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Commenter Date of Comment Signatory and Title 

Rancho Cucamonga Chamber of Commerce 04/12/2012 
Joe Schumacher 
Chairman of the Board 

Larry Witt, Individual 04/26/2012 – 

NPCA-CBD et al.  05/04/2012  Adam Lazar 

Tetra Technologies, Inc. via Rutan & Tucker,  05/07/2012 Robert S. Bower 

Metropolitan Water District of Southern California 05/14/2012 
Joseph Vanderhorst 
Sr. Deputy General Counsel 

Lozeau Drury LLP on behalf of Laborers International Union of 
North America LaborersLocal Union 783 (4 submissions)  

05/23/2012 (2), 
05/25/2012 and 

06/22/12 

Christina Caro 
Attorney for Local 783 

Diane Allison, Individual 05/24/2012 – 

MC and Lorenzo Hagerty, Individuals 02/24/2012 – 

Jean Marie Naples, Individual 05/24/2012 – 

Anthony Nicolau, Individual 05/24/2012 – 

Danielle Bower, Individual 05/25/2012 – 

J. Capozzelli, Individual 05/25/2012 – 

David A. Brunetti, Individual 05/26/2012 – 

Phyllis Jacoby, Individual  undated – 

Steve Jacoby, Individual undated – 

Heather Hahn, Individual  05/29/2012 – 

Benjamin and Jennifer Valentine, Individuals  05/29/2012 – 

Center for Biological Diversity  05/31/2012 Adam Lazar, Staff Attorney 

Pam Nelson, Individual  06/01/2012 – 

Greta Loeffelbein, Individual  undated – 

Anuj Shaw, Individual 06/20/2012 --  

The Wildlands Conservancy 06/24/2012 Claudia Sall 
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Sarah Spano

From: Tom Barnes
Sent: Thursday, April 26, 2012 9:37 AM
To: Sarah Spano
Cc: Leslie Moulton
Subject: FW: Cadiz Hearing

Follow Up Flag: Follow up
Flag Status: Flagged

From: Larry Witt [mailto:noreply@jotform.com]
Sent: Thursday, April 26, 2012 7:27 AM 
To: Customer Service 
Subject: Message from Larry Witt (Contact Us Form) 

Message from smwd.com (Contact Us Form) 
Question Answer

Full Name: Larry Witt 

E-mail: lwitt@aaimllc.com

Your Questions of 
Comments: 

When is the hearing on the proposed project for Cadiz water 
project? Has it been scheduled? 

I_Witt
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Because life is good.CENTER fo r  BIOLOGICAL DIVERSITY

Arizona •• California •• Nevada •• New Mexico •• Alaska •• Oregon •• Minnesota •• Vermont •• Washington •• Washington, DC 

Adam Lazar,  Staff Attorney •• 351 California St., Suite 600 •• San Francisco, CA 94104 
Phone: (415) 436-9682 x320 •• Fax: (415) 436-9683 •• E-mail: alazar@biologicaldiversity.org 

VIA email and U.S. Mail 

May 4, 2012 

Tom Barnes 
ESA
626 Wilshire Boulevard, Ste. 1100 
Los Angeles, CA 90017 
FAX: 213-599-4301 
Email: cadizproject@esassoc.com

RE: Cadiz Valley Water Conservation, Recovery, and Storage Project Draft 
Environmental Impact Report State Clearinghouse #2011031002 (“Cadiz Project”) 

Submission of Water Quality Studies for Colorado River and Impacts to Cadiz Aquifer  

Dear Mr. Barnes, 

The Center and partnering organizations submitted extensive comments on the Draft 
Environmental Impact Report for the Cadiz water project.  These comments addressed the need 
for the EIR to assess water quality impacts to the groundwater when Colorado River is stored in 
the groundwater basin as envisioned by the project.

In order to demonstrate the critical need to study water quality impacts to groundwater 
for the Cadiz project, I am enclosing studies on the water quality of the Colorado River.   These 
studies indicate high levels of salinity and nitrates, sediment, selenium and perchlorate in the 
Colorado river, which would negatively impact water quality in the existing aquifer if recharged 
with Colorado water, while raising the necessary treatment level (and treatment cost) of water 
that would be eventually exported (or “recovered”) from the project.  Subsumed within the larger 
problem of sediment loads is the added problem of toxic chemicals residing within that sediment, 
including selenium, mercury and perchlorate.  Based on these studies, directly importing 
Colorado River water into the groundwater aquifer would cause violations of state water quality 
standards and State Anti-degradation Policy 68-16, and may also create a long-term nuisance to 
local users of the shared aquifer, who will be forced to use additional filtration on their well 
water.

Attached references to water quality concerns of Colorado River water and Cadiz 
groundwater:
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                                                                     Re: Cadiz Water Project  
Submission of Water Quality Data for Colorado River 

May 4, 2012 
           Page 2 of 3 

 

American Rivers (2004)
� High concentrations of nitrates and fecal matter (13) 
� High concentration of perchlorate (14) 

CCRA (2006): 
� Impacts of low Colorado water quality on agricultural and municipal users (p.15) 
� Excessive nutrients (p.17) 
� Metals incl. hexavalent chromium (p.36), and mercury (p.40) 
� High salinity in Colorado river and its effects (p. 66-68 and 70-71);
� High sedimentation (p.77); sedimentation impacts on drinking water (80) (noting 

problems during high-sedimentation periods)  

USBR (2004): 
� Data on high salinity concentrations in lower Colorado River (p.71, 76)  
� Negative economic impacts of high salinity concentrations (p.10) 

USGS (2000): 
� High Salinity (p. 1) 

Southwest Hydrology (2004)
� High concentrations of salinity (p.18)
� High concentrations of selenium (p.18)

Colorado RWQCB Basin Plan (2006 rev.)
� General water quality objectives (p.3-1)
� Groundwater quality objectives (p.3-7 and 3-8)

Taken together, these studies support our comments that water quality impacts associated 
with the Cadiz project are significant and detrimental, must be analyzed in detail in the EIR, and 
must be mitigated to a less-than significant effect.   

        Sincerely, 

        Adam Lazar 

Attachments 
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Attachments

1. American Rivers, “America’s Most Endangered Rivers of 2004: Colorado River” (2004) 
2. Clean Colorado River Alliance, “Recommendations to Address Colorado River Water 

Quality” (January 2006) 
3. Jaqueline García-Hernández, “Water Quality in the Colorado River” (Southwest 

Hydrology, Jan/Feb 2004, pp. 18-19)
4. United States Bureau of Reclamation, “Quality of Water, Colorado River Basin: Progress 

Report No. 23,” (2011)
5. United States Geological Service, “Monitoring the Water Quality of the Nation’s Large 

Rivers: Colorado River NASQAN Program”  (February 2000) 
6. Colorado River Basin Regional Water Quality Control Board, “Water Quality Control 

Plan: Colorado River Basin, Region 7” (2006)
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 American Rivers, “America’s Most Endangered Rivers of 2004: Colorado River” (2004) 

O_NPCA-CBD et al 2



C o l o r a d o  R i v e r  � 1 3
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THR EAT:  LO O MING PO LL UTI ON CRI S I S

#1 C o l o r a d o  R i v e r

LEFT: COMMUNITIES ALONG

THE LOWER COLORADO RIVER

ARE STRUGGLING TO PROVIDE

WASTEWATER TREATMENT TO

THEIR BOOMING POPULATIONS.
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Summary
While conflict over Colorado River water
allocations has grabbed headlines for years,
water pollution problems from human waste,
toxic chemicals, and radioactive material have
been largely overlooked and threaten to get
much worse. Unless Congress and the federal
government step in to bolster local cleanup
efforts, the drinking water for 25 million
Americans will remain at risk. 

The River
The Colorado River starts as melting snow in
the Rocky Mountains. Covering almost
250,000 square miles, the river basin includes
portions of seven states and more than 20
Indian nations. Despite the vastness of its

As much as 20 percent of the river’s water
evaporates from the reservoirs behind the
dams each year. Several of the river’s native
wildlife species are extinct, and others nearly
so. Most years, the river literally evaporates
shortly after crossing the border into Mexico.
The once vast and rich delta at the river’s
mouth in the Gulf of California has virtually
disappeared as a result.

The Risk
Three major sources of pollution are seeping
into the Colorado River via contaminated
groundwater. Some efforts are being made to
address each of them, but more aggressive and
better-coordinated action is needed to protect
the health of the river, the 25 million Ameri-
cans who drink its water, and the wildlife and
parks found along it. 

Human waste from riverfront boomtowns
in California and Arizona contaminates the
river below Hoover Dam. This area has the
largest concentration of people in the United
States using septic tanks. The overloaded sep-
tic systems allow increasing quantities of
nitrates to seep into groundwater and the Col-
orado River. Monitoring wells in the Lake
Havasu area have recorded nitrate levels four
times higher than the limits set by the Envi-
ronmental Protection Agency (EPA) to protect
the public health. High nitrate levels in drink-
ing water can deplete oxygen in infants’ blood
(“blue baby” syndrome) and are suspected to
cause certain types of cancer. An estimated
1.2 million pounds of nitrates will seep into
the regional aquifer between 2001 and 2005. 

Riverfront communities in Arizona and
California rec-
ognize the prob-
lem and are
raising capital
on their own to
upgrade waste-
water treatment
capacities. They
could use some
help, but in
recent years fed-
eral assistance
to states for

watershed, the Colorado is a small river,
annually averaging only about 1 percent of the
Mississippi River’s yearly flows. 

As the river winds across the Colorado
Plateau, the ranches, mines, and reservations
of the Old West uneasily share the landscape
with the national parks, ski resorts, and sub-
urban sprawl of the New West. When the river
pours out of the Grand Canyon in Arizona it
enters the Sonoran Desert, where a shortage of
water has failed to curb explosive population
growth in recent decades. 

The Colorado is one of the most intensive-
ly used — and abused — river basins in Amer-
ica. More than 40 major dams and diversions
siphon water from the river and its tributaries.

1976 1981 1986 1991 1996 2001 2006
TO TO TO TO TO TO TO

1980 1985 1990 1995 2000 2005 2010

1,500,000

1,000,000

500,000

0

P
O

U
N

D
S

LAKE HAVASU CITY, ARIZ. NITRATE DATA

NITRATE ENTERING GROUNDWATER ALONG THE
COLORADO RIVER OVER EACH 5-YEAR PERIOD

SOURCE: COLORADO RIVER REGIONAL SEWER COALITION
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wastewater treatment facilities has been cut
by more than 10 percent, and the current

administration proposes slashing
some 30 percent — half a billion
dollars — from loan programs for
facility upgrades. 

A second type of contamina-
tion is an ingredient in rocket
fuel called perchlorate, which
has been measured in Lake Mead
at concentrations as high as 24
parts per billion. Although no

federal health standard for perchlorate has
been set, low concentrations can interfere
with proper thyroid function and disrupt the
body’s normal hormonal balance. The poten-
tial health effects of perchlorate are especially
significant for children because disturbances
in thyroid levels during development can lead
to lowered IQ, mental retardation, and the
loss of hearing, speech and motor skills. The
Las Vegas Valley Water District is unable to
remove perchlorate from water piped to its
residential customers. Lettuce and other leafy
vegetables irrigated with Colorado River water
contain trace amounts of the chemical — and
are found on supermarket shelves across the
country during winter months. 

The source of perchlorate in the river is a
facility in Henderson, Nev., where the govern-
ment produced missile fuel during the Cold
War. The plant is now operated by Kerr-
McGee Corporation, which has already spent
$80 million to reduce the volume of polluted

groundwater reaching
the river. However,
more than 400 pounds
of perchlorate still
flow from the facility
toward Lake Mead
each day.

The third pollution
source is radioactive
mill waste from a
defunct facility along
the Colorado River
near Moab, Utah.
With almost 12 mil-
lion tons of radioac-
tive material stored in

a crude, unlined impoundment on the river-
bank, the former Atlas Minerals Corporation
site is the fifth largest and single most danger-
ous uranium tailings pile in the country. An
estimated 110,000 gallons of radioactive
groundwater seep into the river each day from
this site. Uranium is one of the few carcino-
gens considered dangerous at any level, and
levels in the river increase by 1,660 percent in
the vicinity of the Atlas site. 

Although the precise contribution from the
Atlas site is unknown, Southern California’s
Metropolitan Water District has measured
gradually increasing levels of radioactivity in
the river hundreds of miles downstream at its
Lake Havasu intake, where the drinking water
for 16 million people is withdrawn from the
river. The National Academy of Sciences has
warned that it is “nearly certain that the river’s
course will run across the Moab site sometime
in the future,” flooding about a half ton of
radioactive material for every man, woman,
and child that drinks Colorado River water. 

The 12-Month Outlook
The Colorado River is at a crossroads, and the
next 12 months will determine whether these
problems will continue to fester or a vigorous
cleanup effort will begin. The situation as a
whole warrants a massive, coordinated federal
effort, and there are immediate steps that
should be taken to address these pollution
sources.

The Department of Energy (DOE) will final-
ize its plans for the radioactive mill tailings at
the Atlas site before the end of 2004. Conserva-
tionists believe the best option is to completely
remove the mill tailings and contaminated soil
from the river floodplain, but the DOE has sig-
naled that it will likely choose less protective
options that would not provide sufficient secu-
rity in the event of a major flood. DOE should
not allow cost to dictate its choices. It should
commit to the most thorough cleanup possible
with current technology.

In the 2004 session of Congress, lawmakers
will consider proposals to expand exemptions
from environmental laws for the Department
of Defense. Conservationists fear these could
let the military off the hook for its share of the
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POLLUTED WATER FROM COL-
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TO IRRIGATE CROPS — TRACE
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ICALS CAN BE MEASURED IN

PRODUCE ON SUPERMARKET

SHELVES ACROSS THE COUN-
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cleanup responsibilities at the Kerr-McGee
site and elsewhere. Congress should reject
those bills and direct EPA to set a scientifical-
ly valid drinking water standard for perchlo-
rate that will protect human health. 

Also in the 2004 session of Congress, law-
makers will consider President Bush’s propos-
al for sharp cuts in EPA’s “State Revolving
Loan Funds” program that assists state efforts
with loans to upgrade drinking water and
wastewater treatment. Funding shortages are
the leading reason that communities struggle
to meet their obligations to protect water they
send downstream. Congress should fully fund
this vital program.

In addition, Congress should recognize that
the interstate nature of pollution problems in
the Colorado River warrant a stronger federal
role in cleanup. Congress should direct federal
and state agencies to develop a binding action
plan and authorize federal funding to restore
water quality throughout the river basin —
including addressing nitrates, perchlorate, and
radioactive materials.

The lingering contamination and staggering
remediation costs at the Kerr-McGee and
Atlas sites provide a stark reminder that pre-
venting pollution in the first place or cleaning
it at the source is always preferable to clean-
ing it later. Congress should step up its over-
sight of the Bush administration’s

IT MAY BE ONLY A MATTER

OF TIME BEFORE A FLOOD OR

EARTHQUAKE SENDS 11 

MILLION TONS OF RADIOAC-

TIVE WASTE FROM THE ATLAS

URANIUM MILL INTO THE

COLORADO RIVER.

FOR MORE INFORMATION OR TO TAKE ACTION:
WWW.AMERICANRIVERS.ORG/COLORADO2004.HTML
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enforcement and interpretation of the Clean
Water Act and pass the Clean Water Authority
Restoration Act in the 2004 session to end the
lingering debate over which waters are pro-
tected by federal law. 

Contacts
ERIC ECKL, American Rivers, (202) 347-7550
ext. 3023, eeckl@americanrivers.org
BRENT BLACKWELDER, Friends of the Earth,
(877) 843-8687, bblackwelder@foe.org
TERRY BRACY, Bracy Tucker Brown, (202)
429-8855, tlbracy@aol.com
BILL HEDDEN, Grand Canyon Trust, (928)
774-7488, hedden@grandcanyontrust.org
ERIC WESSELMAN, Sierra Club, (510) 622-
0290 ext. 240, eric.wesselman@sierraclub.org
ROBERT GLENNON, University of Arizona,
(520) 621-1614, glennon@law.arizona.edu
THE HONORABLE BOB WHELAN, Mayor, Lake
Havasu City, Ariz., Chair of the Colorado
River Regional Sewer Coalition, (928) 453-
4140, whelanb@ci.lake-havasu-city.az.us
BILL WALKER, Environmental Working
Group, (510) 444-0973, bwalker@ewg.org
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Clean Colorado River Alliance

Recommendations to Address 
Colorado River Water Quality

January 2006
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The Colorado River is one of the most significant rivers of the American Southwest, providing
drinking water, power and irrigation for the states of Wyoming, Colorado, Utah, New
Mexico, Arizona, Nevada and California and the country of Mexico. Its watershed area covers
nearly 244,000 square miles of land. Many water quality issues threaten this vital western
water source, and concerns about the potential environmental, social and economic impacts
of River pollutants are growing as population in the Southwest increases exponentially. 

In response to these growing concerns, in February 2005, Arizona Governor Janet Napolitano
appointed a group of stakeholders, the Clean Colorado River Alliance, to produce an action
plan to address water quality issues in the River. Governor Napolitano directed the Alliance
to investigate water quality in the Colorado River and develop recommendations for protecting
and improving the River, including regional approaches. The activities of the Alliance were
coordinated by the Arizona Department of Environmental Quality (ADEQ). 

Pollutants of Concern
While a large number of water quality issues have the potential to impact the Colorado
River, the Alliance identified several pollutants as being of particular concern in this effort:
nutrients, metals, endocrine disrupting compounds, perchlorate, bacteria and pathogens,
salinity/total dissolved solvents and sediment. This report describes the impacts of these
pollutants, discusses current mitigation efforts to address them, and sets forth a number of
recommendations aimed at them.

Nutrients
Industrial and municipal wastewater treatment facilities and landfills are potential point sources
of nutrient pollution in the Colorado River. Potential nonpoint sources of nutrients include
marinas, wastewater lagoons and other surface impoundments, irrigated agriculture, urban
run-off, animal feed lots, septic tanks, fertilizer or manure applications to landscape, vehicle
exhaust, atmospheric deposition and nitrogen fixation from natural processes. The impact of
growth on wastewater treatment facilities coupled with aging infrastructure is of particular
concern. Overloaded and aging treatment facilities can discharge significant quantities of
nitrogen, including through overflows and leakage. Large numbers of septic tanks along the
River especially contribute to the nitrate load of the shallow groundwater system that is
hydrologically connected to the River. Excessive intake of nitrate can cause serious health
effects. In infants, nitrate can reduce blood’s ability to carry oxygen, resulting in asphyxiation,
bluing of the skin (a condition known as “blue baby syndrome”), and potentially death. In
others, nitrate has also been linked to increased rates of cancer, birth defects, miscarriage,
reduced body growth and thyroid problems.

Metals
A wide variety of sources and activities, both natural and man-made, and activities contribute
to the presence of metals in the Colorado River. All surface waters contain metals, generally
appearing in colloidal, particulate, and dissolved states. However, where these metals are
present in water in more than very small quantities, there is a risk of adverse health and
environmental effects. The Alliance has focused on four metals: selenium, chromium,
mercury and uranium. These metals threaten the Colorado River and can present serious
health risks in humans and wildlife. 

Executive Summary
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Endocrine Disrupting Compounds
Endocrine Disrupting Compounds (EDCs) have a wide variety of origins, both natural and
synthetic, with the pharmaceutical and chemical industries leading the way in synthetics
production. EDCs are often found in common household items, pesticides, and food and
tobacco products. Additional research is necessary to characterize the occurrence of EDCs in
the Colorado River and determine the impacts of exposure to EDCs on humans and ecosystems.

Perchlorate
Perchlorate was discovered in water supplies in the lower Colorado River in 1997.  The con-
tamination was traced to Lake Mead and the Las Vegas Wash, and eventually to a Kerr
McGee Chemical Company (Kerr McGee) plant in Henderson, Nevada. This finding prompted
US EPA, the Nevada Division of Environmental Protection (Nevada) and Kerr McGee to initiate
efforts to control the source and reduce perchlorate releases to the Las Vegas Wash. The
Alliance believes that appropriate containment, control and cleanup efforts are being
implemented and are improving the concentrations and potential risk of perchlorate in and
to the Colorado River. These ongoing efforts continue to reduce the low levels of perchlorate
in the Colorado River. While it may take several years to achieve non-detect status (defined
as less than 4 ppb), the current concentrations in the Colorado River are below current
health standards and do not pose any threat to public health, provided that remedial
activities continue.

Bacteria and Pathogens
Coliform bacteria are a large group of bacterial species and are most commonly associated
with water quality. The two most likely pathogens that will be found in recreational waters
are Cryptosporidium and Giardia. Potential causes of bacteria and pathogens in the Colorado
River include the high density of on-site wastewater systems in River communities, storm
water run-off during monsoons and other rain/storms events, and the inadequate number of
sanitary facilities in recreational areas along the Colorado River. Bacterial contamination can
result wherever there are high concentrations of people or animals.

Salinity
Increased salinity levels in the Colorado River affect agricultural, municipal and industrial
users. Agricultural water users suffer economic damage due to reduced crop yields, added
labor costs for irrigation management and added drainage requirements. Urban users must
replace plumbing and water-using appliances more often, or spend money on water softeners
or bottled water. Industrial users and water and wastewater treatment facilities incur reductions
in the useful life of system facilities and equipment. Nearly half of the salinity in the Colorado
River system is attributable to natural sources. Other potential sources of salinity in the
Colorado River Basin include irrigated agriculture, energy exploration and development, and
municipal and industrial facilities such as wastewater treatment plants. Treated wastewater is
a source of salinity, so as population continues to increase in the Colorado River region, the
amount of treated effluent will multiply, contributing to an increase in salinity. 
Sediment
The Colorado River suffers from excess sediment in some areas of the watershed, and
decreased sediment in others. Stream bank erosion, a natural source of sediment loading to
the Colorado River, can be accelerated by human alteration of water flow and channel
morphology. Dams, on the other hand, can decrease sediment below normal levels, altering
wildlife habitat and causing the disappearance of natural sandbars and beaches. 
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Recommendations
The Alliance submits the following recommendations for action by Governor Napolitano and
other leaders to address and improve water quality in the Colorado River. In addition to the
specific recommendations below, throughout this report the Alliance has called for increased
public outreach and education efforts to enhance the public’s awareness and understanding
of water quality concerns in the Colorado River and ways to reduce the presence of pollutants
in the River. Moveover, in the text of the report, the Alliance has identified potential funding
sources that should be considered for the improvement of water quality in Colorado River
and implementation of the Alliance’s recommendations.

The Alliance recommends:

• Governor Napolitano should convene a summit of the Governors of the seven Basin States
– Arizona, California, Colorado, Nevada, New Mexico, Utah and Wyoming – to address
the issue of water quality in the Colorado River. 

• The water quality administrators of the seven Basin States should convene in advance of
the Governors’ summit to share existing information, identify water quality issues affecting
the Colorado River that are not adequately addressed by existing institutions and regulations,
coordinate an inventory of water quality concerns, develop a watershed-based, coordinated
monitoring strategy,  and develop an electronic repository of information related to
Colorado River water quality. Follow-up meetings of the water quality administrators also
should be held on a regular basis. 

• Governor Napolitano and Arizona’s congressional delegation should actively support the
effort of the Colorado River Regional Sewer Coalition (CRRSCo) to obtain federal funding
for wastewater infrastructure in communities along the River. The completion of wastewater
infrastructure projects in River communities, such as Bullhead City and Lake Havasu, will
help improve the quality of groundwater adjacent to the Colorado River and, ultimately,
the River itself.

• Continued substantial financial support must be provided for wastewater infrastructure
improvement projects adjacent to the River. Additional wastewater infrastructure improvement
needs should be identified and potential locations of nitrate and bacterial contamination
should be monitored. These identified needs should be prioritized based on contamination
risk and expense.

• Governor Napolitano, ADEQ and other officials should closely monitor the potential water
quality impacts of the proposal by the “Clean Water Coalition” in Nevada to discharge up
to 450 million gallons per day of treated effluent from Las Vegas, Henderson and Clark
County, Nevada, into Lake Mead, directly upstream of Hoover Dam.

• The investigation, monitoring and remediation of chromium contamination at both the
Pacific Gas & Electric (PG&E) Compressor Station on the California side of the River at
Topock (I-40 crossing) and at the former McCulloch manufacturing plant in Lake Havasu
City in Arizona must continue. Officials must continue to require remediation of hexavalent
chromium impacts to the groundwater system adjacent to the Colorado River and include
hexavalent chromium analyses in all Colorado River water sampling programs.
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• ADEQ should continue to monitor the U.S. Department of Energy’s (DOE) plan to move
the 12 million tons of radioactive uranium tailings at the Atlas Mill site near Moab, Utah,
away from the Colorado River to a permanent disposal location 30 miles away at
Crescent Junction, Utah, and press DOE to move the tailings as quickly as possible.
Governor Napolitano and ADEQ also should continue to press DOE to ensure that DOE
conducts active remediation of contaminated groundwater at the Moab site and prevent
further releases of contaminated groundwater into the Colorado River.   

• ADEQ and other agencies should conduct a coordinated effort to identify and investigate
abandoned mines and other potential sources of mercury and other metals along the River,
including surveying and sampling to detect areas with existing metals contamination.
ADEQ also should seek additional air deposition monitoring stations in Arizona to help
assess the impact of airborne mercury emissions on mercury levels in the Colorado River. 

• Governor Napolitano and Arizona’s congressional delegation should support full federal
funding of salinity control projects implemented under the Colorado River Basin Salinity
Control Act.  Salinity control projects funded under Title II of the Act have served to
reduce the total salt load on the River (with the added benefit of reducing the metal
selenium). The Colorado River Basin Salinity Control Forum has set a goal of 1 million tons
of additional salt removal by the year 2020. While most of the new salinity controls will be
implemented in the Upper Basin states, they will improve water quality throughout the
Colorado River.  Further, any National Pollutant Discharge Elimination System (NPDES) or
Arizona Pollutant Discharge Elimination System (AZPDES) permits authorizing surface
water discharges to the Colorado River should be consistent with Colorado River Basin
Salinity Control Forum policy.

• In coordination with designated planning agencies, ADEQ should review and establish a
process to adjust, if necessary, the regional water quality management planning program in
regard to wastewater planning along the Colorado River. The review should include planning
for discharge locations, wastewater facility design, adequate treatment and disposal capacities
and methods and effluent water quality.  ADEQ also should make certain that all new
sewage treatment facilities meet performance requirements and that existing facilities are
upgraded to meet best available demonstrated control technology standards.

• ADEQ, the Arizona Department of Water Resources (ADWR) and other appropriate
agencies should develop coordinated monitoring activities to determine trends of selenium
concentrations in the Colorado River and in target species in the River.  ADEQ also should
regularly monitor fish tissue for selenium concentrations in the River.

• ADEQ should work with relevant entities, including universities, to compile and assess data
on the potential impacts of endocrine disrupting compounds in the River. 

• ADEQ should continue to monitor the ongoing remediation and mitigation efforts at the
Kerr McGee facility in Nevada to ensure that perchlorate levels in the Colorado River
continue to decline.
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• ADEQ should work with other appropriate state, local and federal agencies and stakeholders
to develop a data gathering and monitoring network to identify “hot spots” for bacterial
contamination in the Colorado River, including conducting a concentrated survey along
the River at high use areas and during busy seasonal periods.

• State and local agencies should conduct aggressive education and outreach efforts to
promote the use of best management practices to address soil erosion and sedimentation,
reduce urban and construction run-off and decrease the use of off-road vehicles in sensitive
areas in order to reduce levels of sediment in the Colorado River.   
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Chapter 1
Introduction

O_NPCA-CBD et al 2

In February, 2005, Arizona Governor Janet Napolitano asked a group of key stakeholders in
the state to develop recommendations to address existing water quality problems and assist
her in working with fellow states towards solutions for improving Colorado River water quality
(see Appendix 1). In her letter, Governor Napolitano states the following:

Chapter 1 - Introduction

“The Colorado River serves as the lifeblood of the American West providing
drinking water to more than 25 million people and irrigation water to support
2 million acres of agricultural production. For years the focus of the Colorado
has been on water quantity and indeed, I will continue to fight to secure our
share of this critical resource. However, we can no longer focus on water
quantity alone, we must address water quality as well if we are to truly meet
the needs of the state.

There are several major issues currently threatening the quality of water in the
Colorado River. Unfortunately, the problems tend to accumulate with movement
downstream, and Arizona is the last State to divert flows from the Colorado
before it crosses into Mexico. While many of the problems manifest themselves
most severely in Arizona due to geographic location, the problems are, in fact,
regional issues and cannot be tackled on solely a state level.

Effectively cleaning up the Colorado River will require a regional approach
involving federal, state, tribal and local governments as well as other key stake-
holders including agricultural, municipal, business and conservation sectors.
Therefore, I have decided to name a stakeholder group, the Clean Colorado
River Alliance (CCRA), to develop recommendations to address existing water
quality problems.”

10

Clean Colorado River Alliance Mission

Develop recommendations to address existing water quality issues to
ensure Colorado River water quality meets the needs of Arizona- 
now and in the future.
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Objectives

The goals of the Alliance include:

•  Develop a plan to create a regional approach to address Colorado River water quality issues
•  Document and prioritize water quality improvement projects to be implemented

(short-term and long-term)
•  Document funding needs and sources and identify processes to secure funding
•  Develop an action plan to secure and direct funding and implement identified water 

quality improvement projects

Approach

Joined by Governor Janet Napolitano in April 2005, the Alliance met for the first time to discuss
the mission and the timeline for completion of this report. From April to December, the
Alliance met five times at locations throughout Arizona. Meeting notes from each of the
meetings and other items of information are on the CCRA Web site: 
www.azdeq.gov/environ/water/ccra.html.

First, the Alliance identified pollutants of concern (see the draft pollutant list – Appendix 2)
and then developed eight criteria for deciding and prioritizing which pollutants the Alliance
would address in the report. The criteria are listed below in no particular order of importance:

•  “Current problem, exceed/violate water quality standards and number of locations” and 
“instances the pollutant exceeds standards”

•  “Public/aesthetic consideration” or “public perception”
•  “Causing or anticipated to pose human or ecosystem health concern” and “acute risk of 

public and/or environmental risk” 
•  “Clearly defined location of pollutant removal” 
•  “Identified sources”
•  “Hard data, i.e. monitoring threshold”
•  “Quantity of pollutant or threat/risk”
•  “Upward trend”

O_NPCA-CBD et al 2
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After developing the criteria and voting, the Alliance decided to address seven pollutants. In
order, based on the number of votes, the following pollutants were selected:

1.   Nutrients (nitrogen, nitrates, ammonia, phosphorus)
2.   Metals (chromium, uranium, copper, mercury, arsenic) 

Note: The metals originally selected were evaluated on June 17, 2005 and on October 21, 2005, the 
Alliance decided to change the focus on: selenium, chromium, mercury and uranium.

3.   Endocrine disrupting compounds
4.   Perchlorate
5.   Bacteria/pathogens
6.   Salinity/total dissolved solids
7.   Sediment/turbidity

Pollutant workgroups were established (Appendix 3) and each workgroup was responsible for
drafting a pollutant chapter of the report. 

Colorado River Watershed & Water Quality

The 244,000 square mile Colorado River Watershed stretches from the mountains of
Colorado and Wyoming south and west through the states of Utah, New Mexico, Arizona,
Nevada, and California. Crossing into Mexico (see Figure 1-1, page 13), the watershed
encompasses parts of Sonora and Baja California. About 85 percent of the Colorado’s water
originates in the mountains of Colorado, yet communities and ecosystems as far south as
Mexico rely on its flow. More than 25 million people depend on its water for drinking and
irrigation. “The river irrigates 1.8 million acres of land, producing 15 percent of U.S. crops and
over 80 percent of the winter vegetables consumed in the United States are grown with its
water.” (Project WET International, 2005). 

Throughout this report agriculture is often mentioned as a potential source of water quality
problems.  However, Arizona agriculture is at the “bottom” of the Colorado River system.
According to the 2004 Arizona Agricultural Statistics Bulletin, issued September 2005 and
published by the United States Department of Agriculture, 339,550 acres were harvested in
2004 in the Colorado River counties of Mohave, La Paz, and Yuma.  Accordingly, approxi-
mately 17% of the total acres irrigated by the Colorado River are in Arizona.  Notably,
Arizona and its agencies have enacted laws and regulations to minimize or eliminate and
monitor Arizona agriculture’s impact on river water quality.

The Colorado River enters Arizona at Lake Powell, flows through the Grand Canyon National
Park, and leaves the state at the Mexico border near Yuma. As shown in Figure 1-1, the entire
state of Arizona can be considered part of the Colorado River drainage. However, the focus of
this report was on the main stem of the Colorado River along the western boundary of the state
(see Figure 1-1, page 13). The Colorado River Watershed in Arizona contains spectacular incised
canyons formed by erosion of sedimentary formations (e.g., sandstone), as well as volcanically
formed mountains and high plateaus. Except for Kingman, Williams, and communities
along the lower Colorado River (Yuma, Bullhead City, Lake Havasu City), most of this 30,896
square mile watershed is sparsely populated with only 255,200 people (2000 census). 
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Figure 1-1
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Portions of the Colorado River Watershed in Arizona are impaired (not attaining water quality
standards under the Clean Water Act) due to copper, Escherichia coli, boron, selenium
and suspended sediment concentration, boron, DDT metabolites, toxaphene and chlordane
in fish tissue, and dissolved oxygen. A full description of these and other water quality
impairments can be found in Arizona's 2004 Integrated 305(b) Assessment and 303(d) Listing
Report.

Other known issues in the Colorado River Watershed include: nitrogen or nitrates, chromium,
uranium, perchlorate, and bacteria. These pollutants are discussed below in Chapters 2
through 8.

Economic and Environmental Sectors Impacted*

Water quality impacts broad areas of Arizona’s economy and environment. The following
sectors of Arizona’s economy and environment are vulnerable to impacts from poor water
quality:

•  Irrigated Agriculture
•  Municipal and Industrial Water Users
•  Public Health
•  Aquatic Life
•  Livestock and Wildlife
•  Environmental Health and Watershed Management
•  Commerce and Recreation
•  Tourism

Water quality is vital to business and industry, wetlands and forests, energy producers, fish
and wildlife, recreation, and agriculture. The Colorado River and its tributaries carry the
water that makes life possible in the arid southwestern United States and northwestern
Mexico. The river and its tributaries are essential to the functioning of diverse ecosystems,
communities, and economies throughout a vast region. General economic and environmental
sectors and potential impacts are identified in Table 1-1.

The Grand Canyon National Park, Kaibab National Forest, Lake Mead National Recreation
Area, and Glen Canyon National Recreation Area are all located within the watershed. Six
wildlife refuges and three wilderness areas have been established in this watershed, along with
several military bases with live-fire exercise areas. All of these have restricted land uses. 

In Arizona, elevation in the Colorado River Watershed ranges from 10,400 feet above sea
level near Flagstaff to 80 feet above sea level along the Colorado River as it enters Mexico.
The area contains high and low desert fauna and flora and includes coldwater and warmwater
aquatic communities where perennial waters exist.
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Table 1-1:  Economic and Environmental Sectors and Potential Water Quality Impacts

Sector

Irrigated Agriculture

Municipal and Industrial
Water Users

Public Health

Aquatic Life

Livestock and Wildlife

Environmental Health
and Watershed
Management

Commerce and Recreation

Tourism

Potential Impacts of Poor or Reduced Water Quality 

•  Reduced agricultural production
•  Crop damage
•  Increased pest outbreaks
•  Increased water supply costs
•  Increased management applications (fertilizer, herbicides, pesticides)
•  Problems with soil structure, infiltration, and permeability and 

aeration rates

•  Damage to pipes, fixtures, and appliances
•  Disrupted filtration and treatment processes
•  Unpalatable mineral tastes
•  Additional treatment
•  Higher costs for treatment
•  Reduced quality water supplies

•  Increased illnesses and metabolic and hormonal dysfunction
•  Increased potential of disease transmission
•  Physiological effects

•  Decline in native fish and aquatic life populations
•  Fish kills 
•  Reduced growth rates 
•  Decreased resistance to disease 
•  Modification of natural migration and predation

•  Increased illnesses and mortality rates
•  Increased supplemental watering costs
•  Increased disease outbreaks
•  Reductions in herd size

•  Reduction in forage production
•  Reduction in riparian habitat
•  Increased groundwater contamination

•  Increased risk to swimmers
•  Recreation closures
•  Reduced sales and use of outdoor recreation equipment
•  Reduction in rural recreation economy
•  Reduced migration of new businesses

•  Reduced visitations to parks
•  Decreased number of winter visitors
•  Decrease in conventions and hospitality events

*Portions of this section are based on the Arizona Drought Preparedness Plan - Background & Impact
Assessment Section.

In Chapters 2 through 8, water quality impacts from each pollutant addressed by the
Alliance are described in more detail.
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In each of the following chapters, the Alliance makes a number of recommendations regarding
the specific pollutant(s) discussed therein.  The Alliance points out, however, that the recom-
mendations for a specific pollutant should not be viewed in isolation from recommendations
elsewhere in this Report, and instead should be seen as part of an overall strategy for dealing
with water quality issues in the Colorado River.  In fact, some recommendations address
more than one pollutant and are set forth in more than one chapter. 

By the same token, while this report and the recommendations herein are addressed primarily
to Governor Napolitano and Arizona policymakers, the problems facing the Colorado River
are, as the Governor stated in her February 2005 charge to the Alliance, “regional issues and
cannot be tackled on solely a state level.”

Accordingly, in addition to the recommendations regarding specific pollutants, the Alliance
recommends that Governor Napolitano convene a summit of the Governors of the seven
Basin States – Arizona, California, Colorado, Nevada, New Mexico, Utah and Wyoming – to
address the issue of water quality in the Colorado River. The involvement and cooperation of
the other Basin States is essential to developing a successful long-range strategy for protecting
and improving water quality in the Colorado River. This report can serve as a framework for
the issues to be discussed at such a summit.

To ensure the Basin States’ Governors summit is as productive as possible, the Alliance further
recommends that the water quality administrators of the seven Basin States convene in
advance of the summit to share existing information, identify water quality issues affecting
the Colorado River that are not adequately addressed by existing institutions and regulations,
coordinate an inventory of water quality concerns, develop a watershed-based, coordinated
monitoring strategy, and develop an electronic repository of information related to Colorado
River water quality.  This work will lay a strong foundation for a meeting of the Governors
and help them tackle the issues affecting water quality in the River in a meaningful way.
Similarly, follow-up meetings of the water quality administrators also should be held on a
regular basis to ensure that work on Colorado River water quality issues moves forward with
the coordination and collaboration of all the Basin States.
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Chapter 2
Nutrients
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Pollutant Description of Nutrients
Nutrients are a special group of chemical elements and compounds that supply plants
with the necessary potential energy that is utilized during metabolic processes, along with
sunlight, to convert carbon from carbon dioxide into organic carbon compounds.
Important nutrients such as compounds of carbon, nitrogen, phosphorus, and sulfur are
common at some concentration in the environment.  Phosphorus, organic carbon, and
sulfur do not pose direct health concerns, yet concentrations above 1.0 mg/l of mobile
ortho-phosphate compounds in the aquatic environment can lead to algal blooms, which
lead to low dissolved oxygen levels and fish kills when dead algae decompose.
Concentrations of phosphate approaching 1.0 mg/l in surface and ground water are
generally absent in the Lower Colorado River system. Among the U.S. Environmental
Protection Agency (EPA) and the three states bordering the lower Colorado River, only
Nevada’s Department of Conservation and Natural Resources has mandated water quality
standards in Lake Mead and along the Colorado River for phosphate (0.05 mg/l).

Arizona Department of Environmental Quality (ADEQ), U. S. Geological Survey, and U. S.
Fish and Wildlife Service water analyses for phosphate over the past 15 years on the
Colorado River main stem and the Bill Williams River have yielded up to 0.7mg/l in the
Bill Williams River and up to 0.45 mg/l in the Colorado River above Diamond Creek in
the Grand Canyon. Phosphate concentrations on the main stem between Lake Mead and
Morelos Dam north of Yuma have been consistently below 0.1 mg/l.  

Organic carbon and sulfur, usually as sulfate, are generally found at modest quantities in
surface and ground water along the River system, although a few samples have yielded
sulfate at levels above its 250 mg/l secondary Maximum Concentration Level (MCL) for
safe drinking water. The secondary MCL is a non-enforceable aesthetics-based guideline
of the federal Safe Drinking Water Act.  Total organic carbon levels measured in the
Colorado River by the Central Arizona Water Conservation District and other surface
water users generally have been less than 10mg/l, but may have higher concentrations
during flooding events. There are no direct federal regulations in place on its concentration,
yet dissolved organic carbon compounds in surface water may react with chlorine-based
disinfectants to yield trihalomethane and haloacetic acid by-products, which are regulated
by the EPA.

Role of Nitrogen

Nutrients like nitrogen are necessary for healthy waters, but high levels of nutrients can
cause a number of problems, ranging from nuisance algae blooms and cloudy water to
threatening drinking water and harming aquatic life.

Nitrogen can exist in several forms (i.e. nitrate, nitrite, organic nitrogen, and ammonia
nitrogen), two of which, nitrite and nitrate, are harmful to humans, livestock and wildlife
when present in sufficient quantities.  Both forms may pose a potential health threat.  In
addition to causing deleterious health effects on humans and livestock,  elevated concen-
trations of nitrogen (and phosphorus) can cause eutrophication of receiving streams and 

Chapter 2 - Nutrients
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lakes.  Elevated concentrations of nitrate can also be accompanied by higher than normal
counts of fecal-indicator bacteria, which may indicate the presence of pathogenic bacteria,
viruses, and protozoa.  Since nitrate impacts are more widespread than other forms of
nitrogen, the following sections are dedicated to a summary description of nitrates, their
potential sources, their influence along the lower Colorado River, and mitigation efforts
to minimize nitrate concentrations in the aquatic environment.

Nitrogen gas composes 78% of the earth’s atmosphere in the form of N2, which is con-
verted or fixed to either an oxygenated compound like nitrate (NO3) or nitrite (NO2), a
hydrogen compound like ammonia (NH3), or a nitrogen-bearing organic compound, by
plants, natural atmospheric processes (lightning), or by industrial processes. The nitrogen
cycle in nature includes the fixation of nitrogen by plants and the atmosphere into the
above mentioned compounds and denitrification (a series of chemical reactions to
reduce nitrogen) back to nitrogen gas into the atmosphere via bacterial metabolic
processes. This cycle has been altered on a global basis with the advent of agriculture
and industrial manufacturing.

Nitrogen in surface or ground water can be reported in terms of total nitrogen, nitrate-
nitrogen, nitrite-nitrogen, ammonia nitrogen, and Kjeldahl nitrogen (the sum of organic
and ammonia nitrogen). The last two nitrogen forms are important as indicators of nearby
organic sources such as septic tanks where microorganisms produce ammonia while
decomposing organic matter. Ammonia is highly mobile and is easily oxidized so that
ammonia levels far away from the source are usually low in groundwater. Nitrites, usually
an intermediate product of ammonia oxidation, also are oxidized when exposed to aerobic
groundwater and are converted rapidly to nitrates. Nitrite levels are usually low in the
groundwater system, but may be elevated near organic sources. Chemically, nitrates are
soluble in groundwater and are very mobile, traveling far from their source. They may persist
in surface water if high enough levels are brought to the surface in sufficient quantities.

Sources

In pristine natural environments, free nitrogenous compounds such as ammonia, nitrite
and nitrate are extremely scarce, virtually all the available nitrogen is 'locked away' as
plant or animal protein.  But today, even natural environments, such as lakes or rivers
can be affected by high levels of ammonia, nitrite or nitrate. 

Potential sources for nitrates in the Colorado River and adjacent shallow groundwater
may be grouped into point sources (places that can be specifically identified) such as
industrial and municipal wastewater treatment facilities and landfills, or as non-point
sources (broad areas of impact) such as marinas, wastewater lagoons and other surface
impoundments, irrigated agriculture, urban run-off, animal feeding operations, septic tanks,
fertilizer or manure applications to landscape, vehicle exhaust, atmospheric deposition,
and nitrogen fixation from natural processes.  Nitrates are also found in uncooked and
cooked vegetables and nitrites in cured meats, but in much greater concentrations.

The impact of growth on wastewater treatment facilities coupled with aging infrastructure
is of particular concern.  Overloaded treatment facilities, even those that include treatment
processes specifically designed to remove nutrients can discharge significant quantities of
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Figure 2-1: Potential nitrate pathway in a domestic water use system.

nitrogen to surface waters.  Effected surface impoundments like percolation ponds, can
contribute large quantities of nitrogen to groundwater. Aging infrastructure can contribute
nitrogen to both ground and surface water through Sanitary Sewer Overflows (SSO) and
leakage.

Large numbers of septic tanks along the River, both in rural and semi-urban areas,
contribute to the nitrate load of the shallow groundwater system that is hydrologically
connected to the River. Lake Havasu City, Bullhead City, Parker, and smaller communities
along the River either have or have had high septic tank densities where the potential for
nitrate influx into the River system is high.  Effluent from a septic tank system can have a
total nitrogen content of 25 to 60 mg/l, most of which is ammonia and less than 1% is
nitrate. Ammonia is rapidly oxidized in the leach fields, however, producing significant
quantities of nitrate. Nitrates will migrate in groundwater and enter drinking water wells
down slope that are tapping the same aquifer, which leads to consumption (Figure 2-1).

Agriculture along the Colorado River in Mohave County occurs in Mohave Valley, north
of Topock to Bullhead City.  Southward along the River agriculture is more widespread
in La Paz and Yuma counties in Arizona and San Bernardino, Riverside, and Imperial
counties in California.  ADEQ studies in the 1990s along the river from Mohave Valley to
Yuma found nitrate concentrations as high as 122 mg/l in well water from agricultural
sources adjacent to the River.  Fertilizer and pesticide applications as well as decomposing
organic matter (unused crops, animal feed grains, and manure from farm animals) may
contribute nitrogen in the form of nitrates that percolate to the shallow groundwater
system, which is connected to the River, and that are caught in runoff directly to the River
during precipitation events and/or continuously from drainage ditches. 

The California Regional Water Quality Board’s Colorado River Basin Region is placing a
strong emphasis on surface and groundwater monitoring and protection.  One of their
high priority issues from the 2004 Triennial Review is to develop guidelines for sewage
disposal from land developments.  The Regional Board currently only regulates approxi-
mately 3,000 of 28,000 systems known to be in existence.
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Effluent from percolation ponds or infiltration beds at wastewater treatment plants is a
source of a certain amount of nitrate to the subsurface that migrates to the River system.
Cities that dispose effluent in this way include Lake Havasu City, Bullhead City, and
Blythe, California.  Some facilities such as at Las Vegas and Laughlin, Nevada, Needles,
California, Quartzite and Yuma, Arizona, and St. George, Utah have obtained variations
of the NEPES permit to dispose treated effluent directly into the Colorado River System.

Las Vegas releases A+ treated effluent into Las Vegas Wash, part of which has been
transformed into a wetland filtering system. The water eventually flows into Lake Mead.
Two Nevada cities (Las Vegas and Henderson) and Clark County, Nevada  (the “Clean
Water Coalition”) also have proposed to discharge up to 450 million gallons per day of
treated effluent directly into Lake Mead. St. George’s treated waste water is disposed into
the Virgin River, which also empties into Lake Mead. The permits for disposal include
regulations to keep nitrate concentrations as low as possible and always below the EPA’s 10
mg/l MCL.  These plants may also distribute the effluent for irrigation to golf courses and
other landscape properties where nitrates may undergo fixation to organic nitrogen
compounds.

Landfills, if unlined or not lined properly, can also be a source of ammonia-nitrogen from
decomposing organic matter, such as food spoils, which, under oxidizing conditions is,
converted to nitrate.  Landfills such as those at Lake Havasu City, Mohave Valley,
Needles, and Quartzite occur adjacent to the Colorado River, but their affect on the
River system with respect to nitrates is not currently known. 

Fertilizers have application beyond agricultural practices. They are used for landscape
activities, such as keeping grass green for golf courses, ball fields and municipal/commercial/
school/ government landscaping.  Heavy applications can lead to elevated levels of
nitrates in shallow groundwater that are not consumed by plants.

Ammonia-nitrogen associated with the uranium tailings near Moab, Utah also threatens
Colorado River water quality.  Ammonia concentrations near the source may be as high 
2 mg/l, which is dangerous to fish and other aquatic life in the river.  Local fish kills may
result at and just downstream from the source.  The threat decreases downstream as the
ammonia oxidizes into nitrates in the River.
Recreation along the River, including boating and camping, contributes relatively small,
dispersed quantities of human waste, yet increased recreation use through population
growth  will lead to greater impacts on the aquatic system. 

A natural potential source of nitrates in the surface and ground water systems in the
desert Southwest is from the subsoils or alluvium (gravel and sand) covering the bedrock
of the mountains adjacent to the River.  This source may be only significant during very
wet years when the alluvium is thoroughly saturated and nitrates are leached into the
shallow groundwater system.  Nitrate salts blown from playa lakes further west may be
picked up into the atmosphere by high winds and deposited in the region. These salts are
carried into the subsoil and accumulate until a period of water saturation leaches the
nitrates into mobile form and they are carried down slope in shallow groundwater or by
surface runoff. This hypothesis is supported by regional studies that have detected elevated
nitrate levels in subsoils of the Mojave and Sonoran deserts.  Studies at the City of
Tucson’s Sweetwater surface recharge facility also indicate residual nitrates unused by
plant roots in the vadose zone are mobilized by infiltrating water.

O_NPCA-CBD et al 2

22

Water Quality Impacts

Health Concerns

Health impacts from consumption of high nitrate-bearing water mostly involve infants less
than six months old. Children this young have not yet developed the hydrochloric stomach
acid used to help digest food. The lack of acid and the abundance of nitrate in the stomach
act to support nitrate-reducing bacteria that convert nitrate to nitrite, which combines
with hemoglobin in the blood stream to form methemoglobin. This substance cannot
carry enough oxygen to the rest of the body, resulting in asphyxiation, a chocolate brown
color to the blood, and bluing of the skin (a condition known as “blue baby syndrome”),
and eventually could lead to death.  Pregnant women, adults with reduced stomach acid,
and people deficient in the enzyme that changes methemoglobin back to normal hemo-
globin are also at risk in developing nitrite-induced methemoglobin. Nitrates are metabolized
in the body and passed through the system without being reduced to nitrites. Nitrate has
also been tentatively linked to increased rates of stomach cancer, birth defects, miscarriage,
leukemia, Non-Hodgkin's lymphoma, reduced body growth, slower reflexes and increased
thyroid size. Prolonged exposure to very high nitrate levels can produce gastric problems
and even cancer in laboratory animals. 

