laundries 1.2
Real Estate Developments 3.9
Others 21.8
Source: Urban Water Use Characteristics in the Metropolitan Water
District of Southern California, MWD, April 1993.

To further define how these commercial entities utilize water, information from water
conservation audits performed on behalf of Metropolitan were used.  These conservation audits
describe in detail the water use characteristics of approximately 700 separate commercial and
institutional water users within Southern California, and were conducted from 1991 through
1996.

The data were obtained from a Metropolitan database.  The database includes the “standard
industrial classification” or “SIC” code for each water user. These codes define the type of
business.  Audits were prepared for all types of commercial/institutional users including schools,
hospitals, restaurants, laundries, car dealers, grocery stores, etc.

Use was also made of a report entitled “Study of Potential Water Efficiency Improvements in
Commercial Business,” Final Report, April 1997, by U. S. Environmental Protection Agency.
This report included data for commercial water users throughout the nation, but was more
heavily centered in the west.  Included were breakdowns by category of each type of user in
Burbank, Glendale, San Diego and Santa Monica in Metropolitan’s service area. Also included is
data for the East Bay Municipal Water District.  These data are helpful in confirming data from
the PMCL 1990 report and to note anomalies in the data.

Metropolitan’s April 1993 report identified 78.2 percent of the commercial/institutional use by
SIC codes and classified 21.8 percent as other.  Using data from the water conservation audits
and from the EPA 1997 report, an estimate was made of use by others. An additional 14 different
SIC codes were identified, bringing the total water use identified to 88 percent, leaving only 12
percent classified as other. A characterization of the amount of water use by
commercial/institutional groups is shown in Table 3-3.
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Table 3-3

CHARACTERIZATION OF COMMERCIAL/INSTITUTIONAL
WATER USE IN METROPOLITAN’S SERVICE AREA

SIC Code Group Percent of Commercial
Water Use

MAJOR USERS 1

821 Schools 15.0
806 Hospitals 13.2
701 Hotels, Motels, and Tourist Courts 11.1
799 Recreation 9.5
822 Colleges/Universities 7.7
805 Nursing Homes 4.8
581 Restaurants 4.4
900 Public Administration 4.4
721 Laundries 4.2
655 Residential Developers 3.9

Subtotals/Weighted Average 78.2
MINOR USERS 2

423 Trucking Terminals 0.5
491 Electric Services 1.1

531.3 Retail Stores 2.0
541 Grocery Stores 1.7
602 Banks 0.3
703 Trailer Parks 0.3
729 Misc. Personal Services 0.5
739 Misc. Business Services 2.0
754 Car Washes 0.6
783 Motion Picture Theaters 0.1
866 Religious Organizations 0.7

Subtotals/Weighted Average 9.8
All Others 12.0
Total 100.0

1      Major Users from PMCL 1990.  This study identified 78.2 percent of
Commercial/Institutional water use and listed 21.8 percent for all others.

2      Using data from MWD’s survey, the largest identified SIC users not
included with major users were identified with the percent of use based on
the percent of use from the survey.  A comparison was also made of
commercial use shown in EPA (April 1997).

3      Also includes SIC Codes 539, 569 and 571.

PROFILE OF WATER USE

Water use practices of commercial entities have been studied and characterized with an objective
to determine the type of use by commercial water users. Fortunately, the previously mentioned
audit by Metropolitan of over 700 commercial entities provided a significant amount of data.
The Metropolitan audits contain the total water use for each entity and their percentage use for
the following:

 Sanitary

 Cooling

 Irrigation
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 Kitchen

 Laundry

 Unaccounted

 Other

This information is very useful because it allows quantification of overall water use for specific
purposes affected by water quality.  Shown in Table 3-4 is a summary of the survey data by SIC
Codes.  The commercial users surveyed included 45 grocery stores, 90 restaurants, 101 hotels
and motels, 22 hospitals, and 150 elementary/secondary schools.  Inspection of the table shows
many types of commercial establishments that have similar patterns of water use.  Schools tend
to fall into two groups; those with considerable irrigation and a lower percentage of sanitary use
and some with the reverse percentages. This is reasonable considering the urban asphalt school
yard and the suburban school yard with turf.

Based on the data in Table 3-4, the types of water use for each commercial user group were
determined and are presented in Table 3-5.  The overall weighted average from Table 3-5 shows
that 32 percent and 29 percent of commercial water use is for irrigation and sanitary,
respectively.  These two use categories constitute over sixty percent of the
commercial/institutional use.  Kitchen use is 7 percent and laundry use is about 8 percent.
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Table 3-4
PURPOSES OF COMMERCIAL/INSTITUTIONAL WATER USE

SIC
Code Group1

Commercial
Water Use 1

(%)

Sanitar
y

(%)

Cooling
(%)

Irrigation
(%)

Kitchen
(%)

Laundry
(%)

Unac-
counted

(%)

Other
(%) Total

MAJOR USERS

821 Schools 15.0 20 2 72 2 0 1 3 100
806 Hospitals 13.2 30 30 15 5 1 1 18 100
701 Hotels/Motels Tourist Courts 11.1 48 12 8 10 15 3 4 100
799 Recreation 9.5 31 12 25 4 0 18 10 100
822 Colleges/Universities 7.7 28 5 30 2 2 2 1 100
805 Nursing Homes 4.8 50 3 13 12 18 1 3 100
581 Restaurants 4.4 34 2 6 44 1 2 11 100
900 Public Administration 4.4 20 13 65 0 1 0 1 100
721 Laundries 4.2 2 0 0 0 95 1 2 100
655 Residential Developers 3.9 10 0 50 0 0 0 40 100

Subtotals/Weighted Average 78.2 29 10 34 7 9 3 8 100
MINOR USERS

423 Trucking Terminals 0.5 13 19 50 0 0 7 11 100
491 Electric Services 1.1 0 0 1 0 0 21 78 100
531 Retail Stores 2.0 40 37 10 2 1 2 8 100
541 Grocery Stores 1.7 17 50 3 8 0 0 22 100
602 Banks 0.3 26 46 24 4 0 0 0 100
703 Trailer Parks 0.3 54 0 34 7 5 0 0 100
729 Misc. Personal Services 0.5 80 0 5 5 0 0 10 100
739 Misc. Personal Services 2.0 27 23 35 3 0 1 11 100
754 Car Washes 0.6 4 0 4 0 9 0 83 100
783 Motion Picture Theaters 0.1 63 1 34 1 0 0 1 100
866 Religious Organizations 0.7 36 7 53 3 0 0 1 100

Subtotals/Weighted Average 9.8 27 24 19 3 1 3 23 100
All Others 12.0 29 12 32 7 8 3 10 100
Total 100.0 29 12 32 7 8 3 9 100

1  From Table 3-3.

ECONOMIC IMPACT FUNCTION

The effects that salinity and its associated hardness have on commercial water users is evaluated.
Information and data were obtained from the Metropolitan water audits, equipment suppliers,
and experts in industrial water use. Reference was also made to Section 2 of this report,
Residential Impacts, when applicable.

To measure economic impacts on commercial/institutional users, the cost of softening was used
where applicable. Softening is common in commercial establishments. There are a limited
number of reverse osmosis (RO) units in commercial application.  Where used, the RO units are
generally small capacity and used for specialized purposes such as ice making and some hospital
applications. The total amount of water treated by RO is small and, therefore, it is not included.
Softening costs vary depending upon size, peak flow rate, hardness treated, desired hardness, and
need for redundancy. A median value is about $120 per acre-foot. If the units were needed to
reduce the hardness in water with a salinity of 600 mg/L to the equivalent hardness of water with
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a salinity of 400 mg/L, the cost of a 200 mg/L reduction would be equivalent to $0.60 per acre-
foot per mg/L. This value is used in this Section.

Table 3-6 summarizes the input to the model for calculating the economic impacts of Salinity on
Commercial/Institutional water users.

Table 3-5

ESTIMATED WEIGHTED AVERAGE UNIT IMPACT
TO COMMERCIAL/INSTITUTIONAL USERS

Use
Percent
of Total

Impact in $/AF
per mg/L

Sanitary 29 0.18
Cooling 12 1.00
Irrigation 32 0.00
Kitchen 7 0.30
Laundry 8 0.60
Unaccounted 3 0.00
Other 9 0.60
Total/weighted average 100 0.30

Sanitation

Twenty-nine percent of commercial water use is for sanitation, mostly for toilet use. These uses
are particularly high in schools, hotels and hospitals as would be expected. The effects of salinity
in the residential areas were found to be negligible on flushing mechanisms and with a function
of 1.5 cents per mg/L per household for faucets. As most toilet use in commercial/institutional
establishments is through valves rather than flush mechanisms, it is considered reasonable to rely
on the equation for faucets. Assuming 0.5 acre-feet per household per year and one-half of
household use affecting interior faucets, the cost impact is 6 cents per acre-foot per mg/L of
salinity.

Survey data shows that some hotels and hospitals soften some of the water delivered to the
general areas for in-room sinks and showers. A very few soften all of this water and some only
soften the hot water. The water use for sanitation in hospitals and hotels constitutes about
9 percent of total commercial water use (derived from Table 3-5). Estimating that 20 percent of
this is softened would indicate an impact factor of $0.12 per acre-foot per mg/L. The calculation
is based on an impact cost of $0.60 per acre-foot per mg/L derived earlier in this Section.  The
estimated total impact for sanitary water is $0.18 per acre-foot per mg/L.

Cooling

Twelve percent of commercial/institutional water use is for cooling. The use of water for cooling
is directly affected by salinity. Cooling towers operate by evaporation which in turn results in a
concentration of salt in the water. Make-up water is supplied to replace evaporated water. The
concentration of water in the tower is maintained at a desired salinity level by adding water in
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addition to that evaporated and allowing a like amount of water (blow down water) to be
discharged, probably to a sewer.

The desired salinity of most large cooling towers on commercial/institutional establishments is
automatically maintained by the use of meters that measure the salinity. These towers are
automatically fed make-up water to account for both evaporation and blow down. Most cooling
towers are served by specialized service companies and chemicals are used to prevent scaling,
corrosion, and biological growth.

TABLE 3-6
CYCLES OF CONCENTRATION AND

REQUIRED MAKE-UP WATER FOR COOLING TOWERS 1

Salinity in Water
Supply mg/L

Cycles
Make-up Water as a

Percent of Evaporation

100 25.0 104
350 7.0 116
500 5.0 125
600 4.0 132
699 3.5 139

1 Based on tower operating salinity of 2,500 mg/L.

A major factor of the effect of increased salinity is the cost of additional water, added chemicals,
and added disposal cost. Table 3-6 illustrates that the increased amount of water required with
increased salinity is about 0.00069 times the increase in the salinity in the range of 500 to
600 mg/L. Thus a 100-mg/L increase in salinity would require nearly a 7 percent increase in
cooling water use. For a typical user, the costs per acre-foot of added cooling water are about:

Water purchased at retail $700/AF

Disposal of blow down water $600/AF

Chemicals $150/AF

Total $1,450/AF

Cost=AF x increase in TDS x .00069 x $1450
=AF x  increase in TDS x $1.00

Irrigation

The impact on irrigation application by commercial/institutional customers caused by increases
in salinity in the range of the water supply in Metropolitan’s service area (600–700 mg/L) is
considered to not be noticeable. Users of recycled water for turf irrigation report problems when
salinity exceeds 1,000 mg/L. Commercial/institutional irrigators using galvanized pipe
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experience the same problems as homeowners, but with the widespread use of plastic pipe for
irrigation systems, salinity is not a problem. There are probably some effects on very high-value
specialty planter areas, but these represent a very minor use when considering that the majority
of irrigation is for turf. Also, landscape architects and nurseries tend to supply plants which are
tolerant of the environment where they will be planted, and this environment includes the salinity
of the water supply. It is concluded that impacts on commercial/institutional use of water for
irrigation will not be noticeable.

Kitchens

Use of water in commercial kitchens accounts for about 7 percent of commercial/institutional
water use with restaurants, hotels and nursing homes using the highest percentages as expected.
Surveys of these facilities indicated that up to two-thirds of the establishments use softening for
some kitchen use. This use in some cases is primarily for dishwashers and steam tables where
softened water reduces scaling and cleaning costs. As stated earlier, softening costs about $0.60
per acre-foot per mg/L. Considering that not all kitchen water is softened or needs softening, an
impact value of one-half or $0.30 per acre-foot per mg/L is applied for kitchen use.

Laundries

Survey data indicated that most commercial laundries use softening and that most coin-operated
laundries do not. Most hospitals and large hotels operate laundries. The economic impact
assigned to laundry use is equivalent to softening of all laundry water or $0.60 per acre-foot per
mg/L. Even though some laundries do not soften, it is presumed that other economic impacts
such as increased soap use are felt by users.

 Other Water Use
Other specialized water use includes water use such as car washing at automobile dealerships
and car washes, ice machines and pools in hotels, vegetable spray in grocery stores, and medical
use in hospitals. Some hospitals treat water by deionization for specialized purposes, but the
quantities treated are small compared to total use, generally on the order of 100 to 200 gallons
per day for an average sized facility.

It appears reasonable when considering the miscellaneous uses of water by
commercial/institutional establishments to assign an impact value equivalent to softening of
$0.60 per acre-foot per mg/L. This is because the water use in this classification appears to be
important to the users, and they certainly benefit from softened water.
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SECTION 4
INDUSTRIAL IMPACTS

Water with increased salinity and hardness causes increased cost to industry.  Industry uses water
in processes including washing, quenching, mining, and cleansing of work places.  Substantial
quantities are used for boiler feed water and cooling. Industry also requires water for sanitation
and site irrigation.  This paper quantifies the industrial use of water in Metropolitan’s service
areas and provides an estimate of the impacts associated with the increased salinity and hardness
of the supply water.

TOTAL INDUSTRIAL WATER USE

“The Regional Urban Water Management Plan” by Metropolitan dated 1995 shows the total
industrial water use in its service area as follows:

Year Amount in
Acre-Feet

As a Percent of
Municipal Use

1994 143,000 4.5
2010 168,000 4.0

This water is supplied from imported sources, groundwater, surface water, and recycled water.
The amounts for 1994 are less than occurred in the 1980s as the drought activities resulted in
what appears to be significant permanent industrial water use conservation efforts.  The
deliveries by counties are presented in Table 4-1.

TABLE 4-1
MWD DELIVERIES BY COUNTY

County
Delivery (AFY)

1994
Percent of Total

Industrial Water Use
Los Angeles 81,000 57
Orange 28,000 20
Riverside 8,000 6
San Bernardino 11,000 7
San Diego 12,000 8
Ventura 3,000 2

TOTAL 143,000 100

PROFILE OF WATER USE
A profile of industrial water use was calculated using two reports prepared for Metropolitan in
1990 and 1991.  “Cost of Industrial Water Shortages”, by Hewitt, Julie A., Nussbaum, Matthew
T., Wade, William W., dated November 1991, presents a profile by Standard Industrial
Classification (SIC) codes of water use for numerous industries.  These profiles showed water
use for:

 Process
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 Boiler feed water

 Cooling

 Sanitation and irrigation.

A report entitled “Commercial and Industrial Water Use in Southern California”, by
Dziegielenski, Ben; Rodrigo, Dan; Opitz, Eva, dated March 1990, presents the percentage of
water use by SIC codes for various industries.  By using the two sources of data, a combined
profile of industrial water use was estimated as shown in Table 4-2.  Some industries use water
mainly for sanitation, while others use considerable amounts for boiler feed and cooling towers.

Since 1991, Metropolitan has been preparing water conservation audits of large water users.
Data on about 200 industrial water users was available. While this audit data is site specific and
not suitable for an industry wide survey, it does provide considerable information. It indicated
that the profile of water use shown on Table 4-2 is reasonable. These audit reports also gave
considerable insight into the use of process water and the treatment of delivered water.

Table 4-2
PROFILE OF INDUSTRIAL WATER USE 1

Typical Percent of Water Use by Purpose 2

Category
Percent of Total
Industrial Use 1 Process Boiler Cooling

Sanit. &
Irrig.

Total

Electronics (367) 10.84 50.00 2.00 18.00 30.00 100.00
Aircraft (372) 9.72 50.50 2.20 8.80 38.50 100.00
Petroleum Refining (291) 8.29 14.00 36.00 48.00 2.00 100.00
Preserved Fruits (203) 6.61 58.00 17.00 19.00 6.00 100.00
Beverages (208) 6.23 79.40 11.30 7.20 2.10 100.00
Paper Mills (262) 5.12 3 62.00 21.00 9.00 8.00 100.00
Guided Missiles (376) 4.87 10.00 3.50 37.50 49.00 100.00
Communication (366) 4.15 27.00 2.00 39.00 32.00 100.00
Textile Finishing (226) 2.55 4 81.00 16.00 0.00 3.00 100.00
Metal Products (347) 2.27 5 13.00 5.00 24.00 58.00 100.00
Office/Computing Eq. (357) 2.17 46.00 1.00 22.00 31.00 100.00
Ships/Boats (373) 2.10 6 67.00 2.00 16.50 14.50 100.00
Dairy (202) 1.85 7 10.00 1.00 20.00 69.00 100.00
Sub Totals (Weighted Averages): 44.93 10.75 21.17 23.15 100.00
Other Manufacturing 33.23 8 44.93 10.75 21.17 23.15 100.00
Total (Weighted Average): 44.93 10.75 21.17 23.15 100.00
1 Data obtained from “Commercial and Industrial Water Use in Southern California,” March 1990
2 Data from “Cost of Industrial Water Shortages,” November 1991.
3 Assumed typical percent of Water Use for Paper Mills – Paperboard
4 Based on information from Central Basin MWD based on experience from service to textile plant
5 Assumed typical percent of Water Use for Metal Products - Fabricated Metals
6 Assumed typical percent of Water Use for Ships/Board - Motor Vehicles
7 Estimated
8 Assumes other manufacturing has same use profile as those listed (weighted average).
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GENERAL OBSERVATIONS ON INDUSTRIAL WATER USE

1. Salinity and hardness can be dealt with by industry, but salinity and hardness create
additional problems including higher operating costs and capital equipment requirements.

2. Each type of industry has a range of salinity for waters that is acceptable.

3. The acceptable salinity level varies by industry from values of 100 mg/L or less to
3,000 mg/L or more.

4. The Orange-Los Angeles County Study of Recycled Water Use Potential (1982)
interviewed 250 industries.  The results indicate most industries could use water with 667
mg/L without further treatment.  Many, including chemical plants and some refineries
using substantial water, would require lime softening treatment at water supply levels of
667 mg/L.

5. Many industries require water with very low salinity and treatment is required regardless
of the salinity of supplied water.  These include pharmaceutical, biotech, electronics and
micro chip manufacturers.

6. In general, there are minimal impacts to industry if salinity is less than 500 mg/L.

7. Boiler feed waters, particularly for high pressure boilers, will require treatment under
most all water supply conditions.

INCREMENTAL EFFECTS OF CHANGES IN SALINITY

Each individual industrial plant designs its water treatment equipment and chemical treatment
programs on the basis of the then available water supply quality.  Any change in salinity
potentially changes costs.  Any large increase in salinity could necessitate either additional water
treatment equipment to increase the capacity of the treatment system, or investment in new
equipment or even different water treatment processes capable of handling the increased level of
salinity in an efficient and economical manner.  For example, a small increase in salinity might at
first marginally decrease the capacity of a demineralizer system.  A further increase or series of
incremental increases might make necessary an additional mixed bed polisher or another
cation/anion train.  Restrictions on wastewater discharge or the storage of hazardous regeneration
reagents could make necessary the addition of micro-filtration and reverse osmosis equipment.

Many light industries or “clean” industries require water with extremely low mineral content.
Industries like electronics, pharmaceuticals, photography, food processing, etc., must use water
treatment equipment to remove most or all of the salinity.  In these cases, the cost of treatment is
directly proportional to the anticipated salinity of the water at the time of the plant’s design and
construction.  However, salinity increases beyond certain levels could eventually require
significant spending to modify the process and/or increase the capacity of process water
treatment.

It is normal to design treatment equipment to handle at least a twenty percent increase in salinity
(Puckorius & Associates).  Should salinity increase within that range for a particular plant site
there is not much increase in capital cost.  There are some increases in operating costs and in
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some cases a reduction in capacity.  Beyond this twenty percent capacity, a major cost can occur
as new or additional equipment is required.  Thus for a single industry, a graph showing salinity
vs. cost may appear as shown in Figure 4-1.

Figure 4-1
Relationship of cost and increases in salinity for a typical

industrial user of treated water.

An example of the graph may be softening costs where increasing salinity (and its associated
hardness) results in shorter softening cycles and increased salt use. At some point, the backwash
and regeneration time may require installation of a dual or parallel unit. As shown in Figure 4-1,
the cost effect of increasing salinity for a single industry is a series of steps.  However, when
several of these individual curves are put together, they tend to form a straight line.  The
following sections are directed towards finding the slope of that line.
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ECONOMIC IMPACT FUNCTIONS

As shown in Table 4-2, the industrial water use has been characterized into four purposes. These
are:

Process 45 Percent
Boiler Feed 11 Percent
Cooling 21 Percent
Sanitation and Irrigation 23 Percent

Industrial users have different requirements for water quality depending upon the purpose for
which the water will be used. Industry has primarily used potable water delivered from water
purveyors and in many cases supplemented this with local groundwater. In recent years, an
increasing number of industries have obtained recycled water, primarily for cooling and some
processes.  In general, industries prefer purveyor-supplied water for in-house potable supplies,
because it meets requirements under the health codes.  In some cases, the treatment of water by
industry is dependent upon the source.  Some treatment processes include filtration for
suspended solids in high quality paper productions, softening for boiler feed water, deionization,
and rechlorination and cartridge filtration of purveyor-supplied water in beverage production.

Only some of these treatments are associated with salinity. Also there is a considerable amount
of on-site reuse of industrial water.  This reuse, in many cases, is the result of increased sewer
fees.

The economic impact model can be configured to determine economic impacts by sub-areas.
Using county employment data, an estimate was prepared of the water use purposes by counties.
These estimates also relied on information contained in the water conservation audits and other
information known about industry in Southern California. Table 4-3 summarizes the input to the
model for calculating the economic impacts of Salinity on industrial water users.
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Table 4-3
Industrial Water Use by Category and Economic Impact Functions for each Category

Percent of Total Industrial Water Use

Sub-Area Process Water-
Demineralization

Process
Water-

Softening

Process
Water-
Minor

Cooling
Towers

Boiler
Feed

Sanitation
& Irrigation Total

1) North West 12 % 12% 13% 29% 3% 31% 100%
2) San Fernando Valley – West 9% 11% 18% 27% 16% 19% 100%
3) San Fernando Valley – East 9% 11% 18% 27% 16% 19% 100%
4) San Gabriel Valley 9% 11% 18% 27% 16% 19% 100%
5) Central Los Angeles - 9% 11% 18% 27% 16% 19% 100%
6) Central and West Basins 9% 11% 18% 27% 16% 19% 100%
7) Coastal Plain 9% 11% 18% 27% 16% 19% 100%
8) North West Orange County 12% 12% 11% 18% 17% 30% 100%
9) South East Orange County 12% 12% 11% 18% 17% 30% 100%
10) Western MWD 8% 14% 28% 18% 4% 28% 100%
11) Eastern MWD 8% 14% 28% 18% 4% 28% 100%
12) Upper Chino 8% 14% 28% 18% 4% 28% 100%
13) Lower Chino 8% 14% 28% 18% 4% 28% 100%
14) North San Diego 30% 13% 9% 18% 3% 27% 100%
15) South San Diego 30% 13% 9% 18% 3% 27% 100%

Metropolitan Service Area 12% 12% 21% 21% 11% 23% 100%
Economic Impact Functions ($/AF per mg/L)

1.41 0.60 0.00 0.58 1.00 0.00

Process Water

Process water, in most cases, is used by industry as received. Impacts from increased salinity and
hardness is minimal. As noted earlier, some industries require water with lower salinity as low as
10 mg/L. Others require only softening or filtration. To identify the quantities of water, for which
additional treatment was required, estimates were prepared by SIC code. These estimates were
prepared after review of the previously discussed water conservation audits prepared for
Metropolitan. Process water makes up about 45 percent of industrial water use. It was
determined that 12 percent of industrial water use required demineralization and 12 percent
required some sort of softening. The remaining process waters amount of about 21 percent of the
total had salinity, which was acceptable as delivered.

The economic impacts to be measured in this study are changes in cost caused by changes in
imported water salinity. Therefore, to develop an economic impact value, a calculation was made
of the cost impact of reducing the salinity of a supply from 700 mg/L to 600 mg/L. It was
assumed that a portion of the water would be treated by reverse osmosis (RO) from 700 mg/L to
20 mg/L and blended with supply water to produce an average blend of 600 mg/L.  This requires
treating 14.7 percent of the supply by RO.

The cost of reverse osmosis treatment at a level of about 700 mg/L varies from about $700 to
$1,000 per acre-foot for industries.  (Note:  this cost is higher than the estimated RO cost for
groundwater and recycled water due to economies of scale).  Using $700 indicates that the cost
of reducing salinity from 700 mg/L to 600 mg/L is $103 per acre-foot, as only 14.7 percent of the
water is treated.  Also, as additional water is lost because of a brine stream, an additional 20
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percent of the treated water is required or 2.94 percent of total.  The estimated cost to obtain the
additional water is about $700 per acre foot (retail cost) and the disposal cost is about $600 per
acre foot resulting in a net cost increase of $38 per acre foot of product water.  Thus, the total
unit cost of changing salinity from 700 mg/L to 600 mg/L is about $141 per acre-foot or $1.41
per acre-foot per mg/L increase in salinity.  This is a reasonable amount to use as a measure of
economic impact for water, which will require additional treatment.

Water, which is traditionally softened, will probably continue to be softened. Softening costs less
than demineralization. Commercial units, including salt and operation and maintenance will cost
$80 to $150 per acre-foot, depending upon salinity, size, percent of full capacity actually used,
and need for dual systems. Using a cost of $120 per acre-foot and an initial salinity of 600 mg/L,
with a 200 mg/L reduction, apportioning the cost would indicate a cost of about $0.60/AF per
mg/L change in salinity.

Economic impacts caused by changing salinity as it affects process water are therefore estimated
as follows:

Table 4-4
COSTS ASSOCIATED WITH TREATMENT OF PROCESS WATER

Treatment Needs
Water Use for Process

as Percent of Total
Industrial Water Use

Economic Impact
in $/AF/mg/L

Demineralization 12 $1.41
Softening 12 $0.60
No Treatment 21 --

Total 45 0.54

 

Boiler Feed Water

Boiler feed water for industrial use falls into three groups: electrical generation, space heating,
and industrial purposes.  Electrical generating stations use very high temperature and pressure
steam, and require water of extreme purity.  These plants condense virtually all of their steam,
remove the impurities picked up in the process and return the water to the boiler.  Minimal boiler
make-up water is required by electrical generating stations.  For general space heating in
buildings, boilers operate at generally low temperatures and pressure, and recycle the steam.
Again, there is little need for make-up water.

In contrast to electrical generation and space heating, industrial use of boiler feed water
represents a relatively large use.  The make-up water may constitute up to fifty percent of boiler
feed water as industrial steam is used for many purposes including injection into products,
cleaning and waste due to deterioration of steam condensate quality.  It is only this industrial use
that requires substantial quantities of new water as make-up water.  Typically, this water will be
softened, although it may be demineralized by ion exchange or pretreated by reverse osmosis or
other membrane technologies.
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The cost of treating boiler feed water by ion exchange excluding the cost of handling of hazardous
regenerating material is generally less than the cost of reverse osmosis.  In many cases, only
softening is needed and salt regeneration is practical and hazardous chemical handling is not
required.  In some cases, it has been found less expensive to use reverse osmosis for initial treatment.
This procedure proves economical in many cases because hazardous materials handling and
wastewater discharges and associated paper work are reduced.

The economic impact model measures the dollar effect for a study area for an incremental
increase in salinity.  Virtually all boiler feed water receives some treatment for hardness to
reduce scale. As noted for process water, it is estimated that RO treatment costs $1.41/AF per
mg/L. It is further estimated that softening using zeolite softening costs are about $0.60/AF per
mg/L of salinity.  Allowing one half of treatment by RO and one half by softening indicates an
average cost of increased salinity of $1.00/AF per mg/L.

Cooling Water

For cooling water, increases in salinity result in decreased cycles of use and an increased
requirement for make-up water.  Industrial users tend to operate cooling towers with salinities of
about 3,500 mg/L. The result is the following water use, assuming that some individual
constituent does not control.

Salinity of Make-up Water
(mg/L)

Cycles
Make-up water as a

Percent of Evaporation
100 9 103
350 7 111
500 7 117
600 6 121
700 5 125

A major effect of salinity increase is the cost of additional water, added chemicals, and added
disposal costs. From the above, the increased amount of water required with increasing salinity is
about 0.0004 times the increase in salinity in the range from 500 mg/L to 600 mg/L.  Thus, a 100
mg/L increase in salinity would represent a 4 percent increase in cooling water use.  For a typical
user, the cost per acre-foot (AF) of added cooling water is about:

Water purchased at retail $ 700/AF
Disposal of blow down water $ 600/AF
Chemicals $ 150/AF

Total $1,450/AF

The cost of disposal is based on typical sewer service charge in southern California in 1996.
Based on this cost and the increased use, the economic impact for cooling water is:

Cost  =  AF x  Increase in TDS x  0.0004 x $1,450, or
Cost  =  AF x Increase in TDS x $0.58
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Sanitation and Irrigation Water Use

For sanitation and irrigation use by industry, some of the same factors that affect households are
assumed to apply.  The household studies show relatively small economic impacts except for
bottled water and home treatment systems.  These latter items do not generally apply to industry
so this factor is considered to be negligible.
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SECTION 5
AGRICULTURAL IMPACTS

INTRODUCTION

Economic impacts occur to irrigated agricultural crops because of increased irrigation water
salinity.  The impacts are generally reflected as decreasing crop yields with increased salinity.
Different crops have varying levels of tolerance to salinity.

Metropolitan’s service area has nearly 200,000 acres of irrigated crops. Crops are varied and
include alfalfa and pasture acreage, tree crops of citrus and avocados, high-value truck
(vegetables) crops and ornamentals.

Many of the crops grown in the Metropolitan service area are different from those of the large
agricultural areas elsewhere in California and include very high-value crops such as nursery
stock and cut flowers that make up the ornamental crop type.  The value per acre for these crops
exceeds by far the normal agricultural values, reaching $100,000 per acre per year. The valuation
of the agriculture within Metropolitan’s service area is about $1.6 billion per year.

Salinity affects crop growth in a number of ways and is dependent upon many factors.  Some of
these factors include soil conditions, climate, farming practices, mineral constituents in both soil
and water, and the salinity of the applied water.  Crop salt tolerance data based on extensive
research on the effects of salinity on commonly grown crops has been published by E.V. Maas of
the U.S. Salinity Laboratory in Riverside, California.  The USBR has used the data from
E.V. Maas and developed correlation between crop yield and waters of increasing salinities for
major agricultural crops.

The data of the agricultural conditions in Metropolitan’s service area was analyzed to assess the
economic impact caused by salinity.  Reference material considered included: USBR data on
salinity impacts to crop yields, Department of Water Resources (DWR) land use surveys, and
County Agricultural Commissioner’s Annual Crop Reports for 1995.

IRRIGATED ACREAGE

The acreages of irrigated crops in Metropolitan’s service area are presented in Table 5-1. The
data is primarily from land use surveys prepared by the DWR and supplemented by data from the
County Agricultural Commissioner’s reports.  The acreage is presented by subareas and crops
used in the economic model.  For ease of computer modeling, the crops have been grouped into
ten categories as shown in Table 5-2.
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Table 5-1

SUMMARY OF IRRIGATED AGRICULTURAL ACREAGE FOR SUBAREAS
(Values in Acres) 1

SUBAREAS

CROP TYPE 1
North
West

8
Orange

Northwest 3

9
Orange

Southeast 4
10

Western 5
11

Eastern 6
13

Lower Chino7

14
North San

Diego 8
Totals

Truck Crop
Lettuce 28 - - 16 - 45 - 89
Carrots 56 - - - 9 - - 65
Strawberry 138 2,077 - 14 - 179 500 2,908
Tomatoes 983 86 - - 14 14 2,436 3,533
Misc. 2,518 5,352 - 1,194 5,299 726 5,679 20,768

Subtotal 3,722 7,515 - 1,224 5,322 963 8,615 27,362
Ornamentals

Nursery Stock 1,734 2,707 12 439 344 307 6,487 12,030
Cut Flowers 1,579 25 - 70 55 115 1,676 3,520

Subtotal 3,313 2,732 12 509 399 422 8,163 15,550
Citrus

Orange 1,867 2,129 - 10,240 425 65 8,922 23,648
Lemons 7,344 104 - 534 - 140 3,280 11,402
Misc. 634 363 - 4,817 3,356 190 5,390 14,750

Subtotal 9,845 2,596 - 15,591 3,781 394 17,592 49,799
Avocados 6,963 1,804 - 359 - 6 26,613 35,745
Vineyards - - - 705 3 3,848 187 4,743
Pasture 307 400 - 3,726 10,072 5,463 2,835 22,803
Deciduous 60 - - 38 58 8 2,195 2,359
Field Crops 1,434 42 - 708 972 2,362 661 6,179
Grains - - - 938 18,573 1,777 11,500 32,788

Totals (Acres): 25,644 15,089 12 23,798 39,180 15,243 78,361 197,328

1 The acreages listed are estimated values based on DWR Surveys & Agricultural Commissioner's Annual Crop Reports. In some cases,
lump sum acreages were presented for a variety of crops. When this happened, the lump sum was placed in the representative crop
category (misc. where applicable). Subareas not shown do not have significant crop acreages.

2 DWR 1987 Survey for Calleguas MWD & DWR Survey 1982 for Las Virgenes MWD.
3 DWR 1991 Survey for Orange County
4 DWR 1993 Survey
5 DWR 1993 Survey
6 DWR 1993 Survey
7 DWR 1993 Survey
8 DWR 1986 Survey & 1996 San Diego Agricultural Commissioners’ Annual Report
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Table 5-2
SUMMARY OF IRRIGATED AGRICULTURAL ACREAGE FOR MWD MEMBER AGENCIES

BY TEN MAJOR CROP CATEGORIES FOR SUBAREAS
(Values in Acres) 1

SUBAREAS
Crop Type 1

North
West

8
Orange

Northwest

9
Orange

Southeast

10
Western

11
Eastern

13
Lower
Chino

14
North San

Diego

Totals

Strawberry 138 2,077 - 14 - 179 500 2,908
Misc. Vegetables 3,584 5,438 - 1,210 5,322 785 8,115 24,454
Nursery Stock 1,734 2,707 12 439 344 307 6,487 12,030
Cut Flowers 1,579 25 - 70 55 115 1,676 3,520
Citrus 9,845 2,596 - 15,591 3,781 394 17,592 49,799
Avocados 6,963 1,804 - 359 - 6 26,613 35,745
Vineyards - - - 705 3 3,848 187 4,743
Pasture/Grains 307 400 - 4,664 28,645 7,241 14,335 55,592
Deciduous 60 - - 38 58 8 2,195 2,359
Field 1,434 42 - 708 972 2,362 661 6,179

Totals (Acres): 25,644 15,089 12 23,798 39,180 15,243 78,361 197,328
1 Data from Table 1 has been regrouped to ten crop types to facilitate model.

Demand for irrigation water in Metropolitan’s service area is projected to be relatively stable
(declining only slightly) during the next few decades.  Table 5-3 presents the projected demand
for irrigation water as shown in Metropolitan’s 1995 Regional Urban Water Management Plan.

Table 5-3
AGRICULTURAL WATER DEMANDS
 within the Metropolitan Water District

(values in thousands of acre-feet)
Year

County
1994 2000 2020

Los Angeles 3 3 3
Orange 28 27 17
Riverside 125 124 111
San Bernardino 30 30 25
San Diego 100 110 105
Ventura 18 16 16
TOTAL 304 310 277

Table 5-3 illustrates that there is a slight decline in agricultural water demands between 1994 and
2020 and we would therefore expect a slight decrease in the acreage presented in Tables 5-1 and
5-2.  For this analysis, it is assumed that the crop acreage between 1994 and 2020 remain
relatively constant.

CROP VALUE

Table 5-4 presents the estimated values per acre of irrigated agricultural crops from data reported
by the County Agricultural Commissioners.
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Table 5-4
SUMMARY OF AGRICULTURAL VALUE PER ACRE BY COUNTY

(values in dollars per acre) (1)

CROP TYPE COUNTY
Ventura Orange Riverside San Bernardino San Diego

Strawberry 33,437 20,951 -- 23,859 22,124
Misc. Vegetables 7,683 5,905 5,869 3,356 8,962
Nursery Crops 45,362 48,398 19,800 53,798 93,838
Cut Flowers 21,675 48,389 20,040 5,182 20,518
Citrus 6,189 3,906 3,648 3,475 5,665
Avocados 5,958 9,503 3,960 3,469 3,927
Vineyards -- -- 8,156 703 627
Pasture/Grains 33 3 -- 429 779 392
Deciduous 2,400 1,257 8,321 1,053 2,419
Field 1,407 408 1,074 173 3,395
1 Price data from County Agricultural Commissioners Annual Reports (1995)
2 Lettuce total includes head, leaf, & romaine.
3 Alfalfa & Pasture total reported by County Agricultural Commissioners includes both irrigated & non-irrigated

acreages.

Based on the crop acreage and value ($/acre) presented in Table 5-2 and Table 5-4, respectively,
the valuation of the agriculture within Metropolitan’s service area was estimated to be
approximately $1.6 billion as shown in Table 5-5.  The total value of crops in the five counties
served by Metropolitan is about $2.9 billion.

Table 5-5
AGRICULTURAL VALUE BY COUNTY

County Total Value
In County 1

($)

Computed Value Of Crops
In MWD Service Area

($)

Percent Of County
Total In MWD

Ventura 909,739,000 250,709,739 28%
Orange 232,568,100 235,731,028 100%
Riverside 718,123,800 151,102,549 21%
San Bernardino 94,551,000 34,170,034 36%
San Diego 952,287,484 944,362,204 99%
Total 2,907,269,384 1,616,075,554 56%

1 Totals from County Agricultural Commissioners
2 Totals from Tables 2 and Table 4; excludes livestock & poultry products, dairy, apiary products,

specialty crops, and sustainable agriculture.

The computed crop value for Metropolitan’s service area is an approximation based on data from
the County Agricultural Commissioners, but will differ slightly, because of combining acreage of
the ten crop types and averaging of prices.

ECONOMIC IMPACTS FUNCTION

Correlation between crop yield and salinity were provided by the USBR for several commercial
crops. In their simplest form, the correlation show that with salinity below a certain threshold,
there is no crop yield reduction, but above the salinity threshold, the relationship of crop yield
and salinity is linear.
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For the Metropolitan service area, there were some crops for which curves were not available.
This necessitated choosing a salinity-yield relationship for one crop to cover several crops. For
miscellaneous truck crops, the salinity yield relationship for bell peppers was used as it was the
dominant crop in this category. Alfalfa was used for pasture and grain, oranges for all citrus, and
corn for field crops.

The salinity-yield curves for strawberries, vegetables, ornamentals, and alfalfa and field crops
assumed reasonably good deep well-drained soils.  Additional assumptions include:

 Permeable substrate

 Good drainage characteristics

 Absence of shallow groundwater

 Mediterranean climate which facilitates winter leaching

 Good irrigation management

Table 5-6 summarizes the salinity impacts on crop yields.

Table 5-6
SALINITY DAMAGE TO AGRICULTURE AS A PERCENTAGE OF FULL YIELD 1

(CROP YIELD IN PERCENT OF FULL YIELD)
CROP

TDS
mg/L Straw-

berry
Misc.

Vegetables Nursery 2 Cut
Flowers 2 Citrus Avocados Vineyards Pasture/

Grains Deciduous Field

200 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
300 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
400 100.0 100.0 99.9 99.5 100.0 98.8 100.0 100.0 100.0 100.0
500 94.4 100.0 99.7 99.1 100.0 93.3 99.4 100.0 98.9 100.0
600 86.7 100.0 99.4 98.8 97.2 87.8 96.4 100.0 93.2 100.0
700 79.0 98.0 99.2 98.3 92.2 82.3 93.4 100.0 87.6 100.0
800 71.3 94.7 99.0 97.7 87.2 76.8 90.4 100.0 81.9 98.0
900 63.6 91.4 98.7 97.1 82.2 71.3 87.4 99.2 76.3 95.3

1000 55.9 88.1 98.5 96.4 77.2 65.8 84.4 97.5 70.6 92.6
1100 48.2 84.8 98.2 95.6 72.2 60.3 81.4 95.8 65.0 90.0
1200 40.5 81.5 98.0 94.7 67.2 54.8 78.4 94.1 59.3 87.3

1 Prepared for use in Salinity Impact Model in Metropolitan's service area.  Crops are grouped into main categories in Metropolitan's service
area.

2 Values adjusted to reflect costs to growers of using additional higher salinity waters for leaching to maximize yields.

Table 5-7 presents the salinity relationships in formula format for use in the economic impact
model.  The USBR’s crop yield versus salinity curves was used for all crops except nursery and
cut flowers.  The nursery and cut flowers functions were developed by B-E and verified by the
USBR.
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Table 5-7
SALINITY-YIELD RELATIONSHIP IN FORMULA FORMAT

FOR USE IN ECONOMIC IMPACT MODEL1
Crop Formula (y = percent of full yield x = TDS)

Strawberries 1 for x ≤427   y=100,  for 427<x<1,200   y=132.879 - 0.077*x
Misc. Vegetables 1 for x≤ 640   y=100,  for 640<x<1,200   y=121.12 - 0.033*x
Nursery (approx.) 2 for x <400  y=100, for 400<x<1,200   y=-0.0024*x + 100.87
Cut Flowers (approx.) 2 for x<400   y=100, for 400<x<1,200   y= -0.000004*x2 + 0.0004*x + 99.937
Citrus 1 for x≤544    y=100,  for 544<x<1,200   y=127.20 - 0.05*x
Avocados 1 for x≤ 378   y=100,  for 378<x<1,200   y=120.79 - 0.055*x
Vineyards 1 for x< 480   y=100,  for 480<x<1,200   y=114.4 - 0.03*x
Pasture/Grain 1 for x≤ 853   y=100,  for 853<x<1,200   y=114.501 - 0.017*x
Deciduous 1 for x≤ 480   y=100,  for 480<x<1,200   y=127.12 - 0.0565*x
Field 1 for x≤ 725   y=100,  for 725<x<1,200   y=119.33 - 0.0267*x

1 Data from Joe Brummer, Soil Scientist for the US Bureau of Reclamation.  In the formula, “x” is TDS (mg/L) and
“y” is percent of full yield.

2 Data from Table 5-7

ADJUSTMENTS FOR ORNAMENTALS CROPS

Preliminary calculations showed large economic impacts to the high value ornamental crops
result from increased salinity if the salinity-yield curves were used.  The salinity, which affects
plant growth, is actually soil moisture salinity and not irrigation water salinity; some mitigation
can be achieved by increasing the amount of applied water for leaching.  For the ornamental
crops, it was concluded that the growers would do whatever was necessary to maintain full yield.
Calculations showed that the cost of additional leaching water required to reach full yield would
more than offset the value of lost production.  These comparisons were made using a cost of
additional water averaged at $700 per acre-foot including purchase cost, irrigation cost, and
drainage and disposal cost.  To reflect these costs in the model, an equivalent crop salinity
relationship was calculated as the additional cost of additional leaching water.  The calculations
assume that soil salinity adequate to grow sensitive crops would be maintained by leaching.

Table 5-8 presents an estimate of the added cost to growers of increased salinity.
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Table 5-8
INCREASED LEACHING FOR ORNAMENTAL CROPS, ECONOMIC IMPACT

AND EQUIVALENT CROP SALINITY RELATIONSHIPS

Economic Impact in percent Equivalent Crop Salinity Yield
Relationship

Crop Value ($/acre) Crop Value ($/acre)
Salinity
in mg/L

Increased
Annual

Application of
Water in inches 1 20,000 50,000 20,000 50,000

200 0.0 0.0 0.0 100.0 100.0
300 Nil 0.0 0.0 100.0 100.0
400 1.6 0.5 0.2 99.5 99.9
500 3.0 0.9 0.4 99.1 99.7
600 4.2 1.2 0.5 98.8 99.4
700 5.9 1.7 0.7 98.3 99.2
800 7.8 2.3 0.9 97.7 99.0
900 9.9 2.9 1.2 97.1 98.7

1,000 12.3 3.6 1.5 96.4 98.5
1,100 15.1 4.4 1.8 95.6 98.2
1,200 18.2 5.3 2.1 94.7 98.0

1 Data from Joe Brummer, Soil Scientist for the U.S. Bureau of Reclamation.  These calculations are based on Roses.
Crop irrigation requirements use is assumed to be 24 inches per year.

Two values were assumed for ornamentals in Table 5-8.  The value for cut flowers and nursery
stock is $20,000 per acre and $50,000 per acre, respectively.

Similar assumptions of using added leaching water were not made for other crops.  One reason is
the relative cost of water and the value of the crops.  As an example, the high cost of water is a
major concern to avocado growers and they are careful regarding water applications.  Also, many
of these trees are planted in areas where increased soil drainage is difficult.  Therefore, for other
than the nursery and cut flowers, the USBR’s crop yield versus salinity curves were used.
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SECTION 6
WATER AND WASTEWATER UTILITES IMPACTS

The direct impact to water and wastewater utilities caused by increased salinity are considered to
be controllable.  Utilities can generally manage corrosion by use of proper materials.  Corrosion
in wastewater facilities is a major concern but is largely the result of sulfides. Data for use in the
economic impact model has been analyzed and is presented herein.  This is based in part on the
1988 report, adjusted to the 15 salinity subareas and for known local conditions.

The economic impact model uses two sets of data for determining the impact in each subarea.
One data set is the expected life of facilities versus increasing salinities.  The other data set is the
capital value of water utility facilities.  Using facility cost and the difference in expected life for
water facilities with different salinity levels, the economic impact was determined for each of the
15 subareas.

