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SUMMARY

The Quality of Water, Colorado River Basin, Progress Report is prepared
and updated every 2 years to summarize the status of water quality in the
Colorado River Basin (Basin). Although several water quality parameters are
reviewed, salinity is by far the most serious and is allotted a major portion
of this report.

The Colorado River provides municipal and industrial water for over 18
million people in 7 states and irrigation water to over 1.7 million acres of
land. The Colorado River Basin reservoirs now have a combined storage
capacity of about 60 million acre-feet. While water quality is generally
adequate for industries, wildlife and livestock watering, and public water
supplies, nutrient loading to the main stem reservoirs is becoming a problem
as development and its associated pollution increase.

Increases in phosphorus and nitrogen compounds that are essential to the
growth of algae, the base of the food chain in reservoirs, are causing some
portions of the reservoirs to become eutrophic (overly productive).
Eutrophication of reservoirs can impair municipal, industrial, and
recreational uses by causing taste and odor problems, creating toxins, and
reducing the dissolved oxygen available for fish.

While nutrients in some reservoirs are causing them to become eutrophic,
reservoirs further downstream are becoming nutrient poor due to the trapping
of nutrients in the upstream reservoirs. This has the effect of reducing the
productivity of the fisheries by limiting their food supply. Studies are
described in Parts III and IX which help to define and resolve some of these
problems in the Colorado River Basin.

Another major concern in the Colorado River Basin is the threat of
salinity in both the United States and the Republic of Mexico. Increases in
salinity are important in the Basin because of the impact of salinity on crops
and on municipal and industrial users. The higher salinity increases water
treatment costs, damages plumbing and fixtures, increases maintainance on
pumps and distributions systems, lowers crop yields, and increases the need
for special drainage facilities on farms.

Historically, the Colorado River carries about 9 million tons of salt
past Hoover Dam in 10 million acre-feet of water per year. The salinity comes
from natural diffuse sources, saline springs, and agricultural sources;
natural sources add almost half the total salt load, irrigation return flows
add over one-third, and a minor part of the salt load added is from municipal
and industrial sources.

Development in the Basin, which reduces the flow of the river and its
ability to dilute the salt in the river, is projected to reduce the flow in
the river by 2.7 million acre-feet per year by 2010, causing salinity to
increase dramatically. To maintain the salinity at acceptable levels in the
United States and to meet our ohligations with Mexico, several laws have been
passed by Congress.




Public Laws 93-320 and 98-569 authorized the Secretaries of the
Department of the Interior and Department of Agriculture to enhance and
protect the quality of water available in the Colorado River for use in the
United States and the Republic of Mexico. Under Title I a desalting plant,
brine discharge canal, and other features will enable the United States to
deliver water to Mexico having an average salinity no greater than 115 parts
per million (ppm) + 30 ppm over the annual average salinity of the Colorado
River at Imperial Dam.

The acts also authorized the Secretary of the Interior to construct five
salinity control units. Another unit was completed in a verification program.
Further;, the Secretary was directed to undertake research on additional
methods -to control salinity and to cooperate with the Department of
Agriculture and others.

In 1985, the salinity level in the Colorado River at Imperial Dam was 607
milligrams per liter (mg/L). Reclamation and Agriculture controls to date are
removing 126,800 tons of salt annually from the river system. The salinity at
Imperial Dam is projected to reach an average of 963 mg/L by the year 2010
without further controls. Peak salinities are predicted to approach 1,200
mg/L in some years. Over a million tons of salt per year will need to be
removed by the year 2010 to maintain average salinity below the numeric
criteria level of 879 mg/L at Imperial Dam. Even at this level of salinity
reduction, there will still be temporary but significant excursions beyond 879
mg/L due to the natural variations in climatic conditions and water usage.




PART I. INTRODUCTION

The Quality of Water, Progress Report, No. 13 (Progress Report) was
prepared by the U.S. Bureau of Reclamation (Reclamation) of the Department of
the Interior (DOI), in cooperation with the U.S. Department of Agriculture
(UsDA), other agencies of the Department of the Interior including the U.S.
Geological Survey (USGS) and the Bureau of Land Management (BLM); the
Environmental Protection Agency (EPA); and the Colorado River Basin States of
Arizona, California, Colorado, Nevada, New Mexico, Utah, and Wyoming. This
Progress Report is the latest in a series of 13 biennial reports beginning in
1963.

Part I covers the authorization and legal aspects of this report. Part
II gives a brief decription of the Colorado River Basin, the subject of this
report. Part III summarizes several perspectives by the Basin States and
Federal Government on the water quality in the Basin. Part IV reviews the
causes and effects of the most significant problem in the basin, salinity.
Part V looks at the salinity problem in more depth, discussing many of the
factors which affect salinity. Part VI details present and future
developments which will affect salinity in Basin. Part VII summarizes details
of the Colorado River Salinity Control Program which is meant to offset the
effects of development and preserve the resource for irrigation, municipal,
industrial, and other uses. Part VIII summarizes the results of the Colorado
River Simulation System (CRSS) salinity projections. The projections start at
present conditions in 1986 and predict flow and salinity through the year
2010. Finally, Part IX summarizes water quality studies which are relevant to
the purpose of this report.

A. Authorization for Report

This is the 13th biennial progress report on quality of water in the
Colorado River Basin. The directive for preparing this report is contained in
four separate public laws—Public Law 84-485, Public Law 87-483, Public Law
87-590, and Public Law 93-320.

Public Law 84-485 states:

"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."

Public Law 87-483 states:

"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
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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 stipulates 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 2 fiscal years; 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)."

Nothing in this report is intended to interpret the provision of the
Colorado River Compact (45 Stat. 1057), the Upper Colorado River Basin Compact
(63 Stat. 31), the Water Treaty of 1944 with the United Mexican States (Treaty
Series 994; 59 stat. 1219), the decree entered by the Supreme Court of the
United States in Arizona vs. California et al. (376 U.S. 340), 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), or the Colorado River Basin Project Act (82 Stat.
885; 43 U.s.C. 1501).

B. Legal Aspects

1. Water Quantity

Apportionment of Colorado River water has been accomplished by the
Colorado River Compact of 1922, the Mexican Treaty of 1944, the Upper Colorado
River Basin Compact of 1948, and the U.S. Supreme Court (State of Arizona vs.
California et al., 1964).

The first of these, the Colorado River Compact, divided the Colorado
River between the Upper and Lower Basins at Lee Ferry (just below the
confluence of the Paria River), apportioned to each 7.5 million acre-feet
annually, and contains provisions governing exportation and obligations to
Indian tribes. Further, the Mexican Treaty of 1944 obligates the United
States to deliver to Mexico 1.5 million acre-feet of Colorado River water
annually.
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The Upper Colorado River Basin Compact of 1948 further apportioned

Colorado River water, allocating to Arizona 50,000 acre-feet annually with the
remaining water allocated to Upper Basin States as follows: Colorado, 51.75
percent; New Mexico, 11.25 percent; Utah, 23 percent; and Wyoming, 14 percent.
The compact permitted the authorization of Federal projects above Lee Ferry.
States of the Lower Basin, however, did not agree to a compact for the
apportionment of waters in the Lower Colorado River Basin; accordingly, a
Supreme Court decree (Arizona vs. California et al.) in 1964 allocated use of
the mainstream of the river below Lee Ferry among California, Nevada, and
Arizona and of the Gila River between the States of Arizona and New Mexico.
The decree also permitted Federal water projects and the development of Indian
tribal lands to proceed.

2. Water Quality

Although a number of water quality related legislative actions have
been taken on the State and Federal levels, four 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), the Colorado River Basin Salinity Control Act of 1974 as
ammended, and the Clean Water Act of 1977 as ammended. Also central to water
quality issues are agreements with Mexico on Colorado River system waters
entering that country.

The first of these, the Water Quality Act of 1965 (Public Law
89-234), amended the Federal Water Pollution Control Act and established a
Federal Water Pollutioun Control Administration (now 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 which did not include numeric salinity criteria for
the Colorado River, primarily because of technical constraints. In 1972, the
States agreed to a policy which called for the maintenance of salinity
concentrations in the Lower Colorado River system at or below existing levels,
while the Upper Basin States continued to develop their compact-apportioned
waters, The States suggested that Reclamation should have primary
responsibility for investigating, planning, and implementing the proposed
Colorado River Basin Salinity Control Program.

The enactment of the Federal Water Pollution Control Act Amendment
of 1972 affected salinity control in that the legislation was interpreted by
EPA to require numerical standards for salinity in the Colorado River. 1In
response, the Basin States founded the Colorado River Basin Salinity Control
Forum (Forum) to develop 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
standard called for maintenance of flow-weighted average total dissolved
solids (TDS) concentrations of 723 milligrams per liter (mg/L) below Hoover
Dam, 747 mg/L below Parker Dam, and 879 mg/L below Imperial Dam. Included in
the plan of implementation were four salinity control units and possibly
additional units, the application of effluent limitations, the use of saline
water whenever practicable, and future studies. The standards are to be
reviewed at 3-year intervals. All of the Basin States adopted the 1975 Forum
recommended standards.
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The Colorado River Basin Salinity Control Act of 1974 (Public Law
93-320) provided the means to comply with United States obligations to Mexico
which included as a major feature a desalting plant and brine discharge canal.
These facilities will enable the United States to deliver water to Mexico
having an average salinity no greater than 115 parts per million (ppm) + 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 1984, the Forum reviewed the salinity standards which were
adopted by all of the 7 Basin States and recommended the construction of 3 of
the 4 salinity control units and 10 of the 12 projects identified in the 1974
act, the placing of effluent limitations on industrial and municipal
discharges, and the reduction of the salt loading effects of irrigation return
flows. The plan also called for the inclusion of water quality management
plans to comply with Section 208 provisions after the adoption of the plans by
the States and approval by EPA. It also contemplated the use of saline water
for industrial purposes and future salinity use control methods.

Public Law 98-569, signed October 30, 1984, amends Public Law
93-320. The Colorado River Basin Salinity Control Act, as now amended,
provides the authority for the pursuit of salinity control measures, primarily
by the Department of the Interior and the Department of Agriculture, that will
allow for the necessary salinity controls on the river to be put in place
through the year 2000. It will insure, if implemented, compliance with the
numeric criteria at least through the year 2005.

The 1974 act has required that there be repayment for the units
authorized in Public Law 93-320 in the amount of 25 percent over 50 years
without interest. Public Law 98-569 directs the Secretary of Agriculture to
target for 30 percent local cost sharing for the implementation of on-farm
improvement programs. Additionally, 30 percent of the balance of the
Department of Agriculture’s cost-share program and 30 percent of the costs of
the Department of the Interior’s newly authorized programs will be reimbursed
to the Federal treasury from the Upper and Lower Basin Funds.

C. Participants in the Salinity Control Program

Reclamation was delegated the coordinating role for the Secretary of
the Interior; and the Chief, Colorado River Water Quality Office, was
appointed the designated salinity control liaison officer for the Department
of the Interior. As liaison officer, he coordinates the overall salinity
control program with the U.S. Department of Agriculture (USDA), the
Environmental Protection Agency (EPA), the Colorado River Basin Salinity
Control Advisory Council, and the Colorado River Basin Salinity Control Forum
(Forum).

In 1985, a USDA Basin Coordinator position was established to assist
in carrying out the Colorado River salinity program. The position is
responsible for coordination and evaluation of USDA salinity control
activities in the Basin. The Coordinator, headquartered at the Bureau of
Reclamation, Colorado River Water Quality Office in Denver, Colorado, is the
primary point of contact between the Reclamation and USDA agencies. The
coordinator is also responsible for providing salinity control program
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assistance for the seven Basin State conservationists of SCS; Director, West
National Technical Center; and other Federal, State, and local entities and
organizations.

USDA involvement is provided primarily by the Agricultural
Conservation and Stabilization Service and the SCS. Working through the USDA
Salinity Control Coordinating Committee and the Director of Land Treatment
Program Division as the designated USDA salinity control liaison officer, ASCS
and SCS provide major program management leadership and overall program
coordination with Reclamation. However, USDA agencies and Title II on-farm
salinity control programs are funded and implemented separately from
Reclamation programs.

Currently, USDA implementation efforts are administered under
existing program authorities since line item funding has not been authorized
as of 1986. Financial assistance and landowner cost-share funding are being
provided through specific appropriation language for the Agricultural
Conservation Program (ACP) within the ASCS. SCS funding for technical
assistance and monitoring are not specifically appropriated; therefore, the
agency must rely upon the existing Conservation Technical Assistance support
to implement on-farm salinity control measures.

The Agricultural Research Service (ARS), the Cooperative State
Research Service, and the Extension Service also play a vital role in the
salinity control program. The ARS conducts research on irrigation water and
soil management, water delivery system design, and operational practices. The
Extension Service carries out educational programs to advise irrigators on
water, soil, and crop management in saline areas.

The Fish and Wildlife Service (FWS) also participate in the
implementation and progress of the CRWQIP. FWS provides guidance for
replacing wildlife habitat potentially lost primarily through canal and
lateral lining and on-farm programs.

The U.S. Geological Survey (USGS), Water Resources Division operates
and maintains a network of 22 streamflow and water quality stations in the
Colorado River drainage basin that are used in salinity program analysis. In
addition to maintaining this hydrologic data network, the USGS has been
conducting studies which analyze the time variations in salinity and define
the influence of development on salinity. These studies will be completed by
the end of fiscal year 1986 with reports available early in fiscal year 1987.
Summaries of some of the draft reports are included in Part IX.

The Bureau of Land Management (BLM) has identified many salinity
source areas on public lands. Effective management of these areas, which may
include structures, is currently being considered.

The major EPA programs dealing with salinity control (Water Quality
Standards, Water Quality Management Planning, and NPDES permits) are largely
delegated to the States. EPA maintains oversight and/or approval
responsibilities for these delegated programs.

The Colorado River Basin Salinity Control Advisory Council was
established by Public Law 93-320. The Advisory Council is composed of up to
three representatives appointed by the governor of each Basin State. It
receives reports from the various Federal agencies working on the salinity
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control program and makes recommendations to the Secretaries of the Department
of the Interior and USDA and the Administrator of the EPA on the progress of
implementation of the salinity control program.

The Colorado River Basin Salinity Control Forum was established in
1973 as a mechanism for interstate cooperation and to develop and adopt water
quality standards for salinity, including numeric criteria, on the Colorado
River.

The standards were published in 1975 and were based on the objective
of maintaining salinity concentrations at or below the 1972 levels found in
the lower main stem while allowing the Basin States to continue to develop
their compact apportioned waters. The Forum is composed of up to three
representatives appointed by the governor of each of the Basin States. The
seven Colorado River Basin States--Arizona, California, Colorado, Nevada, New
Mexico, Utah, and Wyoming have an important role in the salinity control
effort. They are responsible for the control of the discharge of total
dissolved solids from point discharges through the NPDES permit program.
California, Colorado, Nevada, and Wyoming have authority to issue all types of
NPDES permits; New Mexico and Arizona prepare permits and forward them to EPA
for issuance; and Utah issues its minor industrial permits while EPA handles
the major industrial permits.

The States have primary responsibility for the adoption and
enforcement of water quality standards. The numeric criteria (standards)
established at Hoover, Parker, and Imperial Dams are 723 mg/L, 747 mg/L, and
879 mg/L, respectively. In addition to NPDES permits, the States have
developed water quality management plans to conform with the requirements of
Section 208 of the Clean Water Act.
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PART II. DESCRIPTION OF BASIN

The Colorado River Basin encompasses portions of seven states: Wyoming,
Utah, Colorado, Nevada, New Mexico, Arizona, and California. The river flows
over 1,400 miles from its headwaters in Wyoming and Colorado. It joins with
tributaries from Utah and New Mexico; flows through the Grand Canyon; provides
state boundaries for Nevada, Arizona, and California; flows through the
Republic of Mexico; and terminates in the Gulf of California.

The Colorado River provides municipal and industrial water for over 18
million people and irrigation water to 1.7 million acres. The river, however,
carries about 9 million tons of salt annually past Hoover Dam. Projections
indicate salinity levels increasing beyond numeric standards if controls are
not implemented, even though recent high flows have flushed the major
reservoirs. The result has been significantly lowered salinity levels at
Imperial Dam——from an annual average of 826 mg/L in 1982 to 607 mg/L in 1985.

A. Climate

Extremes of temperature in the Colorado River Basin range from -50 to
130 degrees F. The northern portion of the Basin is characterized by short,
warm summers and long, cold winters; and many mountain areas are blanketed by
deep snow all winter. Much of the area consists of high basins or valleys
with cold winters and hot, dry summers. The southern desert portion of the
Basin has long, hot summers, practically continuous sunshine, and almost
complete absence of freezing temperatures. Rainfall averages 2.5 inches per
year in the southern end of the Basin while total precipitation in the
mountains reaches 40 to 60 inches annually.

B. Hydrology

The Colorado River begins where peaks rise more than 14,000 feet in the
northwest portion of Rocky Mountain National Park in Colorado, 70 miles
northwest of Denver. It meanders southwest for 640 miles through the Upper
Basin to Lee Ferry.

The Green River, the major tributary of the Colorado River, rises in
western Wyoming and discharges into the river in southeastern Utah--730 river
miles south of its origin and 220 miles above Lee Ferry. The Green River
drains 70 percent more area than the Colorado River above their junction but
produces only about three-fourths as much water. The Gunnison and San Juan
Rivers are the other principal tributaries of the Colorado River in the Upper
Basin.

The Colorado River Basin has a total area of approximately 244,000 square
miles, carrying an average annual virgin flow of 13 to 15 million acre-feet at
Lee Ferry. Of this flow, more than 5 million acre-feet per year are exported
to the Arkansas and Missouri River Basins, the Great Basin, southern
California, and the Rio Grande Basin.
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The Colorado River Basin is an arid or semiarid basin. Compared to
others, such as the Columbia Basin which drains approximately the same area,
it carries a smaller flow, as shown in the following table. while the
Colorado River is one of the major drainage basins in the continental United
States, its runoff is about equal to that of the Delaware River which drains a
much smaller area.

Table II-1. Comparison of river basin drainage and runoff.

Area Runoff Runoff per
(1,000 square (million acre- unit area
River basin miles) feet per year) (inches/years)
Colorado 244 15 1.15
-Mississippi 1,234 440 6.7
Columbia 258 180 13.1
Delaware 12 14 20.9

The flow at various points in the Colorado River Basin for the 1941-83
period is given in Tables 1 through 20 at the end of this report. The records
of flow depict wide fluctuations from month to month and considerable
variations from year to year. The storage reservoirs presently reduce some of
the fluctuation in the reaches below the major dams.

C. Reservoir Storage

wet and dry cycles have played a significant role in bringing about the
development of the Colorado River Reservoir complex. In the past, the annual
flow of the river has varied from less than 6 million to over 20 million
acre-feet per year. The reservoir system allows sufficient storage water to
maintain the flows of the river to meet downstream needs during dry periods.

The construction and filling of the main stem reservoirs of the Colorado
River Basin have brought about significant changes in the flow patterns of the
river. 1In addition to the major reservoirs, numerous smaller reservoirs have
been built on many of the tributaries. Since major storage began with Lake
Mead in 1935 and concluded with the filling of Lake Powell in 1980, the
Colorado River Basin reservoirs now have a combined storage capacity equal to
approximately four times the total average annual virgin (undepleted) flow of
the entire Colorado River.

The flow of the San Juan River is controlled by the Navajo Dam, the Green
River by Fontenelle and Flaming Gorge Dams, and the Gunnison River by the
Wayne N. Aspinall Unit Dams. Glen Canyon Dam is the only major dam on the
main stem of the Colorado above Lee Ferry, but it will permit control of
almost all flows leaving the Upper Basin.

Lake Mead, formed by Hoover Dam, supplies most of the storage and
requlation in the Lower Colorado River Basin, providing for irrigation,
municipal and industrial uses, power generation, flood control, recreation,
and many other beneficial uses.

Lake Mohave, the reservoir formed by Davis Dam, backs water at high
stages about 67 miles upstream to the tailrace of Hoover Powerplant. Storage
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in Lake Mohave is used for some reregulation of releases from Hoover Dam, for

meeting treaty requirements with Mexico, and for developing power head for the
production of electrical energy at Davis Powerplant. The river flows through

a natural channel for about 10 miles below Davis Dam at which point the river

enters the broad Mohave Valley 33 miles above the upper end of Lake Havasu.

Lake Havasu backs up behind Parker Dam for about 45 miles and serves as a
forebay from which the Metropolitan Water District of Southern California
pumps water into the Colorado River Aqueduct. Lake Havasu also serves as
forebay for the Central Arizona Project pumping plants and aqueducts. Lake
Havasu and Alamo Dam and Reservoir, on the Bill Williams River, are used to
control floods originating below Davis Dam and above Parker Dam.

Headgate Rock Dam, Palo Verde Diversion Dam, and Imperial Dam all serve
as diversion structures with practically no storage. Imperial Dam, located
some 150 miles downstream from Parker Dam, is the major diversion structure to
irrigation projects in the Imperial Valley and Yuma areas. It diverts water
on the right bank to the All American Canal, which delivers water to the Yuma
Project in Arizona and California and Imperial and Coachella Valleys in
California. It diverts on the left bank to the Gila Gravity Main Canal.

The Senator Wash Dam, an offstream storage facility, also affords
regulation in the vicinity of Imperial Dam and assists in the delivery of
water to Mexico. This facility is used for pumpback storage and recreation.

The Morelos Dam is located just below the Northern International Boundary

with Mexico and is the last dam on the Colorado River. This small diversion
dam diverts water into the Alamo Canal which delivers water to northern Mexico.

D. Geology and Soils

The geology of the Colorado River Basin is highly varied. Igneous,
metamorphic, and sedimentary rock types are present and range in age from
approximately 625 million years old to recent alluvial deposits. Structural
features, including anticlines, domes, and faults, contribute to both the
topographic relief and the geohydrology of the region.

Several of the sedimentary formations in the Basin were deposited in
marine or brackish water environments. Occurrences of bedded and disseminated
sodium chloride (halite) and calcium sulfate (gypsum) are observed as are
clays with high contents of exchangeable sodium and magnesium.

The soils of the Colorado River Basin closely resemble the geologic
formations from which they were derived. Residual soils derived from shale or
sandstone are generally shallow. These soils can contain appreciable soluble
mineral content due to residuum and secondary mineral formation from the
parent material. Upon weathering or irrigation, salts may accumulate on or
near the surface due to evaporation or consumptive use by plants.

Soils derived from alluvial materials vary in composition and thickness.
The deposits vary in origin and range from alluvial fans and terraces to
outwash plains and lake sediments. Some soils are composed of material
transported short distances. Soils that have been transported longer
distances are well mixed with respect to texture and composition.
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Extensive areas of wind arranged eolian deposits (such as sand dunes)
occur in parts of the Basin. Soils derived from eolian materials are
uniformly textured and generally reddish brown in color. These are excellent
agricultural soils when topography does not make farming prohibitive.
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PART ITII. COLORADO RIVER WATER QUALITY ASSESSMENT

An important objective of this water quality investigation is to assess
the suitability of Colorado River water for various beneficial uses. The
Water Quality Office or Department of Health of each State was asked to submit
an inventory of water pollution problems and/or priorities for users of the
Colorado River water within its State. Section H, Main Stem Reservoir
Quality, summarizes some of the water quality concerns of the Bureau of
Reclamation.

A. Wyoming

Eutrophication of Flaming Gorge Reservoir.--Eutrophication of Flaming
Gorge Reservoir is a major water quality problem. An overabundance of algae
has resulted in use impairments in the Green River and Blacks Fork Arms of the
reservoir. The impaired uses result from a shift from game to nongame fish
species and decreased boating and fishing due to aquatic growth snagging
propellers and fishing gear. Eutrophication has impaired the fishery,
recreational, and esthetic value of the reservoir. Flaming Gorge Reservoir is
the most important recreational area in southwestern Wyoming. The 1978 Clean
Water Report for Southwestern Wyoming estimated the economic benefits derived
from recreation at over $8 million.

Studies indicate that the reservoir is phosphorus limited. Geologic or
natural erosion is estimated to contribute 50 to 60 percent of the total
phosphorus load. Municipal and private wastewater treatment plants contribute
an estimated 11 percent of the load while nonpoint sources such as overgrazed
rangeland, channel modification, and manure runoff were identified as
significant.

Effective management strategies are limited by the lack of detailed
knowledge regarding the limnology of Flaming Gorge Reservoir, conflicts
between competing uses, and the fact that it may not be feasible to control
the eutrophication rate so as to protect beneficial use. A task force has
been established and a technical proposal developed involving the numerous
State and Federal agencies concerned with this problem. Studies are being
conducted by Reclamation, the University of Wyoming, Utah State University,
and Western Wyoming College in cooperation with the Wyoming Department of
Environmental Quality and the EPA to evaluate possible solutions.

Salinity of Green River Basin,——The primary impact of salinity loads and
concentration in the Green River system is on water users on the Lower
Colorado River. The salinity levels in the Green River Basin within the State
of Wyoming are generally within acceptable criteria for existing uses. Most
of the increased load comes from the area encompassing the Big Sandy River
drainage. The salt loading is due to nonpoint sources associated with
geologic erosion, overgrazing, irrigation return flows, and natural ground
water discharges.

Although the water quality is generally adequate for industries, wildlife
and livestock watering, and public water supplies, studies have identified
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some isolated problems and costs associated with these uses. Potential
industrial and domestic benefits from salinity control are estimated to be $2
million per year. Impairment of wildlife and livestock watering is indicated
in some reaches due to high chloride, sulfate, and TDS concentrations.
Impairment of public water supplies is indicated in several reaches due to
sulfate concentration.

The State of Wyoming is a member of the Colorado River Salinity Control
Forum and is seeking reduced salinity levels through (1) the Big Sandy River
Unit, (2) implementation of Forum policy for control of salinity through a
National Pollutant Discharge Elimination System (NPDES) permit, (3)
implementation of nonpoint source controls through the water quality
management planning process, and (4) participation with the Forum in other
measures to control salinity.

Other Water Quality Problems.——Although eutrophication of Flaming Gorge
Reservoir and salinity loading are the major problems in the Green River
Basin, there are other isolated impairments of use. Both secondary and
primary contact recreation are impaired as a result of high fecal coliform
concentrations, and the fishery is impacted by un-ionized ammonia, heavy
metals, low temperatures, and turbidity.

B. Utah

Data analyzed from October 1983 through September 1985 generally indicate
that total phosphate levels are moderately exceeding the criteria for assigned
beneficial uses statewide. Concentrations of total phosphates have increased
in most streams as a result of the wetter climate. These increases are due to
the increased amounts of overland flow and inundation of vegetated areas.
Phosphorus is easily leached from soils and decaying organic matter and can be
carried in organic and inorganic colloids. Total phosphates come from
natural, agricultural, constructional, recreational, mining, and municipal
sources. Natural sources of total phosphates are from rock minerals which
contain phosphorus. These minerals, namely calcium orthophosphate, are
widespread and found in igneous rock and in marine sediments. Phosphate
fertilizers contribute total phosphate to stream systems from overland runoff
where these fertilizers have been applied. Phosphorus is also a component of
domestic wastewater and is carried through the treatment process.

Point sources of pollution can present water quality problems anywhere
they are located but are usually more significant in highly populated areas.
Wastewater treatment facilities concentrated in certain drainages because of
increasing populations can seriously impact receiving streams.

Many of the remaining water quality problems result from nonpoint sources
rather than point source discharges. Nonpoint sources of pollutants include
natural geologic formations, failing individual wastewater disposal systems,
urban sources, hydrologic modifications, agriculture, mining, recreation,
construction, and silviculture. Natural sandstone formations in eastern and
southern Utah contribute significant amounts of sediments through erosion.
Natural deposits of salts, phosphates, fluorides, nutrients, and arsenic also
contribute to water quality degradation.

Most of the water allocated in Utah is for agricultural use, resulting in
one of the primary sources of man induced nonpoint pollution. Diversion of
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waters for irrigation tends to concentrate salts and solids in original stream
channels. Return flow discharges add salts, nutrients, and sediments from
croplands into stream channels. Overland runoff contributes salts, sediments,
and nutrients from nonirrigated croplands and coliform bacteria from
pastureland. Minimum till and no till conservation measures, implemented and
supported by Utah agricultural agencies, reduce runoff and runoff associated
chemicals. These conservaticn tillage measures are beneficial advantages in
controlling and reducing agricultural nonpoint source contributions.