Nitrites are generally worrisome for all children because they can interact with other
substances in the body to form a potential cancer-causing chemical called nitrosamine.
Livestock and wildlife are also susceptible to the same nitrite and nitrate toxicity.  Young
cattle and sheep, including desert bighorn sheep, are especially vulnerable as are all ages
of horses, yet their tolerated consumption levels are about ten fold above those for humans.

Ecological Concerns

In addition to its health effects on humans, nitrates have significant impacts on waterbodies.
Eutrophication is the natural aging process of lakes and rivers.  As these waterbodies
become better nourished with the input of nutrients and sediment through erosion and
precipitation, they gradually become shallower, warmer and more biologically active. 

The aging process is accelerated when high levels of nitrogen found in untreated or poorly
treated residential, municipal and industrial wastewaters is discharged to the River. The
excess nitrogen over stimulates the growth of aquatic weeds and algae.  Excessive growth
of these types of organisms consequently clogs waterways.  Algal blooms block light to
deeper waters and deplete dissolved oxygen as they decompose. This proves very harmful
to aquatic organisms as it affects the respiration ability of fish and other invertebrates that
reside in water.  Fish kills as well as changes in the types and numbers of aquatic species
are not uncommon in lakes and rivers where eutrophication is accelerated by such discharges.
Ultimately, eutrophication will fill the lake or water way with sediment and plant material.

EPA and ADEQ Regulations

The EPA through the 1974 Safe Drinking Water Act, has set standards for nitrogen
compounds in surface and ground waters that are used in public drinking water supplies.
MCLs are enforceable regulations that limit the amount of nitrate-nitrogen and nitrite to
10 mg/l and 1 mg/l, respectively.  ADEQ, California EPA, and the Nevada Department of
Conservation and Natural Resources have adopted these standards at the state level.
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In addition, Title 18, Chapter 11, Article 4 of the Arizona Administrative Code (R18-11-405)
contains a narrative for aquifer water quality standards. The narrative standard may be
applied to an aquifer if nitrate “impairs” existing or reasonably foreseeable uses of
water in an aquifer.

Detected Nitrate Concentrations

Nitrate impacts on the Colorado River channel are largely unknown. Groundwater samples
from wells adjacent to the river, however, show variable levels of nitrates up to ten times
the MCL standard.  Nitrate concentrations exceeding these standards have been detected
in Bullhead City, Mohave Valley, Lake Havasu City, Cibola, and in the Yuma region.

Nitrate levels from wells in Lake Havasu City steadily rose from 1 mg/l in the1970s to as
high as 40 mg/l in 2001, and leveling off since then to highs in the 20mg/l range in 2005.
Elevated nitrates also have been detected in wells adjacent to tributaries of the lower
Colorado River, particularly along the Gila River in Yuma County, Sacramento Wash near
Kingman, and in Detrital Valley in northwestern Mohave County.

Shallow groundwater systems adjacent to the River or reservoirs are directly connected, with
groundwater flow directions changing as the surface water rises and falls in response to water
delivery requirements. Computer modeling of the aquifer adjacent to the shoreline of Lake
Havasu has shown that fluctuating groundwater flow has a direct impact on the transport of
nitrates. Although slow, net flow of groundwater and nitrate migration is towards Havasu
Lake. Lower River and lake conditions due to the drought will speed the migration of
nitrates from groundwater to lake water.
Runoff from the Mohave and Bill Williams mountains east of Lake Havasu City after precipi-
tation events that took place from July 2004 through February 2005, had dissolved
nitrates with concentrations as high as 25 mg/l and averaging between 5-10 mg/l. There
is no land development in these areas and nitrates are probably leached from subsoils
containing naturally fixed concentrations of nitrate compounds.

Water samples collected and analyzed by the U. S. Geological Survey and EPA along the
Colorado River over the past 30 years can be found at the following Web sites:  
http://nwis.waterdata.usgs.gov/az/nwis/qw  and 
http://www.epa.gov/STORET/dw_home.html
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Current Mitigation Efforts

Treatment options for nitrate removal from municipal and industrial wastewater include
Biological Nutrient Removal (BNR), reverse osmosis, ion exchange, electrodialysis, distillation
and blending.  The first four methods are approved by the EPA.  

Biological nutrient removal (BNR) is the process whereby nutrients are removed from waste-
water in addition to the organic content (historically the focus in conventional municipal
wastewater treatment). BNR for nitrogen is generally accomplished in two steps: The first
step is nitrification during which non-photosynthetic bacteria, usually of the nitrosomonas
genus, convert ammonia to nitrites. Nitrification is accomplished by the extending the aeration
time in a conventional wastewater treatment system to encourage the growth of nitrogen-
consuming bacteria. The second step is denitrification. Denitrification is accomplished by adding
a tank that operates under anoxic conditions to encourage the growth of nitrite-converting
bacteria, generally the nitrobacter genus, which convert nitrite to inert nitrogen gas.

Enhanced Nutrient Removal or ENR takes water that has gone through the Biological
Nutrient Removal (BNR) process and further refines the effluent physically, bio-chemically or
chemically to reduce nitrogen and phosphorus levels. ENR can reduce nitrogen to 3 mg/L
and phosphorus 0.3 mg/L respectively, whereas BNR is generally only effective for nitrogen
down to 5 mg/L.

Reverse osmosis forces water through a membrane to segregate salts such as nitrates.  Ion
exchange replaces nitrates in water with chlorides when water is run through an exchange
resin. Individual reverse osmosis systems are commonly used in residences to remove the
high dissolved solids and minerals and to improve water taste. Electrodialysis employs electricity
to drive ions through a semi-permeable membrane from one solution to another and
compartmentalizes the water into a low electrolyte treated water area and a high electrolyte
brine area.  Distillation boils water to steam and collects the steam to turn back to water,
thus purifying it.  Blending water simply means diluting nitrate laden water with water in
which nitrate concentrations are very low.

Since these treatments are expensive on a community size basis, elimination of the source is
the most cost effective alternative.  Lake Havasu City and Bullhead City have instituted sewer
expansion programs to reduce the number of septic tanks and drain fields along the
Colorado River.  There are twenty-two other entities along the River with wastewater
improvement projects that have been recently completed, are currently under construction, are
scheduled, or are proposed within the next 20 years that will increase cumulative treatment
capacities by tens of millions of gallons per day. The cumulative project costs may be more
than $2.9 billion.

A major share (80%) of the improvement costs will occur along the reach of the River
between Davis and Parker Dam. The continued rapid growth along the Colorado River,
particularly in Mohave and Yuma counties in Arizona and all along the California side of the
River, will challenge mitigation efforts if the developments are not well planned with respect
to wastewater disposal.  Ultimate disposal and quality of effluent produced from these projects
will determine their effectiveness in reducing nitrate threats to the River.
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Fertilizer application on agricultural fields is regulated in Arizona according to Arizona
Administrative Code R18-9-402, as directed by Arizona Revised Statute §49-247, which
require best management practices. These best management practices include the timing and
amount of application, ground preparation, and irrigation after application. Implementation
of these best management practices is intended to minimize nitrate leaching to the subsurface
and periodic soil testing is required to monitor the progress of nutrient accumulation.

Some agriculture along the River has been curtailed, where fields have been laid to fallow or
are in the process of being converted to wildlife habitat or are included in planned develop-
ments. Over 1300 acres of adjacent River property on the Arizona side at Cibola, south of
Interstate 10 in La Paz County, will be used by the Multi-Species Conservation Program to
develop riparian and upland habitat over the next 10 to 20 years.  Further south on the
California side of the river, an additional 3300 acres is also being considered for conversion
at the Palo Verde Irrigation District. Other farmers have fallowed their land in cooperation
with other state and federal programs.  Developments are appearing where agriculture was
once practiced in Mohave Valley and at scattered parcels in La Paz County.  Less cropland
means less fertilizer application, reducing the potential for nitrate introduction to the shallow
groundwater and the River, however developments that include residential septic systems in
their plans will continue to contribute nitrates to the shallow groundwater and the River.

Basin-wide watershed approaches through interagency coordination efforts concerning land-
use are underway to study the effects of nutrients on the Colorado River system.  ADEQ has
conducted groundwater baseline studies with the help of the Arizona Department of Water
Resources.  The Multi-Species Conservation Program, administered by the Bureau of
Reclamation, is an integration of federal, state, and local agencies and non-profit and private
organizations to develop comprehensive, working programs for restoring or generating habitat
along the lower Colorado River to protect endangered species.  Part of the program’s mandate
is to monitor and mitigate contaminant problems that may affect restoration efforts.

Recommended Solutions for Implementation and Funding

Water quality monitoring efforts by the various agencies with respect to nutrients (in particular
nitrate and phosphate) along the River system, including groundwater supplies, by federal,
state and local agencies should continue.  This is a cost effective measure to gauge any
impacts from known problem areas and to identify any new areas of concern. 

Current mitigation in the form of septic to sewer conversions in Bullhead City and Lake
Havasu City should continue to eliminate their nitrate sources. Similar work needs to be done
in other River communities. Conventional sewage treatment methods denitrify wastewater
that otherwise would load nitrates to the subsurface and potentially to the lake. Those waste-
water infrastructures already in place along the River should also be reviewed and evaluated
as to their condition, efficiency and capacity.  Some of these systems have been in place for
many years. Upgrades and repairs should be implemented to those systems identified. Annual
reports could be sent to the Colorado River Regional Sewer Coalition (CRRSCo), a diverse
group of state and local agencies, Native American tribes and other organizations that have
been formed to study regional sewer issues, protect and enhance water quality in the area of
the lower Colorado River, and obtain federal funding for water quality improvements in the
River.
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To ensure that wastewater systems in new developments are built to accommodate future
growth and provide adequate treatment and disposal capacities, ADEQ should: 
• Coordinate with the state designated planning agencies to review and establish a process,

to adjust, if necessary, the regional water quality management planning program in regard
to wastewater planning. Particularly, planning for discharge locations, wastewater facility
design, adequate treatment and disposal capacities, adequate treatment and disposal
methods and effluent water quality should be addressed in the review. 

• Make certain that treatment performance requirements for all new sewage treatment facilities
(R18-9-B204) are met and require existing facilities to be upgraded to meet best available
demonstrated control technology (BADCT)

ADEQ and other agencies should continue to monitor Nevada’s Clean Water Coalition project
to discharge up to 450 million gallons per day of effluent directly to Lake Mead immediately
upstream of Hoover Dam.  Further, ADEQ and other agencies should continue to monitor
the U.S. Department of Energy’s (DOE) action to move the 12 million tons of radioactive
uranium tailings away from the Colorado River to a holding site 30 miles away at Crescent
Junction, Utah. Moving the uranium tailings will reduce the threat of ammonia-nitrogen to the
Colorado River. DOE plans to begin the move in the spring of 2006.

The types of fertilizers and methods of fertilizer applications on golf courses should be
reviewed and recommendations developed to minimize excess nitrate available to the
underlying aquifers. This may be accomplished through state and local agencies and university
or private research.

Lastly, educating the public is an important aspect to minimize nutrient (nitrate) leaching into
the River.  Many small developments with residential septic tank systems will probably not be
converted to a collection system in the near future, so imparting knowledge of wise septic
maintenance will help minimize septic failures.  Similarly, alerting the public to
wise recreational practices concerning human waste (such as through boating safety courses)
will help reduce direct impact on the River.

Potential Funding Sources

The CRRSCo has been involved in assessing the nutrient conditions of the River system and
has acted to seek federal funding.  As a result of their lobbying efforts, Lake Havasu City was
awarded in 2005 a federal earmark grant of $1.5 million to help their sewer expansion
program. This group is working to secure more federal funding for water quality improvement
projects along the lower Colorado River.
Colorado River communities formed CRRSCo to educate federal government leaders about
and advocate for federal resources to address water quality issues on and near the Colorado
River, particularly the potential problems posed by high concentrations of residential septic tank
use and potential nitrate contamination in communities along the River.  In accordance with a
draft Bureau of Reclamation study regarding the nitrate problem along the Colorado River,
CRRSCO estimates more than $2.4 billion is needed to construct infrastructure to alleviate
the water quality problem.  Taking into account current and planned activity along the River,
CRRSCO estimates that there is a $2 billion gap between available funding and the amount
required to meet the wastewater infrastructure needs along the river.  CRRSCO proposes a
federal funding solution to these water quality issues employing a model similar to the Great
Lakes Initiative or the Chesapeake Bay Program, and the Alliance strongly believes that
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federal involvement and funding is needed. State and local governments simply do not have
the resources to fully fund the infrastructure needed to protect the Colorado River from
further degradation from nitrate concentration caused by inadequate sewage treatment. 

The U. S. Department of Agriculture, through their Rural Information Center (RIC), provides
extensive information and referral services to local, tribal, state and federal government officials,
community organizations, rural electric and telephone cooperatives, libraries, businesses and
citizens working to maintain the vitality of America's rural areas
(http://www.nal.usda.gov/ric/ruralres/funding.htm).  An example of RIC’s listings is the Small
Community Water Infrastructure Exchange (SCWIE), which is a network of water funding
officials. Under the auspices of the Council of Infrastructure Financing Authorities (CIFA), a
group of public and non-profit environmental funding and technical assistance officials have
come together to create SCWIE.  Within the SCWIE there is the Environmental Finance
Center Network, a unique program of university-based Technical Assistance Centers that
provide environmental finance outreach services to help regulated communities create inno-
vative solutions to help manage the cost of environmental protection covering a wide array
of environmental concerns, including water-related issues. Among these water-related issues
are: financing issues for water quality, quantity, erosion control, preservation and infrastructure.

State level funding is available to help with infrastructure construction and maintenance.
In Arizona, funding in the form of low interest loans are available through the Water
Infrastructure Finance Authority (WIFA), an independent state agency authorized to finance
the construction, rehabilitation and/or improvement of drinking water, wastewater, waste-
water reclamation, and other water quality facilities/projects.  The Greater Arizona
Development Authority (GADA), an agency to provide financial assistance to political
subdivisions, special districts and Indian tribes to finance or refinance infrastructure projects,
is another potential funding source that is appropriate for wastewater expansion and repair
projects.

In California, the Division of Financial Assistance (DFA) administers the implementation of
the State Water Resources Control Board's (WRCB) financial assistance programs, which
includes loan and grant funding for construction of municipal sewage and water recycling
facilities, remediation for underground storage tank releases, watershed protection projects,
and nonpoint source pollution control projects. DFA also administers the Office of Water
Recycling and the Water and Wastewater Operator Certification Program. The WRCB also is
the lead agency that administers the 319 Program of the Clean Water Act Section 319(h)
nonpoint source Implementation Grant in California.  In Arizona, ADEQ’s Water Quality
Division administers 319(h) funds. The goals of the funding program are to reduce, eliminate,
or prevent water pollution resulting from polluted runoff (i.e., nonpoint sources of pollution)
and to enhance water quality in impaired waters.  Funds available through the 319 Program
are directed towards nonpoint source implementation projects that will achieve those goals.
Also within California is the Clean Water Team Citizen Monitoring Program, which provides
funding resources and a list of foundation and governmental grants for projects dealing
with the environment and water quality monitoring.  

In Nevada, the Drinking Water State Revolving Fund is a federal program administered by the
Bureau of Water Pollution Control Nevada Division of Environmental Protection, to provide
free technical assistance and low-interest loans to private and public water systems in
Nevada to ensure compliance with regulations of the federal Safe Drinking Water Act.
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Action Plan for Implementation and Funding

Following the recommendations from above, an action plan outline is offered:

• Continue existing wastewater improvement projects, with continued extensive search for 
outside funding sources to help pay for these projects.

• Identify areas of wastewater infrastructure improvement needs where improvement 
projects are not ongoing.

• Identify risk areas where nitrate contamination may exist or have a potential to develop.
• Prioritize those areas of 2) and 3) in terms of greatest needs based on contamination risk 

and expense of implementation.
• Search for funding to carry out the mitigating programs.
• Have ADEQ review (and revise if needed) their wastewater standards and practices to 

ensure that new developments have adequate sewage treatment capacity.
• Advocate for federal funding and support the efforts of CRRSCo to obtain federal funding.

Projects, which may include wastewater construction projects if effluent is reused, are funded
either as a loan out of the "account for the revolving fund" or as a non-construction project
out of the "account for set-aside programs."

Other agencies that are stakeholders in water quality of the lower Colorado River and may
be a source of funding are the Metropolitan Water District of Southern California and the
Central Arizona Project.
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Chapter 3
Metals
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Chapter 3 - Metals

Pollutant Description
Metals as a Water Pollutant

A metal is a basic chemical element that readily forms ions and metallic bonds. Metals
are one of the three principal groups of elements, along with the metalloids and nonmetals.
On the periodic table, a diagonal line drawn from boron (B) to polonium (Po) separates
the metals from the nonmetals. Nonmetal elements are more abundant in nature than
are metallic elements, but metals in fact constitute most of the periodic table. Some well-
known metals are aluminum, copper, gold, iron, lead, silver, titanium, uranium, and zinc.

All surface waters contain metals, generally appearing in colloidal, particulate, and dissolved
states. Metals in surface water can result from both human activities and natural sources.
Dissolved concentrations of metal ions are generally low, with most metals appearing in
various oxidized forms, in combination with other elements, or adsorbed to clay, silica, or
organic matter. The solubility of metals in surface waters is predominately controlled by
the water chemistry (including pH), the type and concentration of other materials on
which metals can adsorb (including substrate sediments and suspended sediments), the
oxidation state of the minerals in which the metal is found, and other environmental factors.
For example, sediment composed of fine sand and silt will generally have higher levels of
adsorbed metal than will quartz, feldspar, and detrital carbonate-rich sediment. Metals
have a high affinity for humic acids, organo-clays, and oxides coated with organic matter. 

Water chemistry controls the rate of adsorption and desorbtion of metals to and from
sediment. Adsorption removes free-floating metals from the water column and stores the
metal in substrate. Desorption returns the metal to the water column, where recirculation
and bioassimilation may take place. Metals may be desorbed from the sediment if the
water experiences increases in salinity, decreases in redox potential (such as under oxygen
deficient conditions), or decreases in pH. 

Several metal ions such as sodium, potassium, magnesium, and calcium are essential to
sustain biological life. At least six additional metals also are essential for optimal growth,
development, and reproduction, i.e. manganese, iron, cobalt, copper, zinc, and molyb-
denum. However, where these metals are present in water in more than very small
quantities, there is a danger of overdose, which can have toxic effects. In addition to the
metals that are essential for life, water may also contain toxic metals like mercury, lead,
cadmium, chromium, silver, selenium, aluminum, arsenic, and barium. These metals can
cause chronic or acute poisoning as well as a host of other health problems in humans
and wildlife. Arsenic and cadmium, for instance, can cause cancer. Mercury can cause
mutations and genetic damage, while copper, lead, and mercury can cause brain and
bone damage.

Metals can be transmitted to the environment through direct use of mining in ores, the
burning of fossil fuels, leaching from landfills, or industrial discharges. Agriculture can also
contribute to metal pollution as these elements are contained in some pesticides and as
trace constituents in fertilizer. The trace elements end up in water systems through
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atmospheric rain, agricultural run-off, mining wastes and domestic sewage. The
hazardousness of metals can be dramatically increased as a result of bioaccumulation in
the food chain. 

One the key factors of metal pollution is that metals are not biologically or chemically
broken down in nature. This stability also lets them be carried long distances through air
and water. Most metals are hazardous for any aquatic ecosystem as well as for human
health if they are present in any significant concentrations, although their ultimate polluting
potential depends not only on their concentration in water but also on the form in
which they are present. With the exception of mercury, the toxicity of metals is generally
due to their presence in ionic form; combined forms and precipitated forms are generally
less hazardous, although they can be liberated from these forms if water chemistry is
unfavorable. As a result, conditions that favor the formation of metal ions (such as high
salinity, low dissolved oxygen, or low pH values) generally increase the risk of metals
contamination.

After reviewing available water quality information for the lower Colorado River Basin,
the Alliance decided to focus on the following four metals: selenium, chromium, mercury
and uranium. Each of the four metals are discussed separately.
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Pollutant Description of Selenium
Selenium is a metalloid, having characteristics of both metals and nonmetals.  It occurs in
nature either as a cation in compounds of sulfide, arsenide, and oxygen, or as an anion,
replacing sulfur.  Selenium’s mobility in the subsurface is limited by the large stability
fields of the selenide anion and elemental selenium and is further limited by the strong
sorption of the Se(IV) oxyanion to hydrous oxides.  Selenium is mobile under high oxidation
and low pH conditions.

In the Colorado Grand Canyon Watershed, the following stream segments are impaired
due to selenium concentrations in excess of water quality standards: the Colorado River -
Parashant Canyon to Diamond Creek and in the Virgin River - Beaver Dam Wash to Big
Bend Wash.  In the Colorado/Lower Gila Watershed, the following stream segments are
impaired:  the Colorado River - Hoover Dam to Lake Mohave and in the Gila River -
Coyote Wash to Fortuna Wash.

Sources

Marine sedimentary rocks and deposits of the Late Cretaceous and Tertiary are generally
seliniferous in the Western United States.  Irrigation of these rocks and deposits where
exposed can result in concentrations of selenium in water (Seiler, et al., 1999). In the
Colorado River Basin, seliniferous deposits, as sources of selenium in downstream water,
have been investigated in the Grand Junction and Montrose areas of Western Colorado,
near the San Juan River in Northwestern New Mexico and associated tributaries in
Southwestern Colorado, and in areas along the Green River in Utah (Seiler, et al., 1999).
Selenium oxy-compounds are concentrated in ores together with uranium roll front
deposits in Wyoming near the head waters of the Colorado River.

Water Quality Impacts

Human Health Effects

Trace amounts of selenium in the human diet is essential as a nutrient that is incorporated
into an enzyme, glutathione peroxidase, that protects cells from oxidation.  Selenium can
also help in breast cancer treatment and  retard the toxicity of cadmium, mercury, thallium,
and silver by altering the way they react with the body.  Selenium deficiency, although
rare in humans, can lead to Keshan disease, which can lead to congestive heart failure.
However, some studies indicate a possible correlation of high selenium diets with cancer,
although not all such studies confirm this relationship. One case history of selenium
poisoning from the People’s Republic of China in the 1960s noted that patients’ symptoms
included disorders of the skin, nervous system, and teeth. That incident was related to
eating food grown in high selenium soils, which were contaminated from nearby weathered
coal containing high selenium concentrations.

Most selenium problems appear to be related to farm animals, but may also affect
wildlife.  Two major disorders with farm animals are blind staggers and alkali disease.
Animals with blind staggers show acute symptoms of impaired vision, a depressed
appetite, and wandering in circles after consuming plants with high selenium content.
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Alkali disease develops after chronic exposure in which animals exhibit emaciation, loss
of hair, deformation and shedding of hooves, loss of vitality and erosion of the joints of
long bones.

Elevated concentrations of selenium was identified as the cause of mortality, congenital
deformities, and reproductive failure in aquatic birds at Kesterson Reservoir on the
Kesterson National Wildlife Refuge in the San Joaquin Valley in California in 1983
(Ohlendorf, et al., 1988).  Investigation of sources of selenium in soil in the Western
United States began in the 1930s after discovery that selenium in pasturage was the
cause of a fatal disease afflicting cattle and horses (Seiler, et al., 1999).  Selenium is also
known to be detrimental to mammalian life when exposed to higher than trace levels.

A recent study conducted in the Colorado River Delta in Mexico (García-Hernández,
2005) found elevated levels of selenium in bird eggs throughout the Delta ecosystem.
The mean concentration found in samples of marsh wren eggs exceeded the U.S. level of
concern for selenium levels in aquatic ecosystems (generally 5 parts per billion). Based on
comparisons of concentrations between wetland-inhabitant birds and birds nesting in
terrestrial environments, and previous studies that have found elevated selenium levels in
birds along the lower Colorado River (including the Cibola and Havasu National Wildlife
Refuges) the study concluded that the likely source of this contamination is from the U.S.
portion of the Colorado River as opposed to local soils in Mexico. 

Current Mitigation Efforts

In general, two approaches are used to manage selenium pollution.  First, management
of irrigation of seleniferous deposits can reduce mobilization of selenium.  Secondly,
avoidance of concentration of river water containing selenium to problematic levels can
avoid exposing aquatic biota to harmful levels. Additionally, the ADEQ includes discharge
limits for selenium in its point source discharge permits based on chronic criteria of 2
parts per billion.

Another potential approach involves flushing flows through systems affected by selenium
accumulation.  In the upper Colorado River this practice has proved to remove selenium
concentrations in the water, sediments and biota (Hamilton, et al., USGS, 2003), however
this may not be feasible throughout areas affected in the Lower Colorado River.

Following the identification of selenium as a problem at Kesterson Reservoir, the United
States Department of the Interior implemented, in 1985, the National Irrigation Water
Quality Program to study the effects of irrigation drainage on water resources.  Seiler, et
al., 1999 reported findings of investigations of that program.  The U.S. Fish and Wildlife
Service has sampled biota on the Havasu, Cibola, and Imperial National Wildlife Refuges
on the lower Colorado River to determine if selenium toxicity was problematic in those
areas. Combined, these efforts reveal the bioaccumulation of selenium in the aquatic
food chain in these areas is evident in vegetation, invertebrates, birds and fish to levels
that may be affecting eco-system productivity.  Tissue sampling trends suggest continued
accumulation over time may impact species diversity, and human health through regular
bird or fish consumption (Rusk, 1991, King, et. al. 1993, Andrews et. al. 1997, Lemly et. al.
1996, Welsh et. al. 1994).  A summarization of studies to mediate selenium food chain
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Recommended Solutions for Implementation and Funding

Support continued funding for the Colorado River Basin Salinity Control Program to
reduce salt loading in areas with sources associated with seleniferous deposits.

Encourage the Colorado River Basin Salinity Control Forum to address the constituents of
salinity in areas where there are water quality impacts due to those individual constituents.
Local officials should avoid development projects or programs that will result in further
concentrations of selenium in areas that will affect local drinking water sources or will be
frequented by birds and other wildlife (such as evaporation ponds, isolated backwaters
without adequate circulation, or concentrated agricultural drains). 

Develop coordinated monitoring activities, potentially through the Lower Colorado River
Multiple Species Conservation Program (MSCP) to determine trends of selenium concen-
trations in both the water column and target species throughout the lower Colorado
River.
Monitor fish tissue for selenium concentrations of species most commonly consumed by
humans on a revolving three year basis from Lake Havasu to the international border.

impacts concludes toxic thresholds for waterborne selenium concentrations should be
established at less than or equal to .003 mg/L in water (Maier et. al. 1994)

The Salinity Control Act of 1974 created the Colorado River Basin Salinity Control
Program to plan and construct projects to reduce salt loading to the Colorado River (see
Chapter 7 - Salinity). Improvements to irrigation infrastructure in seleniferous areas can
reduce selenium loading significantly (Butler, D.L. 2001). In management of backwater
areas along the lower Colorado River, such as through the Lower Colorado River Multi-
Species Conservation Program, management of circulation, including funding, to avoid
concentration of selenium to problematic levels is a design consideration, with monitoring
to determine effectiveness.

Action Plan for Implementation and Funding

Support continued funding for the Colorado River Basin Salinity Control Program. (see
also Chapter 7 - Salinity) Engage the services of the Lower Colorado River Resource
Conservation and Development Council (RC&D) to seek financial support of selenium
monitoring efforts.
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Pollutant Description of Chromium
Chromium is a multi-valent metal found naturally in all igneous rocks, but is more
concentrated in ultramafic igneous rocks, sometimes as an ore of iron or lead.
Chromium is also present in soils, mobilizing under aerobic conditions. The most common
forms of chromium in groundwater are the relatively insoluble trivalent form, Cr(III),
which occurs in anaerobic conditions and is usually precipitated as chromium hydroxide
(Cr(OH)3), and the soluble hexavalent form, Cr(VI), which occurs as either the chromate
(CrO42-) or dichromate (Cr2O72-) ion. Both forms usually occur naturally in low concentrations,
but may be higher near geologic sources or through introduction by human activities.  Of
the two forms, only Cr(VI) is considered dangerous to human and environmental health.

The transport of chromium in groundwater is highly dependent on the interplay of the
pH, the organic matter, mineral, and clay content, and the oxidation conditions.
Chromium adsorption to organic matter, clay mineral, ferrous iron, or sulfide mineral
surfaces and subsequent reduction to Cr(III), occurs under anaerobic and lower pH
conditions. As groundwater becomes more oxidized and alkaline, chromium must compete
for adsorption with more common ions, keeping it in the mobile Cr (VI) form. The presence
of manganese oxides and hydroxides, which may be common in groundwater along the
Colorado River, also helps to stabilize Cr(VI), giving the opportunity for long transport paths.

Sources

Hexavalent chromium, in the form of chromate (CrO42-) and dichromate (Cr2O72-) salts, is
used in a wide variety of industrial activities and products such as its use as a pigment in
paints, printing inks, and plastics, and as a constituent in metal alloys, hard chrome plating,
corrosion inhibitors, refractory bricks, photographic film, wood preserving, and leather
tanning.  Industrial applications such as spraying, plating, and welding release chromium
dust to the atmosphere. 

Disposal of fly-ash from coal combustion is the largest release to soils by human activity.
Illegal dumping of chromate solutions and sewage sludge disposal to the land surface are
other significant sources of chromium to soils.  Wood preserving solutions containing
chromated copper arsenates carry an added threat of arsenic contamination if such solutions
were released into the environment.

Water Quality Impacts

Health Concerns

Chromium enters the body by ingestion or by inhalation, although direct contact on the
body can lead to systemic poisoning, dermatological ulcer generation, and if eyes are
exposed, permanent eye damage may result.  Chromium inhalation can cause lung cancer
and respiratory tract ailments that could lead to nasal septum piercing and asthma. Air
borne chromium dust has the double threat for direct inhalation and settling into a drinking
water body to be later consumed.  Chromium has even been known to accumulate onto
cigarettes, which when smoked, is inhaled by the smoker.  Long term ingestion of
chromium in water or foods can lead to kidney and liver dysfunctions, nerve tissue damage,
and internal hemorrhaging.  
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Current Mitigation Efforts

Both known hexavalent chromium sites in the lower Colorado River area are being
monitored, and mitigation efforts are underway at the Topock location. Groundwater
extraction wells adjacent to the River channel at Topock began pumping in early 2004 to
help remove the impacted water and to create a reverse groundwater flow field that
effectively deflects the groundwater from entering the river. Injection wells also have
been drilled to re-inject treated water back into the aquifer. A sediment coring project in
the River channel up and down stream of the facility will be conducted to determine the
extent of contamination underneath the River channel.  Officials from the California
Environmental Protection Agency, the Arizona Department of Environmental Quality, and

Environmental Concerns

The environmental effects to the biological community include toxicity to plants and
aquatic life, yet chromium does not appear to bioconcentrate in food chains.  Chromium
is more toxic in soft water than in hard water. The acute toxic effects may be observed
within two to four days of contact include the death of animals, birds, or fish, and death
or low growth rate in plants. Chronic toxic effects may include shortened lifespan, repro-
ductive problems, lower fertility, and changes in appearance or behavior.  Soils containing
high concentrations of chromium have become sterile.

EPA and State Regulations

The U. S. EPA’s and ADEQ’s maximum concentration level (MCL) in drinking water is 100 ppb
for chromium. Arizona’s surface water quality standards for hexavalent chromium to protect
the domestic water source use is 21 ppb; while the chronic aquatic life standard is 1 ppb. 

Detected Chromium Concentrations

Total chromium concentrations in the Colorado River and its associated reservoirs are and
have been below the MCL standards for drinking water; however, there are two locations
where hexavalent chromium is impacting groundwater adjacent to or near the river.
These occur at the highly publicized Pacific Gas & Electric (PG&E) Compressor Station site
on the California side of the river at Topock (I-40 river crossing) and at the former McCulloch
manufacturing plant in Lake Havasu City (LHC), Arizona. The plume of hexavalent
chromium bearing groundwater contains as much as 700 ppb and has traveled several
hundred feet from its source to within 60 feet of the Colorado River. Investigatins and
mitigation efforts are underway to define the extent of the Cr(VI) presence under order of
the California Department of Toxic Substances Control. ADEQ is monitoring these efforts.  

The second plume of chromium 6+ in LHC is being monitored by the current land
owner and a monitoring well drilling program has identified most of its extent.
Manufacturing operations at the old McCulloch chainsaw and outboard motor plant used
chromium 6+  for plating metals.  Hexavalent chromium occurs in the vadose zone
above the water table where the chromium solutions were released; however a 1,200
feet long and 275 feet wide plume extends towards the River below the water table.
The known downstream edge of the plume is about 3,800 feet from the River.  Total
chromium concentrations measured thus far range up to 240,000 ppb. 
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the U.S. EPA have been following the mitigation work. ADEQ has initiated a groundwater study
on the Arizona side of the River to help in determining whether chromium contaminated
groundwater has reached Arizona.

Installation of additional monitoring wells and continued monitoring near the McCulloch
site in Lake Havasu City is expected to better define the extent of that plume.  Calcium
polysulfide has been injected into a test well to convert hexavalent chromium to trivalent
chromium.

Recommended Solutions for Implementaation & Funding

Continued monitoring and mitigation efforts should continue at the two known sites to
remediate the impact in the groundwater systems adjacent to the Colorado River.  More
work is needed at the Lake Havasu City site to determine the full extent of the hexavalent
chromium contamination and what methodologies are most prudent to remediate the
situation.

Hexavalent chromium analyses should be included in all River water sampling programs,
particularly downstream from the PG&E Topock site.  A GIS-based review of other industry
activities, past and present, along the Colorado River should be instituted to determine
any other potential sites that threaten the River system.  If any are identified, environmental
Phase I investigations are warranted, and if necessary, Phase II on-site investigations to
determine the extent and degree of contamination.  The next step in the process is Phase
III remediation to clean the site(s).

Potential Funding Sources

In most cases, the land owner of the toxic contamination site pays for the investigations
and remediations, which has been the case for the two known chromium VI contam-
inated sites. The Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) or Superfund program administered by the U. S. EPA has helped to pay for
hexavalent chromium remediation at sites in the past. 

The Arizona Water Quality Assurance Revolving Fund (WQARF) also might be a potential
source of clean-up funds although WQARF has not been fully funded by the Arizona
legislature in recent years.

Action Plan for Implementation & Funding

• ADEQ should continue to monitor clean-up of the two known sites on the river.
• Investigate other potential sites along the River.
• Prioritize and address any potentially additional threatened sites.
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Sources

Naturally occurring mercury can be mobilized in the environment through excavation,
hard rock mining/ore processing, or volcanic activity.  Because of its amalgamating capacity,
mercury was used extensively during the gold rush, particularly in placer mining, but also
in lode operations prior to the use of cyanide in the 1920s.  Arizona and the surrounding
states share a history of extensive mining, including both lode and placer gold mining.
Figure 3-1 shows existing mining activity in Arizona; note the gold mine sites within the
Colorado River drainage. Aerial sources of mercury may include waste incineration, coal
fired power plants, cement and lime kilns, smelters, pulp and paper mills, chlor-alkali
factories, and forest fires.  Figure 3-2 shows both potential regional aerial sources and
mercury-contaminated lakes in Arizona as of 2003.

Figure 3-1

Pollutant Description of Mercury
Mercury is a naturally occurring element found most often in the form of mercury sulfide
(HgS) in volcanic rocks such as cinnabar, or in liquid form as “quick-silver”. Mercury also
occurs as an accessory element in many common rock types such as granite or shale  and
is found in elevated amounts in some coal deposits.  Because mercury can undergo two
types of chemical reactions (oxidation-reduction and methylation-demethylation), in the
environment, mercury may be found as elemental mercury (Hg 0), inorganic mercury
(Hg +1 or Hg+2), or organic mercury [monomethyl mercury: HgCH3+ or dimethyl
mercury: Hg(CH3)2).
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Uses of Mercury
Mercury has been extracted and used in manufacturing and industry for centuries.  Among
the various uses are: pigments, light bulbs, dental fillings, batteries, thermometers, electrical
equipment (switches), chemical processing (e.g., chlorine and caustic soda), pesticides, and
such things as the manufacture of felt hats or pharmaceuticals.  Anthropogenic sources of
mercury have become a global phenomenon and therefore its environmental fate and
transport have become a global concern because of potential toxicity and its tendency to
bio-accumulate.

Human Health and Environmental Concerns
Mercury can be toxic when inhaled, eaten, or placed on the skin. Depending on the chemical
form and the dose received, mercury can be toxic to both humans and wildlife. In people,
toxic doses of mercury can cause developmental defects in the fetus, as well as kidney and
nervous system damage.  High level exposures can be lethal, such as occurred in Minamata,
Japan (1953-1960) from consumption of contaminated fish, or in Iraq (1971-1972) from
ingestion of fungicide-tainted bread.  Mercury has been shown to bioconcentrate up aquatic
and marine food chains increasing the risks to top predators, including humans. 

Increasingly, Arizona lakes and reservoirs are being listed as impaired due to high levels of
methyl-mercury in fish tissue. One pertinent example is Alamo Lake in the Bill Williams
watershed, which drains to the Colorado River system at lower Lake Havasu just above
Parker Dam and the Central Arizona Project (CAP) intake structure.. The Clean Water Act
requires that a Total Maximum Daily Load (TMDL) analysis be conducted on impaired surface
waters to achieve standards compliance. TMDL sampling and analysis for Alamo Lake
(ADEQ, (2004-2005) has revealed specific areas within the watershed that show elevated
sediment and suspended sediment mercury that correlates with historic gold mining and a
massive sulfide deposit. The contribution of aerial deposition (both wet and dry) has been
estimated to be less than 20% of the total mercury load reaching Alamo Lake.  For a more
accurate analysis of mercury deposition in general, ADEQ has committed funds to support
the first Mercury Deposition Network (MDN) site in Arizona.

Detected Mercury Concentrations
As mentioned, mercury has been detected in water and sediment in the Alamo Lake watershed
using ultra-clean, low-level analytical methods.  Mercury is present in the Alamo Lake discharge
to the Bill Williams River downstream (tributary to the Colorado River near Parker), and there
are also abandoned mines below Alamo Lake (e.g., Mineral Hill Mine) that drain to the Bill
Williams National Wildlife Refuge.  Mercury may also be entering the Colorado River between
Lake Mead and Lake Havasu from areas such as Gold Road or Gold Hill.  The threat of mercury
contamination from other potential sources within the Colorado River drainage has not been
determined with any certainty.

In the Bill Williams Watershed, the following segments are impaired due to mercury in excess
of water quality criteria: in Burro Creek from Boulder Creek to Black Canyon and in Boulder
Creek from an unnamed tributary to Butte Creek.

Waters also may be impaired due to mercury in fish tissue in excess of the standard.  In the Bill
Williams Watershed, Alamo and Coors lakes are impaired due to mercury in fish tissue.  In the
Little Colorado River Watershed, Upper Lake Mary, Lower Lake Mary, Soldiers Lake, and
Soldiers Annex Lake are impaired due to mercury in fish tissue.
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U.S. Fish and Wildlife studies published in 1993 and 1997 cite mercury detections in largemouth
bass collected along the Colorado River corridor.  The highest level of mercury detected was
found in a fish from the Bill Williams National Wildlife Refuge (0.13 ug/g wet weight) but still
well below fish levels found by AGFD/ADEQ in Alamo Lake (0.3 – 1.1 ug/g wet weight). Higher
trophic-level birds such as eagles, osprey, or grebes that eat fish are particularly at risk.  

Clark’s grebes also showed the highest mercury level in an individual collected at the confluence
of the Bill Williams and Colorado River (3.65 ug/g in liver; 5.38 ug/g in kidney, as compared to
the “extremely hazardous” concentration of 20 ug/g suggested in the literature). 

EPA and State Regulations
Mercury is regulated through the Clean Air Act and the Resource Conservation and Recovery
Act, as well as the Safe Drinking Water Act and the Clean Water Act. It is one of approximately
120 priority pollutants. Because mercury is emitted as a byproduct of coal and oil combustion,
emissions from power plants constitute about 40 percent of total U.S. mercury emissions annually.

The Safe Drinking Water Act establishes Maximum Contaminant Levels (MCLs) for mercury at
2.0 ppb (total mercury).  Arizona Surface Water Standards cite this standard under Domestic
Water Source, along with more stringent standards for aquatic and wildlife use (0.01 ug/L
dissolved mercury for chronic exposure; 2.4 ug/L dissolved mercury for acute exposure). 

Current Mitigation Efforts

Within the Bill Williams watershed, efforts are being mobilized to contain and cap the
three tailings piles at Hillside Mine (Boulder Creek).  Sampling for the Alamo Lake TMDL
identified additional areas where further investigation is needed (Copper Basin/Skull
Valley Wash; middle Santa Maria River, and upper Big Sandy River) to focus mining
source attribution. 

Recommended Solutions for Implementaation & Funding

•   Conduct a detailed mine survey, focusing on gold mining operations.
•   Conduct further fish and wildlife testing along the Colorado River.
•   Conduct clean mercury sampling with low-level detection in the main stem of the 

Colorado River and backwaters (if fish and wildlife levels warrant).
•   Support additional air deposition monitoring stations in Arizona.

Potential Funding Sources
•   Clean Water Act Nonpoint Source/TMDL Implementation grants (§ 104(b)(3) & §319).
•   Federal agencies including: USFWS; BLM, USFS.
•   State agencies:  AGFD, ASLD, Mines & Minerals.

Action Plan for Implementation & Funding

•   Interagency coordination to develop and implement further investigation.
•   Identify localized mercury sources and prioritize remedial projects. 
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Pollutant Description of Uranium
Uranium is a natural and commonly occurring radioactive element. Rocks, soil, surface
and underground water, air, and plants and animals all contain varying amounts of uranium.
It is a reactive metal, so it is not found as free uranium in the environment. Typical
concentrations in most materials are a few parts per million (ppm). Some rocks and soils
may also contain greater amounts of uranium. 

Natural uranium is a mixture of three types (or isotopes) of uranium: U-234, U-235, and
U-238. U-234 is by far the most radioactive of the three isotopes and has the shortest
half-life (the time it takes for half of the isotope to give off its radiation and change into a
different element). Uranium decays through a series of different radioactive materials,
eventually transforming into lead. The half-lives of uranium isotopes are very long (244
thousand years for 234U, 710 million years for 235U, and 41/2 billion years for 238U).
Because U-235 and U-238 have such long half-lives, the uranium found in the earth
today is the same metal that was present when the planet was formed. 

Uranium is usually found only in very small amounts in nature, but where the concentra-
tions of uranium in rock are high enough, the rock is considered a uranium ore and may
be mined. After the uranium is extracted from ore, it is converted into uranium dioxide
or other chemical forms. The residues remaining after uranium has been extracted are
called mill tailings. Mill tailings normally contain a small amount of uranium, as well as
other radioactive waste products such as radium and thorium. Uranium in mill tailings
can combine with other chemicals in the environment to form various uranium com-
pounds. Each of these uranium compounds dissolves to a different extent in water, rang-
ing from not soluble to very soluble. The solubility of these compounds determine how
easily the compound can move through the environment, as well as how toxic they are.

Sources

Uranium is found at low levels in virtually all rock, soil, and water. Significant concentra-
tions of uranium occur in some substances such as phosphate rock deposits, granitic
rocks (a source of radon gas), and minerals such as uraninite and carnotite in uranium-
rich ores.  sulfide and selenium deposits  are associated with uranium ore bodies.

Anthropogenic sources include uranium ore body mill tailings from which precipitation
runoff leaches the uranium compounds and the settling of uranium dust out of the air (in
addition to soil dusts, coal-fired power plants normally emit some level of uranium dust).
The levels of uranium in water in different parts of the United States are extremely low in
most cases, and water containing normal amounts of uranium is usually safe to drink.
Plants can absorb uranium from the soil onto their roots without absorbing it into the
body of the plant. Therefore, root vegetables like potatoes and radishes that are grown in
uranium- contaminated soil may contain more uranium than if the soil contained levels
of uranium that were natural for the area.
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Uses of Uranium

Uranium ore can be mined by underground, open-cut methods, or subsurface solution-
leaching, depending on its depth and type of geologic environment. After mining, the ore is
crushed and ground up. Then it is treated with acid to dissolve the uranium, which is then
recovered from solution. Uranium may also be mined by in situ leaching, where it is dissolved
from the orebody in situ and pumped to the surface. The end product of the mining and
milling stages, is uranium oxide concentrate (U3O8), the conventional form in which uranium
is sold. These mining and refining processes produce wastes such as mill tailings which may be
introduced back into the environment by wind and water if they are not properly controlled.

When refined, uranium is a silvery white, weakly radioactive metal.  Uranium in ores can be
extracted and chemically converted into uranium dioxide or other chemical forms usable in
industry.  Depleted uranium is used by the military as shielding to protect Army tanks and
also in parts of bullets and missiles. The military also uses enriched uranium to power
nuclear propelled Navy ships and submarines, and in nuclear weapons.

The main civilian use of uranium is in nuclear power plants, helicopters and airplanes. Very
small amounts are used to make some ceramic ornament glazes (added for color), light
bulbs, photographic chemicals, and household products. Phosphate fertilizers often contain
high amounts of natural uranium, because the mineral material from which they are made is
typically high in uranium.

Human Health & Environmental Concerns

The release of radiation during the decay process raises health concerns.  However, unlike
other kinds of radiation, the alpha radiation ordinarily given off by uranium cannot pass
through solid objects, such as paper or human skin. To be exposed to radiation from uranium,
humans have to eat, drink, or breathe it, although some uranium transformation products
produce more dangerous levels and types of radiation.

Because of the relatively weak radioactive character of uranium, uranium’s chemical effects
are likely more dangerous than the radiation it emits, although some of the transformation
compounds associated with uranium (such as radium) are potentially hazardous. Some studies
have suggested a correlation between kidney disease and exposure to large doses of uranium
in both people and animals, as well as correlations to a type of bone cancer known as sarcoma.
Since uranium tends to concentrate in specific locations in the body, risk of cancer of the
bone, liver cancer, and blood diseases (such as leukemia) are also increased. Inhaled uranium
increases the risk of lung cancer. Very high doses of uranium have caused reproductive
problems (reduced sperm counts) in some experiments with laboratory animals. Very high
doses of uranium in drinking water can also affect the development of a fetus in studies of
laboratory animals.

Waste generated from uranium mining operations and rainwater runoff, if not properly
managed, can contaminate groundwater and surface water resources with heavy metals and
traces of radioactive uranium.  The toxicity of uranium to fish varies with water quality
particularly total hardness and alkalinity.  It accumulates in soils and sediment and enters the
food chain by adsorption on surfaces of plants and animals and by ingestion of sediments
and contaminated food. Therefore, bottom-feeding fish have a higher risk due to accumulation
than higher order predator fish.
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EPA and State Regulations

EPA standards under the Clean Air Act limit uranium in the air. The maximum dose to an
individual from uranium in the air is 10 millirems.  Uranium in drinking water is covered
under the Safe Drinking Water Act. This law establishes Maximum Contaminant Levels, or
MCLs, for radionuclides and other contaminants in drinking water. The current standards
are: combined radium 226/228 of 5 pCi/L; a gross alpha standard for all alphas of 15 pCi/L,
not including radon and uranium; a combined standard of 4 mrem/year for beta emitters.
The MCL for uranium is 30 ppb.

In 1978, Congress passed the Uranium Mill Tailings Radiation Control Act (UMTRCA) in
response to public concerns regarding potential health hazards of long-term exposure to
radiation from uranium mill tailings.  UMTRCA requires DOE to establish a remedial action
program and authorizes DOE to stabilize, dispose of and control uranium mill tailings and
other contaminated material at uranium-ore processing sites and associated properties.  EPA
has issued special regulations for cleaning up uranium mill tailing sites in Title 40 Code of
Federal Regulations 192, Health and Environmental Protection Standards for Uranium and
Thorium Mill Tailings.  The cleanup of contaminated sites to be released for public use, must
meet EPA's risk-based criteria for soil and ground water. EPA's site cleanup standards limit a
person's increased chance of developing cancer to between 1 in 10,000 to 1 in 1,000,000
from residual uranium on the ground.

Detected Uranium Concentrations

ADEQ has reviewed over 20 years of available water quality data for the Colorado River
from the Utah border to the border with Mexico and found no exceedances of the surface
water quality standard for uranium of 35 μg/l.  However, there are a number of active or
abandoned uranium millsites located along the Colorado River and its tributaries; of these,
one Utah site, near Moab, in particular represents a significant potential source of uranium
contamination in the Basin. 

Among its provisions, UMTRCA charged DOE with reclaiming nine abandoned uranium
millsites located within the floodplain of the Colorado River or its tributaries.  Typically the
tailings wastes at these sites were increasing radon levels in the local air and had seeped into
the groundwater, where plumes of contamination threatened to enter the rivers.  In each
case, DOE decided to move the tailings to new disposal cells away from surface and ground-
water, investing nearly $2 billion in the program by the late 1990s. Only ongoing groundwater
treatment remains to be done in this effort.

The 1978 Act also provided for the Nuclear Regulatory Commission (NRC) to oversee eventual
owner-funded reclamation of uranium mills still actively in business. This included the Atlas
Mill along the Colorado River near Moab, Utah, formerly Uranium Reduction Company
(URC) ore processing facility. This mill was the first commercial uranium mill in the U.S. and
the largest ever built beside a river. The mill ceased operations in 1984 but over its many
years of operation, approximately 10.5 million tons of uranium mill tailings have accumulated
on site as a nearly 100 foot tall, 130-acre tailings pile.  While the milling process removed
approximately 95% of the uranium, the tailings contain several naturally occurring radioactive
elements, including uranium, thorium, radium, polonium and radon as well as other pollutants.

The Atlas tailings pile averages 94 feet above the Colorado River floodplain and is about 750
feet from the Colorado River.  The pile was constructed in a series of terraces and also contains
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debris from dismantling the mill buildings and other structures.  Radiation surveys indicate
the tailings contain radioactive contaminants at concentrations above the EPA standards.
Besides tailings and contaminated soils, other areas with environmental issues include
unlined ponds used during ore-processing activities, disposal trenches, and other locations
used for waste management during facility operation.

Initially, Atlas proposed, and the NRC approved, a plan to simply cover the unlined wastes in
the River’s floodplain. However, this proposal generated objections from the local government
and a full EIS was prepared. During the course of preparing the EIS, it was discovered that
leakage from the tailings pile and other hotspots on the mill property had contaminated the
groundwater and the Colorado River into which it discharges.  Studies showed that tailings
seepage into groundwater had averaged 57,000 gallons/day during the 40-year life of the
mill and that approximately 110,000 gallons of this tainted groundwater were reaching the
River daily.  The underground plume is more than 5,000 feet wide and extends more than
40 feet below the surface. Contaminants present in high amounts include uranium,
molybdenum, selenium, ammonia, nitrates and sulfates among many others, with ammonia
levels high enough to be immediately lethal to fish. 