For the economic life of water utilities, data from the 1988 report was used.  This data was
developed by Dennis P. Tihansky.  The study resulted in the expected life of facilities expressed
by the following formulas:

Water Production Facility:

expected life in years = 30.83 - (0.0033 * TDS)

Water Distribution Facility:

expected life in years = 60 + 50 * e-(0.0009 * TDS)

Table 6-1 shows the expected useful life for water production and water distribution facilities
based on salinity. Production facilities include source of supply facilities, treatment plants, wells,
pumps and transmission facilities. Water distribution facilities include distribution mains, line
valves, services and service meters.
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Table 6-1
 USEFUL LIFE OF WATER PRODUCTION AND

WATER DISTRIBUTION SYSTEM
Salinity TDS in

mg/L
Water Production
Facilities (Years)

Water Distribution
Facilities (Years)

0 30.83 110.00
100 30.50 105.70
200 30.17 101.76
300 29.87 98.17
400 29.51 94.88
500 29.18 91.88
600 28.85 89.14
700 28.52 86.63
800 28.19 84.34
900 27.86 82.24

1000 27.53 80.33
1100 27.20 78.58
1200 26.87 76.98

A review was made of “Internal Corrosion of Water Distribution Systems” a report of the
AWWA Research Foundation – 1985.

This report stated that:

“Iron pipe corrosion is largely affected by the oxygen content of the water which
is unrelated to salinity.”

The report further states that:

“Waters of low alkalinity show increased rates of internal corrosion. That is
because these waters do not form a protective film of calcium carbonate on the
interior surface.”

Virtually all water served in southern California is of high alkalinity, so a source of calcium
carbonate is available to coat the interior of pipelines.

The per capita data on the replacement cost of facilities have been developed for each of the
15 subareas.  The replacement costs in 1996 dollars for existing facilities are presented in
Table 6-2.
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Table 6-2
ESTIMATED REPLACEMENT COST OF WATER AND WASTEWATER FACILITIES

IN DOLLARS PER CAPITA (1996 Dollars)
Water Utility Production Costs Water Distribution Costs

Subarea % Ground
Water Local 1 MWD 2 Total Local 3 MWD 4 Total

1 20 120 349 469 1,800 275 2,075
2 -- 0 349 349 1,800 275 2,075
3 20 120 349 469 1,800 275 2,075
4 70 420 349 769 1,800 275 2,075
5 20 1,100 5 349 449 1,800 275 2,075
6 45 270 349 619 1,800 275 2,075
7 30 180 349 529 1,800 275 2,075
8 55 330 349 679 1,800 275 2,075
9 20 120 349 469 1,800 275 2,075

10 70 420 349 769 1,800 275 2,075
11 50 300 349 649 1,800 275 2,075
12 50 300 349 649 1,800 275 2,075
13 80 480 349 829 1,800 275 2,075
14 10 300 349 649 1,800 275 2,075
15 10 300 349 649 1,800 275 2,075

1  Production cost includes $600/capita for groundwater facilities.
2  MWD @ 242 per 1988 report x escalation (1.202) + 20%
3  Based on $1,500 Avg./Capita in 1985 escalated by 1.202 to 1996
4  MWD @ 229 per 1988 report x escalation (1.202)
5  Includes major pipeline

A primary change from the 1988 report was in local production costs.  Other costs have been
updated based on the following:

 The replacement cost of the Los Angeles Aqueduct facility was not included because its
salinity will not change as a result of actions on the State Water Project or the Colorado
River Aqueduct.

 Costs are escalated from the 1988 report to 1996 using the Handy-Whitman Cost Index
for water distribution systems.

 Metropolitan production costs have been increased by an additional 20 percent to account
for more stringent drinking water standards.

 Production costs did not include surface supply facilities not affected by salinity changes.

 Production costs for wells are estimated to be $600 per capita served.

 Local distribution costs are estimated to be $1,800 per capita based on two recent studies
prepared on typical utilities in southern California.

The 1988 report included data for salinity impacts to wastewater utilities.  Based on a
conversation with Franklin Dryden, a consulting engineer to the Los Angeles County Sanitation
Districts, corrosion in wastewater facilities is a serious matter.  This corrosion, however, is
caused by other constituents such as sulfides.  Because of the problems associated with sewer
corrosion potential, corrosion resistant materials are used such as stainless steel.  As a result, it is
concluded that wastewater disposal facilities are not noticeably affected by increases in salinity.
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SECTION 7
GROUNDWATER IMPACTS

(INDIRECT RECHARGE)

The introduction of imported water with increased salinity affects the salinity of groundwater
basins.

Impacts on groundwater are calculated in the following categories:

1. Imported Water:

a. Direct recharge with imported water.

b. Indirect recharge through deep percolation of imported water used for irrigation.

c. Incidental recharge through deep percolation of wastewater discharges.

2. Recycled Water:

a. Direct recharge with recycled water.

b. Indirect recharge through deep percolation of recycled water used for irrigation.

This section only includes the impacts due to indirect recharge with imported water (1b above).
All other impacts are documented in a report prepared by Metropolitan staff.

DIRECT PERCOLATION OF DELIVERED WATER

A portion of the water delivered for urban and agricultural use finds its way to the groundwater
basins.  In areas overlying unconfined groundwater basins such as the San Gabriel Valley, deep
percolation of delivered water will occur.  This constitutes primarily non-consumed water
applied for landscape, parks, and golf course irrigation. But it also includes pipeline leakage,
septic tank percolation, miscellaneous washdown water and other miscellaneous sources.  The
amount of water delivered to septic tanks was historically a relatively large amount but in the last
several decades, following sewering, has been reduced considerably.

The major source of delivered water via deep percolation is from the non-consumer portions of
landscape, parks, and golf course applied irrigation water. Irrigation results in a majority of the
delivered water being consumed by the plant and lost to the atmosphere through
evapotranspiration.  The remaining portion of the water contains virtually all of the salt in the
total amount of water used.  Good drainage of this water is necessary to remove the salt from the
plant root zone.  In areas overlying unconfined groundwater basins, this drainage infiltrates into
the groundwater basin. In general, the downward movement is continuous, but in most years,
winter rains result in extra flushing of the soil, and increased downward flow and leaching.

In areas overlying confining clay layers, termed aquitards, downward movement to the usable
groundwater aquifers is restricted and the soil drainage water does not enter the usable
groundwater.  This shallow groundwater is avoided by sealing sections of wells and may flow
directly to the ocean or drain into river channels to flow to the ocean. This is the case in large
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areas of the Central and West Basin in Los Angeles County and in the coastal areas of the
Orange County groundwater basin.

ESTIMATED DEEP PERCOLATION OF DELIVERED WATER

The amount of delivered water that percolates into the deeper producing aquifers was established
as 20 percent in the San Fernando Valley in the adjudication of the groundwater basin.  The
San Fernando basin is largely unconfined with some water delivered from non-waterbearing
tributary hills.  It is reasonable to use the value of 20 percent as a guide to develop factors for
other areas.  The factor of 20 percent would also apply to the San Gabriel Valley, as it is a
similar type of area with unconfined groundwater basins.

A value of delivered water percolating into the groundwater for the Central and West Basins is
five percent, as only the northern portion of the area is over an unconfined groundwater basin.
Likewise, 7 percent was selected for Northwest Orange County. Shown in Table 7-1 are values
of deep percolation of delivered water for the 15 subareas.

Table 7-1
 PERCENT OF APPLIED WATER WHICH RETURNS TO

GROUNDWATER BASINS

Subarea
Percentage of Applied Water Deep
Percolating to Groundwater Basin

1) Northwest 5
2) San Fernando Valley - West 20
3) San Fernando Valley - East 20
4) San Gabriel Valley 20
5) Central Los Angeles 1
6) Central & West Basins 5
7) Coastal Plain 1
8) Northwest Orange County 7
9) Southeast Orange County 1
10) Western MWD 15
11) Eastern MWD 10
12) Upper Chino 20
13) Lower Chino 5
14) South San Diego 1
15) North San Diego 1

ESTIMATED SALINITY CHANGE FROM DEEP PERCOLATION OF
DELIVERED WATER

The delivered water which percolates directly into groundwater basins from pipeline leaks or
from hosing down outside areas will have approximately the same salinity as the delivered water.
For this study, the change in salinity of delivered water for each subarea is a function of the
salinity change in imported and well water, and the percent of delivered water from imported
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supplies.  Thus, if delivered water is composed of 40 percent imported water and a 100 mg/L
salinity increase in imported water is theorized, then the salinity delivered water in the subarea
would increase by 40 mg/L.

Based on B-E’s experience, about two-thirds of deep percolation of delivered water results from
irrigation.  The deep percolation of irrigation water will carry all of the salinity deposited by the
delivered water.  This is because the water lost to evapotranspiration leaves its salts in the soil.
The remaining water will thus contain virtually all of the salt of the delivered water. Using an
irrigation efficiency of 70 percent (irrigation efficiency is the percentage of evapotranspiration
compared to delivered water), the salinity of the leaching water will be increased by 3.33 times.
About two-thirds of the deep percolation water will reflect the irrigation increase in salinity and
the remaining water will reflect no increase in salinity; the average increase will be about
2.55 times that of salinity of delivered water.

Based on the above discussion, the contribution of salt to groundwater in tons per year for each
subarea will be:

TONS = (2.55TDS - BPO) x %PERC x DW x 0.00136

Where:

TDS = Salinity of served water in mg/L
BPO = Basin Plan Objectives for TDS
%PERC = Percent of delivered water which percolates from

Table 7-1
DW = Delivered water in subareas in AF/Y
2.55 = Factor accounting for increase in salinity

resulting from irrigation and other use
0.00136 = Conversion from mg/L to tons per AF.

 

ECONOMIC IMPACT

The basic fact is that any salt that infiltrates into the groundwater basins needs to be removed in
the future.  Based on discussion with local agencies, it was concluded that water with TDS levels
below basin plan objectives (BPO) for TDS has no impact on groundwater.  If the TDS of
percolated water is higher than the BPO, the additional salt will degrade the groundwater and
needs to be removed to eliminate impacts to groundwater.  For the purposes of this analysis, the
salinity impacts were calculated based on the cost of RO to remove additional salt over BPO.
The average cost of RO for the Metropolitan service area is estimated by Metropolitan to be
$280 per ton of salt without brine disposal and $490 per ton of salt with brine disposal.
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ESTIMATED CONSUMER EXPENDITURES TO AVOID
HIGHER SALINITY WATER IN DOMESTIC TAP WATER IN
THE METROPOLITAN WATER DISTRICT OF SOUTHERN

CALIFORNIA’S SERVICE AREA

BY
M.CUBED AND FREEMAN-SULLIVAN CO.

DAVIS, CALIFORNIA

JANUARY 1999

INTRODUCTION

The objective of this project was to develop econometric models for estimating the economic
costs incurred by Metropolitan Water District of Southern California (Metropolitan) residential
customers in avoiding or mitigating the effects of total dissolved solids (TDS) or salinity in tap
water.  After consultation with representatives of Bookman-Edmonston and Metropolitan,
M.Cubed and Freeman-Sullivan and Company decided that telephone surveys of residential
water users would be carried out to determine:

1. Whether the likelihood that residential customers used delivered, bottled or vended
drinking water varied systematically as a function of TDS in their tap water; and if so, the
incremental cost of delivered, bottled or vended drinking water experienced by
customers;

2. Whether the likelihood that residential customers used water softeners varied
systematically as a function of TDS in their tap water; and if so, the incremental cost
experienced by residential customers associated with water softener use; and

3. Whether the likelihood that residential customers used water purification systems varied
systematically as a function of TDS in their tap water; and if so the incremental cost
experienced by residential customers for installation and maintenance of water
purification systems.

To measure the economic costs consumers experience as a result of the level of TDS in their tap
water, a two-stage economic model was used.  In the first stage of the modeling process, a probit
discrete-choice model was used to predict the likelihood that consumers would choose to
enhance the quality of their water by treating their tap water or purchasing dispensed water.
Information about the TDS of the water serving their area, their income, and other variables of
interest were used in the prediction function.  The water quality enhancements for which
likelihoods were estimated included the purchase of delivered, bottled or vended drinking water,
use of water softeners and so on.  In the second stage, a direct-cost model was used to predict the
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increase in cost that households experienced as a result of this choice.  The likelihood that the
customers chose an enhancement (from the discrete-choice equation) was multiplied by the
average direct costs incurred by making a particular choice.

The information needed to estimate the parameters in the above described economic model was
collected using population survey techniques.  A broad-based consumer survey was conducted in
selected areas to capture differences in consumer preferences in treating tap water.  Table 1
below displays the information that was collected in the telephone surveys.

Table 1
Information Needed For Model Estimation

1. Consumers’ Opinions of Their Tap Water
Overall Quality
Hardness
Odor
Clarity
Taste
Safety

2. Enhancements or Remedies Chosen
whether the household purchased delivered, vended or bottled water;
their reasons for using delivered, vended or bottled water;
the amount of delivered, bottled or vended water they used in a given time period;
how much they spent on it during a given time period;
whether the household used a water softener;
whether the household installed the water softener;
how much the system cost to install (if they knew);
how much they spent on it during a given time period;
whether the household used a water purification system;
the type of purification system used;
whether they installed it or it was installed by prior owner or tenant;
how much it cost to install;
how much they spent to maintain it during a given time period;

3. Household Characteristics
length of time living in the community
owner or renter
how many people lived at the address
how many were under 12 years old
how many were under 3 years old
zip code
household income
race
whether respondent was Hispanic
country of birth; and
length of time in Southern California



TECHNICAL APPENDIX 5 ESTIMATED CONSUMER EXPENDITURES TO AVOID HIGHER SALINITY
ATTACHMENT 1 WATER IN DOMESTIC TAP WATER IN MWD SERVICE AREA

���������	���
���

E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C .E N G I N E E R I N G ,  I N C . TA5A Attachment 1 - 3

SURVEY OVERVIEW

TDS levels vary substantially from community to community and from year to year in Southern
California, and the effect of TDS on consumer behavior was suspected to be quite subtle.
Therefore, it was initially decided that instead of surveying a representative sample of Southern
California (letting TDS level vary randomly), surveys would be carried out in three communities
with different and relatively constant TDS levels.  To ensure that the sample was otherwise
representative of the population of Southern California, an effort was made to select
communities that were close to the average for Southern California as possible in their income
and ethnic composition.  Using this procedure, an effort was made to collect about one third of
the observations from a relatively low TDS community (i.e., less than 200 milligrams per liter
(mg/L)); about one third of the observations from a community with TDS near the center of the
scale (i.e., about 500 mg/L) and about one third of the observations from a community with TDS
in the high end of the scale (i.e., more than 700 mg/L).   Reseda, Garden Grove and Escondido
were selected because the present information indicated that these communities would best
match the water quality and demographic criteria.

Residents were sampled within city boundaries using random digit dialing (RDD) techniques.
After the first round of surveying was completed, it was discovered that the community
identified as having high TDS levels (Escondido) was one in which water softeners had been
banned for some years, thus artificially constraining their use, and that TDS in this community
was about 150 mg/L lower than originally thought.  In addition, about 80 responses from
Escondido were discarded because the TDS could not be determined as the area was served by
two water utilities.  Therefore, a new round of surveying was carried out in three communities
with TDS ranging from 700 to 1000 mg/L where it had been determined that softeners had not
been banned.  These communities were the northern part of the city of San Diego centered on
Miramar, San Clemente and Capistrano Beach, and Santa Paula.

 SURVEY DESIGN PROCESS

The telephone survey used to collect the information from consumers was designed in three
phases.  In the first phase, a draft survey instrument was prepared by M Cubed and FSC and
circulated to Bookman-Edmonston and Metropolitan staff.  The survey questions were drawn in
part from previous surveys conducted on consumer preferences in domestic water use,1 and from
experience with contingent-valuation and value of service studies previously conducted by the
consulting team.  This draft was reviewed and editorial suggestions were made by all parties.
The draft survey questions were then used as stimulus materials in the focus groups described
below.

                                                     
1 Guy E. Ragan, Carole J. Makela, and Robert A. Young, Improved Estimates of Economic Damages from Residential Use of Mineralized Water, Supported by
the U.S. Geological Survey, Department of Interior Under Award No. 14-08-0001-G1984, and the Colorado Agricultural Experiment Station, Final Research Project
Technical Completion Report (Fort Collins, Colorado: Departments of Agricultural and Resource Economics, and Design, Merchandising, and Consumer Sciences,
Colorado State University, 1993); William H. Bruvold and Raymond N. Mitchell Jr., Consumer Evaluation of the Quality and Cost of Domestic Water, Technical
Completion Report No. 159 (Davis, California: University of California Water Resources Center, July,1976); Charlton Research Company, Metropolitan Water
District: California Issues, Survey Results (Walnut Creek, California: Prepared for the Metropolitan Water District of Southern California, July,1997); Bob Hurd,
Attitudes Toward Drinking Water Quality in Southern California, Final Draft Report (Los Angeles, California: Prepared for The Metropolitan Water District of
Southern California by Apogee Market Strategies, A Division of Apogee Research, Inc.,1993); Bob Hurd, 1997 Consumer Expectations Survey, Draft Report (Los
Angeles, California: Prepared for The Metropolitan Water District of Southern California by Apogee Market Strategies, A Division of Apogee Research, Inc.,
July,1997).
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In the second development phase, a focus group was conducted with residents living in the
vicinity of Garden Grove, California.  Residents were selected to represent the range of incomes
and family structures present in Southern California.  The purpose of the focus group was to
observe residents’ reactions to the draft survey questions, to determine whether they could state
the actual costs they were experiencing, and to collect information needed to refine the language
of the survey questions.

A number of important changes were made in the survey questions based on the results of the
focus groups.  These changes included:

1. A short description of the Metropolitan Water District was made available to interviewers
in case respondents asked for more information on the study’s sponsorship;

2. The survey was targeted on the person in the household who was normally responsible
for grocery shopping because the focus group results indicated that this was the person
who was most likely to be able to answer questions about quantity and cost of alternative
drinking water sources;

3. The poles of several of the survey scales used to measure perception of water quality
were changed to be more consistent with the ways that consumers think about water
quality.  For example, the initial scale for odor ranged from very unpleasant to very
pleasant.  Consumers in the focus group indicated that for water, the opposite of very
unpleasant odor was no odor,  not very pleasant odor.  The scale was therefore changed
so that it ranged from very unpleasant odor to no odor.

4. A series of questions designed to measure the costs that consumers experienced as a
result of buying drinking water, softening water and operating filtration systems were
added to the survey because focus group participants were able to estimate the costs they
experienced as a result of these actions and indicated that they believed their estimates
were as accurate or more accurate than their estimates of the raw quantities of water and
other materials used in water treatment.

5. Detailed questions concerning the design of water filtration systems were added to the
survey to provide information that could be used to objectively derive the type of water
filtration systems used by residents as opposed to asking residents the type of water
filtration system they used.  This design change was made because there was confusion
among the focus group participants concerning the types of filtration systems they were
using.

In the third, and final, instrument development phase, a pre-test was carried out in which
approximately 50 households were surveyed while project management staff and experienced
interviewers listened to survey respondents answering the questions.  No significant changes
were made to the redesigned survey instrument based on the results of this pre-test.2

                                                     
2 The survey instrument is included in Appendix A.
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 SAMPLE DESIGN

As indicated above, the survey was carried out in two waves.  The sample design was carried out
in a five-step process as follows:

1. Bookman-Edmonston identified general geographical locations with high, medium and
low historical TDS.  Those general areas were East San Fernando Valley for low TDS,
east Orange County for medium TDS and North San Diego County for high TDS.

2. FSC identified the demographic composition of the cities in these areas and selected one
city within each location which best represented the demographic mix of Southern
California.  Reseda was selected for the low TDS community, Garden Grove was
selected for the medium TDS community and Escondido was selected for the high TDS
community.  After review of new water quality data, Escondido was determined to be a
medium TDS community instead. All of the communities included in the second wave of
surveying were high TDS areas.  The areas included in this wave included three zip codes
in the northern part of the City of San Diego (referred to as Miramar), the City of
Santa Paula and the cities of San Clemente and Capistrano Beach.

3. Bookman-Edmonston and Metropolitan staff  reviewed the selected communities and
verified that TDS was historically constant and within the ranges which the communities
were supposed to represent.

4. The second wave of the survey was conducted after the California Department of Health
Services released a study linking chlorination byproducts (trihalomethanes or THM) and
miscarriages.  To account for the likely public response to the study results, a question
was added at the end of the survey to discern if a respondent was aware of the study.

FSC identified the three-digit telephone exchanges serving the communities identified in Step 2
above and randomly sampled four-digit telephone numbers from each exchange serving each
area in proportion to the number of working blocks found on each exchange.

The above described sampling process is known as random digit dialing or RDD.  It is unbiased
because it produces a random sample of the working telephone numbers in the geographical
target areas under study.   The sample design used on this study is unusually efficient because the
variation in levels of TDS observed  in the study has been very carefully minimized.  Instead of a
random sample of observations over all communities in the District, a few communities have
been targeted with TDS levels strategically located on the TDS number line.  In this way
hundreds of observations are concentrated at strategically chosen TDS levels instead of being
spread out over the natural distribution of the variable--allowing for much more efficient
estimation of the effect of this variable on consumer behavior.

 RESULTS OF OPERATIONS

The first wave of surveying was carried out from January 15 through January 27 of 1998.  Table
2 describes the results of interviewing for the first wave of the study (i.e., Escondido, Reseda and
Garden Grove).  The second wave of interviewing was carried out from March 24 to March 29 of
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1998.  Table 3 describes the results of interviewing for the second wave of the study (i.e.,
northern part of the City of San Diego, San Clemente, Capistrano Beach and Santa Paula.

Table 2
WAVE ONE SAMPLE DISPOSITION REPORT

Start Date: January 15, 1998 - Completed January 27, 1998
Total Sample Usable Sample

Disposition
Frequency Percent of

Total Sample
Frequency Percent of

Usable Sample
Not Part Of The Survey Population 961 24.4%

Not In Service 558 14.2%
Fax/Modem/Beeper 16 0.4%
Non CA Res/Under 18 18 0.5%
Business/Non-Residential 369 9.4%

Not Qualified For Study 753 19.1%
Uses Well Water 7 0.2%
Ill/Hard of Hearing 59 1.5%
Language Barrier (Non-Spanish) 232 5.9%
Not Available Until Study Over 60 1.5%
Quota Full 395 10.0%

Subtotal - Not Available Or Qualified 1714 43.6%

Qualification Not Determined 1116 28.4% 1116 50.3%
No Answer 371 9.4% 371 16.7%
Busy 52 1.3% 52 2.3%
Answering Machine 248 6.3% 248 11.2%
Callback 124 3.2% 124 5.6%
Refusal Before First Question 321 8.2% 321 14.5%

Qualified For Survey 1103 28.0% 1103 49.7%
English Completes 926 23.5% 926 41.7%
Spanish Completes 85 2.2% 85 3.8%
Refused During Interview 85 2.2% 85 3.8%
Callback (Interview in Progress) 7 0.2% 7 0.3%

COMPLETE 1011 25.7% 1011 45.6%
English Language 926 23.5% 926 41.7%
Spanish Language 85 2.2% 85 3.8%

Sub-Total - Usable Sample For Study 2219 56.4% 2219 100.0%

TOTAL SAMPLE BEING ATTEMPTED 3933 100.0%

REFUSAL RATE: 28.7% OF ALL CONTACTED HOUSEHOLDS
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Table 3
WAVE TWO SAMPLE DISPOSITION REPORT

Start Date: March 24, 1998 - Completed March 29, 1998
Total Sample Usable Sample

Disposition
Frequency Percent of

Total Sample
Frequency Percent of

Usable Sample
Not Part Of The Survey Population 651 28.2%

Not In Service 215 9.3%
Fax/Modem/Beeper 172 7.5%
Non CA Res/Under 18 9 0.4%
Business/Non-Residential 225 11.1%

Not Qualified For Study 708 30.7%
Uses Well Water 18 0.8%
Ill/Hard of Hearing 8 0.3%
Language Barrier (Non-Spanish) 35 1.5%
Not Available Until Study Over 17 0.7%
Quota Full 630 27.3%

Subtotal - Not Available Or Qualified 1359 59.0%

Qualification Not Determined 434 18.8% 434 45.9%
No Answer 91 3.9% 91 9.6%
Busy 8 0.3% 8 0.8%
Answering Machine 51 2.2% 51 5.4%
Callback 69 3.0% 69 7.3%
Refusal Before First Question 215 9.3% 215 22.7%

Qualified For Survey 512 22.2% 512 54.1%
English Completes 463 20.1% 463 48.9%
Spanish Completes 28 1.2% 28 3.0%
Refused During Interview 21 0.9% 21 2.2%
Callback (Interview in Progress) 0 0.0% 0 0.0%

COMPLETE 491 21.3% 491 51.9%
English Language 463 20.1% 463 48.9%
Spanish Language 28 1.2% 28 3.0%

Sub-Total - Usable Sample For Study 946 41.0% 946 100%

TOTAL SAMPLE BEING ATTEMPTED 2305 100.0%

REFUSAL RATE: 35.5% OF ALL CONTACTED HOUSEHOLDS

ECONOMIC ANALYSIS OF SURVEY RESULTS

The economic analysis of consumer preferences for domestic water treatment alternatives relied
on a discrete-choice econometric model.  Such models are common for evaluating choices to
install long-lived durable goods, such as water filters or softeners, or to select among “either/or”
commodities or services where costs are relatively invariant.  Because “dispensed water,” such
as vended and delivered water, is meant as a substitute for tap water in drinking and cooking, the
level of services or purchases is likely to have this discrete characteristic.3  For this reason, a

                                                     
3 Reported costs for bottled, vended, delivered, and filtered water were uncorrelated with TDS levels, indicating that consumers simply utilized these items at a
level unaffected by TDS.
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probit model structure was chosen to evaluate the probability of consumers choosing to purchase
dispensed water or to install treatment systems.4

As part of the analysis, additional information was gathered on regional TDS levels and
consumer costs for bottled and dispensed water, and on filtering and softener systems.  This
information was incorporated into the economic analysis to estimate how consumer expenditures
change with changes in TDS levels.

Development of TDS Measures for Each Area

The policy variable of interest, of course, is the TDS level faced by consumers.  A measure of
the relative TDS levels among surveyed communities was developed.  Historic annual average
TDS levels were gathered for the previous four years from each city (except for Reseda which is
served by Los Angeles Department of Water and Power). Table 4 shows the average TDS levels
used in the analysis for each community.

A weighted average for the four years was calculated by “discounting” each year’s average by
25% to reflect the decreasing importance of each year as it recedes into the past. Discounting
annual TDS levels to arrive at an average TDS for the survey reflects economic theory.   Things
that happen in the future or the past are less important to us than things happening in the present,
and the importance recedes as time increases.  The 25% discount rate applied to TDS levels
reflects the fact that for the population as a whole, what happened last year has less influence on
their decisions to use some sort of tap water alternative than this year, and that the influence
recedes as we move further into the past.  The 25% discount rate is a heuristic approach that
accounts for the fact that about half of all delivered water customers stop after one year, and that
filtered water devices typically last 2 to 5 years.  Thus, individuals have the opportunity to
reevaluate whether they want to use tap water each time they stop receiving delivered water or
using filters.  (Vended water turnover probably has a similar pattern.)

While using a long-term average is appropriate for planning purposes, it is not appropriate for
measuring past consumer behavior.  Using a long-term TDS average says that the TDS level of
20 years ago has the same influence as today's on consumers decisions--not all realistic.
Choosing to use only the last 10 years or 5 years is an arbitrary way of arriving at the same
answer as what we used in our analysis.  The discounting approach is more rigorous.

Table 4
Surveyed Communities TDS Levels

Reseda Escondido
Garden
Grove

Santa
Paula

Capistrano
Beach

San
Clemente

Miramar

Annual Average 220 462 516 1,014 618 628 682
Standard Deviation 23 28 49 18 20 21
Weighted Average 459 518 1,009 617 627 671

                                                     
4 George G. Judge et al., The Theory and Practice of Econometrics, Second ed. (New York City, New York: John Wiley & Sons, 1985).
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Developing the Analytic Models

The econometric modeling relied on standard economic theory.  Because the model involved
discrete choice, and the costs only entered indirectly after the choice was made, a probit structure
was used. The model was estimated using the STATA econometric program, version 5.0.  The
“probit” option was used to directly estimate how the predicted usage level changed with
changes in the TDS variable.  The model was estimated at TDS levels of 250, 500, 750 and 1000
mg/L to predict the usage of softeners and dispensed and filtered water.

The dependent variable was whether or not the household used the specific dispensed water or
water treatment system, or a combination of the alternatives.  Because dispensed water and
filtering systems are direct substitutes for each other, this model was evaluated for the combined
purchase of vended, delivered or filtered water.

The independent variables included in the probit model were TDS, income, whether the
respondent was foreign born, people per household, years the respondent had lived in California,
whether softener installation had been recently regulated in the community,5 other relevant water
treatment options used, and whether the respondent had heard about the CDHS study linking
THM in tap water and miscarriages.  For the dispensed and filtered water, the model also
included whether softeners were present.

Results

Softener Usage

The estimated softener usage model is shown in Table 5.  Softener installation is directly
correlated with TDS levels when controlling for other factors which influence this decision.6  For
every 100 mg/L increase in TDS, consumers are 1.04% more likely to choose to use a softener in
a community.  These results are not inconsistent with those presented by Ragan, et al (1993) over
the relevant TDS range.7  Of particular note is that softener usage is positively correlated with
income, as expected, and with the number of individuals per household.  This latter measure is a
surrogate for the number of children, which probably increases the size and number of wash
loads among other things.  The existence of restrictions on self-regenerative softeners reduces the
softener saturation rate by 8.9%.

                                                     
5 Only Escondido fell into this category.
6 Only independent variable coefficients which were statistically significant are shown.
7 Ragan, et al, (1993).
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Table 5
Softener Usage Choice Probit Model Results

Coefficient Std. Err. t-stat P>|t| x-bar 95 percent  C.I.

TDS 0.000104 0.000041 2.52 0.012 525 mg/L 0.00002 0.00018

Income 0.000810 0.000254 3.18 0.001 $51.6K 0.00031 0.00131

Per household 0.015553 0.005325 2.91 0.004 3.205 0.00512 0.02599

Softener
Regulations

(0.089467) 0.030898 (2.84) 0.005 17.8% (0.15003) (0.02891)

Constant (0.362194) 0.032639 (10.43) 1 (0.42617) (0.29822)

Number of observations = 1061
 Chi2(4)       = 40.22

Prob > chi2   = 0.0
Pseudo R2     = 0.0505

The predicted softener saturation rate of 12% at 525 mg/L is consistent with the rates found in
recent surveys conducted for Metropolitan,8 and not inconsistent with the findings in Bruvold’s
1976 survey for lower TDS communities.9  The age of the Bruvold study, as well as a previous
Orange County study leads to the conclusion that a significant change occurred in softener usage
over the last 20 years.

Treated Drinking Water Measures

A series of probit models were estimated for bottled, vended, delivered and filtered water use.
Based on these results, bottled water purchases were determined to be invariant with TDS levels.
Because vended, delivered and filtered water are substitutes for each other, a model was
estimated for consumers choosing to use “dispensed and filtered drinking water.”  These results
for this last model are reported in Table 6.

                                                     
8 Hurd, (1997); Hurd, (1993); Charlton Research Company, (1997).
9 Bruvold and Mitchell, (1976).
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Table 6
Dispensed and Filtered Water Usage Choice Probit Model Results

 Coefficient  Std. Err.   t-stat  P>|t|  x-bar  95% C.I.
TDS   0.000010  0.000072        0.14        0.888  524 mg/L  0.00013)   0.00015
Income  (0.000099)  0.000426      (0.23)        0.816  $51.5K  0.00093)   0.00074
Yrs in CA  (0.000533)  0.000391      (1.36)        0.173  27.8 yrs  0.00130)   0.00023
Per household   0.047029  0.009620        4.88             -      3.206   0.02818   0.06588
THM Aware   0.066462  0.051750        1.28        0.199      11.8%  0.03497)   0.16789
Softener present   0.186999  0.050415        3.70             -     12.3%   0.08819   0.28581
Constant  (0.042504)  0.054553      (0.78)        0.435      1  0.14943)   0.06442

Number of obs = 1,061
Chi2(4)= 39.100

Prob>chi2= 0.00
PseudoR2= 0.049

Individual store-bought bottled water shows no relationship with TDS levels, nor does flavored-
water purchases (e.g., soft drinks, juices, etc.).  Bottled water is both too expensive and too
inconvenient for large-scale drinking water use as a substitute for tap water compared to vended
or delivered water.  Flavored water has achieved an almost 90% market saturation rate, so little
room exists for variation.

Vended water shows a positive relationship with TDS, and a negative relation with income,
while it was positive with being foreign-born or Hispanic.  This is consistent with the two
hypotheses that vended water users are using a lower-cost alternative, and that foreign-born
citizens are more concerned about water safety.  Awareness of the THM study results also
appeared to be an important indicator of vended water use, with the probability of usage
increasing 11% for the 30% of the second-wave respondents who had heard of the study.

Delivered water shows insignificant positive relations to TDS and income.  Foreign-born
consumers do not tend to choose delivered water, gravitating to vended water instead. Awareness
of the THM study had no significant influence on the choice to use delivered water.

Filtered water shows a negative relationship with TDS, and a positive one with income and
softener usage.  The negative relationship with TDS may reflect the inability to completely
account for income variation within the survey instrument.10

Total dispensed and filtered water use is insensitive to either TDS or income.  As is apparent in
the separate alternative models, substitution based on income occurs among measures as
consumers move from vended to delivered to filtered water systems.  Total dispensed and
filtered water use is related to softener use and consumers choose filter systems or delivered
water when installing softeners.
                                                     
10 Consumer surveys refusal rates escalate as more precise questions are asked about respondent income levels.  As a result, there is a trade-off between accuracy
about income estimates and having sufficient valid responses to account for income effects.
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These results appear to contrast directly with those of the Bruvold, et al studies done in 1976 and
1990.11  However, a closer examination reveals that Bruvold failed to ask any questions about
filtered water systems.  In fact, filtered water is a direct substitute for package water, and the
inclusion of filtered water eliminates the influence of TDS on choosing dispensed and filtered
water.  In addition, the bottled water market has exploded nationwide since 1976, rendering the
earlier study results useless.

Estimating Costs for Each Dispensed and Filtered Water Alternative

Consumers were asked about their usage and expenditures on dispensed water and treatment
systems.  As expected however, many respondents either did not know how much they were
spending, or gave answers which appeared to be inaccurate based on outside information.  For
example, only 38% of filtered water users and 21% of softener users could report their costs.  For
delivered and vended water users, the per gallon reported costs covered an extraordinary range,
but the mean and median values closely matched calculated costs.  On the other hand,
respondents were largely able to report purchased quantities or types of filtering devices at a high
rate.  This information afforded the ability to construct cost estimates based on information
gathered from delivered water services and published sources.

Vended water costs were calculated by multiplying the reported median cost per gallon of $0.238
by the annual amount purchased.  Delivered water prices were calculated using the reported
container sizes by respondents compared to water purveyor price schedules.  These prices were
then multiplied by the annual amount delivered and a $4 per month charge added for the various
additional charges.  Filtered water system costs for each type of system were gathered from
water system sellers, Consumers Reports and purveyor surveys.  Purchase and filter cartridge
costs for pitchers, faucet, countertop, under-the-sink, and reverse osmosis (RO) filters were taken
as the average of systems reviewed in the July 1997 Consumers Report.12  Annual rental costs
for whole-house and “other” filter systems were drawn from an industry survey.13  The purchase
costs were amortized over either two or five years, depending on the scale of the system, at an
18% annual interest rate which is equivalent to the finance rate on consumer credit cards.

Due to the wide range of annual costs per household and the truncated nature of the cost
distribution, i.e., it cannot go below zero, the median cost among households for dispensed and
filtered water purchases is the appropriate determinant of average costs.  The median was $62
per year based on the cost estimates and survey responses.

The annual costs for owning and operating a self-regeneration softener was based on a 1993
study examining these costs.14  Exchange-tank service costs were based on western U.S. rates
reported in an industry magazine survey.15  This amounted to $324 per year in 1996 dollars.

                                                     
11Bruvold and Mitchell,(1976); William H. Bruvold and Jeffery I. Daniels, “Standards for Mineral Content in Drinking Water,” Journal AWWA 82, no. 2 (1990): 59-
65.
12 These estimated costs were confirmed by inquiries at local stores and comparisons to annual costs reported in two industry magazines.  (?Water Treatment
Industry Profile--'Others' tell the story, “Water Conditioning & Purification Magazine, November 1997, 34-41; ?1997 Water Technology Point-of-Use Business
Survey,” Water Technology, May 1997, 85-92.)
13 Water Conditioning & Purification Magazine, 1997.
14 Scott Goldman, Brine Discharge Feasibility Study: Water Softener Economic Analysis (San Diego, California: Prepared for the City of Escondido by HYA
Consulting Engineers, July 6,1993).
15 Water Conditioning & Purification Magazine, 1997; Water Technology, 1997.
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Table 7 summarizes the estimated saturation rates for softeners and dispensed and filtered water
usage at different TDS levels, and the incremental costs per additional mg/L of TDS, as well as
the annual costs per household.

Table 7
MWD CONSUMER SALINITY DAMAGES FUNCTION

Softeners
Softener Cost = $324 per year

TDS Change% / TDS $Household / TDS
mg/L

Predicted %Use Predicted
$/Household

100 0.0076% $0.025 7.49% $24
250 0.0086% $0.028 8.70% $28
500 0.0102% $0.033 11.04% $36
750 0.0119% $0.039 13.80% $45
1000 0.0137% $0.044 17.00% $55

Total Dispensed and Filtered Water Purchases
Median Cost = $62 per year

TDS $Household / TDS
mg/L

Predicted %Use Predicted
$/Household

0 $0.002 61.96% $37.91
250 $0.002 61.96% $38.34
500 $0.002 62.65% $38.77
750 $0.002 63.42% $39.24
1000 $0.002 64.26% $39.76

ANALYSIS OF DETERGENT USE AND WATER SUPPLY SALINITY LEVELS

Previous studies on consumer response to increasing levels of salinity or total dissolved solids
(TDS) found a small but significant increase in detergent use.16  Because detergent use is
dependent on household characteristics, laundry load conditions, and the type of detergent used,
conducting a survey on this activity would require substantial efforts and expenditures while
probably yielding a small economic impact, if any.  Instead, this study relies on a previous
survey conducted to compare washing machine configurations.

A consortium of electric and water utilities, under the sponsorship of the Electric Power
Research Institute (EPRI), conducted a survey to estimate the potential energy and water savings
to consumers created by using new horizontal-axis washing machines.  The High-Efficiency
Laundry Metering and Marketing Analysis (THELMA) study had three stages: a telephone
survey, a week-long diary of laundry activity, and an in-home demonstration with the new
washing machines.

                                                     
16 Ragan, et al, (1993); Lohman, et al, (1988).
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The data was collected from the diaries for the Metropolitan/Southern California Edison Co. and
Los Angeles Department of Water and Power service areas, of which there were 145 households.
These diaries included detailed information about laundry loads and detergent use, and some
demographic information, such as household size and zip codes.  The TDS levels for each
household was provided by Bookman-Edmonston and added to the data set.

We statistically examined the data on TDS and the diaries of household laundry use.  We
separated liquid detergent users from powdered detergent users in the analysis.

Methodology

As the first step in the analysis, the average TDS level was calculated for the different levels of
detergent use. The tables below display these results.  Table 8 shows that THELMA participants
reporting use of liquid detergents behave consistently with a hypothesis of a positive association
between TDS levels and detergent use.  However as shown in Table 9, the same cannot be said
for participants reporting use of detergent in powder form.  In fact, the reverse appears to be true.
These descriptive statistics could still be misleading. We have not controlled for the amount of
water used in wash cycle or the number of occupants in the household.

Table 8
THELMA Study - Liquid Detergent Use by TDS

Amount of Detergent
used per load (m1/L)

Mean TDS Standard Deviation
Number of

observations
(loads of wash)

¼ cap 330 140 59
½ cap 365 141 43
¾ cap 459 136 37
1 cap 408 136 79
More than 1 cap 466 126 15
Don’t Know 250 0 4
Total in Sample 389.6 144.1 237

Table 9
THELMA Study - Powdered Detergent Use by TDS

Amount of Detergent
used per load (m1/L) Mean TDS Standard Deviation

Number of
observations

(loads of wash)
¼ scoop 448 125 22
½ scoop 394 150 88
¾ scoop 355 120 86
1 scoop 372 127 262
More than 1 scoop 340 81 47
Don’t Know 350 0 1
Total in Sample 373 128 506
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Controlling for Wash Fill Level

A variable was developed to standardize the amount of detergent used per load for the amount of
water used per load. A measure of detergent concentration was crested: caps of detergent used
per load divided by the number of gallons used in the wash cycle.17  Figures 1 and 2 plot this
measure of detergent concentration against the TDS levels matched to each household.18  In both
cases, the trend in detergent concentration against TDS level is small, if it exists at all. These
graphs do not, however, control for the number of persons in the household.

Controlling for Persons in the Household

Using the same detergent concentration variable (in caps per gallon), separate regression models
were estimated for both liquid and powdered detergent users, as shown in Tables 10 and 11,
respectively.

Table 10
LIQUID DETERGENT REGRESSION MODEL

DEPENDENT VARIABLE DETERGENT CONCENTRATION (IN CAPFULS PER GALLON)
Variable Coef. Std. Err. t-stat P>|t| 95% Conf. Interval

TDS 0.000017 0.000009 1.965 0.051 0.000000 0.000034
Persons in household 0.002128 0.000940 2.263 0.025 0.000275 0.003981
Constant 0.028536 0.004293 6.646 0 0.020075 0.036997

Number of obs = 226
F(2, 223) = 5.05
Prob > F  = 0.0072

Adj R-squared  = 0.0347
Root MSE = 0.01857

Table 11
Powder Detergent Regression Model

Variable Coef. Std. Err. t-stat P>|t| 95% Conf. Interval
TDS -0.000012 0.000005 -2.550 0.011 -0.000022 -0.000003
Persons in household 0.001274 0.000312 4.088 0.00 0.000662 0.001886
Constant 0.052043 0.002213 23.515 0.0 0.047695 0.056392

Number of obs = 509
F(2, 506) = 11.7
Prob > F  = 0

Adj R-squared  = 0.0404
Root MSE = 0.01408

These regressions suggest that persons in the household improves the prediction of detergent
concentration but does not change the contrary trend between liquid and powder detergent use

                                                     
17 We assume an extra large load uses 3 ft3 = 22.5 gallons per wash cycle, extra small load uses 1 ft3 = 7.5, and other loads fill in proportionally.
18 A lowess smoother is used to estimate any local trend.
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related to TDS levels.  One should also note that the estimated standard errors provided above do
not reflect the clustered nature of the data and are therefore likely to be understated.

Results

Ragan, et al (1993) found a significant, but “trivial,” relationship between TDS and detergent
use.  The relationship was 0.000025 cups per wash per mg/L TDS.  In addition, Ragan, et al,
show an apparently random distribution of detergent use at TDS levels below 1000 mg/L, which
is the range experienced in Metropolitan’s service area.

As with the drinking water alternatives, we find some positive relationships with TDS within
individual components of consumer responses, but an overall effect on detergent use cannot be
statistically derived.  Liquid detergent users, about 45 households, in this sample exhibit higher
levels of detergent use with higher levels of dissolved solids.  The 88 households reporting use of
powdered detergent reveal the opposite pattern--that is, households reporting less detergent use
tended to live in higher TDS areas while households reporting more detergent use tended to live
in low TDS areas.

The “null” hypothesis in this study is that TDS does not affect detergent use in the TDS range
experienced by Metropolitan domestic customers.  The results of this study fail to reject that
hypothesis, and one cannot conclude that TDS has a measurable effect on detergent use in the
region.  As such, the assumed consumer expenditures incurred by increased salinity should be
zero based on this study.

Several factors probably confound this analytic results.  First, the THELMA survey does not
distinguish between concentrated and basic powdered detergent formulations.  The former now
dominates the marketplace, but the survey covered a large segment of Los Angeles that has both
lower income levels and lower TDS.  These areas may have had only the basic formulation
available in the local stores.  Second is that use is dominated by one-scoop or one-cap
applications.  While variation in use may occur among the remaining users, the large mass of
invariant observations at the standard application point reduces the statistical power of the
analysis.  This may obscure the actual variation occurring among other users.  Third is that the
measures of detergent application, laundry load size and TDS levels may all be too gross to
capture the resolution of the actual change in behavior.  If the change is, for example, 0.1% per
mg/L of TDS, a 100 mg/L change will lead to a change of 10% in the application.  The
increments in the survey are in 1/4 cups or scoops, and approximate load size settings.
Unfortunately, none of these problems can be addressed through the current data set.  Finally,
consumers install softeners as a primary means of reducing salinity and improving detergent
performance.  Given this alternative mode, increased detergent use is likely to be only a
secondary effect.  An alternative analysis would require controlling for income and whether a
softener was present to derive a more accurate analysis.
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Appendix A
Version 7.0 -- Residential Water User Survey

Metropolitan Water District of Southern California
Annotated Version

Introduction

Hello, this is _______________ calling on behalf of the Metropolitan Water District of Southern
California.  We are doing a scientific survey of Southern California households to see how they
feel about the quality of the water they are receiving.  I’m not selling anything and the survey
will take just a few minutes.  Your answers will be strictly confidential and will help us to better
understand the wants and needs of California households like yours.

Suggested wording for clarification: “The Metropolitan Water District is a public agency that
supplies water to the various cities in Southern California – they operate the canal systems
bringing water from the Colorado River to the Southland.”

SCREENER

Q1 For this survey I need to talk with the person in your home who is normally responsible
for grocery shopping.  Is that you?
1 Yes
2 No  (IF NO ASK TO SPEAK TO THE PRIMARY GROCERY SHOPPER)

Good, I would like to begin by asking a few questions about your overall impression of the
quality of the water you are receiving.

 WATER QUALITY QUESTIONS

Q2A How would you rate the quality of your tap water.  Would you say it was excellent, good,
fair or poor?
1 excellent
2 good
3 fair
4 poor
5 don’t know/ not sure
6 refused

Q2B Thinking back over the last few years, would you say that the quality of the water has…
(read list and select appropriate response)
1 been about the same
2 gotten better
3 gotten worse?
4 don’t know
5 have not lived in residence long enough to rate
6 refused
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OK, now I would like to ask you some questions about the specific characteristics of your
tap water.

[ROTATE Q2C1 THROUGH Q2C5]

Q2C1 Hard water tends to cause spotting on glasses and dishes, and scaling and corrosion in
pipes and faucets.  Now on a scale from 0 to 10 where 0 is very hard and 10 is not at all
hard, how would you rate the hardness of the water you receive?