Salinity will remain a water quality problem in Utah. High runoff has
decreased total dissolved solid concentrations, but increased flows have
increased total loadings to the Colorado River system. Salinity control is
being implemented in the Uinta Basin. Investigations for salinity control
alternatives are continuing in the Price, San Rafael, and Dirty Devil
drainages. The State will continue to pursue the implementation of salinity
control projects.

C. Colorado

The most significant water quality problems in the Colorado portion of
the Basin relate to the maintenance of the existing high quality waters in
streams and lakes that may be threatened by wastewater from growing
communities and to the rehabilitation of several streams that have been
contaminated by heavy metals from drainage from inactive mine tunnels, mill
wastes, tailing piles, and natural sources. Wastewater treatment plants for
most communities in the Basin were expanded during the last several years to
accommodate the expected increase in population brought about by growth in the
recreation and enerqgy sectors of the economy. The soft market for all energy
fuel sources and high unemployment have left many communities with excess
wastewater treatment capacity.

Ammonia in the un-ionized ammonia form occurs in low concentrations,
particularly in the wintertime. Wasteload allocations for ammonia requiring
advanced wastewater treatment have been developed for the Yampa, Roaring Fork,
and Eagle Rivers. 1If the winter recreational population continues to grow,
the un-ionized ammonia standard for aquatic life may not be met without
advanced wastewater treatment along the San Miguel, Fraser, and East Rivers.

The San Miguel River below Uravan and the Dolores River below the San
Miguel confluence have not consistently met the water quality standard for
un—-ionized ammonia. These river segments downstream from Union Carbide’s
Uravan uranium milling site are the only instance of un-ionized ammonia
attributable to an industrial source in Colorado. The mill has been closed
for the past few years, and ammonia concentration in the river has dropped.

Several headwater streams in the Basin, located in the Colorado mineral
belt, are contaminated with high concentrations of heavy metals, especially
lead, copper, zinc, and cadmium. Drainage from inactive mine tunnels, mill
wastes, and tailing piles is responsible for much of the contamination. The
major streams that do not currently meet water quality standards for metals
within the Basin include segments of the Eagle, Blue, Crystal, Dolores, Slate,
Yampa, Animas, and Uncompahgre Rivers. The State is seeking damages from
companies owning mining properties through NRDS suits on several of these
stream segments.
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Improvement to the quality of Coal Creek by the AMAX Corporation treating
wastewaters of the abandoned Keystone Mine has resulted in the restoration of
aquatic life in Coal Creek. The quality of water in the Slate River below
Coal Creek has also been improved as a result of this treatment.

Two new reservoirs are now under construction, Ridgway in the Gunnison
drainage and McPhee on the Dolores River. Reclamation is monitoring the
inflow to these reservoirs and has agreed to install an aeration system to
prevent Ridgway Reservoir from becoming anaerobic if a condition is found
which allows heavy metals and trace elements to re-enter the water in solution.

Depending on the biological availability of the pollutants from the
sediments into the food chain, the fisheries, or at least the edibility of the
fish flesh, may be impaired in Ridgway Reservoir and, possibly, to a lesser
extent, in McPhee Reservoir. If these reservoirs act as permanent traps for
heavy metals, downstream water quality could benefit. Municipal and
industrial water from Ridgway Reservoir will be provided by an exchange of the
irrigation water for a higher quality source. This will reduce the impacts
from metal pollutants.

Several major sources of salt loading to the Colorado River are found
within Colorado. They include saline springs on the Dolores River in the
Paradox Valley, Glenwood-Dotsero Springs, and agricultural return flows in the
Grand Valley, McElmo Creek, and Lower Gunnison areas.

D. Arizona

Water quality along the Colorado River is protected for agriculture,
aquatic life, drinking water supply, fishing, full body contact recreation,
and wildlife uses by Arizona water quality standards. To determine whether or
not these standards are being met, a sampling program has been implemented.

In 1983 and 1984, 13 locations were sampled in the Colorado River in Arizona.
Six of these locations were sampled ten or more times; seven locations were
sampled one to nine times. The parameters sampled were general field data,
general chemistry, nutrients, dissolved and total metals, microbiology,
radiochemicals, and priority pollutants. The sampling program has helped
identify areas of concern within Arizona and is described in the State Water
Quality Assessment Report prepared to satisfy Sec. 305(b) of the Federal Clean
Water Act.

There is continued concern about meeting secondary drinking water quality
criteria. At Parker Dam, average concentrations of some constituents exceed
the U.S. Public Health Service drinking water recommendations.

A second concern, now that Colorado River water is being delivered to
Central Arizona through the Central Arizona Project, is salinity. Municipal
entities have raised concerns over any increase in salinity. They fear that
an increase in salinity could limit their use of Colorado River water.

E. Nevada
The Colorado River met water quality standards, provided for protection

and propagation of fish and wildlife, and allowed recreational activities in
and on the water. The high water level in Lake Mead continues to contribute
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to improved water quality by diluting the high pollutant loads entering Lake
Mead via Las Vegas Wash. Since July 1981, the municipal dischargers in the
Las Vegas area have installed chemical addition, reducing the phosphate load
to the wash by 90 percent. Attainment of this phosphate reduction has
resulted in the associated reduction of biochemical oxygen demand and
suspended solids loading from these municipal sources to the wash and the
lake. Monitoring conducted during 1983 indicated a high concentration of
chlorophyll-a in the inner Las Vegas Bay despite cutbacks in the phosphorus
loading. The Virgin River, a tributary to Lake Mead, exhibited poor water
quality in terms of bacteria, esthetics, and solids, and very minimal fish
life.

Phosphorus is of concern, chiefly with respect to present and future
domestic use and, secondarily, with respect to recreation and fisheries.
Studies have indicated that in-lake concentrations greater than 0.013 mg/L
will produce algae concentrations which will have adverse effects on
recreation, whereas other studies have implied that more phosphorus is
necessary for fisheries. In view of this, Nevada adopted and implemented the
requirements of no more than a mg/L of phosphorus for all point sources. The
major point sources are the three large municipal facilities along the Las
Vegas Wash.

Salinity, hardness, sulfates, and chlorides are of concern with respect
to domestic use of water from Lake Mead. The present levels appear to be
accepted by the public, although an economic impact is felt as a result of
additional treatment at the point of use and damage to plumbing. Nevada is
doing its part in maintaining present levels by applying the salinity control
policy of the Forum to control the industrial and municipal sources.

Another major concern is the high concentration of ammonia in Las Vegas
Bay. During 1985-86, un-ionized ammonia was observed to be above the chronic
toxicity level. Also, a large blue-green algae bloom occurred in 1986 and had
an adverse effect on the beneficial uses of the bay.

F. California

The salinity of the Colorado River is a matter of great concern to
California. Southern California receives about 65 percent of its total water
supply from the Colorado River, which provides a full water supply to about
800,000 irrigated acres and a full or supplemental supply to about 12 million
people. Because California is located at the lower end of the Colorado River
Basin, the water that it diverts contains all of the dissolved salts that have
entered the river upstream.

Colorado River water is used in California to grow many specialized high
value crops such as avocados, dates, citrus fruits, grapes, and winter
vegetables, as well as basic crops such as cotton, alfalfa, wheat, and sugar
beets. Because of its high salinity, Colorado River water requires special
management so that crop yields may be maintained and low-salt-tolerant plants
will not be damaged or killed. Agricultural areas of California are already
suffering significant economic detriments in their utilization of Colorado
River water. Those detriments will increase if Colorado River salinity levels
are allowed to increase with development of the Colorado River Basin.
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The heavily urbanized areas of southern California receive Colorado River
water distributed by the Metropolitan Water District. Urban water users of
Colorado River water have been experiencing economic detriments due to both
salinity and hardness.

Several hundred thousand water users have installed individual water
softeners on their plumbing facilities, but this process aggravates the
already existing salt balance problems in ground water basins of Southern
California. Blending with other imported water supplies of lcwer salinity is
practiced; however, increased demand on those other supplies for additional
blending to offset Colorado River water salinity increases would have serious
adverse effects. Further, as the salinity of the Colorado River water for
urban use increases, the potential for water reuse decreases, thus increasing
the demand for additional water supplies.

Most of the salinity in the Colorado River derives from sources upstream
from California, but there are local contributions in the Palo Verde Region.
The Bureau of Reclamation, in cooperation with the U.S. Department of
Agriculture and the Palo Verde Irrigation District, has initiated a detailed
study of the sources of salinity and possible control schemes for the Palo
Verde Valley. The Colorado River Basin Salinity Control Forum has developed a
plan for salinity control of the Colorado River. The California Regional
Water Quality Control Board (Region 7), which borders the river, closely
monitors any developments which might impose additional salt loads on the
river.

The primary water quality concern of California is to ensure that the
salinity objectives of the Forum are met. It is therefore essential that the
fiscal and institutional problems be solved so that water quality improvement
projects adequate to maintain the standards are brought on line.

G. New Mexico

No specific salinity problems have been identified within the Colorado
River drainage in New Mexico. Water quality monitoring throughout New Mexico
indicates that stream water quality generally good and is consistent with
standards in over 90 percent of the perennial streams in the State; however,
more than 500,000 tons of salt per year are picked up in the San Juan River
below Farmington, New Mexico. In October 1985, the Bureau of Reclamation
initiated the San Juan River Salinity Study to identify these and other salt
sources in the San Juan Basin. The study is scheduled to be completed in FY
1989.

H. Main Stem Reservoir Quality

Each summer, the upper riverine reaches of Flaming Gorge Reservoir
experience intense blooms of blue-green algae that seriously degrade the water
quality for game fish and recreational boating. There is also evidence that
geochemical processes in the reservoir sediments affect both the intensity of
the algal blooms and the salinity in the overlying water and that the algal
blooms in turn affect the geochemical processes.

At present, it is not known how effective restoration strategies,
including external phosphorus and biological oxygen demand (BOD) loading
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reductions to the Flaming Gorge Reservoir, will be in reducing the intensity
of the algal blooms or in increasing the dissolved oxygen concentrations in
the water column. It is also not known how changes in the limnology of the
riverine reach of the reservoir resulting from mitigative measures will affect
fisheries and water quality in the downstream reaches of the reservoir or in
the tailwater.

Other reservoirs on the Colorado River were found to be nutrient poor in
1981 and 1982 [1). Lake Powell and Lake Mead were oligotrophic, low in
productivity in the primary food chain, on the basis of area-weighted, average
chlorophyll-a concentrations. Lake Mohave and Lake Havasu were found to be
mesotrophic (medium productivity) based on that trophic state criterion. The
oligotrophic/mesotrophic nature of the reservoirs is due to low phosphorus
concentrations that persist in most of the middle to lower Colorado River.

Since, most of the phosphorus is associated with suspended sediments,
sedimentation in the headwaters of Lake Powell effectively retains most of the
phosphorus that historically flowed downstream. Suspended sediments and
phosphorus inputs from the Grand Canyon rapidly drop out in the upper end of
Lake Mead. The Virgin River and Muddy River inflows to Lake Mead are minor
sources of phosphorus to the system. Las Vegas Wash is the principal
tributary input of phosphorus to the river-reservoir system at and below Lake
Mead. Most of this input is in the form of bio-available phosphorus.

The Las Vegas Wash inflow significantly elevates phosphorus
concentrations in the inner and middle Las Vegas Bay, and it causes some
increase in concentrations in Boulder Basin and the Hoover Dam discharge.
Phosphorus loading to Lake Mohave increases as a result of inputs from Las
Vegas Wash. Phosphorus retention in Lake Mohave is low due to rapid flushing
of the reservoir. Most of the phosphorus discharged from Hoover Dam is thus
routed through Lake Mohave into Lake Havasu. Additional phosphorus inputs to
Lake Havasu are derived from the Bill Williams River and possibly from pickups
in the reach between Davis Dam and upper Lake Havasu.

The Las Vegas Wash inflow contributes to the higher productivity in the
downstream reservoirs. The decrease in phosphorus loading that has occurred
from Las Vegas and Clark County Sewage Treatment Plants can be expected to
decrease productivity in Lake Mohave and possibly Lake Havasu. The slight
decrease that occurred in chlorophyll-a concentrations in Lake Mohave during
1982 probably reflects the reduction in phosphorus loading. Productivity in
the Boulder Basin area of Lake Mead has undergone a steady decline since the
late 1970's when phosphorus loading from Las Vegas Wash began to decrease.
This appears to be a major factor responsible for the decline of the fisheries
recently experienced in the reservoir. Similar reductions in the productivity
of Lake Mohave will probably also result in a decline in fish production.

This problem should be carefully evaluated in ongoing reviews of current
wastewater treatment practices at the city of Las Vegas and Clark County
Sewage Treatment Plants. A relaxation of the phosphorus standards at Las
Vegas Bay during the winter and a tightening of the standards, as proposed by
Nevada, may be warranted considering the low productivity in the river system
and the damage occurring to the beneficial uses in Las Vegas Bay.

III-7




PART IV. CAUSES AND IMPACTS OF SALINITY

A. Causes of Salinity

The natural or background salinity of the Colorado River has been changed
by the development of water resources in two major ways, the addition of salts
and the depletion of water. One of the original studies by Iorns [2] on the
pickup of salts showed that irrigated lands in the Upper Colorado River Basin
contribute about 3.4 million tons of salt per year. This source of salt is
one of the 2 major factors increasing salinity in the Colorado River. The
other major factor which increases salinity is the consumptive use of water.
The consumptive use of water has and will further reduce the dilution of both
natural sources of salt and the new sources of salt caused by irrigation and
other developments. Since irrigation is not likely to increase significantly,
depletions will be the major cause of future increases in salinity.

1. Natural Sources of Salinity

Flow and quality records reveal that along certain reaches of the
Colorado River large increases exist in salt loads occur that cannot be
attributed to irrigation or other development related activities. These
increases are mainly due to natural diffuse sources and saline springs. Very
little information was obtained prior to irrigation, making it difficult to
identify the magnitude of specific natural sources of salinity in the Colorado
River Basin.

Natural diffuse sources are those sources of salt which occur
gradually over long reaches of the river system. Salt pickup occurs over
large surface areas, from underlying soils, and from stream channels and
banks. It is difficult to identify, measure, or control. Diffuse sources
contribute the largest overall share of the salts to the Colorado River. The
natural salt load for the Colorado River at Lees Ferry, Arizona was estimated
to be about 5.3 million tons per year [2,3]. Natural point sources are mainly
saline springs where the contribution of salt and water is easily identified,
issuing from single or concentrated sources.

2. Agricultural Sources of Salinity

Salt balance conditions exist when the amount of dissolved solids
carried off the land is equal to the amount added. Pickup of salt as used in
this report represents an unbalanced condition shown by the increase of salt
load in the return flow over the total load in the applied water. Salt pickup
attributed to irrigation is that additional amount which occurs as a result of
irrigation and does not include the amount resulting from natural sources.

Irrigation development in the Upper Basin took place gradually from
the beginning of settlement in about 1860 but was hastened by the purchase of
land from the Indians in 1873. 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
development then leveled off, and increase since that time has been slow
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because of physical and economic limitations on the availability of water.
About 1.5 million acres were irrigated in 1980.

Irrigation development began in the Lower Basin at about the same
time as in the Upper Basin but was slow due to the difficulty of diverting
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 since that
time, 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 from the Colorado River mainstream, total
irrigated lands for the entire Lower Basin were about 1.5 million acres.

Irrigation in the Colorado River Basin has increased the salinity in
the Colorado River. Return flows from the irrigated lands dissolve salts from
the soils and underlying aquifer material and transport them to the river.

The development of future irrigation projects will further increase the salt
load to the river.

Studies prior to irrigation would be helpful to determine contribu-
tion from irrigation, but they have not been made in most areas. The amount
of salt from this source must therefore be estimated or determined by detailed
investigations, possibly with the use of simulation models.

3. Municipal and Industrial Sources of Salinity

Salt loads contributed to the Colorado River system by municipal and
industrial sources are generally minor, totaling about 1 percent of the Basin
salt load. Future increases in salt loads from these sources are expected to
be small relative to the total Basin salt burden and will have only a minor
effect on salinity levels.

Most municipal and industrial wastes are relatively low in total
salt load in comparison with natural and agricultural sources, and complete
elimination of such waste discharges would have little effect on salinity
concentrations in the main river system. Since these wastes are point sources
of salinity, control could be achieved if salinity levels in the waste being
discharged (i.e., industrial brines) warrant such control.

Development of oil and gas, oil shale, and mineral resources in the
Basin also has the potential to increase salt loading. Many saline aquifers
are static (very little water movement) until they are disturbed by drilling
or mining activities. An example is the Meeker Dome Salinity Control Unit,
described in Part VII, which came about as the result of deep ground water,
high in dissolved salts, flowing to the surface through abandoned oil wells.

4. Increased Salinity from Water Depletions

Addition of salts to the river system is not the only cause of
increased salinity concentrations. The depletion of water of better quality
water reduces the dilution of saline inflow, increasing the salinity of the
Colorado River.

With the exception of the Central Arizona Project (CAP), the Lower
Basin has already developed most of its water supply. CAP will soon be
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responsible for the last major additional depletion (approximately 1.5 million
acre-feet- per year) in the Lower Basin. Depletions in the Upper Colorado
Basin were estimated at 4.1 million acre-feet in 1985.

Consumptive use of water for irrigation within the Basin is
responsible for the largest depletions of the Colorado River. Exports,
reservoir evaporation, and municipal and industrial uses also account for
lesser but significant depletions. The following table summarizes both the
Upper and Lower Colorado River Basin uses, including tributaries to the
Colorado River in the Lower Basin [4].

Table IV-1. Average water use in the Colorado River Basin
for 1976-80 (in 1,000 acre-feet)

Type of use Upper Basin Lower Basin
Reservoir evaporation
and channel losses 758 1,682
Irrigated agriculture 1,984 5,180
Municipal and industrial 178 453
Fish, wildlife, and recreation 0 50
Transbasin exports 3,647 11,604

The major part of the transbasin depletions in the Upper Basin is
made at higher elevations where the salinity concentrations are very low.
This removal of high quality water results in the remaining flows downstream
becoming more concentrated even though some salts are removed by the water
delivered to another basin. Many transbasin diversions have been made over
the years, and an additional number are projected to occur in the future.

Water exported from the Upper Basin during the period 1941-72
averaged about 360,000 acre—-feet per year. Completion of such large projects
as the Colorado-Big Thompson, Duchesne Tunnel, and Roberts Turnel and more
recent projects such as the San Juan-Chama, Fryingpan-Arkansas, and Homestake
resulted in increased exports to about 726,000 acre-feet per year for 1976-80,
with a peak in 1978 of 852,000 acre-feet.

B. Effects of Water Quality on Water Users

1. Recreation, Esthetics, and Fisheries

The major instream uses in the Colorado River include hydroelectric
power, propagation of fish and aquatic life, recreation (including swimming,
waterskiing, boating, rafting, etc.), and esthetics. A number of conflicts
between water uses have become prominent issues in recent years.

There can be many tradeoffs in water quality, eutrophication, and
esthetics both in the reservoir and downstream, depending on the depth of
reservoir withdrawal and the flushing rate. The depth of withdrawal
influences the temperature and nutrient releases from a reservoir. These
releases can now be controlled to some degree by the use of selective
withdrawal structures; however, conflicts have occurred in the operation of
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these facilities. The conflict stems from the difference in the optimum
temperatures for cold water fish like trout and warm water endemic or
endangered species like the squawfish.

In addition to downstream effects, the depth of withdrawal in
reservoirs has become a significant issue concerning the productivity of
reservoir fisheries, eutrophication, nutrient retention, salinity routing,
esthetics, and evaporation.[5] At present, there are concerns about
evaporation, temperature, and nutrient processes in Fontenelle and Flaming
Gorge Reservoirs, Lake Powell, and Lake Mead.

2. Economic

In the Lower Basin, present peak salinity is approaching critical
levels for some salt sensitive crops. While the water is suitable for
irrigating most crops, salinity is high enough that special irrigation
practices are necessary in some cases. At the present time, salinity is being
maintained below the standards. Complete development of apportioned water by
the States will result in increases in salinity that would be more detrimental
to agriculture without salinity control measures.

A consortium of water resource centers in the States of Arizona,
California, Colorado, and Utah cooperated in a study funded by the Office of
Water Research and Technology and the Bureau of Reclamation to assess the
economic damages caused by various salt concentrations to agricultural and
municipal water users. This study is documented in a report, Salinity
Management Options for the Colorado River, Water Resources Planning
Series Report P-78-003, June 1978.[6]

Based upon the findings of that report, Reclamation has published a
summary working document entitled, Colorado River Salinity--Economic Impacts
on Agricultural, Municipal, and Industrial Users.|[7] The estimated future
annual damages to the Lower Basin water users in 1976 dollars were $343,000
for each 1 mg/L increase in TDS at Imperial Dam when concentrations reach the
range of 875 mg/L to 1,225 mg/L. The damage figure is approximately $610,200
per mg/L in 1986 dollars. These annual damages were calculated using the 1972
salinity standard of 879 mg/L (approved by EPA in 1975) and a projected full
development salinity concentration of 1,225 mg/L at Imperial Dam. This study
is currently being updated, see Part IX, Economic Update to Salinity Impacts,
for a summary.

The annual municipal damages are divided as follows: Metropolitan
Water District, 54 percent; Central Arizona Project, 8 percent; and lower main
stem users, 8 percent. Total agriculture annual damages are 30 percent.
Industrial impairments and Upper Basin damages were not evaluated.

3. Health

The Environmental Protection Agency, Drinking Water Office, Health
Impacts Laboratory sponsored a conference in May 1984 on Inorganics in
Drinking Water and Cardiovascular Disease. The conference was directed by Dr.
Edward Calabrese, one of the original United States researchers in the realm
of the health impacts of sodium. It was the study by Drs. Calabrese and
Tuthill concerning schoolchildren in two Massachusetts communities that
sparked the initiation of many studies around the world.
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In the study by Drs. Calabrese and Tuthill, a difference of 2 to 5
millimeters (mm) mercury of blood pressure was found between third graders
with a drinking water supply of about 10 mg/L sodium and those drinking water
of about 102 mg/L sodium.

Subsequent attempts by Drs. Calabrese and Tuthill to validate these
results with other groups or by other methods (bottled water) have proven
inconclusive. Studies reported from the Netherlands did support findings of
slightly elevated blood pressure among schoolchildren consuming high sodium
water, but most other studies were either inconclusive or showed that there
was no effect.

Two areas of concern mentioned during the discussions were the use
of zeolite water softeners on the kitchen cold water faucet and the cooking of
vegetables in high sodium water, as the vegetables could absorb large amounts
of sodium during cooking. In most cases, avoidance of these two actions would
be more significant than any reduction in raw water concentration.

A significant correlation between higher blood pressure and
increased cardiovascular disease mortality was presented at the conference.
The link between sodium and high blood pressure was, however, weak.

Other conference discussions on hard versus soft water primarily
concluded that soft water was not harmful, but hard water contained some
beneficial property, possibly calcium, which reduced the ability of the body
to absorb trace metals and thus lowered the overall exposure to such elements
as cadmium and lead.

Additionally, while water softeners are useful in reducing pipe
scaling and soap usage, it was stressed by several speakers that a bypass
should be placed on the kitchen cold water tap, the tap most used for drinking
and cooking water, to maintain a certain level of hardness.

Other papers focused primarily on the health effects of cadmium,
barium, and lead in drinking water. Epidemiological studies seem to indicate
that barium has no effect on cardiovascular disease below a level of about 10
mg/L, while cadmium and lead do have a definite adverse impact. None of these
elements are present in any significant concentrations in the main stem
reaches of the Colorado River.

It appears from discussions at the conference that there would not
be adverse health impacts related to present sodium or hardness levels in
drinking water from the Lower Colorado River. Any health effect of a
reduction in sodium and hardness expected from the Colorado River Salinity
Control Program would be negligible.
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PART V. HISTORICAL SALINITY CONDITIONS

A. Quality of Water Records

Salinity in the Colorado River Basin is monitored at 20 key stations.
The average concentrations and loads were determined on a flow weighted basis
using daily data whenever possible. Salt loads and concentrations were
generally calculated from daily conductivity and flow records using methods
developed jointly between Reclamation and the USGS [8].

Historical streamflow, salinity concentrations, and salt load data at 20
key stations for January 1941 through December 1985 are presented in Tables 1
through 20 at the end of this report. Figure V-1 shows the historical
salinity at Imperial Dam.

B. Historical Salinity

Salinity concentrations at Imperial Dam decreased steadily from 1970-79,
dropped notably in 1980, increased sharply in 1981-82, and dropped again in
1983-84. The 1970-80 salinity concentrations show the buffering of annual
fluctuations in salinities due to the effect of nearly 50 million acre~feet of
reservoir storage. With the reservoir storage in the Colorado at near
capacity, discharges from Hoover Dam increased from 7.7 million acre-feet in
1979 to 11.1 million acre-feet in 1980 (see Figure V-2), diluting the salinity
at Imperial Dam temporarily. With more normal flows in 1981 and 1982, the
salinity rebounded. Higher releases from Hoover and Glen Canyon Dams in 1983
and 1984, combined with lower salinities in storage, caused salinity at
Imperial Dam to drop again. With the nearly 50 million acre-feet of high
quality water in storage and the relatively high runoff in the Basin,
salinities at Imperial Dam remained low through 1986. Under more normal
conditions, salinity is expected to increase quickly back to 800 mg/L or more;
however, as long as the runoff remains high, salinity will remain low.

C. Factors in Salinity Trends

The downward fluctuation of salinity at Imperial Dam during the 1970’s is
within the expected range and was simulated using the Colorado River
Simulation System (CRSS), a computer model of the Colorado River Basin.
Several factors complicate the analysis of the decline and leveling off of
salinity concentrations. Most of these are modeled using CRSS and include
variations in runoff, reservoir storage, reservoir operations, salt pickup,
and depletions due to development of the Basin. These, and other factors,
which may cause shifts in salinity, are discussed in the following sections.

1. Hydrologic Conditions

The salinity concentration in rivers generally decreases with
increased flow on an annual basis. Years of lower flows are characterized by
higher salinity concentrations than years of higher flows. Combining this
characteristic with the lag time in the reservoir system because of storage
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Figure V-1. Mean annual salinity at Imperial Dam (1941-85).
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suggests the decline of salinity concentrations may have been in part caused
by the transition from a relatively drier period (1955-65) with an annual
virgin (undepleted) flow of 13.23 million acre-feet at Lees Ferry, to a
relatively wetter period (1965-75) with an annual virgin flow of 14.76 million
acre-feet. This is an increase in the flow of approximately 10 percent and may
be responsible for a portion of the decrease in the salinity concentration
observed at Imperial Dam,

The more recent period (1983-86) was even more extreme with some
flows well above those ever recorded. This was probably the major cause of
the near 200 mg/L drop in salinity over the last few years. A statistical
analysis of the CRSS projections for salinity indicates that salinity will
usually range between 635 and 1,035 mg/L, with an average of 820 mg/L under
the present level of development; however, about 5 percent of the time
salinity could vary outside this range, as it did in 1985 with a salinity of
607 mg/L.

2. Reservoir Effects

One of the most significant changes which has occurred to the
salinity of the Colorado River is due to the regqulation of the natural flow of
the river basin. One study [3] shows that storage in Lake Powell reduced the
month to month variation from the mean salinity below Glen Canyon Dam from 299
mg/L to 72 mg/L. This is readily apparent in a plot of the data, Figure V-3.
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Figure V-3. Monthly salinity below Lake Powell (1941-85).

The period of 1963-80 represents the most significant period of
reservoir storage in the history of water development on the Colorado River.
Storage in Flaming Gorge Reservoir, Lake Powell, and Lake Mead increased from
less than 20 million acre-feet in 1963 to over 50 million acre-feet by 1980.
The spill of Glen Canyon Dam in 1980 ended the initial filling of the major
reservoirs on the Colorado River. Water which was being used to fill the
mainstem reservoirs is now being released. This has increased the flow to the
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Lower Basin over the flows during the filling period (1963-80). Salinity
would have been much higher now without these additional releases.