Faced with unexpected water treatment costs, Atlas Corporation declared bankruptcy in 1997,
leaving behind a reclamation bond of approximately $5 million. A coalition of environmentalists,
politicians and water districts with more than 25 million consumers of this water succeeded
in getting legislation passed in 1999 transferring responsibility for the site to the DOE. 

DOE prepared another EIS and found that the tailings pile is built in the center of an alluvial
fan, vulnerable to possible failure during a large flood.  The Arizona Department of
Environmental Quality expressed its serious concerns about the impact of the tailings pile on
water quality in the Colorado River to urge DOE to move the waste by rail, thirty miles north
to a new disposal cell near Crescent Junction, Utah. Actual tailings removal is scheduled to
begin in 2007 and continue until 2017.

Current Mitigation Efforts

In addition to moving the tailings, DOE will also implement active ground water
remediation at the Moab milling site. Groundwater in the shallow alluvium at the site
was contaminated by the milling operations. As ADEQ expressed in its comments to
DOE, the Colorado River adjacent to the site has been negatively affected by site-related
contamination, mostly because of groundwater discharge. The primary contaminant of
concern in both the ground water and surface water is ammonia, which is highly toxic to
aquatic life. Other contaminants of concern are manganese, copper, sulfate, and uranium.
The reclamation plan calls for a pump and treat system that would extract groundwater
and treat it to standards.  It is anticipated to take between 75-80 years to remediate the
groundwater at an estimated cost of nearly $500 million. Removal of the tailings produces
a secondary benefit of reducing seepage of ammonia-nitrogen from the tailings, either
subsurface or through surface discharge into the Colorado River.
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Figure 3-3. Aerial view of the Moab site in 2001 identifying the locations of the tailings pile, Moab Wash,
Colorado River, upstream background sampling location and the Matheson Wetlands Preserve.

Recommended Solutions for Implementation and Funding

ADEQ should continue to monitor the U.S. Department of Energy’s (DOE) action to: 
• Move the 12 million tons of radioactive uranium tailings away from the Colorado River

to a permanent disposal location 30 miles away at Crescent Junction, Utah
• Conduct active groundwater remediation on-site. Until the project becomes a permanent

DOE budget line item, it will be necessary to assure each year that sufficient federal
appropriations are made to keep the work on schedule.

Action Plan for Implementation and Funding

ADEQ should continue to monitor the U.S. Department of Energy’s (DOE) removal of
the uranium tailings pile and groundwater remediation at the former Atlas Minerals facility
near Moab, Utah. Moving the uranium tailings will reduce the threat of uranium, ammonia
and other pollutants to the Colorado River.

O_NPCA-CBD et al 2



47

Chapter 4
Endocrine Disrupting Compounds
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Pollutant Description
Endocrine disrupting compounds (EDCs) are an emerging group of potential water
contaminants about which relatively little is known. EDC is a descriptive phrase for a broad
group of natural and synthetic organic compounds that block or mimic normal receptor-
activating hormones in the human endocrine system. They also may act as triggers
activating the hormone system at undesired times and at undesired levels. The
endocrine system plays an important role in maintaining the body’s internal steady state
(e.g. nutrition, metabolism, excretion, water and salt balance), regulation of growth, reaction
to outside stimuli, and production and storage of energy. Normally, hormones produced
from the endocrine glands carry messages to various parts of the body in response to
nerve cell or gland stimuli and they attach themselves to a receptor cell. The receptor cell
carries out the hormone’s instructions and can either turn on genes to create new proteins
for long-term effects (e.g. growth or sexual maturity) or can alter the activity of existing
proteins to respond to the stimuli (e.g. faster heart beat, vary blood sugar levels).  

Endocrine disrupting compounds can mimic the body’s hormones and slip into receptor
sites, but they do not carry the intended messages, effectively blocking the normal
endocrine process, or altering it in a negative way.  Some chemicals called environmental
estrogens, can act like estrogen or androgen, altering sexual maturity in some fashion.
Such changes include low sperm counts, early puberty in females, possible breast cancer
increased incidents, and higher rates in testicular cancer.  Those chemicals that block or
alter hormonal binding to the receptor cells are called anti-estrogens.  Still other chemicals
can alter production and breakdown of natural hormones or modify the development and
function of receptor cells.  Exposure to EDCs may not result in a direct effect on the living
organism, but may significantly alter the reproductive process with devastating results: the
disruption of community structure and the ecosystem process.

Pharmaceuticals (prescription or not) are a category of possible EDCs. They affect the body
because they are designed to specifically influence human receptors and many are
lipophilic, which readily dissolve in fatty tissue, but not in water. The body uses the
necessary part of the drug, and the rest is eliminated, eventually ending up in the
environment.  Most research has gone into two major classes of pharmaceutical effects:
the promotion of pathogen resistance to antibiotics and the disruption of endocrine systems
by natural and synthetic sex steroids. Other classes of concern to the EPA are anti-
depressant selective serotonin reuptake inhibitors (SSRIs), calcium-channel blockers,
efflux-pump inhibitors, antiepileptics, and genotoxic chemotherapeutic agents.

EDCs also may be a threat to the natural environment. Most EDCs, can accumulate within
organisms and may negatively impact aquatic ecosystems by affecting various physiological
processes in organisms.  Preliminary studies indicate increased cancer rates, reproductive
abnormalities, impaired reproduction, and development of bacteria with antibiotic
resistance. Concerning the last issue, bacteria in the environment is exposed to antibiotic-
bearing effluent and adapts to these chemicals, making them harder to destroy with
antibiotics if they infect a person.

Chapter 4 - Endocrine Disrupting Compounds
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Sources

EDCs have a wide variety of origins both natural and synthetic with the pharmaceutical and
chemical industries leading the way with synthetic production. Some EDCs are naturally
occurring, such as phytoestrogens produced by plants. The pharmaceutical industry intentionally
creates EDCs (i.e. health related drugs such as antibiotics, codeine, and acetaminophen) to
correct the body’s health problems, effectively restoring the body’s normal behavior.  The advent
and increased use of contraceptives has also contributed to the amount of pharmaceutical
EDCs released into the environment. In addition, the chemical industry unintentionally
produces EDCs as byproducts  of manufacturing or in agricultural applications. EDCs such as
nonylphenol, alkylphenol ethoxylates (APEs), and phthalates are often found in common
household items, such as detergents, cosmetics, personal care products, household cleaners,
and even in plastic food containers. Several pesticides contain known or suspected endocrine
disrupting compounds that enter our bodies through residues on food, which may be eliminated
from the body and into the aquatic environment. Food and tobacco products also contain
chemicals such as caffeine and nicotine derivatives that persist in the aquatic environment.
Heavy metals like lead, mercury and cadmium are also byproducts of manufacturing and
enter waterways via disposal from these facilities.

Pharmaceuticals in waste water effluent are a growing source of concern as more and more
drugs are produced and consumed, and as the population increases along the Colorado River.
The body utilizes the drugs, but eventually excretes unused portions, which make their way
into septic or sewer systems, all of which eventually lead to groundwater infiltration that
migrates to the River or is directly discharged to the River.  Household cleaners and personal
care products also end up either in groundwater or sewage treatment plants.  Las Vegas is
currently discharging effluent that eventually drains into Lake Mead, and along with
Henderson and Clark County, Nevada has proposed to directly discharge up to 450 million
gallons per day of treated effluent into the deeper parts of Lake Mead. There also are locations
on the River where effluent is disposed through percolation or natural infiltration from effluent
use. Table 4-1 gives a partial list of EDC sources and the type of EDC associated with the source.

Table 4-1:  Types of and potential sources of EDCs

EDC Sources

Landfill

Agricultural runoff

Industrial effluent

Municipal Effluent

Atmospheric/
Combustion Emissions

EDC Category

Polychlorinated compounds

Organochlorine pesticides

Alkylphenols and Phthalates

Natural hormones, synthetic
steroids, pharmaceuticals

Androgenic

EDCs

Polychlorinated dioxins and
biphenyls

DDT, dieldrin, lindane

Nonylphenol, dibutyl phthalate,
butylbenzyl phthalate

Estradiol, estrone, testosterone,
ethynyl estradiol

Oxygenated organic species
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Current Mitigation Impact

There are no regulations specifically aimed at EDC mitigation on the Colorado River system.
The EPA has released preliminary reports discussing steroid and other EDC removal
strategies from drinking water treatment processes.  Results indicate that granular activated
carbon adsorption and forms of biodegradation may be useful in removing some steroids,
DDT, PCBs, endosulfan, methoxychlor, diethylphthalate, diethylhexylphthalate, and
bisphenol A.  The EPA is currently focusing on alkylphenolic compounds which result
from waster water treatment processes. Current technology can be employed to remove
EDCs from both water and wastewater, as the need dictates.

Water Quality Impacts

Much research is being conducted to understand the role of EDCs in water quality issues.
This group of chemicals was not considered a problem in the 1970’s through much of
the 1990’s as their concentration levels in surface and ground water were and still are in
most cases below detection limits of analytical procedures.  New technology has pushed
the detection limit to the fraction of a microgram per liter (parts per trillion) level. EDCs,
including pharmaceutical and personal care products, are introduced into surface waters
via treated wastewater inputs, confined animal facilities, runoff of terrestrial pesticide
formulations, household cleaning products, industrial processes, and direct application
with tank- mixed aquatic pesticides. The US Environmental Protection Agency (EPA) has
put maximum concentration level limits (MCLs) concerning drinking water quality on several
EDCs; however, most chemicals within the EDC family have not been studied enough to
ascertain their health affects and currently are not regulated.

EDC’s Measured in Colorado River Water

Generic sampling of river and lake water related to EDCs along the Colorado River
(particularly in Lake Havasu) do not indicate any immediate threats from EDCs, yet a
2000-2001 U.S. Geological Survey study of Lake Mead and Las Vegas Wash focusing
on pharmaceuticals and food derivatives, found detectable levels of 13 such compounds.
Only six of the 13 compounds were detected in Lake Mead, which was sampled twice,
once in the spring and once in the summer.  All 13 compounds were present in Las Vegas
Wash at one time or another during six sampling periods spread throughout a year’s
cycle.  Caffeine, cotinine, and 1,7 dimethylxanthine were the most widespread compounds
detected.  Cotinine is a metabolite of nicotine, which is present in tobacco products, and
1,7 dimethylxanthine is used in dietary and appetite suppressants.  Caffeine increased its
concentration in lake water from early spring to summer in response to recreational activity
on Lake Mead. The low number of detections of these compounds in Lake Mead probably
reflects the dilution factor within a large water body. The study also suggests that increased
water temperature during summer months may amplify biodegradation (analgesics and
anti-inflammatories) or biological uptake (antibiotics) of some of these compounds.

The effects of long-term exposure to low levels of individual or combinations of EDCs are
being addressed through extensive research efforts in the United States and Europe.  A
potential non-health related problem is the negative affect that EDCs may have on bacteria
beds used to purify water in waster water treatment facilities. 
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Recommended Solutions for Implementation and Funding

Additional research is recommended to augment the limited data on the impact(s) of
EDCs to humans and wildlife. Characterizing the occurrence of the compounds as well as
the impacts will guide water managers to determine if EDC removal is warranted. The
water industry will benefit from these studies, as this is a nation-wide issue, not just a
local point of interest. Specific recommendations include the following:

• Perform a literature search and compile all available studies, reports, and data on EDCs
in the ecosystem and their impacts. Identify opportunities to collaborate with on-going
research teams such as University of Arizona, Arizona State University, Colorado School
of Mines, University of California – Berkeley, Southern Nevada Water Authority, and
WateReuse Foundation. 

• Characterize the occurrence of EDCs along the Colorado River by developing and
implementing a Water Quality Sampling Program (WQSP) at selected locations including
the following:

•   Up-gradient and down-gradient of sources of EDCs
•   Influent to water treatment plants
•   Recreational areas

• Prioritize issues identified from the reports on the literature search and WQSP to direct
future research programs. 

• Implement research programs to determine the impacts to humans as well as the
ecosystem.

• Communities with household hazardous waste programs should provide education
about the proper disposal of unused prescription medications and should accept
unused prescription medications in their programs.

Funding sources for the WQSP include the US Environmental Protection Agency, Centers
for Disease Control, AWWA Research Foundation, and Water Environment Research
Foundation. Analysis of the data and studies specific to the ecosystem can be funded
through US Fish & Wildlife Services, Wildlife Conservation Fund, the Heritage Grant Fund
and ADEQs Waste Reduction Assistance Program.

Summary

EDCs, including pharmaceuticals and personal care products, come from many different
sources and represent many classes of chemical compounds. Limited work on the lower
Colorado River system has detected the presence of a few of these compounds, and the
issue of effects on overall human health remains uncertain. The detected compounds are
predominantly antibiotics, prescription drugs, human waste metabolites, and pesticides.
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Action Plan for Implementation and Funding

ADEQ is recommended to perform the literature search and to manage the WQSP by
developing a program similar to Perchlorate in Arizona; Occurrence Study of 2004.
Management would include utilizing the expertise of organizations skilled in collecting
EDC samples and performing the analytical work, such as the US Geological Survey.
ADEQ is recommended to assemble a team composed of the impacted stakeholders and
selected experts to characterize and prioritize the salient issues based on the results of the
two reports. 
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Chapter 5
Perchlorate
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Pollutant Description
Perchlorate (ClO4-) is a negatively charged ion composed of chlorine and oxygen. It
combines with ammonium, potassium, or sodium ion to form perchlorate salts.
Perchlorate salts have very low volatility, but high solubility. In addition, perchlorate sorbs
poorly to mineral surface and organic material, which leads to high mobility in aqueous
systems (i.e. surface water and groundwater). 

Chapter 5 - Perchlorate

Sources

Perchlorate salts are naturally occurring or they can be man-made.  Naturally occurring
perchlorate is suspected in certain regions like the southern high plains of the Texas
Panhandle.  Detection of perchlorate in rain and snow samples suggests that a natural
perchlorate background of atmospheric origin may exist.  Man-made perchlorate salts,
particularly ammonium perchlorate, is used by the military and aerospace industries as
an ingredient in solid rocket fuels and propellants.  Perchlorate is also found in explosives,
pyrotechnics, blasting operations, dry batteries, and auto air bag inflators. There are other
non-military/industrial uses and sources of perchlorate including use as a therapeutic drug
in the treatment of thyroid disease, most notably hyperthyroidism associated with Graves
disease, and in fertilizers derived from Chilean caliche, an ore containing nitrates.
However, a 2001 survey of fertilizer composition conducted by the US Environmental
Protection Agency (EPA) concluded that “fertilizer use would probably not be a major
source of perchlorate contamination and would be possible only where fertilizers
derived from Chilean caliche were used.”

Water Quality Impacts

Because of concerns about the possibility that perchlorate ingestion could interfere with
thyroid function in a sub-group of the population (i.e., pregnant women with iodine
deficiency), some scientists, health officials and the general public have recently questioned
the safety of affected drinking water supplies, including the Colorado River.

Current Regulatory Guidance

In January 2005, the National Academy of Sciences (NAS) issued a report on the health
effects of perchlorate. It recommended a reference dose of 0.0007 milligrams per kilogram
of body weight per day (mg/kg per day). In light of the NAS report, the U.S.
Environmental Protection Agency (EPA) established 0.0007 mg/kg per day as the official
reference dose for perchlorate in February 2005  EPA’s reference dose represents a daily
oral exposure level to the human population, including the most sensitive sub-groups,
that is not expected to cause adverse health effects during a lifetime. At this time, EPA
has not determined whether a drinking water standard, or Maximum Contaminant Level
(MCL), for perchlorate is appropriate. If EPA decides that a perchlorate MCL is necessary,
the agency may use this reference dose to establish the MCL. This regulatory process
likely will take several years.
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In the absence of a federal MCL, some states have already adopted or are in the process of
adopting health goals for perchlorate.  On March 11, 2004, California Environmental
Protection Agency's Office of Environmental Health Hazard Assessment (OEHHA), adopted a
Public Health Goal (PHG) of 6 ppb, and the state re-affirmed this PHG after the publication
of the NAS report.  More recently in August 2005, California’s Developmental and
Reproductive Toxicant (DART) Identification Committee, a panel of independent scientists
administered by OEHHA, concluded that available scientific information on perchlorate was
not sufficient for placing the substance on the Proposition 65 list of chemicals that cause
birth defects or other reproductive harm.  California Department of Health Services (DHS) is
progressing towards establishment of an MCL in drinking water based on OEHHA’s PHG.

Other states like Nevada and Arizona have similar cleanup levels or health goals for perchlo-
rate. Nevada uses a perchlorate “provisional action level” of 18 ppb based upon interim
guidance provided by U.S. EPA on June 18, 1999 and reaffirmed on January 22, 2003.
Arizona established a Health Based Guidance Level (HBGL) of 14 ppb for perchlorate in
drinking water.  HBGLs represent concentrations of contaminants in drinking water that are
protective of public health during long-term exposure.  Both Nevada’s cleanup level and
Arizona’s HGBL for perchlorate were established several years before the NAS study and
EPA’s subsequent adoption of the current perchlorate reference dose.

Colorado River

In 1997, the Metropolitan Water District of Southern California discovered perchlorate in
their water supply from the lower Colorado River.  This discovery was made possible
because of a new and more sensitive test method than was available in earlier years. The
contamination was traced to Lake Mead and the Las Vegas Wash, and eventually to a Kerr
McGee chemical plant in Henderson, Nevada.  This finding prompted US EPA, the Nevada
Division of Environmental Protection (Nevada) and Kerr McGee Chemical Company (Kerr
McGee) to initiate immediate efforts to control the source and reduce perchlorate releases
(mass loading) to the Las Vegas Wash. 

Perchlorate-contaminated groundwater flows north about three miles from the Kerr McGee
facility to the Las Vegas Wash. It is the most significant source of perchlorate entering the Las
Vegas Wash.  Prior to implementing any control measures, groundwater and surface water
discharges to the Las Vegas Wash from all sources resulted in approximately 900 - 1,000
pounds per day of perchlorate loading. This load has been reduced to approximately 
100 – 160 pounds per day by mid 2005.
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Current Mitigation and Remediation Efforts

Control Strategy

Kerr McGee, EPA, and Nevada cooperated in the development of a containment and
remediation strategy for the Kerr McGee facility.  The current strategy focuses on capture
and treatment of perchlorate-impacted water at three discrete locations. The first location
is at the Kerr McGee facility where perchlorate is most concentrated; the second is about
midway between the facility and the Las Vegas Wash where there is a narrow subsurface
channel that makes effective capture possible; and the third is proximate to the Las Vegas
Wash where capture will have the most immediate impact on reducing the flow to the
Las Vegas Wash.  Each of these discrete locations reduces the load deposited into Lake
Mead and correspondingly, the load present in the lower Colorado River.

In addition to the Kerr McGee facility, there is another contributing plume that is both
smaller and much less concentrated.  This plume, attributed to a former PEPCON
perchlorate plant, is being investigated and will be remediated. American Pacific
Corporation (AMPAC) is the parent corporation for PEPCON. In December 2002,
AMPAC initiated a pilot study to determine the feasibility of an in-situ bioremediation
(ISB) program to reduce perchlorate contamination.  The ISB Pilot Study was successful
in reducing perchlorate concentrations from about 500 parts per million (ppm) to less
than 2 ppb.  Nevada is requiring AMPAC to install a remediation system at the leading
edge of its plume by the end of 2005. An ISB system will be installed and activated in
two phases.  The first phase is scheduled for activation by the end of 2005.  The second
phase will allow for activation of the full-scale long-term ISB system by early 2006.

Current Status

The Kerr McGee control strategy has eliminated perchlorate-impacted groundwater from
the facility.  This has been achieved through the installation of a slurry wall (1,700 feet
long and 60 feet deep) and 22 corresponding extraction wells. In 2004, these wells
captured approximately 950 lbs/day of perchlorate.  As of May 2005, nearly 940 lbs/day
of perchlorate were removed by these wells.

The control strategy employed at the Athens Road Well field, the midpoint between the
facility and the Las Vegas Wash consists of eight extraction wells, which began regular
operation in October 2002.  They capture residual perchlorate-impacted groundwater
midway between the facility and the Las Vegas Wash.  In 2004, these eight wells
removed 760 lbs/day of perchlorate, or an estimated 90 - 98% of the mass flow
approaching this well field.  As of May 2005, monitoring data indicates approximately
775 lbs/day of perchlorate were removed.

The controls near the Las Vegas Wash, which consist of both surface water and ground-
water capture via a seep intercept system and 10 wells, capture an estimated 70 - 90%
of the mass flow.  Amounts are decreasing and have dropped from about 500 lbs/day in
early summer 2003 to about 190 lbs/day in 2004 and have continued to drop to about
150 lbs/day through the first half of 2005.
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Lake Mead

Perchlorate concentrations are monitored at two different locations in Lake Mead.
Samples are taken from monitoring sites in Las Vegas Bay and near Saddle Island. Surface
water sampling reveals seasonal variations from 10 - 100 ppb over the last five years. The
sample values tend to peak in spring/summer and dip in the fall/winter, corresponding
with the seasonal variations in water elevations.

Monitoring results at the Las Vegas Bay site showed no clear trend (except seasonal
variation) from 2000 to 2003; summer time peak in 2004 shows a decrease of about
60% compared to 2002 and 2003.

At Saddle Island, concentrations began to decline in late 2003 and continued to decline
through the first half of 2005.  In late 2003, the monthly average peaks were 10.5 ppb,
(about 35% lower than previous 3 year’s peaks). In 2004, the monthly average concentrations
ranged from 4.2 ppb to 4.7 ppb between July and November. The annual average for
2004 was 5.6 ppb, a decrease of about 40% from the 2003 annual average of 9.8 ppb,
and a decrease of almost 60% from the 2000 annual average of 13.1 ppb. The Saddle
Island monthly average perchlorate concentrations continue to show declines through the
first half of 2005 as the groundwater remediation system operated by Kerr-McGee continues
to limit the amount of perchlorate entering Las Vegas Wash and Lake Mead. 

Since mid 2003, concentrations of perchlorate at Saddle Island in Lake Mead ranged
from about 3 to 11 ppb.  These levels are well below the EPA reference dose. EPA
established a reference dose of 0.0007 mg/kg/day of perchlorate. This reference dose
translates to a Drinking Water Equivalent Level (DWEL) of 24.5 ppb.  A DWEL is the
concentration of a contaminant in drinking water, including a margin of safety, which will
have no adverse health effect.  A DWEL is not a drinking water enforcement standard.
These levels are less than the Nevada cleanup level and Arizona’s HBGL.

Lower Colorado River

The lower Colorado River is also sampled at two locations.  The first location is below
Hoover Dam at Willow Beach and is intended to measure perchlorate concentrations in
water entering the Colorado River.  Annual peak concentrations have declined gradually
at this location from approximately 10 ppb to about 6 ppb in early 1999 to less than 4 ppb
through the first half of 2005. According to the Nevada Division of Environmental
Protection, the average annual concentrations continue to decline and have been
reduced approximately 40% from 2000 to 2004.  In 2005 this trend is continuing and
perchlorate concentrations have declined to below 2.00 ppb in the last few months (1.8
ppb in July 2005 and 1.9 in August 2005).

The lower Colorado River is also sampled at the Colorado River Aqueduct at Lake
Havasu.  This site is intended to measure the perchlorate concentrations as they enter the
southern California drinking water supply system.  Here, peak concentrations also have
shown gradual decline from 9 ppb to less than 4 ppb since control strategies were initiated
in November 1999.  In the 2004 sampling year, nine out of the twelve monthly samples
were non-detect (Method 314 Reporting Detection Limit (MDL) = 4 ppb).  All monthly
samples for the first half of 2005 also have been non-detect using a 4 ppb detection limit.
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For risk assessment purposes, all non-detect samples were recorded and graphed as 4
ppb. The average annual concentrations have been reduced approximately in half, from
6.4 ppb in 2000 to less than 4 ppb in 2004 and are expected to remain at less than 4
ppb throughout 2005.

Separate from the Kerr McGee cleanup efforts, the State of Arizona conducted a perchlorate
occurrence study in 2004.  Seventeen surface water samples along the lower Colorado
River mainstem were taken.  Sample results indicate perchlorate concentrations ranged
from non-detect to 6 ppb.  The study also concluded that there is a “slow, steady decline
in perchlorate concentrations in both surface and groundwater along the Colorado River
as well as in areas using Colorado River water in central and southern Arizona.”

System Recovery
It will take time for the groundwater and surface water system of the Las Vegas Wash through
Lake Mead and into the lower Colorado River to recover from the mass loading that has
occurred historically in this region. Even after the source of perchlorate is eliminated, it
will require additional time for clean water to flush out the contaminated groundwater
and surface water systems.  Ongoing remedial efforts are reducing the perchlorate
concentrations and mass.  In an effort to estimate how long it would take Colorado River
perchlorate concentrations to reach target levels under various perchlorate control strategies
and hydrologic conditions (time necessary to flush the system), Flow Science, a consulting
firm from Pasadena, California, was engaged by the Metropolitan Water District of
Southern California (MWD) to provide a predictive tool for MWD to understand how
perchlorate concentrations in the lower Colorado River could be expected to decline
over time.  Flow Science conducted a perchlorate modeling effort and presented a final
report in March 2004. Assuming 90% of all perchlorate sources to Las Vegas Wash are
captured by October 2002, the modeling predicted that perchlorate concentrations at
the Colorado River Aqueduct intake (where California sources its water from the Lower
Colorado) would reach 4 ppb by mid-2004 and 2 ppb by mid-to late-2005. The modeling
predictions have been borne out to date by the 2004 annual average concentration at
this location which was less than 4 ppb, the consistent set of sample results demonstrating
concentrations at this location have remained less than 4 ppb since June 2004, and the July
and August 2005 Willow Beach concentrations which are less than 2 ppb.

Recommended Solutions for Implementation and Funding

Current efforts to reduce perchlorate concentrations in the Colorado River should continue.
These include the industry and government efforts to arrest and mitigate the sources of
perchlorate which migrate to Lake Mead and the Colorado River through the Las Vegas
Wash.  These ongoing efforts continue to reduce the levels of perchlorate in the
Colorado River. 

Action Plan for Implementation and Funding

Appropriate containment, control and cleanup efforts have been and are being imple-
mented and are improving the River. Consistent with the recommendation in Perchlorate
in Arizona Occurrence Study of 2004, the State of Arizona is encouraged to continue
monitoring the cleanup and mitigation efforts of the Colorado River.
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Chapter 6
Bacteria and Pathogens
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Pollutant Description
Coliform bacteria are a large group of bacterial species and are most commonly associated
with water quality. The group includes both fecal coliform and non-fecal coliform. Fecal
coliforms can include disease-causing and non-disease causing species. Escherichia coli (E.
coli) is one species of fecal coliform bacteria present in the fecal matter of warm blooded
animals. E.coli is used in water quality sampling as an indicator of fecal contamination and
the potential presence of other harmful organisms.

One other form of bacteria worth mentioning here is cyanobacteria. Cyanobacteria were
once mistaken for blue-green algae; however, further research suggested that the
composition of cyanobacteria did not agree with the make-up of algae. Cyanobacteria
have been shown to cause toxic blooms in
freshwater. They produce toxins that can be
very harmful to animals and possibly, to
humans. Cyanobacteria have been implicated
as a likely cause of fish kills in freshwaters.
The two most likely pathogens that will be
found in recreational waters are
Cryptosporidium and Giardia.

According to the CDC, cryptosporidium is a
parasite that lives in the intestine of animals
and humans. It is able to live outside the
body for extended amounts of time and is

Chapter 6 - Bacteria and Pathogens

Introduction
Bacteria are microscopic organisms that have existed for a very long time. Geologic
record shows bacteria to have existed 3.2 billion years ago. Some researchers believe
that the first oxygen that appeared on Earth, 2 billion years ago, was created by bacteria.
The discovery of bacteria in 1676 is credited to Antony van Leeuwenhoek. In 1,876 it
was discovered that bacteria could cause disease. 

Bacteria are very diverse and many can multiply quickly depending on surrounding
conditions. Some bacteria are extremely hearty and can remain dormant while conditions
are not good. Still other bacteria can be carried in the air. Bacteria are at the bottom of
the food chain and are known as decomposers. They play a very important role in recycling
organic materials that plants and animals need to survive. There is a proportional tie
between nutrients, sediments and bacteria that should be recognized. Because bacteria
are living organisms that have a preferred habitat, more nutrients and/or more sediment
probably means more bacteria. 

The human body is home to many kinds of bacteria. Bacteria can cause disease two
ways. First, the bacteria can multiply itself inside the human or animal body and second,
it can produce a toxin which makes the victim ill. 

Figure 6-1: Above is a picture of fecal 
coliform bacteria.
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very resistant to chlorine disinfectants.  Cryptosporidium is now recognized as one of the
most common sources of disease in drinking and recreational water in the United States and
the world.

CDC describes Giardia as a one-celled parasite that lives in the intestine of both animals
and humans. Like Cryptosporidium, Giardia can live outside the body for a very long time.
It, too, is found all over the world and has become known as one of the most common
sources of waterborne disease.

Sources

All natural water (rivers, lakes, wetlands) contain bacteria. Ground water usually has
fewer bacteria than surface water because of its long travel time in the sub-surface
environment. However, ground water can become contaminated by sewage  -- via septic
systems or sewer outfalls, fertilizer and surface runoff, as well as other pollution sources.
Potential sources in Arizona include high density of on-site wastewater systems, storm
water run-off from the monsoons during the summer and rain/storms during the winter
and inadequate number of sanitary facilities in recreational areas along the Colorado
River. Bacterial contamination is an issue that is linked with high concentrations of people
and animals, whether it is recreational or residential.

Some of the communities along the Colorado River were developed with the use of on-
site wastewater systems. As discussed in Chapter 2 on Nutrients, in the past few years,
communities such as Bullhead City and Lake Havasu City have been sewering their cities
in order to avoid bacterial and other contamination of the River. Effluent from a septic
system may have bacteria which then has the potential of contaminating the ground-
water (see Figure 6-2). Wastewater treatment plants also have potential for contaminating
the River via release of untreated effluent due to a failure in the treatment system or a
broken pump or line. 

Several communities do release effluent directly into the Colorado River including, both
Laughlin and Las Vegas, Nevada. Moreover, Las Vegas, Henderson and Clark County,
Nevada, has proposed to discharge substantially increased quantities of effluent (up to
450 million gallons per day) into Lake Mead. This
is treated effluent; however, the risk remains for a
break in the system which could result in detri-
mental effects on the river. 

Storm water run-off also occurs when enough
rain falls to cause flow. With the large drainages
and washes that dot the Arizona desert, the
potential for bacterial contamination of the River
is present. During these events, the storm water
runs over and mixes with organic material that is
available in the washes and drainage areas. The
drainage patterns are constantly changing with
the explosive development along the Colorado
River. Each time the drainage pattern changes, a
new set of challenges are encountered. It should be Figure 6-2: Diagram of how effluent

eventually enters the groundwater.
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noted that the Bill Williams and Gila Rivers are the only perennial tributaries in the lower
Colorado River that can introduce substantial flood influence on the main stem
Colorado.
Recreational activity along the Colorado River also increases bacterial contamination
potential. With inadequate numbers of sanitary facilities (both restrooms and trash facilities),
tourists and recreationalists will consistently contaminate the shoreline of the River. Trash
along the shoreline of Lake Havasu has increased substantially over the last several years
as evidenced by the volume collected. When sanitary facilities are not available, those
using the River will contaminate the shoreline with trash (containing all matter of material
including diapers) and excrement which is eventually washed into the River. Potential for
pollution also exists due to the boat pumping stations along the River. Any malfunction at
these stations could introduce bacteria to the River again.

Water Quality Impacts

Health Issues

Elevated levels of bacterial and protozoan contamination in the Colorado River may cause
a variety of illnesses including, but not limited to, E. coli, cholera, shigella, salmonella
and campylobacter. According to the CDC, each year an estimated four billion diarrheal
episodes occur and an estimated two million deaths, the majority of which occur in
third-world countries, with a smaller percentage occurring here in the United States.
CDC believes that at least half of these illnesses and deaths are a result of waterborne
diseases. The symptoms of the diseases caused by contaminated water include nausea,
vomiting, diarrhea (bloody and/or dehydrating), and in some cases, death. Animals are
also susceptible to becoming ill from contaminated water. Sickness and death may occur
in both humans and animals due to both enterobacteria (E.coli, etc.) and cyanobacteria
found in the Colorado River.

Water Quality Testing

Bacterial testing of water quality along the Colorado River has been taking place. Each
summer Lake Havasu is tested a minimum of twice per month at carefully selected
beaches for bacterial counts. When a limit is exceeded, the water is tested once again,
within 24 hours. It is the policy of Mohave County that if the second test results in an
exceedance the affected beach is posted and closed. The Arizona Department of
Environmental Quality (ADEQ) has also contracted with USGS in order to conduct peri-
odic testing along the Colorado River for bacterial levels along with other contaminants.

Bacterial Concentrations in the Colorado River

Several agencies test the River’s water quality. Agencies involved in testing include ADEQ,
Mohave County Department of Public Health, USGS, National Park Service, the State of
Nevada and sometimes, Indian Health Services. Although there have been a few recorded
spikes in bacterial testing along the Colorado River, specifically, in Lake Havasu, follow-up
testing has not indicated a chronic problem. However as development and recreation
along the River continues, potential for increase of bacterial contamination will continue.
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Current Mitigation Efforts

As stated earlier, a few communities along the Colorado River are beginning or have
been sewering their cities and reducing the number of septic tank and leach field systems
due to contamination of groundwater and future concerns that the groundwater could
no longer be drinkable or useable. 

There has been a concentrated effort to eliminate old privies in the Lake Havasu area of
Mohave County and replace these units with more sanitary restroom facilities. As part of
this effort, there have been several new restroom facilities added to beaches along Lake
Havasu. Trash containers have also been added to aid in the collection of refuse and
items such as dirty diapers which would have, in years past, eventually been washed into
the lake. This effort at trash collection has met with limited success. 

Lake water sampling and sampling along the Colorado River continues to take place and
procedures are in effect which prevent swimmers from entering water that is deemed
unhealthy for recreating. 

Mohave County is preparing to propose a local ordinance that will require more homes
along the Colorado River to connect to sewage treatment plants. This area is known for
having very shallow groundwater and sandy soils which makes for a very difficult area to
install septic systems. Although the communities of Lake Havasu and Bullhead City have
taken great strides towards connecting to community sewer, the county area in between
these communities is still installing septic systems. 

The  National Park Service (NPS), on September 21, 2005, issued a press release which
indicated that an Environmental Assessment for the Replacement of Water and Sewer
Systems had been released for the Lake Mead National Recreational Area. According to
the referenced press release, the systems are extremely old and in need of constant
maintenance.

Along the lines of sanitation, in March of 2003 the NPS published their Lake
Management Plan/Final Environmental Impact Statement for the Lake Mead National
Recreation Area. This plan addresses sanitation issues and proposes rules requiring all
overnight boating campers to possess a portable toilet and to prohibit the use of glass and
Styrofoam containers. The NPS recognizes that education and proper notification of
campers and visitors is an integral part of this process.

Recommended Solutions for Implementation and Funding

• Coordinate a monitoring network operated and maintained to improve data gathering
and analysis efforts to identify hot spots or periods of violation, pursue remedies and
keep the feedback loop going perpetually, aiming to always improve efficiency. One
way to begin this would be a concentrated survey along the River in areas of high use
and during busy seasonal periods. The monitoring network should include all agencies
that currently conduct surface water testing along the Colorado River and interested
stakeholders. Regular communication among the monitoring network is recommended.
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Action Plan For Implementation and Funding

Action plan for the above-mentioned recommendations:

• ADEQ should dedicate resources to coordinate a monitoring network on the mainstream
of the Colorado River. ADEQ should survey existing monitoring activities and review
and prioritize the establishment of future monitoring in coordination with interested
federal and local agencies. Monitoring network to produce quarterly monitoring data
reports.

• Conduct research to find what potential funding sources (grant programs) are
available for water quality projects. City Councils/local jurisdictions approached for
recommendations on what local groups could help with in this type of activity

(e.g. “Keep Havasu Beautiful”).  ADEQ continue to encourage applications to the
Water Quality Improvement Grant Program for eligible sanitary facilities and education
along the River. 

• Local governments along the River may apply for grant with Legacy Foundation for
educational grant-funded program.

• Support the effort of the Colorado River Regional Sewer Coalition to obtain federal
funding for sewer infrastructure projects in communities along the Colorado River.

• ADEQ should support local jurisdictions as they aim to pass local ordinances requiring
abandonment of on-site wastewater systems along the Colorado River. This would not
require any extra funding on the part of the State. 

• Installation and maintenance of more sanitary facilities along the Colorado River to
include restrooms, trash locations and educational materials such as signage. This may
require more substantial funding. 

• ADEQ and other officials should closely monitor the proposal by Las Vegas, Henderson
and Clark County, Nevada, to discharge up to 450 million gallons a day of treated
effluent directly into Lake Mead.

• Environmental education beginning in schools and expanding to community service
groups, etc. Public Service Announcements conducted in association with education.
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Chapter 7
Salinity/Total Dissolved Solids
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Pollutant Description
For purposes of this report, the terms “total dissolved solids” and “salinity” will be 
equivalent, although there are slight differences between the two:

•  “Total dissolved solids” (TDS) are generally associated with freshwater systems and
consist of inorganic salts, small amounts of organic matter, and dissolved materials. 

•  Salinity was originally an oceanographic term, generally describing the total salt content,
but is also used for freshwater systems.

Both terms are used to describe the sum of the inorganic cations and anions dissolved in
water: sodium, potassium, calcium, magnesium, carbonates, chlorides, sulfates, and
nitrate.

The saline sediments of the Colorado River Basin were deposited in prehistoric marine
environments. Sedimentary rocks are easily eroded and dissolved, transporting their salts
into the river system. Human activities such as irrigated agriculture and energy exploration
can influence and accelerate this process (Colorado River Basin Salinity Control Forum,
2002).

Increased salinity levels in the Colorado River affect agricultural, municipal and industrial
users. Agricultural water users suffer economic damage due to reduced crop yields,
added labor costs for irrigation management and added drainage requirements. Urban
users must replace plumbing and water-using appliances more often, or spend money on
water softeners or bottled water. Industrial users and water and wastewater treatment
facilities incur reductions in the useful life of system facilities and equipment (Colorado
River Basin Salinity Control Forum, 2002). Damages in the United States are estimated at
$330 million per year, and economic damage in Mexico is not quantified but also a
significant concern (Department of the Interior, 2003).

Water Quality Standards

Surface Water
In 1972, EPA required development of water quality standards for salinity in the Colorado
River in accordance with Clean Water Act (CWA) Section 303. The seven Colorado River
basin states formed the Colorado River Basin Salinity Control Forum (the Forum) in 1973.
The Forum has been the vehicle that has allowed the states to cooperate in developing
the standards which included numeric criteria at three locations in the lower Basin as
well as a basin-wide plan of implementation. The seven states each adopted the standards
and plan of implementation through their individual administrative processes, and the
standards were approved by EPA. The implementation of the salinity control plan has
ensured compliance with the numeric criteria while the Basin states have committed to
develop the water allocated to them by the Colorado River Compact.

Chapter 7 - Salinity/Total Dissolved Solids
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Arizona’s Surface Water Quality Standards establish a flow-weighted average annual
salinity standard that must be maintained on the lower Colorado River at the following
locations:

Arizona Colorado River Salinity Standards
Location Salinity

Below Hoover Dam (to Parker Dam) 723 mg/L

Below Parker Dam (to Imperial Dam) 747 mg/L

At Imperial Dam 879 mg/L

These standards were established by the Forum based on data collected in 1972, and
the conditions present in 1972 became the standard to be attained for the future. The
Forum emphasizes that this should not create any inference that 1972 represents a typical
year from either a hydrologic or water quality perspective. Rather, the purpose of the
numeric criteria and the Forum’s Plan of Implementation for Salinity Control is to mitigate
the effects of water resource development and human activities in the Colorado River
Basin after 1972. The Plan is not intended to address human-caused salinity prior to this
date. The standards are also not intended to address any other designated uses of the
Colorado River (human health and aquatic and wildlife); however, the Forum states that
projected future salinity concentrations, with or without salinity controls, have not been
shown to have adverse effects on human health or wildlife (Forum, 2002).

Impacts of natural variations in the hydrologic cycle have a significant impact on salinity
levels. Therefore, the Forum’s plan for maintaining the criteria is developed using a long-
term mean annual water supply of 15 million acre-feet per year at Lee’s Ferry, Arizona.
When River flows are at or above this level, concentrations are typically below the numeric
criteria. Conversely, when flows are significantly below the long-term mean, and reservoirs
are depleted, salinities are expected to increase (Forum, 2002). Fluctuating salinity levels
are shown in Figure 7-1. 

The diluting effect of record high flows during the mid-1980s caused lower salinity levels,
followed by an extremely dry period from 1988 to 1992 with rising salinity concentrations.
Moderately high flows later in the 1990s once again resulted in decreasing salinity.
Recognizing the effects of variable hydrologic cycles, the Forum considers natural
increases to be in conformance with standards, provided that concentrations are at or
below the criteria when river flows and reservoir conditions return to normal. Federal
regulations also allow for temporary increases due to additional water development projects
until salinity control projects are brought on line (Forum, 2002).

Groundwater
There is no salinity standard for groundwater quality in Arizona; however, EPA has
recommended a Secondary Maximum Contaminant Level (SMCL). SMCLs are non-
enforceable, aesthetics-based guidelines that define the maximum concentration of a
contaminant that can be present without imparting unpleasant taste, color, odor or other
aesthetic effect on the water. See Figure 7-2.
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Figure 7-1:  Salt Concentrations at Numeric Criteria Stations expressed as annual 
flow-weighted averages

*see Appendix 4 for data used to create this graph and explanation of flow-weighted 
average calculations.

Table 7-1: EPA’s SMCLs for Public Drinking Water Systems
Pollutant SMCL

Total dissolved solids 500 mg/L

Sulfate 250 mg/L

Chloride 250 mg/L

Sources

The Department of the Interior (2003) along with other members of the Colorado River
Basin Salinity Control Forum have spent 30 years investigating sources of salinity and
have identified the following major sources:

Natural Sources - Nearly half of the salinity in the Colorado River system is from natural
sources. Saline springs, precipitation runoff, and associated erosion of saline geologic
formations all contribute to this background salinity. The erosion process and associated
salinity problems can be accelerated by human activities such as grazing and energy
exploration and development.
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Irrigated Agriculture - Agriculture is the largest user of water in the Colorado River
Basin, and agricultural return flows contribute to the salinity of the system. Irrigation water
dissolves salts found in the underlying saline soils and geologic formations, usually marine
shale. Deep percolation mobilizes these salts found naturally in the soils, especially if the
lands are over irrigated.

Groundwater quality often deteriorates in arid irrigated areas due to salt buildup as a
result of evaporation and evapotranspiration. The portion of irrigation water that is actually
consumed by plants or lost to evaporation is virtually free of salts, therefore, the vast
majority of salts in the original irrigation water percolate through the soil, eventually to
recharge the underlying aquifer. This contaminated groundwater is then pumped for
irrigation use and will percolate to the underlying aquifer again. Thus, the recycling of
groundwater will continue to increase dramatically the salinity of the aquifer over time.
As the salinity of the groundwater increases, so too does salinity of surface water in the
Colorado River as irrigation tail waters flow back into the River.

Development of Energy Resources - The development of coal, oil and gas, and oil
shale, also contribute significant quantities of salt to the Colorado River. The Forum
recognizes that the salinity of surface water can be increased in these operations through
the following means: 

•   Mobilization of saline groundwater - There are many static, saline aquifers located
throughout the Colorado River Basin confined within impermeable shales, which
have prevented the transport of their saline water. Drilling and mining can provide
a path for the saline aquifer water to reach the surface. 

•   Mineral dissolution and uptake in surface runoff – The location of fossil fuels is
associated with marine-derived geology. Any disturbance to the land increases
contact surfaces and allows water to dissolve previously unavailable minerals. 

•   Production of saline water – Oil and gas production in the Basin can produce
saline water in amounts several times greater than the amount of oil produced,
depending upon the geology of the area. Disposal techniques include evaporation,
injection and discharge to local drainages.

•   Consumption of higher quality water – Consumption during energy development
can reduce the amount of water available to dilute Colorado River salinity.

Municipal and Industrial Sources - Municipal and industrial users contribute some
additional salinity, though the Forum estimates the relative amount is small (about 1% of
the salt load). The use of residential water softeners can contribute salt to wastewater,
and if untreated, result in saline discharge from treatment plants that discharge to the
Colorado River.

O_NPCA-CBD et al 2

70

Water Quality Impacts

Plant Growth - Excess dissolved solids negatively impacts plant growth. As shown in
Table 7-2 below, as salinity increases above 500 mg/L, the effects on crops increase, reducing
agricultural production. Above 500 mg/L, crops that are sensitive to salinity cannot be
grown. Rapid salinity changes can cause changes in osmotic pressure, resulting in
plasmolysis (cell shrinkage) of tender leaves and stems. In addition, sodium is toxic to
certain plants, especially fruits, and frequently causes problems in soil structure, infiltration
and permeability rates. Clay soils, with their high percentage of exchangeable sodium,
will swell when wet and can further limit water movement and plant growth.

In its Water Quality Report, the Salt River Project (SRP, 1998) references guidelines for
total dissolved solids (salinity) and its separate constituents in water used for agricultural
irrigation purposes. These general guidelines can be applied to Colorado River water to
evaluate its suitability for use based on salinity concentrations.

Table 7-2: SRP Dissolved Solids Guidelines for Agricultural Purposes

Parameter

TDS

Sodium

Chloride

Chloride

Bicarbonate

Effects on crops

General effects on
crop yield

De-flocculation of
clay and reduction in
infiltration

Effects when water is
absorbed by leaves

Effects when water is
absorbed by roots

Effects when water is
absorbed by leaves

Effects when water is
applied by sprinklers
(causes white
deposits on fruits and
leaves)

No Problems 
(mg/L)

<500

>320

<69

<142

<106

<90

Increasing
Problems (mg/L)
500 – 2000 

<320

>69

142-355

>106

90-520

Range of concentrations

Severe
Problems (mg/L)
>2000

<128

--

>355

--

>520

* Deflocculation refers to the dispersion of clay particles that occurs when the positive charges of the clay
particles are covered and attractive forces are greatly reduced. This process results in reduced soil
permeability.
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Drinking Water - In the Quality Criteria for Water, 1986, the US Environmental
Protection Agency (EPA) indicates that excess dissolved solids are objectionable in drinking
water because of possible physiological effects, unpalatable mineral tastes and higher
costs. These increased costs are caused by corrosion and encrustation of metallic surfaces
and the necessity for additional treatment. Primary maximum contaminant levels for TDS
and associated anions and cations have not been set for drinking water, because they do
not present a human health concern for the general public.

Infrastructure Damage - High salinity levels mean that water users must replace plumbing
and water-using appliances more often, or spend money on water softeners or bottled
water. Industrial users and water and wastewater treatment facilities incur reductions in
the useful life of system facilities and equipment (Colorado River Basin Salinity Control
Forum, 2002).

Current Mitigation Efforts

In 1974, Congress enacted the Colorado River Basin Salinity Control Act which authorized
the construction, operation, and maintenance of salinity control works throughout the
Basin. Title I of the Act addressed the US commitment to Mexico regarding the quality of
water deliveries to Mexico pursuant to the Treaty of 1944. It authorized the construction
and operation of a desalting plant located in Yuma, brine discharge canal and other features
to ensure that the average salinity concentration of water delivered to Mexico does not
exceed 115 parts per million (ppm), plus or minus 30 ppm, above the annual average
salinity at Imperial Dam (US Department of the Interior, 2003).

Title II of the Act created the salinity control program, which has allowed for the construction
of salinity control projects by both the Bureau of Reclamation (BOR) and US Department
of Agriculture (USDA) that have resulted in more efficient use of water. It also directed
the Departments of Interior and Agriculture and the EPA to manage salinity, including
salinity contributed from public lands. BOR’s Basinwide Salinity Control Program is now
open to allow competition and has reduced the cost of salinity control from approximately
$70 per ton to $30 per ton (US Department of the Interior, 2003).

Since the 1970s, the Department of the Interior, through BOR, has been working with
USDA, the Bureau of Land Management (BLM), and the Forum to build and operate cost
effective salinity control projects on the Colorado River. Irrigation improvements allow for
better water management that reduces deep percolation and the transport of shallow
salt-laden ground water back to the river system. Point sources are controlled by Forum
policy and the Nation Pollutant Discharge Elimination System (NPDES) program, when
the source is from man-induced discharges, and by various means when the source is
from saline springs. One unique project is the Paradox Valley project where BOR collects
brines that were discharging into the bed of the Dolores River in southwestern Colorado
and injecting those brines into a 16,000 foot injection well. This project accounts for
about 20% of the salinity control to date. 

The Central Arizona Salinity Study (CASS) was initiated in 2001 by the US Bureau of
Reclamation in a partnership with several major municipal water providers located in
central Arizona. The purpose of CASS was to identify and evaluate salinity issues in central
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Arizona. Phase 1 concluded that 1.5 million tons of salt per year are imported into the
Phoenix metropolitan area with 1.1 million tons per year accumulating in the area.
Likewise, 130,000 tons of salt per year are imported into the Tucson area with an
accumulation of 107,000 tons per year. The Tucson figures are expected to increase over
time as the amount of Colorado River water imported into the Tucson area increases 
(US Bureau of Reclamation, 2003).

The economic impacts of increased salinity in the raw water supplies of central Arizona
are significant in absolute terms, primarily in the Phoenix area. The main concern is that
increased concentrations of salinity in treated wastewater effluent may result in limiting
the future reuse of this important future source of water supply in central Arizona.
While the technology exists to desalt the surface water supplies in central Arizona, the
cost of implementing these technologies, at the present time, is greater than the economic
costs associated with the increased salinity levels. Moreover, the nature of the technologies
involved results in a net loss of 20 percent to 30 percent of the raw water. On a preliminary
basis, CASS Phase II has concluded that management of salinity discharges into the sanitary
sewer system at the wastewater treatment plant, public education of how water users can
voluntarily reduce salinity, and additional consideration of localized treatment of brackish
groundwater is warranted. CASS has also strongly endorsed the continued implementation
of the salinity control projects funded through Title II of the Colorado River Basin Salinity
Control Act of 1974.