0 1 2 3 4 5 6 7 8 9 10
11 Don’t Know
12 Refused

Q2C2 Now, on a scale from 0 to 10 where 0 is a very unpleasant odor and 10 is no odor at all
how would you rate the odor of the water you receive?

0 1 2 3 4 5 6 7 8 9 10
11 Don’t Know
12 Refused

Q2C3 Now, on a scale from 0 to 10 where 0 is very cloudy and 10 is perfectly clear, how would
you rate the clarity of the water you receive?

0 1 2 3 4 5 6 7 8 9 10
11 Don’t Know
12 Refused

Q2C4 Now, on a scale from 0 to 10 where 0 is very bad tasting and 10 is very good tasting, how
would you rate the taste of the water you receive?

0 1 2 3 4 5 6 7 8 9 10
11 Don’t know
12 Refused

Q2C4A  I’m going to read you some ways that people say water tastes to them.  As I do you tell
me how often your water tastes this way.  You can answer never, very seldom.
sometimes, often and always.

very some-
never seldom times often always

1 Doesn’t taste like anything 1 2 3 4 5
2 Tastes rusty 1 2 3 4 5
3 Tastes salty 1 2 3 4 5
4 Tastes dirty or earthy 1 2 3 4 5
5 Tastes like chlorine 1 2 3 4 5
6 Tastes like chemicals 1 2 3 4 5
7 Tastes metallic 1 2 3 4 5
8 Tastes like rotten eggs or like sulfur 1 2 3 4 5
9 Too warm 1 2 3 4 5
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Q2C5 On a scale from 0 to 10 where 0 is very unsafe to drink and 10 is perfectly safe to drink,
how safe do you think your tap water is?

0 1 2 3 4 5 6 7 8 9 10
11 Don’t know
12 Refused

Q3A Do you have home-delivered bottled water that usually comes in 5 to 6 gallon containers?
1 Yes
2 No
3 Don’t know

Q3B Do you usually buy non-carbonated drinking water in plastic packages from the
supermarket?
1 Yes
2 No
3 Don’t know

Q3C Do you usually buy non-carbonated drinking water from a vending machine?
1 Yes
2 No
3 Don’t know

Q3D Do you have a water filtration or purification device that fits either on top of your sink,
under your sink or in the water line to your refrigerator?
1 Yes
2 No
3 Don’t know

Q3E Do you have a water softener?
1 Yes
2 No
3 Don’t know

[If Q3A = 1 or Q3B = 1 or Q3C = 1 or Q3D = 1 then ask Q4A and Q4B]

Q4A Next I’m going to read you some ways that bottled or filtered water are used.  As I do,
tell me whether you use bottled or filtered water for this purpose all the time, more than
half the time, about half the time, rarely or never.  OK how about…. (read list and record
the appropriate response)

More
Than About

Always Half Half Rare Never
1 drinking directly 1 2 3 4 5
2 making coffee, tee, etc. 1 2 3 4 5
3 making juice 1 2 3 4 5
4 cooking 1 2 3 4 5
5 making infant formula 1 2 3 4 5
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Q4B How long have you been using bottled or filtered water for these purposes?

Months ______   Years _______

[If  Q3A = 1 then ask Q5A-Q5D]

Q5A About how often do you have containers delivered to your home?
Number of times ____  (record numerical answer)

Cycle: Weekly   (Select the appropriate cycle type)
Monthly
Yearly

Q5B What size containers are delivered?
1 Five gallon
2 Six gallon

Q5C How many containers are normally delivered?
Number _______  (record numerical answer)

Q5D Including the cost of the water, the dispenser, deposits and any other costs you pay for in
buying home delivered water, about how much do you pay each month for delivered
bottled water?
Dollars per month ____________  (record numerical answer, record 999 for

unknown or refused)

[If Q3B = 1 then ask Q6A – Q6D]

Q6A About how often do purchase non-carbonated water in plastic containers from the grocery
store?
Number of times ____  (record numerical answer)

Cycle: Weekly   (Select the appropriate cycle type)
Monthly
Yearly

Q6B What size containers do you normally purchase?
1 one gallon
2 two and one-half gallon

Q6C How many containers do you normally purchase when you are at the store?
Number _______  (record numerical answer)

Q6D Considering the number of times you buy dispensed water from the grocery store in a
month, about how much would you say you spend on a monthly basis?
Dollars per month ____________  (record numerical answer, record 999 for

unknown or refused)
[If Q3C = 1 then ask Q7A – Q7D]
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Q7A About how often do you purchase non-carbonated water from vending machines?
Number of times ____  (record numerical answer)

Cycle: Weekly   (Select the appropriate cycle type)
Monthly
Yearly

Q7B What size containers do you normally fill at the vending machine?
1 one gallon
2 two and one-half gallon
3 five gallon
4 ten gallon

Q7C How many containers do you normally fill when you are at the vending machine?
Number _______  (record numerical answer)

Q7D Considering the amount of bottled water you buy on a monthly basis, about how much
would you say you spend on a monthly basis for water from vending machines?
Dollars per month ____________  (record numerical answer, record 999 for

unknown or refused)
[If Q3D = 1 then Ask Q8A Q8F ]

Q8A Is your filter system installed under the sink, in the faucet or in the refrigerator line?
1 Under the sink
2 On the counter
3 Refrigerator line
4 Other specify ____________________________________________

Q8B How many filter canisters does it have?
Number of canisters  _____  (record number, if unknown record 99)

Q8C About how often should the filters be changed, would you say they should be changed
monthly or yearly?
1 monthly
2 every few months
3 yearly
4 less often than yearly
5 don’t know

Q8D Can you change the filters yourself or does it have to be serviced by a technician?
1 respondent can change
2 service technician should change
3 don’t know

Q8D About how often are the filters changed?
1 monthly
2 every few months
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3 yearly
4 less often than yearly
5 don’t know

Q8E Did you purchase the filter system yourself or did it come with the house?
1 resident installed
3 came with the house

Q8F [ASK IF Q8E= 1]  About how much did you pay for the filtering system?
Amount paid ________  (record number, if unknown record 9999)

Q8G Including the cost of filters, maintenance and repairs, about how much does it cost to
operate your filtration system on a yearly basis?
Annual Cost ________  (record number, if unknown record 9999)

Q8G [ASK IF Q8E= 2]  On a scale from 0 to 10 where 0 is not important at all and 10 is very
important, how important was the home water treatment system in your decision to buy
or own your home?

0 1 2 3 4 5 6 7 8 9 10
11 Don’t know
12 Refused

Q9A You stated that you have a water softener system in your home.  Do you use it regularly?
1 Yes  [go to q9A1]
2 No  [GO TO Q9A2]
3 Don’t know/not sure  [GO TO Q10]
4 Refused [GO TO Q10]

Q9A1 What made you decide to start using a water softener?  [ASK AS OPEN-ENDED, BUT
INTERVIEWER CHECKS OFF FROM FOLLOWING LIST]
1 staining or discoloring
2 film
3 scale
4 mineral deposits
5 avoid damage to appliances
6 other   (please specify________)

[SKIP TO Q9B]

Q9A2 Why not? _________________________________________________

Q9B [IF Q9A = 1 THEN ASK]  Does it soften all water or hot water only?
1 softens all
2 only hot water
3 don’t know/not sure
4 Refused
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Q9C Do you change the salt yourself or does a service person change a tank for you?
1 respondent changes the tank
2 tank serviced on a regular basis by technician
3 don’t know [SKIP TO Q9G]
4 Refused [SKIP TO Q9G]

[IF Q9C = 1, THEN ASK Q9D- Q9E]

Q9D How often do you replace the salt in your water softener?
Number of times ____  (record numerical answer)

Cycle: Weekly   (Select the appropriate cycle type)
Monthly
Yearly

Q9E How many pounds of salt do you add to the unit each time?
Pounds ________  (record number, if unknown record 9999)

[SKIP TO Q9G]

[IF 9C = 2 THEN ASK Q9F]

Q9F How often does your water softener service visit to exchange the softener tanks?
Number of times ____  (record numerical answer)
Cycle: Weekly   (Select the appropriate cycle type)

Monthly
Yearly

Q9G Did you purchase the water softener yourself or did it come with the house?
1 resident installed
2 came with the house

Q9H Including the cost of salt and any service charges, about how much do you pay on a
monthly basis to operate your water softener?
Monthly Cost ________  (record number, if unknown record 9999)

Q9I1 [ASK IF Q9G = 2]  On a scale from 0 to 10 where 0 is not important at all and 10 is very
important, how important was the home water treatment system in your decision to buy
or own your home?

0 1 2 3 4 5 6 7 8 9 10
11 Don’t know
12 Refused

Q10 How long have you lived in this community?
Months ______   Years _______
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Q11 Do you own or rent ?
1 Own
2 Rent

Q12 How many people are living at this address?
_________ Record number (record 99 if refused)

Q12A How many are children under 12?
_________ Record number (record 99 if refused)

Q12B How many are children under 3?
_________ Record number (record 99 if refused)

Q13 What is your zip code?
_________ Record number (record 99 if refused)

Q14 I’m going to read you a list of income categories.  As I do you tell me which one best
describes the total income from all sources for last year for your entire household?
1 Less than $15,000 per year
2 $15-30,000 per year
3 $30-50,000 per year
4 $50-80,000 per year
5 $80-150,000 per year
5 More than $150,000 per year
6 don’t know
7 Refused

Q16 How would you describe your race?  Would you say you are:
1 Asian/Pacific Islander
2 African-American
3 White or
4 Native American
5 Refused

Q17 Are you of Hispanic origin?
1 Yes
2 No
3 Don’t know
4 Refused

Q18 In what state or country were you born?
1 California native
2 US Born outside California
3 Outside US
4 Don’t know/not sure
5 Refused
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Q19 How long have you lived in Southern California?
 Amount of time  ____  (record numerical answer)

Cycle: Weeks   (Select the appropriate cycle type)
Months
Years

Q20 Have you recently heard or read that there is something in drinking water that can
increase the likelihood of miscarriages?
1 Yes
2 No
8 Don’t know
9 Refused

Thank you for your time in helping us today.  If you have any questions, I can take your phone number
and have someone from the Metropolitan Water District get back to you.  Good bye.
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BACKGROUND DATA AND REPORT ON
GROUNDWATER AND WATER RECYCLING

INTRODUCTION

The Metropolitan Water District of Southern California (Metropolitan) and the U.S. Bureau of
Reclamation (USBR) are developing an existing economic model to evaluate the economic
impacts of salinity in water supplies.  The model will more accurately estimate the economic
impacts of salinity changes in imported water supplies to residential, commercial, industrial, and
agricultural users, water utilities, and in use of groundwater and recycled water.  Impacts are
sensitive to TDS changes of the imported water supplies and Metropolitan’s blending policy.
Therefore, Metropolitan’s service area is divided into 15 subareas as shown in Figure 1 to reflect
unique water supply and impact conditions.

Figure 1
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The model is in a generic format and applicable to other areas served by the USBR with some
minor modifications. Appendix 5B was prepared by Metropolitan’s staff with assistance from
Bookman-Edmonston Engineering.

Purpose

The purpose of this report is to develop and provide data on groundwater and water recycling
impacts to be utilized in the economic impact model.  The backup data for all other impact
categories are presented in Technical Appendix 5A.

IMPACTS TO GROUNDWATER

California’s State Water Resources Control Board and its regional water quality control boards
provide the mechanism for the protection of groundwater resources from degradation.  The
regional boards establish surface and groundwater Basin Plan Objectives (BPO) to protect
beneficial uses.  Some basins are replenished only naturally by runoff, while others require the
use of imported water or artificial replenishment to augment the natural supply.  Some spreading
grounds receive water from the State Water Project (SWP) or the Colorado River Aqueduct
(CRA) exclusively, while others receive a blend of the two waters.  For the purpose of this
analysis, Metropolitan’s service area was divided into 15 subareas.  The boundaries of these
subareas were determined, in part, on the basis of a common local water supply component.
This component for each subarea is generally homogeneous in nature that is a single surface or
groundwater source.

Salt is introduced into groundwater through groundwater recharge of storm flows, imported
water, and recycled water as well as by incidental recharge of wastewater discharges.  This
section includes the salinity impacts on groundwater through direct groundwater recharge with
imported water, indirect groundwater recharge with imported water, and incidental groundwater
recharge through wastewater discharges.  This section also includes the impacts of home water
softeners on wastewater quality, which in turn could impact the groundwater, and recycled water
uses.  The model includes the impacts of imported water and not the storm flows.  The economic
impacts of salinity on groundwater recharge with recycled water are included in the Water
Recycling Impacts Section.

Direct Groundwater Recharge

The amount of imported water delivered by Metropolitan is not constant for every basin, and
depends on the availability of local and imported water and the needs of the basin.  The model
uses historical as well as forecast data to estimate the replenishment for each one of the 15
subareas.

Where imported water is used for groundwater replenishment, agencies favor the use of SWP
water because it is of lower TDS than CRA water.  Groundwater basins in subareas 4 and 8
receive exclusively SWP water.  Groundwater basins in subarea 6, on an average basis, receive
50% SWP water and 50% CRA water.  Groundwater basins in subarea 8, on an average basis,
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receive 15% SWP water and 85% CRA water.  The composition of the blend changes from year
to year.

Basins were considered to have assimilative capacity for recharged water with TDS below the
BPO and would require mitigation for recharge water with TDS above the BPO.   The method of
mitigation for this study was demineralization by reverse osmosis.  For modeling purposes,
representative BPO was set for each subarea.  See Attachment 1 for more detail.

If TDS level is below the BPO, no negative impact occurs under the current groundwater
management practices.  In fact, if the amount of recharge is substantially large and the TDS level
in the recharge water is lower than the groundwater TDS, the overall salinity of the basin will
improve.  Consequently, lower TDS water is preferred for replenishment by basin managers.
This potential benefit, however, is difficult to quantify and is not captured in this economic
model because of the complexities of determining the dilution effect.

Based on initial review of existing and planned groundwater desalination projects in
Metropolitan’s service area, the average RO costs are estimated to be $300/ton and $520/ton
(1998 dollars) of salt removed for coastal and inland areas, respectively.  The costs for inland
desalters are higher because of additional brine disposal requirements.  See Attachment 2 for
more detail.

The following formulas can be used to calculate the groundwater impacts due to direct recharge
with imported water:

for TDS < BPO y = 0
for TDS > BPO y = RO * (TDS - BPO) * AF * 0.00136

Where,
y = Average annual cost of removing additional salt above BPO level ($)
RO = Unit cost of desalting ($/ton)
TDS = TDS level in replenishment water (mg/L)
BPO = Basin Plan Objectives for TDS (mg/L)
AF = Amount of replenishment water delivered by Metropolitan (acre-feet)
0.00136 = Factor to convert mg/L to ton/acre-foot

Representative BPO values for direct groundwater recharge are given in Table 1.
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Table 1
Basin Plan Objectives for TDS and Percent Percolation Using Imported Water

No. Subarea Basin Plan Objective
for TDS for Direct
Recharge (mg/L)

Basin Plan Objective
for TDS for Indirect

Recharge (mg/L)

Estimated Percentage of
Water Demand that

Percolates to Useable
Groundwater (%)

1 North West 500        500 5
2 San Fernando Valley – West 700       700 20
3 San Fernando Valley – East 700       700 20
4 San Gabriel Valley 450        450 20
5 Central Los Angeles N/A       700 1
6 Central and West Basins 700        700 5
7 Coastal Plain N/A        700 1
8 NW Orange County 600       600 7
9 SE Orange County 600        600 1

10 Western MWD N/A        990 15
11 Eastern MWD 350        350 10
12 Upper Chino 330        330 20
13 Lower Chino N/A       330 5
14 North San Diego N/A       1500 1
15 South San Diego N/A       1500 1

Indirect Groundwater Recharge

A portion of the imported water applied for irrigation percolates into the ground and eventually
reaches the useable groundwater.  The percent of total delivered water that percolates into the
useable groundwater has been established at 20% in the San Fernando Valley during the
adjudication process for the basin.  Using this data and pertinent hydrologic characteristics of
each subarea, the average percent of water supply percolating to useable groundwater in each
subarea was estimated.  The salinity of percolated water is about 2.55 times the salinity of
delivered water (Technical Appendix 5A).

As with direct groundwater recharge, RO is employed to mitigate basin salt loading.  The
following formulas can be used to calculate the groundwater impacts due to indirect recharge
with imported water:

for 2.55*TDS < BPO y = 0
for 2.55*TDS > BPO y = RO * (2.55 * TDS - BPO) * %PERC * DW * 0.00136

Where,
y = Average annual cost of removing additional salt above BPO level ($)
RO = Unit cost of desalting ($/ton)
2.55 = Factor accounting for increase in salinity resulting from irrigation and other use
TDS = TDS level in delivered water (mg/L)
BPO = Basin Plan Objectives for TDS (mg/L)
%PERC = Percent of delivered water which percolates (%)
DW = Total delivered water (acre-feet)
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0.00136 = Factor to convert mg/L to ton/acre-foot

Representative BPO values for indirect groundwater recharge and percent of total delivered
water that percolates to useable groundwater are given in Table 1.

Incidental Recharge

Some regulatory and groundwater management agencies have established discharge permit limits
(DPL) on the TDS concentration of wastewater discharges to protect the groundwater basins.
Unless desalted, wastewater and recycled water TDS is always higher than that of source water
by the amount of salt added to wastewater during each use.  The model calculates the TDS of
wastewater by increasing the TDS of served water by a representative increment resultant from
urban use unique to each subarea (Attachment 3).  When TDS of imported water increases, the
TDS of the wastewater increases an equal amount.  Wastewater discharged to streams can impact
the groundwater when its TDS exceeds the DPL for that wastewater facility.  The method of
mitigation for this study was demineralization by reverse osmosis.

The average annual wastewater discharge is calculated by deducting the total recycled water
used from the total wastewater generated in each subarea.  Existing and projected annual
recycled water uses are obtained form Metropolitan’s database.  The existing and projected
annual wastewater flows are calculated by multiplying the total water demand by the ratio of
wastewater to water demand for each subarea.

The ratio of wastewater flow to water supply flow was determined by dividing the amount of
wastewater by the water demand in that specific area.  Subarea 7 does not include a wastewater
reclamation plant.

Based on review of the available data, the average RO costs for wastewater and recycled water
projects are estimated to be $560/ton and $780/ton (1998 dollars) of salt removed for coastal and
inland areas, respectively.  The cost for inland groundwater desalters is higher because of
additional brine disposal requirements.  See Attachment 2 for more detail.

Table 2 shows the average RO cost, current average water supply TDS, average consumer TDS
load, average wastewater and recycled water TDS, and the ratio of wastewater flow to water
demand in each subarea.
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Table 2
Pertinent Data for Water Recycling Impacts

Subarea
Unit RO Cost *

 ($/ton of salt
removed)

Average
Water

Supply TDS
(mg/L)

Average
Consumer
TDS Load

(mg/L)

Wastewater
& Recycled
Water TDS

(mg/L)

Wastewater
Flow to Water
Demand Ratio

1 North West 780        400           340        736  0.24
2 San Fernando Valley - West 780        273           410        682   0.60
3 San Fernando Valley - East 780        625           160        786   0.34
4 San Gabriel Valley 780        410           210        621   0.61
5 Central Los Angeles 580        346           390        739   0.74
6 Central and West Basins 560        550           340        887   0.69
7 Coastal Plain 560        655           200       655   0.00
8 NW Orange County 560        557           490       1,047   0.54
9 SE Orange County 560        644           250        893   0.42

10 Western MWD 780        409           250        660   0.28
11 Eastern MWD 780        530           220        661   0.20
12 Upper Chino 780        284           180        464   0.22
13 Lower Chino 780        501           230        728    0.20
14 North San Diego 560        613           360        969    0.21
15 South San Diego 560        532           520     1,054    0.76

*  Includes brine disposal costs.

The following formulas can be used to calculate the groundwater impacts due to incidental
recharge:

for TDS < DPL y = 0
for TDS > DPL y = RO * (TDS - DPL) * AF * 0.00136

Where,
y = Average annual cost of removing additional salt above DLP level ($)
RO = Unit cost of desalting ($/ton)
TDS = TDS level in wastewater (mg/L)
DPL = Discharge Permit Limit for TDS (mg/L)
AF = Amount of wastewater discharged (acre-feet)
0.00136 = Factor to convert mg/L to ton/acre
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The selected DPL used in the model are listed in Table 3.

Table 3
Wastewater TDS Discharge Permit Limits

No. Subarea
Discharge Permit

Limits (mg/L)
Comment

1 North West 1,200 Oxnard Plain (Saticoy and El Rio SG)
2 San Fernando Valley-West 950 LA River above Figueroa Street
3 San Fernando Valley-East 950 Same as San Fernando Valley West
4 San Gabriel Valley N/A Wastewater is conveyed out of subarea
5 Central Los Angeles N/A Discharges to outfall/lined channels
6 Central and West Basins N/A Discharges to outfall/lined channels
7 Coastal Plain N/A No discharge to streams
8 Northwest Orange Co. N/A CSDOC discharges to outfall
9 Southeast Orange Co. N/A CSDOC discharges to outfall

10 Western MWD 700 Based on Upper Santa Ana Reach 3 Basin Plan Limit
(Table 4-1)

11 Eastern MWD 670 Weighted average of permit limit based on treatment
plant capacity.

12 Upper Chino 330 Same BPO for groundwater since there is no assimilative
capacity in the basin.

13 Lower Chino 740 Water quality objectives for Chino III sub-basin
14 North San Diego N/A Discharges to outfall/lined channels
15 South San Diego N/A Discharges to outfall/lined channels

Home Water Softeners Impacts on Wastewater Quality

As the TDS and hardness of water supplies increase, more households are expected to purchase
and use water softeners.  The economic impacts to households for purchasing and operating cost
of these water softeners are captured in the model under the Residential Impacts Section. The
approach to quantify a secondary impact of salt loading to water recycling and wastewater
discharges from these new self-regenerating water softeners is described below.

There are no impacts related to wastewater discharged directly to the ocean.  Considering that
most inland wastewater treatment plants have no assimilative capacity for the added salt, the cost
of reverse osmosis to remove excess salt added by water softeners forms the foundation of the
impact equation for each subarea.

The following equation applies to subareas 1, 2, 3, 10, 11, 12, and 13 where the portion of
wastewater not used for water recycling is discharged to streams or ponds:

Y = A x B x C x D

The following equation applies to subarea 4, 5, 6, 7, 8, 9, 14, and 15 where the portion of
wastewater not used for water recycling is discharged to the ocean:
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Y = A x B x C x D x E

Where,

Y = Average annual cost of removing additional salt added by self-regenerating water softeners

A = Number of houses that use water softeners in each subarea
B = Average annual salt load by a household self-regenerating water softener (0.15 ton per year)
C = Ratio of self-regenerating water softeners to total water softeners in Metropolitan’s service

area
D = Reverse osmosis unit cost ($/ton)
E = Ratio of recycled water use to total wastewater in each subarea

The values for the above parameters are obtained as follows:

A: Using the existing formula in the Residential Impacts Section of the model, the additional
number of households using water softeners due to TDS changes are calculated for each
subarea.

B: Based on a 1993 HYA report, the average annual salt use for a household is about 300
pounds per year considering that all new self-regenerating water softeners will be demand
initiated.

C: The ratio of self-regenerating water softeners to total water softeners in Metropolitan’s
service area can be obtained from our consumer survey by M.  Cubed or other sources.  This
is important because, generally, the self-regenerating water softeners contribute salt to the
wastewater that is discharged to streams or is used for recycling.  While off-site regeneration
may also contribute salt, it is assumed to be regulated by industrial discharges.

D: Based on a 1998 Metropolitan report, the average cost of reverse osmosis for recycled water
is $560 per ton for coastal areas and $780 per ton for inland areas.

E: The ratio of recycled water use to total wastewater in each subarea can be calculated based
on information available from Metropolitan’s database and the Bureau of Reclamation’s
Southern California Comprehensive Water Reclamation and Reuse Study.

 IMPACTS TO WATER RECYCLING

To supplement imported water supplies, recycled water has been used in Metropolitan’s service
area for many years.  Recycled water is used for landscape and agricultural irrigation, direct
groundwater recharge, commercial and industrial, and seawater barrier purposes.  A portion of
the recycled water applied for irrigation percolates into the ground and eventually reaches the
useable groundwater (indirect recharge).  Unless desalted, recycled water TDS is always higher
than that of source water by the amount of salt added to wastewater during each use.  Increases
in TDS of recycled water could limit its beneficial uses.

This paper includes the salinity impacts on recycled water regarding irrigation, commercial and
industrial, direct groundwater recharge, and indirect groundwater recharge.  Per discussions with
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local agencies, it was concluded that salinity impacts on recycled water used for sea water barrier
purposes are not noticeable because, generally, the recycled water must be treated for removal of
other constituents such as total organic carbon, which in turn reduces TDS concentrations.

Landscape Irrigation

Based on discussions with local agencies and assumptions used by the Bureau of Reclamation’s
Southern California Comprehensive Water Reclamation and Reuse Study (SCCWRRS), recycled
water with TDS levels up to 900 mg/L is suitable for all landscape irrigation purposes.  It was
also concluded that when using recycled water with TDS level of 900 to 1,000 mg/L, additional
recycled water must be used to leach salt from the root zone.  Based on Agricultural Salinity
Assessment and Management (ASCE 1990), various grasses can tolerate soil extract salinity
between 1900 to 6400 mg/L.  The model uses an average soil salinity of 2,560 mg/L to calculate
the leaching requirement.  The leaching requirement can be calculated using the following
formula, adopted from Wastewater Reuse for Golf Course Irrigation, Chapter 3, United States
Golf Association 1994 (See Attachment 4):

LR = TDSwater / (5 * TDSsoil - TDSwater)

and substituting 2,560 mg/L for TDSsoil, the formula is:

LR = TDS / (12,800 - TDS)

Where
LR = Leaching requirement as percent of total irrigation water need.
TDS = TDS level in recycled water (mg/L)

When the recycled water TDS level exceeds 1,000 mg/L, excess salt must be removed and,
therefore, the cost of reverse osmosis was employed as mitigation measure.  Based on review of
the available data, the average recycled water rate is $460 per care-foot and the average RO costs
for desalting wastewater and recycled water are estimated to be $560/ton and $780/ton (1998
dollars) of salt removed for coastal and inland areas, respectively.

The following formulas can be used to calculate the salinity impacts on use of recycled water for
irrigation purposes:

for TDS < 900 y = 0
for 900 < TDS <1,000 y = LR * RATE
for TDS > 1,000 y = RO * (TDS - 1,000) * AF * 0.00136

Where:
y = Average annual cost of purchasing additional leaching water or removing additional salt ($)
LR = Leaching requirement (AF)
RATE = Average recycled water rate ($460/AF)
RO = Unit cost of desalting ($/ton)
AF = Amount of recycled water uses for irrigation (acre-feet)
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TDS = TDS level in recycled water (mg/L)
0.00136 = Factor to convert mg/L to ton/acre

Commercial and Industrial

Recycled water is mainly used for boiler feed water and cooling purposes. Commercial and
industrial use of recycled water is fairly new and, therefore, there is not much data to quantify
the percent use for various purposes.  Hence, we estimated that 50 percent of recycled water is
used for boilers and 50 percent for cooling.  Using the Impact Functions for boilers and cooling
towers, developed by Bookman-Edmonston Engineering (see Appendix 5A), the annual cost for
boiler feed water and cooling is $0.83/AF per mg/L of salinity.  The following formula can be
used to calculate the commercial and industrial impacts of recycled water:

y = 0.83 * AF * TDS

Where,
y = Average annual cost of additional water purchases and treatment ($)
AF = Amount of recycled water uses for commercial/industrial (acre-feet)
TDS = TDS level in recycled water (mg/L)

Direct Groundwater Recharge with Recycled Water

The Regional Water Quality Control Boards have established BPO for groundwater recharge
with recycled water.  For modeling purposes, representative BPOs were set for each subarea and
are presented in Table 4.  Note that BPOs in Tables 1 and 4 may differ because of the different
location of water application within the subarea.  See Attachment 5 to this appendix for more
detail.  Basins were considered to have assimilative capacity for recharge water with TDS below
the BPO and would require mitigation for recharge water with TDS above the BPO.   The
method of measuring mitigation for this study was demineralization by reverse osmosis.  Based
on review of the available data, the average RO costs for desalting wastewater and recycled
water are estimated to be $560/ton and $780/ton of salt removed for coastal and inland areas,
respectively.

The following formulas can be used to calculate the groundwater impacts due to direct recharge
with recycled water:

for TDS < BPO y = 0
for TDS > BPO y = RO * (TDS - BPO) * AF * 0.00136

Where,
y = Average annual cost of removing additional salt above BPO level ($)
RO = Unit cost of desalting recycled water ($/ton)
TDS = TDS level in recycled water (mg/L)
BPO = Basin Plan Objectives for TDS (mg/L)
AF = Amount of replenishment recycled water (acre-feet)
0.00136 = Factor to convert mg/L to ton/acre-foot

Representative BPO values for direct groundwater recharge are given in Table 4 below.
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Indirect Groundwater Recharge with Recycled Water

A portion of the recycled water applied for irrigation percolates into the ground and eventually
reaches the useable groundwater.  The percent of recycled water that percolates into the useable
groundwater are shown in Table 4 below.  These values were derived using the same basic
approach for indirect recharge of potable water. (see Groundwater Impacts section above).
Percolation percentages were based on the total water demand for in-house and outside uses.
Since the recycled water is only used outside of the house, those percentages do not apply to
recycled water.  Approximately, 33 percent of the irrigation water percolates into the ground.
Using this factor and Bookman-Edmonston’s percentages for potable water, we can calculate the
percent of recycled water that percolates into useable groundwater.  These values are given in
Table 4 below.  Salinity of percolated water is about 2.55 times the salinity of recycled water
used for irrigation (Appendix 5A)

As with direct groundwater recharge, RO is employed to measure the mitigation of basin salt
loading.  The following formulas can be used to calculate the groundwater impacts due to
indirect recharge with recycled water:

for 2.55*TDS < BPO y = 0
for 2.55*TDS > BPO y = RO * (2.55 * TDS - BPO) * %PERC * AF * 0.00136

Where,
y = Average annual cost of removing additional salt above BPO level ($)
RO = Unit cost of desalting recycled water ($/ton)
2.55 = Factor accounting for increase in salinity resulting from irrigation
TDS = TDS level in recycled water (mg/L)
BPO = Basin Plan Objectives for TDS (mg/L)
%PERC = Percent of recycled water which percolates (%)
AF = Total recycled water used for irrigation (AF)
0.00136 = Factor to convert mg/L to ton/acre-foot

Representative BPO values for indirect groundwater recharge and percent of total recycled water
that percolates to useable groundwater are given in Table 4.
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Table 4
Basin Plan Objectives for TDS and Percent Percolation Using Recycled Water

No. Subarea

Basin Plan
Objective for TDS

for Direct Recharge
(mg/L)

Basin Plan
Objective for TDS

for Indirect
Recharge (mg/L)

Estimated Percentage of
Recycled Water that
Percolates to Useable

Groundwater (%)
1 North West 1200 1200 8
2 San Fernando Valley – West 700 700 33
3 San Fernando Valley – East 700 700 33
4 San Gabriel Valley 450 450 33
5 Central Los Angeles 700 700 2
6 Central and West Basins 700 700 8
7 Coastal Plain N/A 700 2
8 NW Orange County 600 600 12
9 SE Orange County 600 600 2

10 Western MWD 700 700 25
11 Eastern MWD 1350 1350 33
12 Upper Chino N/A 330 33
13 Lower Chino 330 330 8
14 North San Diego 1500 1500 2
15 South San Diego 1500 1500 2
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TECHNICAL APPENDIX 5B
ATTACHMENT 1

Basin Plan Objectives for Groundwater Recharge with Imported Water

For purposes of this analysis, each one of the 15 subareas was assigned a BPO representative of
the current recharge conditions.  The assigned BPO is representative of the basin where current
replenishment is prevalent within the subarea, and where a Metropolitan replenishment
connection exists as described below.  Table 1-1 shows the replenishment water delivered by
Metropolitan, and the TDS Basin Plan Objectives for each subarea.

Table 1-1
Average Annual Replenishment with Imported Water and

Basin Plan Objectives for TDS
Subarea Basin Plan Objective

for TDS for Direct
Recharge (mg/L)

Basin Plan
Objective for TDS

for Indirect
Recharge (mg/L)

1 North West        500        500
2 San Fernando Valley – West       700       700
3 San Fernando Valley – East       700       700
4 San Gabriel Valley        450        450
5 Central Los Angeles        N/A       700
6 Central and West Basins        700        700
7 Coastal Plain        N/A        700
8 NW Orange County       600       600
9 SE Orange County        600        600

10 Western MWD        N/A        990
11 Eastern MWD        350        350
12 Upper Chino        330        330
13 Lower Chino       N/A       330
14 North San Diego        N/A       1500
15 South San Diego        N/A       1500

The following paragraphs describe the procedure used to select the BPO for each of the subareas:

5. Northwest:  Las Posas Valley (North and South Las Posas), the Oxnard Plain and Piru
have been identified as potential areas of recharge.  Metropolitan’s connection CA-02
serves this subarea.  The BPO for Las Posas Valley, for which the RWQCB designation
is North Las Posas Area, is 500 mg/L.  The Las Posas Valley area has the most available
storage capacity and receives Metropolitan’s replenishment deliveries.  Hence, the BPO
of 500 mg/L was used for the Northwest subarea.

6. San Fernando Valley-West: There are no Metropolitan spreading connections in the San
Fernando Valley.  The areas with potential for replenishment are Branford, Hansen,
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Lopez Dam, Pacoima and Tujunga Spreading Grounds, all with a BPO of 700 mg/L.
Therefore, 700 mg/L was used for this area.

7. San Fernando Valley-East: Same as San Fernando Valley-West.

8. San Gabriel Valley: Spreading of imported water occurs through Metropolitan’s
connection USG-3 into the San Gabriel River (San Gabriel Canyon).  The BPO for the
San Gabriel River recharging facilities is 450 mg/L.  Therefore, that is the BPO used for
the subarea.

9. Central Los Angeles: There are no Metropolitan spreading connections in the Central
Los Angeles Subarea.  Therefore, no BPO was needed for this subarea.  For indirect
recharge purposes, a BPO of 700 mg/L was used.

10. Central and West Basins: Replenishment of the Central Basin with imported water is
done through Metropolitan’s connections CENB-28 (Thompson Creek), CENB-36
(Alhambra Wash), CENB-37 (San Gabriel River), and CENB-48 (San Dimas Wash).  All
of these spreading facilities are located in the San Gabriel Valley.  Spreading facilities
within Central Basin include Alamitos and Dominguez Gap Barrier, San Gabriel system,
and Rio Hondo (Whittier Narrows Reservoir and Rio Hondo Spreading Grounds).  The
BPO of 700 mg/L for the Central Basin facilities was used for this subarea as this
represents the predominant groundwater supply for this area.

11. Coastal Plain: This subarea does not include any direct recharge with imported water.
Therefore, no BPO was needed for this subarea.  For the indirect recharge analysis, a
BPO of 700 mg/L, similar to West Basin’s, was used for this subarea.

12. Northwest Orange County: Replenishment to the basin is done through the Santa Ana
Forebay, which has 13 recharge facilities.  Metropolitan replenishment connections
serving this subarea are:  OC-11, OC-12, OC-12A, OC-13, OC-13A, OC-18, OC-23, OC-
28, OC-59, OC-65.  The BPO for the Santa Ana Forebay is 600 mg/L, which is the BPO
used for this subarea.

13. Southeast Orange County:   Same as NW Orange County.

14. Western MWD:   Riverside South (N&S) Basins have proposed recharge facilities (with
BPO for TDS of 650-990 mg/L), and the proposed source would be the Santa Ana River.
This basin has no Metropolitan replenishment connections.  Metropolitan’s connections
WR-18A and WR-18B deliver water for agriculture.  For the indirect recharge analysis, a
BPO of 990 mg/L was used based on the upper BPO range limit.

15. Eastern MWD:   State Water Project Recharge Ponds (RWQCB designation: San Jacinto
Intake) have an existing connection for imported water (EM-14), and BPO of 350 mg/L.
This BPO has been used for the Eastern MWD subarea.

16. Upper Chino:  Montclair and Etiwanda Conservation Basins receive imported water
replenishment via recharge facilities.  BPO for those basins is 220 mg/L, which was
established based on the TDS of the SWP water.  The SWP water TDS varies up to
approximately 330 mg/L, and its use for replenishment is acceptable by groundwater
agencies.  Therefore, 330 mg/L is an acceptable BPO for this subarea.
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17. Lower Chino:  The BPO for most of the basins in this subarea is 330 mg/L, but BPOs for
surface water directly impact the water quality of the groundwater.  There are no
Metropolitan spreading connections, and no replenishment with imported water is
expected to occur.  No BPO was needed for this subarea for direct recharge.  For indirect
recharge analysis, a BPO of 330 mg/L was selected, .

18. North San Diego:  This subarea does not have any direct recharge with imported water.
Several small basins have recharge facilities for runoff and reclaimed water recharge.  No
direct replenishment with imported water occurs in these subareas.  Therefore, no BPO is
needed.  For indirect recharge analysis, Mission Basin’s BPO of 1,500 mg/L was used for
this subarea.

19. South San Diego:  This subarea does not have any direct recharge with imported water.
Several small basins have recharge facilities for runoff and reclaimed water recharge.  No
direct replenishment with imported water occurs in this subarea.  Therefore, no BPO is
needed.  For indirect recharge analysis, the Lower San Dieguito River Basin’s BPO of
1,500 mg/L was assigned to this subarea.
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TECHNICAL APPENDIX 5B
ATTACHMENT 2

COST OF TDS REMOVAL

Introduction

The amount of total dissolved solids (TDS) removed by a groundwater desalting facility depends
on the desalting process used, system design, feed water composition, and product water
required.   Additionally, to remove TDS from recycled water, a pretreatment process is required
to remove organics, suspended solids and any turbidity that may remain in the water.
Microfiltration is the pretreatment most currently used that replaces the traditional pretreatment
with lime clarification.  This additional process increases the overall cost of desalting recycled
water.  Therefore, two different unit costs were developed, one for groundwater desalting and
one for desalting recycled water.

The cost of TDS removal or desalting can be expressed in terms of product water (dollars per
acre-foot), or in terms of tons of TDS removed (dollars per ton).   This report analyzes desalting
cost in terms of tons of TDS removed.

Brine disposal is one important component of the cost of desalting, especially in inland locations
where direct access to the ocean for brine disposal is more difficult.  Brine disposal is a key
factor in determining the feasibility of a desalting project.  This report determines a weighted
average cost of desalting for some existing and potential projects in the Southern California area,
accounting for differences in coastal and inland projects.

The number of groundwater desalting projects currently operating in Southern California is
small.  Therefore, a number of other projects under design/construction or in the conceptual stage
have been included in the analysis to develop a desalting cost for groundwater.  Likewise, only
two recycling water desalting projects are currently operating in Southern California, the West
Basin Water Reclamation Plant (WRP)-Barrier and the North City WRP.  The proposed
Groundwater Replenishment Project (WRP) in Orange County Basin is under planing.  Costs
(actual or projected) for these projects are used in the analysis to determine the TDS removal
cost for recycled water.

Data Gathering

Desalting projects are classified under three types or categories according to their operational
status: operating, design/construction, or conceptual.  Projects were classified under the
operating category when actual data for design, construction, and operation were available from
Metropolitan’s Groundwater Recovery Program reconciliation files.  If no actual operating data
were available, those projects were classified as design/construction, and engineers' estimates
provided by the owner agency or design consultants were used.  The conceptual category
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includes projects that have the potential to be developed, and for which a preliminary estimate
has been developed in a feasibility study.  The classifications were used to decide the final values
to be used in the economic impact model.

Data Analysis

The following technical data was used in the analysis:  Type of treatment used, inflow and
outflow, approximate or expected TDS concentrations in the groundwater, by-pass and blending
volumes.  These data were used to calculate the amount of TDS (tons/year) removed by each
project.  Cost data were also collected, which included: capital costs (design, construction,
permits, replacements, etc.), and operation and maintenance (O&M) costs.

The unit cost of TDS removed ($/ton) was derived using two components: capital and O&M.
The capital component was calculated by dividing the annualized capital cost by the amount of
TDS (in tons/year) removed by the project operating at design capacity.  The O&M component
for a specific year was calculated by dividing the project O&M by the actual amount of TDS
removed by the project in that year.

For operating projects, a unit cost was calculated for every year of operation, and brought to
present worth (1996 dollars) using three percent interest.  The same adjustments were made for
estimated costs prepared prior to 1996 for design/construction and conceptual projects.

Brine disposal costs were determined by identifying the portion of capital and O&M dedicated to
the brine disposal.  Unit costs for brine disposal were calculated in a similar manner as for the
unit costs of TDS removal.  The net costs of TDS removal were obtained by subtracting the unit
cost of brine disposal from the unit cost of TDS removal.

Brine Disposal

The two most common methods of brine disposal used by  projects included in this analysis are:
ocean discharge, normally through a pipeline or ocean outfall, and discharge into a sewer or
brine interceptor to be delivered to a wastewater treatment plant.  Other methods such as local
concentration and evaporation in ponds, and deep well injection have been considered in some
conceptual projects (i.e., San Pasqual Desalter).

Brine disposal cost can be a substantial part of the total cost of desalting, especially in inland
areas without a direct access to an ocean outfall.  Projects that discharge into the ocean directly
or through an ocean outfall were classified as coastal (e.g., Sweetwater and Oceanside
Desalters).  Other projects located relatively close to the ocean and with easy access to a sewer or
brine disposal were also classified as coastal (e.g., West Basin and Tustin Desalters).  All other
projects were classified as inland.

Disposal of brine into the sewer or brine disposal pipelines is subject to capacity and flow
charges (e.g., Arlington, Chino Basin and Menifee Basin Desalters).  Capacity charges are paid
for the purchase of treatment and disposal rights proportional to the discharge capacity, and flow
charges associated with operation and maintenance costs.  In inland areas relatively far from
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existing brine disposal pipelines, projects such as the Menifee Basin Desalter, require the
construction of an additional brine disposal pipeline.  Where, due to the high cost of the
additional pipeline, extra capacity is being built and made available for other projects in the area,
each project bears its fair share of the total cost of the additional pipeline.  Brine disposal is
calculated separately for coastal and inland projects, to properly account for and reflect the
difference between coastal and inland project requirements.

Groundwater Desalting Unit Cost (1996 dollars)

The analysis described above produced an average of $280/ton for coastal projects.  For inland
projects, an average of $490/ton was estimated.  The unit cost for inland projects reflects the
difference of $210/ton in brine disposal costs.  Averages were obtained dividing the total cost of
TDS removal by the total amount of production.  Table 2-1 contains the costs for each of the
projects used in the analysis.  Notice that the desalting cost is driven by the efficiency of the
project to remove TDS.  The higher the salinity of the feed groundwater, the lower the unit cost
($/ton).

Recycled Water Desalting Unit Cost (1996 dollars)

Based on the costs of the West Basin Water Reclamation Plant (WRP)-Barrier and the North
City WRP, and an estimate from the proposed Water Replenishment Project (WRP) from the
Orange County Water District, an average desalting cost of $530/ton was adopted for use in
calculating the impact caused to recycling in coastal subareas.  This unit cost is the average of
the unit costs for the three plants mentioned above.  For inland subareas, the unit cost  was
increased by $210/ton for brine disposal, for a total unit cost of $740/ton.  Table 2-2 lists the cost
for each of the projects used in the analysis.  Notice that the desalting cost for recycled water is
higher than the cost of desalting groundwater due to the additional pretreatment.

Information on the West Basin and North City WRP was provided by West Basin Municipal
Water District and the City of San Diego, respectively.  Information on the WRP was obtained
from WRP Planning Report prepared by Orange County Water District.
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Table 2-1
COST OF TDS REMOVAL (Groundwater Recovery Projects)

TDS in Total GW Raw Water Project Project Total Blend Total Blend Removed Annual.
No. Project Type Category GW Pumped Through RO Capacity Actual Yield TDS Volume TDS (Blend) Capital

(c1) (Vt) (V1) (C) (Yield) (cproduct) (Vproduct) (c1xVt-cpr.xVpr.) Cost
(ppm) (AF) (AF) (AF) (AFY) (ppm) (AF) (tons) ($)

1 2 3 4 5 6 7 9 10 13 14 16 17
(5x6-13x14)

1 West Basin Desalter Coastal Operating 3,650   2,007 1,926 1,524 1,537 328 1,537 9,278 301,837      
1992-93 3,650   288 275 1,524 203 328 203 1,339 248,430      
1993-94 3,650   1,894 1,810 1,524 1,467 328 1,467 8,747 248,430      
1994-95 3,650   1,888 1,805 1,524 1,534 328 1,534 8,688 301,837      
1995-96 3,650   1,226 1,172 1,524 1,115 328 1,115 5,589 315,859      

2 Oceanside Desalter Coastal Operating 1,600   3,190 2,750 2,200 2,200 240 2,200 6,223 543,968      
1994-95 1,600   3,190 2,750 2,200 2,200 240 2,200 6,223 543,968      
1995-96 1,600   3,300 2,845 2,200 2,276 240 2,276 6,438 543,968      

3 Sweetwater Desalter Coastal Design/Construc. 1,617   4,500 3,600 3,600 3,600 450 3,683 7,640 920,784      

4 San Pasqual Desalter Coastal Conceptual 1500 6,048 4,536 5,600 5,600 450 5,617 8,900 1,139,577   

6 Tustin Desalter Coastal Operating 1510 4,011 2,699 3,000 3,585 577 3,614 5,400 859,820      

7 San Juan Basin Desalter Coastal Design/Construc. 2000 2,200 2,200 4,480 1,800 500 1,800 4,760 850,190      
Total Coastal Average 38,728

8 Menifee Basin Desalter Inland Design/Construc. 3,074   4,165 4,028 3,360 3,360 400 3,360 15,586 1,315,255   

9 Arlington Desalter Inland Operating 1,040   8,080 5,880 6,610 6,610 382 6,610 7,994 1,047,287   
1990-91 1,040   5,426 3,929 6,610 4,491 382 4,491 5,342 1,047,287   
1991-92 1,040   4,018 2,910 6,610 3,326 382 3,326 3,956 983,378      
1992-93 1,040   3,568 2,584 6,610 2,953 382 2,953 3,512 983,378      
1993-94 1,040   6,234 4,514 6,610 5,159 382 5,159 6,137 985,466      
1994-95 1,040   2,332 1,689 6,610 1,930 382 1,930 2,296 27,313        

10 Chino Basin Desalter Inland Design/Construc. 1100 10,080 7,056 8,960 8,960 400 9,744 9,779 3,014,000   

11 Bonsall Desalter Inland Conceptual 1080 3,000 1,188 2,830 2,830 700 2,830 1,712 994,166      
Total Inland Average 29,373
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Table 2-1 (Continued)
COST OF TDS REMOVAL (Groundwater Recovery Projects)

Capital Annual O&M+Replc. Cost of TDS Present Present Annualized Brine Present
Present 
Worth Present

No. Project Component O&M Component Removed Worth Worth Cost Component Worth Average Worth

(Total Blend) (Total Blend)
(Total Blend + 

Brine Dis.)