During the initial filling, significant leaching of gypsum (calcium
sulfate) was documented at Flaming Gorge [9] and Ruedi Reservoirs[10] and at
Lake Mead,[11] but gypsum leaching at Lake Mead and Ruedi Reservoir has
diminished. Final documentation of the long-term salt leaching at Flaming
Gorge Reservoir is part of the ongoing reservoir studies.

In addition to salt leaching, the reservoirs may play an important
part in other major factors which influence salinity. There is strong
evidence that Flaming Gorge Reservoir and Lake Powell have stored more saline
water and routed the less saline spring runoff downstream from 1965 through
1980. These more saline waters were subject to bank storage, chemical
precipitation, ion exchange, oxidation-reduction, and various biological
activities.

Sedimentation in reservoirs may influence both salinity and the mix
of dissolved ions. Suspended sediment which is subject to mechanical
degradation in a river environment may continue to release salts and exchange
ions (sodium exchanged for calcium); however, once settled out in the
reservoir, these salts and ion exchange capabilities may be isolated.

Sediment stored in reservoirs may contain salts which would have been released
with continued mechanical breakdown in a riverine environment.

Another possible loss of salinity in reservoirs is due to chemical
precipitation. This possible loss in salinity was investigated by Reclamation
for the two largest storage reservoirs in the Basin, Lakes Powell and Mead. A
thermal-hydrodynamics reservoir model, which incorporated chemical equilibria,
was applied to each of the two reservoirs.

The estimated potential for calcite precipitation (the salt that
precipitates from solution first) was found to be 20,000 tons per year for
Lake Powell and 40,000 tons per year for Lake Mead. These estimates represent
the upper limit of potential precipitation, as it assumes that there is
sufficient nuclei for the calcium carbonate crystallization and that reaction
rate kinetics do not limit the precipitation. The combined maximum
precipitation is less than 1 percent of the annual salt load passing through
the reservoirs and is significantly less than previous estimates which were
based on inflow-outflow budgets using rather incomplete or inadequate data.

3. Irrigation and Increased Depletions

Most of the irrigation projects that deplete water and increase salt
pickup 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 during the 1960-80 period with canal and lateral lining,
sprinkling systems, gated pipe, and trickle systems being introduced. These
changes should result in reduced return flows and salt pickup. Projected
water depletions through the 1965-80 period were largely unrealized; total
depletions increased by approximately 12 percent.

Previous Reclamation salinity projections have been too high,
largely because the depletion projections were also too high. Transbasin
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diversions and increased reservoir evaporation account for most of the
increased depletions from 1960-80; however, no additional salt pickup or
loading occurred with these depletions.

The large quantities of water expected to be depleted for steam
power generation, coal gasification, oil shale, and mineral development have
not been realized in the past decade. Even where new coal-fired powerplants
have been constructed, some of the water has been obtained from existing
agricultural rights. While water uses have often changed, the total
depletions have increased only slightly.

In cases where powerplant water was obtained from existing
agricultural supplies, salt pickup may have been reduced since irrigated lands
in areas of coal deposits are often saline soils of Mancos Shale origin.

Powerplants and new industries are no longer allowed to discharge
saline cooling tower blowdown waters back to the river. This total
containment policy resulted in some decreased salt loading during the 1970’s.
Leakage from evaporation ponds and other disposal methods may eventually allow
some of these salts to reenter the river.

4. Reduced Flood Plains

The reservoirs have also significantly reduced the peak flood flows
downstream. The consequent reductions in the downstream flood plains result
in decreased bank storage and possibly reduced salt flushing. At least
temporarily, the area between the old and new flood plains may act as a salt
sink, but the long-term salinity effects of the changes in the flood plains
are not known.

5. Energy Exploration and Development

Many of the geologic formations of the Colorado River Basin were
deposited in marine (salt water) or brackish water environments. Sulfates and
sodium chloride are prevalent salts in most of these formations. Many of the
sediments deposited in drier periods are capable of transmitting water, but
these aquifers are frequently sandwiched between hundreds or even thousands of
feet of impermeable shales (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 and gas,
and o0il shale, in the Colorado River Basin may contribute significant
quantities of salt to the Colorado River. Salinity can be increased either by
dissolution of minerals or consumption of good quality water. The location of
fossil fuels are associated with marine derived formations. Any disturbance
of the saline materials will increase the contact surfaces allowing for the
dissolutions of previously unavailable soluble minerals.

Salinity increases associated with the mining of coal can be
attributed to leaching of coal spoil materials, discharge of saline ground
waters, and increased sediment yields resulting from surface disturbing
activities. Spoil materials have a greater permeability than undisturbed
overburden, allowing most of the precipitation falling on the spoils to
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infiltrate instead of running off. The water percolates through the
unconfined spoils allowing greater opportunities for dissolving soluble
minerals through increases in both contact surfaces and residence time. The
water moves vertically until it encounters undisturbed bedrock where new
springs can be created. The usual result is an increase in the volume of
water because of reduced evapotranspiration and an increase in total dissolved
solids.

Studies[12,13,14] conducted on post-mining spoils in northwestern
Colorado indicate that the resulting TDS concentration of spoil derived
waters ranges from approximately 3,000 mg/L to 3,900 mg/L. The variability in
concentration is dependent upon water residence time and the chemical and
physical properties of the spoil.

Saline water is a byproduct of the production of oil and gas in the
Basin. It is not uncommon to produce several times the amount of saline
waters as oil. Approximately 25,000,000 barrels of saline waters were
produced during the December 1985 in Colorado from o0il and gas operators. The
salinity of production waters varies greatly from location to location and is
dependent 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 that of surface coal mining.

Some states have enacted drilling and ground water laws to protect
water quality. In the Colorado River Basin, ground water laws and strict
enforcement are essential to prevent further saline aquifer movement and salt
loading. Many small saline ground water springs and/or flowing wells that
are probably linked to drilling activities have been identified in the Basin
and listed in previous progress reports. Seismograph drilling activities may
be particularly disruptive to shallow ground water systems, and stricter
requlation and enforcement should be considered.

The Meeker Dome salinity unit is one area where Reclamation has
plugged abandoned o0il exploration drilling holes anticipating that the
aquifers are static and the saline water would not find another path back to
the surface.

6. Salinity Control Projects

The implementation of salinity control units prevented 126,800 tons
per year of salts from reaching the river in 1985. By 2010, salinity control
units will need to prevent slightly more than a million tons per year of salt
from entering the Colorado River. To achieve this goal, a mix of salinity
control methods are being investigated and constructed. Saline springs and
seeps may be collected for disposal by evaportation, industrial use, or deep
well injection. See Part VII, the Paradox Unit, for an example of a deep well
injection alternative. Other methods include both on 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 the Grand Valley Unit as an example of these kinds of
improvements.




7. Erosion

Several researchers[15,16,17,18] have shown that erosion of saline
shales and dissolution of efflorescence increase salinity during runoff
events. These and previous studies have primarily focused on conditions
caused by summer and fall thundershowers. Lower elevation snowmelt on marine
(saline) geologic formations may contribute more significantly to salinity.
Analyses of the Green River near the Green River station indicate that
electrical conductivity (a measure of salinity) remains high or may increase
with flow peaks associated with snowmelt runoff events in January through

April.

During Reclamation studies on the McElmo Creek Salinity Control
Unit, it was found that approximately 32 percent of the total salt load could
be related to runoff events. Similarly, recent salinity control
investigations by Reclamation show that 21 percent of the Price River salt
budget and 14 percent of the San Rafael River salt budget are related to
natural runoff.

Studies [19] conducted on Mancos Shale within the Upper Basin of the
Colorado river drainage have demonstrated a positive relationship between
sediment yield and salt production. Sediment yield occurs as a result of
either upland erosion, or streambank and gully erosion. Upland erosion is
attributed to rill and interill. Salt and sediment yields are dependent upon
storm period, landform type, and the soluble mineral content of the geologic
formation.

Studies [20] conducted in the Price River Basin have demonstrated
that the highest salt and sediment concentrations occur in the first
streamflow event following a long period of no discharge. The accumulation of
salts in the channel may be attributed to efflorescence resulting from the
drying of the channel. Salt yields occurring after the initial flushing of
the channel are similar to those found in the surrounding watershed soils.

Sediment and the resulting salt yield is highly dependent upon
landform type. Three major landform types—-badlands, pediments, and alluvial
valleys—--are associated with the Mancos Shale terrain.

Badlands are the most erosionally unstable, with sediment yields
as large as 15 tons per acre [21]). Rilling accounts for approximately 80
percent of the erosion [20]. Because salt production is closely related to
sediment yield and the badland soils have not been leached of their soluble
minerals, they produce the greatest amount of salt of the landform types.

Pediments are gently inclined planate erosion surface carved in
bedrock and generally veneered with fluvial gravels. The surface slopes of
pediments are gentle, making them relatively stable. Pediments have deeper
soils and higher infiltration rates than badlands, thus they support a greater
vegetation cover and are less erosive.

Alluvial valleys are formed by a change in gradient and the
deposition of sediment. They are stable except along the channel where
headcutting and gullying occur. Most of the salts have been leached from the
alluvial deposits, thus erosion of their landform type yields less salts per
unit volume of sediment than the other two landform types. However, channels




incised into alluvium incorporate both sediment and salt from sloughed channel
backs and salts from efflorescence at the alluvium-bedrock contacts [19].

The soluble mineral content of saline formations is variable and can
be significantly different within one stratigraphic unit. The variability is
a result of the parent material, topography, microclimate, and leaching. As a
result, the salts being contributed from any stratigraphic unit are very site
specific.

The determination of the soluble mineral contact of surficial soils
is highly dependent upon the sampling and analytical methods used. The
effects of contact time and sediment to water ratios on rate and extent of
dissolution are extremely important. Since much of the salt is dependent upon
sediment load, contact time and sediment to water ratio must be considered.
Laronne [22] recommends a sediment to water ratio of 1 to 99. This ratio
allows for greater dissolution of salts and a better estimate of salinity
being contributed from erosion.

8. Geochemistry

Water quality in the Colorado River Basin varies greatly. Most
surface runoff originates from precipitation and is very low in salinity.
Salinity steadily increases in its downgradient course due to natural and
man-induced activity.

Dissolution of efflorescence on the surface or minerals in
subsurface formations is a major source of salinity. Runoff from snowmelt and
thunderstorms, which causes alluvial, bank, and qully erosion, suspends solids
from barren marine shales. The increased concentrations of calcium,
magnesium, and sulfate in these waters are due to dissolution of gypsum
(calcium sulfate) and dolomite (calcium or magnesium carbonate). Much of the
sodium is contributed by exchange of calcium for sodium on clays found in
saline marine shales.

Point sources of salinity contribute chemical constituents that
reflect the mineralogy and the chemical reactions which occur in the rock
formations through which the ground waters flow. Natural springs are composed
of waters whose subsurface flow paths are often deep, and movement of the
water is relatively slow. Salinity can, therefore, be very high, often
exceeding 10,000 mg/L. Such spring waters vary in composition in the Basin.
The waters of highest salinity are of sodium chloride character due to highly
soluble halite. Other springs are high in concentrations of calcium and
sulfate due to contact with gypsum (hydrated calcium sulfate).

The water quality of many seeps throughout the Colorado River Basin
often reflects relatively shallow geology and mineralogy. Sodium, calcium,
and sulfate concentrations can be fairly high (4,000 to 10,000 mg/L). The
chemical makeup is due to a variety of reactions, including dissolution of
gypsum, partial reprecipitation of carbonate minerals, and adsorption of
calcium onto clays that have high amounts of exchangeable sodium and magnesium.

Due to the extremely hot and arid conditions throughout the Basin,
extensive evaporation can cause salinity of the surface waters to increase
greatly. Under such conditions, carbonate and hydrated sulfate minerals can
precipitate out along the streambeds. These characteristically white and
often fluffy minerals are highly soluble. A snowmelt or rainstorm event can
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quickly flush these minerals back into the water, causing a temporary but
large increase in salinity.

An intensive water and sediment sampling study (23] was performed
in the Dirty Devil River Basin. Results of this study show that little
additional salt loading would occur due to dissolution of sediments. This
conclusion was supported by extensive chemical analysis which showed that most
minerals present in the channel sediments were relatively stable with regard
to extensive dissolution in this environment.




PART VI. PRESENT AND FUTURE DEVELOPMENT

This section of the report summarizes the project depletions used by the
Colorado River Simulation System (CRSS) to estimate the impacts of depletions
by development at selected stations within the Basin. Part VIII summarizes
the results of the computer modeling.

Table VI-1 presents a summary of the estimated present and projected
future depletion of water through the year 2010 for both the Upper and Lower
Basins of the Colorado River. The projections for the years 1985 through 2010
represent the best estimate by the Bureau of Reclamation of how water use will
be developed over the next 25 years. The projections were made after
consultation with individual States within the Colorado River Basin; however,
the States do not necessarily concur with the projections adopted by
Reclamation for planning purposes.

A. Upper Basin Depletions

Table VI-1 summarizes estimates of depletions due to the activities of
man in the Upper Colorado River Basin. These estimates were made by the
Bureau of Reclamation in consultation with the water resource agencies of the
Upper Basin States and have been reviewed by the States. The values shown
herein do not necessarily have the concurrence of the States.

_ Estimates of use in 1985 were developed by updating depletions reported
in the Upper Colorado Region Comprehensive Framework Study published in June
1971. Projections of water use beyond 1985 were developed from information
supplied by State water resource agencies and from construction schedules of
projects authorized for construction or already under construction.

In Table VI-1 the entry under each State labeled "Evaporation, Storage
Units" represents that State’s share of total evaporation from Flaming Gorge
Reservoir, Lake Powell, and the Aspinall Unit Reservoirs which will be charged
to that State when total Upper Basin water development is reached. This is
provided for in Article V of the Upper Colorado River Basin Compact.

The Upper Colorado River Basin Compact provides that the States of
Arizona, Colorado, New Mexico, Utah, and Wyoming will share in the consumptive
use of water available in the Upper Basin in the following proportions:
Arizona 50,000 acre-feet, Colorado 51.75 percent of remainder, New Mexico
11.25 percent of the remainder, Utah 23.00 percent of the remainder, and
Wyoming 14.00 percent of the remainder.
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Table VI-1. Colorado River depletion projections.

{(Unit--1,000 acre-feet/year)

Upper Basin projects 1985 1990 2000 — 2010
New Mexico .
Adjusted Comprehensive Framework Study 89 89 89 89
Miscellaneous addi{tional depletions 12 12 12 12
Reclamation projects
Navajo Reservolr evaporation 26 26 26 26
Animas-La Plata 0 0 10 34
San Juan-Chama 110 110 110 110
Navajo Indian {rrigation 132 134 267 267
Hammoad 10 10 10 10
Hogback Extenmsion 7 10 10 10
Jicarilla Apache 0 3 3 3
Utah International, Inc. (private right) 27 39 39 39
Navajo Reservoir contracts (temporary)
Public Service Company of New Mexico 16 16 16 0
Utah International, Inc. 0 35 35 35
Gallup-Navajo Indian 0 10 14 18
Not identified 0 10 10 10
Total depletions 429 504 651 663
Evaporation, storage units 58 58 58 58
Total 487 562 709 721
Utah
Comprehensive Framework Study 664 664 664 664
Miscellaneous additional depletions
Irrigation and stock 1 1 1 1
Municipal 2 3 5 7
Minerals 1 1 1 1
Reclamation projects
Central Utah Project
Bonneville Unit 53 136 166 166
Upalco Unit 0 0 12 12
Jensen Unit 3 15 15 15
Uintah Unit 0 0 28 28
Emery County 10 10 10 10
Ute Indian lands 4 4 84 84
Division of Water Resources
projects 15 16 20 24
Thermal electric powerplants
Emery County 30 30 30 30
Conversion of irrigation to power -9 -9 -9 -9
Other Utah Power & Light Company
plants 0 0 2 6
Deseret Generation Co-op 0 6 12 12
Municipal and {ndustrial
White River Dam 0 [¢) Q 6
0%l shale 0 0 1 20
Tar sands 0 Q 6 18
Total depletions 774 877 1,048 1,095
Evaporation, storage units 120 120 120 120
Total 894 997 1,168 1,215
Upper Colorado River Basin totals
Total depletions 3,563 3,934 4,495 4,810
Evaporatfon, storage units 520 520 520 520
Total 4,083 4,454 5,015 5,330




Table VI-1. Colorado River depletion projections (continued).

(Unit~=1,000 acre-feet/year)

VI-3

Upper Basin projects 1985 1990 2000 2010
Arizona
Comprehensive Framework Study 10 10 10 10
Miscellaneous additional depletions
Irrigation 6 6 6 6
Municipal and domestic 6 8 10 12
Navajo Powerplant 22 22 22 22
Gallup-Navajo Indian
Water Supply Project (temporary) 0 (5) (7) (7)
Total depletious 44 46 48 50
Wyoming
Comprehensive Framework Study 282 282 282 282
Miscellaneous additional depletions
Irrigation and livestock 6 8 26 32
Municipal 6 8 11 13
Reclamation projects
Seedskadee 6 17 20 20
Lyman 10 10 10 10
Savery~Pot Hook 0 0 0 0
La Barge 0 0 0 0
Transmountain diversions 11 19 39 50
Industrial uses
Thermal electric 29 41 51 71
Mineral 30 40 56 62
Coal gasification 0 0 19 50
011 shale 0 V] 4 10
Proposed reservoir evaporation 0 0 6 6
Total depletions 380 425 524 606
Evaporation, storage units 73 73 73 73
Total 453 498 597 679
Colorado
Comprehensive Framework Study 1,707 1,707 1,707 1,707
Miscellaneous additional depletions
Irrigation 24 24 24 24
Municipal and industrial 5 [ 7 10
Fish and wildlife 1 1 1 1
Minerals 1 1 1 1
Exports
Denver Expansion 48 70 100 130
Homestake Expansion 28 28 48 48
Independence Pass Expansion 7 7 7 7
Pueblo Expansion 3 3 3 3
Colorado Springs Expansion 0 0 5 5
Englewood 10 10 10 10
Fryingpan-Arkansas 69 69 69 69
Windy Gap 2 54 54 54
Reclamation projects
Animas-La Plata 0 0 20 121
Bostwick Park 4 4 4 4
Dallas Creek 0 9 10 17
Dolores 7 36 80 81
Fruitland Mesa 0 0 0 0
San Miguel 0 0 0 0
Savery-Pot Hook 0 0 o] 0
Upper Gunnison River Basin 1 5 10 15
West Divide 0 0 0 0
Municipal, {ndustrial, and domestic
Taylor Draw Reservoir 2 2 4 7
Stagecoach Project 0 2 4 4
Ruedi contracts 0 o] 0 16
Blue Mesa contracts 0 5 10 10
011 shale 0 0 2 8
Rock Creek 0 15 15 15
Bluestone 0 4 4 4
Green Mountain 0 2 2 2
Thermal-electric powerplants
Craig-Hayden 17 18 18 18
Colorado Ute~Southwest Project 0 0 5 5
Total depletions 1,936 2,082 2,224 2,396
Evaporation, storage units 269 269 269 269
Total 2,205 /2}351 2,493 2,665




Table VI-1. Colorado River depletion projections (continued).

(Unit--1,000 acre-feet/year)

Lower Basin projects 1985 1990 2000 2010
Nevada
Las Vegas Valley 78 143 203 225
Boulder City, Nev. 5 6 8 8
Lake Mead National Recreation Area 1 1 1 1
Miscellaneous users above Hoover Dam 1 1 1 1
Mohave Steamplant, Southern Califoruia
Edison Company 6 18 22 0
Fort Mohave Indian Reservation 0 4 8 8
Laughlin and miscellaneous users below
tHoover Dam 1 5 7 7
Total 92 178 250 250
Arizona
Imperial Wildlife Refuge 13 13 13 13
Havasu Wildlife Refuge 37 37 37 37
Fort Mohave Indian Reservation 36 60 60 60
Kingman, Boulder Canyon Project 0 0 9 18
Mohave Valley Irrigation and Drainage
District 24 30 41 41
Lake Havasu Irrigation and Drainage
District 14 14 14 14
Central Arizona Project 54 1,515 1,488 1,464
Colorado River Indian Reservation 346 383 398 398
Cibola Wildlife Refuge 17 17 17 17
Gila Project 450 450 450 450
Welton-Mohawk Divigion
Yuma Mesa Division
City of Yuma 10 13 18 23
Yuma Project and Yuma Auxiliary Project 212 212 212 212
Cocopah Indian Reservation 2 2 2 2
Other uses 83 54 41 51
Total 1,298 2,800 2,800 2,800
California
City of Needles 3 1 1 1
Metropolitan Water District 800 518 497 497
Fort Mohave Indian Reservation 9 9 9 9
Chemehuevi Indian Reservation 3 5 8 8
Colorado River Indian Reservation 12 15 33 33
Palo Verde Irrigation District 423 423 423 423
Yuma Project
Indian Unit 24 24 24 24
Bard Unit 35 30 30 30
Imperial Irrigation District 2,943 3,029 3,029 3,029
Coachella Valley Water District 344 344 344 344
Other uses 27 2 2 2
Total 4,623 4,400 4,400 4,400

From the 1982 Supreme Court Decree Accounting (Arizona vs. California, March 9, 1964). The
figures represent measured diversions less measured return flow which can be assigned to a specific
project. The figures do not include commingled or unmeasured return flows, thus may not be consistent
with estimates of future consumptive use.
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1. Arizona

a. Miscellaneous Additional Depletions

Consumptive uses due to irrigation and stockpond evaporation
have increased by about 6,000 acre-feet since the Comprehensive Framework
Study estimates were prepared. Municipal and domestic uses have increased by
about 6,000 acre-feet. It is expected that an additional 6,000 acre-feet will
be used for municipal purposes for the Navajo Indian Nation and for the city
of Page, Arizona. Water for Page is reserved by The Reclamation Development
Act of 1974, Public Law 93-493, which, among other actions, provided for the
incorporation of the city.

b. Navajo Powerplant

Consumptive uses according to records provided by the Navajo
Generating Station averaged 22,000 acre-feet over the 1980-85 period. The
contract for sale of water out of Lake Powell allows for annual uses of up to
34,100 acre—feet; however, present physical limitations preclude this level of
use.

2. omin

a. Miscellaneous Additional Depletions

Values used for 1985 represent additional depletions that have
developed since the Comprehensive Framework Study (1965 level) estimates were
prepared. These values and the projections to 2000 were provided by the
Wyoming State Engineer.

b. Seedskadee Project

Fontenelle Dam is the only feature of the project that has been
constructed. Irrigation facilities have not been built, and there are no
plans to reactivate studies to identify an irrigation project. Repairs now
underway at Fontenelle Dam will severely restrict storage capacity until the
expected completion date of 1989. ‘

By contract of June 14, 1962, the State of Wyoming purchased
60,000 acre-feet of capacity in Fontenelle Reservoir. The United States
notified the State that the yield from the 60,000-acre-foot capacity would be
available on January 1, 1969. The State optioned 25,000 acre-feet to Sun 0Oil
Company and 35,000 acre-feet to Pacific Power and Light Company with 25,000
acre-feet as firm supply and 10,000 acre-feet when available.

A second contract, dated December 27, 1974, was signed with the
State of Wyoming which would have yielded up to 125,000 acre-feet of
additional water for use in Wyoming. This additional yield was based on the
assumption that Reclamation’s direct flow irrigation water right could be
converted to a direct flow municipal and industrial right. 1In 1983, the
Wyoming Supreme Court ruled, in another case, that the State Engineer does not
have the power to grant a change of use for unexercised rights. This has put
a cloud of doubt over what the ultimate yield of the reservoir will be. The
State Engineer is currently considering an application from Reclamation to
convert the large inactive capacity to active capacity. The outcome will
determine the scale of development and resulting yield that can be expected

VI-5




from Fontenelle Reservoir. Existing and projected uses of water under these
contracts are discussed below under industrial uses. The projections assume
that uses will be determined by needs and not by a limitation in reservoir
yield.

The Seedskadee Project provided for the development of the
Seedskadee National Wildlife Refuge located on the Green River below the dam.
In 1985, about 6,000 acre-feet were diverted from the river and used to
maintain numerous ponds within the refuge. It is estimated that when the
refuge is fully developed, 20,000 acre-feet per year of depletion will result.

c. Lyman Project

Lyman Project provides supplemental irrigation water for users
in the Smith Fork and Blacks Fork areas. In 1985, the project was essentially
complete, and depletion of project water is estimated to average 10,300
acre-feet annually.

d. Savery-Pot Hook Project

This project was authorized as a participating project of the
Colorado River Storage Project by Public Law 88-568. The Definite Plan Report
dated May 1977 identified a plan which would result in 11,900 acre-feet and
10,500 acre-~feet of depletions annually in Colorado and Wyoming, respectively.
The President’s Water Project Review in 1977 resulted in reduced funding for
the project, and no construction funding has been provided. The project has
not been deauthorized and is considered on a deferred status until funding is
provided. For planning purposes an administrative decision was made by the
Bureau of Reclamation to show depletions deferred until after 2030.

e. La Barge Project

The La Barge Project was authorized as a participating project
under Public Law 84-485, the Colorado River Storage Project Act. A Definite
Plan Report was completed in June 1961. It was estimated that consumptive use
would be 3,700 acre-feet (rounded to 4,000). Project construction has not
begun and no immediate plans are contemplated. The project has not been
deauthorized and is considered on deferred status until funding is provided.
For planning purposes an administrative decision was made by the Bureau of
Reclamation to show depletions deferred until after 2030.

f. Transmountain Diversions

Three diversions presently export water out of the Colorado
River Basin in Wyoming. The total transmountain diversions for 1985 was
estimated to be 11,000 acre-feet.

(1) Ranger Ditch

Ranger Ditch diverts water from North Savery Creek for
delivery to Willow Creek in the North Platte River Basin. Estimates made in
1974 indicate that annual deliveries average about 500 acre-feet, and it is
believed that this figure remains unchanged.

VIi-6




(2) Continental Divide Ditch

Continental Divide Ditch diverts water from Little Sandy
Creek to the Platte River Basin. Estimates made in 1974 indicate that annual
deliveries average about 1,040 acre-feet, and it is believed that this fiqure
remains unchanged.

(3) North Fork of Little Snake River to Cheyenne

Diversions from the North Fork of the Little Snake River
to the city of Cheyenne were 9,807 acre-feet in 1985. Over the period
1971-85, however, deliveries averaged 6,602 acre-feet.

In 1980 the Wyoming State Engineer stated that he
anticipated that out-of-basin diversions will increase to 50,000 acre-feet by
2010. The 50,000-acre-foot depletion to the Little Snake River will occur not
only as a result of the Cheyenne-Laramie Diversion (estimated to ultimately
amount to 20,000 acre-feet), but also as a result of the deve’opment of Stage
II1I of the proposed Little Snake River Water Management Project which will
divert water over the Continental Divide to the North Platte River for the use
of downstream communities such as Casper, Glenrock, and Douglas.

g. Industrial Uses

The State of Wyoming has stated that there is considerable
potential for increased use of water for industrial purposes such as
thermal electric generation, trona mining and processing, coal gasification,
coal coking, and oil shale development.

Most of the water that is and will be used for industrial
purposes will be provided by contracting with the State or Reclamation for
water out of Fontenelle Reservoir. See the discussion for the Seedskadee
Project.

(1) Thermal Electric Power

Major thermal electric powerplants in operation in 1985
are as listed below.

Megawatt

Powerplant (MW)
Viva Naughton No. 1 160
Viva Naughton No. 2 220
Viva Naughton No. 3 330
Jim Bridger No. 1 500
Jim Bridger No. 2 500
Jim Bridger No. 3 500
Jim Bridger No. 4 500
2,710

The Viva Naughton No. 1 unit was in operation in 1965 and
its water use is included in the Comprehensive Framework Study value for
thermal electric power. Records supplied by Utah Power & Light Company show
an average annual net use (diversion less return flow) of 5,670 acre-feet over
a 7-year period (1977-83) for all three units at Viva Naughton. About 4,000
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acre-feet of this amount are used by Unit Nos. 2 and 3. Records provided by
Pacific Power and Light Company indicate a level of use of about 25,000
acre-feet for all four units at the Jim Bridger Powerplant. Depletions in
1985 for thermal electric units built since 1965 are estimated to be 29,000
acre-feet a year.