The Forum continues as a working group to provide interstate and interagency coordination
and guidance for the salinity control program to ensure that those projects which are the
most cost-effective be given preference for funding, as directed by the Colorado River
Basin Salinity Control Act. The Department of the Interior issues regular progress reports
with detailed descriptions of mitigation efforts throughout the basin. These reports should
be consulted for further information.

The Forum also reviews the numeric salinity standards on the Colorado River every three
years. In 2002, it concluded that the standards provide protection from long-term
increases in economic damage to downstream uses. However, even current levels of
salinity are cause for concern. A study conducted by BOR and the Metropolitan Water
District of Southern California estimates salinity damage in Arizona, California and
Nevada to be nearly $200 million per year at the 1999 salinity level of 669 mg/L. They
estimate this would increase to $500 million per year if salinity were allowed to return to
the level of the numeric standard at Imperial Dam (879 mg/L). 

The 2002 review also cautions that water use patterns have begun to shift in the lower
mainstem of the River. Within the agricultural sector, there has been a shift to growing
more vegetables which are less salt tolerant. Basin states also indicate there will be a
continued shift from use by the agricultural sector to the municipal and industrial sector.
They predict more pressure in the future to reduce salinity levels even further.

The Bureau of Reclamation, who oversees the Salinity Control Program, indicates that:

•   Salinity control measures installed with USDA assistance control over 300,000 tons of
salt annually. Measures installed with Bureau of Reclamation assistance control nearly
500,000 tons each year. 
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•   The Natural Resources Conservation Service (NRCS) currently uses the Environmental
Quality Incentives Program (EQIP) funds to implement on-farm salinity control measures
in six project areas in western Colorado, eastern Utah, and southwestern Wyoming. 

•   The Forum has adopted policies for salinity criteria for municipal and industrial 
discharges (see Appendix 5).

Recommended Solutions for Implementation and Funding

Treated municipal wastewater can contain significant amounts of total dissolved solids. As
the growth in population continues to increase in the Colorado River region, the amount
of treated effluent discharged to the River will increase. The State of Arizona should con-
tinue monitoring effluent discharges to the River and their potential effects as a source of
increasing salinity. Arizona Pollutant Discharge Elimination System (AZPDES) or NPDES
permits authorizing surface water discharges to the Colorado River should be consistent
with the Forum policy entitled “NPDES Permit Program Policy for Implementation of
Colorado River Salinity Standards,” (see Appendix 6) adopted in October 2002 (Forum, 2002).

In its 2003 Progress Report, the Department of the Interior concluded that the Salinity
Control Program has successfully controlled 800,000 tons of salt per year. However, to
meet the target of 1.8 million tons per year by 2020, additional funding will be needed
to implement new salinity control measures that will remove approximately 59,000
additional tons each year. The review identifies the following capital funding needed to
meet this goal:

•   BOR appropriation – $10.5 million per year, bringing the total Reclamation program
with cost-sharing to $15 million per year.

•   USDA EQIP appropriation – $13.8 million per year, bringing the total on-farm program
to $19.7 million per year with Basin states parallel program.

•   No new measures for BLM were proposed due to questions raised regarding verification
of rangeland salinity control. When measures are identified, they will be included in the
Salinity Control Program and would reduce the amount of salinity control and funding
needed for BOR and USDA projects.

Implementation of the Title II salinity control program has been a documented success in
preventing salinity from increasing beyond 1972 levels. The projects and control measures
which have been implemented are responsible for the decrease in salinity concentrations in
the lower Basin while significant new growth has occurred. However, federal spending
cuts have reduced the Bureau of Reclamation’s efforts to implement the rest of the Title
II program. 

Most of the salinity control measures are implemented in the upper Basin states.
However, it is important for the State of Arizona, working with the other Basin states and
the Forum, to continue to encourage the President and the US Congress to fully fund
Title II so that the program continues to be implemented as originally intended.
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Action Plan for Implementation and Funding

The Forum develops action plans for implementation and funding on a regular basis, and
should be consulted for further information.
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Chapter 8
Sediment and Suspended Solids
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Pollutant Description
Suspended solids consist of organic (algae and other biological matter) and inorganic
(sands, silts, etc) particulates held in water. 

Sedimentation occurs when wind or water runoff transports soil particles from land surfaces
and deposits them in a waterbody. As the energy and flow of a stream decreases, the
amount of particulates that a water column can hold decreases and particulates drop to
the stream or lake bed. Changes in channel form, such as streambank stability and
amount of stream sinuosity (curves or turns), can also increase sedimentation (aggradation)
or erosion (degradation).

Water Quality Standards

Suspended Sediment Concentration (SSC) – Arizona adopted a surface water quality
standard for suspended sediment concentration (SSC) in 2002 to protect fish populations.
This is the dry weight of sediment from a known volume of water-sediment mixture. It is
applied only to flowing waters (perennial and intermittent streams). It does not apply to
lakes, ephemeral streams or waters classified as effluent dependent waters. It does not
apply during runoff events. The SSC standard states:

The geometric mean of a minimum of four Suspended Sediment Concentration
samples cannot exceed 80 mg/L. The standard applies to a stream that is at or near
base flow and does not apply to a stream during or soon after a precipitation event
(A.A.C. R18-11-109(D)).

Narrative Bottom Deposits Standard – Whereas the SSC standard addresses sediment
suspended in the water column, the narrative bottom deposit standard is intended to
prevent excessive bottom deposits of sediment in amounts that adversely affect aquatic
life. It states: 

A surface water shall be free from pollutants in amounts or combinations that settle
to form bottom deposits that inhibit or prohibit the habitation, growth, or
propagation of aquatic life A.A.C. R18-11-108(A)(1)).

Proper Functioning and Condition of Riparian and Wetland Areas – Riparian vegetation
is very effective in reducing sediment and suspended solids, by increasing deposition
before runoff water reaches a surface water (Engineering Science, 1994). Greater plant
density means more suspended sediments can be removed. The Bureau of Land
Management, in conjunction with the US Forest Service, developed a field protocol
known as “proper functioning and condition of riparian and wetland areas” to assess
whether a riparian-wetland area is functioning properly in terms of vegetation, landform
and amount of large woody debris present to dissipate stream energy associated with high
water flows. A properly functioning riparian area will reduce erosion, filter and capture
sediment load, and aid in floodplain development. It has additional benefits including
providing good wildlife habitat and facilitating groundwater recharge. While federal
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agencies use this visual-based qualitative tool to assess long stream reaches, ADEQ uses
this information as supporting evidence when assessing a stream’s physical condition.

Turbidity – ADEQ repealed its turbidity criteria in 2002 because it is a surrogate meas-
urement for estimating the amount of suspended particles in water. Although no longer
an enforceable standard, the old turbidity criteria can be used as a guideline to evaluate
suspended particles in water. Turbidity is measured in terms of nephlometric turbidity
units (NTU), which is an index of light refraction when light strikes suspended particles in
water. For reference, the following old turbidity criteria were established to protect
aquatic life and wildlife: 

A&W warmwater fishery 
(below 5000 ft. elevation)

A&W effluent-depended water

A&W coldwater fishery 
(above 5000 ft. elevation)

Rivers, streams, and other
flowing water

50 NTU

50 NTU

10 NTU

Lakes, reservoirs, and
other non-flowing water

25 NTU

25 NTU

10 NTU

In the Colorado/Grand Canyon Watershed, the following segments are impaired due to
suspended sediment concentrations in excess of water quality standards: the Colorado
River from Parashant Canyon to Diamond Creek, the Paria River from the Utah border to
the Colorado River, the Virgin River from Beaver Dam Wash to Big Bend Wash.  In the
Little Colorado River Watershed, the Little Colorado River from Porter Tank Draw to
McDonalds Wash is impaired due to suspended sediment concentrations in excess of
water quality standards.

Sources

There has not been a detailed study of sediment sources along the Colorado River.
However, several likely sources can be identified. Natural stream erosion, in the absence
of human activities, is affected by water flow and channel morphology, in combination
with type of catchment bedrock, soil profiles and vegetation (Leopold et al, 1964).
Arizona’s arid conditions, relatively low plant coverage and erodible soils make some
degree of suspended solids and sedimentation a natural phenomenon in the state.
Natural sources of suspended solids may be difficult to control.

Human activities increase suspended sediment loads beyond natural background levels.
The causes of excess sediment in streams are similar across the country: urban runoff,
construction/development, agriculture and forestry are the largest contributors. In the arid
Southwest, wildland fires, grazing and off-highway vehicle use must also be considered.
How these sources contribute sediment in the Colorado River Watershed is summarized
below.
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Construction and Urban Runoff

The construction of buildings or roads can result in soil loss and sediment transport to
nearby surface waters (Waters, 1995). Much of the Colorado River watershed in Arizona
would not be considered urbanized; however, there are several cities between Lake
Mead and Arizona’s border with Mexico. Other areas, while not “urbanized,” have been
developed for vacation homes. Urban runoff and construction should be considered a
probable source of some sediment.

Nationally, in urban areas, suspended solids constitute the largest volume of pollutant
loadings. Nonporous urban landscapes, such as roads, bridges, parking lots, and buildings
prevent runoff from percolating slowly into the ground. Water remains above the surface,
accumulates, and runs off in large amounts, usually carrying large loads of sediment with
it (http://www.epa.gov/owow/nps).

Further contributing to the problem are stormwater systems that channel runoff from
roads and other impervious surfaces (http://www.epa.gov/owow/nps). In Arizona, torrential
monsoon events can produce large volumes of storm flow runoff which, when the
stormwater enters the stream channels, can erode streambanks and remove protective
streamside vegetation. This erosion contributes sediment to the streambed.

Agriculture and Grazing

When agricultural lands are not properly managed for soil erosion, excessive amounts of
sediment can enter stream channels and lakes (http://www.epa.gov/owow/nps). 

Further, overgrazing in the past by livestock on arid rangelands has been responsible for
damage to streams in the western United States. 

Grazing does not occur along the Colorado River mainstem; however, open rangeland
(grazing) occurs across the watershed. 

Forestry

Nationally, timber harvesting and forest road activities are potential sources of sediment
loading to surface water. The most detrimental effects of harvesting are related to the
access and movement of vehicles and machinery (forest roads), and the dragging and
loading of trees or logs. Silviculture effects include soil disturbance, soil compaction, and
direct disturbance of stream channels (http://www.epa.gov/owow/nps).
Silviculture occurs in a relatively small portion of the Colorado River Watershed, primarily
in the Kaibab National Forest. Therefore, forestry practices are probably not a significant
source of sediment in the Colorado River.

Wildland Fires

Wildland fire is a natural process in a forest ecosystem; however, suppression of fires and
improper forest management practices can create an accumulation of fuels, such as brush
and vegetative litter, on the forest floor. The additional fuel can result in hotter fires,
extensive burn areas and severe damage to forest soils. (http://www.epa.gov/owow/nps). 
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The deposition of burned debris and sediment into streams and lakes during the fire can
have immediate and acute effects on water quality and aquatic life. However, as U.S.
Geological Survey (USGS) research has shown, the loss of ground-surface cover, such as
needles and small branches, and the chemical transformation of burned soils after a fire
can have long-lasting effects on the watershed as well. Watersheds become more
susceptible to erosion and excess sediment from rainstorms after the burn and before the
soils are stabilized. 

Off-Highway Vehicles

The use of off-highway vehicles, especially in sensitive areas, can increase erosion and
create long-term environmental damage.  This is particularly a concern within the riparian
area (the channel and vegetated border along the stream) which acts as a natural filter for
sediments being transported during rain events. The extent of use and damage caused by
off-highway vehicles has not been documented in this watershed; however, the potential
for damage is large due to erodible soils and various recreational opportunities along the
Colorado River corridor.

Water Quality Impacts

Impacts on Aquatic Life - Excessive amounts of sediment can have the following adverse
effects on aquatic life:

• Kill fish or reduce their growth rate and resistance to disease primarily by clogging 
or abrading gill membranes

• Prevent the successful development of fish eggs and larvae by covering spawning areas
• Modify the natural movements and migrations of fish
• Reduce the abundance of food available to fish and fish larva
• Impair the ability of sight feeding fish to locate their prey
• Reduce the amount of light available to aquatic plants, thus reducing photosynthesis

and primary production in surface water and shifting algal composition from green
algae to the more toxic blue-green algae

• Degrade or eliminate habitat through sedimentation and filling in of pool habitat
• Introduce toxic pollutants that can be attached to soil particles (e.g., metals, pesticides)

Some suspended sediment is natural in the Colorado River due to the sandstone formations
in the Grand Canyon area. Native fish, such as the humpback chub (a federally listed
endangered species) are adapted to these high levels of particulates; however, sport fish
such as rainbow trout that hunt by sight, are negatively impacted by suspended sediments.

Impacts to Recreation - In addition to the fact that recreation may be a cause of sediment
pollution, suspended sediment can interfere with recreational use and aesthetic enjoyment
of surface water. Turbid waters can be dangerous to swimmers and boaters because of
unseen submerged hazards. The less turbid the water, the more desirable it becomes for
swimming and other water contact sports. Thus, increased suspended sediment may
have potential impacts to the economy where water recreation provides a source of
revenue for a community or city.
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Sediment accumulation will also reduce the capacity of a reservoir and may impact
navigation in channels. Dredging to remove built up sediments is costly. It is best to
prevent sediment loads from entering reservoirs or channels rather than pay for removing
them later.

Impacts to Agriculture - Agriculture can be both the cause and victim of suspended
sediments in surface water. EPA’s suspended sediment criteria document identifies the
following negative effects of suspended solids on agricultural irrigation use:
• Formation of crusts on top of the soil that can inhibit water infiltration and plant

emergence
• Decrease in soil aeration
• Formation of films on plant leaves which blocks sunlight and impedes 

photosynthesis, and which may reduce the marketability of some leafy crops
• Reduction in reservoir capacity and negative effects on delivery canals and other 

distribution equipment

Impacts to Drinking Water - Drinking water is filtered by public water systems, but high
levels of suspended solids that may occur during flood events can overload and disrupt
the filtration and treatment process. Accelerated sedimentation can also reduce the
capacity of reservoirs used for drinking water supplies.

Impacts Related to Dams - Dams along the Colorado River must also be considered
when discussing sedimentation. As the water slows its movement through a reservoir, the
water loses its energy and drops its sediment load. As discussed above, this reduces the
capacity of a reservoir to support recreation and drinking water storage. The more
sedimentation coming into the reservoir, the faster the sediments accumulate. 

The discharges from the dams along the Colorado River are both colder and clearer than
the water entering the reservoirs. The water is colder because the water is taken from the
deeper part of the reservoir, and clearer because sediment is retained behind the dam.
The clearer water has more energy to scour the streambed downstream of the dam.
These changes have significantly altered aquatic habitats.

For example, Glen Canyon Dam traps about 66 million tons of sediment per year that
once flowed through the Grand Canyon. When the dam was built, the release of clear
water into a canyon that once carried extremely high sediment loads resulted in substantial
environmental change. Intermittent high flows and a tremendous supply of sediment
historically resulted in sand beaches throughout the canyon that were used for recreation
and wildlife habitat. On the other hand, sediment retention within Lake Powell prolongs
the life of Lake Mead and other lakes formed by the series of dams along the river. 

Streamside and channel sedimentary deposits are critical. Too much sediment causes
channels to aggrade, causing flooding problems. Too little sediment load can result in
habitat degradation and decrease in recreational use. Scientists have been trying to
determine what would be the ideal dam release flows from Lake Powell -- what level of
flow and how often the flow is needed to build beaches and to maintain habitat.
Research to date indicates that beach-building flow may benefit some resources while
simultaneously degrading others. Some beaches would be enlarged, others would shrink.
(Collier et al, 1996).
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Current Mitigation Efforts

Sediment Loading Studies Scheduled - Three reaches are included on the 2004 303(d)
List of Impaired Waters due to suspended sediment concentration (SSC) and are scheduled
for development of a Total Maximum Daily Load study to determine sources of suspended
sediment and load reductions needed to meet SSC standards.

•   The Colorado River, from Parashant Canyon to Diamond Creek
•   Paria River, from Utah border to the Colorado River 
•   Virgin River, from Beaver Dam Wash to Big Bend Wash

It is likely that the TMDL process will be used to establish site-specific standards due to
natural conditions, as sandstone formations in these areas contribute significant suspended
solids loadings. The loading analyses would then address any potential added contributions
from human activities.

Turbidity Loading Studies in the Little Colorado River Watershed - ADEQ has com-
pleted two suspended sediment loading studies (TMDLs) in the Little Colorado River
Watershed due to turbidity impairment – the Little Colorado River near Nutrioso Creek,
and Nutrioso Creek. The Little Colorado River is a major tributary to the Colorado River.
Both studies provided a list of best management practices that need to be implemented
to reduce sediment loading and attain water quality standards.

New Construction Permits - A Stormwater Pollution Prevention Plan (SWPPP) must be
developed for any construction that disturbs one acre or more. This plan is required
under the Arizona Pollution Discharge Elimination System (AZPDES) Construction
General Permit Program (Arizona Administrative Code R18-9-A902), administered by
ADEQ. The plan must address and mitigate potential erosion and sediment transport that
could occur during construction activities. More information concerning this permit can
be found at ADEQ’s Web site: http://www.azdeq.gov/environ/water/permits/stormwater.html.

AZPDES is an Arizona program delegated to Arizona by the U.S. EPA under the Clean
Water Act.  On August 22, 2005, the 9th Circuit Court of Appeals issued a decision in
the case of Defender’s of Wildlife v. U.S. Environmental Protection Agency ruling that EPA’s
delegation to Arizona violated the Endangered Species Act.  That decision is not in effect
unless and until the 9th Circuit issues an order and ADEQ continues to administer the
program.  Arizona and the EPA have petitioned the 9th Circuit to rehear the case.

Best Management Practices -  The U.S. Natural Resources Conservation Service (NRCS)
has taken the lead in developing effective technologies to prevent soil loss due to land uses
such as: animal feeding operations, forestry, crop irrigation and cattle grazing. Information
concerning recommended practices and funding opportunities to demonstrate improved
technologies can be obtained through their Web site at http://www.az.nrcs.usda.gov.

Glen Canyon Dam Release Studies - To address concerns about beach erosion and
native fish habitat, Congress passed the Grand Canyon Protection Act in 1992 to protect
and restore natural and cultural resources and visitor use in the Grand Canyon National
Park and Glen Canyon National Recreation Area. To that end, an experimental flood was
released from the Glen Canyon Dam in 1996 in hopes of re-suspending sediment that
had settled to the stream bed to reform beach areas. 
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According to USGS (http://geology.usgs.gov/connections/bia/ls-grand_canyon.htm), the
hypothesis was that sediment supplied by tributaries accumulates in the stream channel during
normal dam operations and can be re-suspended at any time by flood flows. However,
results of the experimental flood showed that tributary sand imports are carried downstream
rapidly and deposited in Lake Mead and do not remain available for re-suspension at a later
time. The flood was not successful in rebuilding beaches. 

After studying the 1996 flood, scientists hypothesized that the flood must occur soon after
tributaries have deposited a large load of sediment in order to be successful. In the fall of
2004, river managers determined that sufficient sediment had been recently deposited by
tributaries to release another flood flow. Observations made after this flood confirmed that
some beaches had been restored along the river. The longer-term results of the flood are still
being studied.

Recommended Solutions for Implementation and Funding

The control of anthropogenic sediment can be accomplished at one of three levels:

•   Prevention – not causing erosion or preventing the sediment from leaving the site

•   Interdiction – capturing and retaining sediment between the site of origin and the surface
water. Two principal means:
•   Buffer strips of vegetation to filter and retain sediment, generally as part of a riparian area
•   Sediment traps or sediment basins

•   Restoration – removing sediment from the surface water:
•   Dredging
•   Dam releases to transport sediments downstream or establish desired beaches

The cost to society increases when intervention occurs further from the source; therefore,
resources are best spent to prevent erosion. The most costly corrections occur when we
attempt to restore an area.

• Promote the use of best management practices to address erosion and sedimentation
primarily through education and outreach.

A. Develop watershed-based plans to identify and implement sediment load reducing
practices.

B. Develop and make available a list of best management practices for sediment 
control that evaluates their costs and effectiveness.

C. Develop additional outreach for ADEQ’s General Construction Permit.

D. Encourage best management practices to reduce urban and construction runoff.
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• Educate and potentially regulate off-highway vehicles.

Local governments and land management agencies should be encouraged to develop
and enforce restrictions of off-highway vehicles in sensitive areas such as within a
riparian area, including the stream channel. As this is a popular form of recreation,
education and outreach materials should be developed so that the public is aware of
the need to protect riparian areas and how off-highway vehicle drivers can be
involved in this protection effort.

• Advocate projects and funding that properly manage forests and other public lands
to minimize wildfire impacts.

The U.S. Forest Service and other land management agencies should be supported in
their efforts to reduce the potential for uncontrolled wildfires. Encourage funding proj-
ects that reseed and replant vegetation after a fire to reduce destructive runoff of soil
during rain events, especially in vulnerable areas such a along steep slopes.

• Continue revision of water quality standards related to erosion and sedimentation
based on sound science.

A. Several revisions to Arizona’s narrative and numeric water quality standards
are being proposed in the current Triennial Review of standards. ADEQ needs
to continue the development of physical integrity criteria for surface waters that are
appropriate for the varying ecoregions in this state, including those represented in
the Colorado River Watershed. 

B. Develop site-specific standards and suspended sediment concentration loading
analyses in the Colorado River and its tributaries. These TMDLs are scheduled
to be initiated in 2010, but before loadings can be calculated ADEQ must:

•   Estimated natural background loading attributed to sandstone formations
throughout the Grand Canyon, including natural background contributions
from its tributaries and 

•   If natural background loading alone would exceed the SSC standard, establish
a site-specific suspended sediment concentration standard. This standard
would need to balance aquatic life protection and downstream sedimentation
with other concerns, such as the desire for sandy recreational beaches.

C. Support and help fund research to identify sediment tolerant macroinvertebrates.
To properly interpret biocriteria assessments based on macroinvertebrate communities,
Arizona should support research being conducted by the Western Bioassessment
Center to identify sediment tolerant macoinvertebrates. If sediment tolerant
macroinvertebrates are present and others are not, this would provide supporting
evidence that sediment is the cause of aquatic impairment. 
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Action Plan for Implementation and Funding

The following action plan is based on the recommendations identified above:

•   Local governments, land and resource management agencies, and ADEQ should
collaborate on efforts to implement erosion/sedimentation control best management
practices, primarily through the development of education and outreach materials. 

•   ADEQ should develop educational materials that compare the unit cost, applicability,
limitations and effectiveness of best management practices that control erosion and
reduce sedimentation.

•   ADEQ should provide more outreach for development of Stormwater Pollution
Prevention Plans to control erosion at construction sites.

•   The State should support the U.S. Forest Service and other land management agencies
in implementing procedures that reduce the potential for uncontrolled wildland fires.
Support funding projects to reseed and replant after destructive wildland fires occur,
especially in vulnerable areas. 

•   Arizona should support science-based development and revisions of sedimentation-
related narrative and numeric water quality standards through ADEQ’s Clean Water
Act Triennial Review process. 

•   ADEQ should re-evaluate its suspended sediment concentration standard in the
Grand Canyon area where sandstone formations and natural erosion are probably
contributing sediment loads above existing water quality standards. 

•   ADEQ should work with stakeholders to develop site-specific standards for suspended
sediment that account for natural background conditions. These site-specific standards
are needed before the requirement TMDL loading analyses can be completed.

•   Arizona should support and help fund research into sediment tolerant
macroinvertebrates, so that biocriteria can be a more effective tool to assess water
quality impairment.

• Continue evaluation of the Glen Canyon Dam operations impacts to
sedimentation.

Encourage continuation of federal investigations to determine the sediment loadings
and dam discharges that best supports recreational opportunities and habitat down-
stream of the dam. Such scientific investigations are necessary to properly establish
site-specific standards for suspended sediment concentration in the Colorado River
below Glen Canyon Dam.
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Conclusions
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Governor Napolitano and other elected officials, community leaders, local stakeholders and
concerned citizens, throughout Arizona are encouraged to consider the recommendations
provided herein for the protection and improvement of Colorado River’s water quality. The
Colorado River provides drinking water to more than 25 million people and irrigation water
to support two million acres of agricultural production. The recommendations proposed in
this report, if implemented, can reduce the threat posed to the Colorado River by pollutants
such as nutrients, metals, endocrine disrupting compounds, perchlorate, bacteria, salinity
and sediment.

Recommendations range from addressing the pollutants through regulatory and structural change
to staying the course by continuing to provide funding and support for essential programs. Many
of the recommendations deal with improving information dissemination, existing regulatory
processes and structures. Public education and outreach programs such as public service
announcements, presentations to service organizations, councils, and schools need improve-
ments, funding and staff. For example, providing information regarding proper waste disposal
for recreational users along the river may decrease the amount of bacteria threatening the
Colorado River. Controlling runoff or nonpoint source pollution by planting vegetation, buffer
strips and other best management practices can control pollutants such as sediment, nutrients,
metals, bacteria and salinity. Through the design of regulatory and structural controls and
pollution prevention control strategies, pollutants may be reduced.

While many of the recommendations contained in this report deal with on-the-ground
implementation, there are some recommendations for additional monitoring and charac-
terization to determine the occurrence or potential impacts to the River. Before specific
recommendations can be developed for metals and endocrine disrupting compounds, the
Alliance believes that additional information is needed for characterization and sampling
to determine the concentration in the River and potential sources. In addition, studies on
aging and inadequate wastewater systems should be conducted to identify wastewater
needs and prioritize locations for implementation to control bacteria and nutrients.

The Alliance also concluded in some cases that current efforts by private industry, federal and
state entities should continue to be supported. For instance, continued — and increased —
funding and support is needed for governmental agencies to provide proactive measures and
prompt response to control and remediate existing pollution. 

In many cases (five of the seven pollutant chapters), funding is an essential element to imple-
ment the recommendations. For example, capital investment recommendations and facility
maintenance require funding. Funding must be identified, directed and secured for many of
the recommendations identified in the report. Potential funding sources include but are not
limited to: U.S. EPA, Center for Disease Control, Metropolitan Water District, Southern
Nevada Water Authority, municipal providers, U.S. Fish and Wildlife Service, Wildlife
Conservation Fund, Heritage Grant Funds, Legacy Funds, State Lake Improvement Fund,
ADEQ’s Water Quality Improvement Grant Program, Water Infrastructure Finance Authority,
U.S. Department of Agriculture’s Environmental Quality Incentives Program, Rural
Development Assistance, ADWR’s Water Protection Fund. Refer to the individual pollutant
chapters for funding sources related to controlling each of the specific water quality issues
identified by the Alliance. A variety of potential funding sources should be sought to implement
the recommendations of the Alliance.

Conclusions
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Focusing on a sustainable future for the citizens of Arizona with assured Colorado River
water quality requires a regional approach. As Governor Janet Napolitano stated in her Clean
Colorado River Alliance invitation to serve, the water quality issues identified in this report
“are, in fact, regional issues and cannot be tackled on solely a state level.” Without a regional
approach, the Colorado River’s water quality will remained threatened. 

These recommendations are tools that should be used to maintain adequate water quality in
the Colorado River and mitigate impacts in water quality. The Clean Colorado River Alliance
recommends that implementation of the recommendations in this report begin in 2006.
Funding should be sought for priority recommendations. This report is the first step to a
much larger, regional approach to address water quality issues in Colorado River Watershed.
To improve Colorado River’s water quality for all 25 million people who depend on the
River for everyday use, more watershed-scale collaboration on monitoring and research must
be initiated. Addressing water quality issues is essential in the protection and improvement of
the Colorado River, the lifeblood of the American West.
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Appendix 1
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Appendix 2

Draft Pollutant List
Pollutant Discussed at  CCRA Input Basin States Input

April Meeting

Discussed at April Meeting
Uranium X X
Nitrogen/Nitrates X X
Perchlorate X X
Chromium VI X X
Salinity/Total X X X
Dissolved Solids
Pesticides/herbicides X X
Selenium X X X
Sediment/turbidity X X X
Bacteria/pathogens X X X
Boron X X

Additional Pollutants from CCRA
Endocrine Disrupting Compounds X
(personal pharmaceutical products)
Mercury X X
PAH (Benzo pyrene) X
MTBE (methyl-t-butyl ether) X
PCB X
(Polychlorinated bi-phenyls)
Dioxin X
Hydrocarbons X
Carbon Monoxide X
Nutrients X X
Dissolved oxygen X X

Additional Pollutants from Basin States
Phosphorus X
pH X
Aluminum X
Ammonia X
Chlorine X
Temperature X
Cadmium X
Copper X
Zinc X
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Appendix 3

Pollutant Workgroups

Chapter 2 - Nutrients

Workgroup Participants
Dean Barlow, Lake Havasu Park Board
Kathy Carroll, City of Yuma
Val Danos, Arizona Municipal Water Users Association
Bob Ericson, Water Conservation District Member
Gene Fisher, LaPaz County Supervisor
Maureen Rose George, Law Offices of Maureen Rose George
Roger Gingrich, City of Yuma
Jack Hakim, Bullhead City Councilman
Patty Mead, Mohave County Health and Social Services
Rachel Patterson, Mohave County Health and Social Services
Robert Shuler, Ryley, Carlock & Applewhite
John Sullivan, Salt River Project
Mayor Robert Whelan, Lake Havasu City 
Doyle Wilson, Lake Havasu City

Chapter 3 - Metals

Workgroup Participants
Peter Culp, Sonoran Institute
Susan Fitch, Arizona Department of Water Resources
Kirk Koch, Bureau of Land Management
Linda Taunt, Arizona Department of Water Resources
Bill Werner, Arizona Department of Water Resources
Doyle Wilson, Lake Havasu City

Chapter 4 - Endocrine Disrupting Compounds

Workgroup Participants
Peter Culp, Sonoran Institute
Marie Light, City of Tucson
Hsin-I Lin, Arizona Department of Health Services
Dave Weedman, Arizona Game and Fish Department
Doyle Wilson, Lake Havasu City
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Chapter 5 - Perchlorate

Workgroup Participants
Aubrey Baure, US Air Force / Department of Defense REC 9
Randall Gerard, EOP Group
Hsin-I Lin, Arizona Department of Health Services
Doug Mellon, Doug Mellon Farms
Mayor Larry Nelson, City of Yuma
Gary Pasquinelli, Pasquinelli Produce
Robert Shuler, Ryley, Carlock & Applewhite
Sid Wilson, Central Arizona Project

Chapter 6 – Bacteria

Workgroup Participants
Dean Barlow, Lake Havasu Park Board
Maureen Rose George, Law Offices of Maureen Rose George
Kirk Koch, Bureau of Land Management
Patty Mead, Mohave County Health and Social Services
Rachel Patterson, Mohave County Health and Social Services

Chapter 7 - Salinity/Total Dissolved Solids

Workgroup Participants
Joan Card, Arizona Department of Environmental Quality
Val Danos, Arizona Municipal Water Users Association
Peter Culp, Sonoran Institute
Marie Light, City of Tucson
Frank Putman, Arizona Department of Water Resources
Sid Wilson, Central Arizona Project

Chapter 8 - Sediment and Suspended Solids

Workgroup Participants
Joan Card, Arizona Department of Environmental Quality
Diana Marsh, Arizona Department of Environmental Quality
Tom Griffin, Griffin and Associates
Nick Ramsey, Grand Canyon Trust

O_NPCA-CBD et al 2

93

Appendix 4

Observed Flow-Weighted Average Salinity at the Numeric Criteria Stations
(Total Dissolved Solids in mg/L)9

Calendar Year Below Hoover Dam Below Parker Dam At Imperial Dam
(Numeric Criteria) (723 mg/L) (747 mg/L) (879 mg/L)

1970 743 760 896
1971 748 758 892
1972 724 734 861
1973 675 709 843
1974 681 702 834
1975 680 702 829
1976 674 690 822
1977 665 687 819
1978 678 688 812
1979 688 701 802
1980 691 712 760
1981 681 716 821
1982 679 713 827
1983 659 678 727
1984 598 611 675
1985 556 561 615
1986 517 535 577
1987 519 538 612
1988 529 540 648
1989 564 559 683
1990 587 600 702
1991 629 624 749
1992 657 651 767
1993 665 631 785
1994 667 673 796
1995 654 671 803
1996 618 648 768
1997 585 612 710
1998 559 559 655
1999 549 550 670
2000 539 549 661
2001 550 549 680
2002 564 569 691
2003 583 589 697

2004 provisional 655 649 737

*  Determined by the U.S. Geological Survey (USGS) from data collected by the U.S. Bureau of Reclamation and
USGS and published in Quality of Water, Colorado River Basin, Progress Report No. 22, 2005.

The flow-weighted average annual salinity is the concentration determined from dividing the annual total salt load passing
a measuring station by the total annual volume of water passing the same point during a calendar year. The flow-weight-
ed average annual salinity is calculated by first multiplying the daily concentration values by the daily flow rates. These
values are then summed over a calendar year and divided by the sum of the daily flow rate (Forum, 2002).
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Appendix 5

POLICY FOR IMPLEMENTATION OF
COLORADO RIVER SALINITY STANDARDS

THROUGH THE NPDES PERMIT PROGRAM

Adopted by
The Colorado River Basin Salinity Control Forum

February 28, 1977
Revised October 30, 2002

In November 1976, the United States Environmental Protection Agency Regional
Administrators notified each of the seven Colorado River Basin states of the approval of the
water quality standards for salinity for the Colorado River System as contained in the document
entitled "Proposed Water Quality Standards for Salinity Including Numeric Criteria and Plan
of Implementation for Salinity Control, Colorado River System, June 1975, and the supplement
dated August 25, 1975. The salinity standards including numeric criteria and a plan of
implementation provide for a flow weighted average annual numeric criteria for three stations
in the lower main stem of the Colorado River: below Hoover Dam, below Parker Dam, and
at Imperial Dam.

In 1977, the states of the Colorado River Basin adopted the "Policy for Implementation of
Colorado River Salinity Standards through the NPDES Permit Program." The plan of
implementation is comprised of a number of Federal and non Federal projects and measures
to maintain the flow  weighted average annual salinity in the Lower Colorado River at or
below numeric criteria at the three stations as the Upper and Lower Basin states continue to
develop their compact apportioned waters. One of the components of the Plan consists of
the placing of effluent limitations, through the National Pollutant Discharge Elimination
System (NPDES) permit program, on industrial and municipal discharges.

NPDES Policy for Municipal and Industrial Discharges of Salinity in the Colorado River

The purpose of this policy is to provide more detailed guidance in the application of salinity
standards developed pursuant to Section 303 and through the NPDES permitting authority in
the regulation of municipal and industrial sources. (See Section 402 of the Federal Water
Pollution Control Act.) The objective of the policy, as provided in Sections I.A. and I.B., is to
achieve "no salt return" whenever practicable for industrial discharges and an incremental
increase in salinity over the supply water for municipal discharges. This policy is applicable to
discharges that would have an impact, either direct or indirect on the lower main stem of
the Colorado River System. The lower main stem is defined as that portion of the River from
Hoover Dam to Imperial Dam.

NPDES Policies Separately Adopted By The Forum

The Forum developed a separate and specific policy for the use of brackish and/or saline
waters for industrial purposes on September 11, 1980. The Forum addressed the issue of
intercepted ground water and adopted a specific policy dealing with that type of discharge
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on October 20, 1982. On October 28, 1988, the Forum adopted a specific policy addressing
the water use and discharge associated with fish hatcheries. Each of these separately adopted
policies is attached hereto.

NPDES Policies For Specified Industrial Discharges 

On October 30, 2002, the Forum amended this policy for implementation of Colorado River
salinity standards through the NPDES permit program in order to address the following three
additional types of industrial discharges: (1) water that has been used for once through non-
contact cooling water purposes; (2) new industrial sources that have operations and associated
discharges at multiple locations; and (3) "fresh water industrial discharges" where the discharged
water does not cause or contribute to exceedances of the salinity standards for the Colorado
River System. This policy was also amended to encourage new industrial sources to conduct
or finance one or more salinity offset projects in cases where the permittee has demonstrated
that it is not practicable to prevent the discharge of all salt from proposed new construction. 

Discharges Of Once Through Noncontact Cooling Water

Section I.C. of this policy has been added to address discharges of water that has been used
for once through noncontact cooling water purposes. The policy for such discharges shall be
to permit these uses based upon a finding that the returned water does not contribute to the
loading or the concentration of salts in the waters of the receiving stream beyond a de minimis
amount. A de minimis amount is considered, for purposes of this policy, as an average annual
increase of not more than 25 milligrams per liter (mg/L) in total dissolved solids measured at
the discharge point or outfall prior to any mixing with the receiving stream in comparison to
the total dissolved solids concentration measured at the intake monitoring point of the cooling
process or facility. This policy is not intended to supersede any other water quality standard
that applies to the receiving stream, including but not limited to narrative standards promul-
gated to prohibit impairment of designated uses of the stream. It is the intent of the Forum to
permit the return of once through noncontact cooling water only to the same stream from
which the water was diverted. Noncontact cooling water is distinguished from blowdown
water, and this policy specifically excludes blowdown or any commingling of once through
noncontact cooling water with another waste stream prior to discharge to the receiving stream.
Sections I.A. and I.B. of this policy govern discharges of blowdown or commingled water.

New Industrial Sources with Operations and Discharges at Multiple Locations under
Common or Affiliated Ownership or Management

Recently there has been a proliferation of new industrial sources that have operations and
associated discharges at multiple locations.  An example is the recent growth in the develop-
ment of energy fuel and mineral resources that has occurred in the Upper Colorado River
Basin. This type of industrial development may involve the drilling of relatively closely spaced
wells into one or more geological formations for the purpose of extracting oil, gas or minerals
in solution.  Large scale ground water remediation efforts involving multiple pump and treat
systems operating for longer than one year may share similar characteristics. With such energy
and mineral development and ground water remediation efforts there is the possibility of a
single major industrial operation being comprised of numerous individual point source discharges
under common or affiliated ownership or management that produce significant quantities of
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water as a waste product or byproduct over a long period. Given the large areal scope of
these types of major industrial sources and the often elevated concentrations of salinity in
their produced water, the total amount of salt loading that they could generate may be very
large in comparison to the Forum's past and present salt removal projects. Relatively small
quantities of this produced water could generate one ton per day in discharges to surface
waters. Since salinity is a conservative water quality constituent, such discharges of produced
water, if uncontrolled, could have an adverse effect on achieving the adopted numeric salinity
standards for the Colorado River System.

These kinds of major industrial sources strain the conventional interpretation of the industrial
source waiver for new construction set forth in Section I.A.1.a. of this policy, which authorizes a
discharge of salinity from a single point source of up to one ton per day in certain circum-
stances. The Forum adopted this provision in 1977, well before most of the new major
industrial sources that have operations and discharges at multiple locations began to appear
in the Colorado River Basin.  A new category of industrial sources is, therefore, warranted.
NPDES permit requirements for New Industrial Sources with Operations and Discharges at
Multiple Locations under Common or Affiliated Ownership or Management are set forth in
Section I.D. of this policy. These new requirements are intended to apply to new industrial
sources with operations that commence discharging after October 30, 2002.

For purposes of interpreting this policy, "common or affiliated ownership or management"
involves the authority to manage, direct, superintend, restrict, regulate, govern, administer, or
oversee, or to otherwise exercise a restraining or directing influence over activities at one or
more locations that result in a discharge of salinity into the Colorado River System. Common
or affiliated ownership or management may be through the ownership of voting securities or
may be indicated where individual sources are related through one or more joint ventures,
contractual relationships, landlord/tenant or lessor/lessee arrangements.  Other factors that
indicate two or more discharging facilities are under common or affiliated ownership or
management include: sharing corporate executive officers, pollution control equipment and
responsibilities, common workforces, administrative functions, and/or payroll activities among
operational facilities at different locations.

Fresh Water Industrial Discharges

Sections I.A. and I.B. of this policy have been amended to allow the permitting authority to
authorize "fresh water industrial discharges" where the discharged water does not cause or
contribute to exceedances of the adopted numeric salinity standards for the Colorado River
System.  Different end of pipe concentrations of salinity as shown in Table 1 of the policy,
are appropriate for discharges to tributaries depending upon their location within the Basin.
The concept of "benchmark concentrations" has been developed in order to address this
need for different end of pipe concentrations. These benchmark concentrations are not to be
interpreted as water quality standards. Rather, they are intended to serve solely for the
establishment of effluent limits for implementing the waiver for "fresh water discharges."  The
allowance for freshwater discharges is intended to preserve flows from discharges in the
Basin, which do not cause significant degradation of existing ambient quality with respect to
salinity. Operations or individual discharges that qualify for the freshwater waiver shall not be
subject to any further limitation on salt loading under this policy.  
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Salinity Offset Projects

This policy has been amended to allow the permitting authority to authorize industrial sources
of salinity to conduct or finance one or more salinity offset projects when the permittee has
determined that it is not practicable: (i) to prevent the discharge of all salt from proposed
new construction; (ii) to reduce the salt loading to the Colorado River to less than one ton
per day or 366 tons per year; or (iii) the proposed discharge is of insufficient quality in terms
of TDS concentrations that it could be considered "fresh water" as defined below.  Presently,
the permitting authority can consider the costs and availability of implementing off site salinity
control measures to mitigate the adverse impacts of the permitted salt load.  It is not intended
that the applicant be required to develop or design an off site salinity control project or
establish a salt bank, but rather to assess the costs of conducting or buying into such projects
where they are available.  In the future the Forum or another entity may create a
trading/banking institution to facilitate the implementation of a salinity offset program, basin
wide.  This would allow industrial sources to conduct or finance the most cost effective project
available at the time an offset project is needed regardless of the project's location in the
Basin.
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Appendix 6

NPDES PERMIT PROGRAM POLICY 
FOR IMPLEMENTATION OF COLORADO RIVER SALINITY STANDARDS 

I.   Industrial Sources

The Salinity Standards state that "The objective for discharges shall be a no salt return policy
whenever practicable." This is the policy that shall be followed in issuing NPDES discharge
permits for all new industrial sources, and upon the reissuance of permits for all existing
industrial sources, except as provided herein.  The following addresses those cases where "no
discharge of salt" may be deemed not to be practicable.

A.  New Construction

1. "New construction" is defined as any facility from which a discharge may occur, the con-
struction of which is commenced after October 18, 1975. (Date of submittal of water quality
standards as required by 40 CFR 120, December 11, 1974.) Appendix A provides guidance
on new construction determination. "A new industrial source with operations and discharging
facilities at multiple locations under common or affiliated ownership or management" shall
be defined for purposes of NPDES permitting, as an industrial source that commenced con-
struction on a pilot, development or production scale on or after October 30, 2002.

a.   The permitting authority may permit the discharge of salt upon a satisfactory  demon-
stration by the permittee that: 

i.    It is not practicable to prevent the discharge of all salt from the new construction or,

ii.   In cases where the salt loading to the Colorado River from the new construction is
less than one ton per day or 366 tons per year, or

iii.  The proposed discharge from the new construction is of sufficient quality in terms of
TDS concentrations that it can be considered "fresh water" that would have no
adverse effect on achieving the adopted numeric standards for the Colorado River
System. The permitting authority may consider a discharge to be fresh water if the
maximum TDS concentration is: (i) 500 mg/L for discharges into the Colorado River
and its tributaries upstream of Lees Ferry, Arizona; or, (ii) 90% of the applicable in
stream salinity standard at the appropriate benchmark monitoring station for
discharges into the Colorado River downstream of Lees Ferry as shown in Table 1,
below:
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b.   Unless exempted under Sections I.A.1.a.ii. or iii., above, the demonstration by the applicant
must include information on the following factors relating to the potential discharge:

(i)  Description of the proposed new construction.  

(ii) Description of the quantity and salinity of the water supply.

(iii) Description of water rights, including diversions and consumptive use quantities.

(iv) Alternative plans that could reduce or eliminate salt discharge. Alternative plans shall
include:

(A) Description of alternative water supplies, including provisions for water reuse, if any;

(B)   Description of quantity and quality of proposed discharge;

(C)   Description of how salts removed from discharges shall be disposed of to
prevent such salts from entering  surface waters or groundwater aquifers;

(D)   Costs of alternative plans in dollars per ton of salt removed; and 

(E) Unless the permitting authority has previously determined through prior permitting
or permit renewal actions that it is not practicable to prevent the discharge of
all salt from the new construction in accordance with Section I.A.1.a.i., the
applicant must include information on project options that would offset all or
part of the salt loading to the Colorado River associated with the proposed
discharge or that would contribute to state or interstate salinity control
projects or salt banking programs.

(v) A statement as to the one plan among the alternatives for reduction of salt discharge
that is recommended by the applicant and also information as to which of the
other evaluated alternatives are economically infeasible.

Table 1

Benchmark
Monitoring Station

Colorado River at 
Lees Ferry, Arizona

Colorado River 
below Hoover Dam

Colorado River 
below Parker Dam

Colorado River 
at Imperial Dam

Applicable
Criteria

N/A

723

747

879

Freshwater
Discharge (mg/L)

500

650

675

790
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(vi)  Such other information pertinent to demonstration of non  practicability as the permitting
authority may deem necessary.  

c. In determining what permit conditions shall be required under I.A.1.a.i., above, the permit
issuing authority shall consider, but not be limited to the following: 

(i) The practicability of achieving no discharge of salt from the new construction. 

(ii) Where "no discharge" is determined not to be practicable:  

(A)   The impact of the total proposed salt discharge of each alternative on the
lower main stem in terms of both tons per year and concentration. 

(B)   Costs per ton of salt removed from the discharge for each plan alternative.

(C)   Capability of minimizing salinity discharge.

(D)   If applicable under I.A.1.b.(iv)(E), costs and practicability of offsetting all or
part of the salt load by the implementation of salt removal or salinity control
projects elsewhere in the Colorado River Basin. The permittee shall evaluate
the practicability of offsetting all or part of the salt load by comparing such
factors as the cost per ton of salt removal for projects undertaken by the
Colorado River Basin Salinity Control Forum and the costs in damages associated
with increases in salinity concentration against the permittee's cost in conducting
or buying into such projects where they are available.

iii. With regard to subparagraphs, (b) and (c) above, the permit issuing authority shall
consider the compatibility of state water laws with either the complete elimination
of a salt discharge or any plan for minimizing a salt discharge.

B. Existing Facilities or any discharging facility, the construction of which was commenced
before October 18, 1975
1.   The permitting authority may permit the discharge of salt upon a satisfactory

demonstration by the permittee that it is not practicable to prevent the discharge of
all salt from an existing facility. 

2.   The demonstration by the applicant must include, in addition to that required under
Section I.A.1.b the following factors relating to the potential discharge:

a.   Existing tonnage of salt discharged and volume of effluent.

b.   Cost of modifying existing industrial plant to provide for no salt discharge.

c.   Cost of salt minimization.

3.   In determining what permit conditions shall be required, the permit issuing authority
shall consider the items presented under I.A.1.c.(ii), and in addition; the annual costs
of plant modification in terms of dollars per ton of salt removed for:

O_NPCA-CBD et al 2

101

a.   No salt return.

b.   Minimizing salt return. 

4.   The no salt discharge requirement may be waived in those cases where:

a.   The discharge of salt is less than one ton per day or 366 tons per year; or

b.   The permitting authority determines that a discharge qualifies for a "fresh
water waiver" irrespective of the total daily or annual salt load. The
maximum TDS concentration considered to be fresh water is 500 mg/L for
discharges into the Colorado River and its tributaries upstream of Lees Ferry,
Arizona. For discharges into the Colorado River downstream of Lees Ferry
the maximum TDS concentration considered to be afresh water shall be
90% of the applicable in stream standard at the appropriate benchmark
monitoring station shown in Table 1, above.  

C. Discharge of Once Through Noncontact Cooling Water

1.   Definitions:

a.   The terms "noncontact cooling water" and "blowdown" are defined as per
40CFR 401.11 (m) and (n).

b.   "Noncontact cooling water" means water used for cooling that does not
come into direct contact with any raw material, intermediate product, waste
product or finished product.

c.   "Blowdown" means the minimum discharge of recirculating water for the
purpose of discharging materials contained in the water, the further buildup
of which would cause concentration in amounts exceeding limits established
by best engineering practice.

d.   "Salinity" shall mean total dissolved solids as the sum of constituents.

2.   Permits shall be authorized for discharges of water that has been used for once
through noncontact cooling purposes based upon a finding that the returned water
does not contribute to the loading of salts or the concentration of salts in the waters
of the receiving stream in excess of a de minimis amount.

3.   This policy shall not supplant nor supersede any other water quality standard of the
receiving stream adopted pursuant to the Federal Clean Water Act, including but not
limited to impairment of designated uses of the stream as established by the governing
water quality authority having jurisdiction over the waters of the receiving stream.

4.   Noncontact cooling water shall be distinguished from blowdown, and Section 1.C. of
this policy specifically excludes blowdown or any commingling of once through non-
contact cooling water with another waste stream prior to discharge to the receiving
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stream. Sections I.A. and I.B of this policy shall in all cases govern discharge of blow-
down or commingled water. 

5.   Once through noncontact cooling water shall be permitted to return only to the same
stream from which the water was diverted.

6.   Because the increase in temperature of the cooling water will result in some evaporation,
a de minimis increase in the concentration of dissolved salts in the receiving water
may occur.  An annual average increase in total dissolved solids of not more than 25
milligrams per liter (mg/L) measured at the intake monitoring point, as defined below,
of the cooling process or facility, subtracted from the effluent total dissolved solids
immediately upstream of the discharge point to the receiving stream, shall be considered
de minimis. 

7.   At the time of NPDES discharge permit issuance or reissuance, the permitting authority
may permit a discharge in excess of the 25 mg/L increase based upon a satisfactory
demonstration by the permittee pursuant to Section 1.A.1.a.

8.   Once through demonstration data requirements:

a. Description of the facility and the cooling process component of the facility.

b. Description of the quantity, salinity concentration and salt load of intake water
sources.

c. Description of the discharge, covering location, receiving waters, quantity of salt
load and salinity concentration of both the receiving waters and the discharge.

d. Alternative plans for minimizing salt discharge from the facility which shall include:
(i)   Description of alternative means to attain no discharge of salt.

(ii) Cost of alternative plans in dollars per ton of salt removed from discharge.

(iii)   Such other information pertinent to demonstration of non  practicability
as the permitting authority may deem necessary. 

9.    If, in the opinion of the permitting authority, the database for the salinity characteristics
of the water source and the discharge is inadequate, the permit will require that the
permittee monitor the water supply and the discharge for salinity.  Such monitoring
program shall be completed in two years and the permittee shall then present the
once through demonstration data as specified above.