(Total 
Desalting) Average (Brine Disposal)

(Brine 
Disposal)

(Brine 
Disposal)

(Brine 
Disposal)

(Net 
Desalting)

($/ton) ($) ($/ton) ($/ton) $1996 $1996 ($) ($/ton) $1996 $1996 $1996
1 2 18 19 20 21 $22 23 24 25 26 27 28

(17/16(8R)) (19/16) (18 + 20) (24/16) (23 - 27)

1 West Basin Desalter 33
33 171,117     128 160 $175 74,450         56              $61
33 863,233     99 131 $139 81,321         9                $10
33 905,181     104 137 $141 102,365       12              $12
33 690,296     124 156 $156 153 121,847       22              $22 26          127

2 Oceanside Desalter 87 -               -            -          
87 862,525     139 226 $233 -               -            -          
87 815,237     127 214 $214 223 24,457         4                $4 2            221

3 Sweetwater Desalter 121 1,479,000  194 314 $314 314 131,500       17              $18 18          296

4 San Pasqual Desalter 128 1,918,993  216 344 $344 344 290,422 33              $38 38          306

6 Tustin Desalter 159 840,194     156 315 $315 315 166,172       31              $32 32          283

7 San Juan Basin Desalter 179 650,900     137 315 $345 345 58,653         12              $13 13          331
Total Coastal Average Averages: 21 261

8 Menifee Basin Desalter 84 2,205,200  141 226 $233 242 1,012,185    65              $65 65          177

9 Arlington Desalter 131
131 712,925     133 264 $298 181,021       34              $39
123 671,396     170 293 $320 168,250       43              $48
123 900,554     256 379 $403 198,339       56              $62
123 1,120,105  183 306 $315 174,003       28              $30
123 793,746     346 469 $483 364 358,750       156            $161 68          296

10 Chino Basin Desalter 308 2,420,000  247 556 $556 556 1,184,438    121            $125 125        431

11 Bonsall Desalter 581 376,000     220 800 $800 800 322,583 188            $194 194        606
Total Inland Average Averages: 113 377

Table 2-2
COST OF TDS REMOVAL (Recycled Water Projects)

No. Project Type Category

TDS in 
Recycled 

Water

Total 
Recycled 

Water  RO-
Treated

TDS in 
Product 
Water

Product 
Water TDS Removed

Annualized 
Capital Cost

Capital Cost 
Component

Annual O&M 
Cost

O&M 
Component

Unit 
Cost

(c1) (V1) (c2) (V2) (c1xV1-c2xV2)x.00136

(ppm) (AF) (ppm) (AF) (Tons) ($) ($) ($) ($) ($)
1 2 3 4 5 6 7 8 9 10 11 12 13 14

(5x6-7x8) (11+13)

1 North City WRP Coastal Operating 1,400      1,288 100 1,120 2,300 742,852       323 554,400       241 564

2 West Basin WRP - RO Coastal Operating 740         5,860 120 5,095 5,066 157,880       31 3,133,726    619 650

3 WRP Coastal Planing 750         84,502 120 73,480 74,200 13,116,274  177 14,587,500  197 373

Average: 529
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Example of TDS Removal Unit Cost Calculation:
Given:

TDS concentration of the inflow groundwater (c1)
TDS concentration of the product water after blending (cpr)
Volume of product water (Vpr)
Total amount of groundwater pumped (Vt)
c  = mg/L or PPM
1 PPM = 2.72  lb./AF
1 ton = 2,000 lb.

Calculate:
Amount of TDS removed by  RO treatment process ( R )

 R = c1 x Vt - cpr x Vpr

Unit Cost  ($/ton) = Capital Cost Component + O&M Component Cost

Capital Cost Component ($/ton)  =  (Project Annualized Capital Cost)_______  
(TDS removed using the capacity of the project)

O&M Component Cost ($/ton) = (Annual O&M Cost)________________
(TDS removed using actual project yield)
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TECHNICAL APPENDIX 5B
ATTACHMENT 3

Consumer TDS Load

Reclaimed water typically will have a higher concentration of TDS than the groundwater or
surface water source from which the water supply is drawn.  Residential use, self-generating
softeners, brine from industrial discharges, and infiltration of poor quality water into the sanitary
sewer system contribute to TDS loading of reclaimed water.  Therefore, salinity levels in
reclaimed water vary depending upon the salinity of municipal water supply, contributions into
the sewer system from various types of water users, and infiltration.

The average TDS load resulting from one typical cycle of use in various sections of
Metropolitan’s service area was calculated by subtracting the TDS levels of the source water
from the TDS of the wastewater plant effluent.  The source water TDS was calculated based on
the weighted average of TDS of all waters (imported and local) used in each subarea.  The
wastewater plants’ effluent TDS was calculated based on the weighted average of the TDS of the
effluent from all existing wastewater plants in each subarea.  Reclamation plants that receive
industrial waste or brine through dedicated pipelines (Hyperion WWTP, County Sanitation
District of Orange County #1 and #2 Plants, and the Joint Water Pollution Control Plant), or
those subject to brackish water infiltration (Point Loma Water Treatment Plant) were excluded
from this analysis.  Reclamation plants with effluent TDS of less than calculated average TDS of
source water in their subarea were also excluded from this analysis.

Some wastewater plants located in the San Fernando and San Gabriel Valleys, Central Los
Angeles, Central and West Basins, receive sanitary flows from outside their subareas.  In order to
determine the flows that correspond to each subarea in such cases,  the contribution from each
area was estimated at the wastewater plant.  The percentages of plant flows from each one of
such subareas are shown on Table 3-1.
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Table 3-1
Percent of Wastewater Received from Each Subarea

Plant San
Fernando

Valley-
West

San
Fernando

Valley-
East

San
Gabriel
Valley

Central
Los

Angeles

Central
& West
Basins

Los Coyotes WRP 100%
Pomona WRP 100%
San Jose Creek WRP 100%
Whittier Narrows 100%
Joint Water Pollution Control
Plant

20% 80%

Los Angeles/Glendale WRP 100%
Donald  C. Tillman 100%
Hyperion WWTP 20% 80%
Long Beach WRP 100%

The source water TDS for subarea 4 (San Gabriel Basin) was used for subarea 6 (Central & West
Basins), and source water TDS for subarea 10 (Western) was used for subarea 8 (NW Orange
County) since most of the recycled water generated in subareas 4 and 10 is used in subareas 6
and 8, respectively.

Table 3-2 shows the average TDS load for each subarea.
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Table 3-2
TDS LOAD SUMMARY

1 2 3 4 5 6

Subarea Selected Plants Flow Effluent Source ∆∆∆∆TDS

TDS TDS (Weighted

(DATA) Average)

(MGD) (mg/L) (mg/L) (mg/L)

`

1.  North West 30 736 400 336

Simi Valley WQCP 9.50 750 400 350

City of TO, Hill C 9.00 610 400 210

Camrosa WRP 1.50 825 400 425

Tapia WRF 10.00 822 400 422

2.  San Fernando Valley-West 60 682 273 409

Donald C. Tillman 60.00 682 273 409

3.  San Fernando Valley-East 13 786 625 161

` Los 13.00 786 625 161

4.  San Gabriel 88 613 410 203

Pomona WRP 13.00 539 410 129

Whittier Narrows WRP 12.00 526 410 116

San Jose Creek WRP 63.00 645 410 235

5.  Central Los Angeles 4 739 346 393

West Basin WRP-Title 22 3.78 739 346 393

6.  Central and West Basins 57 752 410 342

West Basin WRP-Title 22 1.62 739 410 329

West Basin WRP-Barrier 4.20 119 410 -291

Los Coyotes WRP 31.00 832 410 422

Long Beach WRP 20.00 762 410 352

7.  Coastal Plain - - 655 -

8.  N-W Orange County 6 899 409 490

Green Acres Project 5.63 899 409 490

9.  S-E Orange County 51 893 644 249

Michelson WRP 11.00 761 644 117

Oso Creek WRP 1.50 858 644 214

Los Alisos WRP 4.00 809 644 165

El Toro WWTP 4.50 792 644 148

Chiquita WRP 2.50 880 644 236

3A Plant 2.00 888 644 244

South Coast WRP 4.20 1088 644 444

San Clemente 5.60 999 644 355

Joint Regional Plant 8.00 952 644 308

Jay B. Latham 8.00 950 644 306

10. Western MWD 55 655 409 246

Western Riverside 12.00 716 409 307

Riverside Regional 30.50 563 409 154

Railroad Canyon WW 0.95 800 409 391

Lake Elsinore Regionai 3.50 800 409 391

Corona WWTP #2 2.70 737 409 328

Corona WWTP #1 5.50 876 409 467
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TDS LOAD SUMMARY(Continued)
1 2 3 4 5 6

Subarea Selected Plants Flow Effluent Source ∆∆∆∆TDS

TDS TDS (Weighted

(DATA) Average)

(MGD) (mg/L) (mg/L) (mg/L)

11. Eastern MWD 31 661 530 217

Sun City Regional 3.00 823 530 293

Temecula Valley Regional 5.41 705 530 175

12. Upper Chino 38 390 210 180

Chino Basin Regional P.#1 38.00 390 210 180

13. Lower Chino 13 452 224 227

Chino Institution for Men 0.62 564 501 63

Chino Basin Regional P.#2 4.90 459 210 249

Carbon Canyon WRP 7.10 437 210 227

14. North San Diego 21 969 613 356

Shadowridge WRP 0.46 898 613 285

Santa Maria WPCF 0.55 867 613 254

Fallbrook Plant #1 1.50 720 613 107

Camp Pendleton WWTP # 13 1.20 879 613 266

Camp Pendleton WWTP # 02 0.50 860 613 247

Camp Pendleton WWTP # 08 0.14 850 613 237

Camp Pendleton WWTP # 10 0.29 709 613 96

Camp Pendleton WWTP # 11 0.25 670 613 57

Camp Pendleton WWTP # 12 0.77 652 613 39

Meadowlark WRP 0.65 1004 613 391

Lower Moosa Canyon 0.20 925 613 312

La Salina WWTP 3.40 1236 613 623

San Luis Rey WRP 9.00 1090 613 477

Gafner WRF 0.75 1138 613 525

Camp Pendleton WWTP # 1 0.45 980 613 367

Camp Pendleton WWTP # 3 0.46 960 613 347

Camp Pendleton WWTP # 9 0.20 928 613 315

15. South San Diego 28 1,058 537 522

4-S Ranch WTP 0.23 910 532 378

Santee Basin WRF 1.00 900 532 368

San Pasqual ATF 1.00 1000 532 468

Whispering Palms 0.18 963 532 431

San Vicente WWTP 0.50 612 532 80

South Bay WRP 0.00 1000 532 468

Rancho Santa Fe WP 0.20 1400 532 868

North City WRP 8.00 1200 532 668

Jamacha Basin WRF 0.80 1028 532 496

Hale Avenue RRF 15.60 1000 532 468

Fairbanks Ranch WP 0.18 960 532 428
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TECHNICAL APPENDIX 5B
ATTACHMENT 4

Leaching Requirements

About 20 golf courses within Metropolitan’s service area were contacted, 15 of which use either
potable water or groundwater for irrigation, while the remaining five use recycled water.  Most
of the golf courses that use recycled or other high salinity water for irrigation require additional
water (“leaching” water) to reduce the salt concentration at the root zone.  Golf course
superintendents are in charge of the irrigation, and in most cases, they do not keep track of how
much extra water is used.  A typical answer was 50% more or double (100% more) per irrigation
event, mostly in the summer only.  During other seasons, rain will naturally produce the
“leaching” effect.  The North Ranch Golf Club in Agoura has a dual system (potable-recycled)
and they alternate irrigation events to maintain a lower concentration of salts in the root zone.
The Coto de Caza Golf Club in Orange County uses imported water, well water and recycled
water.  According to its superintendent, the use of “leaching” water is about 1% of the yearly
use.  It was not possible to identify a pattern for the other golf courses of how much “leaching”
water is used based on the information provided.

However, according to “Wastewater Reuse for Golf Course Irrigation” published by the United
States Golf Association in 1994, irrigation managers commonly use the following formula as a
guideline to calculate the amount of “leaching” water:

LR     = ECw / (5 * ECe - Ecw)

Where ECw is the electrical conductivity of the irrigation water being applied and ECe [1] is the
electrical conductivity of soil extract tolerated by the plant grown (this salinity level varies
between 3 decisiemens per meter (dS/m)[2] for sensitive to 10 dS/m for tolerant turfgrasses).  As
a general rule, salinity problems are associated with irrigation waters with ECw’s greater than
0.75 dS/m.  The graph shows the salinity level indicated for common turfgrasses.  The
percentage obtained from using this formula is later adjusted empirically in the field according to
the rainfall and temperature.  The amount of  “leaching” water is also modified if there is a
shallow water table, improper drainage, or if there is hard or clay pan present in the soil.
Information on the ECe for various turf grasses and crops can be found in agricultural handbooks
and guidelines prepared by various organizations.

Based on Agricultural Salinity Assessment and Management (ASCE 1990), various grasses can
tolerate a soil extract salinity between 1,900 to 6,400 mg/L.  An average soil salinity of 2,560
mg/L was used in this study to calculate the leaching requirement.  The leaching requirement can
be calculated using the following formula:

                                                     
[1] [ECw (in mmhos/cm or dS/m) x 640 = TDS (in milligrams per liter (mg/L) or parts per million (ppm))]

[2] [(1 dS/m = 1 millimhos per centimeter (mmhos/cm) = 1000 micromhos/cm (µmhos/cm)]
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LR = TDSwater / (5 * TDSsoil - TDSwater)

and substituting 2560 mg/L for TDSsoil, the formula is:

LR = TDS / (12800 - TDS)

Where
LR = Leaching requirement as percent of total irrigation water need.
TDS = TDS level in recycled water (mg/L)

The following is an example of the above formula using several types of turfgrass and irrigation
water with a variable salinity (ECw).

Leaching Requirements 
for Turfgrass
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TECHNICAL APPENDIX 5B
ATTACHMENT 5

Basin Plan Objectives for Groundwater Recharge with Recycled Water

A similar method to the one used in Attachment 1 was used to assign a BPO representative of the
recycled water recharge conditions.  The assigned BPOs correspond to the basins where
groundwater recharge with reclaimed water is currently taking place or has the potential to occur,
as identified in SCCWRRS.   The BPOs are also used to calculate the impact due to indirect
recharge with recycled water.

Table 5-1 shows the recycled water TDS recharge limits (or BPOs) used to calculate the salinity
impacts for direct and indirect recharge in each subarea.

Table 5-1
Basin Plan Objectives for TDS for Recharge with Recycled Water

No. Subarea Basin Plan Objective
for TDS (mg/L) for
Direct Recharge

Basin Plan
Objective for TDS
(mg/L) for Indirect

Recharge
1 North West 1,200 1,200
2 San Fernando Valley -West 700 700
3 San Fernando Valley - East 700 700
4 San Gabriel Valley 450 450
5 Central Los Angeles 700 700
6 Central and West Basins 700 700
7 Coastal Plain N/A 700
8 Northwest Orange County 600 600
9 Southeast Orange County 600 600
10 Western MWD 700 700
11 Eastern MWD 1,350 1,350
12 Upper Chino N/A 330
13 Lower Chino 330 330
14 North San Diego 1,500 1,500
15 South San Diego 1,500 1,500

The following analysis was done to select the BPO for each one of the subareas:

1. Northwest:  SCCWRRS identifies El Rio, Piru and Saticoy spreading grounds as potential
sites for reclaimed water recharge.  The BPO for these basins is 1,200 mg/L.  Therefore, a
BPO of 1,200 mg/L was assigned to this subarea.
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2. San Fernando Valley-West: Branford, Hansen, Lopez Dam, Pacoima, and Tujunga spreading
grounds with a BPO of 700 mg/L, and Headworks Spreading Ground with BPO of 600 mg/L,
are identified as potential sites for reclaimed water recharge.  The BPO of 700 mg/L was
used for the San Fernando Valley-West Subarea.

3. San Fernando Valley-East: This subarea includes primarily the cities of Burbank and
Glendale, and the same analysis done for San Fernando Valley-West applies.  Therefore a
BPO of 700 mg/L was assigned to this subarea.

4. San Gabriel Valley: Ben Lomond, Big Dalton, Citrus, Forbes, Little Dalton, and San Dimas
Canyon spreading grounds; and Walnut Spreading Basin with a BPO of 600 mg/L were
identified.  Also: Buena Vista, Eaton, Fish Canyon, Irwindale/Manning Pit, Peck Road, Santa
Fe Reservoir, Sawpit spreading grounds, portions of the San Gabriel River, and the Santa Fe
Diversion Channel with a BPO of 450 mg/L, are potential reclaimed water recharge sites.
The San Gabriel River will most likely be used for recharge.  Therefore, 450 mg/L is the
BPO used for this subarea.

5. Central Los Angeles:  This subarea includes portions of the following basins: Hollywood, La
Brea, Santa Monica, West Coast, and Central.  Three facilities have been identified in the
subarea: Dominguez Gap and Rio Hondo spreading grounds; and the San Gabriel System
with a BPO of 700 mg/L.  If recycled water recharge occurs, recharging will be done using
the Central Basin facilities.  Therefore, the BPO of 700 mg/L was selected for the Central
Los Angeles subarea.

6. Central and West Basins: Three facilities have been identified in the Subarea: Dominguez
Gap and Rio Hondo spreading grounds; and the San Gabriel System with BPO of 700 mg/L.
A BPO of 700 mg/L corresponding to the Central Basin facilities was used as representative
of this area.  The recycled water used to recharge the groundwater in this subarea comes from
the San Gabriel Valley subarea, which has a low TDS concentration in its source water.  The
increase in TDS due to domestic contribution is lower than the BPO in the Central Basin as
the recycled water cascades from the San Gabriel Valley to the Central Basin and eventually
to the ocean.

7. Coastal Plain: This subarea does not include any spreading facility.  No direct recharge with
recycled water occurs.  The BPO is not applicable.  For indirect recharge analysis a BPO of
700 mg/L (similar to the one for West Basin) was used for this subarea.

8. Northwest Orange County: All existing recharge sites in the Orange County subareas are in
the Santa Ana Forebay and have BPO of 600 mg/L.  The BPO used for the Santa Ana
Forebay is 600 mg/L.

9. Southeast Orange County:   Recharge of the Orange County Basin occurs through the Santa
Ana Forebay, therefore, the BPO is 600 mg/L.

10. Western MWD: Proposed recharge facilities for the Riverside North & South spreading
grounds are considered.  The proposed source would be the Santa Ana River.  This basin’s
RWQCB area designation is Riverside II & III.  BPO varies from 650 to 990 mg/L.  A BPO
of 700 mg/L was used based on Upper Santa Ana Reach 3 Basin Plan Limit.
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11. Eastern MWD: A weighted average Basin Plan Objective of 1,350 mg/L was calculated
based on capacities of reclaimed water storage ponds within Eastern MWD’s subarea.  The
ponds and their corresponding groundwater basins and BPO are listed as follows:

Storage Pond Capacity (MG) Groundwater Basin TDS BPO (mg/L)
Winchester 350 Winchester 1,200
Alessandro 55 S.Jacinto Up. Press.(Intake) 350
San Jacinto Res. 74 S.Jacinto Up. Press. (Intake) 350
Skiland 330 Perris South II 2,000
Trumble 287 Perris South II 2,000
PV Site 267 Perris South II 2,000
SC Site 192 Menifee I 2,000
TV Site 25 Murietta 750
MV Site 260 Perris North 300
Hemet/SJ Site 264 Hemet 600

12. Upper Chino: No water reclamation plants exist within feasible pumping distance, which
could provide a source of recycled water for direct recharge.  Therefore, direct recharge with
recycled water is not expected, and a BPO is not applicable.  However, for the purpose of
indirect recharge analysis, the BPO of 330 mg/L was used for this subarea, based on the
salinity of the State Water Project water, which is set by the RWQCB, and is acceptable for
replenishment by groundwater agencies.

13. Lower Chino: This area is designated by the RWQCB as Chino II with a BPO of 330 mg/L.
The RWQCB has approved a limit of approximately 7,000 acre-feet per year of recharge
with recycled water for the Chino I and Chino II sub-basins.  A BPO of 330 mg/L was
adopted for this area.

14. North San Diego: The Mission Basin (15 MGD) and Ysidora Basin surface recharge are the
recharge sites identified by the SCCWRRS for this Subarea.  The BPO for Mission and
Ysidora basins are 1,500 mg/L and 750 mg/L, respectively.  Given that a higher number of
recycled water plants may be available in the Mission Basin, 1,500 mg/L was adopted for
this subarea.

15. South San Diego: The Lower San Dieguito River Basin with a BPO of 1,500 mg/L, San
Pasqual Basin with a BPO of 1,000 mg/L, Lower Sweetwater and Tijuana River (both related
to the San Diego Formation) with TDS levels of about 1,500 mg/L are the potential recycled
water recharge facilities identified in this subarea.  Therefore, a BPO of 1,500 mg/L was
assigned to this subarea.
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Acronyms, Symbols and Abbreviations 

$/AF Dollars per acre foot 

$/gal Dollars per gallon 

$/hr Dollars per hour 

$/lb Dollars per pound 

$K Thousand dollars 

$M Million dollars 

% Percent 

“ inch 

AFY Acre feet per year 

AWS Automatic water system 

BTU British Thermal Unit 

CaCO3 Calcium carbonate 

Cl Chloride 

CLWA Castaic Lake Water Agency 

CO2 Carbon dioxide 

fps Feet per second 

gal Gallon 

gpcd Gallons per capita per day 

gpd Gallons per day 

gpm Gallons per minute 

GWSDP Groundwater Softening Demonstration Project 

kg Kilogram 

LACSD Los Angeles County Sanitation Districts 

lb/MG Pounds per million gallons 

lbs/hr Pounds per hour 

LLC Limited liability corporation 

mg/L Milligrams per liter 

Na Sodium 

NaOH Sodium hydroxide aka caustic soda, caustic 

NPDES National Pollution Discharge Elimination System 

NSF National Sanitation Foundation 

O&M Operations and maintenance 

P&ID Process and instrumentation diagram 
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ppd Pounds per day 

psig Pounds per square inch, gauge 

RSD Relative standard deviation 

SAR Sodium adsorption ratio 

SCADA Supervisory control and data acquisition 

SCVSD Santa Clarita Valley Sanitation District 

SRWS Self regeneration water softener 

TDS Total dissolved solids 

VFD Variable frequency drive 

VWC Valencia Water Company 

WQIP Water Quality Improvement Plan 
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Executive Summary 

Project Background 

In 2006 Kennedy/Jenks Consultants prepared a feasibility study to evaluate centralized softening of 
Valencia Water Company’s (VWC’s) groundwater supply.  The study analyzed various softening 
technologies (i.e., membrane filtration, ion exchange, pellet softening) and concluded that the most 
feasible technology was “pellet softening.”  After doing a pilot study of the pellet softening 
technology, VWC decided to conduct a Groundwater Softening Demonstration Project (GWSDP).  
In July 2007, this project was reviewed and approved for construction by the California Public 
Utilities Commission (Commission) [Decision 07-06-024, Opinion On Application for General Rate 
Increase of Valencia Water Company, California Public Utilities Commission, June 2007].   

This report provides a description of the facilities that were brought on-line on 11 September 2008.  
It also summarizes the results of eight months of routine operation (January to August 2009 
[demonstration phase]), the consumers’ reaction to the treated water, describes a water quality 
improvement plan (WQIP), a pellet softening treatment implementation plan, and a capital and O&M 
cost estimate.  The WQIP uses a combination of blending and treatment to provide softer water to 
all it customers.  This report focuses on the treatment portion of the WQIP. 

Description of Pellet Softening 

The GWSDP utilizes the following chemical reaction with the CaCO3 crystallizing on the fluidized 
sand.  The following is the process flow schematic (Figure 1). 

 

 

Figure 1: Process Flow Schematic of Pellet Softening 

 

Description of GWSDP Facilities 

The facilities were installed at Well W9 for a “bid” cost of $1.3 million.  The single speed, high 
discharge head well pump was replaced with a pump with lower discharge head and a variable 
speed drive.  The treatment system consisted of one (1) ProCorp Enterprises, LLC Pellet Reactor 
Water Softening System (PRWSS), caustic soda and carbon dioxide chemical feed units for pH 

Raw 
Water 

Fluidized Bed 
Pellet Softener Filtration Distribution

System 

Caustic 
Raise to pH 9.7 

CO2 
Lower to pH 8.5 Chlorine 
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adjustment, and a Yardney MM5460-6A multimedia filtration system with a Nema 4x controller.  An 
existing Hammonds Technical Services Model HTS 80P Tablet Chlorinator that provides a free 
chlorine residual between 0.20 to 2.00 mg/L was relocated to just after the booster pump.  Two 
pellet storage bins are used for dewatering the pellets and receives the filter backwash water.  The 
water from these bins is permitted by the Regional Water Quality Control Board for local irrigation. 

The GWSDP was operated 24/7 to ensure that the target service area always received pre-
softened water.  The study area is in the Decoro Highlands development known as the Copperhill 
Community.  The Copperhill Community comprises 419 residential and multi-residential 
connections, one (1) community recreation center connection, and eight (8) landscape connections.  

Description of Operational Periods 

On 11 September 2008 the plant was started up.  From the start date through 1 December 2008 the 
plant went through a startup and shake down period.  The demonstration phase, i.e., after the staff 
was trained and operations became routine, was from 1 January 2008 to 30 August 2009.  Since 
there were a number of shut downs of the plant in January and February, water quality and 
operations and maintenance data used data from 1 March to 30 August.  Within this period there 
were two operational periods, 5 feet bed expansion (1 March to 16 July) and 7 feet bed expansion 
(17 July to 30 August) with dramatically improved treated water quality during the 7 feet bed 
expansion operating period.   

Equipment Reliability 

During this demonstration phase, the system was operational 98 percent of the time (115 hours off 
line for maintenance out of 5,808 potential hours of operation).  From 1 March to 31 August, the 
facilities were operational 98 percent of the time (4253 hours on-line out of a possible 4320 hours).    

Water Yield 

The average water yield for this facility was 99.8 percent making this process extremely efficient 
from a water treatment perspective.  Other softening technologies such as membranes and ion 
exchange have an 80 and 98 percent water yield, respectively. 

Operations and Maintenance Costs 

During the demonstration phase there were two periods: 1) 1 March to 16 July when the pellet bed 
was operated at 5 feet or expansion; and 2) 17 July to 30 August when the pellet bed was operating 
at 7 feet of expansion.  Because the treatment became more efficient for removing calcium 
hardness by almost 10 percent (~71 versus 82 percent calcium hardness removal) this later period 
was used for developing the O&M costs (See Table 1).   
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Table 1: Average O&M Costs from the GWSDP, 17 July – August 2009 

Average Delivered 

Component Unit Cost* 
Usage during 

Demonstration  

Average 
Monthly 

Cost $/AF  Percent 

50 % NaOH 
($/gal) $1.76  220 gpd $11,644  $113.04 68.8% 

CO2 ($/lb) $0.21 350 ppd $2,236  $21.71 13.2% 

Sand ($/lb) $0.056 143 ppd $244  $2.37 1.4% 

Labor ($/Hr) $ 28 55 hour/month $1,540 $14.95 9.1% 

A-1 Grit Pellet 
Credit  $500/month ($500) -$4.85 -3.0% 

Bin Rental   $672/month $672 $6.52 4.0 % 

Pellet Transport 
($/trip) $683 1.6 trips/month $1,093  $10.61 6.5% 

Total  $164.35 100.00 % 

 

The O&M costs were based on using 50 percent caustic.  The O&M for the GWDSP as currently 
configured is $164/AF.  There would be another $11/AF (rounded) reduction if VWC was successful 
in making changes to the pellet disposal cost (VWC buys the bins and A-1 Grit provides the 
transportation to and from Riverside and continues the $500 per month for the pellets).  Under this 
scenario the treated water cost would be $153/AF (rounded). 

Treated Water Quality 

Influent calcium hardness averaged 193 mg/l as CaCO3 during the 1 March to 16 July 2009 and the 
effluent calcium hardness averaged 55 mg/L for an average of 71.5 percent removal. Since 17 July 
2009, the calcium hardness averaged 36 mg/l as CaCO3 which was equivalent for almost a 10 
percent higher removal.   

Table 2: Typical Raw and Treated Water Quality of GWSDP, March to August 
2009 

Average Daily  
Treated Water Quality 

Parameter 

Average Weekly  
Raw Water,  

1 Mar -30 Aug 1 Mar – 16 July 17 Jul – 30 Aug

Total Hardness (mg/l CaCO3) 394 193 182 

Calcium Hardness (mg/l CaCO3) 192 55 36 

Removal (%)  71.5 82.4 

pH at top of column (units) 7.7 9.3 9.8 
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Process Reliability 

The effluent calcium hardness from the 1 March to 16 July operating period also had more 
variation, ranging from 33 to 85 mg/L as CaCO3  This is in contrast to the 17 July to 30 August 
operating period which had a calcium hardness ranged from 33 to 38 mg/l as CaCO3. This dramatic 
change was a result of allowing the bed to expand to 7 feet instead of the 5 feet during the March 
through mid-July operating period.  The caustic feed rate has not increased and the pH at the top of 
the column has increased to an average of 9.8. 

This change in operations had three benefits: 1) a lower treated water total hardness which is the 
water quality parameter that is of most importance to the customer; 2) less variation in the calcium 
hardness which reduces the requirement of an equalization tank; and 3) lowered operating cost due 
to using less caustic. 

Wastewater Water Quality 

There were two pre-installation wastewater sampling events (18-25 July 2006 and 10-17 March 
2008) performed by the Los Angeles County Sanitation Districts (LACSD) who administer the Santa 
Clarita Valley Sanitation District (SCVSD) responsibility to characterize the wastewater chloride 
levels.  There was one sample event performed by LACSD, 9 January 2009 characterizing the 
wastewater after the installation of the GWSDP.  The chloride reduction using these data are shown 
in Figure 2.  Using this information it is estimated that 71 pounds per day or approximately 13 tons 
per year less chloride would be added to the wastewater from the study area.. 
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Outreach Findings 

There were two outreach surveys prior to the installation of the GWSDP, one in 2006 and another in 
September 2008.  The post-installation survey was performed in June-July 2009. 

The pre-installation surveys indicated that 57 (2006) and 52 (2008) percent of the service 
connections in the study area had some type of automatic water softener.  The post-installation 
survey indicated that this had dropped to 14 percent, about half of these with exchange tanks that 
still can be used in the City of Santa Clarita after June 2009. 

Overall, residents are satisfied with the pre-softened water with 73 percent stating they would 
recommend the water to their friends and 94 percent rating the water as the same or better than 
their previous tap water.  While many wish for “perfect” water or water identical to their SRWS, the 
general consensus is that the community welcomes the pre-softened water, especially since they 
cannot use a SRWS after June 30.  Some residents noted paying a small monthly fee for pre-
softened water is less expensive than purchasing a new salt-free alternative unit.  The pre-softened 
water appears to solve residents’ highest ranking reasons for using a SRWS—calcium scale and 
dry skin. 

Customer’s Willingness to Pay 

The survey indicated that 74 percent were willing to pay for pre-softened water, 18 percent said no, 
and 8 percent were unsure.  Of those that were willing to pay, 23 percent (1/3 of the 74 percent that 
said yes, willing to pay) stated their reasonable cost that they were willing to pay.  The average 
“reasonable” cost was $17.50 per month with a range of $5 to $60 per month. 

Annual Monetized Project Benefits 

The annual saving for VWC customers when all the treatment facilities are completed is estimated 
to be $4.4 million.  These savings are from customers removing their SRWS, reduced O&M for 
exchange tanks, using less soap and detergents, more efficient water heaters, and longer life 
cycles for water heaters. 

One-time Monetized Project Benefits 

There would be a one time savings that is estimated to be $11.4 million from the chloride reduction 
of providing pre-softened water.  These savings are avoided costs for the treatment facilities of the 
Santa Clarita Valley Sanitation District at the Valencia Wastewater Reclamation Plant.   

Non-monetized Project Benefits 

There are additional areas of savings that will accrue to VWC customers that is difficult to establish 
a reasonable cost because there is no literature.  These are described below 

1. Reducing the hardness of the water supply will also generate savings to customers from 
impact on scale on fixtures and piping.  Examples are scale from the hard water causes 
gaskets to leak water from dishwashers and washing machines requiring more repairs; and 
scaling of piping, shut off valves, and kitchen and bathroom fixtures requiring more 
maintenance or shorter a lifespan and more costs associated with replacement. 
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2. More replacement of clothes or fabrics due to the inability to remove all the soil and dirt 
using harder waters causing the graying of white fabric and the loss of brightness in colors. 

3. Aesthetic benefits such as less calcium scale, less dry skin (eczema and eczema-like 
symptoms), softer skin and less soap and shampoo residue.  

System Implementation Plan 

The VWC Water Quality Improvement Plan (WQIP) utilizes blending and treatment to deliver a 
more uniform water quality that is softer than the currently served water.  Blending is the first 
treatment option typically considered when meeting non-compliance water quality goal.  This 
approach typically is the lowest cost and simplest to operate.  Whether softer water is achieved via 
pellet softening or blending, this plan, when fully implemented will result in a more uniform water 
quality delivered throughout VWC’s service area.  With this approach, it is reasonable to expect that 
all customers will receive varying percentages of naturally hard groundwater from time to time 
(Decision 07-06-024, Opinion On Application for General Rate Increase of Valencia Water 
Company, California Public Utilities Commission, June 2007). 

Softer Water through Blending 

A blending approach will be used for Wells S6, S7, S8, each with a rated capacity of 2,000 gpm.  
Two wells (S7 and S8) are already blended with imported water from Castaic Lake Water Agency 
(CLWA) turnout V7 before entering the distribution system.  Modifications are necessary at the V7 
turnout in order for S6 to be blended with imported water.   

There is insufficient land for treatment system for Well W10 which is rated at 1,500 gpm, however, 
CLWA turnout V2 is located north of the well and provides blending with imported water within the 
distribution system.   

Softer Water through Treatment 

Based on the findings of the outreach surveys and the estimated capital and O&M costs developed 
from the GWSDP, it is recommended that VWC implement the softening treatment component of 
their WQIP. 

The same approach is recommended that was taken for the GWSDP, i.e., implement this 
technology in manageable increments (pilot study first, then a reasonable demonstration project).  
This phased approach allows VWC to identify and learn from design and operational issues.  These 
lessons learned then can be incorporated into their plants that will be built after 2015.   

When fully implemented, the project will essentially treat approximately 27,150 gpm out of total 
capacity of 34,650 gpm, or 78 percent of the company’s available groundwater capacity.  The 
capacity from three Saugus wells (160, 201, and 205) is not included in this total (the 34,650 gpm) 
because they are reserved for droughts and are infrequently used.   

Table 3 is a summary of the roll out schedule, the cumulative percent of groundwater capacity, and 
estimated capital cost of the fully implement system.  This schedule was selected for several 
reasons that include 1) the rate of capital expenditures; 2) capacity to integrate these systems with 
the VWC staff resources (training, availability, etc.); 3) desire to obtain operating experience with 
small, medium, and large systems; 4) the impact of bring these systems on-line on the water rates; 
and 5) providing soft water to the most customers in a timely manner. 
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Table 3: Summary of Treatment Plant Roll Out and Estimated Capital and 
O&M Costs  

Treatment Plant 
Rated 

Capacity 
(GPM) 

Startup 
Date 

Production 
(AFY) 

Cumulative 
Percent 

Treated of 
Groundwater 

Capacity 

Capital 
(2009 $M) 

Annual 
O&M 
($K) 

Existing 

Copperhill 800 2008 950 3% On-line On-line 

Planned      

Live Oak 2,450 2012 1,680 12% $3.3 $212 

Magic Mountain 5,000 2012 2,350 30% $5.0 $317 

Belcaro 1,000 2014 800 33% $1.5 $96 

Pan Handle 4,650 2014 3,450 50% $5.0 $497 

Pardee Ball Field 6,250 2017 2,970 73% $5.6 $373 

Commerce 
Center 3,400 2019 3,525 76% $5.0 $442 

Castaic Junction 3,600 2021 3,525 78% $5.0 $442 

Total of Planned 26,350   18,300 78 % $30.4 $2,379 
 

Cost Benefit Analysis 

The estimated annual cost for implementing the pre-softening technology throughout most of the 
VWC system is $5.56 million.  The estimated annual benefit for the customers of VWC is $5.46 
million.  The analysis presented in this report indicates that the cost benefit ratio is 
approximately1:1.   

It should be noted that the benefits in this study were recognized using conservative assumptions.  
The first is that only $1 per month per service connection was estimated as a savings for lower 
soap and shampoo usage.  In addition, monetary estimate was developed some many of the 
aesthetic water quality impacts like less dry and smoother skin were not included on the benefit 
side.  Lastly, the reduced O&M from the desalting technology that is being designed and 
constructed by LACSD was also not included.  There will be less chlorides, some 13 tons per year 
of chloride less as determined in the study from only 419 service connections.  This reduces the 
operation costs for LACSD, but this study did not monetize this saving which would translate to 
lower sewer bills to VWC customers. 
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Section 1: Background and Report Organization 

The Valencia Water Company (VWC) is a retail public water system that serves a portion of the City 
of Santa Clarita and portions of unincorporated communities of Castaic, Newhall, Saugus, 
Stevenson Ranch, and Valencia.  VWC service area is about 25 square miles and is located 
approximately 40 miles northwest of downtown Los Angeles, within the upper Santa Clara River 
watershed. 

The current VWC system consists of 21 wells, 22 reservoirs, 16 booster stations, five pressure 
zones, six surface treated water connections with Castaic Lake Water Agency, one emergency 
connection with Newhall County Water District-Newhall System, and three emergency connections 
with Santa Clarita Water Division.  The sources of water are evenly split between groundwater and 
surface water.  VWC serves an estimated population of 110,000 through approximately 29,000 
active metered service connections (VWC, personal communication 2009).  The average customer 
uses 15,396 gallons per month within this service district (Exhibit 8, Water Quality Improvement 
Program, Attachment H to Application No. 06-07-002 filed July 3, 2006). 

1.1 Project Background 
Local groundwater produced in the Santa Clarita Valley contains high concentrations of naturally 
occurring minerals such as calcium and magnesium; as such, many customers have identified 
problems with clogged pipes, hot water heaters, washing machines and dishwashers.  Customers 
have addressed these problems by installing in-home water softening devices at their own expense.  
It is estimated, based on previous customer surveys conducted by VWC that over half of the 
customers in their service area have installed a self regeneration home water softening device that 
discharge a brine (chloride) solution to the sanitary sewer system.  Although these in-home devices 
produce soft water, they are expensive to maintain and many discharge high concentrations of 
minerals and salts (or chlorides) to the sewer system that end up in the Santa Clara River.  The 
river then flows through an agriculturally rich region primarily growing strawberries.  The irrigation 
water used from the Santa Clara River is then used to irrigate this high value crop which is highly 
chloride sensitive.   These discharges are a serious environmental concern and salt based in-home 
water softening devices are one of the largest sources of chlorides discharged to the river.  

The Santa Clarita Valley Sanitation District (SCVSD), owner of the local wastewater treatment 
plants (operated by Los Angeles County Sanitation Districts [LACSD]), is considering installing 
expensive treatment equipment and brine line to remove these salts from the wastewater before the 
effluent is discharged to the river.  It is estimated that additional treatment will cost $74 million 
(Measure S information, 2008).  VWC customers and Santa Clarita Valley residents would see their 
sewer rates increase dramatically to pay for this new wastewater treatment system. 

In 2006, VWC retained Kennedy/Jenks Consultants to prepare a Feasibility Study to soften VWC’s 
groundwater supply.  The study analyzed various softening technologies (i.e., membrane filtration, 
ion exchange, pellet softening) and concluded that the most feasible technology was “pellet 
softening.”  In order for VWC to determine if softening its groundwater supply will provide 
acceptable water quality for its customers, VWC has decided to conduct a Groundwater Softening 
Demonstration Project (GWSDP).  In July 2007, this project was reviewed and approved for 
construction by the California Public Utilities Commission (Commission) [Decision 07-06-024, 
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Opinion On Application for General Rate Increase of Valencia Water Company, California Public 
Utilities Commission, June 2007].  This report summarizes the results of nine months of operation 
(December 2008 to August 2009) and provides a description and cost estimate of fully 
implementing this technology at key locations within the VWC system. 

The primary goal of the GWSDP is to demonstrate the usefulness of centralized pellet softening 
technology at a potable well toward improving water quality at the customer’s tap.  An important 
secondary goal will be to determine the environmental and financial benefits derived from 
implementing full scale groundwater softening operations.  If successful, the project would provide 
multiple benefits to VWC’s customers and the overall community.  VWC’s project in combination 
with other source control measures would be an efficient means of reducing the amount of chlorides 
discharged to the Santa Clara River.      

VWC selected well W9 for the location of the GWSDP based on the following criteria. 
 

1. The ability to supply a specific number of customers with pre-softened water. 

2. The well has comparable total hardness concentrations as compared to VWC’s other 
Alluvial well as indicated in Table 1. 

3. The well is located in an area easily accessible and requires minimum site preparation. 

4. LACSD has determined that the chloride levels leaving the Copperhill area are extremely 
high.  LACSD measured the chloride levels in sewer flows to determine the net reduction 
as a result of the implementing the GWSDP. 

 
The total hardness monthly averages from Well W9 and all the VWC wells for 2006 and 2007 are 
summarized in Table 4.  A Student’s paired “t” test indicates that there were no statistically 
significant difference between the total hardness of Well W9 and the average of all the rest of the 
VWC wells for 2006 and 2007.  There were no significant differences between averages of Well W9 
for 2006 and 2007.  There were no significant differences between the averages of all VWC wells 
for 2006 and 2007. 

Table 4: Comparison of Monthly Averages of Total Hardness between Well 
W9 and All VWC Wells, 2006 to 2007 

Year 

Total 
Hardness, 

W9,  
(mg/L as 
CaCO3) Min Max 

Total 
Hardness, 
All Wells 
(mg/L as 
CaCO3) Min Max 

2006 364 329 412 358 323 408 
2007 363 296 392 355 329 394 

 
 

VWC began shake down and start up operating the Project in September 2008.  This well head 
treatment facility, located at Well W9, is planned to be operated for one year and is being delivered 
to 419 service connections in the Decoro Highlands development known as the Copperhill 
Community of Valencia.  
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1.2 Report Authorization and Objectives 
Kennedy/Jenks Consultants was authorized in a letter dated 16 April 2008 to proceed with VWC 
Job Number 6589.  The objectives and associated technical scope of work tasks (Tasks 2-3 and 5-
10) for this project are summarized below. 

1. Describe the Project 

2. Describe the customer survey and public outreach program and assess the customer 
acceptance of the centralized pellet softened water(Task 3 and 5);; 

3. Describe the delivered water quality of Well W9, before and after pellet softening (Task 6 
and 9); 

4. Describe the sewer sampling and analysis program and summarize the wastewater chloride 
water quality results for the pre and post centralized pellet softening conditions (Task 2 and 
7); 

5. Summarize the performance of the Project with respect to water quality and treatment costs 
(Task 8 and 9); and 

6. Evaluate a full-scale centralized water softening roll out for the VWC with capital and O&M 
costs as well as the expected chloride reduction to the wastewater collection system (Task 
10). 

1.3 Report Organization 
The description of the sections in this report is presented below. 

• Section 1 provides a project background and scope; 

• Section 2 describes the facilities at Well W9; 

• Section 3 summarizes performance of the GWSDP; 

• Section 4 summarizes the performance of the GWSDP from a raw, treated and wastewater 
water quality perspective; 

• Section 5 summarizes the outreach and customer survey information; 

• Section 6 presents and evaluation of the full-scale centralized water softening roll out for the 
VWC that includes capital and O&M costs as well as the benefits of delivering softer water. 

• Section 7 provides a recommended roll out schedule for the seven additional centralized 
softening plants. 

. 
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Section 2: Physical Description of GWSDP 

This section describes the project area, pellet softening process, and the physical facilities at Well 
W9. 

2.1 Project Area 
Figure 3 is a plan view of the study area known as the Decoro Highlands development known as 
the Copperhill Community.  The Copperhill Community comprises 419 residential and multi-
residential connections, one (1) community recreation center connection, and eight (8) landscape 
connections.  This area has been receiving the softened water from Well W9 since December 2008.   

 

Figure 3: Project Area Receiving Well W9 Softened Water 

2.2 Project Time Line 
Table 5 summarizes the project time line for a variety of activities.  The startup and shakedown 
period was from 12 September to 31 December 2008.  The demonstration phase was from 1 
January to 31 August 2009 that can be subdivided into two operational periods: 1) Five (5) feet 
pellet bed; and 2) seven (7) foot pellet bed.  The treated water quality was dramatically lower in 
calcium hardness during the 7 foot pellet bed operational period.  This will be the operational mode 
from this point forward for the GWSDP facility. 
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Table 5: Project Time Line 

Date Project Phase Activities 
Prior to 12 September 2008 Pre-installation of GWSDP Pre installation Copperhill 

customer survey 

Pre-installation wastewater 
characterization 

Pre-installation distribution water 
quality characterization 

12 September - 31 December 
2008 

Shake down and Startup Learning how to operate 
systems, optimizing equipment, 
coordination of vendor supplies 

1 January  – 15 July 2009 Operational using 5 feet bed 
expansion 

Post installation Copperhill 
customer survey  

Water being provided, but not 
softest and plant under routine 
operations. 