The Wyoming State Engineer estimates that water uses for
new thermal electric power generation will increase by 12,000 and 22,000
acre-feet in 1990 and 2000, respectively. Also, an additional 10,000
acre-feet of depletion will develop at the Jim Bridger Powerplant when
transmission restrictions are lifted. Water for the Jim Bridger Powerplant is
provided out of Fontenelle Reservoir by contract with the State. Water for
the viva Naughton Powerplant is developed from a private water right.

(2) Mineral

Considerable development of the trona, o0il, and natural
gas industries has occurred in the Green River Basin since the Comprehensive
Framework Study was made. In 1982, the Wyoming State Engineer estimated that
23,700 acre-feet of additional depletions had occurred in the mineral industry
since 1965.

It also projects that depletions will increase by 10,000
and 26,000 acre—feet by the years 1990 and 2000, respectively. Part of this
increase could result from a proposed fertilizer plant under construction by
Chevron. Chevron has signed a contract with the State of Wyoming to purchase
water from the State’s allocation in Fontenelle Reservoir or from the Big
Sandy River Unit for use in a phosphate fertilizer plant. A slurry pipeline
will carry phosphate ore from the mining area near Vernal, Utah, to the plant
located near Rock Springs where the slurry water will be used as process water.

(3) Coal Gasification

The Wyoming State Engineer has estimated that by the year
2000 the coal gasification industry will deplete about 19,000 acre-feet yearly.

(4) O0il shale

Predictions on the future development of the oil shale
industry always involve a high degree of uncertainty. The Wyoming State
Engineer has estimated a depletion by this use of about 3,500 acre-feet in the
year 2000.

Projections of industrial uses beyond the year 2000 are
largely arbitrary and reflect a growing use until the year 2010. No attempt
has been made to identify individual industrial uses.

3. New Mexico

a. Adjusted Comprehensive Framework Study

Several water uses listed in Table VI-1 were included in the
Comprehensive Framework Study. The Comprehensive Framework Study values in
Table VI-1 were adjusted by subtracting out the following values to avoid
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double accounting: Navajo Reservoir evaporation, 31,000 acre-feet; Hammond
Project irrigation, 10,000 acre-feet; and Four Corners Powerplant, 15,000
acre-feet.

b. Miscellaneous Additional Depletions

These are depletions that have come into being since the
Comprehensive Framework Study estimates were prepared. These include 5,000
acre-feet of private rights developed for municipal and industrial purposes.
Values shown were developed from data provided by the New Mexico Interstate
Stream Commission.

c. Navajo Reservoir Evaporation

Reservoir evaporation is based upon a 60-year Colorado River
Storage Project sequence study made in 1973.

d. Animas-La Plata Project (Colorado-New Mexico)

Reclamation estimates a depletion level of 10,000 acre-feet by
2000 and 34,000 acre-feet by 2010.
See the discussion of the Animas-La Plata Project in the Colorado section.

e. San Juan-Chama Project

The San Juan-Chama Project was authorized by Public Law 87-483.
Transbasin diversions began in 1971. The May 1957 Supplemental Project Report
indicates that diversions are expected to average about 110,000 acre-feet a
year, although more recent hydrologic studies performed by the Southwest
Regional Office indicate that the long-term average annual yield may be closer
to 104,000 acre-feet. Historical (1971-83) average diversion has been 99,640
acre-feet a year. For purposes of this report 110,000 acre-feet have been
selected as the level of existing and future average depletions.

f. Navajo Indian Irrigation Project

Various estimates for projected agricultural use depletions
have been prepared, including the studies for the all-sprinkler irrigation
system for the Navajo Indian Irrigation Project prepared by the Southwest
Region of the Bureau of Reclamation. This study estimated agricultural
consumptive use of 226,000 acre-feet. Several other estimates have been made,
and a 5-year field study to determine actual consumptive use on the project
was begun in 1978 and recently concluded. Recent technical estimates reported
by the Secretary of the Department of the Interior Report, Economic Study, May
1980, are 254,000 acre-feet for agricultural depletions. In November 1981 it
was concluded and agreed by the Assistant Secretary, Department of the
Interior, Land and Water Resources, and Assistant Secretary, Department of the
Interior, Indian Affairs, that the productive acreage of the project should be
110,630 acres, rather than the 105,000 acres which had been assumed in the
past. Correspondingly, the annual depletion estimate has been revised from
254,000 acre-feet to 267,000 acre-feet.

The first block of land (about 9,300 acres) was irrigated in
1976. 1In 1985, Blocks 1 through 5 were in production and some water had been
delivered to Block 6. Historical net diversion from Navajo Reservoir in 1985
was 131,815 acre-feet, rounded to 132,000 acre-feet for the report. Some
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return flow from the project have been observed; however, it has been assumed
that the depletion of river flow is very nearly equal to the water diverted
from Navajo Reservoir. Return flow to the river will increase as deep
percolation from irrigation charges the aquifer.

If satisfactory funding of the project continues, it could be
completed in 1995, so the ultimate depletion of 267,000 acre-feet is shown for
2000. Half that amount has been arbitrarily assumed for 1990.

g. Hammond Project

In 1985, the Hanmond Project delivered 14,850 acre-feet of
water to irrigate 2,972 acres of farmland at an average of 5.0 acre-feet per
acre. The project depletes 10,000 acre-feet per year if all of the project
lands (3,930 acres) are fully irrigated.

h. Hogback Extension

Minor increases in depletions are expected to occur between now
and 1990. Studies are underway by the Bureau of Indian Affairs and the Navajo
Tribe to determine additional water requirements in this area. Present uses
are estimated to be 7,000 acre-feet a year, with a projected ultimate level of
10,000 acre-feet a year by 1990.

i. Jicarilla Apache Indian Uses

This depletion is based upon preliminary results of planning
studies. Results to date indicate that about 3,000 acre-feet could be
depleted under present proposals. Studies are continuing to develop plans for
additional depletions, but no more feasible uses have developed. In a letter
of July 9, 1976, to Mr. S. E. Reynolds, Secretary, New Mexico Interstate
Stream Commission, the Secretary of the Interior indicated that there may be
26,000 acre-feet available annually for use on the Jicarilla Apache Indian
Reservation, but such an amount cannot be guaranteed unconditionally. This
water would have to be contracted for. Such a contract would require
certification by the Secretary of the Interior as to the availability of such
supplies and receive subsequent approval by Congress. Also, shortages may
develop induced by a Lee Ferry call. The July 9, 1976, letter also proposed
the necessary engineering, environmental, and economic feasibility studies.
Thus, a 3,000-acre-foot development is estimated to take place within 10 years,
with any remaining amounts dependent upon results of continued feasibility
studies. By letter dated July 10, 1985, the New Mexico Interstate Stream
Commission recommended to the Secretary of the Interior that a contract be
awarded to the Jicarilla Apache Tribe in the amount of 3,000 acre-feet per
year to the year 2025.

j. Utah International, Inc. (Private Right)

The primary use under this right is the sale of water to the
Arizona Public Service Company for the five units of the Four Corners
Powerplant. Average historical use over the past 12 years has been 19,000
acre—feet. As indicated under the discussion on the Public Service Company of
New Mexico, approximately 8,000 acre-feet of water were purchased from Utah
International, Inc. (UII) for use in Unit 4 of the San Juan Powerplant. This
results in a 1985 level of total use under this right of 27,000 acre-feet. It
is expected that increased use of the five units at Four Corners, plus the
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transfer of up to 8,000 acre-feet to the San Juan Powerplant, will fully
utilize the total right of 39,000 acre-feet by 1990.

k. Navajo Reservoir Contracts

(1) Public Service Company of New Mexico

This contract provides water deliveries from Navajo
Reservoir for use at the San Juan Powerplant. 1In 1985, all four generating
units were in operation. Water use at this level is about 24,000 acre-feet a
year. The contract provides for delivery of 16,200 acre-feet. The remaining
water used at the plant is purchased from the private right of Utah
International, Inc. Thus, a value of 16,000 was used for the Public Service
Company of New Mexico and an additional value of 8,000 acre-feet has been
included in the total for Utah International, Inc. (private right). The
contract for water delivery from Navajo Reservoir terminates December 31,
2005. By letter dated July 10, 1985, the New Mexico Interstate Stream
Commission recommended to the Secretary of the Interior that the existing
contract with the Public Service Company of New Mexico be extended to the year
2025.

(2) Utah International, Inc.

Utah International, Inc., will furnish water to potential
customers for industrial uses in the area. A UII official indicated the
contract amount of 35,000 acre-feet was expected to be utilized by 1990 and
continued through the year 2030. At present the contract for water delivery
terminates December 31, 2005. By letter dated July 10, 1985, the New Mexico
Interstate Stream Commission recommended to the Secretary of the Interior that
the existing contract with UII be extended to the year 2025.

(3) Gallup-Navajo Indian Water Supply Project

The Bureau of Reclamation, Southwest Region, is currently
conducting project investigations to supply water to Gallup, Navajo Indian
communities and the proposed New Mexico Generation Station. Total project
needs identified at this time are 56,500 acre-feet per year of which close to
100 percent would be depleted. Reclamation has been asked not to address the
legal water availability issues of the project. So until a viable plan is
identified and accepted, and until water right and water availability issues
are agreed upon, this report will use the values published in the Regional
Director’s 1984 Planning Report.

(4) Not Identified

The remaining block of Navajo Reservoir water supply will
be marketed by the United States and will be allocated in consultation with
the New Mexico Interstate Stream Commission.

4. Colorado

a. Miscellaneous Additional Depletions

Values used for 1985 represent additional depletions that have
been assumed to develop since the Comprehensive Framework Study (1965 level)
estimates were prepared. They have not been specifically identified but are
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included to bring the Bureau of Reclamation estimates of present uses more in
line with State estimates. The 1985 values of "Miscellaneous Additional
Depletions" may be either real additions or differences resulting from new
depletion accounting procedures. Colorado depletion values through the year
2010 were provided by the Colorado Water Conservation Board, the Colorado
River Water Conservation District, or were estimated by Reclamation staff.

b. Denver Expansion

Water for expanded Denver needs since 1965 has been met by
increased diversions through Moffat and Roberts Tunnels. The average annual
recorded diversion through both tunnels for the period 1977-82 was 141,000
acre—feet. The combined 1965 normalized diversion was 93,000 acre-feet,
yielding an increase of 48,000 acre-feet. Projections through the year 2010
were provided by the Colorado Water Conservation Board.

c. Homestake Expansion

Present uses average about 28,000 acre-feet annually. Phase II
of the expansion is expected to be on line by 2000 and yield an additional
20,000 acre-~feet annually. Values were supplied by the Colorado Water
Conservation Board.

d. Independence Pass, Pueblo, and Colorado Springs Expansions and
Englewood

Present and projected values for these exports were supplied by
the Colorado Water Conservation Board in a July 28, 1980, letter to
Reclamation.

e. Fryingpan-Arkansas Project

Diversions through Boustead Tunnel began in 1971. The average
annual diversion during the 1971-83 period was 44,000 acre-feet. The
diversion in 1983 was 90,800 acre-feet. The operating principles for the
project state that diversions will not exceed 120,000 acre-feet in any year
and will not exceed a total aggregate of 2,352,800 acre-feet in any
consecutive 34-year period. The latter requirement would mean a longtime
average diversion of 69,200 acre-feet. Since the historical (1971-83) average
diversion has been much less than this, it is likely that in the coming decade
or so annual diversions will be much higher than 69,200 acre-feet (provided
that water is available for diversion) to bring the historical average back up.

f. Windy Gap

Windy Gap Dam has been completed and is in operation.
Facilities of the Colorado-Big Thompson Project are used to divert up to
54,000 acre-feet per year for domestic use by the cities of Longmont,
Loveland, Estes Park, Greeley, and the Platte River Power Authority.

g. Animas-La Plata Project

A Feasibility Report was prepared by Reclamation in 1962, and
the project was authorized by Public Law 90-537, September 30, 1968. A
Definite Plan Report was approved in Auqust 1980. The plan provides a total
depletion of 154,800 acre-feet per year for irrigation and municipal and
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industrial use with 120,700 acre-feet in Colorado and 34,100 acre-feet in New
Mexico. Depletions will not begin until the late 1990’s when Ridges Basin
Reservoir is completed. Uses will build up rapidly as other project
facilities are constructed.

h. Bostwick Park Project

Construction of Silver Jack Dam commenced in late 1966 and was
completed in 1971. Project water became available beginning in 1971, and all
facilities were completed by 1974. Project depletions average 4,200 acre-feet
annually.

i. Dallas Creek Project

The project was authorized by Public Law 90-537 on September
30, 1968. A Definite Plan Report was completed in November 1976 which
indicated a total depletion of 17,100 acre-feet, with the water being used for
agricultural and municipal and industrial purposes. Estimated depletions are
5,100 acre-feet for irrigation, 10,400 acre-feet for municipal and industrial
uses, and 1,600 acre-feet for reservoir evaporation. 1Initial storage will
commence in 1987. Distribution facilities now exist for use of the project
water. It is estimated by the Bureau of Reclamation that the combination of
reservoir evaporation, irrigation use, and municipal and industrial use will
deplete about 9,000 acre-feet by 1990, 10,000 acre-feet by 2000, and 17,100
acre-feet by 2010.

j. Dolores Project

A Feasibility Report was prepared in 1963, and the project was
authorized by Public Law 90-537 on September 30, 1968. A Definite Plan Report
was completed in April 1977 with modifications to the original plan to meet
Indian requirements. Total depletions are estimated to be 80,900 acre-feet
annually. Average annual consumptive use will be 70,250 acre-feet for
irrigation, 4,350 acre-feet for municipal and industrial use, and 6,300
acre-feet for evaporation.

It is estimated by the Bureau of Reclamation that reservoir
evaporation and the bulk of the irrigation uses will be depleting the Colorado
River system by 36,000 acre-feet in 1990, 80,000 by 2000, and by 2010 the
project will be fully operational. Present uses are about 7,000 acre-feet.

k. Fruitland Mesa Project

The project was authorized as a participating project of the
Colorado River Storage Project by Public Law 88-568 on September 2, 1964. The
authorization was based on a Feasibility Report prepared in 1963. A Definite
Plan Report was prepared in June 1967 and a repayment contract executed in
June 1969. Minor construction work was completed on the existing Gould Canal
in 1973, but no other construction has been accomplished. The project plan
was substantially revised as described in the Definite Plan Report of August
1977. Depletions then totaled 21,300 acre-feet. The President’s Water
Project Review in 1977 resulted in deletion of funding for the project, and no
construction funding has been provided. The project has not been
deauthorized. It is, therefore, considered on a deferred status until funding
is provided. For planning purposes an administrative decision was made by the
Bureau of Reclamation to defer depletions until after 2030.
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1. savery-Pot Hook Project

The project was authorized as a participating project of the
Colorado River Storage Project by Public Law 88-568 on September 2, 1964. The
authorization was based upon a Feasibility Report prepared in 1962. A
Definite Plan Report was prepared in June 1971, revised in January 1972, and
updated by an Advance Definite Plan Report dated May 1977. Stream depletions
in the 1977 report are 11,900 acre-feet for Colorado and 10,500 acre-feet for
Wyoming. The President’s Water Project Review in 1977 resulted in deletion of
funding for the project, and no construction funding has been provided. The
project was not deauthorized. It is, therefore, considered to be on a
deferred status until funding is provided. For planning purposes an
administrative decision was made by the Bureau of Reclamation to defer
depletions until after
2030.

m. San Miguel Project

A Feasibility Report was prepared in 1966, and the project was
authorized as a participating project of the Colorado River Storage Project by
the Colorado River Basin Project Act (Public Law 90-537) on September 30,
1968. Advance planning studies have continued and various plans have been
considered, but none is feasible based upon current policies and procedures
for planning water and related land resources. A wide array of development
plans has been investigated including a mix of agricultural, municipal, and
industrial uses. A Planning Report has been prepared by Reclamation
summarizing data available. This included data from a large acreage
alternative, a small acreage alternative, and a conservation alternative.
Figures for depletion were selected from the small acreage alternative which
included depletions of 12,000 acre-feet for irrigation, 12,000 acre-feet for
industrial use, and 1,000 acre-feet for municipal use. For planning purposes,
an administrative decision was made by the Bureau of Reclamation to defer
depletions until after 2030.

n. Upper Gunnison River Basin Projects

Water rights with a priority date of November 13, 1957, for the
Wayne N. Aspinall Unit (formerly Curecanti Unit) of the Colorado River Storage
Project were granted by the State of Colorado to the Colorado River Water
Conservation District. These rights were assigned by the district to the
United States in January 1962 subject to the condition that the unit would be
developed and operated in a manner consistent with beneficial use of the
waters in the Gunnison River Basin. In order that future developments in the
Upper Gunnison Basin would be assured of rights to use of water, a formal
contract was developed for execution among the United States Government, the
Upper Gunnison River Water Conservancy District, and water users in the Upper
Basin whereby the diversion and storage rights of the Aspinall Unit were
subordinated to future developments upstream, both private and Federal, even
though the rights of the upstream developments might be junior to the Aspinall
Unit right. The aggregate amount of upstream depletions for which the
priority of the Aspinall right may be waived has not yet been determined. The
authorizing legislation of the Colorado River Storage Project listed the five
projects in the Upper Gunnison River Basin for priority of investigations:
(1) Bostwick Park, (2) East River, (3) Fruitland Mesa, (4) Ohio Creek, and (5)
Tomichi Creek.
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The total depletion by these five projects was estimated to be
about 60,000 acre-feet annually of which 40,000 acre-feet would be depleted
above Blue Mesa Dam. An additional 10,000 acre-feet would be depleted between
Morrow Point and Blue Mesa Dams, and another 10,000 acre-feet would be
depleted between Crystal and Morrow Point Dams. An increased upstream
depletion of 60,000 acre-feet was assumed in the operation studies for the
Aspinall Unit in the determination of the water supply available for power
generation.

In 1973, Reclamation issued a concluding report on its Upper
Gunnison Project investigations which included the East River, Ohio Creek, and
Tomichi Creek Units. Although it was concluded that there were limited
potentialities for Federal water resource development under existing
evaluation criteria and projected economic conditions, Reclamation still
recognizes its commitment to allow beneficial development of waters of the
Upper Gunnison River Basin up to an amount of about 60,000 acre-feet.
Allowing for an existing 4,000-acre-foot depletion of the Bostwick Park
Project and assuming the depletion of 21,000 acre-feet is realized on
Fruitland Mesa Project by 2040, there would be a remainder of 35,000 acre-feet
available for depletion. Somewhat arbitrary levels of development were used
for the period 1990 to 2010.

o. West Divide Project

A Feasibility Report was prepared in 1966, and the project was
authorized by Public Law 90-537 on September 30, 1968, as a participating
project of the Colorado River Storage Project. Advance planning studies have
continued and various plans have been considered, but none is feasible based
upon current policies and procedures for planning water and related land
resources. Plans include a mix of water for irrigation and municipal use. A
Concluding Report has been drafted to summarize data available. A plan is
presented which is not economically justified but totals a 38,200-acre-foot
depletion. For planning purposes, an administrative decision was made by
Reclamation to defer depletions until after 2030.

p. Taylor Draw Reservoir Project

Taylor Draw Dam filled in 1984. Depletion values were supplied
by the Colorado River Water Conservation District.

g. Stagecoach Project

The Stagecoach Project of the Upper Yampa Water Conservancy
District involves construction of a dam on the Yampa River near Steamboat
Springs and exchange agreements for water out of Yamcola Reservoir. The
project would supply about 4,000 acre-feet of water for irrigation, 1,000
acre-feet for municipal uses, and 9,000 acre-feet for thermal powerplant uses.
Depletion values for the irrigation and municipal components were supplied by
Reclamation. Depletion values for thermal powerplant uses are discussed under
Colorado Ute-Southwest Project on the following page.

r. Ruedi Contracts

Previous estimates of projected depletions from water contracts
out of Ruedi Reservoir were provided by the Lower Missouri Regional Office of
the Bureau of Reclamation. They were 0 in 1982, 16,000 acre-feet in 1990, and
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the ultimate yield of contracted water of 49,000 acre-feet in 2000.

Depletions were computed assuming 100 percent consumption of industrial water
and 40 percent consumption of water delivered to municipal and domestic users.
Ruedi water would go primarily to the oil shale industry. Present estimates
suggest that there will be no significant use of Ruedi water until 2000;
therefore, the depletion values have been set back 20 years, and a value of
16,000 acre-feet is shown for the year 2010.

S. Blue Mesa Contracts

The Upper Colorado Regional Office of the Bureau of Reclamation
has determined that up to 10,000 acre-feet of water can be contracted for out
of Blue Mesa Reservoir for industrial purposes. It has been assumed that this
water will be contracted by 2000 and that it will be 100 percent consumed.

t. 0il shale

Projections of water depletions for oil shale development
contain a high degree of uncertainty. Values shown in Progress Report No. 12
were provided by the Colorado Water Conservation Board. For the present
table, Reclamation has chosen to assume that development will be deferred by
one decade, so all depletion values have been postponed 10 years. These
values do not include water contracted out of Ruedi Reservoir for the oil
shale industry.

u. Rock Creek, Bluestone, and Green Mountain Sales

These projects and depletion values have been added to the
table at the suggestion of the Colorado River Water Conservation District.
Rock Creek is located on the Upper Colorado River near Kremmling. It is a
transmountain exchange for municipal and industrial uses. Bluestone is
located near DeBeque and will be used for industrial and oil shale uses. Sale
of water out of Green Mountain Reservoir will be used for augmenting water
rights, for irrigation, and at ski areas.

v. Craig-Hayden Powerplants

In 1985, two units at Hayden and three units at Craig were
on line. Present use of water is estimated to be about 17,000 acre-feet.

Colorado-Ute is planning to upgrade its Nucla plant from 36 to
100 megawatts (MW) by 1990. This is expected to result in about a
1,000-acre-foot increase in depletions.

w. Colorado Ute-Southwest Project

Colorado-Ute Electric Association is planning two 400-MW units
in western Colorado. Four years ago, start-up dates of 1987 and 1989 were
projected, but recent discussions with association officials indicate that
plans to go forward have been delayed indefinitely. For purposes of this
table, Reclamation has assumed that one unit will be constructed and on line
by 2000 depleting 5,000 acre-feet of water, and the other unit will be on line
in 2020, making a total depletion of 9,000 acre-feet.
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5. Utah

a. Miscellaneous Additional Depletions

Values used for 1985 represent additional depletions that have
developed since the Comprehensive Framework Study (1965 level) estimates were
prepared. These values and the projections to 2010 were provided by the Utah
Division of Water Resources.

b. Bonneville Unit, Central Utah Project

Present depletions from the Bonneville Unit include reservoir
evaporation, storage accrual, and irrigation uses from Curran: Creek,
Strawberry, Soldier Creek, and Starvation Reservoirs. Project storage which
was accruing in Strawberry Reservoir was spilled into Soldier Creek Reservoir
in 1983 because of high runoff conditions and prior storage rights of the
Strawberry Valley Water Users in Strawberry Reservoir. Reservoir water
surface elevation limitations in Soldier Creek Reservoir further reduced the
capability of storing water for project purposes. Net depletions to the
Colorado River System in 1985 are estimated to be about 53,000 acre-feet.

Based upon the present construction schedule, the depletions to
the Colorado River are expected to rise to 136,000 acre-feet by 1990 and
166,000 acre-feet by 2000. The latter fiqure is correct if replacement of an
increased fishery bypass for maintenance of fishery flows for streams along
the Strawberry Aqueduct of up to 37,000 acre-feet is developed in the Uinta
Basin. If alternate supplies are developed in the Bonneville Basin, the
depletion from the Uinta Basin will ultimately be about 128,000 acre-feet
rather than 166,000 acre-feet.

c. Upalco Unit, Central Utah Project

The March 1980 Definite Plan Report and the May 1981 Supplement
thereof estimated total depletion of 11,900 acre-feet. The control schedule
dated August 1983 indicates Taskeech Dam completion in 1990 and initial
filling to occur at that time; however, recent decisions have been made by
Reclamation to suspend activity on this unit indefinitely. Primary uses are
for municipal, industrial, and supplemental water for irrigation. 2all of the
project depletion is expected to occur by 2000.

d. Jensen Unit, Central Utah Project

The Definite Plan Report was revised in 1976. The
plan provided irrigation water primarily for supplemental service and water
for municipal and industrial use. Evaporation and irrigation consumptive use
totaled 3,000 acre-feet in 1985. Total depletion is estimated at 15,000
acre-feet. The project depletion would gradually increase to the full amount
by 1990.

e. Uintah Unit, Central Utah Project

A report for certification of physical, economic, and financial
feasibility dated April 1975 was certified by the Acting Secretary of the
Interior on August 22, 1975; approved by the Office of Management and Budget
on March 25, 1976; and forwarded to Congress on April 6, 1976. Project water
supply uses are primarily for supplemental irrigation service to Indian and
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non-Indian lands, full service to Indian lands, and a minor amount for
municipal and industrial use. Total depletions would be 28,000 acre-feet.
Over the past few years, the Ute Tribal Business Committee has expressed
various levels of interest for the Uintah Unit, potential developments on
Leland Bench, and the Bonneville Unit mitigation package. On November 9,
1982, the Ute tribe submitted to the Bureau of Reclamation an "Interim
Exploration and Planning Agreement Regarding Ute Water Resources." This
agreement, which allows for further development of a study and a plan for
construction of the Uintah Unit, has been agreed to by Reclamation. Since
tribal attitude to development of a recommended plan is nonsupportive at this
time and for the purpose of this report, depletions to the Colorado River
System are those which were determined for the 1978 Definite Plan Report. It
is unlikely that major facilities can be completed before the late 1980’s. It
is estimated the project depletion would occur by 2000.

f. Emery County Project

The Emery County Project as originally constituted depleted
about 14,000 acre-feet. Utah Power & Light Company has contracted for 6,000
acre-feet of the project water for the Huntington Powerplant. Recent
negotiations between Reclamation, the power company, and the water district
resulted in the purchase of 2,000 acre-feet of additional project water. It
is estimated that this has resulted in a decrease of Emery County depletions
to 10,000 acre-feet in 1985. This assumes a two to one conversion rate, i.e.,
8,000 acre-feet of project water sold to Utah Power & Light Company will
result in a 4,000-acre-foot reduction in irrigation depletion.

g. Ute Indian Lands

Under the Deferral Agreement of September 20, 1965, the Ute
Indians agreed to defer development of 15,242 acres of land, but not beyond
January 1, 2005. On August 13, 1975, the Ute Indian Tribe passed a resolution
requesting that development of Indian facilities proceed concurrently with
development of non-Indian facilities. The Secretary agreed on August 21,
1975. Leland Bench was recognized as a means of developing 15,242 acres of
land. This plan, as with the Uintah Unit, is not being strongly supported by
the Ute Indian Tribe and has been included for further study with the Interim
Agreement. For purposes of this report, depletions are based on the previous
Leland Bench Development Plan. No construction schedule is available, and it
does not appear that significant uses of water will be made by 1990. Total
ultimate depletions are estimated to be about 45,000 acre-feet.

The Ute Indian Compact (yet to be ratified) recognizes Indian
rights to irrigate 12,845 acres of Class 6 and 7 lands in the White River
drainage and 4,068 acres of Class 7 lands along the Green River, which would
result in depletions of approximately 30,000 and 9,000 acre-feet,
respectively. The State of Utah estimates that the latter will materialize by
about 2000.