10.   All new and reissued NPDES permits for once through noncontact cooling water
discharges shall require at a minimum semiannual monitoring of the salinity of the
intake water supply and the effluent, as provided below. 

a. The intake monitoring point shall be the point immediately before the point of
use of the water.  
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b. The effluent monitoring point shall be prior to the discharge point at the
receiving stream or prior to commingling with another waste stream or discharge
source.

c. Discrete or composite samples may be required at the discretion of the
permitting authority, depending on the relative uniformity of the salinity of the
water supply.

d. Analysis for salinity may be either total dissolved solids or electrical conductivity
where a satisfactory correlation with total dissolved solids has been established.
The correlation shall be based on a minimum of five different samples.

D. Discharges of Salinity from a New Industrial Source with Operations and Discharging
Facilities at Multiple Locations 

1.   The objective for discharges to surface waters from a new industrial source with
operations and discharging facilities at multiple locations shall be to assure that such
operations will have no adverse effect on achieving the adopted numeric salinity
standards for the Colorado River System.

2.   NPDES permit requirements for a new industrial source with operations and discharging
facilities at multiple locations shall be defined, for purposes of establishing effluent
limitations for salinity, as a single industrial source if these facilities meet the criteria:  

a. The discharging facilities are interrelated or integrated in any way including
being engaged in a primary activity or the production of a principle product; and

b. The discharging facilities are located on contiguous or adjacent properties or
are within a single production area e.g. geologic basin, geohydrologic basin,
coal or gas field or 8 digit hydrologic unit watershed area; and 

c. The discharging facilities are owned or operated by the same person or by persons
under common or affiliated ownership or management.

3.   The permitting authority may permit the discharge of salt from a new industrial
source with operations and discharging facilities at multiple locations if one or more
of the following requirements are met: 

a. The permittee has demonstrated that it is not practicable to prevent the  discharge
of all salt from the industrial source.  This demonstration by the applicant must
include detailed information on the factors set forth in Section I.A.1.b of the
Policy for implementation of Colorado River Salinity Standards through the
NPDES permit program; with particular emphasis on an assessment of salinity
off set options that would contribute to state or interstate salinity control projects
or salt banking programs and offset all or part of the salt loading to the
Colorado River associated with the proposed discharge.
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b. In determining what permit conditions shall be required under I.A.1.a.i.,
above, the permit issuing authority shall consider the requirement for an offset
project to be feasible if the cost per ton of salt removal in the offset project
options ( i.e. the permittee's cost in conducting or buying into such projects
where they are available) is less than or equal to the cost per ton of salt
removal for projects undertaken by the Colorado River Basin Salinity Control
Forum or less than the cost per ton in damages caused by salinity that would
otherwise be cumulatively discharged from the outfalls at the various locations
with operations controlled by the industrial source; or

c. The pemittee has demonstrated that one or more of the proposed discharges
is of sufficient quality in terms of TDS concentrations to qualify for a "fresh water
waiver" from the policy of “no salt return, whenever practical.” An individual
discharge that can qualify for a fresh water waiver shall be considered to have
no adverse effect on achieving the adopted numeric salinity standards for the
Colorado River System. 

4.  For the purpose of determining whether a freshwater waiver can be granted, the quality
of water discharged from the new industrial source with operations and discharging
facilities at multiple locations, determined as the flow weighted average of salinity
measurements at all outfall points, must meet the applicable benchmark concentra-
tion in accordance with Section I.A.1.a.iii., as set forth above.

5.  Very small scale pilot activities, involving 5 or fewer outfalls, that are sited in areas not
previously developed or placed into production by a new industrial source operations
and discharges at multiple locations under common or affiliated ownership or
management, may be permitted in cases where the discharge of salt from each outfall
is less than one ton per day or 366 tons per year.  However, no later than the date of
the first permit renewal after the pilot activities have become part of a larger industrial
development or production scale effort, all discharging facilities shall be addressed for
permitting purposes as a single industrial source with operations and discharges at
multiple locations under common or affiliated ownership or management.

6.  The public notice for NPDES permits authorizing discharges from operations at multiple
locations with associated outfalls shall be provided promptly and in the most efficient
manner to all member states in the Colorado River Basin Salinity Control Forum in
relation to this policy.

II. Municipal Discharges

The basic policy is that a reasonable increase in salinity shall be established for municipal
discharges to any portion of the Colorado River stream system that has an impact on the
lower main stem.  The incremental increase in salinity shall be 400 mg/L or less, which is
considered to be a reasonable incremental increase above the flow weighted average salinity
of the intake water supply.

F. The permitting authority may permit a discharge in excess of the 400 mg/L incremental
increase at the time of issuance or reissuance of a NPDES discharge permit, upon
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satisfactory demonstration by the permittee that it is not practicable to attain the 400 mg/L
limit.

G. Demonstration by the applicant must include information on the following factors relating
to the potential discharge:

1.  Description of the municipal entity and facilities.

2.  Description of the quantity and salinity of intake water sources.

3.  Description of significant salt sources of the municipal wastewater collection system,
and identification of entities responsible for each source, if available.

4.  Description of water rights, including diversions and consumptive use quantities.

5.  Description of the wastewater discharge, covering location, receiving waters, quantity,
salt load, and salinity.

6.  Alternative plans for minimizing salt contribution from the municipal discharge.
Alternative plans should include:

a. Description of system salt sources and alternative means of control.

b. Cost of alternative plans in dollars per ton, of salt removed from discharge.

7.  Such other information pertinent to demonstration of non-practicability as the permitting
authority may deem necessary.

H. In determining what permit conditions shall be required, the permit issuing authority
shall consider the following criteria including, but not limited to:

1.   The practicability of achieving the 400 mg/L incremental increase.

2.   Where the 400 mg/L incremental increase is not determined to be practicable:

a. The impact of the proposed salt input of each alternative on the lower main
stem in terms of tons per year and concentration.

b. Costs per ton of salt removed from discharge of each alternative plan.

c. Capability of minimizing the salt discharge.

D. If, in the opinion of the permitting authority, the data base for the municipal waste
discharger  is inadequate, the permit will contain the requirement that the municipal
waste discharger monitor the water supply and the wastewater discharge for salinity.
Such monitoring program shall be completed within 2 years and the discharger shall then
present the information as specified above.
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E. Requirements for establishing incremental increases may be waived in those cases where
the incremental salt load reaching the main stem of the Colorado River is less than one
ton per day or 350 tons per year, whichever is less.  Evaluation will be made on a
case-by-case basis.

F. All new and reissued NPDES permits for all municipalities shall require monitoring of the
salinity of the intake water supply and the wastewater treatment plant effluent in accordance
with the following guidelines:

1.  Analysis for salinity may be either as total dissolved solids (TDS) or be electrical
conductivity where a satisfactory correlation with TDS has been established. The
correlation should be based on a minimum of five different samples.

2.  Monitoring of the intake water supply may be at a reduced frequency where the
salinity of the water supply is relatively uniform.

Treatment Plant
Design Capacity

<1.0 MGD*

1.0       - 5.0 MGD

>5.0    - 50.0 MGD

50.0 MGD

Monitoring
Frequency

Quarterly

Monthly

Weekly

Daily

Type of
Sample

Discrete

Composite

Composite

Composite
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he health of the riparian ecosystem 
of the Colorado River Delta depends 
not only on the quantity of water 

available, but also on its quality. For 
many years, the lower Colorado River has 
experienced high salinity and elevated 
concentrations of selenium, a nutrient that 
can be toxic to wildlife. These problems 
are exacerbated as the river flows south, 
and concentrations increase. Where the 
Colorado River reaches the Imperial Dam, 
about 20 miles north of the United States-
Mexico border, concentrations of salinity 
and selenium are the highest measured 
in the United States, with specific 
conductance reaching 2,600 microseimens 
per cubic centimeter (µS/cm3) and 
selenium at 2.0 micrograms per liter (µg/l, 
ppb) in water and 7.1 micrograms per 
gram (µg/g, ppm) in sediments (Radtke 
et al., 1988). In 1984, concentrations of 
selenium in sediments were five times 
higher than the geochemical baseline 
for soils from the western United States, 
which range from less than 0.39 to 1.4 
µg/g (Shacklette and Boerngen, 1984). 
At the Colorado River Delta in Mexico, 
the terminus of the river, we would 

therefore expect salinity and selenium 
concentrations to be at their maximum. 
Measurements along the mainstem of 
the river in Mexico have shown salinity 
as high as 4,000 ppm and selenium up 
to 6.3 ppb (Valdéz-Casillas et al., 2000), 
supporting this argument. However, the 
associated riparian areas and wetlands in 
the delta area are supported primarily by 
irrigation runoff, and several studies have 
shown that agricultural practices do not 
appear to exacerbate salinity and dissolved 
selenium concentrations there (Radtke et 
al., 1988; García-Hernández et al., 2000; 
García-Hernández et al., 2001). 

Salinity in the Colorado River primarily 
originates from geologic sources, saline 
springs, and agricultural sources. Almost 
half the total salt load is from natural 
sources, with irrigation return flows 
adding more than one-third, and municipal 
and industrial sources responsible for the 
small remaining portion. According to the 
U.S. Department of Interior, more than a 
million tons of salt per year will have to be 
removed from 2003 until 2010 to maintain 
average salinity below the criterion of 

880 mg/L at Imperial Dam set by the U.S. 
Bureau of Reclamation Colorado River 
Basin Salinity Control Program. 

Dissolved selenium concentrations in 
water from the lower Colorado River 
appear to have multiple origins. The 
natural weathering of seleniferous soils 
or rocks in the upper basin is attributed 
to selenium concentrations of up to 1,300 
ppb in shallow groundwater near upstream 
reaches of the river (Presser et al., 1994), 
far exceeding the U.S. Environmental 
Protection Agency’s standard of 5 ppb for 

...riparian areas and 
wetlands in the delta area 
are supported primarily 
by irrigation runoff, and 
several studies have 
shown that agricultural 
practices do not appear 
to exacerbate salinity 
and dissolved selenium 
concentrations there.
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wildlife protection. Additional sources 
of dissolved selenium in the river may 
include the combustion of seleniferous 
coal at electric generating stations and the 
extraction of seleniferous ore deposits. 
All of these sources may contribute to 
the downstream loading and transport 
of selenium and hence its distribution 
and availability for biaccumulation in 
the ecosystem (Radtke et al., 1988). 
The construction of dams, mining, and 
intensive agriculture activities may also 
increase the concentrations of salinity and 
selenium in the lower Colorado River. 

In the Colorado River Delta, selenium 
is found in greater concentrations in 
aquatic organisms compared to terrestrial 
wildlife (see table). The selenium cycle 
is enhanced in aquatic ecosystems due to 
selenium’s solubility and bioaccumulation 
first in sediments, then plants, fish, 
and birds. Despite elevated selenium 
concentrations found in birds and bird 
eggs in the delta wetlands, no evidence 
of deformed embryos has yet been found. 
However, continued monitoring will be 
necessary to promptly detect any toxic 
changes that may occur.

Water quality in the Colorado River Delta 
is affected not only by salinity and natural 
elements such as selenium, but also by 
raw sewage from the city of San Luis 
and numerous agrochemicals, including 
organophosphorate and carbamate 
pesticides. Most delta wetland ecosystems 
are supported, however, by irrigation runoff 
from the local agricultural valleys. Although 
agricultural practices do not appear to 
increase dissolved selenium concentrations 
in water from the lower Colorado River 
and its delta, agricultural runoff can carry 
other contaminants such as pesticides, fecal 
coliforms, and other metals.

Concentrations of dichlorodiphenyl-
dichloroethylene (DDE, a degradation 
product of DDT) in aquatic organisms and 
birds have been reported in several studies 
conducted in the Colorado River Delta, 
but show a marked decrease over time. 
However, fish-eating birds like cormorants 
still show elevated concentrations of 
DDE. The presence of organochlorine 
compounds in wildlife is possibly due 
to the past intensive use of DDT in 
agriculture in the Mexicali Valley. 

The wetlands of the delta are inhabited 
by a wide variety of wildlife, including 
the largest population of the endangered 
Yuma clapper rail in the Ciénega de Santa 
Clara. For the protection of the wetlands 
and its inhabitants, it is important to 
maintain an inventory of the chemicals 
present in delta wetlands, their behavior in 
the system, and their effects on wildlife. 
Studies on concentrations of chemicals in 
different matrices (water, sediment, soil, 

and wildlife), cholinesterase inhibition in 
birds exposed to pesticides, nest success 
of different species, and other studies will 
be necessary to protect the environmental 
health of this rich and unique delta.
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Mission Statements 
 
The U.S. Department of the Interior protects and manages the nation’s natural resources 
and cultural heritage; provides scientific and other information about those resources; and 
honors its trust responsibilities or special commitments to American Indians, Alaska 
Natives, and affiliated island communities.  
 
The mission of the Bureau of Reclamation is to manage, develop, and protect water and 
related resources in an environmentally and economically sound manner in the interest of 
the American public. 
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SUMMARY 
The Colorado River and its tributaries provide municipal and industrial water to about 
33 million people and irrigation water to nearly 4 million acres of land in the United 
States. The river also serves about 3 million people and 500,000 acres in Mexico. The 
effect of salinity is a major concern in 
both the United States and Mexico. 
Salinity damages in the United States 
are presently about $383 million per 
year at 2009 salinity concentrations. 
This biennial report on the quality of 
water in the Colorado River Basin is 
required by Public Laws 84-485, 87-
483, and the Colorado River Basin 
Salinity Control Act (Salinity Control 
Act) (Public Law 93-320, as amended 
by Public Laws 98-569, 104-20, 104-
127, and 106-459). 

The Salinity Control Act authorizes the 
Secretaries of the U.S. Department of 
the Interior (Interior) and U.S. Department of Agriculture (USDA) to enhance and protect 
the quality of water available in the Colorado River for use in the United States and the 
Republic of Mexico.

Title I of the Salinity Control Act authorized the construction and operation of a desalting 
plant, brine discharge canal, and 
other features to enable the United 
States to deliver water to Mexico 
having an average salinity no greater 
than 115 parts per million (ppm) plus 
or minus 30 ppm over the annual 
average salinity of the Colorado 
River at Imperial Dam. The Title I 
program (administered by the Bureau 
of Reclamation [Reclamation]) 
continues to meet the requirements 
of Minute No. 242 of the 
International Boundary and Water 
Commission, United States and 
Mexico.

Title II of the Salinity Control Act authorizes the Secretary of the Interior (Secretary) and 
the Secretary of Agriculture to implement a broad range of specific and general salinity 
control measures in an ongoing effort to prevent further degradation of water quality to 
meet the objectives and standards set by the Clean Water Act.

Salinity damages to municipal water pipe. 

Salinity damages to crop production. 
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In 1995, Public Law 104-20 authorized an entirely new way of implementing salinity 
control. Reclamation’s Basinwide Salinity Control Program opened the program to 
competition through a “Request for Proposal” process, which greatly reduced the cost of 
salinity control by selecting the most cost effective projects. However, the price of 
salinity control will increase in the future as the less cost effective projects are left.  

The Colorado River Basin Salinity Control Forum (Forum) in accordance with the 
requirements of the Clean Water Act, prepared the “2008 Review, Water Quality 
Standards for Salinity, Colorado River System” (Review). The Review reported that by 
2030 a target of 1.85 million tons per year of salt will need to be diverted from entering 
the Colorado River in order to meet the water quality standards in the Lower Basin, 
below Lees Ferry, AZ. The combined Reclamation, USDA & BLM salinity reduction 
reported for 2010 shows that the Colorado River Basin Salinity Control Program 
(Program) has controlled over 1,192,000 tons of salt per year. In order to meet the 1.85 
million tons of salt per year goal, it will be necessary to fund and implement potential 
new measures which ensure the removal of an additional 657,950 tons by 2030. The 
Forum stated that in order to achieve this level of salt reduction, the federal departments 
and agencies would require the following capital funding: Reclamation appropriation - 
$17.5 million per year (bringing the total Reclamation program with $7.5 million cost-
sharing to $25 million per year); and USDA EQIP appropriation - $13.8 million per year 
(bringing the total on-farm program to $19.7 million per year with Basin states parallel 
program). Beginning in 2005, BLM began a comprehensive program to minimize the salt 
loading from BLM lands in the Colorado River basin. BLM salinity funding from 
Congress began in FY 2006.

With the reported existing salt controlled, and assuming no reduction of the existing 
salinity control projects, then nearly 32,900 tons of new or additional controls will need 
to be implemented each year to maintain the standards with increased future water 
development. This Program goal is the combined target for the participating agencies 
within Interior and USDA. The participating agencies reported to the Colorado River 
Basin Salinity Control Advisory Council, showing that the agencies efforts have been 
able to exceed the program’s target over the past several years. 

The Upper Colorado River Basin continues to experience a protracted multi-year drought. 
Since 1999, inflow to Lake Powell has been below average in every year except water 
years 2005 and 2008. The overall reservoir storage in the Colorado River Basin, as of 
October 1, 2010, is 33.05 million acre-feet or 55.6 % of capacity. Salinity concentration 
has increased during this time period (while salinity loading has decreased), but has not 
exceeded the numeric salinity criteria on the Colorado River below Hoover Dam, Parker 
Dam and at Imperial Dam; 723, 747 & 879 mg/L respectively. Reclamation’s short term 
future salinity modeling scenarios indicate that the numeric salinity criteria should be 
maintained even with an additional 1-2 years of drought. However, the uncertainty of the 
prediction is within reach of the salinity criteria. The salinity criteria could have been 
exceeded in 2003 or 2004 without the salinity control program and other salt reductions. 
Nevertheless, salinity damages are still very high at the 2009 salinity levels. This is the 
first observation of this level of reservoir draw down. This drought is providing new data, 
which will eventually reduce the uncertainty in salinity forecasting.  
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CHAPTER 1 - INTRODUCTION 
The Bureau of Reclamation (Reclamation) of the U.S. Department of the Interior 
prepared this report in cooperation with State water resource agencies and other Federal 
agencies involved in the Colorado River Basin Salinity Control Program (Salinity 
Control Program). This Progress Report is the latest in a series of biennial reports that 
commenced in 1963.  This report, Progress Report 23, should have been published in 
2007, but due to long review times for the past Progress Reports 21 and 22, the time line 
has been delayed enough to include the 2007 and 2009 data in this report. 

AUTHORIZATION FOR REPORT 
The directive for preparing this report is contained in four separate public laws.

Public Law 84-485 states: 

Section 15 –“The Secretary of the Interior is directed to continue studies and 
make a report to the Congress and to the States of the Colorado River Basin on 
the quality of water of the Colorado River,” 

Section 5c – “All revenues collected in connection with the operation of the 
Colorado storage project and participating projects shall be credited to the Basin 
Fund, and shall be available, without further appropriation, for (1) defraying the 
costs of operation, maintenance, & replacement of, and emergency expenditures 
for, all facilities”. The ongoing water quality monitoring, studies, and report are 
considered part of the normal operation of the project and are funded by the Basin 
Fund.”

Public Law 87-483 states: 

Section 15 - “The Secretary of the Interior is directed to continue his studies of 
the quality of water of the Colorado River System, to appraise its suitability for 
municipal, domestic, and industrial use and for irrigation in the various areas in 
the United States in which it is used or proposed to be used, to estimate the effect 
of additional developments involving its storage and use (whether heretofore 
authorized or contemplated for authorization) on the remaining water available for 
use in the United States, to study all possible means of improving the quality of 
such water and of alleviating the ill effects of water of poor quality, and to report 
the results of his studies and estimates to the 87th Congress and every 2 years 
thereafter.”

Public Law 87-590 states that January 3 would be the submission date for the report. 

Public Law 93-320 states: 

“Commencing on January 1, 1975, and every 2 years thereafter, the Secretary 
shall submit, simultaneously, to the President, the Congress, and the Advisory 
Council created in Section 204(a) of this title, a report on the Colorado River 
salinity control program authorized by this title covering the progress of 
investigations, planning, and construction of salinity control units for the previous 
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fiscal year; the effectiveness of such units; anticipated work needed to be 
accomplished in the future to meet the objectives of this title, with emphasis on 
the needs during the 5 years  immediately following the date of each report; and 
any special problems that may be impeding progress in attaining an effective 
salinity control program. Said report may be included in the biennial report on the 
quality of water of the Colorado River Basin prepared by the Secretary pursuant 
to section 15 of the Colorado River Storage Project Act (70 Stat. 111; 43 U.S.C. 
602n), section 15 of the Navajo Indian Irrigation Project and the initial stage of 
the San Juan-Chama Project Act (76 Stat. 102), and section 6 of the 
Fryingpan-Arkansas Project Act (76 Stat. 393).” 

 

LEGAL ASPECTS 

Water Quantity 
Colorado River water was apportioned by the Colorado River Compact of 1922, the 
Boulder Canyon Project Act of 1928, the Water Treaty of 1944, the Upper Colorado 
River Basin Compact of 1948, and the United States Supreme Court (Arizona v. 
California et al., 1963). 

The Colorado River Compact divided the Colorado River Basin between the Upper and 
Lower Basins at Lee Ferry (just below the confluence of the Paria River), apportioning to 
each use of 7.5 million acre-feet (maf) annually. In addition to this apportionment, the 
Lower Basin was given the right to increase its beneficial consumptive use by 1 maf per 
year. The compact also contains provisions governing exportation of Colorado River 
water. The Water Treaty of 1944 obligates the United States to deliver to Mexico 1.5 maf 
of Colorado River water annually, absent treaty surplus or shortage conditions. 

Upper Colorado Use - The Upper Colorado River Basin Compact of 1948 divided and 
apportioned the water apportioned to the Upper Colorado River Basin by the Colorado 
River Compact, allocating to Arizona 50,000 acre-feet annually, with the remaining 
water allocated to Upper Colorado River Basin States as follows:

� Colorado 51.75 percent 
� New Mexico 11.25 percent 
� Utah 23 percent
� Wyoming 14 percent 

Lower Colorado Use - States of the Lower Colorado River Basin did not agree to a 
compact for the apportionment of waters in the Lower Colorado River Basin; in the 
absence of such a compact Congress, through Secretarial contracts authorized by the 
Boulder Canyon Project Act, allocated water from the mainstem of the Colorado River 
below Lee Ferry among California, Nevada, and Arizona, and the Gila River between 
Arizona and New Mexico. This apportionment was upheld by the Supreme Court, in 
1963, in the case of Arizona v. California.

As confirmed by the U.S. Supreme Court in 1963, from the mainstem of the Colorado 
River (i.e., The Lower Basin): 
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� Nevada was apportioned 300,000 acre-feet annually and 4 percent of surplus 
water available, 

� Arizona was apportioned 2,800,000 acre-feet annually and 46 percent of surplus 
water available, 

� California was apportioned 4,400,000 acre-feet annually and 50 percent of 
surplus water available. 

Water Quality 
Although a number of water-quality-related legislative actions have been taken on the 
State and Federal levels, several Federal acts are of special significance to the Colorado 
River Basin: the Water Quality Act of 1965 and related amendments, the Federal Water 
Pollution Control Act Amendments of 1972 (Public Law 92-500), commonly referred to 
as the Clean Water Act and related amendments, and the Colorado River Basin Salinity 
Control Act (Salinity Control Act) of 1974 as amended. Also, central to water quality 
issues are agreements with Mexico on Colorado River System waters entering that 
country.

The Water Quality Act of 1965 (Public Law 89-234) amended the Federal Water 
Pollution Control Act and established a Federal Water Pollution Control Administration 
(now Environmental Protection Agency [EPA]). Among other provisions, it required 
States to adopt water quality criteria for interstate waters inside their boundaries. The 
seven Basin States initially developed water quality standards that did not include 
numeric salinity criteria for the Colorado River primarily because of technical 
constraints. In 1972, the Basin States agreed to a policy that called for the maintenance of 
salinity concentrations in the Lower Colorado River System at or below existing levels, 
while the Upper Colorado River Basin States continued to develop their 
compact-apportioned waters. The Basin States suggested that Reclamation should have 
primary responsibility for investigating, planning, and implementing the proposed 
Salinity Control Program. 

The enactment of the Federal Water Pollution Control Act Amendments of 1972 affected 
salinity control, in that it was interpreted by EPA to require numerical standards for 
salinity in the Colorado River. In response, the Basin States founded the Colorado River 
Basin Salinity Control Forum (Forum) to develop water quality standards, including 
numeric salinity criteria and a basinwide plan of implementation for salinity control. The 
Basin States held public meetings on the proposed standards as required by the enacting 
legislation. The Forum recommended that the individual Basin States adopt the report, 
Water Quality Standards for Salinity, Including Numeric Criteria and Plan of 
Implementation for Salinity Control, Colorado River System. The proposed water quality 
standards called for maintenance of flow-weighted annual averaged total dissolved solids 
concentrations of 723 milligrams per liter (mg/L) below Hoover Dam, 747 mg/L below 
Parker Dam, and 879 mg/L at Imperial Dam.  Included in the plan of implementation 
were four salinity control units and possibly additional units, the application of effluent 
limitations, industrial use of saline water, and future studies. The standards are to be 
reviewed at 3-year intervals. All of the Basin States adopted the 1975 Forum-
recommended standards. EPA approved the standards. 
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The Salinity Control Act of 1974 (Public Law 93-320) provided the means to comply 
with the United States’ obligations to Mexico under Minute No. 242 of the International 
Boundary and Water Commission, United States and Mexico, which included, as a major 
feature, a desalting plant and brine discharge canal for treatment of Wellton-Mohawk 
Irrigation and Drainage District (WMIDD) drainage water. These facilities enable the 
United States to deliver water to Mexico having an average salinity of 115 parts per 
million (ppm) plus or minus 30 ppm (United States’ count) over the annual average 
salinity of the Colorado River at Imperial Dam. The act also authorized construction of 4 
salinity control units and the expedited planning of 12 other salinity control projects 
above Imperial Dam as part of the basinwide salinity control plan. 

In 1978, the Forum reviewed the salinity standards and recommended continuing 
construction of units identified in the 1974 act, placing of effluent limitations on 
industrial and municipal discharges, and reduction of the salt-loading effects of irrigation 
return flows. The review also called for the inclusion of water quality management plans 
to comply with section 208 of the Clean Water Act. It also contemplated the use of saline 
water for industrial purposes and future salinity control. 

Public Law 98-569, signed October 30, 1984, amended Public Law 93-320. The 
amendments to the Salinity Control Act authorized the U.S. Department of Agriculture 
(USDA) Colorado River Salinity Control Program. The amendments also authorized two 
new units for construction under the Reclamation program.  

In 1993, the Dept. of Interior Inspector General concluded that the lengthy congressional 
authorization process for Reclamation projects was impeding the implementation of cost-
effective measures. Consequently, a public review of the program was conducted in 
1994. In 1995, Public Law 104-20 authorized Reclamation to implement a basinwide 
approach to salinity control and to manage its implementation. Reclamation completed 
solicitations in 1996, 1997, 1998, 2001, and 2004 in which Reclamation requested 
proposals, ranking the proposals based on their cost and performance risk factors, and 
awarded funds to the highest ranked projects. The awards from the first three solicitations 
consumed the available appropriation ceiling of $75 million authorized by Congress to 
test the new program. In 2000, Public Law 106-459 amended the Colorado River Basin 
Salinity Control Act to increase the appropriation ceiling for Reclamation’s basinwide 
approach by $100 million ($175 million total). This appropriation authority allowed 
Reclamation to continue to request new proposals under its Basinwide Salinity Control 
Program. 

In 1996, Public Law 104-127 significantly changed the authorities provided to USDA.
Rather than carry out a separate salinity control program, the Secretary of Agriculture 
was directed to carry out salinity control measures in the Colorado River Basin as part of 
the Environmental Quality Incentives Program established under the Food Security Act 
of 1985. Public Law 104-127 also authorized the Secretary of Agriculture to cost share 
salinity control activities from the basin funds in lieu of repayment. Cost sharing has been 
implemented for both USDA and Reclamation programs. Under this new authority, each 
dollar appropriated by the Congress is matched by $0.43 in cost sharing from the basin 
funds.
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In 2002, Public Law 107-171, Title II, Subtitle D reauthorized the USDA’s 
Environmental Quality Incentives Program (under which the Secretary of Agriculture 
carries out salinity control measures).  In 2008, Public Law 110-246, again authorized the 
USDA’s Environmental Quality Incentives Program. PL110-246 also amended the 
Salinity Control Act to clarify the authority and implementation of the “Basin States 
Program”. 

Nothing in this report is intended to interpret the provisions of applicable federal law 
including, but not limited to, The Colorado River Compact (42 Stat. 171), The Upper 
Colorado River Basin Compact (63 Stat. 31), The Utilization of Waters of the Colorado 
and Tijuana Rivers and of the Rio Grande, Treaty Between the United States of America 
and Mexico (Treaty Series 994, 59 Stat. 1219), the United States/Mexico agreement in 
Minute No. 242 of August 30, 1973, (Treaty Series 7708; 24 UST 1968), the 1964 
Decree entered by the Supreme Court of the United States in Arizona v. California et al. 
(376 U.S. 340), as amended and supplemented, The Boulder Canyon Project Act (45 Stat. 
1057), The Boulder Canyon Project Adjustment Act (54 Stat. 774; 43 U.S.C. 618a), The 
Colorado River Storage Project Act (70 Stat. 105; 43 U.S.C. 620), The Colorado River 
Basin Project Act (82 Stat. 885; 43 U.S.C. 1501), The Colorado River Basin Salinity 
Control Act (88 Stat. 266; 43 U.S.C. 1571), The Hoover Power Plant Act of 1984 (98 
Stat. 1333), The Colorado River Floodway Protection Act (100 Stat. 1129; 43 U.S.C. 
1600), or The Grand Canyon Protection Act of 1992 (Title XVIII of Public Law 102-575, 
106 Stat. 4669). 
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Sources of Salinity

Natural
47%

M&I
4%

Reservoir
12%

Irrigation
37%

CHAPTER 2 – SALINITY CONDITIONS  

CAUSES OF SALINITY 
The Colorado River System is naturally very saline. At the USGS gauge below Hoover 
Dam, between 1940 and 1980 an average of approximately 9.4 million tons of salt were 
carried down the river every year. Since 1981, on average, approximately 8.8 million tons 
of salts have been measured in the river each year, including years of floods and drought, 
with the trend going down. The flow of the river dilutes this salt, and depending upon the 
quantity of flow, salinity can be relatively dilute or concentrated. Since climatic 
conditions directly affect the flow in the river, salinity in any one year may double (or 
halve) due to extremes in runoff. Because this natural variability is virtually 
uncontrollable, the seven 
Basin States adopted a 
non-degradation water 
quality standard. 

Nearly half of the salinity 
in the Colorado River 
System is from natural 
sources. Saline springs, 
erosion of saline geologic 
formations, and runoff all 
contribute to this 
background salinity. 
Irrigation, reservoir 
evaporation, and 
municipal and industrial 
(M&I) sources make up 
the balance of the salinity 
problem in the Colorado 
River Basin. Figure 1 shows the relative amount each source contributes to the salinity 
problem. The Environmental Protection Agency (EPA, 1971) estimated that the natural 
salinity in the Lower Colorado River at Imperial Dam was 334 milligrams per liter 
(mg/L).  For 2009 the average annual flow weighted salinity at Imperial Dam was 717 
mg/L, a 383 mg/L increase over the estimated natural salinity. Table 1, on the following 
page, quantifies the salinity from several of these known sources. 

Salinity of the Colorado River has increased with the development of water resources in 
two major ways: (1) the addition of salts from water use and (2) the consumption 
(depletion) of water. The combined effects of water use and consumption have had a 
significant impact on salinity in the Colorado River Basin. The basin-wide drought, since 
1999, has also had an influence on the present salinity of the Colorado River.

Current information indicates that the present salt levels in the Colorado River system 
have few if any negative health effects and the EPA’s primary drinking water standards  

Figure 1 - Sources of Salinity 
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Table 1 - Quantified Sources of Salt Loading

 

are not exceeded (see Progress Report 21, Health section). However, the EPA secondary 
drinking water standards of 500 mg/L for TDS (salinity) and 250 mg/L for sulfate may be 
exceeded. A regression of sulfate versus TDS shows that sulfate exceeds 250 mg/L when 
the TDS exceeds 612 mg/L.  During dry cycles the secondary drinking water standards 
for TDS and sulfate are exceeded at many places in the Colorado River in both the Upper 
and Lower Basins, including the three salinity criteria sites.  

The primary negative impact of the Colorado River salinity presently is seen as 
economics. Reclamation has developed a model which calculates damages from a given 
level of salt. Economic damages have been shown to begin at salinity levels above 500 
mg/L and a change of 1 mg/L TDS equates to 10,000 tons of salt per year. Present annual 
economic damage using the 2008 & 2009 average annual salinity level at Imperial Dam 
(717 mg/l, latest data available) has been modeled at over $350 million dollars. This 
impact comes out at a cost of $173 per ton of salt or $1,733,000 per mg/L TDS per year, 
over the 500 mg/L base point. Even though the salinity level has fluctuated slightly over 
the last few years, the salinity impact cost has increased primarily due to increased 
agricultural damage costs (increase in acreage and crop prices). 

Source 
Type of 
Source 

Salt Loading 
(tons per year) 

Paradox Springs Springs / point      205,000  1

Dotsero Springs Springs / point  182,600 

Glenwood Springs Springs / point   335,000 

Steamboat Springs Springs / point       8,500 

Pagosa Springs Springs / point        7,300 

Sinbad Valley Springs / point        6,500 

Meeker Dome Springs / point         57,000  1

Other minor springs in the Upper Basin Springs / point      19,600 

Blue Springs  Springs / point    550,000

La Verkin Springs  Springs / point    109,000 

Grand Valley Irrigation / non-point    580,000 

Big Sandy Irrigation / non-point    164,000 

Uncompahgre Project Irrigation / non-point        360,000  1

McElmo Creek Irrigation / non-point    119,000 

Price-San Rafael  Irrigation / non-point        258,000   1

Uinta Basin  mostly irrigation / non-point    240,000 

Dirty Devil River Area non-point    150,000 

Price-San Rafael Area non-point        172,000   1

Other, non regulated areas Various  5,200,000 

Total  8,724,000 

1- Values listed are pre salinity control project loading  
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Salinity related damages are 
primarily due to reduced 
agricultural crop yields, 
corrosion, and plugging of 
pipes and water fixtures in 
housing and industry. Figure 2 
breaks down the percentage of 
total damages. The seven 
Basin States have agreed to 
limit this impact and adopted 
numeric criteria, which 
require that salinity 
concentrations not increase 
(from the 1972 levels) due to 
future water development. 
Salinity levels measured in the 
river may be low or high due to climatic conditions, but the goal of the Water Quality 
Criteria for the Colorado River Basin and the Colorado River Basin Salinity Control 
Program (Salinity Control Program) is to offset (eliminate) the salinity effects of 
additional water development. 

HISTORIC SALINITY CONDITIONS 
Salinity in the Colorado River is monitored at 20 key stations throughout the Colorado 
River Basin. Salt loads and concentrations are calculated from daily conductivity and 
flow records using methods developed jointly between Reclamation and USGS 
(Liebermann et al., 1986). Historical annual streamflow, and salinity concentrations from 
1940 through 2009 are included in graphical form in Appendix A. Monthly and annual 
data may be obtained by request from Reclamation, Salt Lake City, Utah or by going to 
Reclamation’s Upper Colorado Regional Office Salinity Program web page; 
http://www.usbr.gov/uc/progact/salinity/index.html. The salinity of the 3 lower basin 
compact points since 1940 is shown in Figure 3. As Figure 3 shows, the last time the 
TDS exceeded or reached the salinity criteria at any of the compact points, was in 1972 – 
the year that the salinity standard was established for the Colorado River. 

FACTORS INFLUENCING SALINITY 
Stream flow, reservoir storage, water resource development, salinity control, climatic 
conditions, and natural runoff directly influence salinity in the Colorado River Basin. 
Before any water development, the salinity of spring runoff was often below 200 mg/L 
throughout the Colorado River Basin. However, salinity in the lower mainstem was often 
well above 1,000 mg/L during the low flow months (most of the year), since no 
reservoirs existed to catch and store the spring runoff.

         Figure 2 – Percentage of Salinity Damages

49%

27%

7%

4%
5%

8%

Quantified Economic Damages $350+ 
million each year

Agriculture $172 m

Household $94 m
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Utility $16 m

Industrial $17 m

Management $27 m
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Figure 3 - Colorado River Salinity at Lower Basin Compact Points 

Streamflow
Streamflow directly influences salinity.
For the most part, higher flows (or 
reservoir releases) dilute salinity. The 
top graph in Figure 4 shows streamflow 
at two key points in the mainstem. In 
1980, Lake Powell (Glen Canyon Dam) 
filled for the first time and spilled. 

This spill went through Lake Mead 
(Hoover Dam) and on downstream 
through Imperial Dam. In 1983 and on 
through 1987, flows in the system were 
again extremely high and sustained, 
reducing salinity to historic lows. As 
shown in the bottom graph of Figure 4, 
more average flows in the system after 
1987 returned the salinity in the 
reservoir system to more normal levels.  

                  Figure 4 - Mainstem Flow and Salinity. 
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Reservoir Storage
The Colorado River Storage Project Reservoirs produce not only major hydrologic 
modifications downstream, but they also significantly alter the salinity variability of the 
downstream river. The overall long term salinity affects of the reservoirs are beneficial 
and have greatly reduced the salinity peaks and annual fluctuation (Figure 5).  The high 
concentration low flow waters are mixed with low concentration spring runoff, reducing 
the month-to-month variation in salinity below dams (Mueller et al., 1988). At Glen 
Canyon Dam, the pre and post dam peak monthly salinity has been reduced by nearly 600 
mg/L. Similar effects can be seen below Flaming Gorge, Navajo, and Hoover Dams, 
greatly improving the quality of water during the summer, fall and winter. 

Large reservoirs like Lake Powell selectively route less saline water while holding more 
saline waters during low inflow periods. The poorer quality waters are then slowly 
released after the inflows have begun to increase, which helps to prevent exceeding the 
salinity criteria during drought years. The large reservoirs selectively retain higher 
salinity winter inflows in the bottom of the pool and route lower salinity overflow density 
currents from the spring runoff. The seasonal and long term affects of this selective 
retention and routing of salt has been shown below Glen Canyon Dam in Figure 5.  
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Figure 5 - Effects of Glen Canyon Dam on Colorado River Salinity at Lees Ferry. 

Figure 6 further displays this retention. A long-term depth vs. time profile of salinity in 
the forebay of Glen Canyon Dam is a pictured history of salinity. The Y (vertical) axis is
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Lake Powell Forebay, Wahweap, TDS Dec 1964 to March 2010
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Figure 6 - Lake Powell Forebay, near Dam, Dec 1964 to March 2010 Salinity Concentration, mg/L 

 

depth in the water column and the X axis is time in years. The color scale is the change in 
salinity. 

Two things are demonstrated by this graphic: 1) Glen Canyon Dam selectively retains 
higher TDS water, especially during initial years of drought, and then routes those waters 
later, usually during wetter cycles. 2) Lake Powell has selectively retained higher salinity 
water during drier years, and then routed it with the increased mixing and shorter 
hydraulic retention times of wetter cycles as seen particularly in 1983 and 1999. During 
these wetter cycles these is a significant mixing and dilution of these previously stored 
salts. 

There are 4 periods or trends which can be seen in the Colorado River salinity for the 
inflow to and outflow from Lake Powell which can be seen in Figure 7 (white and yellow 
trend lines).  The overall inflow line (blue) in Figure 7 is the sum of TDS for the inflow 
stations to Lake Powell; Colorado River at Cisco, Green River at Green River, UT, San 
Rafael River near Green River and San Juan River near Bluff. The overall outflow line 
(red) is the TDS at the USGS gauge at Lee’s Ferry below Glen Canyon Dam. There was 
the pre dam period, 1940 – 1964, where the average salinity trend was increasing with 
some divergence between the average annual inflow and outflow salinity levels and the 
inflow concentration generally being less than the outflow concentration. This difference 
between outflow and inflow may be impacted by the beginning hydraulic conditions, 
since the actual annual levels appear to track each other fairly closely. Next there was the 
dam filling period where Lake Powell and the upper basin reservoirs were completed and 
filling, 1965-1980.  The average annual salinity during this time decreased with a 
convergence occurring between the inflow and outflow concentrations.  The outflow 
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concentration decreased more than the inflow concentration, which could be due to the 
reservoir storing the higher TDS waters. Then there was the period, 1980 to present, 
when the basin hydrology went through both wet and dry periods and the salinity control 
projects in the upper basin were coming online.  The declining trend of the average 
annual salinity concentration over this time is seen to be constant between the inflow and 
outflow stations. Since 1980 there appears to be an equilibrium between the salt entering 
the reservoir and what is being released.  The last period, since 2000, covers the 
basinwide drought. The trend shows that the inflow TDS has declined, while the outflow 
TDS from Lake Powell has stayed constant with the 1980 to present TDS trend. 

Lake Powell (and other reservoirs in the basin) went through an initial filling salt leach 
out which actually began with temporary water retention behind the coffer dam during 
construction in the mid 1950’s. Long-term linear regression trend lines on the inflow and 
outflow salinity concentrations at Lake Powell indicate that internal salt leaching seems 
to have declined to a minimum by the mid-1990’s suggesting a long-term salinity leach 
out which is approaching a dynamic equilibrium (Figure 7, red and blue trend line).
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                     Figure 7 - Lake Powell Inflow and Outflow Salt Concentration, mg/L  

 

NATURAL VARIATION IN SALINITY 
Although seasonal swings in salinity have been greatly reduced, annual fluctuations in 
salinity are still observed. Natural climatic variations in rainfall and snowmelt runoff 
continue to cause large year-to-year differences in both flow and salinity and in some 
cases nearly doubling the salinity in the river. 

The water quality standards require that the flow-weighted average annual salinity not to 
rise above the 1972 levels using a long-term mean water supply of 15 maf (2008 
Review). This means that depending on the hydrology (drought conditions) salinities may 
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actually increase above the numeric criteria and it is not a violation of the standards, but 
is due to natural variations in the hydrologic conditions. Even with full compliance with 
the standards, the actual salinities at Imperial Dam (and elsewhere in the Colorado River 
Basin) will continue to fluctuate with hydrologic conditions in the future. The Salinity 
Control Program is designed to offset the effects of development, even as salinity varies 
from year to year in response to the climatic and hydrologic conditions. Assuming 
continued salinity control and full compliance with the standards, the potential range of 
annual salinities that might be observed in the future at Imperial Dam is quite wide. With 
Colorado River basin reservoir storage tempering the natural variability of the system, the 
range between the high and low salinity values at Imperial Dam has dropped to a monthly 
average of about 479 mg/L and an annual average around 266 mg/L since 1973. 

AGRICULTURAL SOURCES OF SALINITY 
Irrigated agriculture is the largest user of water in the Colorado River Basin and a major 
contributor to the salinity of the system. Iorns (Iorns et al., 1965) found that irrigated 
lands in the Upper Colorado River Basin contributed about 3.4 million tons of salt per 
year (37 percent of the salinity of the river). Irrigation increases the salt concentration of 
the source water by consuming water (evapotranspiration) and by dissolving salts found 
in the underlying saline soil and geologic formations, usually marine (Mancos) shale.  

Irrigation mobilizes the salts found naturally on the soil surface as well as in the soil 
profile, especially if the lands are over irrigated. Many subbasins experienced significant 
changes in irrigation following development of available reservoir storage. For example, 
once late season irrigation supplies were assured, less water was applied to per unit of 
farmland during the snowmelt runoff, and overall irrigation efficiency increased.

Irrigation development in the Upper Colorado River Basin took place gradually from the 
beginning of settlement in about 1860, but was hastened by the purchase of tribal lands in 
the late 1800’s and early 1900’s. About 800,000 acres were being irrigated by 1905. 
Between 1905 and 1920, the development of irrigated land increased at a rapid rate, and 
by 1920, nearly 1.4 million acres were being irrigated. The “Upper Colorado Region 
Comprehensive Framework Study, June 1971”, reported that more than 1.6 million acres 
were in irrigation in 1965. Since that time, development of new agricultural lands has 
leveled off because of physical, environmental, and economic limitations. Reclamation’s 
latest “Colorado River System Consumptive Uses and Losses Report 2006-2010” 
estimated an average of 1.57 million acres was irrigated in the Upper Colorado River 
Basin in 2006 (latest data available). 

Irrigation development in the Lower Colorado River Basin began at about the same time 
as in the Upper Colorado River Basin, but was slow due to the difficulty of diverting 
water from the Colorado River with its widely fluctuating flows. Development of the Gila 
area began in 1875 and the Palo Verde area in 1879. Construction of the Boulder Canyon 
Project in the 1930’s, and other downstream projects, has provided for a continued 
expansion of the irrigated area. In 1970, an additional 21,800 acres were irrigated by 
private pumping either directly from the Colorado River or from wells in the flood plain. 
In 1980, nearly 400,000 acres were being irrigated along the Colorado River mainstem. 
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Total irrigated lands for the entire Lower Colorado River Basin is around 1.4 million 
acres.

Reclamation and the U.S. Geological Survey (USGS) continuously monitor the flow and 
salinity of the river system through a network of 20 gauging stations (See Appendix A, 
Figs. A1 & A2). Reclamation evaluates the data collected to determine if sufficient 
salinity control is in place to offset the impact of water development. In 2009, the actual 
salinity in the Colorado River was below the numeric criteria at the established 
monitoring stations. However, as the impacts of recent and future basin developments 
work their way through the hydrologic system, or as drought conditions persist, salinity 
would increase without salinity control to prevent further degradation of the river system. 
Through salinity control practices, excess salt loading to the river system can be reduced 
significantly, helping maximize the future beneficial uses of the river. 

Most of the irrigation projects that deplete water and increase salt loading to the river 
were in place before 1965. Moreover, like the newly inundated soils in reservoirs, newly 
irrigated lands are subject to a leach-out period. In cases where lands with poor drainage 
stored salt, these areas were taken out of production. In addition, irrigation practices 
changed significantly with the introduction of canal and lateral lining, sprinkling systems, 
gated pipe, trickle systems and tile drains (initial operation of tile drains increase salt 
loading, which decreases after time). These changes have resulted in reduced return flows 
and salt loading. 

WATER USE BY MUNICIPAL & INDUSTRIAL USERS 
Salinity levels are directly influenced by depletion (consumption) of water flowing in the 
river system and salt loading. Agriculture increases salinity by consuming water through 
evapotranspiration and leaching of salts from soils by irrigation. Municipal and industrial 
(M&I) use increases salinity by the consumption of the water, thus reducing the dilution 
of salts in the river or by disposal on land.

Another source of salinity from municipal & industrial use is from an increase in the 
housing developments within the basin. This brings with it an associated increase in 
water softening needs, due to the hard water found throughout the basin. One result of the 
increase of water softening is an increase in the sodium chloride salt discharged into the 
Colorado River. Another impact of the increased population in the basin is that more 
roads are paved and developed. During the winter this increase in road mileage impacts 
the salt discharged into the basin due to the addition of salt on the roads in order to help 
keep the snow and ice off of the roads. The amount of salt added to the basin from new 
municipal development has not yet been quantified. 

Reclamation continues to monitor water use and adjusts their future salinity control needs 
as water development plans may be postponed, delayed, or canceled. The depletion 
schedules used to project salinity conditions have been updated so that the 
implementation needs for the Salinity Control Program can be planned to offset the 
impacts of additional water development (see Tables 2 & 3).  
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ENERGY DEVELOPMENT 
The large amounts of water use once forecasted for steam power generation, coal 
gasification, oil shale, and mineral development have not yet occurred. The few 
coal-fired power plants that have been constructed recently have obtained their water 
from existing agricultural rights rather than from developing additional water. This 
conversion of use reduces the salt loading to the Colorado River by eliminating the 
pickup of salt from canal seepage and on farm deep percolation. 

Many of the geologic formations of the Colorado River Basin were deposited in marine 
(saline) or brackish water environments.  Sulfates and sodium chloride are prevalent salts 
in most of these formations.  Many of the formations were deposited in drier periods and 
are capable of transmitting water, but these aquifers are frequently sandwiched between 
hundreds or even thousands of feet of impermeable shale (aquicludes).  These aquifers 
are, therefore, static and often saline.  Many static and saline aquifers are present in the 
Colorado River Basin.  When a path of flow is provided by drilling or mining, these 
aquifers are mobilized, and brackish or saline waters flow back to the surface. 

The development of energy resources, specifically coal, oil, gas, oil shale, and coal bed 
methane, in the Colorado River Basin may contribute significant quantities of salt to the 
Colorado River.  Salinity of surface waters can be increased by either mineral dissolution 
or uptake in surface runoff, mobilization of brackish groundwater, or consumption of 
good quality water.  The location of fossil fuels is associated with marine-derived 
formations.  Any disturbance of these saline materials will increase the contact surfaces, 
allowing for the dissolution of previously unavailable soluble minerals. 

Salinity increases associated with mining coal can be attributed to leaching of coal spoil 
materials, discharge of saline groundwater, and increased erosion resulting from surface-
disturbing activities.  Spoil materials have a greater permeability than undisturbed 
overburden, allowing most of the rain falling on the spoils to infiltrate instead of running 
off.  The water percolates through the spoils, dissolving soluble minerals. 

Studies conducted on mining spoils in northwestern Colorado indicate that the resulting 
salinity of spoil-derived waters ranges from approximately 3,000 mg/L to 3,900 mg/L 
(Parker, et al., 1983; McWhorter, et al., 1979; and U.S. Department of the Interior, 1985). 
The variability in concentration depends on water residence time and the chemical and 
physical properties of the spoil. 

Saline water is also a byproduct of oil and gas production in the Colorado River Basin.  It 
is not uncommon to produce several times the amount of saline waters as oil.  In one 
month the oil and gas operators in Colorado produced approximately 25 million barrels 
of saline water. The salinity of production waters varies greatly from location to location 
and depends upon the producing formation.  Common disposal techniques include 
evaporation, injection, and discharge to local drainages. 

The future development of the oil shale resources in Colorado, Utah, and Wyoming has 
the potential to increase salt loading to the Colorado River.  Salt increases can be 
attributed to the consumptive use of good quality water, mine dewatering, and, if surface 
retorting is used, the leaching of spoil materials similar to those of surface coal mining. 
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Reclamation, BLM and state agencies are attempting to identify abandoned exploration 
wells that are leaking and develop plans to control the leaks.  The Meeker Dome Salinity 
Control Unit identified and plugged several abandoned wells along the White River to 
prevent a salt dome (a geologic formation) from discharging saline water into the river.   

Coal Bed Methane - The increase of the price of natural gas has led to an increase in the 
interest of developing the methane gas, which is found with coal, in the plentiful coal 
formations of the Upper Colorado River Basin. This coal bed methane (CBM) 
development could result in an increase in the salt loading of the Colorado River if the 
water associated with this type of drilling is discharged on the ground surface and 
allowed to get into waterways.  