16 July - present Operational using 7 feet bed 
expansion 

Softest water being provided 
under optimized plant conditions

 

2.3 Description of Well W9 
The well is located at 25001 Decoro Drive, Santa Clarita, CA which is approximately 2,200 feet 
north of Decoro Drive and 2,500 feet west of McBean Parkway.  The area is described as being flat 
on undeveloped land. 

Well W9 was drilled in 1990 to a depth of 160 feet and draws from the Alluvial formation of the 
basin.  It has a 52 foot annular seal and a 14 inch diameter casing.  The perforations are between 
70 and 130 feet below ground surface (bgs).  The most recent static water level was taken in 
December 2007 at a depth of 33.8 feet bgs.  The most recent pumping level was taken in 
December 2007 and is at a depth of 45.7 feet bgs.  Well W9 has an approved capacity of 800 gpm.  
The well has been recently rehabilitated and a new motor and pump assembly has been installed. 

Well W9 has been in operation for municipal supply service since 1990 and supplied on average 
approximately 950 acre feet per year (AFY) with a rated capacity of 800 gpm.  Most recent general 
mineral and general physical results from well W9 are from July of 2006 and are shown in 6.  The 
latest results for volatile organic chemicals collected in October 2007 yielded results less than the 
detection limits for the purposes of reporting required by the California Department of Public Health. 

The well was equipped with a Hammonds Technical Services Model HTS 80P Tablet Chlorinator 
with the capacity of providing a free chlorine residual between 0.20 to 2.00 mg/L.  A chlorine 
residual analyzer is also part of this system and is centrally controlled and monitored through a 
Supervisory Control and Data Acquisition (SCADA.) system.  This system was relocated and 
became part of the GWSDP. 
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2.4 Pre-Installation Raw Water Quality Characterization 
The general mineral and general physical water quality results for samples taken in July 2006 are 
summarized in Table 6.  The results indicate that this well can be characterized as a sodium 
bicarbonate/calcium-magnesium sulfate water. 

Table 6: W9 Water Quality Characterization of General Mineral and Physical 
Parameters (July ‘06) 

Constituent Value (mg/L) 

Major Cations  
Calcium 85.1 
Magnesium 35.7 
Sodium 46.2 
Potassium 1.78 

Major Anions  
Alkalinity as CaCO3 220 
Bicarbonate 268 
Sulfate 158 
Chloride 33.9 
Nitrate as NO3 9.15 
Fluoride 0.63 

General Physical  
Total Dissolved Solids 603 
Total Hardness as CaCO3 360 
Specific Conductance 854 
pH 7.48 
Color <5 
Odor 1 
Turbidity 0.06 
Langelier Index at 60oC 1.51 

 

2.5 Description of Pellet Softening Treatment System at Well 
W9 

2.5.1 General Description of the Pellet Softening Process 
Pellet softening utilizes the same chemical principles as lime-soda softening, but does not produce 
an undesirable sludge. Instead, the pellet softening system consists of a gravity or pressure tank 
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where calcium carbonate crystallizes on a suspended bed of fine sand.  The calcium carbonate 
coated pellets become as much as 5 times larger and when removed from the system are easily 
dewatered and frequently beneficially reused. 

The first step in the process is the injection of sodium hydroxide (caustic) into the raw water to 
increase the pH to 9 - 10.  The mixture is injected at the bottom of the reactor in a very turbulent 
and efficient mixing zone and the flow moves quickly upward through the now-fluidized bed.  The 
increase in pH causes calcium carbonate to precipitate and adhere to the sand grains forming 
pellets.  These larger heavier pellets accumulate at the bottom of the reactor and are removed.  
Periodically, new sand is added as a replacement. The pellets, rather than sludge, are the solid by-
product generated from the process. 

This treatment method primarily removes calcium hardness, as only a small amount of magnesium 
hardness (less than 10 percent of the calcium hardness removed) can be incorporated into the 
calcium carbonate precipitate. Additional magnesium removal is not practical as it would require 
increasing the pH to produce magnesium hydroxide that may cause fouling of the reactor bed. Iron 
removal can be accomplished concurrently, while manganese usually requires post-treatment. 

To prevent additional scaling within the distribution system the pH is lowered.  Fines may be 
generated from abrasion of the pellets or non-crystallized calcium carbonate.  So a typical plant will 
include filtration and a disinfection step after pH adjustment. 

Pellet softener systems originated and are commonly utilized in Europe, but they are not widely 
utilized in the United States. There are 200 municipal installations in Europe and approximately 50 
industrial installations and at least one municipal installation operating in the United States.  

The benefits of pellet softening include: 

• Effectively reduces calcium hardness up to 80 percent 

• In some cases, total dissolved solids (TDS) is also modestly reduced; 

• Can replace individual residential ion exchange softeners that discharge high chloride brines 
to the sewers; 

• Relatively compact foot print; 

• Relatively low capital cost; 

• Relatively low labor required for O&M during normal operations; and 

• Pellets are easily dewatered 

• Potentially, pellets can be reused (agricultural lime, acid wastewater neutralizer, animal feed 
additive and road fill and pipeline backfill). 

Caustic soda is preferred to increase the pH because the lime and soda ash approach requires 
significantly more O&M labor.  This is the approach that was selected for used at the Well W9 
facilities.  The disadvantage of caustic soda is that it contains sodium and increases the sodium 
concentration as compared to lime-soda ash addition. The caustic soda softening reactions are as 
follows: 

NaOH + Ca2+ + HCO3
- => Na+ + CaCO3 + H2O 
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2.5.2 W9 Pellet Softening Facility Description 
The GWSDP demonstration phase was planned to last from 9 to 12 months.  The system was 
designed to treat an average flow of approximately 800 gpm and is located on land adjacent to well 
W9.  The intent is to operate these facilities continuously, i.e., 24/7 for the duration of the project to 
ensure that the Copperhill community only gets softened water. 

2.5.2.1 Redundancy Requirements for the GWSDP 
Because centralized softening is not a treatment requirement for compliance with Title 22, if there 
are mechanical issues, this treatment system can be bypassed.  As a result of this operational 
philosophy, redundancies typically designed into Title 22 compliance treatment facilities are not 
necessary for the demonstration facilities.  The design criteria for the facilities described in Section 
6 of this report were developed with this approach. 

2.5.2.2 GWSDP Equipment Description 
The system incorporates one (1) ProCorp Enterprises, LLC Pellet Reactor Water Softening System 
(PRWSS), caustic soda and carbon dioxide chemical feed units for pH adjustment, and a Yardney 
MM5460-6A multimedia filtration system with a Nema 4x controller.  Figure 4 is a process flow 
diagram of the GWSDP that was installed at Well W9.  The GWSDP Layout and P&ID drawings are 
provided in Appendix A of this report.  The facility was enclosed with chain link fencing. 

2.5.2.3 Description of pH Adjustment and Pellet Softener 
Source water from W9 is fed up through the vessel upon which the pH will be adjusted using NSF 
approved caustic to approximately 9.8 thereby initiating the precipitation reaction.  The caustic is 
stored on-site in a 4,400 gallon double walled container adjacent to the pellet softening vessel.  The 
pellet vessel is twenty-three (23) foot tall.  The vessel details and cross section are provided in 
Appendix A.   

The vessel is filled with #30 pre-washed National Sanitation Foundation (NSF) approved silica sand 
to a depth of approximately four and a half (4.5) feet.  The sand bed is fluidized with groundwater 
from well W9 to an additional height of approximately five to seven feet in the pellet softener.  As 
the water enters the pellet softener a flow velocity of 0.073 feet per second (fps) is maintained.  This 
velocity allows for laminar flow through the lower portion of the vessel and prevents sand from 
carrying over through the top.  Laminar flow is important in order for the chemical reaction to occur 
in the lower portion of the vessel and not in the upper portion.  The flow through the top of the 
vessel is maintained at approximately 0.023 fps.   
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Figure 4: Well W9 Process Flow Diagram (Alvord, 2009) 

2.5.2.4 Filtration 
The pellet softened effluent may appear milky due to fines from calcium carbonate that does not 
form on the pellets or the mechanical abrasion of the fluidized calcium coated sand.  In addition, 
this process prevents any sand carry over.  The filtration process ensures delivering a low 
turbidity water to the distribution system.   

The pellet softened water at W9 uses a filtration system (manufactured by Yardney) consisting 
of six (6) 54” diameter x 60” side shell tank system.  There are two (2) parallel trains of three (3) 
multimedia filters in parallel to allow for backwashing without shutting down the treatment 
process.  The filters have a flow rate design of 480 to 1,432 gpm, a working pressure of 65 psi, 
and a maximum pressure rating of 80 psi.  Pressure entering the filters will typically be no more 
than 40 psig.  The surface loading rate is 10.48 gpm per square foot.  The NSF approved 
filtration media are provided in Table 7.   

 

FILTER BACKWASHFILTER BACKWASH
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Table 7: NSF Approved Filter Media of Each Pressure Filter 

Media Material 
Media Volume  

(cubic feet) 

½” x ¾” Crushed Rock 95  

Coarse mm Garnet 8  

Fine mm Garnet 24  

Anthracite 24  
 

The back washing criteria can be based on pressure drop across the filters, total volume of 
treated water, or elapse time, e.g., every seven (7) days.  Since the softened water entering the 
filters has been low in turbidity and suspended solids, the manufacturer recommended to 
backwash the filters a minimum of every seven (7) days, if the pressure differential settings or 
total filtered water volume have not been reached.   

2.5.2.5 Final Chlorination 
All water softened by the GWSDP is continuously and reliably chlorinated to a minimum of 0.2 
mg/L.  Well W9 is equipped with a calcium hypochlorite chlorinator made by Hammonds Technical 
Services Model HTS 80P Tablet Chlorinator.  It has a capacity producing a treated water effluent 
that is between 0.20 to 2.00 mg/L free chlorine.  A chlorine residual analyzer is also part of this 
system and is centrally controlled and monitored through a Supervisory Control and Data 
Acquisition (SCADA.) system.   

2.5.3 Pumping to the Distribution System 
The original Well W9 well pump was 130 HP.  It was changed out to a variable frequency drive 30 
HP pump and motor assembly operating with a static head pressure of 40 psig.  In addition, there is 
a pressure gauge on the inlet to the pellet softening facility and a pressure differential switch on the 
top of the vessel to monitor pressures through the system.  These features prevent pressure build 
up within the system and will turn off the well pump should the pressure exceed the high pressure 
shut off value. These pressures can be monitored locally and remotely. 

The water leaving the filtration system is boosted with a 125 HP pump to deliver the water to the 
system.  There was a net 25 HP increase (19 percent) in the total HP at this facility.  However, 
because the inlet pump has a VFD, the increase in electrical cost was expected to be less than 
the 19 percent increase in HP. 

2.5.4 Treatment Residuals 

2.5.4.1 Blow Down of Pellets from Pellet Softener  
The pellets are manually discharged daily from the pellet softener vessel into two (2) eighteen (18) 
cubic yard Baker Tank roll-off bins in the form of a “water slurry.”  Pellet are removed while the 
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pellet softener is in operation.  The Baker tanks have a 3” diameter slotted pipe that runs down the 
center line at the base of the bins to collect the drained water.  At the end of the slotted pipe there is 
a shut off ball valve.  To drain the bins, the valve is opened and the water is permitted (NPDES) for 
use as provide local irrigation.   

The bins are rented on a monthly basis and also contract by Baker Tank to transport the pellets to 
the disposal site.  Initially, VWC was providing the pellets to A-1 Grit free of charge as well as 
paying for the hauling costs.  However, as of May 2009, VWC has been receiving $500 a month 
payment for the pellets from A-1 Grit. 

2.5.4.2 Filter Backwash 
Each filter is backwashed for two (2) to three (3) minutes at a rate of approximately 240 gpm.  
Typically, the elapse time criteria initiated the backwash cycle.  The backwash water is sent into 
the pellet roll-off bins and reused for local irrigation in compliance with the facility’s NPDES 
permit.   
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Section 3: Demonstration Softening Facility Performance 

This section summarizes the performance of the GWSDP.  The operating period that was selected 
for most of the operational elements discussed in this section was March to May 2009.  It was 
determined that after this period the GWSDP operations were relatively stable.  This section also 
summarizes changes made to the physical facilities or notes changes to the management of the 
systems or operations up through May 2009.  The last part of this section summarizes the O&M 
Costs of the GWSDP that were derived from this period expect as noted.  The performance of the 
pellet softener from a water quality perspective is discussed in Section 4. 

3.1 Reliability and Water Production 

3.1.1 Physical Equipment Reliability 
Table 8 shows the number of non-operational hours which is an indication of equipment reliability.  
By May of 2009, the operations were very reliable, being on-line 100 percent of the time.  In August 
there was a 0.5 day shut down. 

Table 8: Summary of Quantities of Raw Water Treated by GWSDP from 
January to May 2009 

Raw Water 
Treated 1/09 2/09 3/09 4/09 5/09 6/09 7/09 8/09 

Average Daily Flow, 
(MGD) 1.15 1.13 1.19 1.17 1.17 1.15 1.13 1.16

Average Daily Flow 
Minimum (MGD) 0 0. 0.83 0 0.83 0.90 0.78 0

Average Daily Flow 
Maximum (MGD) 1.45 1.56 1.64 1.49 1.50 1.56 1.42 1.48

Non-Operational 
Hours* 31 17 0 55 0 0 0 12 

 *See Section 3.1.2 for reasons for shutdowns 

3.1.2 Reasons for Shutdown of Treatment System 
A summary of the reasons for the shutdown of the facility is provided below 

• 4 January the NaOH level in the storage tank became too low and the system was shut 
down.  It was back up and running on the 5th, which was the scheduled NaOH delivery date. 

• 19 January  the system was shut down because of clogged NaOH injectors.  It was back up 
and running on the 20th. 
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• 20 February the system was shut down because of a broken NaOH injector line.  It was 
replaced and back up and running on the 21 February. 

• 31 March the sand/pellet bed was completely evacuated unintentionally by our treatment 
operator.  The system was diverted to flow to waste on 1 April and remained off until 3 April. 

• 30 August the stator on the caustic pump failed.  It was replaced and the system was back 
up and running on the 31 August. 

3.1.3 Raw Water Treated by GWSDP 
Table 8 presents the monthly average daily raw water that was treated by the GWSDP for the 
period January to August 2009.  Over this period the average daily production was 1.14 MGD and 
the raw water treated during this period was 633 AF. 

3.1.4 Net Water Production  
Table 9 presents the information for the number of times water was released from the bins, the 
amount, and the summary statistics for the wastewaters generated by this process from the pellet 
dewatering and the filter backwash.   

Table 9: Summary of Wastewater Releases from GWSDP from March to 
August 2009 

Element 
Pellet 

Dewatering 
Filter 

Backwash  

Total Releases 96 89 
Average Releases/Month 16 15 

Average Monthly Volume/Release (gal) 870 3,622 

Minimum Volume Released (gal) 374 748 
Maximum Volume released (gal) 2,992 11,968 

 

Table 10 summarizes the information used to determine the water yield for this process.  The 
average net water production from this process was ~99.8 percent for March to August 2009.  It 
should be noted that the typical water yields for membrane softening ranges between 80-90 percent 
and 98 percent for ion exchange softening, the two more common softening technologies. 
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Table 10: Summary of Representative Monthly Wastewater Volumes and 
Water Yields for GWSDP, March to August 2009 

Month 

Pellet 
Dewatering 

(gallons) 

Filter 
Backwash 
(gallons) 

Total 
Monthly Raw 

Water 
(gallons) 

Total Monthly 
Water 

Delivered 
(gallons) 

Water Yield  
(%) 

March 13,464 38,896 37,030,000 36,977,640 0.14% 

April 13,090 75,548 35,020,000 34,931,362 0.25% 

May 13,464 23,188 36,360,000 36,323,348 0.10% 

June 11,220 53,856 35,660,000 35,594,924 0.18% 

July 12,716 80,036 35,004,000 34,911,248 0.26% 

August 23,936 32,164 34,827,000 34,770,900 0.16% 

Average 14,648 50,615 35,650,167 35,584,904 0.18% 

3.2 Changes to Caustic Feed System 
Initially, because of the winter temperature during the shake down and startup period of this project, 
25 percent caustic was used.  Near freezing air and ground temperatures, the viscosity of 50 
percent caustic increases significantly and the reliability of feeding the correct amount of caustic 
becomes problematic.  As spring arrived and ambient and ground temperatures rose, VWC 
switched to 50 percent caustic because it is ~10 percent cheaper.   

3.3 Changes to Carbon Dioxide System 
Initially, Gordon Woods Welding and Supply provided the CO2 in 384 lb cylinders.  Daily 
consumption was about 1 cylinder a day.  There was at least one incident when the facility had to 
be shut down because of the lack of CO2 at the site. 

On 13 April 2009 AirGas which had acquired Gordon Woods Welding and Supply installed a 
2000HP MicroBulk cylinder (~1,500 liters).  The system incorporates a telemetry system to their 
facilities so that AirGas can monitor the usage and schedule to refill the tank as it gets low.  This 
change in CO2 handling has increased the reliability of the facility. 

3.4 Changes to Pellet Storage and Disposal 
Approximately 2000 pounds of pellets were removed daily from the pellet softener.  This is 
equivalent to generation rate of approximately 2.16 lb wet solids per kg of calcium hardness 
removed.   

The bins for on-site storage and transport for disposal are rented from Baker Tank and same 
company is also contracted to transport the pellets to the A-1 Grit Company located in Riverside, 
California.  The pellets are transported about every 19 days to A-1 Grit for reuse in roofing 
materials.   
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3.5 Operations and Maintenance of the GWSDP 

3.5.1 Caustic Use 
A major portion of the treatment costs per AF is associated with pH adjustment by caustic.  The 
O&M cost is highly dependent on the average calcium hardness removed by the pellet softener 
which is directly related to the amount of caustic used and therefore the cost for caustic.  Table 11 
shows the typical water quality characteristics of Well W9 as the reference point for the O&M costs 
summarized in this section.   

Influent calcium hardness averaged 193 mg/l as CaCO3 during the 1 March to 16 July 2009 and the 
effluent calcium hardness averaged 55 mg/L for an average of 71.5 percent removal. Since 17 July 
2009, the calcium hardness averaged 36 mg/l as CaCO3 which was equivalent for almost a 10 
percent higher removal.  The effluent calcium hardness from the 1 March to 16 July operating 
period also had more variation, ranging from 33 to 85 mg/L as CaCO3  This is in contrast to the 17 
July to 30 August operating period which had a ranged from 33 to 38 mg/l as CaCO3. This dramatic 
change was a result of allowing the bed to expand to 7 feet instead of the 5 feet during the March 
through mid-July operating period.  The caustic feed rate had increase slightly, from an average of 
117 ppm to 129 ppm while the pH at the top of the column has increased from an average of 9.3 to 
9.8. 

This change in operations had two benefits: 1) a lower treated water total hardness which is the 
water quality parameter that is of most importance to the customer; and 2) less variation in the 
calcium hardness which reduces the requirement of an equalization tank to moderate fluctuations in 
water quality. 

Table 11: Typical Raw and Treated Water Quality of GWSDP, March to August 
2009 

Average Daily Treated Water  
Quality 

Parameter 

Average 
Weekly Raw 

Water,  
1 Mar -30 Aug 1 Mar – 16 July 17 Jul – 30 Aug

Total Hardness (mg/l CaCO3) 394 193 182 

Calcium Hardness (mg/l CaCO3) 192 55 36 

Removal (%) 51.3 71.5 82.4 

pH at top of column (units) 7.7 9.3 9.8 
 

3.5.2 Sand Use 
The average sand use during the GWSDP was about 143 lb/day (~ 1 lb/MG of water treated).  
Approximately 170 mg/l as CaCO3 of calcium hardness was removed to achieve treated water 
quality goal of 50 mg/L of calcium hardness as CaCO3 (i.e. about 0.15 lb sand/kg calcium hardness 
removed).   
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3.5.3 Carbon Dioxide Use for pH Adjustment 
On average for the 1 March to 16 July operating period, the pH after the pellet softener was 9.3 and 
after pH adjustment with carbon dioxide it was 8.3.  Carbon dioxide consumption was about 243 
pounds per MGD treated.  For the 17 July to 30 August operating period the pH after the pellet 
softener was 9.8 and after pH adjustment with carbon dioxide it was 8.3.  The carbon dioxide usage 
rate was 330 pounds per day or 260 pounds per MGD treated. 

3.5.4 O&M Labor Use 
The facility required minimal maintenance during the GWSDP.  The facility was taken out of service 
due to the following conditions: 

• Low levels of treatment chemicals (caustic or CO2) 

• Distribution pressure issues 

• Routine maintenance of the caustic injection system 

A certified treatment operator visits the site daily for visual inspections.  The following is a list of 
items during routine daily inspections. 

1. Visually check for any leaks in all the piping, softening vessel, filtration units, chemical 
storage, and associated appurtenances. 

2. Monitoring the level in the NaOH storage containment and visually check the chemical 
delivery system. 

3. Monitor the pressure gauges and visually check the CO2 delivery system. 

4. Visually check pressure gauges on the softening vessel and filtration units. 

5. Monitor the pellet storage bins to ensure that they are dewatering completely and verify 
the capacity in the bins. 

6. Monitor the chlorinator system and add chlorine as needed. 

7. Verify site security. 

The four (4) caustic soda injectors are removed one (1) at a time on a monthly basis to determine if 
calcium carbonate scale has occurred.  If calcium carbonate scale has occurred the injectors are 
cleaned with a dilute vinegar solution and disinfected the components prior to being put back into 
service. 

The three (3) pH sensors were calibrated monthly for the first three (3) months to ensure their 
accuracy.  The checked values were comparable so now they are calibrated on an as-needed 
basis. 

The labor requirements for the above described activities for the GWSDP are summarized in Table 
12.  
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Table 12: Labor Estimate for GWSDP and Full-Scale Plants 

GWSDP Activity Total Hours/Month  
Daily sampling and analysis for Calcium and Total Hardness 15 
Discharge of pellets 30 
On-site support during filling of caustic tanks by vendor 4 
Maintenance of pH probes 4 
On-site support during pellet disposal by vendor 2 

Total 55 

3.5.5 Pellet Generation Rate and Pellet Disposal Costs 
The bins for on-site storage and transport for disposal are rented from Baker Tank for a monthly fee 
of $672.  This same company is also contracted to transport the pellets to the A-1 Grit Company 
located in Riverside, California at a $105/hour rate and the average delivery time is 6.5 hours 
($685/round trip).  The pellets are transported every 19 days and initially, there was no disposal 
charge from A1-Grit.  As of May 2009, VWC has been receiving $500 a month for the pellets from 
A-1 Grit.   

From 1 March to 31 August VWC has spent $10,197 for this six month period, which averages out to 
$1,700 per month.  Subtracting $500 per month from A-1 Grit for their recycling of the pellets generates a cost 
of $1,200 per month for the pellet disposal. 

3.5.6 Summary of O&M Treated Water Costs 
Over the 1 March – 30 August 2009 period, the GWSDP was operated 24/7 except for 31 August 
which experienced a 12 hour shut down.   

On 17 July the level of the pellets in the pellet softener was allowed to expand from 5 feet to 7 feet.  
As a result the effluent calcium hardness dropped an additional 35 percent to 36 mg/L as CaCO3 
(See Table 11).  As a result of this change in performance, the O&M cost for caustic is primarily 
derived from data collected from this period.  Only data from 17 July to 30 August 2009 was used to 
estimate O&M costs due to the shutdown on 31 August.  The carbon dioxide records are kept on a 
monthly basis and there is not enough data to determine whether there was a significant change in 
its usage. 

The daily average raw water flow was ~780 gpm (1.12 MGD) and the GWSDP treated an average 
of 104.8 AF of raw water per month.  Based on the average water (Table 8, 0.18 percent) the 
monthly average delivered water production was 103 AF.   

Since the full scale implementation of the GWSDP will use 50 percent caustic, this was the only 
scenario presented in for this costs.  Table 13 summarizes the treated water costs which is 
$164/AF.  There would be another $11/AF (rounded) reduction if VWC was successful in making 
changes to the pellet disposal cost (VWC buys the bins and A-1 Grit provides the transportation to 
and from Riverside and continues the $500 per month for the pellets).  Under this scenario the 
treated water cost would be $153/AF (rounded). 
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Table 13: Average O&M Costs from the GWSDP, 17 July – August 2009 

Average Delivered 

Component Unit Cost* 
Usage during 

Demonstration  

Average 
Monthly 

Cost 
$/AF  Percent 

50 % NaOH 
($/gal) $1.74  220 gpd $11,644  $113.04 68.8% 

CO2 ($/lb) $0.21 350 ppd $2,236  $21.71 13.2% 

Sand ($/lb) $0.056 143 ppd $244  $2.37 1.4% 

Labor ($/Hr) $ 28 55 hour/month $1,540 $14.95 9.1% 

A-1 Grit Pellet 
Credit  $500/month ($500) -$4.85 -3.0% 

Bin Rental   $672/month $672 $6.52 4.0 % 

Pellet Transport 
($/trip) $683 1.6 trips/month $1,093  $10.61 6.5% 

Total  $164.35 100.00 % 
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Section 4: Water Quality  

This section summarizes the water quality elements of this project.  The locations include the 
raw and treated water from the GWSDP, the distribution system, and finally the wastewater.  
Each of these subsections that first summarize the methodology which was generally had a 
sampling and analysis plan and then is following the results and discussion. 

4.1 GWSDP Water Quality 

4.1.1 Sampling Plant for GWSDP Raw and Treated Water 
The sampling plan that was used during this study is summarized in Table 14.  In addition, pH 
was measured in the field with approved Hach handheld devices. 

Table 14: Sampling Plan for Raw and GWSDP Treated Sampling Locations 

Monitoring Requirement 
Type Site Name Chemical Frequency 

Raw Water 
 

Well W9 Calcium 
Chloride 
Magnesium 
Sodium 
Total Dissolved Solids 
Total Hardness 
Alkalinity 

Weekly 
Weekly  
Weekly  
Weekly 
Weekly 
Weekly 
Weekly 

Treated Water (prior to 
chlorination) 
 

GWSDP  
Treated Water 

Calcium 
Chloride 
Magnesium 
Sodium 
Total Dissolved Solids 
Total Hardness 
Alkalinity 

Weekly  
Weekly  
Weekly  
Weekly 
Weekly 
Weekly 
Weekly 

 

4.1.2 Changes in Water Quality from Treatment by GWSDP 
When using pellet softening technology with caustic pH adjustment there will be a number of 
raw water quality changes that will occur in the resultant treated water.  For example, one would 
expect the sodium to increase from the caustic addition that is responsible for the precipitation 
of calcium carbonate on the sand. 

Table 15 summarizes the changes in water quality observed during the initial phases of the 
GWSDP.  Comments are included in this table to assist in the understanding of the observed 
changes in the concentrations or percentages.   
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Table 15: Summary of Water Quality for Raw and GWSDP Treated Water 
after chlorination 

Parameter 
Average 

Raw 
Average 
Treated Change Comment 

Dates for Water 
Quality Samples 

22 Dec 08-
18 Feb 09 

1 Dec 08-
25 Feb 09   

Samples 8 12     
pH 7.46 7.92     
Calcium  
(mg/L) 84 21 63 Decrease due to pellet softening 
Magnesium  
(mg/L) 36 37 1 

No change, pellet softening not 
effective in removing Mg 

Sodium  
(mg/L) 49 116 67 Increase due to use of caustic 

(NaOH) for raising pH 
Alkalinity  
(mg/L as CaCO3) 226 212 14 

No change, within analytical 
precision 

Chloride  
(mg/L) 39 45 6 

No change, within analytical 
precision 

TDS  
(mg/L) 547 525 22 Drop due to pellet softening 
Total Hardness 
(mg/L as CaCO3) 358 198 160 Drop due to pellet softening 
Calcium Hardness 
(mg/L as CaCO3) 209 53 156 Drop due to pellet softening 
Percent Calcium 
Hardness 58.4% 26.4% -26 Drop due to pellet softening 
Magnesium 
Hardness  
(mg/L as CaCO3) 150 145 5 

No change, pellet softening not 
effective in removing Mg 

SAR 1.13 3.53 2.4 
Although SAR has increase due to 
addition of caustic, still in 
acceptable range 

 
 
The “changes” in white indicate that the values are essentially the same from an analytical 
perspective.  For these analyses the typical analytical precision is about + 5 to 10 percent.  The 
“changes” in green are considered beneficial to the consumer.  Beneficial changes include the 
following: 

• Drop in total and calcium hardness 

• Drop in total dissolved solids 
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The “changes” in pink indicates a negative benefit to the consumer.  The only negative impact to 
consumers is the increase of sodium in the treated water.  Although the sodium adsorption ratio 
(SAR) increases, the ratio is still in an acceptable level.  The SAR would have to more than 
double to create some issues with the use of this water for irrigation of plants in very clayey soils 
(A high SAR [>8] renders a soil impermeable to air and water and when wet becomes plastic 
and sticky.  Typically, this impact may be counter acted by the addition of gypsum to the soil). 

4.1.3 Hardness Reduction by GWSDP 
As previously noted, the performance of the GWSDP noticeably improved when the pellet bed 
was allowed to expand to seven feet.  This occurred on 17 July 2009.  As a result of this 
operational change, the water quality discussion is divided into the pre and post seven foot 
pellet bed operational periods. 

4.1.3.1 Operating Period 1 March to 16 July 2009 
Table 16 summarizes the concentrations of total and calcium hardness as calcium carbonate for 
the operating period 1 March to 16 July 2009.  Over this period the average raw water total 
hardness was 351 mg/L as CaCO3 and the average treated total hardness was 193 mg/L as 
CaCO3, both with a relatively standard deviation (RSD) of less than 10 percent.  This reduction 
represented a 45 percent removal of total hardness. 

Over this same period the raw water calcium hardness was 176 mg/L as CaCO3 while the 
treated water calcium hardness was 55 mg/L as CaCO3.  The treated water calcium hardness 
had a much larger variation due the treatment process.   

Table 16: Summary Descriptive Statistics of the Weekly Total and Daily 
Calcium Hardness of the GWSDP, March to 16 July 2009 

Total Hardness 
(mg/L as CaCO3) 

Calcium Hardness 
(mg/L as CaCO3) 

 
Weekly 

Raw 
Daily 

Treated 
% 

Removed
Weekly 

Raw 
Daily 

Treated 
% 

Removed 

Samples 17 136   17 136   

Average 351 193 44.9% 176 55 68.7% 

RSD (%) 5.3% 9.3%   5.3% 19.2%   

 

In addition to the equipment reliability that was discussed in the O&M section, one would also 
like to see a relatively stable treated water quality which is reflective of a stable reaction kinetics 
and process control.  A measure of the stability of the treated water quality is to examine the 
relative standard deviation (RSD) expressed as a percent, i.e., the standard deviation that is 
derived from the average divided by the average value expressed as percent.  The observed 
variation of the water quality has two components, analytical and process reliability. 
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The RSDs of the total and calcium hardness of raw waters is probably more reflective of the 
analytical variability which is ~ 5 percent for the raw water total and calcium hardness.  This is 
within the acceptable range of analytical variability for these tests. 

Assuming there is about a 5 percent analytical variation, the treatment adds almost another 4 
percent and 14 percent additional variation to the total and calcium hardness, respectively.  In 
both cases the RSD is equivalent to about + 10 mg/L of total and calcium hardness as CaCO3 to 
the treated water.   

There are two potential approaches to reduce the RSD of the treated water.  One is to have a 
large clear well after chlorination would “average” the treated water quality.  The other is to 
improve the caustic feed system to more tightly control the pH in the pellet softener. 

4.1.3.2 Operating Period 17 July to 30 August 2009 
The total and calcium hardness data for this operating period is summarized in Table 17.  The 
weekly data set for the raw water is very small as compared to the 1 March to 16 July operating 
period which may account for the less variability of the total and calcium hardness.  During this 
period, the treated calcium hardness had more variability than during the 1 March to 16 July.  
Examining Figure 5, one can see a very steady operational period that lasts for about two 
weeks followed by an unstable period of about two weeks.  This is then followed by another 
period of relative stability.  This pattern is reflective of the large RSD of the treated calcium 
hardness shown in Table 17. 

These changes in treated effluent are a response to pH control in the pellet softener.  More pH 
readings (every 5 – 10 minutes) are needed to examine this issue in more detail. 
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Figure 5: Weekly Raw and Daily Treated Total Hardness of the GWSDP 
(March to May 2009) 

 

Table 17: Summary Descriptive Statistics of the Weekly Total and Daily 
Calcium Hardness of the GWSDP, 17 July to 30 August 2009 

Weekly Total Hardness
(mg/L as CaCO3) 

Daily Calcium 
Hardness 

(mg/L as CaCO3) 
 Raw Treated % Removed Raw Treated 

% 
Removed

Samples 3 45  3 45  

Average 384 181 52.8% 192 34 82.4% 

RSD (%) 1.9% 6.5%  1.9% 30.7%  
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Another means of obtaining a sense of the process stability is to examine the daily fluctuations 
of the measured total and calcium hardness.  Figure 5 presents the total hardness behavior for 
the March to May 2009 period.  Figure 6 presents the calcium hardness behavior for the same 
operational period. 

Figure 5 indicated that for the total hardness, the raw water generally fluctuates about + 15 
mg/L as CaCO3 in absolute terms whereas the treated water fluctuates about + 25 mg/L as 
CaCO3.  Figure 6 indicate that for the calcium hardness, the raw water generally fluctuates 
about + 10 mg/L as CaCO3 in absolute terms whereas the treated waters fluctuates about + 20 
mg/L as CaCO3.   

It can be concluded that under the current operating and design scenario, the GWSDP 
generates variability of the treated water total and calcium hardness.  One would expect to 
observe this type of fluctuation in the distribution system serving the Copperhill community.  
Having a storage tank after the softening process would dampen this variability in hardness of 
the treated water.  

A closer examination of the operating period between 17 July and 30 August was performed to 
determine the variability of the hardness.  Figure 7 is a plot of the treated calcium hardness 
versus the pH at the top of the column.  The data presented in Figure 7 indicates that there is a 
reverse correlation between the softener effluent and pH at the top of the column, i.e., as the pH 
increase, the calcium hardness drops.  This was an expected behavior as indicated in the 
chemical reaction equation presented in Section 2.5.1.  Good control of the pH at the top of the 
column will result in less variability of the treated water calcium hardness. 
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Figure 6: Weekly Raw and Daily Treated Calcium Hardness of the GWSDP 
(March to August 2009) 
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Figure 7: Treated Water Calcium Hardness Variation versus pH at the Top of 
the Column, 17 July to August 30 

4.2 Distribution System Water Quality Characterization 
VWC monitored various locations within the Copperhill Community to asses the water quality 
that the consumers received prior to the beginning of the GWSDP to establish a water quality 
baseline for the current supply being delivered to the Copperhill Community.  VWC collected 
weekly samples throughout the GWSDP area during the first few weeks to ensure the delivered 
water quality is consistent with the water quality leaving the treatment facility.  Then, several 
samples were collected during the duration of the project to monitor the quality of the water 
within the project area.  VWC only used Environmental Laboratory Accreditation Program 
approved laboratories for these analyses.   

Table 18 presents the weekly average results from 21 July to 10 September 2008 of the pre-
installation water quality of the Copperhill Community distribution system.  On 11 September 
2008, the GWSDP was brought on line into the distribution system.   

Table 19 presents the weekly average water quality from 1 December 2008 to 25 February 
2009.  The GWSDP was operating 24/7 as indicated by the similar water quality from the 
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treated W9 samples as compared to the distribution system samples.  The treated W9 water is 
dramatically different in total hardness, calcium, and sodium than the raw, untreated W9 water.  
There was a small decrease in the TDS and alkalinity.   

4.3 Impacts on Wastewater Water Quality 
Below is a description of the approach that was used to estimate the impact of the centralized 
softening facility on the wastewater generated from the study area.  The three related equations 
were used to calculate the net chloride change in the wastewater. 

Pre-installation Condition 

Wastewater chloride – 
Distribution water 
chloride  

= 

Chloride increase from internal 
household use that becomes 
wastewater + SRWS regeneration 
brine 

Post-installation Condition 

Wastewater chloride –  
Distribution water 
chloride  

= 
Chloride increase from internal 
household use that becomes 
wastewater 

Net Chloride Change from GWSDP 

Post-installation –  
Pre-installation  = 

Net Chloride decrease due to 
removal of SRWS regeneration 
brine 

The pellet softening system should not affect the distribution water chloride unless the 
chlorination practice was different in the pre and post-installation periods.  It is assumed in this 
approach that the chloride increase from internal household use that becomes wastewater was 
constant in the pre and post-installation periods.  Since the SRWS should be removed from the 
homes in the study area during the post-installation period, the net reduction in chloride then 
becomes the difference in wastewater chloride between the pre and post-installation periods. 
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Table 18: Average Weekly Pre-Installation Distribution Water System Water Quality Results, 21 July to 
10 September 2008 

Sample Location pH Magnesium Calcium Chloride
Total 

Hardness TDS Na Alkalinity 
Astor Racing Court 7.50 41 102 36 425 657 55  
Copperstone Dr. / Copperhill Dr. 7.50 38 93 41 387 651 56  
Decoro/Dickason 7.45 37 95 53 387 684 64  
English Rose Place 7.45 38 99 48 403 671 61  
Kirby Court 7.51 39 101 41 412 643 56  
Lavender Place 7.47 40 94 36 399 649 53  
Montevista Circle 7.51 37 96 41 391 609 56  
Well W-9 Raw Water 7.61 37 79 39 348 593 58 220 

 

Table 19: Average Weekly Post-Installation Distribution Water System Water Quality Results, 1 
December 2008 to 25 February 2009 

Sample Location pH Magnesium Calcium Chloride 
Total 

Hardness TDS Na Alkalinity 
Decoro/Dickason 7.93 36 24 41 206 523 108  
Kirby Court 7.94 36 23 41 206 517 110  
Lavender Place 7.93 35 25 43 206 489 112  
Montevista Circle 7.97 35 26 43 208 511 107  
Astor Racing Court 7.96 35 22 43 198 517 110  
English Rose Place 7.95 35 31 43 220 515 107  
Copperstone Dr. / Copperhill Dr. 8.00 34 30 40 214 506 105  
Well W-9 Finished Water 7.92 37 21 45 198 525 116 212 
Well W-9 Raw Water 7.45 37 97 39 404 551 49 228 
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4.3.1 Wastewater Water Quality Characterization 
To assess the potential reduction in the chloride levels, VWC worked with the Santa Clarita 
Valley Sanitation District (SCVSD) to monitor chloride levels in the wastewater from the 
Copperhill Community.  The SCVSD collected the wastewater samples and measured the 
wastewater flows.  The LACSD Laboratory at Whittier, California performed the water quality 
analyses.  The sampling dates, location, and sampling approach is summarized in Table 20.   

Table 20: Summary of SCVSD Sampling to Characterize the Wastewater 
from the Study Area 

Sampling Event  
Date 

Sampled
Location  
Description Sample Type 

Pre-installation 
18-25 July 2006 7 days Sanitary Sewer Manhole near 

Valencia High School  1 hour grab 

Pre-installation 
10-17 March 2008 7 Days Sanitary Sewer Manhole near 

Valencia High School  3 hr  composite grab 

Post-installation 
26-29 January 2009 5 Days Sanitary Sewer Manhole near 

Valencia High School  Hourly Grab 

Flow were measured in manhole during sampling events. 
 

4.3.2 Net Change in Wastewater Chlorides from the Demonstration 
Centralized Softening Facility 

For the pre-installation, the July 2006 and March 2008 results were averaged and compared 
with the 2009 results.  These findings are summarized in Table 21 and the presented in Figure 
8.  The chloride reduction from the centralized softener is estimated to be 71 pounds per day or 
approximately 13 tons per year. 

Table 21: Comparison of Pre and Post Chloride Loading to Wastewater 

Time of Samples 
(Hour) 

Avg. Pre Install Cl 
(lbs/hr) 

Post Install Cl, 
(lbs/hr) 

Difference  
(lbs/hr) 

0:00 17.9 17.5 0.5 
3:00 42.6 24.8 17.8 
6:00 60.8 30.6 30.2 
9:00 22.8 27.9 -5.1 
12:00 20.2 19.0 1.2 
15:00 13.7 16.3 -2.7 
18:00 17.9 23.0 -5.1 
21:00 20.1 33.1 -13.0 

Average 27.0 24.0 3 
Estimated 24 hour Total 648 577 71 
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Figure 8: Net Wastewater Chloride Loading for Pre and Post Installation 
Periods 
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Section 5: Outreach and Customer Survey 

This section summarizes the outreach efforts performed by consultants to VWC.  There were two 
pre-installation efforts, one by Meyer Marketing Intelligence and another by O’Rorke, Inc (O’Rorke).  
There was one post-installation effort performed by O’Rorke.  To the degree possible, much of this 
section was taken from their respective documents that were provided to Kennedy/Jenks 
Consultants.   

5.1 Pre-installation Outreach– Meyer Marketing Intelligence 
The first pre-installation was performed by Meyer Marketing Intelligence in September-October 
2006.  Below is a brief description and summary of their report dated November 2006.  Their report 
as submitted to VWC is provided in Appendix B. 

5.1.1 Overview and Methodology 
A marketing research consultant, Meyer Marketing Intelligence, developed a questionnaire to be 
administered over the telephone, copy of which is presented in Appendix B.  Out of a total of 419 
Copperhill community customers in the database with telephone numbers, 162 interviews were 
completed.   

The interviews were approximately 5 minutes in length and the customers were told the research 
was being conducted on behalf of VWC in order to gauge customers’ reactions towards the project 
as well as determine the usage of water softening systems either via a monthly service or AWSs. 
The objectives of the survey were the following: 

• Ascertain the number of customers in that region with either a monthly water softening 
service or AWS. 

• Determine customers’ willingness to either discontinue their monthly service or disconnect 
their AWS during a test period in which VWC would provide softer water. 

The majority of the interviews were conducted in September 2006; however, there were a few that 
occurred in the second-half of October 2006.  

5.1.2 Findings 
Below are the findings from the Meyer Marketing Intelligence memo summarizing their survey. 

• Fifty seven (57) percent of the Copperhill community customers had some type of water 
softening system – either a monthly service with tanks exchanged or an SRWS. 

• Customers appear to be receptive to receiving softer water from VWC. 

• Customers in the Decoro Highlands are currently noticing spots on their dishes, glasses, or 
shower doors indicating the water is hard in the area. 

• Even customers with a water softening system are still noticing water spots on their dishes, 
glasses, or shower doors. 
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• However, before agreeing to discontinue a monthly service or disconnect a SRWS they 
need more information including cost implications, chemicals used, and how to handle their 
existing system either through a monthly service or a SRWS. 

5.2 Pre-installation Outreach Efforts – O’Rorke 
The O’Rorke outreach survey was done in September 2008.  Below is a brief description and 
summary of their report.  Their report as submitted to VWC is provided in Appendix B. 

5.2.1 Overview and Methodology 
Following the launch of VWC’s Demonstration Softening Project, staff from the VWC, LACSD, and 
O’Rorke completed two rounds of door-to-door outreach September 19-20 in the Copperhill 
community.  The goal was to inform residents about the project and to conduct surveys on hard 
water issues as well as to reach each of the 419 homes at least once.   

Despite many residents’ hesitation to open their door to potential solicitors, the community’s overall 
response to the outreach was very positive.  The majority of residents seemed to be aware of the 
negative environmental impact tied to SRWS, and pleased to hear about the GWSDP.   

A total of 134 surveys were conducted in person, with six additional surveys submitted online at 
www.valenciawater.com.  A copy of this survey is in Appendix B.  Residents that submitted the 
survey during the door-to-door outreach received a Baskin Robbins coupon while those that submit 
the survey online will receive a Starbucks gift card.  On the second day, a door hanger (a copy is in 
Appendix B) was left at those homes where no one answered the door.  In cases where residents 
did not know the answer, the answer to the question was left blank. 

In cases where residents had open garages but did not answer the door, staff noted whether the 
home had a visible water softener.  The outreach staff observed that 95 homes have a water 
softener, and 15 of those have a portable exchange tank.   

5.2.2 Occurrence of Home Softeners in Copperhill Community 
Figure 9 summarizes the results of the 140 surveys.  The most prevalent configuration of a home 
softening unit is a SRWS that is customer maintained.  The least prevalent configuration is a 
customer that rents an exchange tank unit.  Nearly 30 percent of residents with a water softener 
moved into a home with it already installed. 
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Figure 9: Distribution of Copperhill Community Softeners 

5.2.3 Willingness to Pay for Centralized Softening Facilities 
There were 138 survey results concerning the customer’s willingness to pay for VWC to provide 
softened water from a centralized facility.  These results are summarized on Figure 10.  Fifty-one 
(51) percent of the customers from this community indicated that they would be willing to pay for 
pre-softened water as part of their water bill and did not set a cost condition.  Twenty three percent 
of the 138 surveys indicated that they were willing to pay provided the costs were reasonable.  A 
portion of the unsure (8 percent) required more information before they could offer an opinion.  It is 
estimated that almost 80 percent, when provided with more information may be willing to pay for 
pre-softened water.  Of the surveyed customers who provided an opinion on their reasonable cost, 
the average reasonable cost was $17.50 per month with a range of $5-$60 per month. 
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Figure 10: Copperhill Customer’s Willingness to Pay 

5.2.4 Other Findings 
Below are other findings summarized from a memo provided by O’Rorke that summarized their 
survey. 

• Most named spots on dishes and glasses and the general hardness of the water as the 
major reasons they use a water softener.   

• Of those with a water softener in home, 90 percent are willing to disconnect their unit during 
the test period, but many are hesitant to permanently disconnect until Valencia confirms 
whether they will continue to provide pre-softened water after the GWSDP period.   

• Of those with a SRWS, 90 percent are willing to disconnect during the test period.  When 
asked what would encourage residents to permanently disconnect their softener, most cited 
rebate programs, saving money, and Valencia offering pre-softened water as the top 
motivators.   
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• Many residents were already excited about the project after reading the Copperhill HOA 
newsletter, while others hadn't heard of it but still were open to the idea.  The primary 
concerns were cost and whether the project will really provide water similar to what they 
receive from their water softener.  Residents were willing to set their water softener to 
bypass, but not necessarily remove their units.   

• Regarding the perception of hard water, 83 percent of residents consider their water to be 
hard.  Most residents use their water softener because they noticed spots on their dishes 
and shower doors, and continue to see lines around their toilet, dishwasher and washing 
machine.  If residents did not use a water softener, they anticipate they would experience 
calcium build-up, dry itchy skin and poor taste.  While residents are excited to receive pre-
softened water, many are skeptical about how soft the water really is. 