It is estimated that about 1,500 acres of Indian lands near the
White River have come under irrigation since the Comprehensive Framework Study
determinations. Depletion is about 4,000 acre-feet.
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h. Division of Water Resources Projects

In August 1984 the Division of Water Resources (DWR) of the
State of Utah made a determination which showed that about 15,000 acre-feet of
water would be depleted in 1985 by DWR sponsored projects. The division
estimates that depletions will increase to 28,000 acre-feet by 2020.

i. Emery County Powerplants

Both units of the Huntington Powerplant of Utah Power & Light
Company were in service in 1983. Water use records indicate that the
powerplant uses up to 12,000 acre-feet a year. Two units of the Hunter
Powerplant of Utah Power & Light Company, located near Castledale, were on
line in 1983. Water use records for this plant also indicate a maximum annual
use of about 12,000 acre-feet. One additional unit began operation in March
1983. Construction of the fourth unit has been suspended indefinitely. It
was assumed that each unit will require 6,000 acre-feet a year. These figures
result in an estimated 1985 use of 30,000 acre-feet.

Water from these two powerplants is and will come from (1) the
purchase of 8,000 acre-feet of Emery County Project water, (2) purchase of up
to 24,000 acre-feet of private irrigation water rights, and (3) the
development of 3,000 to 5,000 acre-feet of new water made possible by
construction of Electric Lake Dam. Water surplus to powerplant needs is
leased back to the irrigation users.

j. Conversion of Irrigation to Power

Most of the water developed for the Emery County powerplants
comes from the purchase of irrigation water rights. It is assumed that for
every thousand acre-feet of diversion rights purchased and used by the power
company, irrigation consumptive use will decrease by 500 acre-feet. There are
some reasons to believe that irrigation use may not be declining by this high
rate. Additional data and analysis are needed to refine these estimates.

It is estimated that 18,000 acre-feet of diversion rights were
used by the plants in 1985. This translates into a decrease in irrigation
depletion of 9,000 acre-feet.

k. Other Utah Power & Light Company Powerplants

Utah Power & Light Company provided the values shown.
Locations of the new units will depend on how the loads develop.

1. Deseret Generation and Transmission Co-op

Deseret Generation and Transmission Co-op has begun
construction of a 400-MW unit east of Green River near Bonanza, Utah.
Commercial operation began in 1984. Water depletion is estimated at 6,000
acre-feet with pumping from the Green River. Unit 2, also 400 MW, is
scheduled for operation in 1995.
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m. White River Dam

Evaporation from the White River Reservoir is estimated to be
5,500 acre-feet, rounded to 6,000 acre-feet. It was assumed that the dam will
be in place by 2010.

n. 0il Shale

Present planning indicates that the White River Dam and
Reservoir may be capable of yielding up to 75,000 acre-feet of water annually.
Projections of water use for the oil shale industry are down considerably from
projections made 2 years ago. Values shown through the year 2010 were
suggested by the Utah Division of Water Resources.

0. Tar Sands

In November 1983, the Bureau of Land Management issued a Draft
Environmental Impact Statement describing development alternatives for special
tar sand areas in Utah. Two development alternatives were presented--high
commercial production and low commercial production——which would result in
88,295 and 22,200 acre-feet per year of depletion, respectively, by the year
2005. The Utah Division of Water Resources has recommended the numbers shown.

B. Lower Basin Depletions

Estimates of future consumptive use by Lower Basin States of main stem
Colorado River water were derived from (1) quantities recommended by the
Decree of the Supreme Court of the United States in Arizona vs. California
(March 9, 1964) and (2) lists of present perfected rights filed with the
court. Rates of development have been estimated in those cases where a
particular use is not yet fully developed. Certain other existing uses are
presumed to be curtailed when the Central Arizona Project will become fully
operational (in 1992). 1In California, the Seven Party Agreement (August 18,
1931) also serves as a basis for estimates of future use within that State.
Depletions for 1985 presented in Table VI-1 and used in projecting future
salinity, see Part VIII, were estimated using 1984 use levels in the absence
of more current data.

1. Nevada

a. Las Vegas Valley

The Las Vegas Valley consumed about 79,900 acre-feet of
municipal and industrial water in 1984 and includes diversions from the Basic
Management, Inc. (BMI) pipeline and the Robert B. Griffith (RBG) water
project. The latter project delivers water to Las Vegas Valley Water
District, North Las Vegas, Henderson, and Nellis Air Force Base. The BMI
pipeline serves municipal water to Henderson and BM industries in Henderson.

b. Boulder City

Boulder City’s maximum allowable diversion from the Boulder
City Act of 1958 was 3,650 gallons per minute or 5,890 acre-feet per year.
Under the First Stage of the Southern Nevada Water Project, Boulder City has
obtained the right for an additional 8,000 acre-feet of water from Lake Mead.
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In 1984, Boulder City diverted about 5,400 acre-feet from RBG, and less than
50 acre-feet from its older, separate federally constructed system.

c. Lake Mead Recreation Area

The Lake Mead Recreation Area is entitled to that quantity of
water that is reasonably necessary to fulfill the purpose for which the
recreation area has been set aside. 1In 1984, about 1,000 acre-feet were
diverted to the recreation area from Lake Mead. It is also projected that
1,000 acre-feet will continue to be diverted to the area through the year 2010.

d. Miscellaneous Users Above Hoover Dam

Two corporations have contracts permitting diversion of 1,048
acre-feet per year of Lake Mead water. In 1984, only 616 acre-feet were
diverted. It was projected that 1,000 acre-feet, on the average, will be
consumed through the year 2010.

e. Mohave Steamplant, Southern California Edison Company

A portion of the allotment for Nevada has been obtained via
contractual arrangements by the Southern California Edison Company for
diverting up to 23,000 acre-feet annually from the Colorado River for thermal
power production purposes at a site about 3 miles downstream from Davis Dam.
Use of water until July 1, 2006, by the Southern California Edison Company is
in accordance with two contracts—-one between the State of Nevada and the
Southern California Edison Company and one between the Bureau of Reclamation
and the State of Nevada.

f. Fort Mohave Indian Reservation

There are 1,939 acres of Fort Mohave Indian Reservation land
located in Nevada. In 1984, no water was diverted to these lands. It has
been estimated that the portion of the reservation located in Nevada will use
4,000 acre-feet by 1990 and 8,000 acre-feet by 2000.

g. Laughlin and Miscellaneous Users below Hoover Dam

Uses in the Laughlin area totalled 31 acre-feet in 1984, but it
is projected the area will use 5,000 acre-feet in 1990 and 7,000 acre-feet in
the years 2000 and 2010.

2. Arizona

a. Imperial Wildlife Refuge

The Imperial Wildlife Refuge is entitled to divert 28,000
acre—feet per year or consumptively use 23,000 acre-feet per year, whichever
is less. In 1984, the refuge diverted no water. By 1990 it is projected the
Imperial Refuge will have a depletion of 13,000 acre-feet.

b. Lake Havasu Wildlife Refuge

The Lake Havasu Wildlife Refuge is entitled to divert 41,839
acre-feet or consumptively use 37,339 acre-feet per year, whichever is less.
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In 1984, it was estimated the refuge diverted no water. By 1990, it is
projected the Lake Havasu Refuge will have a depletion of 37,000 acre-feet.

c. Fort Mohave Indian Reservation

The Fort Mohave Indian Reservation, located below Davis Dam, is
allocated water by the Supreme Court Decree to irrigate 18,974 acres of land
of which 14,916 acres are in Arizona, 2,119 acres are in California, and 1,939
acres are in Nevada, with a maximum annual diversion from the Colorado River
of 122,648 acre-feet. The consumptive use required for irrigation of these
lands is estimated to be 4 acre-feet per acre, which would result in a
mainstream depletion of about 75,900 acre-feet annually.

In 1984, the estimated consumptive use for that portion of the
Fort Mohave Indian Reservation located in Arizona was 41,400 acre-feet.

d. Kingman, Boulder Canyon Project

A contract was signed with the city of Kingman, Arizona, for an
annual diversion of 18,500 acre-feet. At the present time, the city does not
divert Colorado River water nor are there any plans to divert Colorado River
water in the near future. It has been anticipated there will be no use of its
contract water until 2000. It was assumed the use will be fully developed by
2010.

e. Mohave Valley Irrigation and Drainage District

A contract was signed between the Department of the Interior
and the Mohave Valley Irrigation and Drainage District for an annual diversion
of 51,000 acre-feet. As a result of terms in the contract, the district lost
10,000 acre-feet of its diversion in June 1979. The 10,000 acre-feet will be
used for municipal, industrial, and irrigation purposes on lands not part of
the Mohave Valley Irrigation and Drainage District.

The 1984 decree accounting shows that the Mohave Valley Irrigation
and Drainage District diverted 23,500 acre-feet of main stream water. It is
anticipated the district will use its full entitlement of 41,000 acre-feet by
the year 2000. The decree accounting is in accordance with Article VvV of the
Supreme Court Decree in Arizona vs. California.

f. Lake Havasu Irrigation and Drainage District

A contract was signed with Lake Havasu Irrigation and Drainage
District for an annual diversion of 14,500 acre-feet. The Lake Havasu
Irrigation and Drainage District diverted 9,100 acre-feet from the Colorado
River in 1984. 1It is anticipated the district will use its full entitlement
of Colorado River water, 14,500 acre-feet, by the year 1990.

g. Central Arizona Project

The Colorado River Basin Project Act authorizes the Central
Arizona Project for the purpose of furnishing irrigation and municipal water
supplies to the water deficient areas of Arizona and western New Mexico
through direct diversion or exchange of water. This project is now under
construction with water deliveries expected in 1991 to Tucson. This project
will provide water to Indian lands and a supplemental water supply to lands
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now being irrigated. Water made available to non-Indian lands can be used
only on lands having a recent irrigation history. The Central Arizona Project
must withstand shortages up to its full allocation if there is insufficient
main stream water to satisfy an annual consumptive use of 7.5 million
acre-feet allocated under the Supreme Court Decree of March 1964 to the States
of Nevada, Arizona, and California. When shortages occur, diversions to the
Central Arizona Project will be limited to assure prior water users of their
entitled diversions from the Colorado River main stream water. A maximum of
2.2 million acre-feet of Colorado River water is all tha§ could be diverted
with a canal capacity of 3,000 cubic feet per second (ft”/s).

h. Colorado River Indian Reservation

The Colorado River Indian Reservation is located along the
Colorado River, just below Parker Dam, with most of the land in Arizona and
the remainder in California. The Supreme Court Decree allocated 717,148
acre-feet of diversions to the Colorado River Indian Reservation for
irrigation of 107,588 acres of land.

There are 99,375 acres of land in Arizona, of which about
76,000 acres have been developed. The consumptive use requirement for
irrigation of these lands is estimated to be 4 acre-feet per acre which would
result in an annual mainstream depletion of 397,500 acre-feet.

The Bureau of Indian Affairs has reported a general 2,000-acre-
per-year land development rate on the reservation in the past. The land
development rate of 2,000 acres per year was assumed for the future even
though the Bureau of Indian Affairs feels the land development rate may slow
down in the near future.

i. Cibola wildlife Refuge

The Cibola Wildlife Refuge has a water right reserved by
Secretarial notice in the Federal Register, December 9, 1982, for 16,973
acre-feet of consumptive use per year. In 1984, the refuge used 5,400
acre—feet. By 1990 it is projected to be fully developed.

j. Gila Project

The Gila Project was originally authorized to develop up to
600,000 acre-feet of consumptive use. It is now estimated that the acreage
likely to be developed will consume about 450,000 acre-feet per year. The
Gila Project includes the Welton-Mohawk and Yuma Mesa Divisions.

The Welton-Mohawk Division, which is now authorized to develop
65,000 acres, is anticipated to consume 300,000 acre-feet.

The North Gila, Yuma Mesa, and Yuma (South Gila) Irrigation
Districts are included under the Yuma Mesa Division of the Gila Project. A
total of 37,500 acres is estimated to be the average acreage developed by the
districts within this division. Consumptive use would average 150,000
acre-feet per year.
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k. City of Yuma

The city of Yuma consumptively used 10,800 acre-feet of water
in 1984 and is expected to use 12,500 acre-feet by the year 1990.

1. Yuma Project and Yuma Auxiliary Project

The Valley Division of the Yuma Project and adjacent land of
the Yuma Auxiliary Project are anticipated to supply water to about 53,000
acres of land. About 50,000 acres are within the boundaries of the valley
Division (Yuma County Water Users Association) and about 3,000 acres are
within Unit B Irrigation District (the Yuma Auxiliary Project). Estimated
consumptive use will amount t& 212,000 acre-feet per year.

The measured return flow from lands of the Gila Project, Yuma
Mesa Division and Yuma Project, Valley Division and Unit B is commingled to
some extent. The decree accounting now credits unmeasured return flow for the
water user in these projects within broad limits.

m. Cocopah Indian Reservation

The tribe has a water right to irrigate 431 acres of land or
about 1,700 acre-feet of consumptive use. In 1984, its water use amounted to
about 4,300 acre-feet.

n. Other Uses Below Imperial Dam

It is estimated that the many small users with water use
contracts will have a consumptive use ranging from about 28,000 acre-feet in
1990 to 15,000 in 2010.

o. Bullhead City

There is a contract for 8,200 acre-feet per year included in
other uses below Imperial Dam.

3. California

a. City of Needles

The city of Needles has a present perfected right to a
consumptive use of 950 acre-feet per year. In 1984, it was estimated the city
consumptively used 2,800 acre-feet. At this time, Needles does not have a
water use contract with the Secretary of the Interior and so possibly could
lose this source in the future if a contract is not signed.

A proposed plan was developed under the Lower Colorado Water
Supply Study to provide Needles and other noncontract users an assured water
supply. Under this plan, water would be pumped from wells into the
All-American Canal for exchange with the Imperial Irrigation District and the
Coachella Valley Water District. This would allow the city of Needles to pump
an equal amount of water annually from the Colorado River. The plan would be
accomplished by Reclamation installing wells along the southwest side of the
All-American Canal in the sand dune area west of Yuma. The city of Needles
then would be allowed to continue the existing use of Colorado River water by
paying a portion of the operation and maintenance costs of these wells.
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b. Metropolitan Water District

In 1984 the Metropolitan Water District used approximately
1,234,000 acre-feet. Future use may be reduced as indicated in the tables so
that California does not exceed 4.4 million acre-feet per year after the
Central Arizona Project comes on line.

c. Fort Mohave Indian Reservation

There are 2,119 acres of Fort Mohave Indian Reservation land
located in California. Using an estimated consumptive use of 4 acre-feet per
acre, this land is entitled to approximately 9,000 acre-feet of consumptive
use per year. In 1984, its consumptive use was about 20,800 acre-feet but
will be reduced when the Central Arizona Project becomes fully operational.

d. Chemehuevi Indian Reservation

The Chemehuevi Indian Reservation, located above Parker Dam, is
allocated water by the Supreme Court Decree to irrigate 1,900 acres of land in
California, with a maximum annual diversion from the mainstream of the
Colorado River of 11,340 acre-feet. The consumptive use required for
irrigation of these lands is estimated to be 4 acre-feet per acre, which would
result in a main stream depletion of about 7,600 acre-feet annually. The
lands that are irrigable are above the river and not feasible for farming at
this time. It is anticipated that the reservation will develop 7,600
acre-feet of consumptive use for municipal and industrial and/or irrigation
purposes by the year 2000.

e. Colorado River Indian Reservation

The Colorado River Indian Reservation is located along the
Colorado River, just below Parker Dam, with most of the land in Arizona and
the remainder in California. The Supreme Court Decree allocated 717,148
acre-feet of diversion to the Colorado River Indian Reservation for irrigation
of 107,588 acres of land.

There are 8,213 acres of land in California that are partially
developed. They will eventually consume about 33,000 acre-feet.

f. Palo Verde Irrigation District

The Palo Verde Irrigation District has the number one priority
in California for Colorado River water under the Seven Party Agreement to
irrigate a total of 104,500 acres with an estimated consumptive use of 423,000
acre-feet per year.

g. Yuma Project, Reservation Division

California lands within the Yuma Project fall under the second
priority according to the Seven Party Agreement. In the Indian Unit, Arizona
vs. California reserves water for 7,743 acres of land which would require an
approximate consumptive use of 31,000 acre-feet. The Bard Unit has about
7,000 acres of land that have an approximate consumptive use of 24,000
acre—-feet.
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h. Imperial Irrigation District

For this report, the Imperial Irrigation District and the
Coachella Valley Water District consume all remaining water within priorities
one, two, and three according to the Seven Party Agreement. The total
apportioned to these three priorities is 3,850,000 acre-feet per year. In
1984, the Imperial Irrigation District diverted about 2,667,000 acre-feet.
Its projected diversions will reach 3,029,000 acre-feet in 1990.

i. Coachella Valley Water District

In 1984 the District diverted about 356,000 acre-feet.
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PART VII. COLORADO RIVER BASIN SALINITY

CONTROL PROGRAM

Title I of the Colorado River Basin Salinity Control Act, Public Law
93-320, authorized the Secretary of the Interior 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),
which was concluded pursuant to the Treaty of February 3, 1944 (TS 994).

Title II of the Colorado River Basin Salinity Control Act, Public Law
93-320, of June 24, 1974, as amended by Public Law 98-569 of October 30, 1984,
directs the Secretary of the Interior, commencing on January 1, 1975, and
every 2 years thereafter, to submit simultaneously to the President, the
Congress, and the Advisory Council, a report on the Colorado River Salinity
Control Program covering the progress of investigation, planning, and
construction of salinity control units for the 2 previous fiscal years.

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 progress in attaining 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.
Figure VII-1, on the following page, shows the location cf the Title I

and Title II program study areas for both the Department of the Interior and
the Department of Agriculture.

A. Title I Program

Title I of the Colorado River Basin Control Act of 1974 (Public Law
93-320) provided the means to comply with the obligations of the United States
to Mexico which included as a major feature a desalting plant and brine
discharge canal. These facilities will enable the United States to deliver
water to Mexico having an average salinity no greater than 115 ppm + 30 ppm
(United States count) over the annual average salinity of the Colorado River
water at Imperial Dam.

1. Coachella Canal Lining (Reclamation)

To assist in meeting the salinity control objectives of Title I, the
Secretary of the Interior was authorized to construct a concrete-lined canal
or to line the unlined initial 49 miles of the Coachella Canal. The act
required that a repayment contract be executed with the Coachella Valley
Water District for partial repayment of the cost of the work.
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The Coachella Canal originates as a diversion from the All-American
Canal at a turnout point near the Mexican border and runs in a generally
northwestern direction for a distance of 123 miles. It provides an irrigation
water supply for lands now totaling about 67,000 acres in3the Coachella
Valley. The Coachella Valley Water District has 1,500 ft”/s of capacity in
the All-American and Coachella Canals pursuant to its October 15, 1934,
contract with the United States.

Shortly after completion of the canal in 1948, seepage losses
developed as a result of the first 86 miles of the length of the waterway
being unlined. The problem was worst in the initial 49 miles where the
unlined canal traversed the coarse, sandy soils of the Imperial East Mesa.

It was estimated that approximately 141,000 acre-feet of Colorado
River water were lost each year through seepage from the first 49 miles of the
unlined Coachella Canal. The replacement concrete-lined canal was constructed
generally adjacent and parallel to the then existing canal along this reach.
It is estimated that the lined canal will reduce seepage losses to 9,000
acre—feet per year, resulting in an annual savings of 132,000 acre-feet. The
seepage losses saved are to be used for an interim period to substitute for
the bypassed Welton-Mohawk drainage waters and for the reject stream from the
desalting plant. This water would replace a part of the releases now being
made from storage to meet the salinity differential as required by Minute 242
of the International Boundary and Water Commission, United States and Mexico.

The interim period begins on completion of construction and ends the
first year that the Secretary of the Interior delivers to California less
mainstream Colorado River water than requested by California agencies and
Federal establishments with water rights in California. Following the interim
period, the saved water will be used by entities in California to reduce
deficiencies in meeting the California water orders. Because of its priority,
the Coachella Valley Water District will then be the major beneficiary of this
saved water. Construction of the canal was completed and put into service in
1980.

Approximately 4,200 acres of private lands on the East Mesa in the
Imperial Irrigation District were located adjacent to the canal, and the
authorizing act provided that these lands be purchased by the United States,
thus relieving the necessity to provide this service. It was anticipated that
following Federal acquisition, not more than 1,500 acres of developed land
served from and adjacent to the lined canal would remain in production.

The contract with the Coachella Valley Water District provides that
the total construction costs will be repayable without interest in 40 equal
annual payments beginning the year following completion of the construction.
The portion of the construction charge allocated to the United States, which
will be nonreimbursable, will be that portion determined by the ratio of the
number of months in the interim period divided by the number of months in the
repayment period. All annual repayment installments of the construction
charge obligation after the end of the interim period will be repaid by the
Coachella Valley Water District.

The Coachella Valley Water District operates and maintains the new

lined canal and delivers water to the turnouts installed to serve water users
located in the Imperial Irrigation District service area.
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2. Protective and Requlatory Pumping (Reclamation)

The ground water reservoir underlying United States lands in the
Yuma, Arizona, area is the same reservoir underlying contiguous lands in
Mexico. Pumping on one side of the boundary affects the ground water
reservoir on the other side. The pumping of water from wells located
immediately north of the Southerly International Boundary separating Arizona
and Sonora, Mexico, will provide accountable water deliveries to Mexico.

In December 1972, Mexico commenced pumping ground water from a well
field located immediately south of the International Boundary separating
Arizona and Sonora, Mexico. Studies indicate the pumping draws water stored
in the ground water reservoir underlying the Yuma area in the United States
and in time will seriously affect the surface drain flows historically
delivered to Mexico as part of United States’ obligation under the 1944 Water
Treaty. These flows had been about 125,000 acre-feet of drain flow and 15,000
acre-feet of canal wasteway flow annually. More recent annual flows total
only about 105,000 acre-feet at the Southerly International Boundary and will
gradually be reduced to about the 15,000 acre-feet of canal wasteway flow.

Public Law 93-320 authorizes the Secretary to construct, operate,
and maintain a well field for ground water pumping in a 5-mile zone adjacent
to the International Boundary near San Luis, Arizona. The well field, known
as the Protective and Requlatory Pumping Unit, would have the capacity to
produce approximately 130,000 acre-feet per year. Water produced from the
well field would be (1) delivered to Mexico for credit against the ‘Treaty
obligation and (2) used in the United States. The law also authorized the
Secretary to acquire approximately 23,500 acres of private, State, and State
leased lands within the 5-mile zone near the boundary. The purpose of this
land acquisition is to limit agricultural development within the zone, thereby
limiting ground water pumping to the 160,000 acre-feet per year as required by
Minute No. 242 of the International Boundary and Water Commission, United
States and Mexico. About 10,000 acres of Reclamation withdrawn land are used
to assist in this control.

The ground water table within the 5-mile zone is expected to decline
during the 50-year life of the Protective and Requlatory Pumping Unit. This
decline will occur as a result of project pumping, Mexican well field pumping,
and pumping of private wells. Water table drawdown from only project pumping
over 50 years is predicted to be about 55 feet in the vicinity of Hillander
"C" Irrigation District and between 5 and 20 feet in the southern Yuma Valley.
The combined effects of both United States and Mexico pumping will result in a
drawdown of approximately 110 feet in the vicinity of the Hillander "C"
Irrigation District and from 20 to 60 feet in the southern Yuma Valley.

Ultimate production in the 5-mile zone will be 160,000 acre-feet per
year; of that, the amount to be delivered to Mexico is expected to be 125,000
acre-feet per year. This quantity, along with 15,000 acre-feet of wasteway
flows, will furnish the necessary 140,000-acre-foot delivery at the Southerly
International Boundary. The balance of the water available from the well
field could be sold to other users in the area.

Contracts have been completed for construction of the first 21

wells, a conveyance channel, appurtenances, and an operation and maintenance
road. Future construction to complete the 35-well system and maintain the
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140,000-acre-foot-per-year delivery at the Southerly International Boundary is
scheduled to be completed by 1990.

3.  Yuma Desalting Plant (Reclamation)

The Yuma Desalting Plant is being built on a 60-acre tract of land 6
miles west of Yuma, Arizona. This site allows easy access to the Main Outlet
Drain Extension which will carry the saline drainage water to the plant, and
it is also near the Colorado River where the desalted water will be delivered.

The purpose of the plant is to upgrade the quality of drainage water
from the Welton-Mohawk Irrigation and Drainage District. This plant is a
portion of the permanent and definitive solution to the international problem
of high salinity in the Colorado River.

Presently, the plant is being constructed to produce about 73
million gallons of desalinated or product water per day. This would result in
a delivery of about 67,000 acre-feet of product water per year. The product
water will be blended with untreated drainage water to make up an estimated
return flow of about 73,000 acre-feet each year. The plant is expected to
save about 70 percent of the total drainage flow from the Welton-Mohawk
Irrigation and Drainage District.

The operational design parameters set up for the plant determined
that a membrane desalting process was technically feasible and is economically
suitable for the Yuma Desalting Plant operation. The size of the desalting
plant was computed using a salt balance formula. The factors included in this
formula are the volume of the water delivered to Mexico; the salinity
differential required by Minute No. 242 of the International Boundary and
Water Commission, United States, and Mexico; the salinity of the Colorado
River at Imperial Dam; the volume of drain water treated; the salinity of the
drain; a number of other factors related to the diffuse return flows below
Imperial Dam; and plant operational factors. The original capacity of the
desalting plant was 96 million gallons per day, which could treat 167,000
acre-feet of drain flow. Whenever the salinity of the Colorado River at
Imperial Dam is above 949 mg/L, some drainage water would have to be bypassed.

A study done in 1978 by the Advisory Committee on Irrigation
Efficiency, Welton-Mohawk Irrigation and Drainage District, recommended
expansion of on-farm measures which will result in an irrigation drain flow of
108,000 acre-feet per year. In addition, the Colorado River Salinity Control
Forum has established a salinity standard at Imperial Dam of 879 mg/L. Using
the salt balance formula and assuming an irrigation drain flow of 108,000
acre-feet and salinity of the Colorado River water at Imperial Dam of 838
mg/L, a plant size of 73 million gallons per day would be required to treat
the irrigation return flow portion of the total drainage flow.

In March 1985, Reclamation awarded the last of three major contracts
for the construction of the Yuma Desalting Plant. The $35 million was awarded
to complete the desalting plant pretreatment facilities and to construct
equipment and office buildings. The contractor has 3.5 years to complete the
work. Pretreatment start-up is planned for mid-1987, and the desalting plant
is scheduled for completion in late 1989 or 1990.
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4. Wellton-Mohawk Irrigation and Drainage District (USDA)

USDA’s involvement relates specifically to on-farm treatments and
water management improvements in the Wellton-Mohawk Irrigation and Drainage
District (WMIDD) in Yuma, Arizona. Any reduction of drainage return flows
would reduce the demands and costs of operating the desalting plant. By
improving irrigation efficiencies, a reduction of deep percolation into ground
water reduces the amount of drainage return flows leaving the 65,000 acre
WMIDD.

The SCS enters into contracts with eligible landowners and operators
(cooperators) to install conservation practices that will directly contribute
to the objectives of the program. The SCS contract provides for technical
assistance and irrigation water management efficiency checks over a 2-year
period after installation of the practices.

The Wellton-Mohawk on-farm Federal cost-sharing program was fully
funded by Reclamation. Under authority of a Bureau of Reclamation and Soil
Conservation Service Title I Memorandum of Agreement (December 1974),
Reclamation reimbursed SCS for cost-sharing and technical assistance provided
to individual participants through long-term contracts. The initial program
for 23,800 acres was expanded during the annual renewal of the agreement in
1984 to 48,000 acres.

This last renewal provided that all SCS contracting would be
completed by September 30, 1985, and that all water management and salinity
control land treatment practices would be installed by December 31, 1985.

In 1985, 55 contracts were developed and signed covering 4,519
acres. Practices applied included 31 miles of ditch lining, 4,822 acres of
laser land leveling, and 787 structures for water control and measurement.

The SCS designed irrigation systems and assisted farmers in their
installation to reduce irrigation return flow. As of January 30, 1986, 366
contracts had been developed for assistance on 48,195 acres, which exceeds the
project goals. Since implementation of the Colorado River salinity program
began in 1975, the irrigation return flows have been reduced about half or
approximately 100,000 acre-feet. This has been accomplished through the
installation of over 1,386,000 feet (262.6 miles) of concrete ditch linings,
44,724 acres of land leveling, and 10,635 water control structures in addition
to a concerted effort to obtain irrigation water management (IWM) on all
48,195 planned acres. There remains 112 active contracts covering 13,541
acres for which additional IWM activity will be carried out by the Wellton
Field Office staff.