In Utah, coal bed methane wells 
are located in Emery, Carbon, 
Duchesne, and Uinta counties.
The State allows up to 4 wells 
per section.  Most (99%) of 
existing product wastewater from 
the CBM wells is reinjected and 
1 % is impounded for 
evaporation.  No surface 
discharges have presently been 
permitted.  It is projected that 
even with greater development of 
CBM wells, the handling of the 
produced wastewater will not 
change.

In Colorado, all the product water from CBM development in the San Juan Basin in 
southwest Colorado is presently, and in the foreseeable future will be, reinjected.  New 
CBM wells are permitted in the northwest part of the State and in Moffat and Rio Blanco 
Counties, where new CBM developments are being considered.  The State averages for 
product wastewater in the western part of the State are 90 % reinjected, 9.5 % 
impounded, and 0.5 % surface discharged.  Any surface discharged water has to meet the 
water quality criteria of no more that 1 ton/day salt. 

In Wyoming, new CBM well development is beginning in the Little Snake River 
drainage (Carbon County) with only a handful of wells permitted.  This CBM 
development has the potential to spread into the whole southwest corner of the State 
(Sweetwater, Uinta, and Lincoln Counties) if the price of natural gas stays high.  This 
part of the State could have over 10,000 new CBM wells if development takes off as it 
has in the Powder River Basin.   Presently, the State will allow surface discharge of up to 
1 ton/day per operator (not per well).  CBM development in the southwest part of the 
State will most likely involve reinjection of most if not all of the waste water since the 
quality of the groundwater found in these coal beds is highly saline and of poor quality. 

The recent push for increased development of coal bed methane and other energy sources 
in the Rocky Mountain area poses a potential for increased salinity due to the brine or 
saline ground water discharged from the wells into the Colorado River Basin.  

Figure 8 - Photo of Coal Bed Methane Well. 
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FUTURE WATER DEVELOPMENT  
Tables 2 and 3 summarize the projected depletions used by Reclamation to evaluate the 
effects of water use and depletions for this progress report.  These water use estimates 
were compiled as the first step in the evaluation process.  

Table 2 summarizes the projected future depletions by water uses in the Upper Colorado 
River Basin as adopted for planning purposes by the Upper Colorado River Commission 
in December 2007.  Figure 9 illustrates the historic annual consumptive use by water uses 
in the Upper Basin as reported in Reclamation’s Colorado River System Consumptive 
Uses and Losses Reports (CUL), and the projected future total depletions by water uses 
in the Upper Basin that are included as input into Reclamation’s Colorado River System 
Simulation (CRSS) model.  The consumptive uses or depletions shown in figure 9 
exclude evaporation losses from Lake Powell, Flaming Gorge Reservoir and the Aspinall 
Unit reservoirs, which along with evaporation losses from Colorado River mainstem 
reservoirs in the Lower Basin are modeled within CRSS. 

The annual depletions for the Lower Colorado River Basin shown in Table 3 include only 
depletions resulting from the use of water from the mainstem of the Lower Colorado 
River.  Reclamation’s CRSS model does not model or include as input consumptive uses 
made from tributaries to the Colorado River within the Lower Colorado River Basin.
Fixed inflow values are used in the CRSS model for the Lower Basin tributaries.  More 
detailed data on historic Colorado River Basin consumptive uses and losses (including 
tributary uses in the Lower Basin and reservoir evaporation losses) may be found in 
Reclamation’s Colorado River System Consumptive Uses and Losses Reports or on the 
web at: www.usbr.gov/uc/library/envdocs/reports/crs/crsul.html 
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Table 2 - Upper Basin Depletion Projections (1000 af/yr) 

UPPER BASIN 2010 2020 2030 2040 2050 2060

      
Arizona        
Total scheduled depletion 50 50 50 50 50 50
Share of 2007 Hydro-Det Amount  (5.76 maf) 50 50 50 50 50 50
Remaining available 0 0 0 0 0 0

Colorado
Total scheduled depletions 2,796 2,842 2,891 2, 919 2,955 2,955
Share of 2007 Hydro-Det Amount  (5.76 maf) 2,955 2,955 2,955 2,955 2,955 2,955
Remaining available 159 113 64 36 0 0
Percent unused 5 4 2 1 0 0

New Mexico
Total scheduled depletions 539 608 635 642 642 642
Share of 2007 Hydro-Det Amount  (5.76 maf) 642 642 642 642 642 642
Remaining available 103 34 7 0 0 0
Percent unused 16 5 1 0 0 0

Utah
Total scheduled depletions 907 955 1032 1118 1163 1163
Share of 2007 Hydro-Det Amount  (5.76 maf) 1313 1313 1313 1313 1313 1313
Remaining available 406 358 281 195 150 150
Percent unused 31 27 21 15 11 11

Wyoming
Total scheduled depletions 560 621 719 735 750 763
Share of 2007 Hydro-Det Amount  (5.76 maf) 799 799 799 799 799 799
Remaining available 239 178 80 64 49 36
Percent unused 30 22 10 8 6 5

Note 1:  This depletion schedule does not attempt to interpret the Colorado River Compact, the Upper Colorado River 
Basin Compact, or any other element of the “Law of the River.” This schedule should not be construed as an 
acceptance of any assumption that limits the Upper Colorado River Basin’s depletion. 

Note 2: This depletion schedule is for planning purposes only. This estimate does not constitute an endorsement of the 
Bureau of Reclamation’s 2007 Hydrologic Determination and should not be construed as in any way limiting the Upper 
Division States use of Colorado River water in accordance with the Commission’s resolution of 6/5/06. 

Note 3: The yield determined in the 2007 Hydrologic Determination excluding shared CRSP evaporation.  
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Table 3 - Lower Basin Depletion Projections (1000 af/yr) 

LOWER MAINSTEM 2010 2020 2030 2040 2050 2060

Nevada 
Robert B. Griffith Water Project 264 264 280 280 280 280
Other users above Hoover Dam 7 7 7 7 7 7
Southern California Edison 16 16 0 0 0 0
Ft. Mohave Indian Reservation 9 9 9 9 9 9
Laughlin and users below Hoover Dam 4 4 4 4 4 4
Total 300 300 300 300 300 300

Arizona
Imperial Wildlife Refuge 10 9 10 10 10 10
Lake Havasu Wildlife Refuge 5 5 5 5 5 5
Fort Mohave Indian Reservation 73 73 73 73 73 73
City of Kingman 0 0 0 0 0 0
Mohave Valley I&D District 23 17 17 17 17 17
Bullhead City and other M&I 4 5 6 6 6 6
Cibola Valley I&DD, Parker and others 24 27 30 32 34 34
Lake Havasu I&D District 13 12 12 12 12 12
Central Arizona Project 1425 1419 1406 1398 1395 1395
Colorado River Indian Reservation 414 463 463 463 463 463
Cibola Wildlife Refuge 8 8 16 16 16 16
Gila Project 505 477 476 476 476 476
City of Yuma 27 30 35 41 41 41
Yuma Project - Valley Division 248 234 229 229 230 230
Cocopah Indian Reservation 12 12 12 12 12 12
Other users below Imperial Dam 9 9 10 10 10 10
Total 2800 2800 2800 2800 2800 2800

California
City of Needles  1 1 1 1 1 1
Metropolitan Water District 855 852 852 852 802 802
Fort Mohave Indian Reservation 12 12 12 12 12 12
Chemehuevi Indian Reservation 5 8 8 8 8 8
Colorado River Indian Reservation 19 39 39 39 39 39
Palo Verde Irrigation District 373 366 366 366 366 366
Yuma Project Reservation Division 47 54 54 54 54 54
Imperial Irrigation District 2711 2641 2611 2611 2661 2661
Coachella Valley Water District 376 426 456 456 456 456
Other uses Davis to Parker Dam 1 1 1 1 1 1
Other uses below Imperial Dam 0 0 0 0 0 0
Total 4400 4400 4400 4400 4400 4400

Unassigned
Phreatophyte and native vegetation 515 515 515 515 515 515
Yuma Desalting Plant 120 120 52 52 52 52
Total 635 635 567 567 567 567
Note:  In the LC Basin, depletions are from mainstem diversions of the Colorado River only.  Does not include depletions from 
diversions of Colorado River tributaries or evaporation from mainstem reservoirs. The Figures represent measured diversions less
measured and estimated, unmeasured return flow that can be assigned to a specific project. The evapotranspiration from the 
vegetation along the riparian zone is a constant unassigned depletion since the vegetation is permanent. 

COMPLIANCE WITH THE SALINITY STANDARDS 
Reclamation and the Basin States conducted salt-routing studies for the 2008 Triennial 
Review of the Water Quality Standards for Salinity, Colorado River Basin. As part of the 
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triennial review process, Reclamation used the Colorado River Simulation System 
(CRSS) river system model to evaluate whether sufficient salinity control measures are in 
place to offset the effects of development. The information provided in the next two 
sections of the report was used to evaluate compliance with the water quality standards. 

In response to the Clean Water Act, the States have adopted water quality (salinity) 
criteria for the Colorado River Basin and the Environmental Protection Agency (EPA) 
has approved them at all three locations in the Lower Colorado River Basin. The 
standards call for maintenance of flow-weighted average annual salinity concentrations 
(numeric criteria) in the lower mainstem of the Colorado River and a plan of 
implementation for future controls. 

The water quality standards are based on the Water Quality Standards for Salinity, 
Including Numeric Criteria and Plan of Implementation for Salinity Control, Colorado 
River System, prepared by the Colorado River Basin Salinity Control Forum, June 1975. 
The document was adopted by each of the Basin States and approved by EPA. A 
summary of the report follows: 

The numeric criteria for the Colorado River System are to be established at levels 
corresponding to the flow-weighted average annual concentrations in the lower 
mainstem during calendar year 1972. The flow-weighted average annual salinity 
for the year 1972 was used. Reclamation determined these values from daily flow 
and salinity data collected by the USGS and the Bureau of Reclamation. Based on 
this analysis, the numeric criteria are 723 mg/L below Hoover Dam, 747 mg/L 
below Parker Dam, and 879 mg/L at Imperial Dam. 

It should be recognized that the river system is subject to highly variable annual 
flow.  The frequency, duration, and availability of carryover storage greatly affect 
the salinity of the lower mainstem; and, therefore, it is probable that salinity levels 
will exceed the numeric criteria in some years and be well below the criteria in 
others.  However, under the above assumptions, the average salinity will be 
maintained at or below 1972 levels.  

Periodic increases above the criteria as a result of reservoir conditions or periods 
of below normal long-time average annual flow also will be in conformance with 
the standards. With satisfactory reservoir conditions and when river flows return 
to the long-time average annual flow or above, concentrations are expected to be 
at or below the criteria level. 

The standards provide for temporary increases above the 1972 levels if control 
measures are included in the plan. Should water development projects be 
completed before control measures, temporary increases above the criteria could 
result and these will be in conformance with the standard. With completion of 
control projects, those now in the plan or those to be added subsequently, salinity 
would return to or below the criteria level. 

The goal of the Salinity Control Program is to maintain the flow-weighted 
average annual salinity at or below the numeric criteria of the salinity standards. 
The program is not, however, intended to counteract the salinity fluctuations that 
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Figure 10 – 2010 Est. Salinity Control Progress; BOR, NRCS & BLM

are a result of the highly variable flows caused by climatic conditions, 
precipitation, snowmelt, and other natural factors. 

SALINITY CONTROL  
Existing salinity control 
measures will prevent 
over a million tons of salt 
per year from reaching 
the river. By 2010 the 
salinity control program 
for Reclamation has 
controlled approximately 
520,600 tons of salt, 
while the USDA NRCS 
(NRCS) program has 
reduced around 571,500 
tons of salt, and the 
BLM has controlled an 
estimated 99,900 tons of 
salt per year from entering the Colorado River (Figure 10).  Discussions within the
Colorado River Salinity Control Forum have determined that salinity control units will 
need to prevent nearly 1.85 million tons of salt per year from entering the Colorado River 
by 2030, in order to meet the standard and keep the economic damages minimized. To 
reach this objective, as shown in Table 4, the program needs to implement 657,900 tons 
of new controls beyond the existing 1,192,000 tons of salinity control presently in place 
(2010) as reported by Reclamation, USDA & BLM. About 32,900 tons per year of new 
salinity control measures must be added each year if the program is to meet the 
cumulative target of 1,850,000 tons per year by 2030. 

To achieve this goal, a variety of salinity control methods are being investigated and 
constructed. Saline springs and seeps may be collected for disposal by evaporation, 
industrial use, or deep-well injection. Other methods include both on-farm and off-farm 
delivery system and irrigation improvements, which reduce the loss of water and reduce 
salt pickup by improving irrigation practices and by lining canals, laterals, and ditches. 
See Progress Report #21 for a more detailed description of each salinity control project 
and the salinity controlled by Reclamation, NRCS and BLM.

Table 4 - Salinity Control Requirements and Needs Through 2030 

Salinity control needs (2030) 1,850,000 tons 

Measures in place (2010)     -  1,192,100 tons 

Plan of Implementation Target    657,900 tons 

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

To
ns
�o
f�S

al
t�R

em
ov
ed

Colorado�River�Basin�Salinity�Control�Program

BLM USDA BOR

O_NPCA-CBD et al 2



 

25 

CHAPTER 3 – TITLE I SALINITY CONTROL PROGRAM 
 

The Colorado River Basin Salinity Control Act (Salinity Control Act), Public Law 
93-320, as amended, authorized the Secretary of the Interior (Secretary) to proceed with a 
program of works of improvement for the enhancement and protection of the quality of 
water available in the Colorado River for use in the United States and the Republic of 
Mexico.  Title I enables the United States to comply with its obligation under the 
agreement with Mexico of August 30, 1973 (Minute No. 242 of the International 
Boundary and Water Commission, United States and Mexico [Minute No. 242]), which 
was concluded pursuant to the Treaty of February 3, 1944 (TS 994). 
 

 
Figure 11 - Map of Title I Projects. 

 

These facilities enable the United States to deliver water to Mexico with an average 
annual salinity concentration no greater than 115 parts per million (ppm) plus or minus 
30 ppm (United States count) over the average annual salinity concentration of the 
Colorado River water at Imperial Dam. 

The background and history of the Title I projects (Coachella Canal Lining, Protective 
and Regulatory pumping, Yuma Desalting Plant, Wellton-Mohawk Irrigation & Drainage 
District) can be found in Progress Report 22, chapter 4 at; 
http://www.usbr.gov/uc/progact/salinity/pdfs/PR22.pdf
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Updates for the Title I projects since Progress Report 22 are as follows: 

Coachella Canal Lining 
No new activity or change since last progress report. 

Protective and Regulatory Pumping 
No new activity or change since last progress report.

Yuma Desalting Plant 
The Yuma Desalting Plant (YDP) was constructed under the authority of the Colorado 
River Basin Salinity Control Act of 1974 to recover through desalination, the majority of 
the Wellton-Mohawk Irrigation and Drainage District agricultural return flows which 
bypass the Colorado River, thereby allowing the treated water to be delivered to Mexico 
as part of the 1.5 million acre-feet of Colorado River water that the U.S. must deliver to 
Mexico under the 1944 Water Treaty.  Due to the high cost of operating the plant and 
general agency budget constraints, as well as surplus and normal conditions in the lower 
Colorado River Basin prior to the current drought, the YDP has not been operated; 
however, the facility has been maintained.   

The U.S. has met the Treaty’s salinity requirements by bypassing an average of 107,000 
acre-feet of saline agricultural flows and then releasing additional water from Lake Mead.  
Since the diverted agricultural flows bypass the Colorado River, they are not counted as 
part of the 1.5 million acre-feet of Treaty water delivered annually to Mexico.   

Metropolitan Water District of Southern California, Southern Nevada Water Authority, 
and Central Arizona Water Conservation District, collectively referred to as the 
Municipal Utilities, have jointly requested that Reclamation conduct a Pilot Run of the 
YDP to consider long term, sustained operation as a means to extend water supplies on 
the lower Colorado River during an unprecedented drought.  Such consideration requires: 
1) collecting performance and cost data; 2) identifying any remaining equipment 
improvements that are needed; and 3) testing changes that have already been made to the 
plant.  Reclamation has developed a plan for a Pilot Run, in which the plant will operate 
for 365 days within an 18 month period at 1/3 capacity.   

The Pilot Run began in May, 2010 and ran about a year, adding approximately 30,000 
acre-feet of water to Colorado River system storage for a cost of under $23 million, of 
which a little more than ½ the cost was provided by the Municipal Utilities. Based on the 
Intentionally Created Surplus (ICS) provisions of the Colorado River Interim Shortage 
Guidelines of December 2007, the entities received ICS credits in proportion to their 
capital contributions to the Pilot Run. The Pilot Run was conducted in full compliance 
with all United States (U.S.) statutes.  Reclamation finalized an Environmental 
Assessment with the Finding of No Significant Impact.  Reclamation received a 
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discharge permit from the Arizona Department of Environmental Quality in accordance 
with the Clean Water Act.   

Plant operation reduces the volume and increases the salinity of the flow to the Ciénega 
de Santa Clara (Ciénega) wetland in Mexico.   Reclamation consulted with Mexico 
through the International Boundary and Water Commission which resulted in an 
agreement of joint cooperative actions including providing 30,000 acre-feet of water to 
the Ciénega.  This water was provided in equal one-third increments by the U.S., Mexico, 
and a bi-national coalition of non-governmental organizations.  In addition, the Municipal 
Utilities are collaborating with the bi-national coalition to develop a monitoring program 
for the Ciénega.  

Through a Cooperative Research and Development Agreement (CRADA) with the 
Municipal Utilities alternative configurations of the YDP began to be tested in 2010 
including alternative methods of pretreatment, low energy reverse osmosis membranes, 
and different feed water for the plant.  The results of the Pilot Run and this CRADA 
should provide enough information to evaluate the YDP’s potential as a means to 
augment water supplies on the lower Colorado River. 

Wellton-Mohawk Irrigation and Drainage District (WMIDD) 
All permanent measures implemented by WMIDD are still in use, although the Federal 
program has been discontinued.  The original program was named the Irrigation 
Management System Program (IMS) which was Federaly funded and manned. The 
Federal funding was discontinued in the late 90’s and the Irrigation District had the 
option of dropping the program or continuing. The District (Board of Directors) chose to 
continue with the program. The original program required the use of a neutron probe to 
measure the soil moisture content. WMIDD no longer uses a soil moisture probe, but 
does monitor observation wells, which allows the district to maintain optimum soil 
moisture conditions.���
Total crop acres have remained relatively stable since the early 1970’s because more 
acreage is double-cropped than when the program was initiated. In particular, more 
vegetable crops are being grown in the district than in the past.  Irrigation efficiency 
levels and return flow levels for 1990-2010 are shown on the following page, in Table 5.

Reclamation believes that the impacts of Gila River flows in 1992, 1993, and 1995 make 
irrigation efficiency and return flow data from the district questionable for 1992, 1993, 
1994, 1995, and 1996. In 1993, the Gila River flood destroyed much of the WMIDD 
Main Conveyance Channel; so most of the drainage pumping went into the Gila River 
during 1993 and 1994 until these facilities could be repaired.   

With the use of monthly groundwater table monitoring using observation well 
measurements as well as input from land users, WMIDD is able to maintain a drainage-
pumping program that sufficiently maintains the agriculture root zone.  Land users 
continue to maintain water efficient farming techniques with the use of dead level, high 
heads, and short runs.
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Table 5 - WMIDD Irrigation Efficiency 

Year 

Pumped
Drainage 

Return Flow 
(acre-feet) 

Irrigation Efficiency, %  
(note: data provided by 

WMIDD)

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 

138,200 
144,900 
116,200 

8,970 
49,820 

121,500 
119,600 
91,695 
98,972 
94,869 

110,287 
107,908 
119,410 
116,477 
106,002 
110,770 
103,810 
112,910 
120,190 
105,482 
111,170 

-
68.8 
70.4 
68.8 
65.4 
64.3 
60.4 
62.2 
61.9 
63.0 
59.7 
60.9 
61.2 
57.8 
63.3 
64.6 
62.3 
62.6 
63.0 
62.7 
66.1 
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CHAPTER 4 - TITLE II SALINITY CONTROL PROGRAM 

Title II of the Salinity Control Act authorizes the Secretary of the Interior (Secretary) and 
the Secretary of Agriculture to implement a broad range of specific and general salinity 
control measures in an ongoing effort to prevent further degradation of water quality in 
the United States.  These efforts are shown on the map below.  The USDA, BOR and 
BLM have a combined goal of controlling 1.9M tons of salt/per year, by the year 2025.  
These federal agencies are required to work together under, Public Law 93-320, 
“Colorado River Basin Salinity Control Act,” as amended; with the Bureau of 
Reclamation being the lead federal agency. The Act also calls for periodic reports on this 
effort.  The report is to include the effectiveness of the units, anticipated work to be 
accomplished to meet the objectives of Title II with emphasis on the needs during the 5 
years immediately following the date of each report, and any special problems that may 
be impeding an effective salinity control program.  Title II also provides that this report 
may be included in the biennial Quality of Water Colorado River Basin, Progress Report. 
The history and background of the Title II projects can be found in Progress Report 21 at:
http://www.usbr.gov/uc/progact/salinity/pdfs/PR21.pdf .  Ongoing and active projects are 
listed in this report.  
 

Figure 12 - Map of Title II Salinity Control Project Areas. 
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U.S. Bureau of Land Management 
The Bureau of Land Management (BLM) administers 48 million acres in the Colorado 
River Basin above Imperial Dam, or 40 percent of the Colorado River Basin’s area.  Of 
the 48 million, approximately 7.2 million acres, or about 15 percent, contain saline soils 
(slightly, moderate, and strongly saline soils).  Soil salinity is usually greatest where 
surface geology reflects saline marine shale and annual precipitation averages less than 
12 inches.  In depositional settings, soil salinity may also be high, even where the 
underlying geology is relatively non-saline. 

The BLM is committed to its role in reducing the mobilization of salt on public lands.  
The BLM undertakes this responsibility through the multitude of individual management 
decisions that are made within each BLM jurisdiction.  Progress in preventing salt from 
moving off BLM land is achieved through efforts to minimize the impacts of grazing, 
protect riparian areas, reduce off-road vehicle impacts, conduct prescribed burns, and 
generally manage vegetative cover and reduce erosion.  As such, in the past, it has been 
difficult to single out salinity-control efforts for many of the projects that did have salt 
savings.  In a step to strengthen our reporting effort, a restructuring of the allocation of 
salinity funding was done and new tracking and accounting systems were put in place in 
FY 2006.  Thus, FY 2010 is the 5th year of reporting under the re-structured system. 

For FY 2010 $850,000 was allocated for BLM’s salinity-control program.  Funding goes 
to 4 major areas:  Program administration (ADMIN); Planning (PLAN); Science (SCI); 
and On-the-ground implementation projects (OTG) (see Figure 13 for FY 2006 - 2010). 

Tons of salt retained can not be calculated for program administration, planning, and 
science projects. However, one of the goals for the re-structured program in FY 2006 was 
to develop an accounting system to begin calculating more reliable ‘tons of salt retained’ 
for on-the-ground implementation projects.  

Program Administration 
During FY 2003, BLM created a new full-time, salinity coordinator position. The salinity 
coordinator began work in FY 2004. FY 2006 was the first full year of the newly re-
structured program. The re-structured plan consists of 3 main parts: 1) Allocation of 
funds to the Upper Basin States (AZ, CO, NM, UT, and WY) based on submittal of 
project proposals; 2) A tracking system for projects that fit into BLM’s Rangeland 
Improvement Project System (on-the-ground implementation projects); 3) Annual 
reporting consisting of narratives for on-going and current year, and a worksheet to 
determine ‘tons of salt retained’ for on-the-ground implementation projects. The 
objective for FY 2007 - 2010 program administration was a continuation of the 
framework put into place during FY 2006; however, there has been an increased 
emphasis on capturing the amount of salt loading for implementation projects (OTG 
spreadsheet). Projects that have been science or planning can become implementation 
projects in future years.  

O_NPCA-CBD et al 2



 

31 

       
Figure 13 – BLM Salinity Control Program Funding Distribution

Planning
Planning is an important part of natural resource management. Resource management 
plans become the ‘blueprints’ for BLM’s near future. As such, this is an opportunity to 
plan for salinity control, especially for some of our most important activities on public 
land such as grazing, recreation, and energy development. Planning projects that 
successfully captured salinity funding for FY 2009 include: 

Colorado
- San Luis Valley wetlands salinity study - $20,000 

Utah
- Factory Butte OHV impact and soil study (Planning/Science) – ongoing - $35,000 
- Pariette water-quality monitoring - ongoing - $80,000 

Wyoming 
- Progressive soil surveys managed from the State Office - ongoing  - $100,000 

- Erosion sediment transport modeling - ongoing - $30,000 

Science 
Salt loading from public lands is often episodic and can be dependent on factors such as: 
precipitation amount and intensity; topography; content and texture of soils; and the 
types, amount, and architecture of vegetative ground cover. The transit mode of salt 
loading can be surface-water runoff, or it can be ground-water recharge to streams and 
rivers. In a watershed, understanding, through study, which factors are most important 
and what is the main transit mode of salt loading aids in determining the proper on-the-
ground implementation project for good salinity control. The following science projects 
that investigated salt loading factors were funded during FY 2010: 
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Colorado
- Piceance salinity-loading dynamics including conductivity monitoring at Piceance 

Cr. With USGS Water Sciences  - $60,000 
- Vegetation and soil stability project with USGS Biological Resources Discipline 

(BRD) in Badger Wash (central-western Colorado) to investigate grazing impacts 
on vegetation and sediments - ongoing - $50,000 

- Coal mine impact study with USGS on mine outside of Grand Junction in Big Salt 
Wash watershed - $30,000 

Utah
- Factory Butte OHV impact and soil study. LiDAR survey (Planning/Science) – 

ongoing $10,000 
- Salinity – Mancos shale wind erosion (with USGS BRD) - $20,000 

Wyoming 
- Salinity baseline Muddy Creek - $65,000 

Upper Colorado River Basin Regional project 
- Forecasting phenological plant stage in the Upper Colorado River Basin - ongoing 

- $40,000 

On-the-ground Implementation
When mechanisms of how salt loading occurs are understood and once planning is done, 
on-the-ground implementation projects follow. The success of an on-the-ground project 
is very much tied to understanding system mechanics and proper planning. The success is 
also tied to sufficient funding and trained natural resource personnel to go out in the field 
and construct or carry out the plan. 

On-the-ground projects funded by salinity program allocations during FY 2010 include: 

Arizona
- Rock Crossing dike system in Ft. Pierce Wash that is tributary to the Virgin River 

southeast of St. George, Utah – on-going - $50,000 

Colorado
- Gunnison Gorge National Conservation Area (NCA) Salinity Management - 

$30,000

New Mexico 
- Crow Mesa sage treatment  - $35,000 
- La Manga Canyon watershed restoration - ongoing  - $35,000 
- San Juan River salt/sediment retention structures - ongoing - $30,000 

Utah
- Reducing OHV impacts on saline soils near Moab, Utah - $20,000 
- Grazing exclosures in the Moab Field Office - $20,000 
- Nine Mile Canyon Fencing/Range Improvement Project - $10,000 
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Table 6 – BLM Salt Retention Estimates for Fiscal Years 2006 – 2010

Project 

Category 

SALT RETAINED IN TONS/YEAR1

FY 20064 FY 20074 FY 2008 FY 2009 FY 2010 

POINT SOURCE2 14,600 14,600 14,600 14,600 14,600 

NONPOINT SOURCE3 71,900 71,900 81,900 71,900 85,300 

ALL PROJECTS 86,500 86,500 96,500 86,500 99,900 

1.  Rounded to the nearest 100 tons. 
2.  BLM’s Salinity Report to Congress through the year 2002, plus the plugging of 2 wells in Utah  

 during FY 2004 (approximately 5,000 tons/yr). 
3.  Amount that could be calculated, i.e., this is a minimum. 
4. When the program was re-structured in FY 2006, we did not have a complete accounting the 1st year or even 

the 2nd year. As a result, the tons-of-salt-retained number on BLM administered land in the Upper Colorado 
River Basin (UCRB) was low. FY 2006 and FY 2007 numbers have been changed to reflect tonnage retained in 
FY 2009, because after 4 years on the new system, FY 2009 tonnage is probably a better estimate. Projects 
can become less effective in retaining salt over the years, but there is enough erosion control going on 
constantly in the UCRB on public land, that the tonnage is probably closer to FY 2009 than it was to the low 
incomplete numbers originally reported for FY 2006 and FY 2007. 

U.S. Department of Agriculture (USDA) 
The Natural Resource Conservation Service (NRCS) of the United States Department of 
Agriculture (USDA) conducts Colorado River Basin Salinity Control activities under the 
authorities of the Environmental Quality Incentives Program (EQIP).  EQIP was enacted 
with passage of PL104-127, Federal Agricultural Improvement Act of 1996, a.k.a. “1996 
Farm Bill” and reauthorized by PL 107-171, The Farm Security and Rural Investment 
Act of 2002, the “2002 Farm Bill” and by PL 110-246, The Food, Conservation, and 
Energy Act of 2008, the “2008 Farm Bill.”  The 2008 Farm Bill expires September 30, 
2012.

Through EQIP, NRCS offers voluntary technical and financial assistance to agricultural 
producers, including Native American tribes, to reduce salt mobilization and transport to 
the Colorado River and its tributaries.  Within the eleven approved salinity project areas, 
producers may be offered additional financial incentives to implement salinity control 
measures with the primary goal of reducing offsite and downstream damages and to 
replace wildlife habit impacted as a result of the salinity measures. 

 In fiscal year 2010, $18.2 million of appropriated EQIP funding was allocated for 
financial and technical assistance to agricultural producers in eleven project areas in 
Colorado, Utah, and Wyoming to share the cost with landowners and operators to install 
conservation systems that provide salinity control and wildlife habitat replacement. 
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New Salinity Projects and Investigations 

Expansion of Lower Gunnison, Colorado, Project Area 
In October, 2009, NRCS Colorado undertook to include about 15,000 acres of irrigated 
lands in Ouray County into the Lower Gunnison Project Area. The original Lower 
Gunnison study considered these lands and their salt load contribution, but the selected 
alternative did not include Ouray County. The Ouray County Commissioners and the 
Shavano Conservation District petitioned NRCS to incorporate these lands into the 
Lower Gunnison project. NRCS’s partners recommended that the expansion preceed. 

Plateau Creek, Colorado 
The Plateau Valley Pilot Project was initiated in 2009 by NRCS and the Colorado State 
Conservation Board. The Pilot Project was developed to determine if a combination of 
general EQIP and additional incentives from the Basin States program would accelerate 
the installation of high-efficiency irrigation systems that would provide salinity control. 
By the May, FY 2010, 807 acres had been enrolled. A verbal report on the Plateau Creek 
Project will be given during the Federal Advisory Council meeting in November. 

McKinnon - Lone Pine - Burnt Fork, Wyoming  
Throughout 2010, NRCS-Wyoming conducted inventories, public scoping meetings, and 
analysis of data leading to preparation of a salinity control project plan for the agricultural 
areas served by the Henrys Fork of the Green River. Local producer interest in a salinity 
control project is high. Alternatives will be presented to the local producers and upon 
selection of a preferred plan, the appropriate National Environmental Policy Act (NEPA) 
documents (either an Environmental Impact Statement (EIS) or Environmental Assessment 
(EA)) will be prepared for public comment. A maximum of about 20,000 irrigated acres 
could ultimately be treated in Wyoming and Utah if the project is adopted. 

West Black’s Fork, Wyoming 
An area of some 28,000 acres of irrigated pasture and hayland near Lyman, Wyoming, 
contribute salt to the Blacks Fork River, tributary to the Green River.  While a large 
portion of the geology contributes little salt, about 10,000 acres may contribute 
significant amounts of salt from canal and ditch seepage and deep percolation from water 
applied to fields.
The Wyoming Water Development Commission has provided a significant grant to the 
Austin-Wall Canal Company to conduct a Level II plan to modernize the irrigated areas 
within their service area. Local interest in upgrading the irrigation delivery infrastructure 
is high.  NRCS-Wyoming anticipates that improvement of these large delivery systems 
will enable extensive implementation of on-farm salinity control.  

Plateau Creek, Colorado 
The Plateau Valley Pilot Project was initiated in 2009 by NRCS and the Colorado State 
Conservation Board. The Pilot Project was developed to determine if a combination of 
general EQIP and additional incentives from the Basin States program would accelerate 
the installation of high-efficiency irrigation systems that would provide salinity control. 
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By May 2010, 807 acres had been enrolled. A verbal report on the Plateau Creek Project 
was given during the Federal Advisory Council meeting in November. 

White-Yampa Basin, Colorado 
Narrow bands of irrigated pasture and hay land are found along the Yampa River near 
Craig, Colorado, and along the White River, near Meeker, Colorado.  Extensive areas of 
dry cropland that is often summer fallowed also drain into these tributaries of the Green 
River.  Recent salinity concentrations have trended upward.  A hydrosalinity analysis is 
planned to determine if salt loading from agricultural lands is significant and cost 
effective to control. 

San Juan Basin, New Mexico and Arizona 
In the 1990’s, a salinity study indicated that the Fruitland, Hogback and Cudei Irrigation 
Districts contribute an annual load of 157,000 tons of salt to the San Juan River. “Salinity 
Verification – Phase 1 Final Report, San Juan County, New Mexico, July 1993”. 

The San Juan River Dineh Water Users, Inc. (SJRDWU) has entered into a cooperative 
agreement with Reclamation to pilot the replacement of an earthen-lateral with pipeline. 
The necessary clearances for construction have been obtained from the Navajo Nation as 
well as support from the local chapters. Work has begun in designing the system, 
including the settling and regulating reservoir. The pipeline route is being cleared in 
anticipation of construction that will begin as soon as the irrigation season ends this 
October. A plan and location for wildlife habitat replacement has also been developed. 
With the assistance of Reclamation’s Office of Native Affairs, the Arizona NRCS has 
hired a native-speaking civil engineer and placed him in Shiprock, New Mexico, to assist 
with the completion of the off-farm portion of the pilot and to assist the local farmers 
with the on-farm application system installation and operation. 

Areas Beyond Current Project Boundaries 
NRCS has undertaken to identify salt loading and salinity control from irrigated crop, 
pasture and haylands scattered widely throughout the Upper Colorado River Basin but 
outside of the existing project areas. 

With the assistance of the U.S Geological Survey (USGS) and the Bureau of 
Reclamation, NRCS has been able to make use of the SPARROW model to assess salt 
loads outside of the existing salinity project areas. While the assessment is ongoing and 
will require considerable refinement, preliminary analysis indicates that as much as 
50,000 tons of salt control has occurred in Utah and Colorado outside the project areas. 

In 2010, Colorado, Utah and Wyoming all developed EQIP contracts providing salt 
control outside of the approved project areas but within the Colorado River Basin. 
� Colorado, new contracts for 100 tons of control. 
� Utah, new contracts for 877 tons of control. 
� Wyoming, new contracts for 29 tons of control. 
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Monitoring and Evaluation 
Project offices continue to monitor and evaluate the effectiveness and quantity of salinity 
control, wildlife habitat, and economic performance replacement in order to improve the 
overall performance and management of the program. Generally, the program continues 
to function effectively and economically, though the overall cost per ton of salt control 
continues to rise in some areas.  It is also noted that additional efforts are needed to 
identify and implement valuable, low-maintenance, sustainable wildlife habitat 
replacement. The individual Monitoring and Evaluation reports for each project can be 
found on the world-wide-web at; http://www.usbr.gov/uc/progact/salinity/index.html
 

Active Salinity Control Projects  

Table 7 – Active Salinity Control Projects

Project Area 
State  Project     Potential Irrigated Acres   USDA Servicing Office

Colorado Grand Valley      50,000   Grand Junction  
Lower Gunnison River  171,000   Delta and Montrose  
McElmo Creek     29,000   Cortez 
Mancos Valley     11,700   Cortez 
Silt        7,400   Glenwood Springs 

Utah  Uinta Basin   226,000  Roosevelt, Vernal, Ft. Duchesne 
Price/San Rafael Rivers    66,000   Price, Castle Dale 
Muddy Creek       6,000   Castle Dale 
Manila-Washam       8,000   Vernal 
Green River       2,600   Price 

Wyoming Big Sandy River     18,000   Farson 

Total                595,700

Grand Valley, Colorado
Implementation has been underway in this unit since 1979. In 2010, $501,000 was 
obligated into new EQIP contracts to control 457 tons at a cost of $121 per ton. 

The NRCS, in cooperation with the Colorado State Conservation Board and the Mesa 
County Conservation District conducted a field survey in 2010 of current progress in 
implementing off-farm and on-farm irrigation system improvements with attendant salt 
control. Some key findings were: 

� Approximately 12,500 acres of farmland has been converted to residential leaving 
47,000 acres of irrigated farmland. 

� NRCS has treated about 42,500 acres plus an additional 2,500 acres have been 
treated resulting in over 95% of all irrigated farmland acres receiving treatment. 

� The original goal to reduce salt loading by 132,000 tons has been exceeded. 
� Wildlife habitat replacement stands at about 71% of the original goal. 

NRCS intends to publicize the results of the survey and conduct aggressive outreach over 
the next two years to provide every opportunity for the remaining producers to participate 
in the program. NRCS will also seek the remaining needed habitat. Beginning in 2013, 
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NRCS intends to offer general EQIP in lieu of salinity EQIP to producers within the 
project area. General EQIP may provide additional incentives and incentives for a wider 
array of conservation practices that does salinity EQIP.

Lower Gunnison Basin, Colorado 
This project encompasses the irrigated farmland in the Gunnison and Uncompahgre River 
valleys and is located predominantly in Delta and Montrose counties. The Lower 
Gunnison project has more tons of potential remaining on-farm salt control than all the 
other projects combined. In early FY 2010, irrigated areas in Ouray were also included in 
the Lower Gunnison project.

Implementation was initiated in 1988 in this unit.  Nearly 50 percent of the salt control 
goal has been achieved but the rate of application and implementation has slowed. In 
2010, $1.5M was obligated in salinity EQIP contracts that will control 1,322 tons at a 
cost of $126 per ton. New sprinklers were installed on 215 acres while new surface 
systems were installed on 1,579 acres. Drip or micro-spray systems were installed on 9 
acres. 

NRCS is cooperating with the Colorado Conservation Commission, the county 
conservation districts, the Colorado Water Conservancy District, Reclamation and the 
U.S. Geological Survey to acquire a highly detailed survey of the irrigation delivery 
infrastructure, the status on on-farm application systems, and local salt loading. Such data 
should assist the partners to develop tactics to accelerate salt control measures. 

Mancos River, Colorado 
This project, near the town of Mancos, Colorado, was initiated and approved for funding 
and implementation by the NRCS in April 2004.  The first EQIP contracts were signed in 
2005 and implementation of improved irrigation systems is proceeding on schedule.  
Currently, about 596 contracts on 2,732 acres have been developed with EQIP and Basin 
States Parallel funds or about 51% of the project acres. One large wildlife habitat 
replacement project has been installed.  It is anticipated that approximately 5,400 acres of 
improved irrigation systems with salt control benefits will be installed over the project 
life. To date, 1,649 acres of sprinkler systems and 605 acres of improved surface 
irrigations systems have been installed resulting in salt control of 2,339 tons. An 
additional 1,706 tons have been controlled by replacing off farm laterals with pipeline. 

McElmo Creek, Colorado 
Implementation was initiated in this unit in 1990.  Application of salinity reduction and 
wildlife habitat replacement practices continue to be implemented in this area with 
sprinkler systems, underground pipelines, and gated pipe being installed. 

Development and use of automatic shutoff valves for sprinkler systems continue to be 
widely implemented in the project to achieve water management.  This project planned to 
install predominantly sprinkler systems with a small number of improved irrigation 
systems. Currently about two thirds of improved systems are sprinklers and one third are 
improved surface systems. In 2010, 378 acres of sprinklers were installed and 237 acres 
of improved surface systems were installed. Of a goal of 46,000 tons of salt control, 
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about 26,000 tons or 56% has been implemented.  Applications have declined compared 
to previous years likely due to recessionary pressures. This area is also experiencing the 
conversion of agricultural lands to residential properties. 

Silt, Colorado 
The first applications were funded in 2006.  The cumulative cost effectiveness for these 
new contracts is $72 per ton which falls midway among the other active project areas.
Several wildlife projects have been identified.  Applications are a mix of improved 
surface and sprinkler irrigation systems.  

Uinta Basin, Utah 
Implementation began in this unit in 1980. More than 91 new irrigation contracts and 
nine new wildlife habitat contracts were developed in 2010. A significant number of 
systems have reached or are nearing the end of their useful life. While these systems are a 
lower priority than first-time improvements, NRCS has begun providing incentives for 
replacement or up-grading. Sprinkler irrigation systems remain, by far, the preferred type 
of system. Producer participation is exceeding the original projections. Recently awarded 
off-farm delivery system grants by the Bureau of Reclamation should enable additional 
on-farm gravity sprinkler systems. While more than 120,000 tons of on-farm salt control 
have occurred in the Uinta Basin (second only to the Grand Valley) and the original goal 
has been exceeded, the potential exists for an additional 46,000 tons to be controlled. 

Price-San Rafael, Utah 
Implementation of salinity control continues at a rapid pace in the Price-San Rafael 
Project area. More than 94 contracts of new irrigation systems and two wildlife habitat 
contracts were authorized in 2010. The Huntington-Cleveland Project is proceeding as 
planned and may ultimately lead to the improvement of 16,000 acres. The first phase of 
the Cottonwood Project is expected to initiate construction in late 2010 and will enable 
additional EQIP in future years. The Price-San Rafael project area has achieved about 
51% of its salt control goal in the 16 years since the project began. 

Muddy Creek, Utah 
NRCS received and funded the first project in the Muddy Creek area for about $106,000. 
The local irrigation district has replaced their old and deteriorated diversion structure and 
has constructed a large sediment-settling structure as the necessary first phase towards 
ultimately providing pressurized water delivery to its water users. 

Green River, Utah 
This project is the most recently authorized by NRCS. Funds for salinity control were 
allocated to the Green River project in FY 2010.  The timing of the start of project 
activity is important as newly irrigated lands are being brought into production for the 
first time in this area. 

Two contracts for salinity control were enacted in FY 2010. These two contracts will 
install high-efficiency sprinkler systems on 114 acres to result in 350 tons of annual salt 
control. The annualized cost per ton is $47. 
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Manila-Washam, Utah/Wyoming 
Astride the Utah-Wyoming border, and adjacent to the shores of Flaming Gorge 
Reservoir, the Manila-Washam Project is the newest, authorized project area.  This area 
of 11,000 acres of irrigated pasture and hayland contributes about 53,000 tons of salt 
annually to the Green River.  Nearly 2000 acres have been treated or contracted since the 
first plans were developed in 2007.  All new irrigation systems have been some form of 
sprinkler system, such as side roll, pods, or center pivots. 

Big Sandy River, Wyoming 
Implementation has been underway in this unit since 1988.  The application of salinity 
reduction and wildlife habitat replacement practices continues to be implemented.  In this 
area, farmers are converting from surface flood irrigation to low-pressure center pivot 
irrigation systems for salinity control.  Approximately 13,500 acres of the planned 15,700 
acres have been treated (86 percent).  Producers also report that the water savings from 
improvements in irrigation systems now allows a full irrigation season of water for the 
entire irrigation district. In 2010, NRCS developed six new contracts on 926 acres for 
about $139,000 of financial assistance. NRCS also continued to provide technical and 
financial assistance to all interested producers to up-grade sprinkler nozzle packages. 
Sprinklers were re-nozzled on 880 acres for a financial expenditure of $28,832.  These 
latest nozzles, along with more intensive soil-moisture monitoring, provide additional 
irrigation efficiencies and salt savings. 

Table 8 - USDA Salinity Control Unit Summary Through 2010

        Controls1           Goal    Percent Costs           Annualized  Projected        Cost/ton2

Unit                              (tons)               (tons)         of Goal                                 Costs             Total Cost  

Uinta Basin, UT         149,030            140,500        106%    $ 99,575,982      $8,254,849         $ 93,876,572        $55 

McElmo Creek, CO            25,862             46,000           56%     $ 18,901,097      $1,566,901         $ 33,618,841        $61 

Silt, CO                               4,038                3,990          101%    $   3,489,154      $   289,251         $   3,447,678         $72

Muddy Creek, UT                      0              11,677              0%    $                 0      $              0          $ 11,655,523        $753

Lower Gunnison, CO     105,502            186,000            57%     $ 66,417,187      $ 5,505,985       $117,093,484        $52

Manila-Washam, UT          7,087              17,430           41%     $   6,202,656      $   514,200         $ 15,255,015        $73 

Grand Valley, CO            170,028           132,000         129%     $ 51,817,220      $ 4,295,648         $ 40,227,922        $25 

Price/San Rafael, UT        75,507           146,900           51%     $ 31,174,675      $ 2,584,381         $ 60,650,797        $34  

Mancos, CO                       4,045              11,940           34%      $   6,140,175      $    509,021         $ 18,214,522     $126 

Big Sandy, WY                 56,637              83,700           68%     $ 13,431,318      $ 1,113,456         $ 19,849,238       $20 

Green River, UT   0    6,540          0%     $        0     $               0         $   8,700,000       $473

TOTALS                        597,736            786,677            71%    $297,149,464     $24,633,691        $410,844,069       $41 
1Includes off-farm control funded with EQIP or Basin States Parallel funds. 
2 Cost per ton based on amortization over 25 years at 6.625% interest 
3Estimate based on project plan. 

Grand Valley includes 47,500 tons for on-farm ditches, not part of in-field control.
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Figure 14 – NRCS On-Farm Salt Control Through 2010 
 

 

U.S. Bureau of Reclamation
Program Summary 
Background -- The Bureau of Reclamation involvement in the Colorado River Basin 
Salinity Control Program dates back to the early 1960’s when salinity levels in the river 
started to rise.  In 1968, Reclamation initiated a cooperative reconnaissance study in the 
Upper Colorado Basin.  Study objectives were to identify feasible control measures and 
estimate their costs.  This investigation evolved into several salinity control units.  In 
1974, Public Law 93-320 authorized the construction of the Grand Valley, Paradox, 
Crystal Geyser, and Las Vegas Wash Units.  In 1984, Public Law 98-569 authorized the 
construction of the Lower Gunnison and McElmo Creek Units.

By 1993, Reclamation had gained 20 years of experience with the program and identified 
new and innovative opportunities to control salinity, including cooperative efforts with 
USDA, BLM, and private interests, which would be very cost effective.  However, these 
opportunities could not be implemented because the Congress did not specifically 
authorize them. The Inspector General’s audit report (1993) noted the Salinity Control 
Act directed that “the Secretary shall give preference to implementing practices which 
reduce salinity at the least cost per unit of salinity reduction.” The Inspector General 
concluded that the congressional authorization process for Reclamation projects impedes 
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the implementation of cost-effective measures by restricting the program to specific, 
authorized units (specific areas).  

The Inspector General recommended that Reclamation seek changes in the Salinity 
Control Act to simplify the process for obtaining congressional approval of new, cost-
effective salinity control projects.  Specifically, the Inspector General recommended 
Reclamation seek authorities similar to those provided to USDA in the 1984 amendments 
to the act, wherein USDA was empowered with programmatic planning and construction 
authority.  At the time, USDA had only to submit a report to Congress and wait 60 days 
before it could proceed if Congress did not object.  In contrast, Reclamation was required 
to seek approval of its projects through legislation.  This had proved to be a cumbersome 
way to manage the program. With broader authorities, Reclamation would be able to take 
advantage of opportunities as they presented themselves, thus reducing costs. 

Reclamation agreed with the Inspector General and wanted to explore any other 
innovative ideas, which would help improve the effectiveness of its program and take 
advantage of opportunities that were not envisioned 20 years earlier.  With most of the 
cost-effective portions of the authorized program nearing completion, this was a pivotal 
moment for the program.  It would either be reauthorized or end in 1998 due to 
appropriation ceiling limits. From Reclamation’s point of view, it seemed a very 
appropriate time to reassess the direction of the program. 

In 1994, Reclamation and the Basin States developed legislation to broaden 
Reclamation’s authorities so that it could manage the implementation of the program 
without further congressional approval. This legislation was introduced in Congress late 
in 1994 and was approved and signed into law (Public Law 104-20) in 1995. Congress 
retained its fiscal oversight, but leaves the program’s management to Reclamation.  The 
1995 amendments to the Salinity Control Act authorized Reclamation to pursue salinity 
control throughout the Colorado River Basin and required Reclamation to develop 
guidelines on how it would implement this new, basinwide approach to the program. 

Guidelines -- Reclamation has prepared guidelines for its new Basinwide Salinity 
Control Program, which implements the recommendations made in the review of the 
program.  As an alternative to adopting new, specific regulations, Reclamation 
administers the program through existing procurement techniques and established Federal 
regulations.  Since February 1996, the program has been made available to the general 
public through this competitive process. 

In 1984, Public Law 98-569 directed the Secretary to give preference to those projects 
which reduce salinity at the least cost per ton of salinity control.  Since that time, cost 
effectiveness (cost per ton of salt removed) has been used to prioritize the 
implementation of salinity controls. However, cost effectiveness is only an estimate 
(prediction) of the project’s cost and effectiveness at controlling salinity.  Depending 
upon the project, there can be a degree of uncertainty in either of these values.  Given the 
diversity of proposals that Reclamation may receive, an evaluation of the proposal’s risks 
has been included in the current selection process. 

All proposals (including those studied by Reclamation) are first ranked on their cost per 
ton of salt removed.  This ranking is then adjusted for risk factors that might affect the 
project’s performance.  The performance risk evaluation considers both financial and 
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effectiveness risks.  For example, the Government is interested in limiting its risk of cost 
overruns.  One way that performance risk could be reduced would be for the proponent to 
accept some risk through contractual limits on the Government’s payments.  Another 
method of limiting the costs would be to have the work bonded through a private bonding 
agency.  The other major area of performance risk is in the amount of salinity control 
realized versus projected. Some types of salinity control are inherently more predictable 
or consistent than others.  For example, industrial processes might have very little salinity 
control performance risk if the payments were based on a measurable product.  On the 
other hand, the effectiveness of water management is often highly variable from farmer to 
farmer.  Automation would be one way a farmer might propose to reduce this type of 
risk.

Ultimately, there is a tradeoff between risk and cost.  In the end, eliminating risk may 
cost more than accepting some risk.  A ranking committee is assembled to evaluate the 
tradeoffs between cost effectiveness and performance risks.  The ranking committee is 
made up of representatives from the two cost-sharing partners, the Basin States and 
Reclamation.  After the committee ranks the proposals, Reclamation attempts to negotiate 
the final terms of an agreement with the most highly ranked proponents. The first awards 
under this new process began in FY 1997. 