• Most did not notice the change in the current hardness of their water since they were 
unaware they were receiving pre-softened water, and will now pay attention to see if there 
are any differences in their water quality.  Some residents without water softeners in their 
homes noticed they no longer had rings in their bath tubs.  In addition, a few respondents 
noticed that their hair is better and believed it was tied to the pre-softened water.  

• As a whole, Copperhill residents seemed to be well informed on the subject of hard water.  
Many were willing to discuss the project, and are willing to participate in future outreach 
efforts. 

• Of those homes with a water softener, 86 percent claim cost savings would motivate the 
permanent disconnection of their water softener.  When asked whether residents would be 
willing to sign a pledge to discontinue use of their water softener, 60 percent said yes, 30 
percent said no, and 10 percent were undecided.  Of AWS users, 37 (59 percent) are willing 
to sign a pledge to discontinue use  

5.3 Post-Installation Outreach – O’Rorke 
The O’Rorke outreach survey was performed from April to June 2009.  Below is a brief description 
and summary of their report.  Their report, “Valencia Water Company Groundwater Softening 
Demonstration Project Follow-up Survey Report” as submitted to VWC on 16 July 2009 is provided 
in Appendix B. 

5.3.1 Methodology  
O’Rorke conducted two rounds of follow up surveys to obtain resident feedback on the pre-softened 
water provided by VWC as part of the GWSDP.  A total of 118 follow up surveys were completed, 
representing 27 percent of the Copperhill community, which meets the sample required by the 
California Public Utilities Commission.  Twenty-one of the surveys were completed via phone 
throughout the month of April and the remaining 97 were completed during the door-to-door 
outreach conducted on May 31 and June 2.  The following report represents the combined results.  
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5.3.2 AWS Hook up Status 
A total of 118 surveys were completed over the phone or in person.  Of those surveyed, 80 
residents (~68 percent) do not currently have an automatic water softener (AWS) or have 
unplugged their AWS since the project launch (See Figure 11).   

 

No AWS
67.8%

Exchange Tank
5.1%

AWS - Not 
Removing

5.9%

AWS - Removing
18.6%

GAC
2.5%

 

Figure 11: Status of AWS for Surveyed Accounts, June 2009 

Thirty-eight residents (32 percent) currently use a water softener and of those, six residents 
reported use of an exchange tank and three use a carbon based system.  The remaining 29 use an 
AWS.  Twenty two (22) of those residents currently using a water softener said they would 
disconnect right away to try the pre-softened water.  Two residents were provided a rebate 
application during door-to-door outreach.  Of those that do not plan on removing their AWS, three 
residents said it was due to health concerns, including eczema.  

Thirty-nine percent of respondents cited the launch of the GWSDP as the primary reason they 
disconnected their AWS, while 61 percent named other reasons, including the rebate program and 
the ordinance banning softeners. 
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5.3.3 Opinions on Water Quality Changes 
Opinions on the water quality changes from pre to post-installation of the GWSDP are summarized 
on Figure 12.  When asked how the water compares to the water they received prior to the launch 
of the GWSDP 20 percent of respondents said they have no opinion, some because they were new 
to the area (67 percent) and did not have anything to compare to the pre-softened water.  Those 
residents’ results are not included in the final percentages.  Additionally, three of the fourteen new 
residents currently use a pre-installed water softener and could not fully comment on the pre-
softened water.    

Approximately 33 percent said the water is much better or somewhat better than water received 
prior to September 2008.  Approximately 42 percent of respondents think the water is the same—
however, 8 residents are previous AWS users and another 8 currently use an exchange tank or a 
salt-free unit.  Less than five percent (6 respondents) of the 118 surveyed respondents responding 
to the hardness of their water said the pre-softened water is somewhat worse or extremely worse 
compared to the softened water they previously received from their AWS.  

 

No opinion
20.0%

Much better
13.6%

Somewhat better
19.2%

Same
42.4%

Extremely worse
1.6%

Somewhat worse
3.2%
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Figure 12: Customers’ Opinion on Water Quality Changes, June 2009 

 
The reported changes reported by residents since the start of the GWSDP are summarized on 
Figure 13.  The most commonly reported change was fewer spots and calcium scale on pipes and 
appliances (34 percent) and softer skin (14 percent). 

 

Other
39%

Less Calcium scale
34%

Softer skin
14%

Less soap & 
shampoo residue

10%

Better Taste
3%

 

Figure 13: Changes Noticed by Customers Due to GWSDP 

Most residents had strong opinions about how they like about their water, and provided feedback 
ranging from “it could be better” to “don’t get rid of it!”  Seventy-three percent of respondents said 
they would recommend pre-softened water to friends and neighbors.  Of those, 17 percent are new 
residents to Copperhill.  Respondents noted the following changes in their water since the launch of 
the GWSDP. 

• One resident shared how much her family liked the new water and explained how they used 
to buy bottled water for drinking but now exclusively drink tap water.  She was very 
enthusiastic about the project and said that she hopes Valencia continues providing the pre-
softened water.   
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• A resident who previously used an SRWS said that while he thought the SRWS worked 
better, the pre-softened water is better than not having a softener at all and added it would 
be “horrible to not have anything.” 

• Another mentioned she didn’t like salt-softened water as it had a slimy feeling and likes the 
pre-softened water she is receiving now better than the water previously softened by her 
SRWS. 

 One resident said she noticed less calcium build-up in her dishwasher, softer skin and a 
better taste in the water.  

 Another mentioned that although his water is not as soft as with his SRWS, it is much better 
than the original tap water. He has noticed less calcium build-up and less soap and 
shampoo residue since the launch of the project.  

 Another resident commented that his pre-softened water is better than the hard tap water 
and produces less calcium build-up. 

 One resident noted her laundry was better and cleaner since the project began is 
September. 

 Another resident noted there is more calcium in the water compared to the water received 
through her SRWS, but less than with original tap water.   She also commented that the 
water is also not as slippery as it was with a SRWS. 

 One resident commented there is less calcium build-up, and it’s better than the original tap 
water and it tastes better than water softened by a SRWS.  

 One resident commented, "I don’t know why anyone wouldn't be happy with the water," and 
added that she likes the pre-softened water better than the water she previously received 
from a SRWS.   

In addition, there have been a number of statements from the GWSDP that endorse the improved 
water quality from an aesthetics perspective.  Two are presented below (Alvord 2009). 

– Rosalie Goldenberg:  

 “I love it! It’s much better than the AWS-treated water. I don’t know why anyone wouldn’t 
be happy with the water.” Better hair, softer skin, less buildup.  

– Benice Haney: 

 “I first noticed that my dishes were squeaky clean straight out of the dishwasher. Then I 
realized my hair and skin were so much softer.  Once I discovered that Valencia was 
providing our house pre-softened water, I took a risk that paid off—I now don’t have to 
use all those extra products to keep my laundry white!” 

5.3.4 Distribution of Willingness to Pay 
Thirty four respondents provided opinions regarding their willingness to pay for pre-softened water 
as part of their monthly bill.  Figure 14 summarize these opinions.  Residents considered the wide 
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range of $1 to $20 per month as a reasonable increase, with the average response being 
approximately $10 per month.  Some did not want to pay a fee unless the water improved while 
others in this group simply were not concerned with the hardness or softness of their water. 

 

Figure 14: Distribution of Responses for Their Willingness to Pay Extra per 
Month for Pre-Softened Water  

5.3.5 Differences between Pre and Post-Installation O’Rorke Surveys 
There is a notable increase in awareness between the project launch survey and follow up survey.  
For example, with the launch survey 71 percent of residents reported they still used a water 
softener or exchange tank whereas with the follow up survey, only 32 percent reported continued 
use of a water softener or exchange tank, showing that residents are well educated about the need 
to disconnect and try the pre-softened water.  The importance of education is well represented by 
the 13 residents who completed both the initial project launch survey and this survey. These 
residents were engaged at the time of the project launch and as a result were able to provide more 
thorough responses to the follow up survey and are perhaps the best representation of water 
acceptability as they were able to judge water from inception.   

An analysis of the responses from residents that completed both surveys shows a generally high 
level of satisfaction with the project.  Sixty-nine percent of those respondents still used a water 
softener at the time of the launch survey and all have disconnected since then.  Nearly half of the 
respondents (46 percent) disconnected their water softener due to the launch of the GWSDP.  
Forty-five percent of the respondents described the pre-softened water as being much better or 
somewhat better than the water their home used prior to the GWSDP.  Fifty-five percent of 
respondents considered the water to be the same.  Of this group, no residents described the water 
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as being worse than before the GWSDP.  Ninety percent of the respondents would recommend the 
pre-softened water to their friends and neighbors.  Willingness to pay fees for pre-softened water 
remains constant, with 73 percent saying they would pay at the time of the project launch and 75 
percent stating they would pay for satisfactory pre-softened water on the follow up survey.      

5.3.6 Post-Installation Survey Conclusions 
Overall, residents are satisfied with the pre-softened water with 73 percent stating they would 
recommend the water to their friends and 94 percent rating the water as the same or better than 
their previous tap water.  While many wish for “perfect” water or water identical to their SRWS, the 
general consensus is that the community welcomes the pre-softened water, especially since they 
cannot use a SRWS after June 30.  Some residents noted paying a small monthly fee for pre-
softened water is less expensive than purchasing a new salt-free alternative unit.  The pre-softened 
water appears to solve residents’ top problems reasons for using a SRWS—calcium scale and dry 
skin.  
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Section 6: System Wide Implementation 

VWC utilizes a diverse mix of water supplies in order to provide reliable service to its 
customers.  However, differences in water quality between the sources can cause uneven 
distribution of different water qualities within its service area.  The major issue that confronts 
VWC involves its groundwater sources from two local aquifers.  They are high in total 
hardness (usually greater than 350 mg/l) when compared with imported water 
(approximately 150 mg/l) delivered from the State Water Project (SWP).   Over the years, 
VWC has received more customer complaints about hard water than any other type of water 
quality concern.  It remains by the far the greatest number of customer complaints received 
by the company.    

6.1 Water Quality Improvement Plan (WQIP) 
The goal of the VWC Water Quality Improvement Plan is to deliver a more uniform water 
quality that is softer than the currently served water.  The approach to achieve this goal is to 
use blending and treatment.  Blending is the first treatment option typically considered when 
meeting non-compliance water quality goal.  This approach typically is the lowest cost and 
simplest to operate.  Whether softer water is achieved via pellet softening or blending, this 
plan, when fully implemented will result in a more uniform water quality delivered throughout 
VWC’s service area.  With this approach, it is reasonable to expect that all customers will 
receive varying percentages of naturally hard groundwater from time to time (Decision 07-
06-024, Opinion On Application for General Rate Increase of Valencia Water Company, 
California Public Utilities Commission, June 2007). 

The blending approach of the WQIP uses the SWP water to blend with well water to meet a 
similar total hardness as the pellet softening treated water.  Since 2006, Valencia has 
evaluated and tested pellet softening technology to determine if it’s feasible and cost 
effective to soften groundwater at the company’s various well fields for the treatment portion 
of the plan.   

Following a successful demonstration project, the VWC has determined that seven 
additional pellet softening treatment plants are needed to treat the majority of groundwater 
delivered by Valencia’s existing and future planned production wells.  When fully 
implemented, the project will essentially treat approximately 27,150 gpm out of total capacity 
of 34,650 gpm, or 78 percent of the company’s available groundwater capacity.  The 
capacity from three Saugus wells is not included in this total (the 34,650 gpm) because they 
are reserved for droughts and are infrequently used.   

There are three Saugus wells that were not included in this analysis because they are kept 
in reserve for drought periods and are infrequently used.  Further discussion of these wells 
are provided below:  

6.1.1 Softer Water through Blending 
Blending instead of well head softening will be the approach for four alluvial wells that 
comprises an estimated 22 percent (7,500 gpm) of Valencia’s well capacity.  These wells will 
be blended with imported water supplies within the distribution system resulting in beneficial 
reduction in total hardness.   
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6.1.1.1  “S” Well Field 
Located in the community of Bridgeport, Valencia’s S wells (S6, S7, S8) are located along 
the community’s Paseo trail system that straddles the Santa Clara River on one side and the 
Bridgeport Community on the other side.  Two wells (S7 and S8) pump groundwater into a 
transmission pipeline and then combine with imported water from Castaic Lake Water 
Agency’s (CLWA’s) gravity fed turnout (V7) before the blended water enters distribution 
system (pressure zone 1).  S6 pumps directly into a higher pressure zone (pressure zone IIA 
North) without blending with imported water from CLWA turnout V7, which is located close to 
the well.  Modifications are necessary at the V7 turnout in order for S6 to be blended with 
imported water. 

6.1.1.2 “W10” Well 
VWC’s alluvial well W10 is located off of Newhall Ranch Road near San Francisquito Creek.   
There is insufficient land surrounding the well to accommodate a pellet softening treatment 
system.  CLWA turnout V2 is located north of the well and provides blending within the 
distribution system. 

6.1.2 Softer Water through Treatment 
This section describes this implementation and the associated capital costs.  The proposed 
full-scale treatment plants are listed in Table 22 and their locations, except for Castaic 
Junction are shown in Appendix A.  For the Castaic Junction location see Section 6.1.2.7. 

Table 22: Proposed Additional Water Softening Treatment Plants 

Plant Name Wells Treated 

Rated 
Capacity 

(GPM) 
Start Up 

Date 

Live Oak D, E15 2,450 2012 
Magic Mountain 206, 207 5,000 2012 
Belcaro W11 1,000 2014 
Pan Handle Q2, T7, U4, U6 4,650 2014 
Pardee Field N, N7, N8 6,250 2017 
Commerce Center E14, E16, E17 3,400 2019 
Castaic Junction G1, G2, G3 3,600 2021 
 

A typical process and instrumentation diagram (P&ID) for a centralized pellet softening 
facility is presented in Appendix A.  Preliminary site layouts were developed for all the plants 
(presented in Appendix A) to help develop the capital costs.  Each plant is briefly described 
below. 

6.1.2.1 Live Oak 
This site will treat water from two existing wells, Well D and Well E15.  This plant is rated for 
a flow of 2,450 gpm and a maximum total hardness of 498 mg/l as CaCO3.  While 464 mg/L  
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as CaCO3 is the average hardness of these two wells, Well D has had total hardness levels 
in excess of 500 mg/L.  If well D was to run without dilution from E15, the caustic usage and 
pellet production would increase during that time period.   

The existing well pump will be de-rated to allow only enough head to get through the 
treatment system.  A booster pump will be added to get the treated water into the 
distribution system at a pressure of 145 pounds per square inch, gauge (psig).   

Water from the dewatering pellet bin and multimedia filter backwash is based on annual 
production rate of 1680 AFY.  Water from the dewatering pellet bin and multimedia filter 
backwash is estimated to be approximately 2,700 gallons per day.  Under final design it will 
need to be determined how best to dispose of this water.  Capital costs for this system are 
not included in this estimate.   

6.1.2.2 Magic Mountain 
This site will treat water from two existing wells – 206 and 207.  While 207 is in place, it is 
not currently in production, but will be by the time Plant 3 would be constructed. This plant is 
rated for a flow of 5,000 gpm and a maximum total hardness of 481 mg/l as CaCO3.  This 
treatment site is in a commercial land use area and will require construction of a new 
pipeline to bring flow from wells 207 and 206 to the proposed treatment plant site.   

The existing well pumps will be de-rated to allow only enough head to get through the 
treatment system.  A booster pump will be added to get the treated water into the 
distribution system at a pressure of 185 psig.   

Water from the dewatering pellet bin and multimedia filter backwash is estimated to be 
approximately 3,800 gallons per day.  Under final design it will need to be determined how 
best to dispose of this water.  Capital costs for this system are not included in this estimate.   

6.1.2.3 Belcaro 
This site will treat water from one existing well – W11.  This plant is rated for a flow of 1,000 
gpm and a maximum total hardness of 468 mg/l as CaCO3.  The treatment site is in a 
residential area and may require public acceptance prior to construction.   

The existing well pump will be de-rated to allow only enough head to get through the 
treatment system.  A booster pump will be added to get the treated water into the 
distribution system at a pressure of 145 pounds per square inch, gauge (psig).   

Water from the dewatered pellet and multimedia filter backwash is estimated to be 
approximately 1,300 gallons per day.  Under final design it will need to be determined how 
best to dispose of this water.  Capital costs for this system are not included in this estimate.   

6.1.2.4 Pan Handle 
This site will treat water from four existing wells – Q2, T7, U4 and U6.  This plant is rated for 
a flow of 4,650 gpm and a maximum total hardness of 565 mg/l mg/l as CaCO3.  While 546 
mg/L as CaCO3 is the average hardness of the three sites, wells U4 and U6 have seen total 
hardness values in excess of 700 mg/l as CaCO3.  If either of these wells were to be run 
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without dilution from Q2 or T7, the caustic usage and pellet production would increase 
during that time period. 

This treatment site is in a commercial area and has existing piping from the four proposed 
wells to the treatment site.  The existing well pumps will be de-rated to allow only enough 
head to get through the treatment system.  A booster pump will be added to get the treated 
water into the distribution system at a pressure of 150 psig.   

Water from the dewatering pellet bin and multimedia filter backwash is estimated to be 
approximately 5,500 gallons per day.  Under final design it will need to be determined how 
best to dispose of this water. Capital costs for this system are not included in this estimate.   

6.1.2.5 Pardee Field 
This site will treat water from three existing wells – N, N7 and N8.  This plant is rated for a 
flow of 6,250 gpm and a maximum total hardness of 434 mg/l as CaCO3. This treatment site 
is in a commercial land use area and has existing piping from the four proposed wells to the 
treatment site.   

The existing well pumps will be de-rated to allow only enough head to get through the 
treatment system.  A booster pump will be added to get the treated water into the 
distribution system at a pressure of 170 psig.   

Water from the dewatering pellet bin and multimedia filter backwash is estimated to be 
approximately 4,800 gallons per day.  Under final design it will need to be determined how 
best to dispose of this water.  Capital costs for this system are not included in this estimate.   

6.1.2.6 Commerce Center 
This site will treat water from four existing wells – E14, E16, and E17.  This plant is rated for 
a flow of 3,400 gpm and a maximum total hardness of 511 mg/l as CaCO3.  This treatment 
site is in a commercial land use area.  Required raw water piping to this treatment plant has 
not been included in this estimate. 

The existing well pumps will be de-rated to allow only enough head to get through the 
treatment system.  A booster pump will be added to get the treated water into the 
distribution system at a pressure of 160 psig.   

Water from the dewatering pellet bin and multimedia filter backwash is based on annual 
production rate of 3525 AFY.  Water from the dewatering pellet bin and multimedia filter 
backwash is estimated to be approximately 5,700 gallons per day. Under final design it will 
need to be determined how best to dispose of this water.  Capital costs for this system are 
not included in this estimate.   

6.1.2.7 Castaic Junction 
This site will treat water from three proposed wells – G1, G2, and G3.  This plant is rated for 
a flow of 3,600 gpm.  The Castaic Junction Plant is proposed for start-up in 2021.  This plant 
will treat several wells to be drilled in the Castaic Junction area south of Highway 126.   
Since these wells are not yet install, E15 was used to estimate the anticipated water quality.  
The maximum total hardness of 497 mg/l as CaCO3 was the assigned value for this plant.   
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Water from the dewatering pellet bin and multimedia filter backwash is based on annual 
production rate of 3,525 AFY.  Water from the dewatering pellet bin and multimedia filter 
backwash is estimated to be approximately 5,700 gallons per day.  Under final design it will 
need to be determined how best to dispose of this water.  Capital costs for this system are 
not included in this estimate.   

6.1.3 Assumption of Water Quality for Development of Full Scale 
Designs 

Water quality data, dating from 1985 through 2008 were obtained for as many of the wells 
as possible.  The water quality values assigned to each treatment plant for design and O&M 
purposes are summarized in Table 20.  The wells were found to have anywhere from 1-12 
sample dates, with varying constituents reported at each sample event.   Well 207 is not yet 
in service so no water quality data were available for this well.  Therefore, the water quality 
estimates for the Magic Mountain plant are based entirely on the water quality data for Well 
206. 

In order to determine the design parameters for the pellet softener size, chemical feed 
pumps and pellet dewatering and storage facilities for each treatment plant, a worst case 
water quality for each plant was determined.  For each well, the maximum total hardness 
event was selected as the worst case scenario.  The overall water quality for this sampling 
event was then used as the design water quality for that well.   

In order to estimate the maximum flow scenarios, it was then assumed that all wells were 
operating at their maximum rated capacity.  Water quality as shown in Table 23 was used to 
size the equipment and chemical feed systems for all the plants.  This same approach was 
taken to estimate O&M costs except where noted.  
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Table 23: Assumed Water Quality for Softening Plants 

Plant Name 
Live  
Oak 

Magic 
Mtn Belcaro

Pan 
Handle

Pardee 
Field 

Commerce 
Center 

Castaic 
Junction

Rated Capacity  
(gpm) 2,450 5,000 1,000 4,650 6,250 3,400 3,600 

Sodium  
(mg/L) 104 74 59 86 96 149 104 

Calcium  
(mg/L) 120 130 110 140 120 120 120 

Magnesium  
(mg/L) 45 38 47 40 32 47 45 

Alkalinity  
(mg/L)  233 231 258 268 249 222 

Chloride  
(mg/L) 88 48 37 79 121 80 88 

Sulfate  
(mg/L) 328 290 270 309 154 470 315 

Total Hardness  
(mg/L as CaCO3) 498 481 468 565 434 511 497 

pH  
(units) 7.4 7.5 7.6 7.7 7.6 7.4 7.4 

Total Dissolved Solids 
(mg/L) 973 780 740 893 777 1374 1066 

Specific Conductance 
(µmho/cm) 1296 1010 1030 978 1204 1861 1293 

 

6.1.4 Summary of Assumption for Developing Capital Costs 
The following assumptions were used in preparation of the capital costs: 

• All plant equipment was sized for the total rated capacity of each well to be treated. 

• Pellet softening and chemical equipment were sized using W9 water quality as 
shown in Table 20. 

• One duty booster pump was assumed for costing purposes. 

• For all plants, the existing well-pump will be de-rated for a lower head requirement.  
This cost was assumed to be similar as the cost required to modify the existing 
demonstration plant site. 

• Chemical storage systems were sized to hold a minimum of 15 days of chemical 
supply assuming 24-hour operation at the rated plant capacity. 

• Two 18 cubic yard, roll-off, pellet storage bins were assumed for each site.  This 
provides for approximately 10 days to over a month of storage per bin. 
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• Discharge permitting cost for of pellet dewatering and filter backwash is covered by 
the indirect project costs. 

The capital cost estimates include both the actual construction (“bid”) costs and the indirect 
costs associated with implementing the project.  Table 24 summarizes the cost factors used 
to develop the “bid costs” and total capital costs.  

Table 24: Cost Factors and Assigned Values 

Capital Parameter Value (%) Basis 

Electrical and instrumentation 15 Process train costs 

Contractor’s overhead and profit 20 Direct construction cost 

Contingency 10 Direct construction cost  

Average Indirect costs estimated by 
VWC 

4 Construction “bid” cost 

 

Capital costs include costs related to purchase and installation of process and residuals 
handling equipment, site preparation, structural work, and other construction costs a 
contractor includes in a “bid cost” for a treatment facility such as mobilization, overhead and 
profit, and contingencies to account for uncertainties and unforeseen expenses.   

Indirect capital costs include such expenses as engineering design and construction 
management, financial, legal, and administrative services, interest during construction, 
environmental impact reports, and permits.  These costs have been estimated by VWC 
based on the construction of the GWSDP and their prior experience.   

The estimates of probable capital costs at this planning level will have a -30% to +50% 
accuracy level.  They were prepared according to the guidelines established by the 
American Association of Cost Estimating Engineers for an order of magnitude estimate. 

6.1.5 Summary of Capital Costs 
The estimated capital costs in 2009 dollars and the dollars of the year that the plant is 
projected to be built are summarized in Table 25.  The 2009 dollar estimates were adjusted 
using 3.5 percent per year was used to estimate the cost for the year that the facilities were 
to be constructed.  Detailed cost estimates for each plant are provided in Appendix C. 
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Table 25: Summary of Proposed Capital Cost by Plant and Schedule of 
Construction 

Plant 
2009 

($million) 
On-line 

Schedule 

Live Oak $3.3 2012 

Magic Mountain $5.0 2012 

Belcaro $1.5 2014 

Pan Handle $5.0 2014 

Pardee Field $5.6 2017 

Commerce Center $5.0 2019 

Castaic Junction $5.0 2021 

Total 2009 $ $30.4  
 

6.2 Operations & Maintenance Costs 

6.2.1 Background 
The O&M cost for the 800 gpm design flow rate of the GWSDP is summarized in Table 13 of 
Section which was developed by VWC.  Table 26 summarizes the O&M unit cost and any 
adjustments that were to Table 13 for estimating the O&M of the future plants. 

6.2.2 Caustic Use 
Since 17 July when the pellet bed was operated at 7 feet instead of 5 feet, the effluent 
calcium hardness was statistically significantly reduced using statistically significantly less 
caustic (See Table 27).  The caustic dosing rate of 129 mg/L was developed from the W9 
operational data during this period.  The caustic dose to calcium hardness was then 
proportioned based on the calcium hardness on Table 23.  In some cases, the caustic dose 
will vary depending on the combination of wells being pumped.  The wells with very high 
calcium hardness are noted in the descriptions of each treatment plant (Sections 6.1.2.1 to 
6.1.2.7). 

Brenntag, a VWC supplier of caustic is charging $1.60 per gallon of 50 percent caustic.  This 
is the cost that was used for projecting the O&M cost.  This is $0.14 less than the cost of 
caustic for the GWSDP and is due to the increased quantities that will be purchased. 
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Table 26: Estimated O&M Chemical, Labor, and Pellet Disposal Costs  

Component Unit Cost 
Usage during 

Demonstration  
Assumption for system-wide 
implementation 

Caustic  
(50%) 

$1.60/gallon*  220 gpd Lower caustic unit cost than 
GWSDP ($1.74/gallon), usage 
rate adjustment based on raw 
water hardness 

CO2 $0.20/lb 316 lb/MG Slightly lower CO2 unit cost 
than GWSDP ($0.21/lb), no 
usage rate adjustment 

Sand  $0.03/lb 143 ppd Slightly lower unit cost than 
GWSDP ($0.056/lb), usage rate 
adjustment based on raw water 
hardness 

Labor $ 28/hour 55 hrs/month Adjusted for plant size 

Pellet  
Disposal 

$500/month  
per plant 

0.3 ton/day A-1 Grit pays VWC $500/month 
income per plant as well as the 
transport of bins to their 
Riverside facility 

 

Table 27: Summary of Water Quality Parameters and Caustic Use for 
Seven and Five Foot Pellet Beds 

Daily Average 

5 foot 
Pellet Bed
1 Mar – 16 

Jul 

7 foot 
Pellet Bed 
17 Jul – 30 

Aug 

Raw Water Calcium Hardness (mg/l CaCO3) 176 192 

Treated Water Calcium Hardness (mg/l CaCO3) 55 33 

pH 9.3 9.7 

Caustic Feed Rate of 50 % (gallons per day) 303 198 

Water Production (Average MGD) 1.17 1.15 

Caustic Dosage (mg/L) 117 129 
 
 

6.2.3 Sand Use 
The average sand use during the GWSDP was about 143 lb/day (~ 125 lb/MG of water 
treated).  Approximately 170 mg/l as CaCO3 of calcium hardness was removed to achieve 
treated water quality goal (i.e. about 0.15 lb sand/kg calcium hardness removed).  Pellet 
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sand usage for the proposed five plants was estimated based on the hardness removal 
required to meet the treated water hardness of 36 mg/l as CaCO3 (Table 10).  

6.2.4 CO2 for pH Adjustment 
Daily CO2 consumption was about 350 lb per day for approximately 1.44 MGD treated.   The 
same CO2 use is assumed for O&M cost estimate for the proposed softening plants. 

6.2.5 Labor 
The labor requirements for various activities for the GWSDP as well those projected for the 
full-scale plants are summarized in Table 28. While the pellets were manually disposed 
during the GWSDP, they will be disposed by automatic disposal system in the full-scale 
plants.  Hence, an average of approximately 1 hour per day of labor will be required for the 
full-scale plants. 

Table 28: Labor Estimate for GWSDP and Full-Scale Plants 

Routine Demonstration Activity 

Total 
Hours/Month 
for GWDSP 

Total 
Hours/Month 
for Full Scale 

Plants 
Daily sampling and analysis for Calcium and Total 
Hardness 

15 15 

Discharge of pellets 30 0 
On-site support during filling of caustic tanks by vendor 4 4 
Maintenance of pH probes 4 4 
On-site support during pellet disposal by vendor 2 2 

Total 55 25 

6.2.6 Pellet Disposal 
For this study, it is assumed for these future plants, VWC will buy the bins and have A-1 Grit 
pay for their transport to Riverside, CA.  Also, A-1 Grit will pay VWC $500 per treatment 
plant per month for the pellets generated regardless of plant size. 

6.2.7 Pellet Dewatering and Backwash Discharge 
Backwash discharge during the demonstration program was 0.18 % of the water production.  
Local irrigation or discharge to the storm drain system is the preferred alternative.  The cost 
for backwash disposal is not included in the current O&M cost estimates. 

6.2.8 Maintenance Cost 
Typically over a 20 year period additional maintenance cost of the full-scale plants is 
assumed to be 2% of the equipment and installation cost.  This is to cover painting, pump 
repairs, etc.  However since these will be new plants, these type repairs will not be needed 
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in the early days of operation.  As a result, this cost has been eliminated, but will need to be 
added to the annual O&M budget at the 10 year age of each plant.  

6.2.9 Well Production 
Historic water production from VWC wells and the proposed capacity for the new wells were 
used to estimate annual water production for the full-scale plants.  Annual production in AFY 
was provided by VWC and is based on amounts included in the 2009 Analysis of 
Groundwater Supplies and Groundwater Basin Yield Study.  Table 29 summarizes the 
annual production for the full-scale plants which were also used to determine the annual 
O&M costs. 

Table 29: Estimated Annual Water Production for Full-Scale Plants 

Plant Wells 

Design 
Capacity 

(gpm) 

Water 
Production*

(AFY) 

Live Oak D, E15 2,450 1,680 

Magic Mountain 206, 207 5,000 2,350 

Belcaro W11 1,000 800 

Pan Handle Q2, U6, U4, T7 4,650 3,450 

Pardee Field N, N7, N8 6,250 2,970 

Commerce Center E14, E16, E17 3,400 3,525 

Castaic Junction G1, G2, G3 3,600 3,525 

Total  26,350 18,300 
* Amounts based on the 2009 Analysis of Groundwater Supplies and Groundwater Basin Yield Study 

6.2.10 Summary of O&M Constituents 
Table 30 summarizes the requirement of various O&M constituents for the full-scale plants 
used in the cost estimation.  Table 31 is a summary of the total O&M and the $/AF treated 
which ranges from a low of $120 to a high of $144.  For the existing Copperhill facility, using 
the lower unit costs for caustic, sand, and CO2, the estimated O&M cost is $111/AF as 
compared to the $164/AF during the demonstration phase.  The total annual O&M cost for 
the GWSDP would be $106,000 for 950 AF of production. 
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Table 30: O&M Requirements for Full-Scale Plants 

 
Live  
Oak 

Magic 
Mtn Belcaro

Pan 
Handle 

Pardee
Field 

Commerce 
Center 

Castaic 
Junction

Production Rate 
(AFY) 1,680 2,350 800 3,450 2,970 3,525 3,525 

Caustic Dose 
(ppm) 152 164 139 177 152 152 152 

Sand Use (lb/day) 290 432 122 800 530 627 621 

CO2 Use (lb/day) 345 480 164 706 609 722 722 

Labor (hours/day) 1 1 1 1 1 1 1 

 
 
 
 
 

Table 31: Summary of Annual O&M Cost by Plant 

Plant 
Annual Production 

(AFY) 
Annual O&M Cost 

($) O&M Cost ($/AF)  

Live Oak 1,680 $212,000 $126 

Magic Mountain 2,350 $317,000 $135 

Belcaro 800 $96,000 $120 

Pan Handle 3,450 $497,000 $144 

Pardee Field 2,970 $373,000 $125 

Commerce Center 3,525 $442,000 $125 

Castaic Junction 3,525 $442,000 $125 

Total 18,300 $2,379,000  $130  
(weighted average) 

 

6.3 Benefits of Full Scale Water Softening 
Hardness removal has traditionally been related to aesthetics and the deterioration of fabrics 
related to the hardness interactions with soaps and detergents.  The other impact of 
hardness is the effect of scale on pipes and water heaters. 

Once the water softening technology has been deployed on a full scale basis, there will be 
three types of connections that will have additional savings in four different areas that are 
identified in Table 32.  This section discusses each of the areas of savings identified in this 
table. 
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Table 32: Summary of Added Savings by Connection Category 

SRWS Status 
SRWS  

Savings 
Soap and 

Detergents 
Water  
Heater 

Chloride 
Impact on 

WRP 
No SRWS  No Added Savings Savings Savings No Added 

Savings 
Removed SRWS Saving Savings Savings Savings 
Exchange Tank 
Remaining  

Savings No Added Savings No Added 
Savings 

No Added 
Savings 

 

6.3.1 Self Regenerating Water Softener (SRWS) Savings 
The basis of the water production for each treatment plant was the 2008 annual production 
records of the wells providing raw water.  The treated production of each plant was then 
divided by the average monthly connection usage (15,396 gallons per month, [Exhibit 8, 
Water Quality Improvement Program, Attachment H to Application No. 06-07-002 filed July 
3, 2006]) to estimate the number of connections that would be getting the soft water from 
these facilities.  The estimated number of connections for each facility is presented in Table 
33. 
 
The basis of these savings were the data collected from the pre and post softening public 
outreach surveys conducted by O’Rorke.  The information used from the September 2008 
survey of 140 connections was the following: 
 

• 48 percent of the connections do not have an SRWS 
• 7 percent of the connections have exchange SRWS tanks 
• 11 percent of the connections rent an SRWS 
• 34 percent of the connections own an SRWS 

 
The information used from the April-June 2009 survey of 118 connections was the following: 

• 68 percent of the connection do not have an SRWS (never had or disconnected their 
SRWS) 

• Through the outreach effort on this project, 92 percent of the connections would not 
have a SRWS hooked up 

• The exchange tank softeners were not removed 
• Monthly average charge for exchange tank softener is $50/month 
• Monthly average cost for maintaining an owner SRWS is $11/month 

 
Based on the information from these two surveys, the following assumptions were made. 

• When a new centralized system is brought on-line, 20 percent of the connections 
(5,222 connections) would disconnect their SRWS.  There would be a reduction of 
$11/month for each connection ($689,000, rounded). 

• Through an outreach program, another 18 percent (4,700 connections) would 
remove their SRWS.  There would be a reduction of $11/month for each connection 
($620,000, rounded). 
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Table 33: Summary of SRWS Savings 

Plant Name 

 Copperhill Live Oak Magic Mtn Belcaro Pan Handle 
Pardee  
Field 

Commerce 
Center 

Castaic 
Junction Total 

Prior to Centralize Softeners - Base Case Conditions       
 Connections 747 2,331 3,264 934 3,671 5,563 4,663 4,937 26,110 

 
Connections without 
SRWS (48%) 359 1,119 1,567 448 1,762 2,670 2,238 2,370 12,533 

 
Connections with 
SRWS (52%) 389 1,212 1,697 486 1,909 2,893 2,425 2,567 13,577 

Post Centralized Softeners - SRWS that are Removed from Service      

 

Connections with 
SRWS Removed 
(20%) 149 466 653 187 734 1,113 933 987 5,222 

 

Savings for Initially 
Removed 
SRWSs/Year, $'s $19,726 $61,545 $86,165 $24,658 $96,911 $146,867 $123,090 $130,331 $689,294 

 

Outreach Removed 
SRWS Connections 
(18%) 134 420 587 168 661 1,001 839 889 4,700 

 

Savings of Outreach 
Removed SRWS 
Connections (18%) $17,754 $55,391 $77,549 $22,192 $87,220 $132,180 $110,781 $117,298 $620,364 

Post Centralized Softeners - SRWS that Remain in Service      

 

Connections with 
Exchange Tanks 
SRWS (14 %) 105 326 457 131 514 779 653 691 3,655 

 

Exchange Tank 
Connection 
Savings/Yr, $'s $31,924 $99,602 $139,446 $39,905 $156,837 $237,682 $199,203 $210,921 $1,115,520 

Total Savings $69,404 $216,537 $303,160 $86,755 $340,969 $516,729 $433,075 $458,550 $2,425,178 
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• The connections with the exchange tank softeners (7 percent) would not disconnect 
these systems.  There would be a cost saving of 50 percent or $25 per month due to the 
50 percent reduction in total hardness.  The survey indicated that there would be another 
7 percent of the connections with a self regeneration SRWS that would not be removed.  
For this study it is assumed that these connections would convert their SRWS to an 
exchange tank and these connections would realize the same savings ($25 per month).  
The total for this category would be $1,115,000 (rounded). 

The total annual savings generated by the SRWS upon the full scale implementation of this 
project would be $1,309,000 ($689,000 plus $620,000) from the removed SRWSs.  For the 
remaining SRWSs, there would be an annual savings of $1,115,000 from the increased cycle 
time between change out of the exchange tanks.  The total annual savings for this category is 
estimated to be $2,425,000 (rounded). 

6.3.2 Hardness and Soaps and Detergents 

6.3.2.1 Background 
The amount of hardness minerals in water determines the amount of soap and detergent 
necessary for cleaning.  Excessive minerals form a sticky curd or deposit a film, such as bathtub 
ring, when soap is added to water. Removing this requires greater amounts of soap, detergent, 
cleaning compound, shampoo, and time. The hardness precipitate lodges in fabric after washing 
and makes it stiff and rough.  Remaining soil causes the graying of white fabric and the loss of 
brightness in colors. 
Both bathing and grooming with soap in hard water leave a film of sticky soap curd on the skin. 
The film may prevent removal of soil and bacteria. Soap curd interferes with the return of the 
skin to its normal, slightly acid condition, and it may lead to irritation and infection. Soap curd on 
the hair makes it dull, lifeless, and difficult to manage. 

Synthetic dishwater detergents are less effective in hard water because the active ingredient is 
partially inactivated by hardness, even though it stays dissolved. The alkaline builders, added to 
the detergent mixture to cut greases and oils, reacts with these greases and oils to form soap, 
which in turn produces soap curd in hard water. The deposits protect soil and bacteria and 
interfere with thorough cleaning. 

6.3.2.2 Savings from Using Less Soaps and Detergents 

The economic impact can be qualitatively described, but there is only literature from the 1930-
1950’s that document costs.  There is no recent data that can document these savings. 

From Table 29, the savings from using less soaps and detergents would arise from the 
connections without an SRWS and those connections that remove their SRWS.  The total of 
these two groups for the full scale roll out would be 86 percent or 22,450 connections.   

It is estimated that there would be an annual saving of $270,000 (rounded) per year assuming a 
savings of $1 per month per connections. 
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6.3.2.3 Hardness and Scaling Issues 

Hard water also contributes to inefficient and costly water heater operation. Heated hard water 
forms a scale that is a major cause of water heater failure resulting in a shorter water heater 
lifespan.  The typical lifespan of a water heater is 10-12 years.  Better heaters have longer 
warranties, such as six to 10 years.  Soften water generates less scale so one would expect a 
longer lifespan of the water heater using soft water.   

Once hard water scale forms in a water heater, it is a poor conductor and heat is not transmitted 
to the water as rapidly as it is applied.  The fuel wasted by poor heat transference increases hot 
water costs.  A comparison of the energy efficiency of gas water heaters using hard and soft 
water supplies over a 14-day period indicated that the hard-water heaters used 29.57% more 
BTUs of energy ( Isaacs and Stockton, 1984) 
Talbert, et al, 1987 reported on pilot testing of water heaters using hard water.  They observed a 
scale buildup of 130 pounds in one of the hard water heaters after 30 months of operation under 
accelerated test conditions (representing about 50 years of normal residential usage) caused 
the operating efficiency to decline about 12 percent more than a comparable water heater using 
soft water.  
In this particular case, the scale buildup also caused the metal temperatures around the burner 
area to become so hot that distortion occurred and a leak developed from a crack through a 
weld joint leading to premature failure, i.e., a shorter lifespan. 

In this same study they observed that scale buildup was minimized with softened water, but the 
magnesium anodes were consumed much more rapidly than in untreated hard water.  This 
additional anode consumption will reduce its effectiveness in protecting the uncoated portions of 
steel tanks from corrosion.  If the sacrificial anode is not routine maintained in very soft water, 
this will also lead to a shorter water heater lifespan.  Furthermore, pipes clogged with scale 
reduce water flow and ultimately must be replaced.  

6.3.2.4 Savings from Reduced Scale 

The savings to the customers would come from a longer lifespan of the water heater and lower 
utility bill from more efficient heat transfer.  The savings from generating less scale would arise 
from the connections without an SRWS and those connections that remove their SRWS.  The 
total of these two groups for the full scale roll out would be 86 percent or 22,450 connections 
(See Table 29). 

It is estimated that there would be a saving of $561,000/year assuming a savings of $25/year 
($750/water heater, 10 years lifespan for hard water and 15 years lifespan for softer water, and 
the cost just prorated over the lifespan) from the longer lifespan of a water heater for 22,450 
connections. 

It is estimated that there would a saving of $1,131,000/year assuming a savings of $50.40/year 
in reduced utility bill attributed to heating the water (12 percent increase in efficiency for softer 
water; $35/month water heater utility bill for 22,450 connections that have an average of 3.9 
people per connection (CDHS, 1993)). 
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The total annual savings generated by reducing the internal scaling upon the full scale 
implementation of this project would be $1,692,000. 

6.3.2.5 One Time Savings from Reduced Chloride for Water Reclamation Plant 

Information provided by the Los Angeles County Sanitation District (LACSD) [LACSD operates 
the local Santa Clarita Valley Sanitation District] for Measure S in the November 2008 election 
indicated that the Valencia and Saugus Water Reclamation Plants (WRPs) would save about 
$74 million in the construction of additional treatment and brine disposal to remove an 
equivalent chloride load from SRWSs in the Santa Clarita Valley.  In addition, the Measure S 
literature indicated that LACSD had budgeted $1.6 million to remove the remaining 3,200 
SRWSs or an average of $500/SRWS. 

Information provided by LACSD, (personal communication 2009) indicates that for the Valencia 
and Saugus WRPs the per capita wastewater is 86 gallons per capita per day (gpcd).  Based on 
an average of 3.9 occupants per account (CDHS aka CDPH, 1993), this calculates out to 7.5 
MGD (22,455 accounts X 3.9 occupants/account X 86 gpcd) which is 43.6 percent of the 
average flow for the Valencia WRP or 25.6 percent of the combined Valencia and Saugus WRP 
flows.  Proportioning the $74 million, the 35 percent is equivalent to $25.8 million savings that 
can be allocated to avoided costs for additional treatment and brine disposal.  It is likely that 
these savings would be passed on to the entire service area as opposed to only the connections 
generating these savings.  As a result of this assumption, the savings that is projected to flow to 
the 110,000 VWC customers is $11.4 million ([$25.8 million / 250,000 population served by 
Valencia and Saugus WRP] X 110,000, population served by VWC).  These estimated savings 
would be avoided costs and be a one time savings. 

It is difficult to allocate a savings to LACSD from SRWS removed from service solely due to the 
centralized softening ban pass by the November 2008 election (Measure S).  Motivation for 
removal of SRWS in the demonstration area was probably a combination of the ban and 
improved water quality.  Since the full scale roll out will start in a couple of years, it is assumed 
that there will be no savings accrued by LACSD from the rebate program. 

6.3.3 Summary of Benefits of Soft Water 
The some of the benefits of providing soft water can be translated to savings to the customers.  
The next two sections discuss the additional benefits and savings that can not be easily 
monetized.  This is followed by a description of the non-monetized benefits. 

6.3.3.1 Annual Monetized Customer Savings 
Table 34 summarizes the annual savings to the VWC customers which is estimated to be 
$4,386,000 when all the facilities are in place.   
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Table 34: Summary of Annual Estimated Customer Savings from Full Scale 
Implementation of Softening Technology 

Source of Savings Connections 
Annual 
Savings 

SRWS Removed from Service 22,450 $1,309,000 
Exchange Tanks with Reduced O&M 3,655 $1,115,000 
Soaps and Detergents 22,450 $270,000 
Water Heater 22,450 $1,692,000 

Total Annual Savings $4,386,000 
   
6.3.3.2 One Time Customer Savings 
As described in Section 6.3.2.5, there would be a one time savings from the chloride reduction 
to the Valencia WRP for all the VWC customers getting pellet softened water.  This one time 
savings is estimated to be $11.4 million for the treatment facilities of the Santa Clarita Valley 
Sanitation District that that are operated by LACSD. 

6.3.3.3 Non-monetized Savings 

There are two additional areas of savings that will accrue to VWC customers that is difficult to 
establish a reasonable cost because there is no literature.  These are described below 

4. Reducing the hardness of the water supply will also generate savings to customers from 
impact on scale on fixtures and piping.  Examples are scale from the hard water causes 
gaskets to leak water from dishwashers and washing machines requiring more repairs; 
and scaling of piping, shut off valves, and kitchen and bathroom fixtures requiring more 
maintenance or shorter a lifespan and more costs associated with replacement. 

5. More replacement of clothes or fabrics due to the inability to remove all the soil and dirt 
using harder waters causing the graying of white fabric and the loss of brightness in 
colors. 

6. There are aesthetic benefits that are summarized in Section 5. 

6.4 Cost Benefit Analysis 
This section compares the capital and O&M costs against the savings or benefits.  This analysis 
does not include the aesthetic benefits which does have some monetary value.  Because of not 
including this element, this analysis is conservative from a benefits perspective, i.e., the benefits 
are under valued. 

6.4.1 Summary of Annual Costs 
Table 35 summarizes the annual costs estimated for the full system implementation.  VWC can 
obtain a 20 year loan for the capital at a 7.37 percent interest rate.  The capital recovery factor 
for this percent interest rate is 0.09712.   
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6.4.2 Summary of Annual Benefits 
Table 35 also summarizes the annual benefits from the recurring as well as the one time 
savings.  For the one time savings, LACSD generally funds construction projects by issuing 
bonds.  For this study the total capital for the desalting facilities was amortized over 20 ears at 
an interest rate of 7 percent.  The annual amortized capital cost equals the total capital times a 
capital recovery factor of 0.09439. 