All construction work has been completed and all payment
applications and final status reviews have been submitted during this final
year of implementation. Federal costs were $2,426,879 while local individual
farmer cost was $808,960. To date Federal cost for installation of all
facilities has been $18,209,268.

The SCS will be conducting post-project studies to evaluate the
effectiveness of the on farm treatment and water management improvements.
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B. Title II Program Summaries

1. Bureau of Reclamation

Title II of the Colorado River Basin Salinity Control Act authorized
the Secretary of the Interior to construct, as part of the Colorado River
Salinity Control Program, the Grand Valley Unit, the Las Vegas Wash Unit, the
Lower Gunnison Basin Unit, portions of the McElmo Creek Unit now included in
the Dolores Project, and the Paradox Valley Unit. Another unit, the Meeker
Dome Unit, was completed in a verification well plugging program. No
additional actions are planned for this unit.

Title II further authorized and directed the Secretary of the
Interior to expedite completion of the planning reports on units described in
the Secretary's Report, Colorado River Water Quality Improvement Program,
February 1972, Section 203(b)(2) and directs the Secretary to undertake
research on additional methods of accomplishing the objective of this title
(Title II of Public Law 93-320).

In order to insure the effectiveness of Reclamation projects,
several projects are being staged. Staging allows additional time to monitor
actual results of salinity control methods and fine tune the techniques used
to predict just how effective the project will be. In the Grand Valley Unit,
the results of the Stage One monitoring program have significantly improved
the confidence in the techniques used to predict effectiveness of both the
Reclamation and USDA programs in the Grand Valley Unit. The results of this
monitoring program have also improved confidence in similar applications in
other units.

In 1985, Reclamation and the USDA formed the Technical Policy
Coordination Committee (TPCC) to improve the coordination of salinity control
investigations and construction of salinity control units. In the Grand
Valley Unit, coordination of the data and methods used to evaluate the
potential effectiveness of various salinity control techniques has improved
the ultimate effectiveness of the programs by both Reclamation and the USDA.

Reclamation and the USDA are evaluating an alternative in the Price
and San Rafael Basins which would combine the on-farm and off-farm delivery
systems into one pressurized system. The combined system would allow farmers
to use the pressure to help convert to a more water efficient sprinkler system
and reduce salinity at a lower cost than would be possible with a more
traditional delivery system.

Some of the Basin States have raised water rights issues over
disposal of collected saline water in evaporation ponds, the primary disposal
methods proposed early in the investigation of salinity control. Under
Colorado water law, such a control system would not meet the requirements for
"beneficial use" in granting a water right. Moreover, the disposal of large
quantities of water in ponds requires large land areas and high investment
costs in land preparation and liners to prevent leakage.

At this point in time, there are only a few methods of salinity
control which have passed all the tests of viability and are presently
implementable: the lining of irrigation delivery systems, the deep well
injection of brines (but only in the case of beneficial use), the plugging of
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flowing brine wells, the control of erosion in arid lands, and the control of
deep percolation on-farm management systems such as sprinkler systems.

The use of saline water by industry has not proven to be very
implementable due to a reluctance by industry to invest in new, unproven, and
relatively expensive technologies. The problem is compounded greatly by the
difficulty in timing the Federal portion of construction with that of
industry. Industry is very often reluctant to depend on funding from Congress
when the success of their business rests on their ability to get into
production quickly. On the other hand, Reclamation cannot wait with money in
hand to use when opportunities arise due to limitations in how Reclamation is
funded.

2. Bureau of Land Management

The present salinity efforts of the Bureau of Land Management (BLM)
have concentrated on the identification and recommendation for control of
significant saline source areas on public lands. BLM has developed a resource
management planning system that is multiple-use oriented but emphasizes
solutions to specific issues.

Passage of amendments to the Colorado River Basin Salinity Control
Act in 1984 required BLM to develop a comprehensive salinity control program,
and to report to Congress and the Colorado River Basin Salinity Control
Advisory Council concerning this program. Utilizing the planning system,
saline source areas and management options for control of these sources are
being identified. Watershed activity plans addressing salinity and
implementation actions will be conducted as funds permit.

The watershed practices that may be effective in salinity control
include gully plugs, contour furrowings, pitting, ripping, retention and
detention structures, and the implementation of allotment and habitat
management plans. The cost of these watershed treatments within Grand Valley,
Colorado, as estimated by the Soil Conservation Service, is approximately
$30 to $40 per ton of salt removed. BLM feels that these salinity control
projects, with secondary benefits to erosion and flood control, water supply
for livestock and wildlife, and/or improved forage production, are consistent
with the multiple-use philosophy of BLM. Reports identifying potential
salinity control areas have been completed for eastern Utah and the Montrose,
Craig, and Grand Junction Districts in Colorado.

Several activity plans have been completed in the States of
Colorado, Utah, and Wyoming. Portions of these plans have been implemented
with one, Elephant Skin Wash in Colorado, being fully implemented in 1985.
This verification project is designed to prevent approximately 600 tons of
salt from reaching the Colorado River annually at a cost of $29 per ton.

In addition to nonpoint-source salinity control, BLM has also
implemented point-source control measures. Point-source control measures
include the plugging of abandoned oil and gas wells. The condition of two
plugged saline flowing wells in the Piceance Creek Basin was monitored in
1985. These wells originally had a flow rate of 90 gallons per minute (gpm)
with a dissolved solid concentration of 30,000 mg/L. This is equal to
approximately 5,000 tons of salt per year. The plugs are still in place with
no seepage to the creek.
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3. U.S. Geological Survey

Determination of the overall goals and accomplishments of the
salinity control program relies heavily on streamflow and dissolved solids
data from key sampling stations in the Colorado River Basin. Since 1984, the
U.S. Geological Survey has been analyzing the available data in order to
develop a consistent, accurate data base for salinity studies in the Basin.
This analysis has included consolidating historical records and studies, :
extending the historical record for certain stations, and generating a natural
record of dissolved solids discharge which would have occurred if no water
resource development existed in the Basin. The natural record was required
specifically for prediction of future salinity by Reclamation.

Specific objectives of the data analysis project were: (1) generate
annual and monthly loads and concentrations of dissolved solids and the major
constituents for all stations with adequate record; (2) determine source areas
of dissolved solids; (3) determine trends in streamflow, dissolved solids, and
the major constituents; (4) identify causes of trends whenever possible; (5)
develop a method for calculating natural salt load at the key Reclamation
input points for CRSS; and (6) develop a technique based on hydrologic,
hydraulic, and statistical principles to estimate complete monthly and annual
dissolved solids load data sets for the period 1941-83, at 12 of the 20
stations in the Colorado River Basin which have varying lengths of record.

4. U.S. Department of Agriculture

The passage of Public Law 98-569 provides a separate authority for
implementing a basin-wide USDA on-farm program. Funds, however, have not yet
been appropriated for the program. Until then, as prescribed by the
provisions of Title II of Public Law 93-320, USDA will continue to use
existing program authorities.

Within USDA, planning activities are a responsibility of the SCS.
Once irrigated agricultural salt source areas have been identified, SCS
undertakes salinity control studies and investigations to determine the extent
and severity of salt source loadings. These studies and investigations are
conducted under the river basin authorities of Section 6 of Public Law 83-566,
Watershed Protection and Flood Prevention Act. These studies are fully
coordinated with Reclamation activities and serve as the basis for detailed
project implementation plans.

In 1985, only a minimal planning effort was undertaken due to
limited funding. The two reports released in 1985 were the Mancos Valley,
published in September 1984, and the Colorado River Indian Reservation,
published in May 1985.

Current implementation activities are concentrated in the Uinta
Basin, Utah, and the Grand Valley, Colorado. Implementation of the USDA
on-farm program is the responsibility of the ASCS and SCS. Currently, USDA is
relying on the existing program authorities and funding for project
implementation. The Agricultural Conservation Program (ACP) of ASCS is
providing special cost-share funding for water management and salinity control
practices. SCS is using funds allocated through their ongoing Conservation
Technical Assistance (CTA) program to provide the necessary technical support
staff to plan and implement the water management and salinity control
practices.
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The current implementation schedule is controlled by annual
appropriations. While USDA developed a modified implementation schedule in
1982, funding has only supported the two ongoing projects. Other project
implementation starts are scheduled to be phased in over a period of years as
program funding levels increase.

A new implementation schedule was formulated as a result of new
legislation, closer coordination with Reclamation, and inputs from the Basin
States. The new implementation schedule is based upon projected salt load
reduction needs, cost-effectiveness analysis, the likelihood of Federal
funding, and Basin Fund repayment capability.

Monitoring and evaluation of the accomplishments of USDA actions in
salinity control has a threefold objective. First and most important is to
develop information about actual (rather than planned) on-farm effects that
have occurred in the area. This information will enable farmers
to make informed choices about voluntary implementation of salinity control
practices. The information includes cost of practices, changes in water use,
labor use, and other farm inputs, and finally, observed changes in crop yield
and potential changes in net farm income. The second purpose is to enable SCS
to confirm or correct the data used to plan salinity control projects to do a
more reliable job of planning other projects. The final purpose is to collect
data to be used to evaluate the overall effectiveness and efficiency of USDA
salinity control activities from a program standpoint.

Although continuing to be hampered by shortage of staff and funding,
SCS monitoring and evaluation activities moved ahead sharply during fiscal
year 1985. 1In the Grand Valley Unit in Colorado, 16 automated irrigation
monitoring and evaluation sites are now operational, and full-season
irrigation data have been collected on 13 fields. Development of the software
to process the monitoring and evaluation data proved to be a much larger task
than initially estimated. Significant progress was made toward developing the
needed software, but additional programming time will be required.

On the Uinta Basin Unit in Utah, ground water tubes have been
installed on 15 farms, and efforts will begin to monitor ground water levels
using neutron probes. Water inflow and outflow measurements on these farms
will be combined with data from six potential evapotranspiration sites to
measure deep percolation. The SCS staff is also working with Cooperative
Extension in Utah to establish and monitor progress in irrigation water
management on four farms.

A plan of study for the economics monitoring and evaluation effort
was developed and approved for the Grand Valley Unit, and a worksheet to
collect farm operations data was developed and field tested, and is ready for
the staff to begin collecting data regarding the on-farm effect of salinity
reduction activities.

Wildlife habitat monitoring and evaluation efforts have been
strongly pushed during FY 1985. Baseline wildlife habitat conditions have
been established for 30 additional sites in the Uinta Unit bringing the total
sites evaluated to 60. Microcomputer programs have also been developed to
calculate a habitat suitability index (HSI) for six species for each of the
sites. These programs will enable the ready comparison of site habitat
condition over time. On the Grand Valley Unit, a Wildlife M&E Annual Report
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for FY 1984 was prepared. The report gives preliminary data regarding changes
that have occurred in wildlife habitat since the inception of the project.

Information and educational support activities have been provided
through the USDA Federal Extension Service and the State Cooperative Extension
Service (CES) agencies. Like ASCS and SCS, the Extension Service and the
State CES agencies have relied on existing authorities and funding mechanisms
to provide the extension education support. Existing extension staffs such as
Extension Agents and Extension Irrigation Water Management Specialists have
provided some general levels of limited education support. These include
newsletters, water management workshops, and other educational efforts as a
part of their ongoing extension education programs.

A special full-time irrigation extension agent in Grand Valley was
the most significant extension education support in recent years. Lack of
funding caused termination of the position in 1985. This sort of extension
education support could play a valuable and important role in project visi-
bility, local understanding, and local acceptance.

Research and demonstration activities continue to be important to
the development of new technologies and improvement of water management
practices for control of soil and water salinity. The Agricultural Research
Service (ARS) provides national leadership for salinity related research and
demonstration activities. 1In addition, the Cooperative State Research Service
(CSRS) and State Agricultural Experiment Stations (SAES) provide the
leadership and conduct research funded from Federal and State sources.

The majority of the ARS salinity activities are conducted at the
U.S. Salinity Laboratory in Riverside, California; the U.S. Water Conservation
Laboratory in Phoenix, Arizona; the Agricultural Engineering Research Center
in Ft. Collins, Colorado; and the Snake River Conservation Research Center at
Kimberly, Idaho. ‘

C. Title II Unit Summaries

For comparison purposes, Table VII-1 on the following page summmarizes
salinity control unit cost-effectiveness based on the same (8 5/8 percent)
interest or discount rate and are indexed to January 1986 prices.

1. Big Sandy River Unit (Reclamation and USDA)

The Big Sandy River Unit is located in southwestern Wyoming, in
Sweetwater County. The Big Sandy River begins in the Wind River Mountains
where the water is good. Below Big Sandy Dam, the river is diverted to
irrigate the Eden Project. Return flows from the irrigated area and small
stream tributaries make up the flows of the lower Big Sandy River.

Drilling investigations have shown that the shallow aquifers near
the river are the source of saline seeps. Saline seeps and springs below the
Eden Project contribute an estimated 116,000 tons of salt. Along with other
tributaries, a total of approximately 164,000 tons of salt is contributed
annually to the Green River. Test well pumping indicates that the saline
water could be intercepted before seeping into the river.
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Table VII-1. Salinity control unit cost-effectiveness summary.

Potential Salt
Salt Reduction Cost-
Units 1/ Reduction to Date effectiveness
B (kton/yr) (kton/yr) (S/ton)

Meeker Dome (Reclamation) 48.0 48 2/ 14
Las Vegas Wash, Whitney (Reclamation) 10.0 16
Las Vegas Wash, Stage II (Reclamation) 66.0 17
Virgin Valley (USDA) 37.2 20
Las Vegas Wash, Pittman (Reclamation) 7.0 7 24
Big Sandy (USDA) 52.9 25
Grand Valley (USDA) 230.0 27.3 25
Lower Gunnison

Winter Water (Reclamation) 78.5 28
Paradox Valley (Reclamation) 180.0 38
Lower Gunnison 2 Delta (USDA) 104.7 39
Moapa Valley (USDA) 19.5 41
Lower Gunnison 1 (USDA) 82.1 61
Lower Gunnison 2 Montrose (USDA) 81.7 65
Mancos Valley (USDA) 8.8 67
Price-San Rafael

Rivers (Reclamation/USDA) 52.3 70
Lower Gunnison 3 (USDA) 12.0 70
McElmo Creek (USDA) 38.0 78
Uinta Basin (USDA) 98.2 15.6 82
Uinta Basin Stage I (Reclamation) 25.5 88
Dolores Project (Reclamation) 23.0 95
Grand Valley Stage Two (Reclamation) 120.3 96
Dirty Devil River (Reclamation) 20.9 98
Sinbad Vvalley (BLM) 7.5 102
Lower Virgin River (Reclamation) 44.4 3/ 113
Glenwood-Dotsero Springs (Reclamation) 287.0 117
Grand Valley Stage One (Reclamation) 24.0 21.9 121
Lower Gunnison

Stage I Balance (Reclamation) 66.3 190
Grand Valley

Stage Two Balance (Reclamation) 23.2 307

Note: for comparability, all costs are based on interest or discount rates of

1/

8-5/8 percent and are indexed to January 1986.

Investigations and plan formulation have not progressed far enough to
quantify the potential salt reduction on the Lower Gunnison North Fork
Unit, San Juan River Unit, Uinta Basin Unit Stage II, and the Big Sandy
River Unit.

Cost effectiveness based on 19,000 tons. Almost 29,000 tons were removed
prior to salinity control program.

Includes 24,000 tons attributed to use of wastewater; cost effectiveness
is basedon a reduction of 20,400 tons.
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The State of Wyoming has been involved in the study from the
beginning and has provided information, guidance, and funds. It has also
supported further funding for advance planning studies.

Planning investigations have been ongoing since October 1980. The
first recommended plan, the Chevron-Texasgulf Alternative, proved to be
nonviable. Both the Chevron Chemical Company fertilizer plant and the
Texasgulf Trona Plant near Green River did not experience expected growth.
The next two alternatives involved piping saline water to Divide Basin for
evaporation or piping it to the Jim Bridger Powerplant for cooling. The
Divide Basin alternative was rejected and the Jim Bridger Powerplant and
Chevron-Texasgulf alternatives were studied further. They were both
determined to be uneconomical.

Additional studies were undertaken in the off-farm portion of the
irrigated area of the Eden Project. Studies showed that lining some currently
unlined canals in the Eden Project area could be a cost-effective solution to
reducing salt in the Big Sandy River. The SCS completed a separate on-farm
salinity control draft report in early calendar year 1986. The report
recommends converting the existing gravity irrigation systems to low-head
sprinkler irrigation systems. A combination of a lined delivery system and an
on-farm sprinkler irrigation system could possibly achieve maximum benefits.

Ongoing studies are focused on the selective lining alternative.
Field verification of canal seepage rates was completed in the fall of 1986.
Results will help determine the cost effectiveness and will be documented in
a plan formulation working document in early 1987. The State of Wyoming has
been involved in the study from the beginning and has provided information,
guidance, and funds. It has also supported further funding for advance
planning activities.

A low pressure sprinkler system alternative appears to be cost
effective for the 15,000 acre irrigation salt source area if supplemental, low
interest loans and cost sharing at the 70 percent level were obtained. The
State of Wyoming supports this USDA low pressure sprinkler alternative and has
requested SCS to proceed with development of a selected plan.

The State of Wyoming has also requested Reclamation to refine the
salt and water budget related to selected lining of canals and laterals in the
Eden-Farson area. Planning will be targeted toward selected lining of unlined
segments of the canal and lateral system.

The combination of an off-farm delivery system and on-farm
irrigation efficiency allows SCS to recommend low pressure sprinkler systems
for on-farm salinity program elements.

2. Blue Springs Unit (Reclamation)

The Blue Springs Unit area is located on the Little Colorado River
within the Navajo Indian Reservation in north-central Arizona. The springs
contribute an average of 160,000 acre-feet per year which have a collective
salinity of 2,500 mg/L and a total salt load of about 550,000 tons per year.

The lower portion of the river flows through a meandering canyon of

about a mile in width and a half mile in depth. The walls of this rugged
gorge are a series of nearly vertical cliffs of massive limestone and
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sandstone separated by steep slopes or benches of shale, siltstone, or
thin-bedded sandstone. The bottom can be reached near Blue Springs only by a
rugged foot trail from the rim or by helicopter. The springs originate from
ground water which moves into the area from the east and south and emerges as
springflow where the canyon has penetrated the Redwall and Mauve limestones
below the regional water table. There are many spring openings along two
relatively well-defined reaches.

A full scale feasibility study of the project is not planned due to
the high capital cost of building the project and environmental problems
resulting from the significant historical and religious value of the area to
the Hopi Indians.

3. Colorado River Indian Reservation Unit (Reclamation and USDA)

The Colorado River Indian Reservation has a total of 268,850 acres
located in the lower Colorado River Basin below Parker Dam in northern Yuma
County, Arizona, and the eastern part of the San Bernardino and Riverside
Counties, California.

The United States Supreme Court allocated water to irrigate 107,588
acres, of which 99,374 acres are in Arizona and 8,213 acres are in California.
The allocation of the court also provided for a maximum diversion of 717,148
acre—-feet. 1In 1978, 75,405 acres were irrigated with Colorado River water
diverted at Headgate Rock Dam. About 200 miles of canals and laterals
delivered water to irrigate this acreage. Irrigation return flows are
collected in a 100-mile drainage system and are returned to the river.

The purpose of the Colorado River Indian Reservation Unit
investigation was to formulate a plan to reduce the salt loading to the
Colorado River from irrigation on the reservation. An analysis of the
diversions to and drainage from the reservation indicated that the reservation
did not make a net salt contribution to the river. Consequently, the
investigation was terminated, and a Concluding Report was released in October
1979 to present the studies performed.

A Cooperative River Basin Study has been completed by USDA
on the Colorado River Indian Reservation. Data available from this study
support the hypothesis that a minimal amount of salt is picked up on the
reservation and that long-term benefits of better irrigation systems and
practices appear to have a relatively small effect on downstream salinity.
The final USDA report on the study, Water Conservation and Resource
Development, Colorado River Indian Reservation, which did not identify a
recommended plan, was recently published and distributed under authority of
Section 6 of the Watershed Protection and Flood Prevention Act (Public
Law 83-566).

4. Dirty Devil River Unit (Reclamation)

The Dirty Devil River Unit is located in Emery and Wayne Counties in
southern Utah. The study area includes the Muddy Creek, the Fremont and Dirty
Devil Rivers, and the tributaries of Muddy Creek, Hanksville Salt Wash, and
Emery South Salt Wash. The Dirty Devil River drainage contributes
approximately 150,000 tons each year to the Colorado River. The Muddy Creek
tributary contributes the most salt, an average of 86,000 tons of salt
annually. No significant sources of salt or potential alternatives were
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identified on the Fremont River or its tributaries. Approximately 28 percent
of the Muddy Creek salt load, 24,200 tons per year, comes frocm springs in
Hanksville Salt Wash and Emery South Salt Wash.

The geologic formations in the drainage basin consist primarily of
sedimentary deposits, about 60 percent of which are mudstones, claystones, and
shales. The Carmel Formation of Jurassic Age and the Mancos Shale Formations
of Cretaceous Age are major contributors of dissolved solids in the Basin.
Irrigation of alluvial soils derived from shales increases the contribution of
dissolved solids to the streams.

The unit would be designed to reduce the salinity of the Dirty Devil
and Colorado Rivers by collecting saline spring water in Hanksville Salt Wash
and Emery South Salt Wash and disposing of it by deep well injection.
Collection would be accomplished by pumping surface and alluvial water from
shallow wells. This water would be filtered and chemically stabilized after
which it would be injected into a deeply buried geologic formation, the
Coconino Sandstone, where it would be stored indefinitely, and isolated from
any fresh water aquifer now in use. This means of disposal would reduce the
salt contribution to the Colorado River by 20,900 tons annually. The only
alternative to the recommended plan is no action.

The Preliminary Findings Report was completed in 1983, the Plan
Formulation Working Document in 1984, and the Field Draft Planning
Report/Environmental Compliance Document in 1985. The field review was
completed in May 1986, and the Draft Planning Report/Environmental Assessment
was prepared in October 1986.

The Colorado River Salinity Control Forum recommended the study not
continue into advanced planning because the State of Utah would not commit to
granting a water right from a portion of its Colorado River Compact water
allocation. All field investigations and advance planning activities ceased
in 1985.

5. Glenwood-Dotsero Springs Unit (Reclamation)

The Glenwood-Dotsero Springs Unit is located along the Colorado
River in Eagle, Garfield, and Mesa Counties in west-central Colorado.
Combined discharges annually contribute approximately 25,000 acre-feet of
water containing about 440,000 tons of salt, mostly sodium chloride. About
half of the salt contribution comes from 20 surface springs. Twelve of these
springs are clustered near the town of Glenwood Springs, and eight are grouped
about 2.5 miles downstream from Dotsero. The remainder of the salt enters
through springs in the stream gravels, diffuse seeps, and to a small extent
surface runoff. Several of the springs in Glenwood Springs have been
developed for bathing and therapeutic purposes. The major ions in the spring
discharge are sodium and chloride.

Planning investigations began in early 1980. Technical work
included the measurement and chemical analysis of springs and ground water in
the two areas and a detailed technical study of the salt loading mechanism.
Plans were then formulated with the aid of public input. More than 33
alternatives were generated. These were then narrowed to two alternatives
from which the recommended plan was selected.
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The recommended plan consists of collecting both surface and
subsurface salt water at Dotsero, and transporting the salt water in a gravity
flow pressure line to Glenwood Springs where additional surface and subsurface
salt water would be collected and added to the Dotsero salt water. The water
would then be piped through a gravity pressure line to evaporation ponds at
the Colorado-Utah border.

The current plan is not as cost effective as other units being
implemented and, under Colorado water law, evaporation is not considered a
beneficial use of water. A planning report concluding the study was completed
in February 1986. Other alternatives are being considered which involve a
beneficial use of the saline water.

6. Grand Valley Unit (Reclamation and USDA)

The Grand Valley Unit is located in western Mesa County in
west-central Colorado. For the most part, the unit area includes the entire
irrigated portion of the Grand Valley consisting of about 71,000 acres and
involving about 200 miles of canals and about 500 miles of laterals.

The Grand Valley is estimated to contribute an average of about
580,000 tons of salt annually to the Colorado River. Most of these salts are
leached from the soil and the underlying Mancos Formation by ground water that
receives its recharge from canal, lateral, and on-farm seepage.

The Mancos Formation is a thick sequence of gray fossil shale
varying locally from 4,000 to 5,000 feet thick. Salts present in the shale
are mostly calcium sulfate with smaller amounts of sodium chloride, sodium
sulfate, and magnesium sulfate. Calcium sulfate (gypsum) is commonly found in
crystal form in open joints and fractures of the shale.

Below the soil, the weathered zone of Mancos Shale transmits water
along open joints, fractures, and bedding planes. Percolating water from
irrigation and conveyance system seepage dissolves salts from the weathered
shale zone.

Development of the Grand Valley Unit was planned in stages. Stage
One, encompassing about 10 percent of the unit area, consisted of concrete
lining 6.8 miles of canal, consolidating 34 miles of open laterals into 29
miles of pipe laterals, and installing an automated moss and debris removal
structure. This work was completed in April 1983.

To test the effects of Stage One improvements on ground water flows
and quality, a hydrologically isolated basin, the Reed Wash study area, was
instrumented to monitor surface and ground water inflow and outflows. The
canal and lateral salt loading reduction in Stage One was determined to be
21,900 tons.

Detailed information on surface and ground water inflows and
outflows to selected basins within the unit were collected and used to develop
water and salt budgets. In addition, an intensive drilling and aquifer
testing program was conducted in both the areas underlaid by cobble deposits
and in the weathered Mancos Shale areas. The purpose of this program was to
determine aquifer characteristics, such as hydraulic conductivity, as well as
to identify quality and direction of ground water flow.
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The Stage Two area involves, for the most part, the remainder of
Grand Valley. Stage Two investigations, which began in November 1981,
included a reevaluation of various alternatives. In addition to lining with
various types of material, measures studied included installing barriers,
consolidating conveyance systems, and industrial use of saline water.

In May 1983, the recommended plan was selected for Stage Two. The
plan provides for replacing existing open earth laterals with buried pipe and
membrane lining three reaches of the Government Highline Canal. Construction
of the west end of the canal is scheduled to begin in the fall of 1986 and
construction of the west end portion of the Government Highline Canal laterals
is scheduled to begin in fiscal year 1988. The remaining lateral systems will
be improved approximately in order of cost effectiveness, with construction
concluding about the year 2005. The supplement to the definite plan report
and the final environmental impact statement were filed with the Environmental
Protection Agency May 23, 1986.

USDA’s on-farm and off-farm lateral improvements in Stage One
and Stage Two Grand Valley have been accomplished primarily through the annual
practice cost-share provision of the ASCS’s ACP program. On-farm pipeline and
ditch lining installed during calendar year 1985 was 135,944 feet and
18,148 feet, respectively. Total on-farm pipeline and ditch lining
accomplishments thus far are approximately 141 miles of pipeline and 41 miles
of ditch lining. Combined, these accomplishments represent about 27 percent
of the total Grand Valley project goal.

USDA’s off-farm lateral improvements for calendar year 1985
consisted of 18,717 feet of pipeline improvements and 2,956 feet of ditch
lining. Cumulative off-farm lateral accomplishments for the project are 37.1
miles of pipeline and 11.4 miles of ditch lining, representing 25.5 percent of
USDA’s overall project goals.

USDA’s on-farm seepage or deep percolation reductions from all
treatments to date are estimated to be 4,159 acre-feet per year for an average
salt load reduction of 20,675 tons per year. Off-farm lateral seepage
reductions from all treatments to date are 2,281 acre-feet per year for 11,470
tons of salt load reductions per year. Total seepage/deep percolation
reductions are 6,439 acre-feet through calendar year 1985 for a 32,145 tons
per year salt load reduction from USDA activities in both Stage One and Stage
Two.

7. La Verkin Springs Unit (Reclamation)

During the past 20 years, the La Verkin Springs Project has been
studied extensively with several reports being produced. 1In 1981 a concluding
report was prepared. The concluding report stated the project had no
cost-effective alternative.