Performance Review -- Past projects (Grand Valley, Paradox, Lower Gunnison, 
Dolores) have averaged slightly over $70 per ton.  For a number of reasons, the new 
projects are much more cost effective, ranging between $20 and $35 per ton (see Tables 7 
and 8).

One of the greatest advantages of the new program comes from the integration of 
Reclamation’s program with USDA’s program.  Water conservation within irrigation 
projects on saline soils is the single most effective salinity control measure found in the 
past 30 years of investigations.  By integrating USDA’s onfarm irrigation improvements 
with Reclamation’s off-farm improvements, significantly higher efficiencies can be 
obtained.  If landscape permits, pressure from piped delivery systems (laterals) may be 
used to drive sprinkler irrigation systems at efficiency rates far better than those normally 
obtained by flood systems.  The new authorities allow Reclamation much greater 
flexibility (in both timing and funding) to work with USDA to develop these types of 
projects.

The new authorities also allow Reclamation to respond to opportunities that are time-
sensitive.  Cost-sharing partners (State and Federal agencies) often have funds available 
at very specific times.  

Another significant advantage of the program is that projects are “owned” by the 
proponent, not Reclamation.  The proponent is responsible to perform on its proposal.  
Costs paid by Reclamation are controlled and limited by an agreement.  Yet, unforeseen 
cost overruns can occur.  The proponent has several options: the project may be 
terminated or the proponent may choose to cover the overruns with their own funds or 
borrow funds from State programs.  The proponent may also choose to reformulate the 
project costs and recompete the project through the entire award process.  For example, 
pipeline bedding and materials costs for the Ferron Project were underestimated in the 
proposal and subsequent construction cooperative agreement.  The proponent was denied 
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permission to award materials contracts for the pipeline, since the costs were beyond 
those contained in the agreement.  After months of negotiations and analysis, the 
proponents elected to terminate the project, reformulate it, and recompete against other 
proposals the following year.  Their project was found to be competitive at the 
reformulated cost and was allowed to proceed.  Since this project ran into difficulties, 
none of the other projects have shown any problems. 

Due to several issues that had arisen in the recent years from managing the Salinity 
Program, the Upper Colorado Regional Director, Reclamation, requested that an 
evaluation and review (Review) be completed of the Colorado River Basin Salinity 
Control Program (Salinity Program) administered by the Upper Colorado Region.  A 
Project Management Plan for the Review was prepared and approved in May 2007, by 
the Regional Director and the Chairman of the Colorado River Basin Salinity Control 
Forum Work Group.  Initial and Draft Review Documents were prepared during calendar 
year 2007 by a Project Team, comprised mostly of Reclamation’s Salinity Coordinators 
and provided to the Review Team, comprised of Reclamation staff outside of the Salinity 
Control Program and members of the Work Group, to review and provide comments.  
The Final Review Document was prepared during the spring of 2008 and sent to the 
Review Team and all members of the Work Group, June 27, 2008. 

The Review served the following purposes: 
1. Documented all existing procedures and policies 
2. Sought recommendations to improve the Program, particularly in the areas where 

issues have arisen recently: 
a. Reimbursement requirement for operation and maintenance (O&M) for 

salinity control improvements 
b. Procedures for determining the tons of salt claimed 
c. The Request for Proposals (RFP) and agreement processes 
d. Differing standards and requirements for habitat replacement 
e. Salinity control improvements on Federal facilities versus non-Federal 

facilities 
f. The use of funds from Basin Funds 

3. Identified areas where new procedures and policies need to be developed 
4. Created a Standard Operation Procedure manual that can serve as guide for the 

future management and execution of the Program 

The Review Document is a living document and will be subject to updating and revisions 
as the program progresses. 
 

Basinwide Salinity Control Program (Basinwide Program)  
In July 1995, Public Law 104-20 was signed into law.  It authorizes the Secretary of the 
Interior to implement a basinwide salinity control program, directs the Secretary of the 
Interior to prepare a planning report on the new program, and authorized $75,000,000 to 
be appropriated.  Additional authority was provided in November 2000 which increased 
the appropriation ceiling to $175,000,000.  With cost sharing from the Upper and Lower 
Colorado River Basin Funds, the program has authority to expend up to $250 million 
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within the Basin. In FY 2007 Reclamation obligated and/or expended approximately $8.9 
million in appropriations and approximately $3.8 million in up-front cost-sharing from 
the Basin Funds for a total Basinwide Program of $12.7 million and $11.4 million in 
2008.  Since the authorization of the Basinwide Program in 1996, approximately $105.6 
million in appropriations and approximately $45.3 million in up-front cost sharing from 
the Basin Funds have been expended for a total program of $150.9 million.  Through the 
last Request for Proposals (RFP) process in FY 2006, five new project proposals were 
selected for funding totaling about $22 million and the cost effectiveness ranged from 
$27 to $33 per ton of salt.  Construction on four of the projects and a project from the 
previous RFP were completed in FY 2008.  The fifth proposal selected in 2006 has 
encountered problems with increases in pipe prices and was advised to reformulate their 
proposal and submit it again in the future. 

In 2007, it was determined that instead of soliciting proposals through the RFP process, 
they would be solicited through a process for financial assistance agreements called 
Funding Opportunity Announcements (FOA).  Instead of evaluating the proposals in the 
Technical Proposal Evaluation Committee (TPEC) process, they would be evaluated in a 
process common to negotiated procurement procedures where an evaluation committee 
would be organized that would be chaired by the Program Manager and have 
representatives from the Work Group and Reclamation area offices.  This process would 
not follow the construction contract procedures and should allow more flexibility in the 
evaluation and agreement process.   

In order to have projects ready to utilize the Basinwide Program funding in 2008 and 
beyond, an FOA was released in February 2008 soliciting applications to be submitted by 
May 2008.  Twenty-five applications totaling over $167 million in salinity control 
projects were received.  An Application Evaluation Committee (ARC) was organized that 
was chaired by the Program Manager and had representatives from the Work Group and 
Reclamation area offices.  The applications were reviewed, evaluated, and ranked by the 
ARC under the criteria set forth in the FOA.  Applications receiving highest rankings 
within the competitive range of less than $57 per ton of salt were selected and proposers 
were notified of the selection and negotiations were begun to execute an agreement.  The 
proposers of the unsuccessful applications were also notified.  If agreements are executed 
for all of the successful applications, $27 million worth of salinity control projects could 
be installed over the next 3-4 years. 

American Recovery and Reinvestment Act of 2009, P.L. 111-5, (ARRA) 
The purposes of the ARRA are, among others, to quickly and prudently commence 
activities that preserve and create jobs promoting economic recovery and to invest in 
infrastructure providing long-term economic benefits.

Reclamation’s Upper Colorado Region solicited applications for reducing salinity 
contributions to the Colorado River through a Funding Opportunity Announcement 
(FOA) announced in the spring of 2009.  Applications were evaluated and ranked by an 
Application Review Committee with representatives from the Colorado River Basin 
States and Reclamation.  Reclamation awarded grants in August 2009 totaling more than 
$11.1 million in ARRA funds and $4.8 million in cost share funds from the Basin Funds 
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to irrigation companies in Colorado, Utah, and Wyoming.  These projects when 
constructed will help control nearly 12,000 tons of salt loading.

The projects were projected to be completed by September 30, 2010.  By the spring of 
2010 four of the projects had the majority of the construction completed by the time 
irrigation water was turned in and the remaining construction was completed by 
September 30, 2010.  However, these four projects requested and were granted additional 
time to complete habitat replacement measures and other minor tasks and were completed 
by December 30, 2010.  The Cortez, CO area encountered an unusually high snowfall 
and winter conditions during the winter of 2009 and 2010 and construction of the Lone 
Pine Project was hindered.  The sponsors of the project requested and were granted 
additional time to complete the construction during the upcoming winter.  The project 
was completed by March 31, 2011. 

 
Parallel Program 
Section 205 of the Act authorizes Reclamation to expend amounts from the Basin Funds 
to repay the Treasury the reimbursable cost allocation of salinity projects or provide a 
cost share amount.  This includes appropriations expended by the NRCS in their salinity 
program.  The NRCS has questioned its ability to accept Basin Funds for cost sharing 
directly into its salinity program.  Rather than repay the Treasury, the Colorado River 
Basin States (Basin States), NRCS, and Reclamation developed a “Parallel Program” 
(PP). Cost share funds from the Basin Funds have been used to accelerate and 
supplement implementation of the NRCS salinity measures by funding – through state 
agencies in Colorado, Utah, and Wyoming – salinity control measures that are separate, 
but parallel to, the salinity control measures implemented by the NRCS.  Reclamation, 
with recommendations from the Basin States, had interpreted the Act to allow funds from 
the Basin Funds to be expended in the PP to further the general purposes of the Act.
To clarify authority for the administration of the PP, the Basin States prepared and put 
forth legislation through then-Senator Salazar’s office into the 2008 Farm Bill to amend 
the Act that has now created the Basin States Program (BSP).  Public Law 110-246 
amended the Act and established the BSP.  The BSP is explained in more detail later in 
the report.
With the creation of the BSP, the PP is in the process of being phased out and all funds 
not used in the PP will become part of the BSP.  As of October 15, 2010, the state 
agencies are no longer authorized to enter into contracts under the PP.  Contracts that the 
state agencies have executed must have all practices installed, constructed, or 
implemented by September 30, 2012, in order to receive reimbursement.  The state 
agencies may request reimbursement from Reclamation until December 30, 2012. 

New Reclamation Salinity Projects 
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Gunnison Basin, Colorado 
Uncompahgre Valley Water Users Association (UVWUA) Phase 3 Project: In FY 2010, 
the UVWUA continued construction of Phase 3 of their East Side Laterals (ESL) project 
which involves the piping of 10.5 miles of laterals under the South and Selig Canal 
systems and the reduction of about 2,300 tons of salt loading annually.  This phase is 
utilizing $1.3 million of salinity-control funding as well as funding from the 
Reclamation’s Departmental Irrigation Drainage (selenium) Program.  Construction of 
Phase 3 will be completed in 2011.

UVWUA Phase 4 Project:  As a result of the 2008 Basinwide Program FOA, the 
UVWUA was awarded a cooperative agreement for Phase 4 of the ESL in December 
2008.  This phase involves an additional 11 miles of laterals under the Selig and East 
Canal systems and the reduction of about 3,700 tons of salt loading annually.
Approximately $2 million of salinity-control funding will be supplemented with 
approximately $800,000 from a Section 319 grant obtained through the Colorado 
Division of Public Health and Environment.  Construction of one short lateral was 
completed in FY 2009.  Additional laterals were completed in FY 2010 and the 
remaining portions of Phase 4 will be completed in 2012.

Grandview Canal and Irrigation Company Project:  Awarded from the 2008 FOA, this 
project involves piping a portion of the Grandview Canal and several laterals in an area 
tributary to the North Fork of the Gunnison River near Crawford in Delta County.  In 
July 2009, Reclamation entered into an agreement to provide $5.3 million to pipe 4.8 
miles of main canal and 5 miles of laterals and convert about 900 acres of currently 
flood-irrigated farmland to sprinkler irrigation.  Construction began in September 2010 
with completion expected by late 2011.  The project is expected to reduce salt loading by 
6,400 tons/year. 

Grand Valley Unit, Colorado 
Grand Valley Irrigation Company (GVIC) Project:  As a result of selection under the 
2008 Basinwide Program FOA, the GVIC was awarded a $3 million cooperative 
agreement to line about 2.9 miles of their main canal within the city of Grand Junction.
A salt loading reduction of approximately 4,500 tons annually is expected.  The canal 
lining will consist of a PVC membrane with a shotcrete cover.  Construction began in 
November 2008 and approximately 2.0 miles of canal lining have been completed.  The 
remaining 0.9 miles of canal lining will be completed in 2011.  The habitat replacement 
work was completed this past summer. 

San Juan River Basin, New Mexico 
San Juan River Demonstration Project:  The San Juan River Dineh Water Users, Inc. 
operates the Hogback and Fruitland irrigation projects located on both sides of the San 
Juan River near Shiprock, NM.  The projects consist of about 50 miles of lined main 
canals and over 250 miles of unlined laterals that provide water to about 13,000 acres of 
irrigated land.  The average irrigated parcel size is about 13 acres.  This $194,000 
demonstration project would replace about a lateral about 7,900 feet long with an 
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approximately 2 acre settling pond and about 5,000 feet of PVC pipe.  The estimated salt 
savings for this activity is about 199 tons/year and the project will be completed in 2011.  
The purpose of the demonstration is to determine if the NRCS EQIP can be successfully 
implemented on the Navajo Reservation.  This lateral provides water to about 167 acres 
of irrigated land consisting of 12 separate parcels.  Successful implementation of land 
leveling and installation of gated pipe would result in an estimated salt savings of 384 
tons/year.  Combined cost effectiveness of this project is about $43/ton.  The majority of 
the habitat replacement work was completed in 2010 and construction of the salinity 
features will begin this fall with completion scheduled later this winter. 

Ongoing Reclamation Salinity Control Projects 
 

Big Sandy River Unit 
The Big Sandy River Unit is located near Farson and Eden in Sweetwater County in 
southwestern Wyoming.  The purpose of the Big Sandy River Unit investigation was to 
determine the feasibility of lowering the salt inflow to the Big Sandy River.  The study 
was specifically directed toward reducing salt pickup from seeps and springs along a 
26-mile reach of the Big Sandy River west of Eden, Wyoming.  Feasibility planning was 
authorized by the Colorado River Basin Salinity Control Act (Public Law 93-320) of 
1974 and the Water Resource Development Feasibility Investigations Act (Public Law 
96-375) of October 1980. 

Investigations indicate that seeps, which surface in the Bone Draw and Big Bend areas, 
produce saline water at a rate of about 27 cubic feet per second (ft3/s).  The salinity here 
varies from 1,000 to 6,000 mg/L along the Big Sandy River, with a total annual 
contribution of more than 164,000 tons of salt.  Indications are that salt is picked up by 
water contacting the shale of the Green River Formation beneath the surface and 
eventually seeping into the river.  Irrigation was identified as a significant contributor to 
the water source recharging the springs. 

Reclamation has studied alternatives to intercept the springs and seeps and then transport, 
treat and use, or dispose of the saline water. In the irrigated area, off-farm solutions such 
as selective lining of canals and laterals were studied. 

Studies conducted in cooperation with USDA indicated that control of onfarm irrigation 
is the most cost-effective alternative for controlling salinity from the Big Sandy River 
Unit.  Because of past selective lining programs, the canals and laterals showed relatively 
low seepage rates, offering little room for improvement.  

In 2006 the local water district applied for funding for a new salinity control project. This 
funding was to be supplemented by the state of WY.  In 2006 & 2007 new seepage tests 
were conducted by Reclamation to determine if the linings on various canals and laterals 
were still functioning. It appears that at some locations as the canals were cleaned the 
clay lining was removed and deposited along the bank.

Eden Valley, Farson/Eden Pipeline Project:  The Farson/Eden Pipeline Project is 
located in Sweetwater County, in the vicinity of Farson, Wyoming.  It was selected from 
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the applications received in the 2008 FOA.  A Cooperative Agreement was executed in 
February of 2009 for the amount of $6,453,072.  This project will replace approximately 
24 miles of earthen laterals with irrigation pipe resulting in the annual reduction of 6,594 
tons of salt in the Colorado River at an anticipated cost of approximately $52.57 per ton 
of salt.  This project is about half complete and will be completed by 2012.

Lower Gunnison Basin Unit 
The Lower Gunnison Basin Unit is located in west-central Colorado in Delta and 
Montrose Counties.  The unit was authorized for investigation by the Colorado River 
Basin Salinity Control Act (Public Law 93-320) of 1974. An amendment to the act, 
Public Law 98-569, authorized construction of the unit to begin in 1984.

An estimated 360,000 tons of salt is added to the Colorado River annually from the 
Uncompaghre Project, a Reclamation irrigation project built in the early 1900’s.  Studies 
indicate that salt loading occurs when irrigation conveyance system seepage and 
irrigation return flows pass through highly saline soils and the underlying Mancos Shale 
Formation.  By reducing the amount of groundwater percolating through these saline 
soils, salt loading to the Colorado River is being reduced. 

With Reclamation funding, the water districts have completed the winter water facilities.  
Reclamation has completed plans for local improvements to the irrigation delivery 
systems.  USDA is implementing onfarm improvements, including upgrading irrigation 
systems and improving irrigation management. 

The Uncompaghre Project is a Federal development constructed in the early 1900’s for 
irrigation of approximately 86,000 acres.  Approximately 34 percent of the total 86,000 
irrigated acres are on Mancos-Shale-derived soils.  These soils are naturally high in both 
salt and selenium.  Reclamation and USDA have implemented various salinity control 
measures in the area. 

The Salinity Control Act authorizes the construction of winter water replacement 
facilities in the Uncompaghre River Valley and irrigation delivery system improvements 
on the more saline, east side of the valley.  The plan of development includes the winter 
water replacement and lateral lining programs.  Although authorized for construction, the 
canal lining has not been competitive with other, lower cost alternatives within the 
Salinity Control Program.  The canal lining construction program remains in a deferred 
status.

The objective of the winter water replacement program is to eliminate winter livestock 
watering from the unlined canal and lateral system.  Water is made available for livestock 
through an expansion of the existing culinary water system using relatively small, 2- to 6-
inch polyvinyl chloride pipe.  This modification reduces canal seepage during the non-
irrigation season, reducing salinity from the system by about 50 percent.  Work on this 
portion of the unit was completed in 1995. 

The remaining portion of the project, the East Side Lateral portion, will compete for 
funding in Reclamation’s Basinwide Salinity Control Program under the authorities of 
Public Law 104-20.  In FY 1998, Reclamation solicited proposals for salinity control 
efforts under its basinwide authorities.  The Uncompaghre Valley Water Users 
Association (UVWUA) submitted a proposal for a project which would cost share 

O_NPCA-CBD et al 2



 

49 

salinity control activities with the Department of the Interior’s National Irrigation Water 
Quality Program (NIWQP).  Cost sharing from the NIWQP enabled this project to be 
competitive with other projects.  The project was recommended for implementation by 
Reclamation’s salinity control evaluation committee.  The project reduces salinity in the 
Colorado River by about 2,300 tons of salt per year.  The Salinity Control Program has 
contributed $890,000.  The NIWQP has contributed $730,000.  Environmental 
compliance for this project was completed in 1995 as part of Reclamation’s Lower 
Gunnison Basin Unit, Environmental Assessment/Finding of No Significant Impact.  The 
UVWUA has replaced approximately 7.5 miles of unlined earthen irrigation laterals with 
buried pipe in the Uncompaghre Project’s South Canal system.  Construction of this 
portion of the project was completed in 2000.  A report titled Effects of Piping Irrigation 
Laterals on Selenium and Salt Loads, Montrose Arroyo, Western Colorado, WRI Report 
01-4204 by the USGS shows the project reducing both salinity and selenium.  It is 
anticipated that in the future more joint projects will be pursued between the two 
programs.   

Lower Gunnison Basin Unit, Colorado 
In FY 2007, the Uncompaghre Valley Water Users Association continued with Phase 2 of 
the East Side Laterals piping project in the Cedar Creek area, southeast of Montrose.  The 
current effort, which began in FY 2005, is piping a total of 20.5 miles of laterals under 
the South Canal system using $2.1 million of Basinwide Salinity Program funding 
supplemented by $2.2 million of Departmental Irrigation Drainage Program (DIDP) 
funding for selenium remediation.  Phase 2 was completed in 2009. 

Phase 3 involves the piping of another 11 miles of laterals.  This phase has salinity-
control funding as well as funding from DIDP and also from an EPA Section 319 grant.  
Construction of Phase 3 began in November 2007 and is scheduled for completion by the 
end of 2011. 

Mancos Valley Unit 
The Mancos Valley Unit is a 9,200-acre-irrigated area along the Mancos River, a 
tributary to the San Juan River.  The area is very saline (Mancos shale) and should 
respond well to joint Reclamation/USDA irrigation efficiency improvements similar to 
those being implemented in Utah.  Planning studies of this unit, which began in 2002, 
continue.
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Paradox Valley Unit 
The Paradox Valley Unit was authorized 
for investigation and construction by the 
Salinity Control Act (Public Law 93-
320) of 1974.  The unit is located in 
southwestern Colorado along the 
Dolores River in the Paradox Valley, 
formed by a collapsed salt dome 
(Figure15).  Groundwater in the valley 
comes into contact with the top of the 
salt formation where it becomes nearly 
saturated with sodium chloride.  
Salinities have been measured in excess 
of 250,000 mg/L, by far the most 
concentrated source of salt in the 
Colorado River Basin.  Groundwater 
then surfaces in the Dolores River.
Studies conducted by Reclamation show 
that without salinity controls the river 
would pick up more than 205,000 tons 
of salt annually as it passes through the 
Paradox Valley. This project intercepts 
the high saline water (brine), before it 
reaches the Dolores River, and disposes 
of it by deep well injection (injection 
interval about 14,000 feet below ground 
surface) (Figure 16). 

In its definite plan report (September 
1978), Reclamation recommended that a 
series of wells be drilled on both sides of 
the Dolores River to intercept the brine 
before it reached the river.  The brine 
would then be pumped to an evaporation 
pond in Dry Creek Basin.  A draft 
environmental statement was prepared 
for this plan and made public on May 
11, 1978; a final statement was filed 
with EPA on March 20, 1979.  Due to 
the potential for environmental impacts, EPA recommended that Reclamation investigate 
deep-well injection as an alternative method of disposal. 

A private consulting firm completed a feasibility study of deep-well injection and 
concluded it to be technically, economically, and environmentally feasible. Reclamation 
then contracted with a second consulting firm to do a more detailed study of injection and 
to design the disposal system including injection well and surface facilities.  A final 
design for the test injection well was completed in August 1985.   

Figure 15 - Paradox Valley. 

Figure 16 - Schematic of Paradox Project. 
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Facilities have been installed and mechanical tests performed.  Over the years numerous 
mechanical and electrical problems with the facilities have been identified and solved.  
Several new technologies were developed to overcome the extremely high pressures 
created by the injection pumps.  In fiscal year 2000, the Paradox Valley Seismic Network 
(PVSN) showed seismic activity at the injection site reached levels and frequencies that 
were unacceptably high.  Restricting the maximum injection rate to 230 gpm in July 2000 
has reduced seismic activity, but has also reduced the effectiveness of the injection 
facility to about 76,000 tons per year. 

In January 2002, a test to inject 100 percent brine was implemented after temperature 
logs of the well showed that the area around the well bore and injection zone had cooled 
sufficiently to prevent precipitation problems near the well bore.  Since January, facility 
disposal has increased by approximately 35,000 tons per year and there is no indication 
of apparent adverse effects from 100 percent brine injection.  Reclamation will continue 
to carefully monitor injection pressures for buildups that might suggest plugging of the 
aquifer near the well bore.  Seismic activity remained low during fiscal year 2002 and
remains at a very low frequency and magnitude.  Table 9 lists the number of seismic 
events measured on the Paradox Valley Seismic Network from 1998-2010 and the 
pressure and tons of salt injected. 

The project continues to intercept and dispose of 100,000+ tons of salt annually, but the 
pressure necessary to inject the brine into the disposal formation at 14,000 feet is 
increasing.  Modification of the current facility to operate at a higher injection pressure to 
extend the life of the current injection well is under way.  Reclamation has also initiated a 
Plan of Study to investigate the feasibility of other salt removal alternatives to augment 
the project, including a second injection well.  As part of the Plan of Study, an 
investigation of alternative salinity control methods was completed in June in 2008.  The 
results of the investigation indicated a need for a current characterization of the regional 
groundwater flow to determine the appropriate strategy for future salinity control efforts.
The groundwater study started in 2009 and is ongoing. 

This project intercepts extremely saline brine (260,000 mg/l total dissolved solids) before 
it reaches the Dolores River and disposes of the brine by deep well injection (injection 
interval about 14,000 feet below ground surface).  Seismicity associated with the 
injection process has diminished since the injection rate reduction in FY 2000 and 
remains at a low frequency and magnitude.

The project continues to intercept and dispose of 100,000+ tons of salt annually, but the 
pressure necessary to inject the brine into the disposal formation at 14,000 feet is 
increasing.  Modification of the facility to operate at a higher injection pressure to extend 
the life of the current injection well was completed in 2009.  Reclamation has initiated a 
Plan of Study to investigate the feasibility of other salt reduction alternatives to augment 
the project, including a second injection well.  As part of the Plan of Study, an 
investigation of alternative salinity control methods was completed in June, 2008.  The 
results of the investigation indicated a need for a current characterization of the regional 
groundwater flow to determine the appropriate strategy for future salinity control efforts.
An interagency agreement was initiated with the USGS to conduct a hydro geologic 
study, and investigations for Phase I of the study began in the second quarter of FY 2009.
Phase I was essentially completed in the third quarter of FY 2010, resulting in a  
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Table 9 - Paradox Well Injection Evaluation 

Injection Period
Operational 

Days1
Pressure

Start
Pressure

End
Pressure
Increase

Tons of 
Salt

Injected2

No. of 
Induced 
Seismic
Events

Maximum
Magnitude 
of Induced 

Seismic
Events

Estimated
Tons of 

Salt
Entering

the River3

Jan-May '024 148 1609 4432 2823 52,860 25 2.9 8,877

June-Dec '025 178 929 4593 3664 58,953 34 2.2 9,801

Jan-May '035 144 1172 4627 3455 53,173 27 2.1 18,077

June-Dec '035 184 1154 4675 3521 59,530 106 2.3 11,055

Jan-May '046 140 1201 4640 3439 51,449 47 2.4 19,484

June-Dec '047 160 1091 4541 3450 51,589 57 3.9 6,515

Jan-May '055 140 1038 4736 3698 55,024 69 2.4 12,571

June-Dec '058 148 1203 4750 3547 46,551 31 2.6 38,163

Jan-June '069 138 375 4680 4305 44,779 1010 2.4 50,148

July-Dec '065 162 1084 4797 3713 56,920 1310 2.1 21,625

Jan-June '075 159 1066 4796 3730 56,068 710 1.1 18,777

July-Dec '075 163 1232 4712 3480 57,395 31 2.6 10,571

Jan-June '0812 160 1152 4813 3661 54,720 47 1.3 14,933

July-Dec '085 162 1263 4822 3559 56,734 61 2.1 15,874

*Jan-Mar ‘095 84 1246 4756 3510 29,163 20 2.6 20,716

Apr-Sept '0913 160 1157 4891 3734 55,083 70 2.7 17,611

Oct ‘09-Mar '105 153 970 4930 3960 51,589 91 2.9 32,260

Apr ‘10-Sep '105 162 1347 4990 3643 55,747 75 2.7 14,364

 

                                                 

 
1. Operational days include partial days of operation which accounts for variations in tons of salt injected
2. Tons of salt injected based on 260,000 mg/L.  Brine concentration varies slightly due to seasonal and environmental 
fluctuations
3. Tons of salt entering the river based on regression equations (Ken Watts, USGS Administrative Report – “Estimates of 
Dissolved Solids Load of the Dolores River in Paradox Valley, Montrose County, CO, 1988-2009, August 5, 2010”)
4. Begin 100% brine injection
5. No problems
6. Down from 3/1/04 through 3/7/04 for mechanical problems
7. Implemented quarterly 10-day shutdown schedule from 9/22 to 10/22; M3.9 earthquake on 11/7; plant shut down until 
11/18; discontinued 10-day shutdown schedule
8. Down from 11/13/05 through 12/31/05 for mechanical problems
9. Down from 1/1/06 through 1/19/06 and 2/16/06 through 3/2/06 for mechanical problems
10. Seismic data for 2006 and the first half of 2007 is likely incomplete due to seismic network problems
11. Down from 4/16-17/08 for mechanical problems
12. Down from 5/18-19/09 for mechanical problems

* Biannual shutdown schedule changed from winter/summer to spring/fall
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preliminary conceptual flow model of groundwater flow in the stream-aquifer system in 
the Paradox Valley.  The preliminary conceptual flow model indicates that alternatives to 
reduce the amount of brine being produced, identified in the 2008 investigation, may not 
be feasible.  Some additional work is necessary to verify the results of Phase I.  If the 
Phase I results are verified, Phase II of the study may not be implemented.
 

Price-San Rafael Rivers Unit 
 Huntington Cleveland 
Irrigation Company 
(HCIC) Project:  The 
Project is located in 
northern Emery County, 
in and around the towns of 
Huntington, Lawrence, 
Cleveland, and Elmo.  The 
Project was selected in the 
2004 Request for 
Proposals (RFP) and 
awarded a cooperative 
agreement in September 
2004.  A new cooperative 
agreement was executed in 
November 2006 and was 
modified again in September 2009.  Approximately 350 miles of open earthen canals and 
laterals are being replaced with a pressurized pipeline distribution system (Distribution 
System) to accommodate sprinkler irrigation on about 16,000 acres.  Funding for this 
project is being shared between Reclamation’s Basinwide Program, HCIC, NRCS’s 
EQIP, the Parallel Program, and Rocky Mountain Power, formally known as Utah Power 
and Light.  The last of Reclamation’s share of $17.1 million for the Off-farm Distribution 
System was obligated in 2008.  Reclamation can provide up to an additional $6.0 million 
in funding equally 50/50 with HCIC funds for completion of the Distribution System.  
Since 2009 Reclamation 
has provided about $2.0 
million in additional 
funding.  The Project, 
scheduled to be completed 
in 2012, will result in the 
annual reduction of 59,000 
reportable tons of salt in 
the Colorado River at an 
anticipated cost of 
approximately less than 
$100/ton.  Of the 59,000 
tons of salt, 13,000 are 
attributed to the Off-Farm 

Figure 17 - Salinity from Canal Seepage. 

Figure 18 - Price-San Rafael Irrigation Improvements. 
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Distribution System and 46,000 tons are attributed to the On-Farm Distribution System 
and the on-farm salinity control measures (sprinklers).
Cottonwood Creek Irrigation Improvement Project:  The $6.5 million Cottonwood Creek 
Irrigation Improvement Project is located in Emery County, west of Castledale, Utah.  It 
was selected from the applications received in the 2008 FOA.  A Cooperative Agreement 
was executed in February 2010.  Construction is expected to begin late in 2010.  This 
project will replace approximately 31 miles of earthen canals and laterals with a 
pressurized pipeline system resulting in a reduction of 2,094 tons of salt in the Colorado 
River.  It is expected that the pressurized pipeline will induce on-farm improvements 
resulting in the annual reduction of an additional 9,100 tons of salt.  It is anticipated that 
the project will result in the total annual measurable reduction of 11,194 tons of salt in 
the Colorado River at an anticipated cost of approximately $59 per ton of salt.  

Uinta Basin Unit 
The Uinta Basin Unit is 
located in northeastern 
Utah.  The area includes 
portions of Duchesne and 
Uinta Counties and is 
situated between the 
Uinta Mountains on the 
north and the Tavaputs 
Plateau on the south.  The 
principal communities 
within the area are 
Duchesne, Roosevelt, and 
Vernal.

Reclamation has 
conducted extensive 
studies in the area.  Most of the salt pickup from the unit area is from the dissolution of 
salts from the soil and subsurface materials, principally from soils of marine origin that 
underlie most of the Uinta Basin. Seepage from conveyance systems and deep 
percolation resulting from irrigation are the primary processes that dissolve salts from the 
soils and shale and convey the salts through the groundwater system to natural drainages 
and ultimately to the Colorado River.  The Uinta Basin contributes an estimated 
450,000 tons of salt per year to the Colorado River. 
Reclamation has a total of 14 projects in the Uinta Basin Unit area.  The projects are 
funded jointly by Reclamation’s Basinwide Program and cost sharing from the Basin 
States.  The water conservation based projects include the Burns Bench, BIA-Ute Tribe, 
Duchesne County, Farnsworth, Lower Brush Creek, Western Uintah, South Lateral, 
River Canal, Union Canal, Hicken, Dry Gulch Class E, Dry Gulch Class C, Ouray Park, 
and Duchesne Water Conservancy District projects.  These projects will reduce salinity 
by improving the efficiency of existing irrigation projects.  Several will pipe selected 
canals and laterals to gain pressure to run high-efficiency sprinkler irrigation systems. 

Figure 19 - Salinity in Uinta Basin Unit Area. 
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Verification Studies - In their “National Water Summary 1990-91, Water Supply Paper 
2400”, the USGS reported a downward trend in dissolved solids concentration (salinity) 
in the Duchesne River, immediately downstream of the project area.  They pointed out 
that much of the base flow of the river was from irrigation return flows.  Salinity 
discharge has dropped from 206,000 tons in 1981 when USDA first started irrigation 
improvements to 169,000 tons in 1993 - a 37,000-ton reduction.  Based on the amount of 
irrigation improvements installed, USDA estimates that irrigation improvements through 
1992 have reduced the salinity discharge by about 55,500 tons per year (1993 Joint 
Evaluation Report).  Recent studies have also shown a downward shift in the salt/flow 
relationship (for a given flow, salinity is lower).  These data support the theory that 
onfarm irrigation practices can be effective at reducing salt loading.  Monitoring and 
analysis will continue.

Uinta Basin Unit, Utah 
The Duchesne County II Salinity Reduction Project is located in Duchesne County, in 
and around Roosevelt, Utah.  A total of 51.9 canal miles serving 13,350 acres is being 
replaced to accommodate pressurized pipeline systems, in order to facilitate sprinkler 
irrigation.  The K2 and Pleasant Valley phases of the project are completed, but land 
easements from the Business Committee of the Ute Tribe of the Uintah and Ouray 
Agency need to be obtained in order to complete the last and final phase (TN Dodd) of 
the project.  It is anticipated that the off-farm portion of this project will result in the 
annual reduction of 42,800 tons of salt in the Colorado River at $25 per ton of salt. 

The Moffat-Ouray Pipeline Salinity Project near Gusher, Utah was completed in 2008.  
This project replaces approximately 30.2 miles of canals with pipelines and 15,900 tons 
of salt will be reduced annually to the Colorado River at a cost of $28 per ton.  The 
abandoned canals have been replaced by pipelines which provide a pressurized irrigation 
system. 

Colorado River Basin Salinity Control Program Summary Data 
                

                     Table 10 – Summary of Federal Salinity Control Programs (2010)

Salinity Unit Tons / Year 
Removed 

MEASURES IN PLACE BY RECLAMATION     
Basinwide Program   176,000 
Basin States Program 1/ 7,000 
Meeker Dome   48,000 
Las Vegas Wash Pitman 4,000 
Grand Valley   122,000 
Paradox Valley 2/ 113,000 
Lower Gunnison Winter Water (USBR)   41,000 
Dolores  23,000 

Reclamation Subtotal   534,000 
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MEASURES IN PLACE BY USDA/BSP 3/   
Grand Valley   144,000 
Price-San Rafael   76,000 
Uinta Basin   149,000 
Big Sandy River   57,000 
Lower Gunnison   106,000 
McElmo Creek   26,000 
Mancos  4,000 
Muddy Creek 0
Manila  7,000 
Silt 4,000 
Green River 0

 USDA/BSP Subtotal   573,000 

MEASURES IN PLACE BY BLM 
Nonpoint Sources 4/ 85,000 
Well-Plugging  15,000 

 BLM Subtotal   100,000 

Measures in Place Total   1,207,000 

GOALS TO REACH TARGET 
Reclamation Basinwide Program   368,000 
Price-San Rafael (USDA/BSP)   71,000 
Grand Valley (USDA/BSP) 5/ 0
Uinta Basin (USDA/BSP) 6/ 11,000 
Big Sandy River (USDA/BSP)   27,000 
Lower Gunnison (USDA/BSP)   80,000 
McElmo Creek (USDA/BSP)   20,000 
Mancos River (USDA/BSP) 8,000
Muddy Creek (USDA/BSP)   12,000 
Manila (USDA/BSP)   10,000 
Silt (USDA/BSP) 5/ 0
Green River (USDA/BSP) 7,000 
Tier 2 (USDA) 7/ 20,000 
New Well Plugging and Nonpoint Source (BLM)   10,000 

Goals Subtotal   644,000 

Target Total   1,851,000 
    

1/  Off-farm projects funded by Basin States Program     
2/  Paradox injection well capacity estimated to decline beginning in 2020; 
     assumed continuation of well or alternative control methods after 2020 
3/ MayInclude off-farm controls that were not goaled. 
4/ BLM Non-point source are estimates. 
5/  Original goal attained 
6/ EstimatedOriginal goal attained. 
7/  Potential new measures in areas outside approved projects     
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Table 11 – Summary of Colorado River Basin Salinity Control Program

 Funding for Federal Agencies (In 1,000 Dollars)

Federal 
Fiscal 
Year 

Bureau of 
Reclamation 

USDA -
NRCS 

Upfront Cost 
Sharing from 
Basin Funds1

Bureau of 
Land 

Management2
Total 

      

1988 20,783 3,804  500 25,087 

1989 16,798 5,452  500 22,750 

1990 14,185 10,341  700 25,226 

1991 24,984 14,783  873 40,640 

1992 34,566 14,783  873 50,222 

1993 33,817 13,783  866 48,466 

1994 32,962 13,783  800 47,545 

1995 13,622 4,500 800 18,922 

1996 17,420 9,561 0 800 27,781 

1997 3,464 3,100 4,197 800 11,561 

1998 12,306 2,894 5,749 800 21,749 

1999 15,651 4,016 7,432 800 30,948 

2000 16,637 3,805 16,372 800 37,614 

2001 14,136 5,785 1,100 800 21,821 

2002 14,944 10,451 8,196 800 34,391 

2003 11,315 12,714 11,845 800 36,674 

2004 12,409 19,488 13,064 800 45,761 

2005 11,301 19,798 8,523 800 40,422 

2006 11,953 19,661 14,465 751 46,830 

2007 12,223 19,667 14,685 800 47,375 

2008 11,630 17,611 12,184 800 42,225 

2009 21,363 18,551 16,601 800 57,315 

2010 12,015 14,697 7,405 800 34,917 

 
1. Prior to 1996 Basin Funds were used to repay the reimbursable portion of Reclamation’s Salinity Control Projects 
within a fifty-year period or within a period equal to the estimated life of the project, whichever is less. 
2. Funds expended by BLM for salinity control cannot accurately be determined.  This amount reflects what has been 
reported as having been designated within the BLM budget.
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Table 12 – Reclamation Salinity Control Unit Summary (P.L. 93-320 and 98-569) 

 

1.  Cost per ton based on amortization over 50 years at the project authorized interest rate. 

 

 

 
Table 13 - UCRB Agriculture Salinity Control Summary (tons) - 2010 

Project Area Total Salt Load Total Ag. Load Total Controls Remaining Ag. Load 

Big Sandy 157,500 124,900 68,357 56,543

Grand Valley 580,000 559,100 270,641 288,459

Green River 15,700 15,700 0 15,700

Lower Gunnison 1,440,000 840,000 166,701 673,299

Mancos 43,000 26,000 4,045 21,955

Manila 49,000 40,000 12,640 27,360

McElmo 164,075 99,960 49,815 50,145

Muddy Creek 90,000 14,980 0 14,980

Price-San Rafael 430,000 244,000 126,354 117,646

Rifle - Silt NA 24,700 4,038 20,662

San Juan1 NA 62,530 48,329 14,201

Uinta 500,000 328,120 178,938 149,182

Paria (Tropic)1,2 NA 1,829 1,829 0

Total 3,469,275 2,381,819 931,687 1,450,132

1. Off-farm load shown only.  On-farm loads have not been estimated for the San Juan and Paria areas 
2. Agricultural load for Paria only represents the conveyance systems which were piped as part of the Tropic 

Project

Unit/Study Implementation 

Controls 

(tons/y) 

Reclamation 

Capital Cost 

Annual 

O&M Costs 

Cost

per Ton1

Meeker Dome 1980-1983 48,000 $3,100,000 $0 $5 

Las Vegas Wash 1978-1985 3,800 $1,757,000 $0 $28 

Grand Valley 1980-1998 127,500 $160,900,000 $1,417,000 $83 

Paradox Valley 1988-1996 110,000 $66,199,000 $2,497,000 $60 

Dolores Project 1990-1996 23,000 $44,700,000 $613,000 $185 

Lower Gunnison 1991-1995 41,380 $24,000,000              $0 $35 

Total 353,680 $300,656,000 $4,016,000 $66 
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APPENDIX A – SALINITY DATA 
 

The historical flow and quality of water data have been calculated using the 
U.S. Geological Survey (USGS) database and computer techniques developed jointly by 
the Bureau of Reclamation (Reclamation) and USGS.  The purpose of the analysis was to 
develop a consistent, documented methodology for the calculation of monthly salt loads 
in the Colorado River Basin. 

The salinity computation method was originally developed for the trend studies 
conducted by Reclamation and USGS (Liebermann, et al., 1986).  Several procedures 
were evaluated.  A 3 year moving regression was determined to be the best overall 
method in terms of providing the most complete record, preserving short-term 
fluctuations, and being insensitive to minor errors in the data.  Using this method, daily 
salt load (L) was computed from discharge (Q) and when available, conductivity (S):  L = 
aQbSc.  For days without specific conductivity data, a slight variation of the equation for 
load as a function of discharge was used:  L = a’Qb’.

The coefficients a, b, and c for each year of record were typically estimated by regression 
analysis using data from a 3 year period surrounding the year of interest.  For example, 
coefficients for 1990 were derived with data from l989 through 1991. The last year of 
salinity data computed for this report uses two years of data for obvious reasons.  It is 
subject to change and will be updated in the next report as data become available to 
complete the analysis for that year.   

Daily loads were added to yield the monthly values given.  Monthly values were then 
added to yield annual values.  All values shown are rounded but were computed using un-
rounded values. 

For this analysis, salt-load data were based on total dissolved solids (TDS) as the sum of 
constituents, whenever possible.  Sum of constituents was defined to include calcium, 
magnesium, sodium, chloride, sulfate, a measure of the carbonate equivalent of alkalinity 
and, if measured, silica and potassium.  If a sum-of-constituents value could not be 
computed, TDS as residue on evaporation (at 180 degrees Celsius) was substituted. 

Extensive error analyses were performed on the data.  Suspect values were corrected 
according to published records or deleted.  The resultant data set is considered by 
Reclamation and USGS to be the best available for stations in the Colorado River Basin.
Annual values based on the new method were compared to values in previous Quality of 
Water Colorado River Basin Progress Reports for selected stations.  The observed 
differences were between plus or minus five percent, with mean differences 
approximately zero.  Changes in the progress report database can, therefore, be 
considered generally insignificant and unbiased. 
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Figure A1 - Colorado River Water Quality Monitoring Stations. 
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Figure A3 – Flow and TDS over time for sites 1-4.  Site locations shown in Figure A1. 
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Figure A4 - Flow and TDS over time for sites 5-8.  Site locations shown in Figure A1. 
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Figure A5 - Flow and TDS over time for sites 9-12.  Site locations shown in Figure A1. 
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Figure A6 - Flow and TDS over time for sites 13-16.  Site locations shown in Figure A1. 
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Figure A7 - Flow and TDS over time for sites 17-20.  Site locations shown in Figure A1. 
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Attachment 5: 
United States Geological Service, “Monitoring the Water Quality of the Nation’s Large 

Rivers: Colorado River NASQAN Program”  (February 2000) 

O_NPCA-CBD et al 2

Since 1995, the National Stream Quality Accounting Network (NASQAN) of the U.S. Geological Survey (USGS) has 
focused on monitoring the water quality of the Nation’s largest rivers including the Colorado, Columbia, Mississippi, and Rio 
Grande. The NASQAN program in the Colorado River Basin consists of eight stations that span seven basin States including 
Colorado, Wyoming, Utah, New Mexico, Arizona, Nevada, and California. Data collected from these stations are used to 
quantify the transport of chemical constituents and evaluate trends in water quality of the river. Currently, the NASQAN 
program in the Colorado River Basin is providing necessary data and information required by resource managers of the river 
who are responsible for meeting long-standing legal agreements that regulate the flow and quality of the river water. 

U.S. Department of the Interior
U.S. Geological Survey

USGS Fact Sheet FS–014–00
February 2000

ENVIRONMENTAL SETTING
The Colorado River often is described 

as the most controversial and regulated 
river in the United States. The river 
currently provides 25 million people with 
drinking water and also provides enough 
water to keep 3.5 million acres of 
farmland in production. Other uses 
include industrial, recreation, and electric-
power generation. The river is highly 
regulated with 83 reservoirs in the upper 
basin and 10 reservoirs in the lower basin 
that are capable of storing 4 years of flow. 
Twelve legal agreements, compacts, 
contracts, and State and Federal 
legislation apportion and regulate the use, 
management, and quality of water for the 
Colorado River water among the seven 
States in the basin and Mexico (Newcom, 
1998).

The Colorado River drains about 
250,000 square miles (fig. 1). Annual 
flows in the river fluctuated greatly before 
the big dams were built on the river 
because of winter snowmelt and summer 
thunderstorms. Water, sediment, and 
chemical transport from the upper basin 
are greatest in June. Daily fluctuations in 
the lower basin are caused by irrigation 
and water-supply diversions, power 

generation, losses to evaporation and 
transpiration from riparian vegetation, and 
irrigation return flows (fig. 2). 

WATER-QUALITY ISSUES
Salinity of the Colorado River 

probably is the biggest water-quality issue 
in the basin. The major sources of salinity 
are the saline soils of the Colorado Plateau 
and agricultural irrigation-return flows. 
Salinity concentrations in the headwaters 
of the basin generally are less than 50 
milligrams per liter but increase in con-
centration to about 900 milligrams per 
liter at the international boundary between 
the United States and Mexico. Urbani-
zation, population growth, mining, agri-
cultural practices, and recreation affect 
salinity concentrations and other chemical 
constituent concentrations in the Colorado 
River.

River modifications, such as dams and 
irrigation diversions, probably are the 
most significant factors that affect the 
quality of the Colorado River system. 
Reservoirs potentially harbor many 
chemicals in their sediments and water 
and can retain chemical constituents for 
years (retention time). Dams have reduced 
sediment transport from the system, have 
contributed to the decline or loss of native 
fish species, and affected physical 

properties such as flow (fig. 3) and water 
temperature (fig. 4). Alteration to the 
natural system generally has been 
unfavorable to native fish such as the 
humpback chub. Cold, clear waters below 
the reservoirs generally provide good 
habitat for nonnative fish such as the 
rainbow trout.

SITE SELECTION 
Eight streamflow-gaging and water-

quality stations in the NASQAN program 
provide flow and water-quality data for the 
Colorado River Basin. These sites were 
selected to provide information on the 
transport of chemical constituents and 
sediment through the river system. Sites 
upstream and downstream from Lakes 
Powell and Mead are used to measure 
inflows to and outflows from these major 
reservoirs. Subwatershed characteristics 
also were important site-selection factors. 
A description of each site follows in 
downstream order (fig. 1 and table 1).

Colorado River near Cisco, Utah, 
provides data on inflows to Lake Powell.

Green River at Green River, Utah, is a 
major tributary to the Colorado River and 
provides data on inflows to the Colorado 
River upstream from Lake Powell. 

Monitoring the Water Quality of the Nation's Large Rivers
Colorado River NASQAN Program
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San Juan River near Bluff, Utah, is a 
major tributary to the Colorado River and 
also provides data on inflows to Lake 
Powell. This site and the sites at Cisco and 
Green River can have sediment-laden 
flows because of storm runoff.

Colorado River at Lees Ferry, 
Arizona, represents outflow from Lake 
Powell and is used to determine flows for 
the Colorado River Compact Point of 
1922, which defines the dividing point 
between the upper and lower basins. The 
flow at this site is clear and cold. 

Colorado River above Diamond 
Creek, Arizona, measures inflow to Lake 
Mead and also provides information on 
the 250-mile reach of the river between 
Lake Powell and Lake Mead. Unlike Lees 
Ferry, the flow at this site can be sediment-
laden because of storm runoff. 

Colorado River below Hoover Dam, 
Nevada, represents outflow from Lake 
Mead. The flow is cold and clear at this 
site.

Colorado River above Imperial Dam, 
Arizona, is upstream from the diversion to 
the All-American Canal and diversions for 
other water needs. Flow in the Colorado 
River below this site and into Mexico is 
greatly reduced because of these 
diversions.

Colorado River at the northerly 
international boundary represents outflow 
to Mexico. At this point, the United States 
is required under treaties with Mexico to 
deliver 1.5 million acre-feet of water to 
Mexico during a typical water year 
(October 1 to September 30). The quality 

of water delivered to Mexico also is 
monitored at this site (U.S. Environ- 
mental Protection Agency, 1999). 

SAMPLING STRATEGY

A broad range of chemical 
constituents is measured at the eight 
stations in the network. These constituents 
include water-soluble pesticides, suspen- 
ded and dissolved trace elements, major 
ions, nutrients, carbon, trihalomethanes, 
and suspended sediment (table 2). 
Samples are collected 6 to 10 times per 
year, depending on the local site charac- 
teristics. At the upper-basin sites, samples 
are collected on the basis of reservoir 
releases to cover a broad range of river 
discharge.
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Figure 1.  Location of Colorado River Basin, subbasins, NASQAN sites, and diversion points. NASQAN sites are at or near
streamflow-gaging stations shown.

4215
E X P L A N AT I O N

STREAMFLOW-GAGING STATION AND 
   ABBREVIATED NUMBER—Complete 
   station number is 09421500.  See table 
   below for complete station numbers and 
   names

WATER DIVERSION POINTS ALONG LOWER
   COLORADO RIVER

09180500
09315000
09379500
09380000

09404200

09421500

09429490

09522000

Colorado River near Cisco, Utah
Green River at Green River, Utah
San Juan River near Bluff, Utah
Colorado River at Lees Ferry,
   Arizona
Colorado River above Diamond 
   Creek, Arizona
Colorado River below Hoover 
   Dam, Nevada-Arizona
Colorado River above Imperial
   Dam, Arizona-California
Colorado River at northerly inter-    
   national boundary

STATION 
NUMBER STATION NAME
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Figure 2.  Daily mean discharge at Colorado River above Imperial Dam, Arizona- 
California, 1996–98 water years.