 

Table 35: Summary of Cost Benefits for the VWC System Wide 
Implementation of Pre-softened Water 

Cost  
Total Capital

($ million) 

Annual 
Amortized 

Capital 
($K) 

Annual O&M 
($K) 

Total 
($K) 

Softening Plants 
(includes GWSDP) 

$31.7 $3,079 $2,485 $5,564 

Benefits     
Annual Benefit   $4,386 $4,386 
Amortized One Time 
Savings 

11.4 $1,076  $1,076 

Total Benefit    $5,462 
 

6.4.3 Cost Benefit Comparison 
Using the annual cost and comparing it with the total for the annual benefit, the analysis 
indicates that for every dollar of costs there is an estimated $0.98 of benefit.  It should be noted 
that the benefits in this study were recognized using conservative assumptions.  The first is that 
only $1 per month per service connection was estimated as a savings for lower soap and 
shampoo usage.  In addition, monetary estimate was developed some many of the aesthetic 
water quality impacts like less dry and smoother skin.  The reduced O&M from the desalting 
technology that is being designed and constructed by LACSD was also not included in this 
analysis although there will be less chlorides, some 13 tons per year of chloride from only 419 
service connections that will not get discharged to the collection system and therefore does not 
needed to be removed by their desalting technology. 

Based on these factors, it is estimated that every cost dollar associated with this softening 
implementation plan will result in between $1.50 to $2 saved.  
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Section 7: Recommended Implementation Plan 

Based on the findings of the outreach surveys and the estimated capital and O&M costs 
developed from the GWSDP, it is recommended that VWC implement the softening treatment 
component of their WQIP. 

The same approach is recommended that was taken for the GWSDP that included a pilot scale 
study followed by a demonstration project, i.e., implement the project in manageable size 
increments instead of taking giant leaps.  This allowed VWC to identify a variety of design and 
operational issues that can be leverage as the system wide implementation is rolled out.   

Table 35 summarizes the roll out scheduled for the additional seven plants.  The phasing was 
developed with four objectives: 1) management of capital requirements; 2) ability to absorb the 
additional management, O&M and training required; and 3) development of experience for the 
range of plants sizes that would come on line in Phases 2 and 3; and 4) provide more 
customers with pre-softened water while slowly raising water rates.  Phase 1 would be for a 
medium and large plant with existing wells so that there would an operating size covering the 
three typical sizes, i.e., small, medium, and large.  Phase 2 would be for the three plants which 
already have existing wells.  Phase 3 would be for treatment plants where there are no current 
existing wells. 

Table 36: Recommended Roll Out Schedule 

Phase Treatment Plants 
Rated Capacity 

(gpm) Startup Date 

Live Oak 2,450 2012 
1 

Magic Mountain 5,000 2012 

Belcaro 1,000 2014 

Pan Handle 4,650 2014 2 

Pardee Ball Field 6,250 2017 

Commerce Center 3,400 2019 
3 

Castaic Junction 3,600 2021 
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Executive Summary 
 
Valencia Water Company is currently in the processing of developing the usage of and 
technology to provide customers with softer water. 
 
A five-minute telephone study was conducted among Valencia Water Company’s customers 
residing in the Decoro Highlands area in the northwestern part of Santa Clarita. 
 

 Interviews were conducted in September – October 2006. 
 

 A total of 162 interviews were completed out of 419 customers and resulted in an 
error rate of ±6.0% at a 95% confidence interval. 

 
 One of the project’s objectives was to ascertain the number of customers in that 

region with either a monthly water softening service or a self-regenerating/automatic 
water softener. 

 
 The other objective was to determine customers’ willingness to either discontinue 

their monthly service or disconnect their self-regenerating system during a test 
period in which Valencia Water Company would provide softer water. 

 
More than one-half or 57% of Decoro Highlands customers has some type of water 
softening system – either a monthly service with tanks exchanged out or an 
automatic/self-regenerating water softener. 
 
Slightly more than one-fourth or 28% currently use a monthly service that provides 
them with a tank for softer water. 
 

 When asked why they had signed up for a service, 74% of them had heard the water 
was very hard while 48% had noticed spots on their dishes, and 37% were having 
lines appear in their washing machines, dishwashers, and toilets. 

 
 Two-fifths or 41% would definitely discontinue their monthly service during a test 

period. 
 

 An additional 15% or 7 customers would not discontinue their service primarily 
because they were either happy with their current set-up or would rather have 
someone else test the technology first. 

 
 The remaining 43% were uncertain about discontinuing their service, and most of 

these customers either needed more details or information or needed to talk it over 
with their spouse. 
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Two-fifths or 40% of the remaining customers without a monthly service or 28% of all 
customers surveyed use a self-regenerating water softening system in their homes. 
 

 Over one-half or 52% indicated they installed such a system because they had heard 
the water was hard while 35% had noticed spots on their dishes, glasses, or shower 
doors and 22% saw lines in their washing machines, dishwashers, and toilets. 

 
 Close to one-half or 46% would definitely disconnect their self-regenerating system 

during a test period. 
 

 An additional 22% would not disconnect their system either because they were 
happy with their current system or they would be wasting the money they had 
already paid for their system. 

 
 The remaining 33% were uncertain about disconnecting their system primarily 

because they needed additional details or information or needed to discuss it with 
their spouse. 

 
In total, 52% of customers are currently noticing spots on their dishes, glasses or shower 
doors; therefore, suggesting that the water in the Decoro Highlands area is hard. 

 
 Close to three-fifths or 57% have a monthly service or a self-regenerating water 

softening system and 38% of them are currently noticing spots. 
 

 Of the remaining 43% of customers without any type of softening system, 71% of 
them are noticing water spots due to the hardness of the water. 

 
In sum, the potential exists for 82% of Decoro Highlands customers to discontinue their 
monthly service or disconnect their self-regenerating softener during a test period. 

 
 More than two-fifths or 44% are willing to discontinue/disconnect their system and 

only 18% are unwilling to do the same. 
 

 The remaining 38% are uncertain and many of them need additional information or 
need to discuss it with their spouse. 

 
Close to three-fourths or 72% of customers would be willing to participate in future 
telephone surveys and only 27% would definitely be willing to participate in focus group 
research in the future. 
 
Slightly more than two-fifths or 43% provided the interviewers with their e-mail address for 
future communications. 
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Lastly, customers were asked if there were any additional comments they wanted to 
share with Valencia Water Company. 
 

 The overwhelming majority, 81%, had no additional comments to share. 
 

 Another 9% of the customers made some comment regarding the hardness of the 
water with a few others commented on the taste. 

 
Based on the results of the research conducted the following conclusions can be drawn: 
 

 Customers appear to be receptive to receiving softer water from Valencia Water 
Company. 

 
 Customers in the Decoro Highlands are currently noticing spots on their dishes, 

glasses, or shower doors indicating the water is hard in the area. 
 

 Even customers with a water softening system are still noticing water spots on their 
dishes, glasses, or shower doors. 

 
 However, before agreeing to discontinue a monthly service or disconnect a self-

regenerating system they need more information including cost implications, 
chemicals used, and how to handle their existing system either through a monthly 
service or an automatic water softener. 
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Research Overview & Methodology 
 
Valencia Water Company (VWC) has been developing and refining the usage of specific 
technology to provide its customers with softer water. Currently, the company plans on 
conducting a test that would affect its customers residing in the Decoro Highlands area in 
the northwester section of Santa Clarita. However, in order to ascertain the number of 
customers in this area with either water softening services or self-regenerating (automatic) 
water softener, VWC conducted telephone research among those customers. 
 
A marketing research consultant, Meyer Marketing Intelligence (MMI), developed a 
questionnaire to be administered over the telephone. (Note: a copy of the questionnaire is 
presented in Appendix A on page 20.) The interviews were approximately 5 minutes in 
length and the customers were told the research was being conducted on behalf of VWC in 
order to gauge customers’ reactions towards the project as well as determine the usage of 
water softening systems either via a monthly service or self-regenerating systems. 
 
The majority of the interviews were conducted in September 2006; however, there were a 
few that occurred in the second-half of October 2006. Out of a total of 419 Decoro 
Highlands customers in the database with telephone numbers, 162 interviews were 
completed.  
 
Although this was shy of the 201 desired interviews in order to maintain an error rate of 
±5.0%, the error rate reached with the 162 completes was ±6.0% at a 95% confidence 
level. The results are still usable, just the survey if repeated over time may yield results 
within six percentage points in either direction of the current results. 
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Usage of Monthly Service 
 
All customers were asked whether they have a monthly service that provides them with a 
tank in order for them to have softer water in their home. 
 

 More than one-fourth or 28% have such a monthly service. 
 

MONTHLY WATER SOFTENING SERVICE 
 

  Total 

Base: All customers 162 

Yes 28.40% 

No 71.60% 

 
 
Reasons for Monthly Service 
 
Multiple reasons were cited by customers for signing up for a monthly service. In fact, on 
average Decoro Highlands customers gave 2 reasons each. 
 

 Close to three-fourths, or 74%, indicated they had heard the water was very hard, 
while another 48% had noticed spots on their dishes, glasses, and shower doors. 

 
 Still another 37% were seeing lines in their various household appliance including 

washing machines, dishwashers, and toilets. 
 

REASONS FOR SIGNING UP FOR MONTHLY SERVICE 
 

  
Total 

Base: Customers with monthly 
service 

46 

Heard water was very hard 73.91% 

Noticed spots on dishes, glasses, 
shower doors 

47.83% 

Lines in washing machines, 
dishwasher, toilets 

36.96% 

Friend/relative/coworker 
recommended 

17.39% 

Real estate agent recommended 2.17% 

Plumber recommended it 0.00% 

Other 26.09% 
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A total of 13 customers had indicated “Other”. These reasons included: 
 

 Already in the house / previously had softener – 7 responses 
 

o “It was included in the purchase price of home.” 
 
o “When we bought the house, the water softener machine was already 

there.” 
 

o “Already hooked up when I moved in.” 
 

o “It was here when I moved in.” 
 

o “I had it in my old house as well.” 
 

o “Had it when I purchased home.” 
 

o “I’ve always had a softener since I lived in San Diego.” 
 

 Other comments included: 
 

o “We’re renting this house and they had to add salt to the water.” 
 
o  “The Builder recommended it.” 

 
o “It was to help the environment.” 

 
 

o “The itchiness of the water, you could feel the hardness on your 
skin.” 

 
o “It’s much better for your clothes if you wash with soft water.” 

 
o “The water tasted funny. You couldn’t get any bubbles in the bath.” 

 
 
Monthly Service: Likelihood to Discontinue 
 
Decoro Highlands residents with a monthly service or exchange tank providing them with 
softer water were asked if they would discontinue their service during a test period in which 
Valencia Water Company would provide them with soft water. 
 

 Two-fifths or 41% would discontinue their monthly service during a test period, and 
only 15% indicated they would not discontinue the service. 

 
 However, the segment to also focus on is those who are uncertain which account for 

43% of the customers. 
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DISCONTINUE MONTHLY SERVICE DURING TEST 

 
  Total 

Base: Customer with monthly 
service 

46 

Yes 41.30% 

No 15.22% 

Don't Know 13.04% 

Maybe 30.43% 

 
 
Reasons “Would Not” Discontinue Monthly Service 
 
Only 7 customers with a monthly service would not discontinue their monthly service during 
a test period.  
 

 Some were either moving, satisfied with their current vendor, or wanted to keep 
both. 

 
o  “I’m more than satisfied with my current vendor.” 
 
o “I’m satisfied with the company I have.” 

 
o  “I’m going to stay with Culligan.” 

 
o “We are moving to Georgia.” 

 
o  “I want to keep both during the test period.” 

 
 Two Decoro Highlands customers would much rather wait until someone else tests 

the program out to make sure the water is truly softer. 
 

o “I’d rather wait for someone else to test it.” 
 
o “I’m just not willing to take that chance. Somebody else could take 

that chance. Soft water is really important to me for washing hair, 
doing dishes. I’ve been in place where they don’t have soft water. 
There are spots on you’re dishes. You’re hair isn’t as soft, all of the 
mineral deposits, etc. I’m just not willing to take a chance.” 
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Reasons Uncertain About Discontinuing Monthly Service 
 
A total of 20 customers with a monthly service indicated either “Don’t Know” or “Maybe” to 
discontinuing their service during a test period. 
 

 The majority of those customers cited the need for more details or information as the 
reason for their uncertainty. In fact, a summary of those reasons are as follows: 

 
o “I need more details.” – 4 customers 

 
o  “It depends on how much of a hassle it will be.” – 2 customers 
 
o  “It would depend on the circumstances. I would need to know 

more.” – 2 customers 
 

o  “Need more details, but I would be interested.” 
 

o  “Need more details on how much hassle it would be and also could 
be a consideration.” 

 
o “We don’t necessarily want to have to switch back and forth if its is 

going to be a hassle.” 
 

 Still others would need to talk to their spouse. 
 

o “I’d have to talk to my husband about it and we’d have to discuss it. 
It would depend on if he wanted to do it.” 

 
o “I’d have to ask my husband.” 

 
o “I have to ask them to ask my husband.” 

 
 Other reasons are specific to the service and/or equipment. 

 
o “If the water softener would allow it. I was just going to shut it off 

for six months and the water softener company insisted on taking the 
tanks out.” 

 
o “Once you turn them off, they won’t let you get them back again. 

There’s a new law that prevents you from doing that. We can bypass 
the water softener with a switch, so I don’t know how that would 
work.” 

 
o “I’m not sure what the situation is with the equipment. I believe it’s 

still rented.” 
 



Valencia Water Company Fall 2006 Survey: 
Decoro Highlands Residents 

10 
Meyer Marketing Intelligence, Inc. 

 
 Still, other reasons included: 

 
o “We just add salt. It’s not a monthly service.” 
 
o “Because I like what I have now.” 

 
o “I don’t have a problem with my service now.” 

 
 
Usage of Automatic Water Softener 
 
Decoro Highlands customers without a monthly service for softer water were asked if they 
either lease or own an automatic water softener or self-regenerating system for their home. 
 

 Two-fifths or 40% of customers without a monthly service own an automatic water 
softener. 

 
 Interestingly, the same percentage 28% of the entire sample interviewed either use 

a monthly service or use an automatic water softener. 
 

CUSTOMER WITH AUTOMATIC WATER SOFTENER 
 

  Total 

Base: Customer without monthly service 116 

Yes 39.66% 

No 60.34% 

 
 
Reasons for Automatic Water Softener 
 
Multiple reasons were cited by Decoro Highlands customers for owning or leasing a self-
regenerating water softener system.  
 

 More than one-half, 52%, installed a self-regenerating system since they had heard 
the water was very hard. 

 
 An additional 35% had noticed spots on their dishes, glasses or shower doors and 

22% had seen lines in their washing machines, dishwashers or toilets. 
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REASONS FOR INSTALLING AUTOMATIC WATER SOFTENER 

 
  Total 

Base: Customers with automatic 
softener 

46 

Heard water was very hard 52.17% 

Noticed spots on dishes, glasses, 
shower doors 

34.78% 

Lines in washing machines, 
dishwasher, toilets 

21.74% 

Friend/relative/coworker 
recommended 

8.70% 

Real estate agent recommended 2.17% 

Plumber recommended it 0.00% 

Other 39.13% 

 
A total of 17 customers had mentioned some “Other” reason. These reasons included: 
 

 Already in the house / previously had softener – 11 responses 
 

o “It was here when I purchased the home.” (2 respondents) 
 

o  “It was already installed when we bought the home.” 
 
o “When we bought the house the water softener was already 

installed.” 
 

o “It came with the house.” 
 

o “I had it with me from Ohio and I brought it with me.” 
 

o “It was there when we purchased home.” 
 

o “It was there when I purchased home.” 
 

o “I am renting the house. I don’t know.” 
 

o  “It was in my house when I moved in.” 
 

o “When we bought the house, it was here.” 
 

o “It was there when the home was purchased.”  
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 Other comments included: 

 
o “The builder recommended it.” 
 
o “My husband has skin problems and needs soft water.” 

 
o “We have a lot of skin problems in our family.” 

 
o “We’ve had it in other areas that we’ve lived and I’ve just gotten used 

to softer water.” 
 

o “I had used a water softener before.” 
 
 

Self-Regenerating System: Likelihood to Disconnect 
 
Customers with an automatic or self-regenerating softening system were asked if they 
would disconnect the softener during a test period whereby Valencia Water Company would 
provide softer water. 
 

 Close to one-half or 46% would disconnect their system during a test period. 
 

 One-fifth or 22% would not disconnect their softener; however, 33% were uncertain 
and indicated “Don’t Know” or “Maybe”. 

 
DISCONNECT SELF-REGENERATING SYSTEM DURING TEST 

 
  

Total 

Base: Customers with self-regenerating 
system 

46 

Yes 45.65% 

No 21.74% 

Don't Know 6.52% 

Maybe 26.09% 

 
 
Reasons “Would Not” Disconnect Self-Regenerating System 
 
A total of 10 customers indicated reasons why they “Would Not” disconnect their self-
regenerating system during a test period. 
 

 Some of the reasons related to the cost associated with their automatic water 
softeners. 
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o “We’re doing just fine with what we have and we paid for this 

system. It doesn’t make sense for us to go in another direction right 
now.” 

 
o “If I disconnect my unit, the money I spend on it would be wasted.” 

 
 Others were satisfied with their current system. 

 
o “I am satisfied with my current water softening system and don’t 

want to rock the boat.” 
 
o “We are happy with our water softener.” 

 
o “I am satisfied with what I have.” 

 
o “I am happy with my present system.” 

 
 Still, some customers either did not want to disconnect their system or had some 

other reason. 
 

o “Why would I get someone else’s?” 
 
o “I don’t want to take a chance on anything else.” 

 
o “It doesn’t belong to me.” 

 
o “I don’t want to disconnect what we have now.” 

 
 
Reasons Uncertain About Disconnecting Self-Regenerating System 
 
A total of 15 customers with a self-regenerating water softener indicated either “Don’t 
Know” or “Maybe” to disconnecting their system during a test period. 
 

 Three of them stated “Don’t Know” although it appears that two of them might be 
willing to do so depending on receiving additional information. 

 
o “It really would have to depend. I would need more details.” 
 
o “I don’t know because I’m going to be out of the country for the next 

month. I’ll be gone until the 8th or 9th of October.” 
 

o “I can’t shut off my machine.” 
 

 The remaining 12 customers indicated “Maybe”.  Many of them stated the following: 
 

o “It depends on the circumstance.” / “Need more details.” – 6 
customers 
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 Still others needed to speak with their spouse or other issues were involved. 

 
o “I have to talk to my husband about it.” 
 
o “I need to ask my wife, but I am willing.” 

 
o “My husband would make the decision, but it sounds interesting.” 

 
o “We may be moving and we may try it at the new house.” 

 
o “If I disconnect it will I have to pay Culligan to come back and 

reconnect the machine that I own outright?” 
 

o “Will I be able to reconnect it?” 
 
 
Current Condition: Water Spots 
 
All customers, regardless of their usage of a monthly service or a self-regenerating system 
for softer water were asked if they were currently noticing water spots on their dishes, 
glasses, or shower doors, an indication of the presence of hard water. 
 

 More than one-half or 52% were noticing water spots; therefore, suggesting that the 
water in the Decoro Highlands is hard and is not leaving glass items spot-free. 

 
 It will be demonstrated later in this report that 56% of all customers surveyed had 

either a monthly service or a self-regenerating system. Consequently, this suggests 
that even customers with water softening systems are still noticing water spots on 
their glasses, dishes, or shower doors. 

 
EXISTENCE OF WATER SPOTS 

 
  Total 

Base: All customers 162 

Yes 52.47% 

No 46.30% 

Don't Know 1.23% 
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Currently Noticing Spots & Existence of Water Softening System 
 
In fact, some of the Decoro Highlands customers with some type of water softening system 
are still noticing spots on their glasses, dishes, or shower doors. 

 
 A total of 38% of customers with either a monthly service or an automatic or self-

regenerating softening system are still noticing water spots on their glasses, dishes 
or shower doors. 

 
 Additionally, 71% of all Decoro Highlands customers without any type of water 

softening system are noticing water spots. 
 

EXISTENCE OF WATER SPOTS AND SOFTENING SYSTEM 
 

  
Total 

Has 
Monthly 
Service 

Has 
Automatic 

Water 
Softener 

Net: Has 
Some 

Type of 
Softener 

Has 
Neither 

Base: All customers 162 46 46 92 70 
Currently have spots      

Yes 52.47% 36.96% 39.13% 38.04% 71.43% 
No 46.30% 63.04% 60.87% 61.96% 25.71% 

Don't Know 1.23% 0.00% 0.00% 0.00% 7.14% 

 
 
Summary of Willing to Discontinue/Disconnect Water Softeners 
 
Overall 43% of customers with some type of water softener are willing to discontinue their 
monthly service or disconnect their automatic water softener during a test period and only 
18% are unwilling to do so. 

 
 The potential exists to convert the remaining 38% who are uncertain and many of 

whom need additional information or need to discuss it with their spouse in order to 
make a decision. 

 
 Valencia Water Company could potentially convert those “uncertain” which could 

result in 82% being willing to discontinue their monthly service or disconnecting their 
self-regenerating system during a test period. 
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SUMMARY OF WILLINGNESS TO DISCONTINUE/DISCONNECT SOFTENER 

 
  Total 

Base: Customers with water softening system 92 

Yes 43.48% 

No 18.48% 

Don't Know 9.78% 

Maybe 28.26% 

Net: Uncertain 38.04% 

Net: Potential for Valencia Water Company 81.52% 

 
 
Participation in Future Research 
 
Decoro Highlands residents were asked if they would be willing to participate in future 
telephone surveys by Valencia Water Company. 
 

 The majority, 72%, indicated they would be willing to be respondents in future 
telephone surveys. 

 
 Another 23% indicated they would not be willing to do so and the 5% were uncertain 

and perhaps might in the future. 
 

WILLING TO PARTICIPATE IN FUTURE RESEARCH: 
TELEPHONE SURVEYS 

 
  Total 

Base: All customers 162 

Yes 71.60% 

No 22.84% 

Don't Know 1.85% 

Maybe 3.70% 

 
All customers were also asked if they would be willing to participate in future focus group 
discussions on behalf of Valencia Water Company in order for the company to provide them 
and other customers with better service and quality water. 
 

 Not surprisingly, only 27% would be willing to be participants in focus group 
research. This research methodology requires the participant to be an active 
responded for a longer period of time. 
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 Nonetheless, focus group research with this group of customers – Decoro Highlands 

residents – would still be viable since the 27% translates into 44 customers willing to 
participate in this form of research in the future. 

 
 Still, there is another 25% who was uncertain and might be willing to take part in 

focus group research in the future. 
 

WILLING TO PARTICIPATE IN FUTURE RESEARCH: 
FOCUS GROUPS 

 
  Total 

Base: All customers 162 

Yes 27.16% 

No 48.15% 

Don't Know 3.70% 

Maybe 20.99% 

 
 
Communication Via E-mail 
 
All customers were asked if they would be willing to provide Valencia Water Company with 
an e-mail address for future contacts. 
 

 Two-fifths or 43% indicated they would share their e-mail address while another 
38% were not willing to have additional contacts be electronic. 

 
 The remaining 19% either did not want or refused to answer the question. 

 
  Total 

Base: All customers 162 

Yes 43.21% 

No 37.65% 

No Answer/Refused 19.14% 
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Additional Comments 
 
Upon conclusion of the survey, customers were asked if there was anything else they would 
like to share with Valencia Water Company. 
 

 The vast majority, 132 or 81% of the customers had nothing additional to add or to 
share with Valencia Water Company. 

 
 An additional 14 or 9% of the customers had a comment related to the hardness of 

their water. 
 

o “The water is unreasonably hard in this area.” – 2 customers 
 
o “Even on my car I have bad hard water deposits.” 

 
o “I am interested in know if you could get a water softener from 

Valencia.” 
 

o I am very interested in finding out if there is an alternative to 
cleaning up my water spots.” 

 
o I don’t know how safe the water is. We’ve spent thousands of dollars 

on landscaping and I have huge water deposits on the rocks outside, 
because the water is so hard.” 

 
o “I have a problem with my plants dying and aquarium fish dying. I 

think it is some chlorine variant. My water is so hard I am looking into 
purchasing a reverse osmosis system.” 

 
o “I hope that the company is going to provide for the homes water 

that is softer and better for the homes. It is costs a little more, why 
not?” 

 
o “I just wish the water would be a little softer. I know that they don’t 

want us to use salt to make the water softer, but it’s the best. The 
quality of the water softeners, the water is so soft. It’s spotless.” 

 
o “If you go with soft water it will be a savings for us.” 

 
o “I’m just looking forward to having softer water.” 

 
o “My good Dansk wedding dishes are ruined. Glasses, dishes, 

everything. You run the dishwasher and you have to rinse the dishes 
again.” 

 
o “When the sprinklers hit cars, the water is impossible to get off the 

car. I have had to throw out glass and dishes. You cannot get the film 
out and now our dishwasher is not working because of the white 
film.” 
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o “Without the cost coming back to us, could you soften the water? 

Hard water has destroyed my dishwasher, shower doors. I have hard 
water deposits.” 

 
 Another 8 customers or 5% had some other type of comment including: 

 
o “We will be moving.” – 2 customers 
 
o “I think the Sanitation District should upgrade their system so they 

can handle chlorides. They should not be threatening the 
homeowners with an extra $400-500 for upgrading their systems. Do 
it like the Las Virgenes District and charge customers for their 
purchase of reclaimed water.” 

 
o “I think Valencia should promote water conservation more than they 

do.” 
 

o “Lots of people say we cannot drink the water here because it is 
harsh and has chemicals in it or isn’t filtered right. I don’t know if this 
is true, but just to be on the safe side, I don’t drink it.” 

 
o “Price is fair.” 

 
o “We’re concerned with the environment. If there’s some kind of 

incentive, we’d be happy to get rid of the tank. It’s not cost beneficial 
right now. If the pipes get all crusted, it’s not worth it.” 

 
o “Why do my towels turn brown?” 

 
 Four customers had comments specific to the quality of water including: 

 
o “The water does not taste good.” – 2 customers 
 
o  “Great water, but I wouldn’t drink it.” 

 
o “The smell in the water, when you open the faucet at night, it has 

some strong smells. It’s kind of difficult.” 
 

 Of the remaining 3 comments, two were related to the proposed test specifically. 
 

o “I will try anything new if it improves the water.” 
 
o “It is a good idea to get a program from Valencia to soften the 

water.” 
 

o “I feel slimy when I am in the shower with soft water. I can’t tell if all 
the soap is off.” 
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Appendix A 

Telephone Survey Questionnaire 
 

INTRODUCTION: Hello, may I please speak with __________________? 
 
My name is _____________ and I’m with MMI, an marketing research company. Valencia Water 
Company, your water provider, asked us to call customers in your neighborhood regarding water 
quality.  
 
IF PERSON IS NOT AVAILABLE THEN ASK: May I please speak with who ever helps make 
decisions regarding household purchases.  
 
WITH CORRECT PERSON, REPEAT INTRO IF NECESSARY 
This will take approximately 5 minutes. May we proceed? 
 
IF NO, is there a more convenient time for you and we will call back? 
 Record: _________________________________________ 
 
Valencia Water Company is always striving for ways to improve the quality of your water. Currently, 
Valencia is planning a water softening demonstration project for your specific neighborhood – Decoro 
Highlands – to determine if this is a viable water quality treatment option for the company to pursue 
on a permanent basis. 
 
Q1. Do you currently have a monthly service that provides you with a tank in order for you to have 
softer water in your home? 
 
 1 Yes (1)     GO TO Q2. THEN Q5. 
 2 No (2)     SKIP TO Q3. 
 
Q2. Why did you sign up for a monthly service?  
 
Was it because (READ LIST) 
[CHECK ALL THAT APPLY] 
 

1 A plumber recommended it 
 2 A friend/relative/coworker recommended it 
 3 A real estate agent recommended it 
 4 You noticed spots on dishes, glasses, or shower doors 
 5 Lines remained in washing machine, dishwasher, or toilets 
 6 You heard the water was very hard 
 7 Were there any other reasons for installing a water softener?  
    Other: __________________________________________ 
 
Q3. Do you currently own or lease an Automatic Water Softener or self-regenerating system in your 
home in which salt is added periodically? 
 
 1 Yes     GO TO Q4. 
 2 No     SKIP TO Q5. 
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Q4. Why did you install a water softener?  
 
Was it because (READ LIST) 
[CHECK ALL THAT APPLY] 
 

1 A plumber recommended it 
 2 A friend/relative/coworker recommended it 
 3 A real estate agent recommended it 
 4 You noticed spots on dishes, glasses, or shower doors 
 5 Lines remained in washing machine, dishwasher, or toilets 
 6 You heard the water was very hard 
 7 Were there any other reasons for installing a water softener?  
    Other: __________________________________________ 
 
Q5. Are you currently noticing water spots on your dishes, glasses, or shower doors? 
 
 1 Yes 
 2 No 
 3 Don’t Know / Refused [DO NOT READ] 
 
Q6. ASK IF “YES” ON Q1, OTHERWISE SKIP TO DIRECTIONAL ABOVE Q8 
 If Valencia Water Company was able to provide you with soft water during a test period, would you 
be willing to discontinue your monthly service during a test period? 
 
 1 Yes     GO TO Q10.  
 2 No     GO TO Q7. THEN Q10. 
  

3 Don’t Know [DO NOT READ]  GO TO Q7. THEN Q10. 
 4 Maybe [DO NOT READ]  GO TO Q7. THEN Q10. 
 
Q7. Why do you say that? 
________________________________________________________________________ 
________________________________________________________________________ 
 
Q8. ASK IF “YES” ON Q3, OTHERWISE SKIP TO Q10 
If Valencia Water Company was able to provide you with soft water during a test period, would you be 
willing to disconnect your self-regenerating system at no cost to you during a test period? 
 
 1 Yes     SKIP TO Q10. 
 2 No     GO TO Q9. 
 
 3 Don’t Know [DO NOT READ]  GO TO Q9. 
 4 Maybe [DO NOT READ]  GO TO Q9. 
 
Q9. Why do you say that? 
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________ 
 
Q10. As Valencia Water Company develops new technology or additional services would you be willing 
to participate in future telephone surveys in order for Valencia Water Company to provide its 
customers with better service and quality water? 

1 Yes      
2 No      
3 Don’t Know [DO NOT READ] 
4 Maybe [DO NOT READ] 
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Q11. Would you be willing to participate in future focus groups in order for Valencia Water Company to 
provide its customers with better service and quality water? 
 

1 Yes 
2 No      
3 Don’t Know [DO NOT READ] 
4 Maybe [DO NOT READ] 

 
 
Q12. SKIP IF “NO” TO BOTH Q10. AND Q11. May I confirm your name?  
 
_________________________________________________________________________________ 
 
Q13. Would you be willing to provide Valencia Water with an e-mail address for future contacts? 
 
 1 Yes ____________________________________ 
 2 No 
 
Q14. Is there anything else you would like to share with Valencia Water Company? 
 
RECORD GENDER 
 
CLOSING: On behalf of Valencia Water Company, I would like to thank you very much for your time 
and your comments. 
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B.2.1 O’Rorke, Inc., VALENCIA WATER COMPANY PHONE SURVEY 

August 29, 2006 - Final 
 

INTRODUCTION: Hello, may I please speak with __________________? 
 
My name is _____________ and I’m with NRS research company. Valencia Water Company, 
your water provider, asked us to call customers in your neighborhood regarding water quality.  
 
IF PERSON IS NOT AVAILABLE THEN ASK: May I please speak with who ever helps make 
decisions regarding household purchases.  
 
WITH CORRECT PERSON, REPEAT INTRO IF NECESSARY 

This will take approximately 5 minutes. May we proceed? 
 
IF NO, is there a more convenient time for you and we will call back? 
 Record: _________________________________________ 
 
Valencia Water Company is always striving for ways to improve the quality of your water. 
Currently, Valencia is planning a water softening demonstration project for your specific 
neighborhood – Decoro Highlands – to determine if this is a viable water quality treatment 
option for the company to pursue on a permanent basis. 
 
 
Q1a. How satisfied are you with the overall service from Valencia Water Company? Would you 
say you are: [READ LIST] 
 
 1 Extremely Satisfied (1)    SKIP TO Q2. 
 2 Somewhat Satisfied (2)    SKIP TO Q2. 
 3 Neither Satisfied nor Dissatisfied (3)  SKIP TO Q2. 
 4 Somewhat Dissatisfied (4)   GO TO Q1B. 
 5 Extremely Dissatisfied (5)   GO TO Q1B. 

6 Don’t know/Refused (DO NOT READ)  SKIP TO Q2. 
 

Q1b. Why are you dissatisfied with the service? 
____________________________________________________________________________
____________________________________________________________________ 
 
Q2. Do you currently have a monthly service that provides you with a tank in order for you to 
have softer water in your home? 
 
 1 Yes (1)     GO TO Q3. THEN Q6. 
 2 No (2)     SKIP TO Q4. 
Q3. Why did you sign up for a monthly service?  
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Was it because (READ LIST) 
[CHECK ALL THAT APPLY] 
 

1 A plumber recommended it 
 2 A friend/relative/coworker recommended it 
 3 A real estate agent recommended it 
 4 You noticed spots on dishes, glasses, or shower doors 
 5 Lines remained in washing machine, dishwasher, or toilets 
 6 You heard the water was very hard 
 7 Were there any other reasons for installing a water softener?  
 __________________________________________ 
Q4. Do you currently own or lease an Automatic Water Softener or self-regenerating system in 
your home in which salt is added periodically? 
 
 1 Yes     GO TO Q5. 
 2 No     SKIP TO Q6. 
 
Q5. Why did you install a water softener?  
 
Was it because (READ LIST) 
[CHECK ALL THAT APPLY] 
 

1 A plumber recommended it 
 2 A friend/relative/coworker recommended it 
 3 A real estate agent recommended it 
 4 You noticed spots on dishes, glasses, or shower doors 
 5 Lines remained in washing machine, dishwasher, or toilets 
 6 You heard the water was very hard 
 7 Were there any other reasons for installing a water softener?  
 __________________________________________ 
 
Q6. Are you currently noticing water spots on your dishes, glasses, or shower doors? 
 
 1 Yes 
 2 No 
 3 Don’t Know / Refused [DO NOT READ] 
 
Q7. ASK IF “YES” ON Q2, OTHERWISE SKIP TO DIRECTIONAL ABOVE Q9 
 If Valencia Water Company was able to provide you with soft water during a test period, would 
you be willing to discontinue your monthly service during a test period? 
 
 1 Yes     GO TO Q11.  
 2 No     GO TO Q8. THEN Q11. 
  

3 Don’t Know [DO NOT READ]  GO TO Q8. THEN Q11. 
 4 Maybe [DO NOT READ]  GO TO Q8. THEN Q11. 
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Q8. Why do you say that? 
________________________________________________________________________ 
________________________________________________________________________ 
 
Q9. ASK IF “YES” ON Q4, OTHERWISE SKIP TO Q11 
If Valencia Water Company was able to provide you with soft water during a test period, would 
you be willing to disconnect your self-regenerating system at no cost to you during a test 
period? 
 
 1 Yes     SKIP TO Q11. 
 2 No     GO TO Q10. 
 
 3 Don’t Know [DO NOT READ]  GO TO Q10. 
 4 Maybe [DO NOT READ]  GO TO Q10. 
 
Q10. Why do you say that? 
____________________________________________________________________________
____________________________________________________________________________
__________________ 
 
Q11. As Valencia Water Company develops new technology or additional services would you 
be willing to participate in future telephone surveys in order for Valencia Water Company to 
provide its customers with better service and quality water? 

1 Yes      
2 No      
3 Don’t Know [DO NOT READ] 
4 Maybe [DO NOT READ] 

 
Q12. Would you be willing to participate in future focus groups in order for Valencia Water 
Company to provide its customers with better service and quality water? 
 

1 Yes 
2 No      
3 Don’t Know [DO NOT READ] 
4 Maybe [DO NOT READ] 

 
 
Q13. SKIP IF “NO” TO BOTH Q11. AND Q12. May I confirm your name?  
 
 
Q14. Would you be willing to provide Valencia Water with an e-mail address for future contacts? 
 
 1 Yes ____________________________________ 
 2 No 
 
Q15. Is there anything else you would like to share with Valencia Water Company? 
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RECORD GENDER 
CLOSING: On behalf of Valencia Water Company, I would like to thank you very much for your 
time and your comments.  
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B.2.3 Pre-Installation O’Rorke Report 

 
Valencia Water Company 

Groundwater Softening Demonstration Project 
Copperhill Report 

November 25, 2008 
 
Methodology 
Following the launch of Valencia Water Company’s Groundwater Softening Demonstration 
Project, staff from the Valencia Water Company (Valencia), Los Angeles County Sanitation 
District (Sanitation District) and O’Rorke completed two rounds of door-to-door outreach 
September 19-20 in the Copperhill community.  The goal was to inform residents about the 
project and to conduct surveys on hard water issues as well as to reach each of the 432 homes 
at least once each day.   
 
Despite many residents’ hesitation to open their door to potential solicitors, the community’s 
overall response to the outreach was very positive.  The majority of residents seemed to be 
aware of the negative environmental impact tied to automatic water softeners, and pleased to 
hear about the demonstration project.   
 
A total of 134 surveys were conducted in person, with six additional surveys submitted online at 
www.valenciawater.com.  Residents that submitted the survey during the door-to-door outreach 
received a Baskin Robbins coupon while those that submit the survey online will receive a 
Starbucks gift card.  On the second day, a door hanger was left at those homes where no one 
answered the door.   
 
Survey Summary 
Copperhill residents were generally pleased to learn about Valencia’s Groundwater Softening 
Demonstration Project (GWSDP), as they are greatly concerned with the hard water they 
receive in their homes.  Please note that in cases where residents did not know the answer, the 
question was left blank.  
  
In cases where residents had open garages but did not answer the door, staff noted whether the 
home had a visible water softener.  The outreach staff observed that 95 homes have a water 
softener, and 15 of those have a portable exchange tank.  Of those residents that submitted a 
survey, 73 residents (or 52 percent) have a water softener in their home.  Not including portable 
exchange tanks, a total of 62 residents (or 44 percent) have an automatic water softener (AWS), 
with 48 of those residents (or 67 percent) owning their AWS and 15 residents (or 21 percent) 
renting their AWS.  A total of 10 residents rent an exchange tank unit.  Most named spots on 
dishes and glasses and the general hardness of the water as the major reasons they use a 
water softener.  Nearly 30 percent of residents with a water softener moved into a home with it 
already installed. 
 
Of those with a water softener in home, 90 percent are willing to disconnect their unit during the 
test period, but many are hesitant to permanently disconnect until Valencia confirms whether 
they will continue to provide pre-softened water after the demonstration project period.  Of those 
with an automatic water softener, 90 percent w willing to disconnect during the test period.  
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When asked what would encourage residents to permanently disconnect their softener, most 
cited rebate programs, saving money, and Valencia offering pre-softened water as the top 
motivators.   
 
Many residents were already excited about the project after reading the Copperhill HOA 
newsletter, while others hadn't heard of it but still were open to the idea.  The primary concerns 
were cost and whether the project will really provide water similar to what they receive from their 
water softener.  Residents were willing to set their water softener to bypass, but not necessarily 
remove their units.   
 
Regarding the perception of hard water, 83 percent of residents consider their water to be hard.  
Most residents use their water softener because they noticed spots on their dishes and shower 
doors, and continue to see lines around their toilet, dishwasher and washing machine.  If 
residents did not use a water softener, they anticipate they would experience calcium build-up, 
dry itchy skin and poor taste.  While residents are excited to receive pre-softened water, many 
are skeptical about how soft the water really is. 
 
Most did not notice the change in the current hardness of their water since they were unaware 
they were receiving pre-softened water, and will now pay attention to see if there are any 
differences in their water quality.  Some residents without water softeners in their homes noticed 
they no longer had rings in their bath tubs.  In addition, a few respondents noticed that their hair 
is better and believed it was tied to the pre-softened water.  
 
As a whole, Copperhill residents seemed to be well informed on the subject of hard water.  
Many were willing to discuss the project, and are willing to participate in future outreach efforts. 
 
Findings 
A total of 140 surveys were conducted, with 73 homes having a water softener in their home.  
Sixty-three of these homes have an AWS and 10 homes have a portable exchange tank 
system.  Of those homes with an AWS, 48 residents confirmed that they own their unit, while 15 
rent.  Of those homes with a water softener, 86 percent claim cost savings would motivate the 
permanent disconnection of their water softener.  When asked whether residents would be 
willing to sign a pledge to discontinue use of their water softener, 60 percent said yes, 30 
percent said no, and 10 percent were undecided.  Of AWS users, 37 (or 59 percent) are willing 
to sign a pledge to discontinue use  
 
More than two-thirds of residents would be willing to pay for pre-softened water as part of their 
water bill.  Residents offered $10-15 as a reasonable increase. A few residents were willing to 
pay as much as $30 per month for pre-softened water. 
 
Recommendations 
Future door-to-door outreach should be conducted after 4 p.m. on Fridays for the best success 
in reaching residents. Valencia Water employees in uniform enabled us to engage people 
longer since they had questions about things like online billing, price increases etc.  With this in 
mind, it is suggested that Valencia representatives wear company attire during any upcoming 
outreach programs. 
 
The following questions were most often skipped by residents due to the fact that they did not 
know an answer, or were unsure of the correct answer.   
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• What can Valencia Water Company do to help you disconnect your in-home water 
softener?  

o Many residents skipped this question because they already know how to 
disconnect. 

 
• Would you be willing to sign a pledge to discontinue use of your water softener during 

the demonstration period?  
o Some residents commented they did not feel comfortable signing anything.  

Others had to check with a spouse before deciding, while many wanted to try the 
water before committing to any type of pledge. 

 
• Is salt or potassium chloride added to your water softener on a regular basis?  

o Some people who indicated they have a water softener skipped this question 
because they did not know the answer as they were not the primary person 
handling the water softener maintenance. 

 
 
The following details the response to key survey questions.   
 

Do you own or rent your unit? Response 

Own  48 

Rent 25* 
 *Of the total rental units, 10 rent a portable exchange tank system 
 

Why do you use your water softener? Response 

Already installed when they moved in 17 

Plumber recommended it 2 

Friend/relative/coworker recommended it 4 

Real estate agent recommended it 3 

Noticed spots on dishes, glasses or shower doors 44 

Lines remained in washing machine, dishwasher or toilets 19 

Heard the water was very hard 23 
 

What are some of the problems you would anticipate if you 
did not have a softener? Response 

Calcium build up 55 
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Dry, itchy skin 41 

Poor taste 30 

Poor color 14 

Poor smell 16 

Not healthy 16 

Less detergent foam/hard to wash off soap/wash hair 30 

All of the above 30 
 

Would you be willing to pay for pre-softened water as part 
of your monthly bill? Response 

Yes 83 

Yes, but only if it is less than $10 more per month 6 

Yes, but only if it is less than $15 per month 4 

Yes, but only if less than $30 per month 2 

No 24 

Maybe 12 
 
 

Would cost savings and rebates affect your decision to 
permanently unplug your water softener? Response 

Yes 63 

No 10 
 
 

Would you be willing to sign a pledge to discontinue use of 
your water softener during the demonstration project? 
 Response 

Yes  44 

No 22 

Maybe 7 
 
 



 
 

-5- 

Would you be willing to participate in focus groups or 
future surveys during the softening demonstration project? Response 

Yes  91 

No 38 

Maybe 3 
 
 
Common Concerns 
Copperhill residents voiced a few common concerns about the groundwater softening 
demonstration project. 
  

• What happens if I get rid of my water softener and then Valencia Water Company 
chooses not to continue with the pre-softened water after the trial period? 

 
• What are the statistics regarding how hard/soft my water was before this trial period as 

compared to now?  
 

• Can VWC provide statistics comparing the quality of my water with my water softener to 
the pre-softened water provided by Valencia Water Company? 

 
• Is there a way to avoid the fees I committed to paying for my water softener if I choose to 

temporarily disconnect for the trial period?  
 
Next Steps 

• A follow-up postcard will be mailed to all residents, encouraging them to go online to 
submit a follow-up survey about their water.  Two weeks after the postcards arrive in 
homes O’Rorke will start making follow up calls and conduct the follow-up survey over 
the phone. 

 
• A follow up survey will be developed to determine how Copperhill residents like the pellet 

softened water, as well as how many automatic water softeners have been removed 
since the project launch. 

 
• We will work with the home owners association to arrange mini-focus groups in a casual 

block party type setting to discuss the community’s opinions on the progress of the 
groundwater softening project. 

 
• Valencia Water Company will provide the residents of Copperhill with a detailed report 

explaining the results of the Groundwater Softening Demonstration Project.  The report 
will also explain the differences between pre-softened groundwater using pellet softening 
technology and the process of automatic water softening. 

 
• The Sanitation Districts will continue to monitor incoming rebate applications and 

inquiries coming from the Copperhill neighborhood. 
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 A total of 36 homes removed their water softener prior to the door-to-door 
outreach.  Six of those units were rentals through Culligan or Rayne. 

 
 Between September 19 and November 4, a total of 11 applications were received 

from Copperhill homes.  Of those applications, seven completed the survey in 
person or online.  Also, of the 11 applications received, seven were received in 
the week following the door-to-door outreach. 
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B.2.4 O’RORKE, Inc, Post-Installation Report 

 

 

Valencia Water Company  
Groundwater Softening Demonstration Project 

Follow-up Survey Report 
 
Methodology  
O’Rorke conducted two rounds of follow up surveys to obtain resident feedback on the pre-
softened water provided by Valencia Water Company as part of the Groundwater Softening 
Demonstration Project (Demonstration Project).  A total of 118 follow up surveys were 
completed, representing 27 percent of the Copperhill community, which meets the sample 
required by the California Public Utilities Commission.  Twenty-one of the surveys were 
completed via phone throughout the month of April and the remaining 97 were completed during 
the door-to-door outreach on May 31 and June 2.  The following report represents the combined 
results.  
 