Simultaneously with the development and submittal of the concluding
report, the Washington County Water Conservancy District and the State of Utah
were being approached with a proposal from a private consultant that indicated
total evaporation with clay-lined ponds may make the La Verkin Springs Project
cost effective. Based on this information from the private consultant, the
project was reinitiated in 1983.
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Alternatives developed within the La Verkin Springs Unit 1981
Concluding Report were reanalyzed along with new alternatives developed during
this study. The reanalysis was based on geologic data from 1983 field studies
and updated and refined hydrologic data and feasibility grade designs prepared
during the previous study.

A preliminary findings report recommending the study be discontinued
because of poor cost effectiveness was submitted to the Office of the
Commissioner in January 1984. The Salinity Control Forum and the Office of
the Commissioner have concurred with the recommendation. The preliminary
findings report recommending discontinuance of the study was released in
August 1984.

8. Las Vegas Wash Unit (Reclamation)

Las Vegas Wash (Wash) is a natural drainage channel providing the
only surface water outlet for the entire 2,193 square miles of Las Vegas
Valley. A drainage area of 1,586 square miles directly contributes to the
Wash which conveys storm runoff and wastewater to Las Vegas Bay, an arm of
Lake Mead. Located in Clark County in southern Nevada, the Las Vegas Valley
contains the largest population center in the State. Three cities (North Las
Vegas, Las Vegas, and Henderson) and other communities are drained by
tributaries to the Wash. Studies evaluating salinity contributed by the Wash
are concerned mainly with the 10-mile reach upstream of Las Vegas Bay. The
Wash flood plain and adjacent area support about 1,500 acres of halophyte,
hydrophyte, and phreatophyte vegetation.

Before water development in the valley, the Wash was a generally
barren and sandy channel which contained discharge only during brief periods
of major storm runoff. The growth of the communities in the valley
contributed increasing amounts of wastewater discharge to the Wash until the
flow became perennial. Return flows to the Wash are from sewage treatment
plant effluent, industrial cooling water, urban irrigation, and agricultural
drainage. This wastewater carries a solute load of 150,000 tons per year;
however, the wastewater leaches an additional 80,000 tons per year of salt as
it flows into the Wash. About 63 percent of the salt pickup is calcium
sulfate and 26 percent is sodium chloride.

Past investigations associated with plan development have been
described in previous progress reports. Construction of an interception
facility to collect saline ground water was begun in 1977 but delayed in 1978
to allow time to reevaluate changing ground water conditions.

One alternative salinity control strategy would be to prevent
seepage of wastewater and minor storm runoff by placing it in a bypass channel
running parallel to the Wash for about 4 miles, circumventing salt deposits in
the Wash alluvium. The bypass channel has been viewed by some local entities
as being in conflict with nutrient control and wildlife habitat improvement
objectives. A consensus of local support for the bypass channel does not
appear obtainable while wastewater treatment issues remain unresolved.

The seepage prevention strateqgy for salinity control is being studied by
the Pittman Verification Program. Once-through cooling water discharged by
industries near Pittman has been diverted form unlined ditches to a 3.5 mile
pipeline. Piezometers in the Pittman area are being used to monitor ground
water levels and quality. The curtailment of seepage from the unlined ditches
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was followed by a drop in ground water levels, which is a good indicator of
reduced saline ground water inflow to the Wash. A long term reduction of
7,000 tons per year is expected.

The ground water flow reduction strategy is being studied by the Whitney
Verification Program. A ground water detention basin (formed by a peripheral
slurry trench/wall) would be constructed near the historic community of
Whitney. The detention of ground water upstream of the wall is expected to
reduce the deep percolation of less saline surface water.

The completion of the Pittman and Whitney Verification Programs is
expected near the end of 1989. The information learned from these programs
would then be used to develop a salinity control plan that will have local
support.

9. Lower Gunnison Basin Unit (Reclamation and USDA)

The Lower Gunnison Basin Unit is located in the Uncompahgre Valley
in west-central Colorado. The study area consists of lands irrigated by the
Uncompahgre Project along the lower reaches of the Uncompahgre River in Delta
and Montrose Counties. The area which encompasses the communities of Delta,
Montrose, and Olathe is principally agricultural, and agribusiness is of
primary importance to the local economy.

An estimated 360,000 tons of salt are picked up in the study area
annually and conveyed to the Uncompahgre, Gunnison, and Colorado Rivers. The
salt pickup is a result of deep percolation and conveyance system seepage as
water passes through the weathered and fractured shale of the Mancos Formation
on its way to drains and the Uncompahgre River. The primary salt contributed
by this formation is gypsum (calcium sulfate).

The recommended plan of development for the Lower Gunnison Basin
Unit consists of (1) elimination of winter water flows in the irrigation
system with replacement through the domestic water delivery system and (2)
concrete lining five separate Uncompahgre Project canal systems east of the
Uncompahgre River.

The winter water replacement program would eliminate seepage from
canals and laterals during the winter months. At the same time, it would
allow more efficient livestock watering during winter with no resultant
salinity impacts. The program could reduce annual salt loading from the study
area by about 80,000 tons. Advance planning on the winter water replacement
program is expected to be completed in 1987. Because the lining of the canals
and laterals is less cost effective than other salinity control measures in
other units, advance planning on this portion of the plan will be conducted
after more cost-effective measures have been implemented.

Current activities include development of design and cost estimate
information for the expansion of the domestic water systems. Water users who
use winter stock water have been identified through a pre-application form
sponsored by the Uncompahgre Valley Water Users Association.

The SCS on-farm report completed in September 1981 outlines an

implementation plan that is compatible with the Reclamation plan. Four
cost-effective subareas have been identified for high priority implementation.
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10. Lower Gunnison Basin Unit, North Fork Area (Reclamation)

The Lower Gunnison Basin Unit-North Fork Area, is located in
west-central Colorado on the Gunnison River in Delta County. The Gunnison
River is tributary to the Colorado River. The unit area is bounded on the
north by Grand Mesa National Forest, on the east by Gunnison National Forest,
and on the south and west by the Gunnison River. Major communities in the
study area include Cedaredge, Crawford, Hotchkiss, and Paonia. The study area
includes about 67,750 acres of irrigated land which includes farms, ranches,
and orchards. A large portion of the study area is undeveloped land composed
of soils derived from the Mancos Formation. Portions of the study area have
been investigated by Reclamation for irrigation projects thus providing some
information.

The major source of salt in the study area appears to be primarily
gypsum from the Mancos Formation and from its soils. The distribution of this
salt does not appear to be uniform; one of the objectives to be accomplished
early in the study is to identify the highly saline areas. With this
information, the study area boundary can be refined for more efficient study.
The primary causes of the salt loading appear to be related to irrigation
delivery system seepage and applied irrigation percolation through the saline
soils; however, a significant amount of salt loading appears to be contributed
by nonirrigation (natural) sources due to the large drainage area and the
extent to which it is underlain by Mancos Shale soils, abandoned gas, and oil
exploration wells.

Although this investigation is in its very early stages and salinity
studies are in initial stages, an estimated 480,000 tons of salt per year is
believed to be contributed from the North Fork area. SCS determined, from its
on-farm Lower Gunnison Basin salinity study, that a total of 840,000 tons of
salt is contributed from the North Fork area and Uncompahgre Valley.
Reclamation has completed a study of the Uncompahgre Valley and found that
about 360,000 tons of salt is contributed from that area; the remaining
480,000 tons is assumed to be contributed by the North Fork area.

Preliminary salinity control concepts to be considered for this
study include selectively lining canals and laterals and providing piped
winter stock water rather than operating canals and laterals year round.
Other concepts will be considered as the investigation proceeds.

Water quality and quantity monitoring in surface streams is
underway. A contract for aerial photography was completed during the fall of
1984 providing information for environmental, hydrosalinity, and engineering
studies. A synoptic river survey will be conducted and a river budget
completed during the summer of 1986. This data will aid in identifying the
highly saline areas within the study area for more detailed study.

11. Lower Virgin River Unit (Reclamation)

This unit is located along the Lower Virgin River in northeastern
Clark County, Nevada, and northwestern Mohave County, Arizona. The unit
includes natural saline springs averaging 2,900 mg/L near Littlefield,
Arizona, and the 3,500 acres of irrigated land along the Virgin River between
the springs and Lake Mead.
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Investigations under the Colorado River Water Quality Improvement
Program began in 1972 as the Littlefield Springs Unit. The initial approach
was to study a series of saline springs along the river at Littlefield Springs
near the USGS gage "Virgin River at Littlefield, Arizona." The object of that
investigation was to determine the best method of collecting and disposing of
the water and returning the fresh water to the river or disposing of the
saline water from the springs by evaporation. This project was strenuously
opposed locally because the springs are the only reliable water supply for
irrigation at Mesquite, Bunkerville, and Riverside, Nevada, during the summer.
The Littlefield Springs study was, therefore, terminated.

In 1977 another study was started to determine the feasibility of
extracting the saline subsurface water flowing in the Virgin River downstream
of the irrigated area. Information on surface flows indicated that less salt
was leaving the area than was entering. It was, therefore, postulated that
salt was leaving the reach in underflow. The results of the study found the
subsurface water concentration was too low for collection, extraction, and
evaporation. A concluding report was published in November 1981.

Since November 1981, the State of Nevada and a power company have
been interested in developing the saline waters of the Virgin River as a
source for powerplant cooling water. In January 1984, the Bureau of
Reclamation reinitiated the Virgin River Unit Study to determine if a dual
purpose water supply and salinity control project would be feasible. The
power company presently plans to construct a new 1,000 MW powerplant in the
area for a 1994 startup. Consequently the study is focussing on formulation
of a project to supply the water needed, about 4,000 acre-feet per year.
Salinity of the available subsurface water ranges from 2,000 to 10,000 mg/L.

12. Mancos Valley Unit (USDA)

This unit has also met the prerequisite for construction and is
awaiting funding. The Mancos Valley Unit is a 9,200-acre irrigated area along
the Mancos River, a tributary to the San Juan River. The report, Irrigation
Improvements for Mancos Valley, was completed in 1985.

The recommended implementation plan includes 3,200 acres of
sprinkler systems and other water management/salinity control treatment on
about 5,500 total acres. About 17 miles of canal and lateral lining would
combine many old earthen laterals. Total salt load reductions are estimated
to be 8,800 tons per year with about 7,700 tons resulting from lateral
improvements. About 57 landowners and 15 lateral companies or groups of
landowners would be involved.

13. McElmo Creek Unit - Dolores Project (Reclamation and USDA)

The McElmo Creek Basin is located in southwestern Colorado and
covers approximately 720 square miles. About 150 square miles of the Basin,
mostly in the east, are agricultural land. Early studies in the area show
that salt loading results from both irrigation and diffuse sources, with
irrigation being the main contributor.

The total irrigation diversion into the drainage area averages
105,200 acre-feet per year. The average salt load contributed by the Basin is
estimated at 119,000 tons per year. The Montezuma Valley Irrigation Company
diverts water from the Dolores River that serves the McElmo Creek Basin. The

VII-21




salinity of the diversion averages 130 mg/L, while McElmo Creek salinity is
about 2,600 mg/L at the Colorado-Utah State line.

Data collected during the study included the following: (1) 15
ponding tests were run on Montezuma Valley Irrigation Company canal sections,
and 115 miles of canals within the Basin were characterized according to soil
structure; (2) ground water research in the Basin consisted of 125 wells
monitored for water table elevation, salinity, and hydraulic conductivity; (3)
computer models were used to determine what proportion irrigation, canal
seepage, and precipitation contribute to total salt load (subbasin by
subbasin); and, (4) irrigation research was done on 7 test farms in the Basin
representing various soil types, farm sizes, irrigation methods, and farm
management.

Results indicate seepage rates for most of the Montezuma Valley
Irrigation Company distribution system are low to moderate except for
locations where canal sections have been cut through shale and sandstone and
seepage rates are high. Only when results from the four subbasins were
combined into a total Basin water budget could surface water, ground water,
precipitation, and salts associated with water movement be determined, but the
use of the Basin water budget is limited because of the apparent inaccuracies
of data used to calculate the budget.

Through a Multiple Objective Planning Process and Public Involvement
Program, several alternatives were proposed to reduce salinity. The
Reclamation recommended plan is to line three sections of Montezuma Valley
Irrigation Company canals——two on the Lone Pine Lateral and one on the Upper
Hermana Lateral--and to install laterals from the proposed Towaoc-Highline
Canal (a Dolores Project feature) to serve the Rocky Ford Ditch Service area.
The Rocky Ford Ditch would then be abandoned as part of the plan, and its
flows would be combined into the proposed Towaoc-Highline Canal. The plan
will reduce ground water seepage from canals by 4,060 acre-feet a year and
reduce the amount of salt returned to McElmo Creek.

The McElmo Creek Unit was authorized as part of the Dolores Project,
a participating project of the Colorado River Storage Project. Included are
seepage control from the Towaoc-Highline Combined Canal, Rocky Ford laterals,
Lone Pine Lateral, and the Upper Hermana Lateral.

The McElmo Creek USDA salinity control report was published
in 1983. The recommended implementation plans call for treatment of about
19,700 acres with sprinkler irrigation systems (10,400 acres gravity and 9,300
acres pumped) and about 270 miles of onfarm ditch and lateral lining.

By combining the Dolores Project and the McElmo Creek salinity
project, the more efficient gravity pressure sprinkler systems can be
installed to an additional 9,000 acres over the original USDA implementation
plan. The DOI and USDA projects are fully compatible; however, a fully
coordinated effort has been initiated so the design and implementation of DOI
delivery and distribution systems complement the design and installation of
onfarm systems. A reevaluation of the USDA implementation schedule is
underway to allow for coordinated on-farm and off-farm planning.
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14. Meeker Dome Unit (Reclamation)

Meeker Dome, the site of several abandoned oil and gas exploratory
wells, is a local anticlinal uplift in northwestern Colorado, 3 miles east of
the town of Meeker and on the right bank of the White River. The Meeker Well,
originally drilled for oil exploration purposes and abandoned in the 1920's,
was identified as a significant point source of salinity in the Colorado River
system. Before the well was plggged to depth below 550 feet in 1968, it was
flowing at a rate of about 3 ft”/s, and its highly saline water—19,200
mg/L—was increasing the salt load of the Colorado River by about 57,000 tons
per year.

In February 1969, two abandoned wells 2 miles north of the Meeker
Well also were reported to be flowing saline water and were plugged 8 months
later. Further seepage appeared in the same year in four areas within a mile
radius of the plugged Meeker Well in the same year.

Feasibility investigations were initiated in early 1979 by the
organization of a multidisciplinary planning team of interested local, State,
and Federal agencies, as well as special interest groups and private citizens.

These investigations were designed to gain a better understanding of
the quantity, sources, and mechanisms by which saline water enters the White
River and then to identify alternatives that would eliminate or greatly reduce
the salt contribution to the river.

Technical investigations conducted through a professional services
contract with CH,M Hill, a water resources consulting firm, indicated that
seepage was cont%nuing and that variable loads of salt were being transmitted
into the White River and, subsequently, into the Colorado River. Th§ loading
estimate for 1979 approximated 27,000 tons at a flow of about 1.4 ft”/s and a
concentration of 19,000 mg/L.

Problem identification investigations indicated that of the eight
oil and gas exploratory wells drilled on the Dome, four were adequately
plugged. The other four--James, Marland, Meeker, and Scott Wells—were
believed to be unplugged or inadequately plugged and acting as conduits
allowing saline water from deep geological formations to flow through
shallower ground water aquifers and pollute surface waters of the White River.
To verify this belief, a program was initiated to clean, test, and plug the
James, Marland, Meeker, and Scott Wells. A network of observation wells and
seep measurement stations were installed to monitor the effects of the
verification program.

The bores of the James and Scott Wells were cleaned, tested, and
successfully plugged. Major difficulties were encountered with the Marland
Well. An adjacent intercept hole was drilled and used to plug it by using
pressure cementing from the intercept hole. This was apparently successful in
stopping the last source of seepage from the dome and eliminating the need for
replugging the Meeker Well. -

Ground water levels in observation wells and flows from saline
springs have decreased significantly from the conditions existing at the time
of the verification well plugging. This information appears to confirm the
hypothesis that the wells acted as conduits for saline water. In September
1984, salt loading from the dome had decreased by 19,000 tons per year from
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the preplugging level of about 26,000 tons per year to about 7,000 tons per
year. At the end of fiscal year 1985, monitoring of seeps and wells was
terminated. Water levels in the observation wells had stabilized, and springs
and seeps remained dry or filled with standing water indicating the well plugs
remained intact. The estimated cost effectiveness of this reduction is $14
per ton. A planning report concluding the Meeker Dome Unit study was
published July 1985.

15. Moapa Valley Unit (USDA)

The project covers a 5,000-acre irrigated area on Muddy River
upstream of Lake Mead. The project includes installation of 17 miles of
underground piped delivery system, on-farm water management, and salinity
control practices. By reducing overirrigation and excessive deep percolation,
it is estimated average annual salt load reductions to the Colorado River
system will be 19,200 tons. This unit has met the prerequisite for
construction and is awaiting funding. SCS published its report on Moapa
Valley in February 1981.

16. Palo Verde Irrigation District (Reclamation and USDA)

The Palo Verde Irrigation District (PVID) is a privately developed
district located in Riverside and Imperial Counties, California. Water for
irrigation is diverted from the Colorado River at the Palo Verde Diversion Dam
and is conveyed through 253 miles of main canals and laterals to serve
approximately 90,000 acres of cultivated land. The irrigation return flows
are collected in a 149-mile drainage system and returned to the Colorado
River. PVID is downstream of Parker Dam, where the major Colorado River
diversions are made to areas impacted by salinity. Control of PVID’s return
flow would not have the damage reduction impact of other units upstream of
Parker Dam.

A record of water and salt budget for PVID since 1951 shows that for
most years the return flow carried about 10 percent more salt to the river
than was divegted form the river. Because the drainage flow is so large
(about 500 ft/s), no alternative beneficial use for the water has been
apparent. Consequently, investigations have focused on ways to minimize the
increment of salt load that the drainage carries in excess of the salt load
diverted with the irrigation water.

The most recent land brought into production is in the southern end
of Palo Verde Valley, and drains there collect water with the highest salinity
concentrations. This land has been under irrigation for only 20 to 30 years,
a relatively short time in comparison to the irrigation history of the valley
which began about 1880. During the 1960’s many drains were deepened 5 to 6
feet. This accounts for a drop in the water table from an average of 5.5 feet
in 1957 to 9.5 feet in 1983.

The most recent investigation by Reclamation focused on the possible
sources of the incremental increase of salt load, apparently coming primarily
from the southern end of the valley. Several new observation wells were
completed at various depth intervals. The different hydrostatic heads of the
different intervals indicate no evidence of a rising saline ground water flow.
Ground water table elevations indicate that saline water is not flowing
horizontally into the valley. Electrical conductivity of extracts of
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saturated soil samples taken from various depths do not indicate the presence
of undissolved salt. The vertical distribution of dissolved mineral
concentrations show the near-surface influence of Colorado River water and
deeper saline ground water. The incremental salt load appears to be resulting
primarily from the displacement of ancient saline ground water by the recent
application of fresh Colorado River irrigation water.

Reclamation is currently examining drainage records to identify and
describe trends that would help predict a probable decline of the incremental:
salt load. These trends will help Reclamation, USDA, and PVID determine the
need for further studies. )

17. Paradox Valley Unit (Reclamation)

Paradox Valley, a collapsed salt anticline, is a northwest-southeast
trending valley 3 to 5 miles wide in southwestern Colorado. Geologic
investigations in the Colorado Plateau have established the existence of a
series of five major northwest-southeast trending salt anticlines (elongated
swells), about 100 miles long. Paradox Valley lies along the axis of one of
these salt anticlines and was formed from erosion of faulted and uplifted
sandstone and shale formations above a residual gypsum cap overlying about
14,000 feet of pure salt and salt-rich shale. The Dolores River remained in
its ancient streambed as the uplift and erosion of the valley developed. West
Paradox Creek heads in the La Sal Mountains and flows southeast through the
northwestern half of the Paradox Valley to the Dolores River. East Paradox
Creek, and intermittent stream, drains the southeastern half of Paradox Valley
before flowing into the Dolores River.

Ground water comes into contact with the top of the salt formation
where it becomes nearly saturated with sodium chloride and surfaces in the
Dolores River channel in Paradox Valley. Studies conducted by the Bureau of
Reclamation have indicated that the river picks up over 205,000 tons of salt
annually as it passes through the valley.

In its definite plan report (September 1978), Reclamation
recommended that a series of wells be drilled on both sides of the river into
the brine zone to pump the saline ground water, lowering the interface between
the fresh ground water and the underlying brine. The brine would then be
stripped of hydrogen sulfide gas and pumped to a terminal evaporation pond in
Dry Creek Basin.

A draft environmental statement was prepared for this plan and made
public on May 11, 1978, with a final statement filed with the Environmental
Protection Agency (EPA) on March 20, 1979, and made public. Deep well
injection was one of the alternatives to pumping and evaporation of brine that
was discussed briefly in the statement.

Before installing permanent facilities, a verification pumping
program was initiated to determine, among other things, what pumping rate
would be required to reduge the brine inflow. This program showed that by
pumping at a rate of 2 ft7/s, appgoximately 90 percent of the brine inflow can
be controlled. 1Initially, a 5-ft”/s pumping rate was estimated to be
necessary to control brine inflow.

The projected lower pumping rate changed the criteria for evaluating
disposal methods. A private consulting firm completed a feasibility study of
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deep well injection and concluded it to be technically, economically, and
environmentally feasible. After holding public meetings and sending out
newsletters requesting comment, Reclamation determined injection to be
acceptable to the public. Based on these facts, it was concluded that deep
well injection was the preferred disposal method. Reclamation then contracted
with a second consulting firm to do a more detailed study of injection as a
disposal method and to design the disposal system including injection well and
surface facilities. Some of the items studied included: capacity of the
injection zone, depth and difficulty of drilling, water quality of the brine
to be injected, water quality of the formation water, seismicity, the effects
of injection brine on seismicity, and surface treatment facilities. Based on
this new information and data, a final design for the test injection well was
completed in August 1985. Design of the surface facilities is scheduled to be
completed in late 1986.

The ongoing testing program consists of verification and refinement
of controlling brine inflow to the river, design data collection for future
facilities, and drilling and testing an actual injection well. Reclamation
will use outside consultants for its technical assistance on deep well
injection. A test injection well will be constructed to determine
characteristics of the disposal formation. Based on these characteristics,
the required number and location of disposal wells will be determined, well
design will be completed, and required surface facilities will be determined.
After analyzing the total required facilities and projected operation,
maintenance, and replacement costs, a final decision on whether or not to use
deep well brine disposal will be made.

The injection well will be drilled and tested in 1986 and 1987.
When positive test results are obtained, the original Definite Plan Report
will be amended, and the National Environmental Policy Act (NEPA) requirements
will be fulfilled. The constructing of permanent facilities will then follow
the approval of the amended plan. Construction should be completed by 1989.

Conditional water rights were obtained from the State of Colorado,
and the State has approved pumping and well testing as stipulated in existing
well permits. Reclamation will apply for permanent water rights when an
actual beneficial use, the improvement of water quality in the Dolores River
for downstream water users within the State, is achieved.

18. Price-San Rafael Rivers Unit (Reclamation and USDA)

The Price-San Rafael Rivers Unit is located in east-central Utah,
120 miles southeast of Salt Lake City, encompassing Carbon and Emery Counties.
U.S. Highway 50 is a major north-south road in the area passing through Price
and Green River, Utah. Both the Price and San Rafael Rivers drain into the
Colorado River via the Green River.

Agriculture and energy development (primarily coal mining) make up
the principal economic base in the Price and San Rafael River Basins. Most of
the agriculture production is used for livestock feed. Only 2 percent of the
land is irrigated.

There are no natural springs or seeps in the project area. The salt
loading contributed to the Colorado River from the Price and San Rafael River
Basins occurs principally as a result of the dissolution of soluble salts in
the soil and substrata. Return flows from irrigation and runoff from
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precipitation transport the predominantly sodium sulfate salts to natural
drains and eventually into the streams and rivers. An estimated 430,000 tons
of salt annually reach the Colorado River from these two river basins. Of
this amount approximately 60 percent is attributed to agriculture.

Five alternative plans have been evaluated to date for controlling
salt loading by Reclamation. These alternatives include irrigation systems
improvement; using drain water for powerplant cocling; collecting saline water
and disposing of it through deep well injection, evaporation ponds, or a
desalting plant; using saline water for energy development (coal washing, tar
sands, or coal slurry pipeline); and the retirement from irrigation of high
salt contributing lands. Of these, the irrigation systems improvement
alternative passed the four tests of viability (completeness, effectiveness,
efficiency, and acceptability).

The irrigation systems improvement alternative had been selected as
the preferred plan. The plan was to consist of two components--lining canals
with the highest amount of leakage and lining stockwatering ponds to improve
winter watering practices. However, field verification tests conducted during
November 1984 indicated that the canal seepage is not as great as expected;
consequently, the canal lining component of the plan was deleted.

Reclamation and SCS are looking at new combined alternatives that
would include placement of laterals in pipe and a combination of the laterals
with the gravity sprinkler irrigation systems. SCS and Reclamation are
evaluating potential for a joint and fully coordinated salinity project.

USDA has participated in public meetings to discuss on-farm salinity
program and has kept the local sponsors informed on opportunities for funding
and technical assistance. '

19. Saline Water Use and Disposal Opportunities Unit (Reclamation)

Powerplant Cooling.—Installation of a test loop for saline water
cooling has been completed at the Etiwanda Powerplant near Ontario,
California. The selected hardware will be evaluated under actual field
conditions to verify technical performance and operation. A parallel study of
the economic impacts of the test loop and selected hardware is also underway.
The economic study is tailored after previous studies completed at the Hunter
and Jim Bridger powerplants. An earlier contract study of saline water use in
Jim Bridger Powerplant found that by using side stream softeners and disposal
ponds, about 8,000 acre-feet per year of Big Sandy River water could be used.
Total in-plant costs were about $70 per ton; however, when the costs of well
construction features and pipeline costs were included, the total increased to
between $146 to $152 per ton. These costs were not competitive with other
salinity control units.

A letter of agreement for cost sharing the hardware study has been
extended to December 1986. Cost sharing for the program is provided by
Reclamation, EPA, State of California, Sephton Water Technology, Pacific Gas
and Electric, and Southern California Edison.

Under an existing basic agreement with consultant Jack Laughlin, a

final study contract will examine the technical and economic feasibility of
using Lower Virgin River Water at the proposed 1,000 MW Harry Allen Powerplant
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near Las Vegas, Nevada. The study will establish the in-plant costs of using
brackish water from the Lower Virgin River as compared to alternative
supplies. Opportunities for cost sharing further studies and construction of
a water supply system for the proposed (1996) powerplant will be pursued with
Nevada Power Company. Test results from the Etiwanda study will be
incorporated into the process concepts proposed for the Harry Allen Plant.

Aquaculture.—International Bio Resources, Inc. and Denver
Engineering Corporation completed a contract study for the use of a Salt
Tolerant Emergent Plant (STEP) process to beneficially use, concentrate, and
dispose of saline water. Economics of the STEP process were applied to the
Glenwood-Dotsero Springs Unit. Although unit costs under $100 per ton were
claimed in the study, technical issues related to production rate, evaporation
rate, forage value, etc., could not be addressed due to lack of field
experience. Moreover, remaining questions related to beneficial use and water
rights of Glenwood Springs, coupled with lack of government funding for
continued research, have halted the study effort.

20. San Juan River Unit (Reclamation)

The San Juan River Unit investigations began in November 1985 with
the objectives of locating salt sources and identifying control methods. The
study area includes the entire 23,000-square-mile watershed from its
headwaters in south-central Colorado to its mouth at Lake Powell. The
drainage contributes approximately one million tons of salt annually to the
Colorado River Basin. Early reconnaissance shows significant salt loading in
the river between Shiprock, New Mexico, and the Four Corners. At Bluff, Utah,
the annual flow of 2,047,000 acre-feet of water contains 1,165,000 tons of
salt. About 18 percent of this salt loading occurs between Shiprock and
Bluff, but only 7 percent of the water is added in this reach.