Table 1. Description of NASQAN sampling stations in the Colorado River Basin

09180500 Colorado River near Cisco, Utah ............ 24,100 10 0 19,200

09315000 Green River at Green River, Utah ........... 40,590 17 0 15,400

09379500 San Juan River near Bluff, Utah ............. 23,000 10 0  5,280

09380000 Colorado River at Lees Ferry, Arizona ... 107,800 45 83,700 30,900

09404200 Colorado River above Diamond Creek, 
Arizona ................................................ 144,600 60 36,860 19,500

09421500 Colorado River below Hoover Dam, 
Nevada-Arizona .................................. 167,700 69 22,400 13,900

09429490 Colorado River above Imperial 
Dam, Arizona-California ..................... 184,500 76 16,800 11,100

09522000 Colorado River at northerly 
international boundary ......................... 242,700 100 58,200  5,040

1922 present

1905 present

1928 present

1895 present

1989 present

1934 present

1934 present

1950 present

1Some miscellaneous record exists for most stations before the period of record.

........

Suspended and dissolved trace elements ........  Including but not limited to lead, uranium, cadmium, and selenium

Pesticides......................................................... Water-soluble pesticides such as atrazine 

Carbon............................................................. Dissolved and suspended organic carbon, dissolved inorganic carbon by

Trihalomethanes .............................................. Byproducts of disinfection of drinking water

Major ions ....................................................... Calcium, sulfate, and chloride

Nutrients.......................................................... Total and dissolved nitrogen and phosphorus

Suspended sediment ........................................ Concentration of fine sediment particles

Support variables............................................. Water temperature, specific conductance, pH, dissolved oxygen, and alkalinity

Table 2.  Physical and chemical measurements made at NASQAN stations in the Colorado River Basin

incremental alkalinity titration

Station
 number 

Period of
record1Station name and location

Drainage area Incre-
mental

increase in
drainage

area
(square
miles)

Mean
stream -

flow
(cubic feet

per
second)

Square
miles

Percentage
of total

drainage
area

Measurement class Examples

QUESTIONS TO BE ANSWERED

Specific local questions that can be 
answered using NASQAN data include:

1. What are the effects of Lakes 
Powell and Mead on the sediment 
and chemical concentrations and 
fluxes downstream from these 
lakes? Chemical-flux calculations 
made at NASQAN sites above and 
below Lakes Powell and Mead 
provide this information on an 
annual and possibly seasonal 
basis.

2. What are the contributions of 
subbasins to the sediment and 
chemical concentrations and 
fluxes to Lakes Powell and Mead? 
Trend analysis of specific 
constituents yield information on 
storm-runoff characteristics of 
each subbasin and human and 

O_NPCA-CBD et al 2



natural activities characteristics of 
each subbasin. 

3. What water-quality criteria for 
public supply and aquatic life are 
exceeded and if so, where? The 
network and frequency of sampling 
provides information to resource 
managers and regulatory agencies 
on this important question. 

NATIONAL NASQAN 
PROGRAM

The NASQAN program in the 
Colorado River Basin is part of a national 
program that was redesigned in 1995 to 
focus on monitoring water quality in four 
of the Nation’s largest rivers—the 

PRODUCTS AND THE 
EVOLUTION OF THE 
NASQAN PROGRAM 

Each year, data collected and analyzed 
for the NASQAN program are published in 
State basic-data reports published by the 
USGS. Recently, NASQAN data have been 
made available through the World Wide Web 
at URL http://water.usgs.gov/public/nasqan. 
Future products for the Colorado River Basin 
may include annual fact sheets that will 
describe specific water-quality issues and 
related data analysis.

As of 1999, data are being analyzed for 
the Colorado River that may result in 
modification of the existing program to better 
meet the information needs of the basin. 
Chemical-flux calculations are being made at 
each site along with interpretations of 
reservoir effects on mass transfer of 
chemicals within the river system. Results 
for each constituent are being evaluated to 
determine the importance of the constituents 
in the program, and new constituents and 
site-specific studies may be added. 
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For more information, contact: 
NASQAN Colorado River Basin 
Coordinator
2255 N. Gemini Drive
Flagstaff, Arizona 86001
Telephone: (520) 556-7136
E-mail: bhart@usgs.gov

Columbia, Colorado, Mississippi, and 
Rio Grande. About 40 streamflow-
gaging stations in the program are used 
to determine the transport of selected 
chemical constituents and sediment 
through the river systems. NASQAN, 
together with the National Water -Quality
Assessment (NAWQA) program, pro-
vide water-quality information on both 
large and small rivers. NAWQA is 
focused on the smaller basins with an 
emphasis on the effects of land use on 
water quality. The programs use com-
parable data; therefore, regional 
hydrologic models can be developed 
from the information collected.
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Figure 4.  Daily instantaneous water temperature at Colorado River at Lees 
Ferry, Arizona, 1950 –75.
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Figure 3. Daily mean discharge at Colorado River at Lees Ferry, Arizona, 1942 
and 1996 water years.
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 3-1 WATER QUALITY OBJECTIVES 

 

CHAPTER 3 - WATER QUALITY OBJECTIVES 
 
Section 13241, Division 7 of the California Water 
Code, specifies as follows: 
 
 "Each regional board shall establish such water 

quality objectives in water quality control plans as 
in its judgement will ensure the reasonable 
protection of beneficial uses and the prevention of 
nuisance; however, it is recognized that it may be 
possible for the quality of water to be changed to 
some degree without unreasonably affecting 
beneficial uses..." 

 
"Water quality objectives", as defined in said Division 7 
are "limits or levels of water quality constituents or 
characteristics which are established for the 
reasonable protection of beneficial uses of water or 
the prevention of nuisance within a specific area".  
Water quality objectives contained herein are 
designed to be in accordance with all pertinent State 
and Federal requirements. 
 
Existing Statewide Plans and Policies of the State 
Water Resources Control Board that must be 
considered in establishing and implementing water 
quality objectives in the Colorado River Basin Region 
are listed in Chapter 5.  Some of these statewide 
plans contain water quality objectives that apply to 
waters in this Region.  However, most statewide 
objectives are not listed in this chapter but can be 
obtained by referring to the text of the statewide plans. 
 In the event that statewide and regionwide objectives 
conflict the most stringent objective will apply. 
 
The water quality objectives contained in this Plan 
supersede and replace those contained in the Water 
Quality Control Plan, dated May 1991, and any 
amendments thereto. 
 
Controllable water quality factors shall conform to the 
water quality objectives contained herein.  When other 
factors result in the degradation of water quality 
beyond the levels or limits established herein as water 
quality objectives, the controllable factors shall not 
cause further degradation of water quality.  
Controllable water quality factors are those actions, 
conditions, or circumstances resulting from people's 
activities which may influence the quality of the waters 
of the State and which may feasibly be controlled. 
 

Actions to be taken by the Regional Board to achieve 
compliance with water quality objectives are described 
in the Implementation section of this Plan (see 
Chapter 4).  Implementation actions directed toward 
nonpoint source discharges will be in conformance 
with the State Board's Nonpoint Source Management 
Plan, will be reasonable, and will consider economic 
and technical feasibility. 
 

I. GENERAL OBJECTIVES 
 
The following objective shall apply to all waters of the 
Region: 
 
Wherever the existing quality of water is better than 
the quality established herein as objectives, such 
existing quality shall be maintained unless otherwise 
provided for by the provisions of the State Water 
Resources Control Board Resolution No. 68-16, 
"Statement of Policy with Respect to Maintaining High 
Quality of Waters in California". 
 

II. GENERAL SURFACE WATER 
OBJECTIVES 

 
Regarding controllable sources of discharge, in the 
absence of site specific objectives established herein, 
the following objectives apply to all surface waters of 
the Colorado River Basin Region: 
 
 A.  AESTHETIC QUALITIES 
 
  All waters shall be free from substances 

attributable to wastewater of domestic or industrial 
origin or other discharges which adversely affect 
beneficial uses not limited to: 

 
-  Settling to form objectionable deposits; 

 
-  Floating as debris, scum, grease, oil, wax, or 

other matter that may cause nuisances; and 
 

- Producing objectionable color, odor, taste, or 
turbidity. 
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 B.  TAINTING SUBSTANCES 
 
 Water shall be free of unnatural materials which 

individually or in combination produce undesirable 
flavors in the edible portions of aquatic organisms. 

 
 C. TOXICITY 1 
 
 All waters shall be maintained free of toxic 

substances in concentrations which are toxic to, 
or which produce detrimental physiological 
responses in human, plant, animal, or indigenous 
aquatic life.  Compliance with this objective will be 
determined by use of indicator organisms, 
analyses of species diversity, population density, 
growth anomalies, 96-hour bioassay or bioassays 
of appropriate duration or other appropriate 
methods as specified by the Regional Board.  
Effluent limits based upon bioassays of effluent 
will be prescribed where appropriate, additional 
numerical receiving water objectives for specific 
toxicants will be established as sufficient data 
become available, and source control of toxic 
substances will be encouraged. 

 
 The survival of aquatic life in surface waters 

subjected to a waste discharge or other 
controllable water quality factors, shall not be less 
than that for the same water body in areas 
unaffected by the waste discharge, or other 
control water which is consistent with the 
requirements for "experimental water" as 
described in Standards Methods for the 
Examination of Water and Wastewater, 18th 
Edition.  As a minimum, compliance with this 
objective as stated in the previous sentence shall 
be evaluated with a 96-hour bioassay. 

 
 As described in Chapter 6, the Regional Board will 

conduct toxic monitoring of the appropriate 
surface waters to gather baseline data as time 
and resources allow. 

 
 D. TEMPERATURE 
 
 The natural receiving water temperature of 

surface waters shall not be altered by discharges 
of waste unless it can be demonstrated to the 
satisfaction of the Regional Board that such 
alteration in temperature does not adversely affect 
beneficial uses. 

 
  

 E. pH 
 
 Since the regional waters are somewhat alkaline, 

pH shall range from 6.0-9.0.  Discharges shall not 
cause any changes in pH detrimental to beneficial 
water uses. 

 
 F. DISSOLVED OXYGEN 
 
 The dissolved oxygen concentration shall not be 

reduced below the following minimum levels at 
any time: 

 
  Waters designated: 
   WARM ..........................................5.0 mg/l 
 
   COLD........................................... 8.0 mg/l 
 
   WARM and COLD........................8.0 mg/l 
 
 G. SUSPENDED SOLIDS AND 

SETTLEABLE SOLIDS 
 
 Discharges of wastes or wastewater shall not 

contain suspended or settleable solids in 
concentrations which increase the turbidity of 
receiving waters, unless it can be demonstrated to 
the satisfaction of the Regional Board that such 
alteration in turbidity does not adversely affect 
beneficial uses. 

  
 H. TOTAL DISSOLVED SOLIDS 
 
 Discharges of wastes or wastewater shall not 

increase the total dissolved solids content of 
receiving waters, unless it can be demonstrated to 
the satisfaction of the Regional Board that such 
an increase in total dissolved solids does not 
adversely affect beneficial uses of receiving 
waters. 

 
 Additionally, any discharge, excepting discharges 

from agricultural sources, shall not cause 
concentration of total dissolved solids (TDS) in 
surface waters to exceed the following limits: 

 
 
 
 
                               
1 Certain exceptions for herbicides apply to irrigation supply 

canals which are discussed under the heading "Irrigation 
Supply Canals" in this Chapter. 
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         TDS (mg/L) 
        Annual Ave. Maximum 
 New River      4000 4500 
 Alamo River      4000 4500 
 Imperial Valley Drains    4000 4500 
 Coachella Valley Drains    2000 2500 
 Palo Verde Valley Drains   2000 2500 
 
 

 I. BACTERIA 
 
 In waters designated for water contact recreation 

(REC I) or noncontact water recreation (REC II), 
the following bacterial objectives apply.  Although 
the objectives are expressed as fecal coliforms, E. 
coli, and enterococci bacteria, they address 
pathogenic microorganisms in general1 (e.g., 
bacteria, viruses, and fungi). 

 
 Based on a statistically sufficient number of 

samples (generally not less than five samples 
equally spaced over a 30-day period), the 
geometric mean of the indicated bacterial 
densities should not exceed one or the other of 
the following: 

 
     REC I   REC II 
 E. coli   126 per 100 ml  630 per 100 ml 
 enterococci  33 per 100 ml  165 per 100 ml 
 
 nor shall any sample exceed the following 

maximum allowables: 
 
     REC I   REC II 
 E. coli   400 per 100 ml  2000 per 100 ml 
 enterococci  100 per 100 ml  500 per 100 ml 
 
 except that for the Colorado River, the following 

maximum allowables shall apply: 
 
     REC I   REC II 
 E. coli   235 per 100 ml  1175 per 100ml 
 enterococci  61 per 100 ml  305 per 100 ml 
 
 In addition to the objectives above, in waters 

designated for water contact recreation (REC I), 
the fecal coliform concentration based on a 
minimum of not less than five samples for any 30-
day period, shall not exceed a log mean of 200 
MPN per 100 ml, nor shall more than ten percent 
of total samples during any 30-day period exceed 
400 MPN per 100 ml. 

                     
1 Fecal coliforms and E. coli bacteria are being used as the 
indicator microorganisms in the Region until better and similarly 
practical tests become readily available in the region to more 
specifically target pathogens. 

 J. BIOSTIMULATORY SUBSTANCES 
 
 Waters shall not contain biostimulatory 

substances in concentrations that promote 
aquatic growths to the extent that such growths 
cause nuisance or adversely affect beneficial 
uses. Nitrate and phosphate limitations will be 
placed on industrial discharges to New and Alamo 
Rivers and irrigation basins on a case-by-case 
basis, taking into consideration the beneficial uses 
of these streams. 

 
 K. SEDIMENT 
 
 The suspended sediment load and suspended 

sediment discharge rate to surface waters shall 
not be altered in such a manner as to cause 
nuisance or adversely affect beneficial uses. 

 
 L. TURBIDITY 
 
 Waters shall be free of changes in turbidity that 

cause nuisance or adversely affect beneficial 
uses. 

 
 M. RADIOACTIVITY 
 
 Radionuclides shall not be present in waters in 

concentrations which are deleterious to human, 
plant, animal or aquatic life or that result in the 
accumulation of radionuclides in the food web to 
an extent which presents a hazard to human, 
plant, animal or aquatic life. 

 
 Waters designated for use as domestic or 

municipal supply (MUN) shall not contain 
concentrations of radionuclides in excess of the 
limits specified in the California Code of 
Regulations, Title 22, Chapter 15, Article 5, 
Section 64443, as listed below: 

 
 Maximum 
 Contaminant 
 Constituent Level, pci/L 
 Combined Radium-226 and Radium-228.............5 
 Gross Alpha particle activity 
  (including Radium-226 but 
  excluding Radon and Uranium) ...................15 
 Tritium...........................................................20,000 
 Strontium-90..........................................................8 
 Gross Beta particle activity..................................50 
 Uranium...............................................................20 
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 N. CHEMICAL CONSTITUENTS 
 
 No individual chemical or combination of 

chemicals shall be present in concentrations that 
adversely affect beneficial uses.  There shall be 
no increase in hazardous chemical concentrations 
found in bottom sediments or aquatic life.  Waters 
designated for use as domestic or municipal 
supply (MUN) shall not contain concentrations of 
chemical constituents in excess of the limits 
specified below: 

 
 
 Maximum Contaminant Levels* (MCLs) 

for Organic and Inorganic Chemicals  
  
 Inorganic Chemical Constituents: MCL*, mg/L 
 
   Arsenic ............................................... 0.05 
   Barium...................................................1.0 
   Cadmium.......................................... 0.010 
   Chromium .......................................... 0.05 
   Lead ................................................. 0.005 
   Mercury ............................................ 0.002 
   Nitrate (as Nitrogen)........................... 10.0 
   Selenium ............................................ 0.01 
   Silver................................................... 0.05 
 
 
 
 Organic Chemical Constituents MCL*, mg/L 
 
   (a) Chlorinated Hydrocarbons 
     Endrin ................................. 0.002 
     Lindane............................... 0.004 
     Methoxychlor ...........................0.1 
     Toxaphene ......................... 0.005 
 
   (b) Chlorophenoxys 
     2,4-D........................................0.1 
     2,4,5-TP Silvex ..................... 0.01 
 
 
 
 
Limiting Concentrations of Fluoride 
 
 Annual Average of Maximum 
 Daily Air Temperature Fluoride Concentrations mg/l 
 
  
 Degrees  Degrees  
 Fahrenheit Celsius  Lower* Optimum    Upper* MCL 
 below 53.8 below 12.1 0.9  1.2 1.7 2.4 
 53.8 to 58.3 12.1 to 14.6 0.8  1.1 1.5 2.2 
 58.4 to 63.8 14.7 to 17.6 0.8  1.0 1.3 2.0 
 63.9 to 70.6 17.7 to 21.4 0.7  0.9 1.2 1.8 

 70.7 to 79.2 21.5 to 26.2 0.7  0.8 1.0 1.6 
 79.3 to 90.5 26.3 to 32.5 0.6  0.7 0.8 1.4 
 
 

 O. PESTICIDE WASTES 
 
 The discharge of pesticidal wastes from pesticide 

manufacturing processing or cleaning operations 
to any surface water is prohibited. 

 
 

III. SPECIFIC SURFACE WATER 
OBJECTIVES 

 
 A. COLORADO RIVER 
 
  1. Colorado River (Above Imperial Dam) 
 
  In response to requirements in Section 

303 of the Federal Water Pollution 
Control Act Amendments of 1972 (P.L. 
92-500), the Seven States Colorado River 
Salinity Control Forum developed water 
quality standards in 1975 for salinity 
consisting of numeric criteria and a 
basinwide plan of implementation for 
salinity control.  The Forum 
recommended that each of the Basin 
States adopt the proposed standards.  
California along with the other Basin 
States adopted the Forum's 
recommended standards which were 
subsequently approved by the U.S. 
Environmental Protection Agency.  The 
standards were reviewed in 1978, 1981, 
1984, 1987, and 1990.  While the 
numeric criteria have not changed, the 
plan of implementation was updated in 
those years to reflect changes in the 
salinity control program since 1975. 

 
  The flow-weighted average annual 

numeric criteria for salinity (total dissolved 
solids) were established at three locations 
on the lower Colorado River: 

 
 
 Salinity in mg/l 
 
    Below Hoover Dam, AZ-NV..........723 
    Below Parker Dam, AZ-CA...........747 
    Imperial Dam, AZ-CA ...................879 
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  The plan of implementation consists of a 

number of federal and non-federal 
measures throughout the Colorado River 
system to maintain the adopted numeric 
criteria while the Basin states continue to 
develop their compact apportioned 
waters.  There are four areas of the 
implementation plan which have direct 
applicability to California.  The first is the 
control of the discharge of total dissolved 
solids from point sources through the 
NPDES Permit program on industrial and 
municipal discharges.  The plan's policy 
has as its primary objective no-salt return 
from industrial sources wherever 
practicable.  Reasonable incremental 
increases of salinity from municipal 
sources shall be permitted so long as 
they do not exceed 400 mg/l above the 
flow-weighted average salinity of the 
supply water.  The second recommends 
that each state encourage and promote 
the use of brackish and/or saline waters 
for industrial purposes.  The third deals 
with an improved water delivery system 
and on-farm water management system. 
 Finally, the plan encompasses those 
portions of the 208 Water Quality 
Management plans dealing with salinity 
control once adopted by the State and 
approved by USEPA. 

 
  2. Colorado River (Below Imperial Dam) 
 
  Below Imperial Dam, the River's salinity 

will be controlled to meet the terms of the 
agreement with Mexico on salinity in 
Minute No. 242 of the International 
Boundary and Water Commission, 
entitled "Permanent and Definitive 
Solution to the International Problem of 
the Salinity of the Colorado River".  This 
agreement states that measures will be 
taken to assure that the waters delivered 
to Mexico upstream from Morelos Dam 
will have annual average salinity 
concentration of no more than 115 ppm 
(+ 30 ppm) total dissolved solids greater 
than the annual average salinity 
concentration of Colorado River water 
arriving at Imperial Dam.  Title I of Public 
Law 93-320 is the legislation which 
implements the provisions of Minute No. 
242.  Minute No. 242 and Title I constitute 

a federal numeric criterion and plan of 
implementation for the River below 
Imperial Dam. 

 
 B. NEW RIVER 
 
 Minute No. 264 of the Mexican-American Water 

Treaty titled "Recommendations for Solution of 
the New River Border Sanitation Problem at 
Calexico, California - Mexicali, Baja California 
Norte" was approved by the Governments of the 
United States and Mexico effective on December 
4, 1980.  Minute No. 264 specifies qualitative and 
quantitative standards for the New River at the 
International Boundary and upstream of the 
International Boundary in Mexico. 

 
 The quantitative standards of Minute No. 264 are 

contained in Table 3-1.  Following are the 
qualitative standards of Minute No. 264 for the 
New River at the locations specified below (interim 
solution).   

 
  1. The waters of the River shall be free of 

untreated domestic and industrial waste 
waters. 

 
  2. The waters shall be free from substances 

that may be discharged into the River as 
a result of human activity in 
concentrations which are toxic or harmful 
to human, animal or aquatic life or which 
may significantly impair the beneficial 
uses of such waters. 

 
  3. The waters of the River shall be 

essentially free from trash, oil, scum, or 
other floating materials resulting from 
human activity in amounts sufficient to be 
injurious, unsightly, or to cause adverse 
effects on human life, fish, and wildlife.  
Persistent foaming shall be avoided. 

 
  4. The waters of the River shall be free of 

pesticides in concentrations which could 
cause harmful effects to human life, fish, 
and wildlife. 

 
5. The channel of the River shall be free of 

residual sludge deposits from domestic or 
industrial wastes. 
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TABLE 3-1: NEW RIVER AT INTERNATIONAL BOUNDARY 
 
 Quantitative Standards per Minute 2641 of the Mexican/American Water Treaty 
 (Applicable at Indicated Sampling Location) 
 

Sampling 
Locations: 
 
Parameters 
 
BOD5 

 
 
 
COD 
 
 
 
pH 
 
 
DO 
 
 
Fecal Coliform 
Organisms 

 
 New River at Boundary2 
 
  
 
 - 
 
 
 
 - 
 
 
 
 6.0 to 9.0  
 (Weekly grab sample) 
 
 5.0 mg/l 
 (Daily grab sample) 
 
 - 

 
 Lagoon Discharge Canal 
 
  
 
 30 mg/l filtered  
 (Monthly grab sample) 
 
 
 70 mg/l filtered 
 
 
 
 - 
 
 
 - 
 (weekly grab sample) 
 
 - 
 

New River Upstream of 
Discharge Canal 
 
 
 
30 mg/l unfiltered 
(Monthly 12-hr.  
composite sample)3 
 
100 mg/l unfiltered 
(Monthly 12-hr. 
composite sample)3 
 
 - 
 
 
 - 
 
 
30,000 colonies per 100 
ml, with no single sample 
to exceed 60,000 
colonies per 100 ml. 
 

 
Footnotes for Table 3-1 
 
1. It is the intent of the Regional Board to pursue long-range quantitative water quality standards for New River at 

the International Boundary beyond those contained in Minute No. 264.  Such standards are anticipated to include 
further reduction of fecal coliform organisms and of pesticidal and toxic discharges. 

 
2. For necessary and adequate monitoring, samples should be taken of the New River waters at the International 

Boundary monthly or more frequently if necessary, and these should be analyzed for BOD5, COD, pH, DO, and 
fecal coliform organisms.  Samples should also be analyzed for toxic substances as considered necessary. 

 
3. Twelve consecutive hourly samples once a month (24-hour composite to be taken as needed to establish 

correlation with 12-hour composite). 
 
 Monitoring data collected by the Regional Board 

and the United States section of the International 
Boundary and Water Commission indicate that  
with the exception of pH, all quantitative and 
qualitative standards of Minute No. 264 have 
been  violated  since they were established.  
Moreover, with the exception of pH and DO, the  
standards  do not protect or achieve the New 
River water quality given that: (1) they are 
inconsistent with the General Surface Water 
Objectives of this Basin Plan (p. 3-1), and (2) 

they are actually applicable to the New River in 
Mexico, not at the International Boundary. It is 
therefore appropriate for the Regional Board, as 
the agency responsible for protecting the quality 
of the waters in this region  of the United States, 
to develop and enforce water quality objectives 
for the New River that are consistent with State 
and USEPA criteria for surface waters and that 
protect the waters of the region as follows: 
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 Bacteria Water Quality Objectives 
 
 1.  The bacterial standards identified in the 

General Surface Water Objectives section 
of this Basin Plan (p. 3-3) are applicable to 
the entire stretch of the New River in the 
United States.  

 
2. The Pathogen Total Maximum Daily Load 

(TMDL) and associated implementation 
actions are described in Chapter 4, Section 
V(A). Compliance Monitoring activities for 
the TMDL are described in Chapter 6, 
Section II(B).  

 
 C. SALTON SEA 
 
 1. Total Dissolved Solids (Salinity) 
 
  The total dissolved solids concentration of 

Salton Sea in 1992 was approximately 44,000 
mg/l. 

 
  The water quality objective for Salton Sea is 

to reduce the present level of salinity, and 
stabilize it at 35,000 mg/l unless it can be 
demonstrated that a different level of salinity 
is optimal for the sustenance of the Sea's wild 
and aquatic life (California Department of Fish 
and Game is attempting to make this 
determination).  However, the achievement of 
this water quality objective shall be 
accomplished without adversely affecting the 
primary purpose of the Sea which is to 
receive and store agricultural drainage, 
seepage, and storm waters.  Also, because of 
economic considerations, 35,000 mg/l may 
not be realistically achievable.  In such case, 
any reduction in salinity which still allows for 
survival of the sea's aquatic life shall be 
deemed an acceptable alternative or interim 
objective.  Because of the difficulty and 
predicted costliness of achieving salinity 
stabilization of Salton Sea, it is unreasonable 
for the Regional Board to assume 
responsibility for implementation of this 
objective.  That responsibility must be shared 
jointly by all of the agencies which have direct 
influence on the Sea's fate. Additionally, there 
must be considerable public support for 
achieving this objective, without which it is 
unlikely that the necessary funding for Salton 
Sea salinity control will ever be realized. 

 
   

 2. Selenium 
 
 The beneficial use of the Salton Sea for 

recreation has been impaired due to elevated 
levels of selenium in tissues of resident 
wildlife and aquatic life (See page 4-10 for a 
more detailed discussion of this). The 
following objectives apply to all surface waters 
that are tributaries to the Salton Sea: 

 
  a. A four day average value of selenium 

shall not exceed .005 mg/L; 
 
  b. A one hour average value of selenium 

shall not exceed .02 mg/L. 
 
 These numerical limits are based on the 

United States Environmental Protection 
Agency's National Ambient Water Quality 
Criteria. 

 
 D. IRRIGATION SUPPLY CANALS 
 
 Herbicide spraying in irrigation canals must be 

conducted in coordination with the County 
Agricultural Commissioner, California Department 
of Fish and Game (DFG), and California 
Department of Health Services.  In canals used 
for domestic supply, no herbicides shall be applied 
in concentrations which are toxic or otherwise 
harmful to humans; also no herbicides shall be 
applied in concentrations which are toxic or 
otherwise harmful to aquatic life, except that 
herbicides may be used in cases where the 
herbicide only impacts the targeted species, is a 
legally registered product, and is used in 
accordance with label requirements and in 
accordance with all applicable laws and 
regulations.   

 

IV. GROUND WATER OBJECTIVES 
 
Establishment of numerical objectives for ground 
water involves complex considerations since the 
quality of ground water varies significantly with depth 
of well perforations, existing water levels, geology, 
hydrology and several other factors.  Unavailability of 
adequate historical data compounds this problem.  
The Regional Board believes that detailed 
investigation of the ground water basins should be 
conducted before establishing specific ground water 
quality objectives. 
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Ideally the Regional Board's goal is to maintain the 
existing water quality of all nondegraded ground water 
basins.  However, in most cases ground water that is 
pumped generally returns to the basin after use with 
an increase in mineral concentrations such as total 
dissolved solids (TDS), nitrate etc., that are picked up 
by water during its use.  Under these circumstances, 
the Regional Board's objective is to minimize the 
quantities of contaminants reaching any ground water 
basin.  This could be achieved by establishing 
management practices for major discharges to land.  
Until the Regional Board can complete investigations 
for the establishment of management practices, the 
objective will be to maintain the existing water quality 
where feasible. 
 
 A. TASTE AND ODORS 
 
 Ground waters for use as domestic or municipal 

supply shall not contain taste or odor-producing 
substances in concentrations that adversely affect 
beneficial uses as a result of human activity. 

 
 B. BACTERIOLOGICAL QUALITY 
 
 In ground waters designated for use as domestic 

or municipal supply (MUN), the concentration of 
coliform organisms shall not exceed the limits 
specified in California Code of Regulations, Title 
22, Chapter 15, Article 3. 

 
 C. CHEMICAL AND PHYSICAL 

QUALITY 
 
 Ground waters designated for use as domestic or 

municipal supply (MUN) shall not contain 
concentrations of chemical constituents in excess 
of the limits specified in California Code of 
Regulations, Title 22, Chapter 15, Article 4, 
Section 64435, Tables 2, 3, and 4 as a result of 
human activity. 

 
 D. BRINES 
 
 Discharges of water softener regeneration brines, 

other mineralized wastes, and toxic wastes to 
disposal facilities which ultimately discharge in 
areas where such wastes can percolate to ground 
waters usable for domestic and municipal 
purposes are prohibited. 

 
 E. RADIOACTIVITY 
 

 Ground waters designated for use as domestic or 
municipal supply (MUN) shall not contain 
radioactive material in excess of the limits 
specified in California Code of Regulations, Title 
22, Chapter 15, Article 5, Sections 64441 and 
64443.  The limits contained in Section 64443 are 
included under item "II.M. Radioactivity", in this 
Chapter. 

 
 F. GROUND WATER OVERDRAFT 
 
 A number of ground water basins in the Region 

are in overdraft, and in some areas there have 
been indications of possible increase of mineral 
content of the ground water.  Investigative studies 
will be conducted to develop ground water 
objectives and implementation plans for the 
following ground water basins: 

 
 - Indio Subarea of the Whitewater Hydrologic 

Unit 
 
 - Warren Subunit of the Joshua Tree 

Hydrologic Unit 
 
 - Twentynine Palms Subunit of the Dale 

Hydrologic Unit 
 
 - Borrego Subarea of the Anza-Borrego 

Hydrologic Unit 
 
 - Lucerne Hydrologic Unit 
 
 - Terwilliger Subarea of the Anza-Borrego 

Hydrologic Unit 
 
 - Ocotillo Subunit of the Anza-Borrego 

Hydrologic Unit 
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Sarah Spano

From: CHRISTINA CARO [christina@lozeaudrury.com]
Sent: Wednesday, May 23, 2012 2:41 PM
To: michelem@smwd.com
Cc: Cadiz Project
Subject: Cadiz Valley Water Conservation, Recovery, and Storage Project (SCH 2011031002)

Follow Up Flag: Follow up
Flag Status: Flagged

Ms. Miller: 

This follows my voicemail to you.  I was referred to you by Tom Barnes of ESA to inquire about the planned 
public release date of the Final EIR for the Cadiz Aqueduct Project (SCH 2011031002), and also to confirm that 
the Water District will be forwarding our office a copy of the Final EIR once released, pursuant to our 
December 11, 2011 CEQA and Land Use notice request letter (attached again for reference).  I understand that 
the Draft EIR comment period closed on March 14, 2012, and that a Final EIR is currently being prepared. 

If you could advise when the Final EIR will be released, and confirm that we will be sent a copy (electronically 
by email, if possible), I would appreciate it.  Thank you.   
Regards,
Christina M. Caro
Associate Attorney  
Lozeau | Drury LLP
410 12th Street, Suite 250 
Oakland, CA 94607
ph:  (510) 836-4200
fax: (510) 836-4205
christina@lozeaudrury.com

Confidentiality Notice: This message and any attachment(s) may contain privileged or confidential information. 
Unauthorized interception, review, use or disclosure is prohibited by law. If you received this transmission in 
error, please notify the sender by reply e-mail and delete the message and any attachments. Thank you. 
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Sarah Spano

From: CHRISTINA CARO [christina@lozeaudrury.com]
Sent: Wednesday, May 23, 2012 2:50 PM
To: michelem@smwd.com
Cc: Cadiz Project
Subject: Re: Cadiz Valley Water Conservation, Recovery, and Storage Project (SCH 2011031002)
Attachments: 2011.12.12 Cadiz Aqueduct Notice Request.pdf

Follow Up Flag: Follow up
Flag Status: Flagged

Ms. Miller:  I neglected to attach our December 12, 2011 notice request letter to my last email.  It is attached 
here for the District's reference.  Thank you. 

Christina M. Caro
Associate Attorney  
Lozeau | Drury LLP  
410 12th Street, Suite 250 
Oakland, CA 94607
ph:  (510) 836-4200
fax: (510) 836-4205
christina@lozeaudrury.com

Confidentiality Notice: This message and any attachment(s) may contain privileged or confidential information. 
Unauthorized interception, review, use or disclosure is prohibited by law. If you received this transmission in 
error, please notify the sender by reply e-mail and delete the message and any attachments. Thank you. 

From: CHRISTINA CARO <christina@lozeaudrury.com>
To: "michelem@smwd.com" <michelem@smwd.com>
Cc: "cadizproject@esassoc.com" <cadizproject@esassoc.com>
Sent: Wednesday, May 23, 2012 2:40 PM 
Subject: Cadiz Valley Water Conservation, Recovery, and Storage Project (SCH 2011031002)

Ms. Miller: 

This follows my voicemail to you.  I was referred to you by Tom Barnes of ESA to inquire about the planned 
public release date of the Final EIR for the Cadiz Aqueduct Project (SCH 2011031002), and also to confirm that 
the Water District will be forwarding our office a copy of the Final EIR once released, pursuant to our 
December 11, 2011 CEQA and Land Use notice request letter (attached again for reference).  I understand that 
the Draft EIR comment period closed on March 14, 2012, and that a Final EIR is currently being prepared. 

If you could advise when the Final EIR will be released, and confirm that we will be sent a copy (electronically 
by email, if possible), I would appreciate it.  Thank you.   
Regards,
Christina M. Caro
Associate Attorney  
Lozeau | Drury LLP  
410 12th Street, Suite 250 
Oakland, CA 94607
ph:  (510) 836-4200
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fax: (510) 836-4205
christina@lozeaudrury.com

Confidentiality Notice: This message and any attachment(s) may contain privileged or confidential information. 
Unauthorized interception, review, use or disclosure is prohibited by law. If you received this transmission in 
error, please notify the sender by reply e-mail and delete the message and any attachments. Thank you. 
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Sarah Spano

From: CHRISTINA CARO [christina@lozeaudrury.com]
Sent: Friday, May 25, 2012 4:20 PM
To: michelem@smwd.com; cadizproject@smwd.com; Cadiz Project
Subject: Public Records Act Request re Cadiz Valley Water Conservation, Recovery and Storage 

Project
Attachments: 2012.05.25 PRA Request to District re Cadiz Draft EIR Comments.pdf

Follow Up Flag: Follow up
Flag Status: Flagged

Dear Ms. Miller, Mr. Barnes: 

Attached please find a Public Records Act request regarding the Cadiz Valley Water Conservation, Recovery 
and Storage Project.  Hard copies of the request will follow by mail. 

This also follows my telephone conversation of May 23, 2012 with Ms. Miller.  In our conversation, she 
confirmed that my office would be notified by email and mail when the Final EIR for the Cadiz Project is 
released, and of the opening of the comment period on the Final EIR, pursuant to our December 2011 Notice 
Request already on file with the District.   

Thank you. 

Regards,
Christina M. Caro
Associate Attorney  
Lozeau | Drury LLP  
410 12th Street, Suite 250 
Oakland, CA 94607
ph:  (510) 836-4200
fax: (510) 836-4205
christina@lozeaudrury.com

Confidentiality Notice: This message and any attachment(s) may contain privileged or confidential information. 
Unauthorized interception, review, use or disclosure is prohibited by law. If you received this transmission in 
error, please notify the sender by reply e-mail and delete the message and any attachments. Thank you. 
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Sarah Spano

From: CHRISTINA CARO [christina@lozeaudrury.com]
Sent: Friday, May 25, 2012 4:20 PM
To: michelem@smwd.com; cadizproject@smwd.com; Cadiz Project
Subject: Public Records Act Request re Cadiz Valley Water Conservation, Recovery and Storage 

Project
Attachments: 2012.05.25 PRA Request to District re Cadiz Draft EIR Comments.pdf

Follow Up Flag: Follow up
Flag Status: Flagged

Dear Ms. Miller, Mr. Barnes: 

Attached please find a Public Records Act request regarding the Cadiz Valley Water Conservation, Recovery 
and Storage Project.  Hard copies of the request will follow by mail. 

This also follows my telephone conversation of May 23, 2012 with Ms. Miller.  In our conversation, she 
confirmed that my office would be notified by email and mail when the Final EIR for the Cadiz Project is 
released, and of the opening of the comment period on the Final EIR, pursuant to our December 2011 Notice 
Request already on file with the District.   

Thank you. 

Regards,
Christina M. Caro
Associate Attorney  
Lozeau | Drury LLP  
410 12th Street, Suite 250 
Oakland, CA 94607
ph:  (510) 836-4200
fax: (510) 836-4205
christina@lozeaudrury.com

Confidentiality Notice: This message and any attachment(s) may contain privileged or confidential information. 
Unauthorized interception, review, use or disclosure is prohibited by law. If you received this transmission in 
error, please notify the sender by reply e-mail and delete the message and any attachments. Thank you. 
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Because life is good.CENTER fo r  BIOLOGICAL DIVERSITY

Arizona •• California •• Nevada •• New Mexico •• Alaska •• Oregon •• Minnesota •• Vermont •• Washington •• Washington, DC 

Adam Lazar,  Staff Attorney •• 351 California St., Suite 600 •• San Francisco, CA 94104 
Phone: (415) 436-9682 x320 •• Fax: (415) 436-9683 •• E-mail: alazar@biologicaldiversity.org 

VIA email and U.S. Mail 

May 31, 2012 

Supervisor Josie Gonzales, Chair of Board 
Supervisor Neil Derry 
San Bernardino County Board of Supervisors 
385 North Arrowhead Avenue 
San Bernardino, CA 92415 
supervisorgonzales@sbcounty.gov
supervisorderry@sbcounty.gov

John Schatz, General Manager 
Dan Ferons, Chief Engineer 
Santa Margarita Water District 
26111 Antonio Parkway 
Rancho Santa Margarita, CA 92688 
johns@smwd.com 
danf@smwd.com 

Tom Barnes 
Environmental Science Associates 
626 Wilshire Boulevard, Ste. 1100 
Los Angeles, CA 90017 
FAX: 213-599-4301 
cadizproject@esassoc.com  

RE: Cadiz Valley Water Conservation, Recovery, and Storage Project; Draft 
Environmental Impact Report, State Clearinghouse #2011031002 (“Cadiz Project”) 

MOU Concerning Cadiz Project Exemption from Groundwater Management Ordinance

Request for MOU Inclusion in Record, EIR Analysis of MOU Definitions and Terms, and 
Re-Circulation of EIR for Public Comment (Cal. Pub. Resources Code § 21092.1) 

Dear Supervisors Gonzales and Derry, and Mssrs. Schatz, Ferons and Barnes: 

On May 2, 2012, the San Bernardino County Board of Supervisors approved a 
Memorandum of Understanding (“MOU”) for the Cadiz Water Project, which, when combined 
with the approval of the related Groundwater Mitigation Monitoring and Management Plan 
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(“GMMMP”), exempts the Cadiz Project from the County’s Desert Groundwater Management 
Ordinance.   The MOU is attached as Exhibit ‘A’ to this letter, which was subsequently approved 
by Santa Margarita Water District (“SMWD”) on May 11, 2012.  

Upon careful review, the MOU appears to contain important additional terms and 
conditions neither presented nor analyzed in the Cadiz Project’s Environmental Impact Report 
(EIR) and associated Groundwater Management Mitigation and Monitoring Plan (GMMMP).   
In conjunction with the GMMMP, many of these definitions and terms severely limit the 
County’s monitoring and enforcement abilities.  The MOU also reserves 20% of the water (Term 
11) and 25,000 initial acre-feet (Term 10) for San Bernardino County, conditions whose 
existence—and extensive impacts—are also missing from the EIR and GMMMP, as is a 
description of the presumptive responsible agencies for handling this component of the project.

Many citizens remain unaware that the County’s forthcoming approval of the Cadiz EIR 
(and by association the GMMMP) will also function to fully exempt the project from the 
County’s desert groundwater ordinance.  Such ignorance is a shame, because the MOU operates 
in tandem with the GMMMP to effectively deprive San Bernardino County (or any other local 
government entity) of effective monitoring and enforcement authority over an aquifer fully 
within county boundaries and currently supplying critical water to local ranchers, businesses, and 
the Mojave National Preserve.  At best, the move to exempt the project seems deeply unwise.   

Because SMWD is currently acting as lead agency for environmental review, the Center 
requests SMWD include the MOU in the administrative record for the project, fully analyze the
definitions and terms in the MOU within the context of the EIR and GMMMP, then re-circulate 
the EIR for public review and comment pursuant to CEQA (Public Resources Code § 21092.1).

“Overdraft” Re-Defined 

Safe groundwater extraction is premised on the avoidance of “overdraft.”   Unfortunately, 
the MOU fundamentally re-defines “overdraft” to limit the ability of the County to enforce 
against the concept as it is commonly understood and accepted.   

Here is a definition of annual overdraft in the California Water Code: 

§ 75506.  "Annual overdraft"

"Annual overdraft" means the amount, determined by the board, by which the 
production of water from ground water supplies within the district or any 
zone or zones thereof during the water year exceeds the natural replenishment 
of such ground water supplies in such water year.

 Overdraft isn’t hard to understand: it simply means extracting more water than is being 
replenished.  Yet when this definition is compared with the tortured version of “overdraft” 
introduced in the MOU, it becomes clear that the new definition of “overdraft” functions to 
severely constrain monitoring and enforcement against aquifer drawdown.   
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1. “Overdraft”and Reliance on 10-Year Average 
The MOU defines “overdraft” in Definitions (Term (2)(g)) to be spread over a ten year 

period, and only when “temporary surplus” is exceeded.   Overdraft can and should be measured 
and prevented on an annual basis, not the proposed 10-year period for determination, which will 
force the County or other enforcement authority to wait for 10 years before finding a condition of 
overdraft.  This means that the project could operate with continual deficits for years without the 
County or any other enforcement body being able to stop it or even call it “overdraft,” creating 
an effective barrier to enforcement against harm to the aquifer.  It appears difficult, if not 
impossible, to enact Term 8’s enforcement of “immediate and irreparable harm” provision if the 
project requires waiting 10 years to make a finding of overdraft.   The 10 year provision must be 
analyzed at length in both the EIR and GMMMP to assess the effectiveness of Cadiz project 
enforcement and monitoring.  Even better, the MOU should be revised and the term removed. 

2. “Groundwater Safe Yield” and “Overdraft” 
The MOU’s defines “Groundwater Safe Yield” (Term 2(e)) as avoidance of the limited 

“overdraft” concept of Term (2)(g), even though “safe yield” is normally defined by the SWRCB 
to mean drawdown that adversely impacts the aquifer levels.   “Groundwater safe yield” also is 
defined as “not adversely affecting aquifer health,” but “aquifer health” (Term 2(a)) is only 
defined as the geologic integrity of the aquifer, its storage capacity, and the quality of water 
within the aquifer.   

Such a definition begs the question: is greater storage capacity a sign of “good” or “bad” 
“aquifer health” and why?  Of course, an obvious sign of aquifer health would be its level, but 
this quality is conspicuously absent from the definition.   Thus the “safe yield” concept as 
defined in the MOU (2)(e) does not contemplate aquifer drawdown beyond the strained and 
extremely narrowly-defined definitions of “overdraft” and “aquifer health” present in the MOU.   
Clearly, these terms require careful analysis in the EIR and GMMMP.   

3. “Temporary Surplus” and “Overdraft” 
 Further, the MOU Term 2(j) limits a finding of “overdraft” to where there is no 
“temporary surplus.”   This definition suggests “temporary surplus” is a standard and widely-
accepted concept, but it is not.   The GMMMP presents the concept of “temporary surplus” 
within a crude and incorrect legal analysis (page 33), but the concept is not tied to overdraft in 
the case cited.   More importantly, the argument that “temporary surplus” should be allowed is 
not specified as a required criteria in the GMMMP and EIR as a condition that defeats overdraft.
In other words, the MOU has taken a stretched interpretation of a Supreme Court case and 
transformed it into a legally-enforceable limitation on a finding of “overdraft.”  In fact, the 
Supreme Court case cited by the GMMMP appears to be considers whether water withdrawn is 
being beneficially used, and not whether it is creating an overdraft condition.  At any rate, the 
case does not permit a new definition of “overdraft.”  Further, since re-charge from the Colorado 
River was not considered a full project component, it is impractical and disingenuous to suggest 
that it is now part of the “overdraft” equation when SMWD cannot even say whether recharge 
will occur.  Separately, it appears that SMWD could just increase its estimated recharge amount 
and instantly increase its “temporary surplus” to counter any finding of “overdraft,” making it 
virtually impossible for the condition to be met.  Again, the mere possibility of recharge is not 
sufficient to create “temporary surplus,” and the case cited by the GMMMP does not provide for 
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it to be considered as such.  The additional concepts included in “overdraft” in the MOU, both in 
ten-year measurements and incorporation of a new definition of “temporary surplus,” must be 
considered for their impacts in the ability of the GMMMP to adequately monitor project 
activities and enforce against aquifer depletion.

4. “Undesirable Results” Fails to Include Predicted Recharge Rates
Term 2(k) “Undesirable Results” in the MOU means any of the following: (i) the 

progressive decline in groundwater levels and freshwater storage below a “floor” to be 
established by the County through the GMMMP; (ii) the progressive decline in groundwater 
levels and freshwater storage at a rate greater than the rate of decline to be established by the 
County through the GMMMP where the decline signifies a threat of other physical impacts 
enumerated in this subparagraph 2(k); (iii) land subsidence, (iv) the progressive migration of 
hyper-saline water from beneath the Cadiz or Bristol Dry Lakes toward the Project well sites; (v) 
increases in air quality particulate matter; (vi) loss of surface vegetation; or (vii) decreases in 
spring flows. 

 None of the above terms triggering review under “undesirable results” include the most 
obvious: a drawdown of the aquifer that provides evidence contrary to the Applicant’s claimed 
recharge rates.  In other words, if the Cadiz project is indeed based on the Applicant’s scientific 
recharge studies, then project impact should be judged by whether it meets the recharge rates 
depicted in those studies.  If withdrawal occurs in excess of recharge, the water level will 
decline, and Cadiz project exports should be adjusted to match.  By ignoring the recharge studies 
in the MOU, the Applicant implies these recharge studies are unreliable and cannot be used as a 
solid basis for measuring project impacts.    Without a scientific basis to determine aquifer health 
and overdraft, the determination of “undesirable results” is arbitrary and without basis in law.

 Likewise, it does not appear that any groundwater “floor” as indicated in Term (2)(k) was 
established by the County in the GMMMP, despite this term’s inclusion in the MOU.  If such 
“floor” is indeed buried somewhere in the EIR and GMMMP, it is also unclear on what basis the 
County, as a merely responsible agency for the project, has used as its scientific basis for its 
determination, nor whether alternative “floor” levels were considered.  The determination of the 
“floor” and associated analysis must be included in the GMMMP and EIR.   Likewise, the 
“progressive decline” rate to be determined by the County does not appear to have been set in the 
GMMMP, but the County may not set such a rate, per the terms of the MOU, beyond that which 
causes physical impacts such as subsidence; again, the County is not allowed to set a floor or 
level that would merely place limited use and as a paramount goal—another loss of enforcement 
discretion that should be analyzed in the EIR and GMMMP.

5. Mandatory Arbitration
As a further severe limit to enforcement ability, Term 8 of the MOU allows judicial 

review by the County to enforce against drawdown and unsafe yields only in the event that 
“Overdraft” or “Undesirable Results” occur, which, as explained above, are very limited 
concepts when considered against their common, accepted use outside the scope of definitions in 
the Cadiz MOU.  Without meeting these two conditions, the MOU requires parties to enter into 
arbitration, so that, for example, aquifer measurements which provide evidence that scientific 
estimates of recharge are not being met, would nonetheless be subject to a lengthy arbitration 
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process without the certainty that the County can limit or enforce against this harm.  The use of 
arbitration is not explained or analyzed in the GMMMP and MOU.   The EIR and GMMMP 
should explain the function of the arbitration and explain if and how the County can enforce 
against aquifer drawdown in the instance that the arbitration panel decides against the County, or 
if the County determines there is harm occurring outside of the very limited definitions in the 
MOU for “Overdraft” and “Undesirable Results.”    

Role of Inland Empire Utilities Agency 
As part of the MOU’s additional terms describing a 20% and 25,000 AF reservation of 

water for San Bernardino County, the MOU describes a role for the Inland Empire Utilities 
Agency to take 30,000 acre-feet of water (Term 10(d)).  Please update the EIR to include the 
specific role of IEUA in distributing the water allocated to the County, along with an analysis of 
proposed impacts to its use of 30,000 acre-feet of Project water.

San Bernardino County must act as Lead Agency for EIR, GMMMP, and Exemption 
Finally, the Center once again requests a re-assessment of the role of San Bernardino 

County in the multiple permits and approvals required for the Cadiz project under CEQA.  Cadiz 
is a private project proponent and CEQA requires the County to act as lead agency for the EIR.  
Further, the County was required to perform CEQA review as lead agency under the County 
desert groundwater management ordinance; approving an exemption to the ordinance requires 
the same level of discretionary approval, so that the County must act as lead agency under 
CEQA for the exemption as well.  Under both legal regimes, the County is improperly limiting 
its role to that of a responsible agency, and in doing so, undermining the legality of the EIR, the 
GMMMP, and the exemption from County law.    

 Thank you for your attention to these matters.   

Sincerely,

Adam Lazar 
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Sarah Spano

From: Anuj Shah [anujshah@college.harvard.edu]
Sent: Wednesday, June 20, 2012 1:47 PM
To: Cadiz Project
Cc: michelem@smwd.com
Subject: Final Environmental Impact Report

Hi Tom,  

We spoke on the phone earlier and you had mentioned that I forward my questions to Michele (cc'd). Michele 
mentioned that you would be able to put me on he mailing list that will notify me when the Final EIR is 
released. Could you add me to the list? Also, would I be able to attain the public comments that were made on 
the last EIR? 

Best,
Anuj
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Sarah Spano

From: Claudia Sall [sallwildlands@gmail.com]
Sent: Sunday, June 24, 2012 2:38 PM
To: Cadiz Project
Subject: cadiz valley water project

dear mr. barnes 
the dec 2011 deir on this project included references citing the cadiz groundwater montoring reports #'s 6, 10, 
11, 12, 13. 

your contact number is listed on the smwd website.  i would like digital copies of these reference documents 
and request that they are made available.    

i look forward to your response. 

claudia sall 
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