Survey Summary 
A total of 118 surveys were completed over the phone or in person.  Of those surveyed, 80 
residents (68 percent) do not currently have an automatic water softener (AWS) or have 
unplugged their AWS since the project launch.  
Thirty-eight residents (32 percent) currently use a 
water softener and of those, six residents reported 
use of an exchange tank and three use a carbon 
based system.  The remaining 29 use an AWS.  
Seventy-eight percent of those residents currently 
using a water softener said they would disconnect 
right away to try the pre-softened water.  Two 
residents were provided a rebate application during 
door-to-door outreach.  Three residents said they 
would not disconnect as they use an AWS due to 
health concerns, including eczema.  
 
Thirty-nine percent of respondents cited the launch of the 
Demonstration Project as the primary reason they 
disconnected their AWS, while 61 percent named other 
reasons, including the rebate program and the ordinance 
banning softeners. 
 
Most residents had strong opinions about how they like 
about their water, and provided feedback ranging from “it 
could be better” to “don’t get rid of it!”   
 
One resident shared how much her family liked the new 
water and explained how they used to buy bottled water 
for drinking but now exclusively drink tap water.  She was 

Do you currently use a w ater softener or 
exchange tank in your home?

68%

32% Yes

No

Did the launch of the Groundw ater 
Softening Demonstration Project inf luence 

your decision to disconnect?

61%
39%

Yes

No
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very enthusiastic about the project and said that she hopes Valencia continues providing the 
pre-softened water.   
 
A resident who previously used an AWS said that while he thought the AWS worked better, the 
pre-softened water is better than not having a softener at all and added it would be “horrible to 
not have anything.” 
 
Another mentioned she didn’t like salt-softened water as it had a slimy feeling and likes the pre-
softened water she is receiving now better than the water previously softened by her AWS. 
 
Findings  
When asked how the water compares to the water they received prior to the launch of the 
Demonstration Project 20 percent of respondents said they have no opinion, some because 
they were new to the area (67 percent) and did not have anything to compare to the pre-
softened water.  Those residents’ results are not included in the final percentages.  Additionally, 
three of the fourteen new residents currently use a pre-installed water softener and could not 
fully comment on the pre-softened water.    
 
Of the respondents who provided an opinion on the 
pre-softened water, 41 percent said the water is 
much better or somewhat better than water 
received prior to September 2008.  Fifty-two 
percent of respondents think the water is the 
same—however, 16 percent of those residents are 
previous AWS users and another 16 percent 
currently use an exchange tank or a salt-free unit.  
Six percent of respondents said the water is 
somewhat worse or extremely worse compared to 
the water they previously received from their AWS.  
 
The changes most commonly reported by 
residents since the start of the Demonstration 
Project are fewer spots and calcium buildup on 
pipes and appliances (34 percent) and softer skin 
(14 percent). 
 
 
 
 
 
 
 
 
 
 
 
Respondents 
noted the following changes in their water since the launch of the Demonstration Project: 
 

What changes have you noticed in your water since the September 2008 
launch of the Groundwater Softening Demonstration Project?

3%

14%
10%

34%39%

Less Calcium
build-up
Softer skin

Better taste

Better co lor

Better smell

Less soap &
shampoo residue
All o f the above

Other

How would you compare the water you are 
now receiving to your water before 

September 2008?

2%
4%

53% 24%

17%
Much better

Somew hat better

Same

Somew hat w orse

Extremely w orse
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 One resident said she noticed less calcium build-up in her dishwasher, softer skin and a 
better taste in the water.  

 Another mentioned that although his water is not as soft as with his AWS, it is much 
better than the original tap water. He has noticed less calcium build-up and less soap 
and shampoo residue since the launch of the project.  

 Another resident commented that his pre-softened water is better than the hard tap 
water and produces less calcium build-up. 

 One resident noted her laundry was better and cleaner since the project began is 
September. 

 Another resident noted there is more calcium in the water compared to the water 
received through her AWS, but less than with original tap water.   She also commented 
that the water is also not as slippery as it was with an AWS. 

 One resident commented there is less calcium build-up, and it’s better than the original 
tap water and it tastes better than water softened by an AWS. 

 
Seventy-three percent of respondents said they would 
recommend pre-softened water to friends and 
neighbors.  Of those, 17 percent are new residents to 
Copperhill.  One resident commented, "I don’t know 
why anyone wouldn't be happy with the water," and 
added that she likes the pre-softened water better than 
the water she previously received from an AWS.   
 
Sixty-two percent of respondents are willing to pay for 
pre-softened water as part of their monthly bill.  
Residents considered the wide range of $2-30 as a 
reasonable increase, with the average response being 
$10.  Some opposed to paying a fee did not want to pay a fee unless it the water improved while 
others (eight percent) simply were not concerned with the hardness or softness of their water. 
 
 
 
 
 
 
 
 
 
 
 
 
 

There is a 
notable 

increase in awareness between the project launch survey and follow up survey.  For example, 
with the launch survey 71 percent of residents reported they still used a water softener or 
exchange tank whereas with the follow up survey, only 32 percent reported continued use of a 
water softener or exchange tank, showing that residents are well educated about the need to 
disconnect and try the pre-softened water.  The importance of education is well represented by 
the 13 residents who completed both the initial project launch survey and this survey. These 

Would you recommend the current water 
you are receiving to friends and 

neighbors? 

27%

73%

Yes
No
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residents were engaged at the time of the project launch and as a result were able to provide 
more thorough responses to the follow up survey and are perhaps the best representation of 
water acceptability as they were able to judge water from inception.   
 
An analysis of the responses from residents that completed both surveys shows a generally 
high level of satisfaction with the project.  Sixty-nine percent of those respondents still used a 
water softener at the time of the launch survey and all have disconnected since then.  Nearly 
half of the respondents (46 percent) disconnected their water softener due to the launch of the 
Demonstration Project.  Forty-five percent of the respondents described the pre-softened water 
as being much better or somewhat better than the water their home used prior to the 
Demonstration Project.  Fifty-five percent of respondents considered the water to be the same.  
Of this group, no residents described the water as being worse than before the Demonstration 
Project.  Ninety percent of the respondents would recommend the pre-softened water to their 
friends and neighbors.  Willingness to pay fees for pre-softened water remains constant, with 73 
percent saying they would pay at the time of the project launch and 75 percent stating they 
would pay for satisfactory pre-softened water on the follow up survey.      
 
Conclusion 
Overall, residents are satisfied with the pre-softened water with 73 percent stating they would 
recommend the water to their friends and 94 percent rating the water as the same or better than 
their previous tap water.  While many wish for “perfect” water or water identical to their AWS, 
the general consensus is that the community welcomes the pre-softened water, especially since 
they cannot use an AWS after June 30.  Some residents noted paying a small monthly fee for 
pre-softened water is less expensive than purchasing a new salt-free alternative unit.  The pre-
softened water appears to solve residents’ top problems reasons for using an AWS—calcium 
build up and dry skin.  
 
Upcoming Coffees   
Forty-six respondents confirmed their interest in participating in future follow up about the 
Demonstration Project.  We plan to host the coffee discussions on a weeknight in the second 
half of June.  A resident informed us that many residents are likely to be unavailable on 
Wednesday nights as most youth groups meetings take place on Wednesday nights.  We 
expect to have a strong turn out for the evening gathering as most residents expressed that 
evenings work best with their schedule. 
 
Next steps 

- Plan coffee gathering 
- Discussion guide for coffees 
- Project update in Copperhill newsletter 
- Final report 
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B.2.5 O’RORKE, Inc, Final Report 

Valencia Water Company  
Groundwater Softening Demonstration Project 

Final Report 
 
Methodology  
O’Rorke conducted two rounds of follow up surveys to obtain resident feedback on the pre-softened 
water provided by Valencia Water Company (Valencia) as part of the Groundwater Softening 
Demonstration Project (Demonstration Project).  Fifty-seven percent of all Copperhill homes were 
surveyed at least once during the Demonstration Project.  A total of 140 surveys (32 percent) were 
completed at the project launch in fall 2008.  During the first round of follow up outreach in spring 
2009, a total of 118 surveys (27 percent) were completed.  Twenty-one of the surveys were 
completed via phone throughout the month of April and the remaining 97 were completed during 
the door-to-door outreach on May-June.  The combined results are provided below.  A second 
follow up survey was presented in September-October 2009 to residents who completed the project 
launch survey in September 2008 and the first follow up survey in spring 2009 and indicated their 
willingness to participate in future surveys.  Findings of this survey are on page five. 
 
Launch Survey Summary (Fall 2008) 
At the time of the project launch survey, 73 homes used a water softener in their home.  Of those 
homes with a water softener, 86 percent claimed cost savings would motivate the permanent 
disconnection of their water softener.  When asked whether residents would be willing to sign a 
pledge to discontinue use of their water softener, 60 percent said yes, 30 percent said no, and 10 
percent were undecided.   
 
Most respondents did not notice the change in the current hardness of their water as they were 
unaware they were receiving pre-softened water prior to the launch survey.  Some residents without 
water softeners in their homes noticed a reduction in bathtub rings an improvement to their hair and 
believed it was tied to the pre-softened water.  
 
More than two-thirds of residents stated their willingness to pay for pre-softened water as part of 
their water bill.  Residents offered $10-15 as a reasonable increase. A few residents were willing to 
pay as much as $30 per month for pre-softened water.  Overall, residents were excited and curious 
about the new pre-softened water. 
 
Phase One Follow Up Survey Summary (Spring 2009) 
Results from our first follow up survey showed many 
residents had removed their AWS since the project launch 
and were generally pleased with the Demonstration 
Project.  Of those surveyed, 80 residents (70 percent) do 
not currently have an AWS or have unplugged their AWS 
since the project launch. Thirty-five residents (30 percent) 
currently still use a water softener and of those, six 
residents reported use of an exchange tank.  The remaining 
29 use an AWS.  Of those using their AWS, 70 percent 
said they would disconnect immediately to try the pre-

Do you currently use a w ater softener or 
exchange tank in your home?

70%

30% Yes

No
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How would you compare the water you are 
now receiving to your water before 

September 2008?

2%4%

50%
23%

21%
Much better

Somew hat better

Same

Somew hat w orse

Extremely w orse

softened water. Despite awareness of the AWS ban, three residents said they would not disconnect 
due to the perceived AWS benefits to their health concerns, including eczema. These residents were 
encouraged to explore alternatives.  
 
Thirty-nine percent of respondents who disconnected 
since the launch cited the Demonstration Project as the 
primary reason they disconnected their AWS, while 61 
percent named other reasons, including the rebate 
program and the AWS ordinance ban. 
 
Most residents had strong opinions about what they like 
and dislike about the water they receive, and provided 
feedback ranging from “it could be better” to “don’t get 
rid of it!”   
 
Overall, residents had a favorable opinion of the pre-
softened water and were eager to share their experiences.  
For example, one resident commented on how much her family liked the new water and explained 
they used to buy bottled water for drinking but now exclusively drink tap water.  She was 
enthusiastic about the project and said that she hopes Valencia continues providing the pre-softened 
water.   
 
A resident who previously used an AWS said that while he thought the AWS worked better, the pre-
softened water is better than not having a softener at all and added “it would be horrible to not have 
anything.” 
 
Another mentioned she didn’t like slimy, salt-softened water and likes the pre-softened water she is 
receiving now better than the water previously softened by her AWS. 
 
Phase One Findings (Spring 2009) 
Of the respondents who do not currently use a water softener and have lived in Copperhill prior to 
the project launch, 95 percent consider the current pre-softened water to be the same or better than 
the water they received before the Demonstration Project.   
 
A total of 44 percent of respondents agree the water 
is much better (21 percent) or somewhat better (23 
percent) than water received prior to September 
2008 and 50 percent of respondents think the water 
is the same.  Of those respondents who consider the 
water to be the same, 18 percent are previous water 
softener users who consider the pre-softened water 
to be the same as the water they received from their 
water softener.  The remaining 82 percent of 
respondents represents a mix of previous softener 
users and residents who never used a softener.  This 
group considers the water to be the same, citing 
various reasons for this belief, a common comment 
being that they would only notice a negative change 
to their water and in this case do not have any 
changes to report.   

Did the launch of the Groundw ater 
Softening Demonstration Project inf luence 

your decision to disconnect?

61%
39%

Yes

No
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Twenty percent of respondents said they have no opinion on water changes, some because they were 
new to the area (67 percent of the “no opinion” responses) and did not have anything to compare to 
the pre-softened water.  Those residents’ results are not included in the final percentages.  
Additionally, three of the 14 new residents currently use a pre-installed water softener and could not 
fully comment on the pre-softened water. 
 
A small six percent of respondents said the water is somewhat worse (four percent) or extremely 
worse (two percent) compared to the water they previously received from their AWS, with one 
resident citing more buildup in his refrigerator and shower door.  Despite their negative comparison, 
each of these residents is willing to pay for pre-softened water as part of their monthly bill if the 
quality is satisfactory to them.   
 
Results show that some residents are more sensitive to changes in the aesthetic quality of the water 
than others, as six percent residents say they have more buildup than before, which is counter to 
results from the other 44 percent of the community which has experienced a decrease in calcium 
buildup and soap residue. Negative responses may be attributed to a reluctance to disconnect AWSs 
to comply with the 2009 ordinance banning the use of salt-based water softeners.  
 
Changes most commonly reported since the Demonstration Project was launched are fewer spots 
and calcium buildup on pipes and appliances (34 percent) and softer skin (14 percent).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Respondents noted the following changes in their water: 
 

 One resident said she noticed less calcium build-up in her dishwasher, softer skin and a 
better taste in the water.  

 Another mentioned that although his water is not as soft as with an AWS, it is much better 
than the original tap water. He has noticed less calcium build-up and less soap and shampoo 
residue since the launch of the project.  

 Resident commented that the pre-softened water he receives is better than normal hard tap 
water and produces less calcium build-up. 

 One resident noted her laundry was cleaner since the project launched. 
 Another resident noted there is more calcium in the water compared to the water received 

through her AWS, but less than with original tap water.   She also commented that the water 
is also not as slippery as it was with an AWS. 

What changes have you noticed in your water since the September 2008 
launch of the Groundwater Softening Demonstration Project?

34%

14%

39%

10%

3%

Less Calcium
build-up

Softer skin

Better taste

Less soap &
shampoo residue

Other
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 One commented there is less calcium build-up, and it’s better than the original tap water and 
it tastes better than water softened by an AWS. 

 
Seventy-three percent of respondents said they would 
recommend pre-softened water to friends and neighbors.  
Of those, 17 percent are new residents to Copperhill.  
One resident commented, "I don’t know why anyone 
wouldn't be happy with the water," and added that she 
likes the pre-softened water better than the water she 
previously received from an AWS.   
 
Sixty-two percent of respondents are willing to pay for 
pre-softened water as part of their monthly bill.  
Residents considered the wide range of $2-30 as a 
reasonable increase, with the average response being $10.  
Some residents noted paying a small monthly fee for pre-
softened water is less expensive than purchasing a new salt-free alternative unit.  Those opposed to 
paying a fee (38 percent) did not want to pay a fee unless it the water improved while others (six 
percent) simply were not concerned with the hardness or softness of their water. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Trends: 
Launch Survey vs. Phase One Survey  
There is a notable increase in awareness between the project launch survey and follow up survey.  
For example, during the launch survey 71 percent of residents reported they still used a water 
softener or exchange tank whereas with the follow up survey, only 32 percent reported continued use 
of a water softener or exchange tank, showing that residents are well educated about the need to 
disconnect and try the pre-softened water.  The importance of education is well represented by the 
13 residents who completed both the initial project launch survey and this survey. These residents 
were engaged at the time of the project launch and as a result were able to provide more thorough 
responses to the follow up survey and are perhaps the best representation of water acceptability as 
they were able to judge water from inception.   
 
An analysis of the responses from residents that completed both surveys shows a high level of 
satisfaction with the project.  Sixty-nine percent of respondents still used a water softener at the time 
of the launch survey but have disconnected since then.  Nearly half of the respondents (46 percent) 
disconnected their water softener due to the launch of the Demonstration Project.  Forty-five percent 
of the respondents described the pre-softened water as being much better or somewhat better than 
the water their home used prior to the Demonstration Project.  Fifty-five percent of respondents 
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considered the water to be the same.  Of this group, no residents described the water as being worse 
than before the Demonstration Project.  Ninety percent of the respondents would recommend the 
pre-softened water to their friends and neighbors.  Willingness to pay fees for pre-softened water 
remains constant, with 73 percent saying they would pay at the time of the project launch and 75 
percent stating they would pay for satisfactory pre-softened water on the follow up survey.      
 
Phase Two Final Resident Survey Findings (Fall 2009) 
In September-October 2009, O’Rorke conducted a third survey via phone to eight residents who 
completed both the project launch survey in September 2008 and spring 2009 follow up survey and 
opted in for future contact.  This group includes a mix of residents who previously used water 
softening units and some who never used a softener.  We chose to contact this group once more as 
they are the most informed residents and have had an awareness of the Demonstration Project since 
the initial launch.  These residents offer an educated overview of the Demonstration Project as they 
have witnessed the project’s progression throughout the past year.  Results show absolute support for 
the Demonstration Project, with all residents agreeing the current pre-softened water is much better 
or somewhat better than the regular tap water they received prior to the launch of the Demonstration 
Project.  One resident who removed an AWS several years ago for environmental reasons, praised 
the Demonstration Project and added that the pre-softened water is “even better” than the water she 
received when she used an AWS. 
 
One hundred percent of these residents stated they would 
recommend the current pre-softened water to their friends 
and neighbors.  Of the residents that previously used a 
water softener, 40 percent consider the water to be the 
same (20 percent) or better (20 percent) as the water 
received from their water softener.  While 60 percent rate 
the pre-softened water as somewhat worse than the water 
provided by their softener, these residents emphasized that 
the current pre-softened water is far better than normal tap 
water even considering the fact that the pre-softened water 
has different softness levels than their former water 
softeners.  It is also important to note that each type of 
water softener provides a different level of softness.  As with the phase one follow up survey, 
residents cited minor aesthetic differences between water softener water and pre-softened water such 
as the feeling of the water. One resident informed us that since the launch of the Demonstration 
Project when her guests ask for a bottle of water she tells them about the pre-softened water and 
offers them tap water instead. 
 

Would you recommend the current 
pre-softened water to your friends 

and neighbors?

100%

Yes

No
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What changes have you noticed in your 
water since the September 2008 launch 

of the Groundwater Softening 
Demonstration Project?
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20%

Less calcium
build-up

Softer skin

Better Hair

All o f the above

Residents cited less calcium build up (63 percent), softer skin (25 
percent) and better hair (25 percent) as the major improvements 
they have noticed since the launch of the Demonstration 
Project.  One resident added “I’m still just so happy that every 
time I open my dishwasher I don’t see any calcium build up on 
my dishes anymore.”  Twenty-five percent of respondents did 
not notice any changes, as they used a water softener up until 
the launch of the project and did not see any difference between 
the water provided by the softener and the pre-softened water.  
 
A strong 75 percent of residents stated they are willing to pay for 
pre-softened water as part of their monthly bill.  Of those 
residents, 83 percent are willing to pay up to $10 per month 
and 17 percent is willing to pay up to $20 per month.  
Twenty-five percent of residents surveyed were unsure 
about the amount they would be willing to pay, as the 
current economic climate makes them hesitant to increase 
household spending. 
 
Conclusion 
The phase one and phase two survey participants are a fair 
representation of the Copperhill community and show a 
high satisfaction level with the Demonstration Project.  We consider their informed opinions 
regarding the Demonstration Project to be an adequate reflection of the entire community.  Every 
resident surveyed believes the pre-softened water provided as part of the Demonstration Project is an 
improvement with one resident stating, “this is definitely better than the alternative of having regular 
tap water.” 
 
Overall, residents are satisfied with the pre-softened water with the majority stating they would 
recommend the water to their friends and rating the water as 
the same or better than their previous tap water.  As a 
whole, the community welcomes the pre-softened water, 
especially since they can no longer use salt-based softeners 
due to the ordinance banning their use.  Residents expressed 
a clear satisfaction with the pre-softened water, which solves 
residents’ top reasons for using an AWS—calcium build up and dry skin.  Additionally, residents are 
willing to absorb the costs of the pre-softened water, providing the softness and quality are consistent 
with the water received during the summer of 2009.  
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Appendix C: Detailed Capital Cost Estimates for Each Plant 
for System Implementation 



ENGINEER'S ESTIMATE OF PROBABLE COST KENNEDY/JENKS CONSULTANTS

Project: Valencia Water Company - Full-Scale Planning Costs Prepared By: K. Tirado
Date Prepared: 9/24/2009

Building, Area:  Live Oak - 2,450 gpm -(Wells D, E15) - Start Up 2012 K/J Proj. No. 0883024

Current at ENR
Estimate Type: Conceptual Construction Escalated to ENR

Preliminary (w/o plans) Change Order
Design Development @ _________ % Complete

Spec. Item Materials     Sub-contractor Source
No. No. Description Qty Units $/Unit Total $/Unit Total $/Unit Total Total

Plant 1

Process Equipment
P1 - 1 Pellet Reactor 1 ea. 800,000 800,000 100,000 100,000 900,000 Pro-Corp e-mail quote 9/23/09
P1 - 2 Sand Wash/Feed Skid 1 ea. 40,000 40,000 40,000 Pro-Corp e-mail quote 9/23/09.  Installation included in pellet softening line item.
P1 - 3 Multimedia Filters 1 ea. 600,000 600,000 180,000 180,000 780,000 Loprest Water Treatment Co. quote 9/24/09
P1 - 4 Caustic storage tanks 2 ea. 17,473 34,946 5,242 10,484 45,430 Core-Rosion quote 9/25/09.  Polyprocessing double wall tank - 5400 gal
P1 - 5 Caustic solution metering pumps 1 ea. 3,000 3,000 900 900 3,900 Cortech Engineering simplex pump, with controls, and VFD's. 
P1 - 6 CO2 storage & feed sytem 1 ea. 5,000 5,000 5,000 Rental tank, some required contractor work for equipment set-up and piping.
P1 - 7 Well pump modifications 2 ea. 25,000 50,000 50,000
P1 - 9 Distribution booster pumps 1 ea. 42,000 42,000 12,600 12,600 54,600 Vendor quote:  Cortech Pumps

Site/Concrete Work
P1 - 11 Distribution booster pumps slab on grade 27 SF 4.04 109 0.96 26 135 Means Fac. 2009:  03-30-53.40.4900
P1 - 12 Distribution booster pumps excavation 2 CY 5.30 11 11 Means 31-23-16.13-0500
P1 - 17 Gravel Base Cover (6") 2,000 SY 9.50 19,000 1.00 2,000 21,000 Means Fac. 2009:  32-11-23.23.0100
P1 - 18 Plant Pad - Slab on Grade 61 CY 175.00 10,630 225.00 13,667 24,296 Means Fac. 2009:  03-30-53.40.4900 adjusted
P1 - 20 Security fencing 200 LF 53.00 10,600 1.99 398 10,998 Means Fac. 2009:  32-31-13.53.0100
P1 - 21  Fence gates 3 ea. 1,700 5,100 1,195 3,585 8,685 Means Fac. 2009:  32-31-13.20.5090
P1 - 15 Pellet Disposal Tanks 2 ea. 5,500 11,000 1,100 2,200 13,200 Quote from Con-Fab for 16'x4' rounded bottom roll-off.  Does not include drain.

Subtotal 1,576,385 380,870 1,957,255
Equipment Subtotal 1,519,946 358,984 1,878,930
Electrical & Instrumentation @ 15% 227,992 53,848 281,839
Subtotal 1,804,377 434,718 0 2,239,094
Mobilization @ 2% 31,528 7,617 39,145
Taxes @ 9.75% 153,698 153,698
Subtotals 1,989,602 442,335 0 2,431,937
Contractor OH&P @ 15% 298,440 66,350 364,791
Subtotals 2,288,042 508,685 0 2,796,727
Estimate Contingency @ 10% 279,673
Estimated Bid Cost 3,076,500
Indirect Capital Cost Estimated by VWC 250,000
Total Estimate 3,327,000

Installation

x
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ENGINEER'S ESTIMATE OF PROBABLE COST KENNEDY/JENKS CONSULTANTS

Project: Valencia Water Company - Full-Scale Planning Costs Prepared By: K. Tirado
Date Prepared: 9/24/2009

Building, Area: Magic Mountain -5,000 gpm (Wells 206, 207) - Start Up 2012 K/J Proj. No. 0883024

Current at ENR
Estimate Type: Conceptual Construction Escalated to ENR

Preliminary (w/o plans) Change Order
Design Development @ _________ % Complete

Spec. Item Materials     Sub-contractor Source
No. No. Description Qty Units $/Unit Total $/Unit Total $/Unit Total Total

Plant 3

Process Equipment
P4-1 Pellet Reactor and Sand Feed/Wash System 1 ea. 1,300,000 1,300,000 200,000 200,000 1,500,000 Pro-Corp e-mail quote 9/23/09
P4-2 Sand Wash/Feed System 1 ea. 40,000 40,000 40,000 Pro-Corp e-mail quote 9/25/09.  Installation included in pellet softening line item.
P4-3 Multimedia Filters 1 ea. 760,000 760,000 228,000 228,000 988,000 Loprest Water Treatment Co. quote 9/24/09
P4-4 Caustic storage tanks 3 ea. 26,103 78,309 7,830.90 23,493 101,802 Core-Rosion quote 9/25/09.  Polyprocessing double wall tank - 6500 gal
P4-5 Caustic solution metering pumps 3 ea. 8,000 24,000 2,400.00 7,200 31,200 Cortech Engineering simplex pump, with controls, and VFD's. 
P4-6 CO2 storage & feed sytem 1 ea. 15,000 15,000 15,000 Tank is rented.  Airgas provided an estimated installation cost for this size tank.
P4-7 Well pump modifications 2 ea. 25,000 50,000 50,000
P4-8 Distribution booster pumps 1 ea. 158,000 158,000 47,400 47,400 205,400 Vendor quote:  Cortech Pumps

Site/Concrete Work
P4-9 Distribution booster pumps slab on grade 63 SF 4.04 253 0.96 60 313 Means Fac. 2009:  03-30-53.40.4900

P4-10 Distribution booster pumps excavation 3.7 CY 5.30 20 20 Means 31-23-16.13-0500
P4-11 Gravel Base Cover (6") 3,000 SY 9.50 28,500 1.00 3,000 31,500 Means Fac. 2009:  32-11-23.23.0100
P4-12 Plant Slab - Slab on Grade 185 SF 175 32,321 225 41,556 73,877 Means Fac. 2009:  03-30-53.40.4900 adjusted
P4-13 Security fencing 346 LF 53.00 18,338 1.99 689 19,027 Means Fac. 2009:  32-31-13.53.0100
P4-14 Fence gates 3 ea. 1,700 5,100 1,195 3,585 8,685 Means Fac. 2009:  32-31-13.20.5090

P1 - 15 Pellet Disposal Tanks 2 ea. 5,500 11,000 1,100 2,200 13,200 Quote from Con-Fab for 16'x4' rounded bottom roll-off.  Does not include drain.

Subtotal 2,455,820 622,201 3,078,022
Equipment Subtotal 2,360,309 571,093 2,931,402
Electrical & Instrumentation @ 15% 354,046 85,664 439,710
Subtotal 2,809,867 707,865 3,517,732
Mobilization @ 2% 49,116 12,444 61,560
Taxes @ 9.75% 239,442 239,442
Subtotals 3,098,426 720,309 3,818,735
Contractor OH&P @ 20% 619,685 144,062 763,747
Subtotals 3,718,111 864,371 4,582,482
Estimate Contingency @ 10% 458,248
Estimated Bid Cost 5,040,800
Indirect Capital Cost Estimated by VWC 250,000
Total Estimate 5,291,000

Installation

x

T:\Projects\Valencia Softening - 0889019\Report\Capital Costs\VWC_CapitalCosts for report.xls
2MagicMountain_Est Date Printed  10/15/2009Page 2 of 7



ENGINEER'S ESTIMATE OF PROBABLE COST KENNEDY/JENKS CONSULTANTS

Project: Valencia Water Company - Full-Scale Planning Costs Prepared By: K. Tirado
Date Prepared: 9/24/2009

Building, Area: Belcaro (Well W11) - 1,000 GPM -Start Up 2014 K/J Proj. No. 0883024

Current at ENR
Estimate Type: Conceptual Construction Escalated to ENR

Preliminary (w/o plans) Change Order
Design Development @ _________ % Complete

Spec. Item Materials     Sub-contractor Source
No. No. Description Qty Units $/Unit Total $/Unit Total $/Unit Total Total

Plant 1

Process Equipment
P1 - 1 Pellet Reactor and Sand Feed/Wash System 1 ea. 560,000 560,000 100,000 100,000 660,000 Pro-Corp e-mail quote 9/23/09
P1 - 2 Sand Feed & Wash Skid 1 ea. 40,000 40,000 40,000 Pro-Corp e-mail quote 9/23/09.  Installation included in pellet softening line item.
P1 - 3 Multimedia Filters 1 ea. 110,000 33,000 33,000 33,000 Pro-Corp e-mail quote 7/26/09. Includes 6, 54" diameter Yardney filters.
P1 - 4 Caustic storage tanks 2 ea. 10,843 21,686 3,252.90 6,506 28,192 Core-Rosion quote 9/25/09.  Polyprocessing double wall tank - 2500 gal
P1 - 5 Caustic solution metering pumps 1 ea. 3,000 3,000 900.00 900 3,900 Cortech Engineering simplex pump, with controls, and VFD's. 
P1 - 6 CO2 storage & feed sytem 1 ea. 5,000 5,000 5,000 Rental tank, some required contractor work for equipment set-up and piping.
P1 - 7 Well pump modifications 1 ea. 25,000 25,000 25,000
P1 - 8 Distribution booster pumps 1 ea. 42,000.00 42,000 12,600 12,600 54,600 Vendor quote:  Cortech Pumps

Site/Concrete Work
P1 - 9 Distribution booster pumps slab on grade 54 SF 4.04 218 0.96 52 270 Means Fac. 2009:  03-30-53.40.4900
P1 - 10 Distribution booster pumps excavation 2 CY 5.30 11 11 Means 31-23-16.13-0500
P1 - 11 Gravel Base Cover (6") 285 SY 9.50 2,708 1.00 285 2,993 Means Fac. 2009:  32-11-23.23.0100
P1 - 12 Plant Pad - Slab on Grade 61 CY 175.00 10,630 225.00 13,667 24,296 Means Fac. 2009:  03-30-53.40.4900 adjusted
P1 - 13 Security fencing 250 LF 53.00 13,250 1.99 498 13,748 Means Fac. 2009:  32-31-13.53.0100
P1 - 14  Fence gates 3 ea. 1,700.00 5,100 1,195.00 3,585 8,685 Means Fac. 2009:  32-31-13.20.5090
P1 - 15 Pellet Disposal Tanks 2 ea. 5,500 11,000 1,100 2,200 13,200 Quote from Con-Fab for 16'x4' rounded bottom roll-off.  Does not include drain.

Subtotal 709,591 203,302 912,894
Equipment Subtotal 666,686 183,006 849,692
Electrical & Instrumentation @ 15% 100,003 27,451 127,454
Subtotal 809,594 230,753 1,040,347
Mobilization @ 2% 14,192 4,066 18,258
Taxes @ 9.75% 69,185 69,185
Subtotals 892,971 234,819 1,127,790
Contractor OH&P @ 15% 133,946 35,223 169,169
Subtotals 1,026,917 270,042 1,296,959
Estimate Contingency @ 10% 129,696
Estimated Bid Cost 1,426,700
Indirect Capital Cost Estimated by VWC 100,000
Total Estimate 1,527,000

Installation

x
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ENGINEER'S ESTIMATE OF PROBABLE COST KENNEDY/JENKS CONSULTANTS

Project: Valencia Water Company - Full-Scale Planning Costs Prepared By: K. Tirado
Date Prepared: 9/24/2009

Building, Area: Pan Handle - 4,650 gpm (Wells Q2, T7, U4, U6) - Start Up 2014 K/J Proj. No. 0883024

Current at ENR
Estimate Type: Conceptual Construction Escalated to ENR

Preliminary (w/o plans) Change Order
Design Development @ _________ % Complete

Spec. Item Materials     Sub-contractor Source
No. No. Description Qty Units $/Unit Total $/Unit Total $/Unit Total Total

Plant 2

Process Equipment
P3-1 Pellet Reactor and Sand Feed/Wash System 1 ea. 1,300,000 1,300,000 200,000 200,000 1,500,000 Pro-Corp e-mail quote 9/23/09
P3-2 Sand Wash/Feed System 1 ea. 40,000 40,000 40,000 Pro-Corp e-mail quote 9/25/09.  Installation included in pellet softening line item.
P3-3 Multimedia Filters 1 ea. 730,000 730,000 219,000 219,000 949,000 Loprest Water Treatment Co. quote 9/24/09
P3-4 Caustic storage tanks 3 ea. 20,878 62,634 6,263 18,790 81,424 Core-Rosion quote 9/25/09.  Polyprocessing double wall tank - 6500 gal
P3-5 Caustic solution metering pumps 2 ea. 3,000 6,000 900 1,800 7,800 Cortech Engineering simplex pump, with controls, and VFD's. 
P3-6 CO2 storage & feed sytem 1 ea. 15,000 15,000 15,000 Tank is rented.  Airgas provided an estimated installation cost for this size tank.
P3-7 Well pump modifications 4 ea. 25,000 100,000 100,000
P3-8 Distribution booster pumps 1 ea. 150,000 150,000 45,000 45,000 195,000

Site/Concrete Work
P3-9 Distribution booster pumps slab on grade 63 SF 4.04 253 0.96 60 313 Means Fac. 2009:  03-30-53.40.4900
P3-10 Distribution booster pumps excavation 3.3 CY 5.30 17 17 Means 31-23-16.13-0500
P3-11 Gravel Base Cover (6") 3,000 SY 9.50 28,500 1.00 3,000 31,500 Means Fac. 2009:  32-11-23.23.0100
P3-12 Plant Slab - Slab on Grade 185 CY 175.00 32,321 225.00 41,556 73,877 Means Fac. 2009:  03-30-53.40.4900 adjusted
P3-13 Security fencing 346 LF 53.00 18,338 1.99 689 19,027 Means Fac. 2009:  32-31-13.53.0100
P3-14 Fence gates 3 ea. 1,700 5,100 1,195 3,585 8,685 Means Fac. 2009:  32-31-13.20.5090
P1 - 15 Pellet Disposal Tanks 2 ea. 5,500 11,000 1,100 2,200 13,200 Quote from Con-Fab for 16'x4' rounded bottom roll-off.  Does not include drain.

Subtotal 2,384,145 650,697 3,034,842
Equipment Subtotal 2,288,634 599,590 2,888,224
Electrical & Instrumentation @ 15% 343,295 89,939 433,234
Subtotal 2,727,441 740,635 3,468,076
Mobilization @ 2% 47,683 13,014 60,697
Taxes @ 9.75% 232,454 232,454
Subtotals 3,007,578 753,649 3,761,227
Contractor OH&P @ 15% 451,137 113,047 564,184
Subtotals 3,458,714 866,696 4,325,411
Estimate Contingency @ 10% 432,541
Estimated Bid Cost 4,758,000
Indirect Capital Cost Estimated by VWC 250,000
Total Estimate 5,008,000

Installation

x
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ENGINEER'S ESTIMATE OF PROBABLE COST KENNEDY/JENKS CONSULTANTS

Project: Valencia Water Company - Full-Scale Planning Costs Prepared By: K. Tirado
Date Prepared: 9/24/2009

Building, Area:  Pardee Field - 6,250 gpm (Wells N, N7, N8) - Start Up 2017 K/J Proj. No. 0883024

Current at ENR
Estimate Type: Conceptual Construction Escalated to ENR

Preliminary (w/o plans) Change Order
Design Development @ _________ % Complete

Spec. Item Materials     Sub-contractor Source
No. No. Description Qty Units $/Unit Total $/Unit Total $/Unit Total Total

Plant 4

Process Equipment
P4-1 Pellet Reactor and Sand Feed/Wash System 1 ea. 1,400,000 1,400,000 200,000 200,000 1,600,000 Pro-Corp e-mail quote 9/23/09
P4-2 Sand Wash/Feed System 1 ea. 40,000 40,000 40,000 Pro-Corp e-mail quote 9/25/09.  Installation included in pellet softening line item.
P4-3 Multimedia Filters 1 ea. 900,000 900,000 270,000 270,000 1,170,000 Loprest Water Treatment Co. quote 9/24/09
P4-4 Caustic storage tanks 3 ea. 26,103 78,309 7,831 23,493 101,802 Core-Rosion quote 9/25/09.  Polyprocessing double wall tank - 6500 gal
P4-5 Caustic solution metering pumps 3 ea. 8,000.00 24,000 2,400 7,200 31,200 Cortech Engineering simplex pump, with controls, and VFD's. 
P4-6 CO2 storage & feed sytem 1 ea. 15,000 15,000 15,000 Tank is rented.  Airgas provided an estimated installation cost for this size tank.
P4-7 Well pump modifications 3 ea. 25,000 75,000 75,000
P4-9 Distribution booster pumps 1 ea. 178,000 178,000 53,400 53,400 231,400 Vendor quote:  Cortech Pumps

Site/Concrete Work
P4-11 Distribution booster pumps slab on grade 63 SF 4.04 253 0.96 60 313 Means Fac. 2009:  03-30-53.40.4900
P4-12 Distribution booster pumps excavation 5 CY 5.30 27 27 Means 31-23-16.13-0500
P4-17 Gravel Base Cover (6") 3,000 SY 9.50 28,500 1.00 3,000 31,500 Means Fac. 2009:  32-11-23.23.0100
P4-18 Plant Pad - Slab on Grade 189 CY 175.00 33,056 225.00 42,500 75,556 Means Fac. 2009:  03-30-53.40.4900
P4-20 Security fencing 350 LF 53.00 18,550 1.99 697 19,247 Means Fac. 2009:  32-31-13.53.0100
P4-21 Fence gates 3 ea. 1,700 5,100 1,195 3,585 8,685 Means Fac. 2009:  32-31-13.20.5090
P1 - 15 Pellet Disposal Tanks 2 ea. 5,500 11,000 1,100 2,200 13,200 Quote from Con-Fab for 16'x4' rounded bottom roll-off.  Does not include drain.

Subtotal 2,716,767 696,161 3,412,928
Equipment Subtotal 2,620,309 644,093 3,264,402
Electrical & Instrumentation @ 15% 393,046 96,614 489,660
Subtotal 3,109,813 792,775 3,902,588
Mobilization @ 2% 54,335 13,923 68,259
Taxes @ 9.75% 264,885 264,885
Subtotals 3,429,034 806,698 4,235,731
Contractor OH&P @ 20% 685,807 161,340 847,146
Subtotals 4,114,840 968,037 5,082,878
Estimate Contingency @ 10% 508,288
Estimated Bid Cost 5,591,200
Indirect Capital Cost Estimated by VWC 250,000
Total Estimate 5,842,000

Installation

x
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ENGINEER'S ESTIMATE OF PROBABLE COST KENNEDY/JENKS CONSULTANTS

Project: Valencia Water Company - Full-Scale Planning Costs Prepared By: K. Tirado
Date Prepared: 9/24/2009

Building, Area: Castaic Commerce Center - 3,400 gpm (Wells E14, E16, E17) - Start Up 2019 K/J Proj. No. 0883024

Current at ENR
Estimate Type: Conceptual Construction Escalated to ENR

Preliminary (w/o plans) Change Order
Design Development @ _________ % Complete

Spec. Item Materials     Sub-contractor Source
No. No. Description Qty Units $/Unit Total $/Unit Total $/Unit Total Total

Plant 5

Process Equipment
P6-1 Pellet Reactor and Sand Feed/Wash System 1 ea. 1,200,000 1,200,000 200,000 200,000 1,400,000 Pro-Corp e-mail quote 9/23/09
P6-2 Sand Wash/Feed System 1 ea. 40,000 40,000 40,000 Pro-Corp e-mail quote 9/25/09.  Installation included in pellet softening line item.
P6-3 Multimedia Filters 1 ea. 690,000 690,000 207,000 207,000 897,000 Loprest Water Treatment Co. quote 9/24/09
P4-4 Caustic storage tanks 3 ea. 26,103 78,309 7,831 23,493 101,802 Core-Rosion quote 9/25/09.  Polyprocessing double wall tank - 6500 gal
P6-5 Caustic solution metering pumps 3 ea. 8,000.00 24,000 2,400 7,200 31,200 Cortech Engineering simplex pump, with controls, and VFD's. 
P6-6 CO2 storage & feed sytem 1 ea. 15,000 15,000 15,000 Tank is rented.  Airgas provided an estimated installation cost for this size tank.
P6-7 Well pump modifications 3 ea. 25,000 75,000 75,000
P6-8 Distribution booster pumps 1 ea. 153,000 153,000 45,900 45,900 198,900 Vendor quote:  Cortech Pumps

Site/Concrete Work
P6-9 Distribution booster pumps slab on grade 66 SF 4.04 265 0.96 63 328 Means Fac. 2009:  03-30-53.40.4900

P6-10 Distribution booster pumps excavation 1.8 CY 5.30 10 10 Means 31-23-16.13-0500
P6-11 Gravel Base Cover (6") 4,000 SY 9.50 38,000 1.00 4,000 42,000 Means Fac. 2009:  32-11-23.23.0100
P6-12 Plant Pad - Slab on Grade 185 CY 175 32,375 225 41,625 74,000 Means Fac. 2009:  03-30-53.40.4900 adjusted
P6-13 Security fencing 346 LF 53.00 18,338 1.99 689 19,027 Means Fac. 2009:  32-31-13.53.0100
P6-14 Fence gates 3 ea. 1,700 5,100 1,195 3,585 8,685 Means Fac. 2009:  32-31-13.20.5090

P1 - 15 Pellet Disposal Tanks 2 ea. 5,500 11,000 1,100 2,200 13,200 Quote from Con-Fab for 16'x4' rounded bottom roll-off.  Does not include drain.

Subtotal 2,290,387 625,764 2,916,150
Equipment Subtotal 2,185,309 573,593 2,758,902
Electrical & Instrumentation @ 15% 327,796 86,039 413,835
Subtotal 2,618,183 711,803 3,329,986
Mobilization @ 2% 45,808 12,515 58,323
Taxes @ 9.75% 223,313 223,313
Subtotals 2,887,303 724,318 3,611,621
Contractor OH&P @ 20% 577,461 144,864 722,324
Subtotals 3,464,764 869,181 4,333,945
Estimate Contingency @ 10% 433,395
Estimated Bid Cost 4,767,400
Indirect Capital Cost Estimated by VWC 250,000
Total Estimate 5,018,000

Installation

x

T:\Projects\Valencia Softening - 0889019\Report\Capital Costs\VWC_CapitalCosts for report.xls
6CommerceCenter_Est Date Printed  10/15/2009Page 6 of 7



ENGINEER'S ESTIMATE OF PROBABLE COST KENNEDY/JENKS CONSULTANTS

Project: Valencia Water Company - Full-Scale Planning Costs Prepared By: K. Tirado
Date Prepared: 9/24/2009

Building, Area: Castaic Junction - 3,600 gpm - (Wells G1, G2, G3) - Start Up 2021 K/J Proj. No. 0883024

Current at ENR
Estimate Type: Conceptual Construction Escalated to ENR

Preliminary (w/o plans) Change Order
Design Development @ _________ % Complete

Spec. Item Materials     Sub-contractor Source
No. No. Description Qty Units $/Unit Total $/Unit Total $/Unit Total Total

Plant 5

Process Equipment
P7-1 Pellet Reactor and Sand Feed/Wash System 1 ea. 1,200,000 1,200,000 200,000 200,000 1,400,000 Pro-Corp e-mail quote 9/23/09
P7-2 Sand Wash/Feed System 1 ea. 40,000 40,000 40,000 Pro-Corp e-mail quote 9/25/09.  Installation included in pellet softening line item.
P7-3 Multimedia Filters 1 ea. 690,000 690,000 207,000 207,000 897,000 Loprest Water Treatment Co. quote 9/24/09
P4-4 Caustic storage tanks 3 ea. 26,103 78,309 7,831 23,493 101,802 Core-Rosion quote 9/25/09.  Polyprocessing double wall tank - 6500 gal
P7-5 Caustic solution metering pumps 3 ea. 8,000 24,000 2,400 7,200 31,200 Cortech Engineering simplex pump, with controls, and VFD's. 
P7-6 CO2 storage & feed sytem 1 ea. 15,000 15,000 15,000 Tank is rented.  Airgas provided an estimated installation cost for this size tank.
P7-7 Well pump modifications 3 ea. 25,000 75,000 75,000
P7-8 Distribution booster pumps 1 ea. 153,000 153,000 45,900 45,900 198,900 Vendor quote:  Cortech Pumps

Site/Concrete Work
P7-9 Distribution booster pumps slab on grade 66 SF 4.04 265 0.96 63 328 Means Fac. 2009:  03-30-53.40.4900

P7-10 Distribution booster pumps excavation 1.8 CY 5.30 10 10 Means 31-23-16.13-0500
P7-11 Gravel or Asphalt access road 4,000 SY 9.50 38,000 1.00 4,000 42,000 Means Fac. 2009:  32-11-23.23.0100
P7-12 Plant Pad - Slab on Grade 185 CY 175.00 32,375 225 41,625 74,000 Means Fac. 2009:  03-30-53.40.4900 adjusted
P7-13 Security fencing 346 LF 53.00 18,338 1.99 689 19,027 Means Fac. 2009:  32-31-13.53.0100
P7-14 Fence gates 3 ea. 1,700 5,100 1,195 3,585 8,685 Means Fac. 2009:  32-31-13.20.5090
P1 - 15 Pellet Disposal Tanks 2 ea. 5,500 11,000 1,100 2,200 13,200 Quote from Con-Fab for 16'x4' rounded bottom roll-off.  Does not include drain.

Subtotal 2,290,387 625,764 0 2,916,150
Equipment Subtotal 2,185,309 573,593 2,758,902
Electrical & Instrumentation @ 15% 327,796 86,039 413,835
Subtotal 2,618,183 711,803 0 3,329,986
Mobilization @ 2% 45,808 12,515 58,323
Taxes @ 9.75% 223,313 223,313
Subtotals 2,887,303 724,318 0 3,611,621
Contractor OH&P @ 20% 577,461 144,864 722,324
Subtotals 3,464,764 869,181 0 4,333,945
Estimate Contingency @ 10% 433,395
Estimated Bid Cost 4,767,400
Indirect Capital Cost Estimated by VWC 250,000
Total Estimate 5,018,000

Installation

x
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