The study area was broken into about 20 sub-watersheds and
geographic areas. Since November 1985, water quality sampling and flow
measurements throughout these subbasins have been made to gain an
understanding of salinity mechanisms. The study area covers many thousands of
square miles of natural resource lands as well as agricultural, municipal and
industrial areas which may contribute controllable salt. Most of the natural
source of salt is contributed by surface runoff and ground water discharge
from the Nacimiento Formation and Mancos Shale. Many thousands of acres of
vegetation, along the streams and washes, worsen the conditions by
concentrating the salts. Irrigation projects, coal-fired powerplants, surface
mining operations, oil and gas fields, and refinery operations also contribute
to the salinity problems.

The sparsely vegetated Mancos Shale and Nacimiento Formation
badlands, covering much of the Basin, contribute large amounts of sediment and
salinity particularly during summer thunderstorms. The Mancos Shale is also
the source of saline springs and ground water.

This shale is exposed to the river’s alluvium from the hogback,
almost 30 miles east of Shiprock to just upstream of the confluence with the
Mancos River near Four Corners. The Mancos River cuts across the Mancos Shale
for about 25 miles before entering the San Juan River.

The Hammond Project, Navajo Indian Irrigation Project (NIIP), and
the Hogback Irrigation Project (also a Navajo Indian project) are the
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principal irrigation sources of salt in the Basin. Preliminary canal seepage
and drainage investigations have been made on the Hammond Project and justify
the need for more detailed testing. Historic flow and water quality data show
that the irrigated area contributes over 18,500 tons of salt annually.

The NIIP irrigated area has recently started discharging water above
3,000 mg/L, mostly in the Gallegos and Ojo Amarillo Washes. These are both
wide and deep sandy washes and the drainage water could be collected in them
if disposal or industrial use alternatives appear feasible.

The Hogback Project contributes heavy salt loading but the
mechanisms have not yet been explored. Ground water®accruing to the San Juan
alluvium in this vicinity have salinity concentrations of over 15,000 mg/L.
Other manmade salt contributions include abandoned gas or oil wells which have
developed leaks at the wellhead, coolant discharges from powerplants, and
wastewater from a petroleum refinery.

As the information in this early stage of investigation is gathered,
potential solutions are being developed. Costs for lining the canals in the
area are being estimated, methods of controlling the salt discharge from those
areas north of the river are being identified, and potential industrial users
will be contacted. Environmental and other planning considerations, such as
water rights, are being evaluated. The conclusions from this appraisal of the
Basin will be made by the fall of 1986.

If at least one cost-effective and acceptable alternative can be
identified, the study will continue toward identifying the best plans for
reducing salinity in the Basin. A Planning and Environmental Document is
scheduled for the fall of 1989.

21. Sinbad Valley Unit (BLM and Reclamation)

The Sinbad Valley Unit is located in western Colorado, south of the
town of Gateway. Salt Creek drains Sinbad Valley and has been identified as a
point source of saline ground water contributing an estimated 5,000 to 8,000
tons per year of salts to the Colorado River system. Saline ground water
discharge from the Paradox member of the Hermosa Formation and overlying
alluvium in Sinbad Valley is responsible for high concentrations of dissolved
solids, primarily sodium and chloride, in Salt Creek. This ground water is
discharged through a series of springs and seeps near the mouth of Sinbad
Valley.

The BLM initiated a feasibility report for the interception and
disposal of these saline waters during fiscal year 1982 and prepared a report
on Sinbad Valley in April 1983. This report recommended that lead
responsibility and funding be assumed by Reclamation.

Six appraisal level alternatives for the Sinbad Valley Salinity
Study were developed. The cost effectiveness of the three most attractive
alternatives ranged from $65 to $69 per ton reduction at Imperial Dam. Before
a preferred alternative can be selected, an environmental assessment needs to
be completed. Sewemup Mesa, located immediately east of Sinbad Valley, is a
wilderness study area and is also proposed as an Outstanding Natural Area in
the Resource Management Plan. The area has high visual sensitivity, both
onsite and along a powerline alignment, and has Peregrine falcons nesting in
it.
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The Sinbad Valley feasibility study indicates that additional
information is needed before final selection can be made among the various
alternatives. First, additional discharge and conductivity measurements are
required to define salt loads of high flows; second, onsite evaporation data
are needed to further refine the sizing of evaporation ponds (a pan
evaporation station should be established and operated in Sinbad Valley for at
least one year); third, the abandoned wildcat well, No. 1, Sinbad Unit, should
be evaluated for injection suitability. Other questions which need to be
resolved include water rights and the compatibility of the project with
existing land uses.

22. Uinta Basin Unit (Reclamation and USDA)

The Uinta Basin Unit is located in northeastern Utah. The unit area
includes portions of Duchesne and Uintah 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.

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 which underlie most of the Uinta Basin. Seepage from conveyance
systems and deep percolation resulting from irrigation are the primary
processes which dissolve salts from the soils and shales and convey the salts
through the ground water system to natural drainages and ultimately to the
Colorado River. An estimated 450,000 tons of salt from the Uinta Basin
annually reach the Colorado River.

Phase I.--Uinta Basin Unit alternatives which were evaluated include
lining irrigation canals and laterals to reduce seepage losses and thus reduce
the salt load carried to the Colorado River; collecting saline water and
disposing of it through deep well injection, evaporation ponds, or a desalting
plant; using saline water for energy development, transportation of coal
through a coal-slurry pipeline, or cooling purposes at a local powerplant; and
the retirement from irrigation of high salt contributing lands. As
determined by the four tests of viability (completeness, effectiveness,
efficiency, and acceptability), the only viable alternative is canal lining.

Under the canal lining alternative, 55.5 miles of the total of about
240 miles of canals and laterals in the Uinta Basin would be lined with
concrete. Project implementation would reduce the salt load to the Colorado
River by an estimated 21,000 to 30,000 tons per year and reduce canal seepage
by about 16,800 acre-feet per year, of which about 4,600 acre-feet could be
used to reduce irrigation shortages.

An integrated planning report/draft environmental impact statement
on the unit has been prepared and was released to the public on April 25,
1986. The final document is scheduled to be completed and filed with the
Environmental Protection Agency in March 1987. Design-data collection and
other advance-planning activities are scheduled to begin in October 1987.
Construction of the unit is scheduled to begin in fiscal year 1990.

Phase II.——Uinta Basin Unit Phase II alternatives which will be
evaluated include a joint Bureau of Reclamation-Soil Conservation Service
program of lining canals and laterals in conjunction with on-farm irrigation
system improvements, lining canals and laterals not considered under the phase
I study, eliminating canals by combining them with other canals which would be
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lined, eliminating winter water now diverted through canal systems, retiring
high salt contributing lands from irrigation, and using saline water for
industrial purposes.

A draft plan of study was completed and approved in September 1986.
Planning activities are scheduled to begin in October 1986, with a preliminary
findings report prepared by November 1987.

To date, over 80 percent of the Uinta Basin USDA on-farm and
supportive off-farm salinity control improvements have been implemented
through the use of Long Term Agreements (LTA). More than 90 percent of the
participants who entered into LTA’s have done so through pooling arrangements
whereby two or more participants develop mutually beneficial plans. A major
emphasis has been placed on comprehensive planning and LTA preparation.
Participants are assisted in implementing a well-balanced improvement program
of structural and management practices that address salinity reduction and
wildlife habitat enhancement.

In calendar year 1985, 70 LTAs were authorized for implementation.
These agreements, when completed, will minimize salt loading impacts from
3,368 acres of irrigated cropland and 4,500 linear feet of off-farm irrigation
system laterals. 1In addition to practices in LTAs, 55 annual practices were
installed which partially treated 1,485 acres of irrigated cropland.

At the end of 1985, salinity program participants had achieved
irrigation water management on 18,000 acres and reduced salt loading to the
Colorado River by an estimated 15,447 tons. Treatment of 23,169 linear feet
of off-farm laterals has reduced salt loading by an additional 3,711 tons.
Overall, average annual salt reduction to date has been 19,158 tons.
Approximately 26 percent of project funds have been obligated and
approximately 19 percent of projected salt load reduction benefits have been
achieved.

23. Virgin Valley Unit (USDA)

The area consists of about 5,000 acres of irrigated land owned by
about 50 individuals. Four irrigation companies or districts would also be
involved with improvements of about 6 miles of off-farm canal and lateral
improvement. Deep percolation reduction is estimated to be 19,000 acre-feet
per year and salt load reductions are estimated to be 37,200 tons per year.

While the Virgin Valley is independent of any Reclamation salinity
control project, the downstream impacts on the Bureau of Reclamation Lower
Virgin River Unit are to be evaluated by Reclamation and SCS collectively.
Otherwise, this unit has met the prerequisite for construction and is awaiting
funding. The Virgin Valley report was published in March 1982.

D. State NPDES Salinity Discharge Permitting

The States of the Colorado River Basin, the Federal Executive Department,
and Congress have adopted the policy that the salinity of the lower main stem
of the Colorado River shall be maintained at or below the flow-weighted
average values found during 1972 while the Basin States continue to develop
their compact-apportioned water. The flow-weighted averages are referred to
as numeric criteria at three downstream stations--below Hoover Dam, below
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Parker Dam, and at Imperial Dam. The numeric criteria for those three
stations are 723 mg/L, 747 mg/L, and 879 mg/L, respectively.

Although the numeric criteria have not been exceeded since the Forum
adopted its policy, it is anticipated that without salinity control measures,
as the States continue to develop their compact-apportioned water supply, the
criteria will be exceeded. Therefore, the seven States, working collectively
within the auspices of the Colorado River Basin Salinity Control Forum, have
from time to time adopted additional policies to help facilitate the control
of the salinity in the Basin. 1In 1977, the Forum adopted the "Policy for
Implementation of Colorado River Salinity Standards Through the NPDES Permit
Program.” The policy deals with both industrial and municipal discharges to
the river system. With respect to effluent limitations for industrial
discharges, the stated objective is no salt return to the river wherever
practicable. The policy with respect to municipal discharges is that the
incremental increase in salinity shall be 400 mg/L or less than the average
salinity of the intake water supply. This policy is being implemented through
the NPDES permit program.

In 1980, the Forum adopted a policy encouraging the use of brackish
and/or saline waters for industrial purposes. This use of saline waters by
industry combined with the no salt discharge policy will reduce the salt load
to the river system.

In October 1982, the Forum adopted a policy concerning intercepted ground
water. The 1982 policy more clearly defines those aspects dealing with
intercepted ground water addressed under the 1977 policy. The NPDES permit
program is used to facilitate the 1977 and 1982 policies. There is a separate
NPDES permit program in each of the States, with authority derived from the
Federal Clean Water Act, Public Law 92-500. A brief status report as to the
program in each of the States follows.

Arizona.—The authority for issuing NPDES permits has not been delegated
to the State and still resides in the Region IX office of EPA. Currently, the
State prepares the permits, solicits public comments and involvement, and
forwards a final draft of proposed permits to EPA for signature and issuance.
For waters tributary to the Colorado River above Imperial Dam, there are three
industrial discharge permits now issued by the State of Arizona. There are
also 31 municipalities or quasi-public NPDES permittees in the watersheds of
Arizona above Imperial Dam.

California.——California has authority to issue NPDES permits. In recent
years there have been no applications for industrial discharge permits in the
Colorado River drainage in California. Only one municipality in the drainage
area has been reissued a municipal discharge permit in recent years. This
permit is consistent with Forum policy.

Colorado.—Colorado has the authority to issue NPDES permits. There are
333 permits in the Colorado River Basin portion of the State. Most of these
are for minor municipal or industrial facilities. Of these 333 permits, 13
are major or significant industrial permits and 21 are major or significant
municipal permits.

All new or reissued permits have been brought into compliance with the

Water Quality Control Commission regqulation for implementation of the Colorado
River salinity standards. This is being accomplished through the discharge
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permit program. Actions of particular note in the past year include
requirements that three major municipal dischargers demonstrate the
non-practicability of preventing a greater than 400 mg/L increase in salinity
in their wastewater systems and amendment of all industrial permits which
lacked salinity monitoring requirements.

Nevada.——The authority to issue NPDES permits has been delegated to thc
State of Nevada. The industrial discharges into water tributary to the
Colorado River in the State of Nevada are located in the Las Vegas Wash area.
Permits have been issued to industrial companies at Henderson and strategies
of piping and ponding discharge waters are being implemented. Nevada has also
issued permits that prohibit Nevada Power Company from discharging brackish
waters from its two generation stations in the drainage. Two of the three
major municipalities in the Las Vegas Wash area have been issued discharge
permits that are in keeping with the Forum policy. The third major
municipality in the area, the city of Las Vegas, has been involved ir lengthy
discussions, negotiations, and litigation concerning the terms of its
discharge permit. When the permit is reissued, the stat will insure that the
requirements of the Forum dicharge permit policy are fully implemented.

New Mexico.--Authority for issuing permits has not been granted to the
State of New Mexico, and the program is being administered by EPA, Region VI.
EPA is following the discharge permit policy of the Forum. There are
currently 17 industrial, 10 Federal, and 6 municipal discharge permits issued
in the State of New Mexico within the Colorado River drainage. Some permits
are not in compliance with Forum policy due to monitoring requirements,
although corrective measures are being taken. Many expired permits are
currently under administrative extension by EPA. Permits will require
compliance with Forum policy as they are reissued.

Utah.—Major industrial permits are drafted by EPA, and minor industrial
permits are drafted by the State of Utah. EPA maintains the authority for the
issuance of the permits, but all permits are reviewed by the State for
compliance with Forum policy. There are 72 NPDES permits in effect for
industrial discharges in the State of Utah in the Colorado River drainage.
There are also 28 municipal permits in the State in that drainage. Twelve of
these municipal facilities provide total containment. Since 1977 and the
enactment of the Forum policy, all reissuvance of discharge permits has been in
compliance with the Forum policy.

gyoming.——The State of Wyoming has the authority to issue NPDES permits,
and the State follows the Forum policy in the issuance of these permits. The
State is giving particular attention to the discharges from the Pacific Power
and Light Company Jim Bridger Powerplant located in Sweetwater County. That
plant is currently operating under a conditional discharge permit; it is
anticipated that with the installation of air pollution control devices over
the period of the next 6 years, water discharge will be eliminated from that
plant. Wyoming has issued 13 municipal permits for discharges to tributaries
of the Colorado River. These 5-year permits are for relatively small
discharges and are reissued in compliance with the policy of the Forum when
they reach their expiration dates.
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PART VIII. EFFECTS OF DEVELOPMENT ON SALINITY

A. Methods

An evaluation of the probable effects of developments on the flows and
water quality of the Colorado River Basin was made using a computer model.
The model, Colorado River Simulation System (CRSS), evaluates the impacts of
depletions, salt pickup, and salinity control on future salinity at key
stations within the basin.

CRSS is a package of computer programs and data bases developed by
Reclamation as a tool to be used by water resource managers dealing with
water-related issues and problems in the Colorado River Basin. The Colorado
River Simulation Model (CRSM), the central feature to the CRSS, is a computer
program which simulates the flow of salt and water through the Colorado River
system.

The model simulates operation of the river system on a monthly time
frame, using historical (virgin) flow records, present and future depletion
schedules, present and future levels of salinity control (optionally), and
present and future salt loading estimates to predict salinity throughout the
Basin. Salts and water are routed through the system by a simple mass balance
accounting procedure in which salinity is modeled as a conservative parameter.
Irrigation and transbasin diversions show salt gains and losses, respectively;
other uses (municipal, industrial, evaporation, mineral, etc.), with the
exception of the Las Vegas Wash, show no gains in loading due to salt pickup.

Among the assumptions used is CRSS salinity projections is the routing of
salts through a given reservoir. The model routes the salts through the main
stem reservoirs using a once-a-month mixing algorithm. This assumption limits
the ability of the model to predict monthly variations in salinity; however,
it does not limit the model in predicting long-term salinity since the monthly
differences average out on a yearly basis.

A simulation of historical conditions within the basin was used to test
the ability of the CRSS to simulate flows and salinity. The results of the
test were then used to calibrate the model. Gains and losses between stations
along the Colorado were adjusted to minimize the error between simulated and
observed salinity concentration. The development and use of CRSS is an
ongoing process; however, results from the model have been favorably compared
against the 1968-78 historical conditions, and Reclamation believes that in
its present form, CRSS is the best long-range predicitive tool available.

B. Initial Salinity Conditions

For these simulations, Table VI-1 summarizes the estimated present and
projected future development used in CRSS through the year 2010 for the Upper
Basin and the Lower Colorado mainstream of the Colorado River. The virgin
flow data base used included monthly flow data for 1906-83. The mean virgin
flow for this period was 15 million acre-feet per year at Lees Ferry.
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Long-term historical flow and salinity conditions for the Colorado River
at Imperial Dam are depicted in Figures VIII-2 and VIII-3, respectively.
Figure VIII-2 shows the amount of water that reached Imperial Dam in the years
1983-85 was unusually high compared to the last 2 decades. Since the 1966
closure of Glen Canyon Dam, with few exceptions, flows at Imperial Dam have
fluctuated within the narrow range of 5 to 6 million acre-feet, primarily due
to the filling of Lake Powell (1963-80) and the ability to control the
releases from the Upper Basin with the storage available in Lake Powell. With
Lake Powell at near capacity, more water has been released, reducing the
salinity in the Lower Basin.

The additional water in 1980, 1983, 1984, 1985, and 1986 had a dramatic
dilution effect on the salinity concentrations at Imperial Dam. Figure VIII-3
shows an average annual value of 607 mg/L in 1985, the lowest level of the
period 1941-85. It appears that the 1986 salinity level will be even lower
than the 1985 value.

The 1986 salinity levels at Imperial Dam were again due to excess flow
and are expected to have a continuing but temporary impact on future salinity
projections. Due to the flushing out of more saline water in the major
reservoirs, current salinity reductions will also have a short-term impact on
salinity projections but will have little impact on long-term projections.
Reclamation estimates that normal flows would increase the salinity levels
back to the 800 mg/L range in 6 to 7 years.

The base condition from which all salinity projections are made assumes a
starting salinity condition at present 1986 levels, existing levels of
development as a starting point, scheduled developments for predictions in the
future, and existing salinity control units operating at existing levels
(126,800 tons per year).

The base condition for the evaluation assumes that no more funds would be
expended on salinity control after FY 1986. Consequently, only the completed

salinity control units or portions of units shown below are considered in the
base:

Table VIII-1l. Existing salinity control unit summary.

Tons/Year Removed

Unit as of 1985
Grand Valley Stage One (Reclamation) 21,900
Grand Valley (USDA) 27,300
Meeker Dome (Reclamation) 48,000
Uinta (USDA) 15,600
Las Vegas Wash (Pittman Bypass) 7,000
BLM well plugging 7,000

Total 126,800
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Figure VIII-1l. Mean annual flow at Imperial Dam (1941-85).
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Figure VIII-2. Mean annual salinity at Imperial Dam (1941-85).
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C. Salinity Projections

Since CRSS predicts future salinity based on a series of years (a trace)
from the past, several traces were needed to show what the minimum, maximun,
and average salinity might be. 1In all, 15 individual runs of the model were
made to estimate these values. Table VIII-2 on the following page shows a
summary of the CRSS for the Basin. Figure VIII-3 shows the aggregate results
of the 15 individual runs at Imperial Dam. The range shown in the figure is
by no means the minimum and maximum possible; however, the figure does
demonstrate how salinity can vary due to the combined effects of development
and the virgin flow of the river.
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Figure VIII-3. Range of mean annual salinity at Imperial Dam (1986-2010).

The general trend in Figure VIII-3 of increasing salinity with time is
due to 2 components. The most obvious one is due the increase in development.
The increased use of water reduces the dilution of salinity in the river. The
less obvious component is the rebounding of the salinity from the abnormally
low levels of salinity observed in 1985-86 which were used as the starting
point for these projections. At the present level of development, more normal
levels of salinity at Imperial Dam would have been in the range of 820 mg/L
instead of 607 mg/L. This demonstrates an important aspect of the projections
shown in Figure VIII-3, that natural variations in the hydrologic and climatic
conditions can have a dramatic impact on the year to year variation in
salinity. The figure shows this variation as the scatter in the possible
salinity for any one year in the future. The possible salinity for that year
could vary 100 to 200 mg/L on either side of the mean depending on how wet or
dry it is.
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Table VIII-2.

Salinity projections for the Colorado River Basin.

Present (1974-84)

Future (2010)

Flow Flow Salinity
(1,000 Salinity (1,000 salinity P< 0.2
station acre-feet) (mg/L) acre-feet) (mg/L) (mg/L)

Green River near

Green River, WY 1,359 325 1,261 319 512
Green River near

Greendale, UT 1,697 483 1,627 406 569
Yampa River near

Maybell, CO 1,237 176 1,129 155 196
Duchesne River near

Randlett, UT 448 721 211 1,795 2,938
White River near

Watson, UT 550 391 513 454 579
Green River at

Green River, UT 4,691 456 3,987 555 699
San Rafael River near

Green River, UT 117 1,976 104 1,212 1,837
Colorado River near

Glenwoood Springs, CO 1,692 261 1,368 424 678
Colorado River near

Cameo, CO 2,951 404 2,811 403 565
Gunnison River near

Grand Junction, CO 1,938 566 1,845 624 980
Dolores River near

Cisco, CO 749 784 619 857 1,898
Colorado River near

Cisco, CO 5,508 590 4,826 717 1,170
San Juan River near

Archuleta, NM 866 163 643 186 233
San Juan River near

Bluff, UT 1,592 462 1,202 1,052 1,761
Colorado River at

Lees Ferry, AZ 10,867 534 9,879 698 843
Colorado River near

Grand Canyon, AZ 11,152 581 10,247 732 882
Virgin River at

Littlefield, AZ 221 1,604 134 1,608 2,114
Colorado River below

Hoover Dam 10,490 670 9,755 794 904
Colorado River above

Parker Dam n/a n/a 9,386 823 936
Colorado River below

Parker Dam 9,514 691 7,198 826 952
Colorado River at

Imperial Dam 8,450 793 6,249 963 1,123

Note: The P< 0.2 level of salinity is based on the highest 3 of 15 CRSS runs
and is an estimate of the salinity level which may be exceeded by about
20 percent of the time.

VIII-5




D. Salt Load Reduction Objective

To maintain the average salinity level at 879 mg/L at Imperial Dam in the
future, additional salinity control measures are needed beyond those which are
in place. To estimate the salt load reduction needed by the year 2010, the
data from the 15 runs of the model were analyized statistically. The results
of this analysis are shown in Figqure VIII-4.
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Figure VIII-4. Mean annual salinity at Imperial Dam (1986-2010).

The average salinity at Imperial Dam is projected to reach about 963 mg/L
by the year 2010. Using the salinity projections at Imperial Dam, the salt
load reductions needed to reduce projected salinity levels to the numeric
criteria level of 879 mg/L were estimated to be 1.09 million tons per year by
the year 2010. The required salt load reductions are in addition to those
already removed.

It is important to understand that the salt load reduction projection is
very highly dependent on the rate of development in the Basin and will change
as rapidly as the depletions change in Table VI-1. For instance, if the price
of o0il were to go up, oil shale development, which has been postponed by a
decade due to the low price of o0il, may suddenly take off again. This would
increase the need for more salinity control. Or, conversely, development of
water resources may decline, reducing the need for salinity control. However,
this is less likely than it was 10 years ago, since most all of the optimism
in the development schedule has been removed.
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PART IX. SPECIAL STUDIES

A. U.S. Department of Interior—-Salinity Research

Through funding and direction by the Bureau of Reclamation (Reclamation),
the U.S. Geological Survey (USGS) has become more involved in several aspects
contributing to the analysis of the Colorado River Salinity Control Program.
These include the gathering of basic data, extending data records, automating
the analysis of data using new computer techniques, documenting the methods
and results, and helping to identify and quantify sources of salt loading.

Beyond investigating potential salinity control units, Reclamation has
also contracted to review the economic impacts of salinity, develop new
methods of evaluating the implementation schedule of the salinity program, and
test new technologies for the use of saline water.

1. Characteristics and Trends in Dissolved Solids in the Upper Colorado
River Basin [24]

This study evaluates historical water use in relation to dissolved
solids concentration in the Upper Colorado River Basin. The report also
identifies sources of dissolved solids loads, trends, and concentrations.
Annual and monthly dissolved solids were estimated for 70 streamflow stations
using regression techniques. Major dissolved constituents were also
estimated. Nonparametric trend analysis was used to determine long-term
trends resulting from major interventions upstream.

a. Source Areas of Dissolved Solids

The mean dissolved solids concentration of the Colorado River
increases from 29 mg/L at the Adams Tunnel diversion to 590 mg/L near Cisco.
The concentration at Lees Ferry is lower because it is diluted slightly by
large inflows from both the Green and San Juan Rivers. Of the mean annual
dissolved solids load of the Colorado River at Lees Ferry, Arizona, 42 percent
is dissolved sulfate, 16 percent is bicarbonate, 14 percent is sodium, 14
percent is calcium, 9 percent is chloride, and 5 percent is magnesium.

In headwater areas, the water in streams is predominantly of a
calcium bicarbonate water type. Lower in the Basin, in areas underlain by
sedimentary rocks, large amounts of dissolved sulfate, sodium, and other
constituents are carried into the stream system. Many streams in the Colorado
Plateau region typically contain 60 percent of the dissolved solids load as
dissolved sulfate. The range of mean dissolved solids concentration at the 70
stations is from 29 mg/L, with a calcium bicarbonate water type, to 6,700
mg/L, with a sodium sulfate water type. The mean concentration is greater
than 1,000 mg/L at 17 stations on small tributaries. On all of the major
rivers in the Basin, the mean dissolved solids concentration does not exceed
600 mg/L.

As a result of geologic history and climatic influences, the
interior of the Upper Colorado River Basin generally contains an abundance of
saline rocks near the surface; however, because of the aridity of these lands,
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runoff is slight, and the natural opportunities for dissolved solids to be
carried into the stream system are limited. Large, natural point sources of
dissolved solids include the Glenwood Springs area (475,000 tons per year) and
the Paradox Valley area (223,000 tons per year). These two sources contribute
56 percent of the dissolved chloride carried out of the basin and 25 percent
of the dissolved sodium. Large but unquantified amounts of dissolved sodium
and chloride are also contributed from salt anticlines near Moab, Utah. Other
rivers and their tributaries--including the Price, San Rafael, and Dirty Devil
Rivers and the Bitter Creek in Wyoming—intercept saline discharge from other
geologic formations.

Of stations on streams having a mean annual streamflow greater
than 25,000 acre-feet, the greatest concentrations were found on McElmo Creek,
Big Sandy River, Price River, San Rafael River, Reed Wash, Salt Wash,
Uncompahgre River, and the Dirty Devil River, in that order. All of these
stations were downstream from areas where irrigated agriculture has major
impacts on streamflow and dissolved solids. Irrigated agriculZure in the
Upper Colorado River Basin diverts several million acre-feet per year in
excess of the amount consumed by harvesting and evapotranspiration. This
excess water eventually returns to the stream system, providing overland and
subsurface flow areas where little or none would occur under natural
conditions.

The largest tracts of irrigated land in the Basin lie on Mancos
Shale which tends to form flat benches suitable for agriculture, often near
rivers. About two million tons of dissolved solids per year result from
irrigation on Mancos Shale. They are: parts of the Roaring Fork basin; the
lower reaches of the Uncompahgre (340,000 tons) and Gunnison Rivers (480,000
tons); the Grand Valley area (more than 400,000 tons); the Price (240,000
tons), San Rafael (190,000 tons) and Dirty Devil (85,000 tons) Rivers; and the
Mancos (more than 40,000 tons) and McElmo (110,000 tons) Creeks. For
streamflow at stations downstream from these areas, sulfate is the major
anion, but the cation composition may be one of two types. The first type has
calcium or magnesium is the dominant cation, with a smaller proportion of
dissolved sodium. This type is found in the Grand division and the San Juan
region—-the Roaring Fork River, Uncompahgre River, Gunnison River, Reed Wash
and others, Mancos Creek, and McElmo Creek. The second type has sodium as the
dominant cation and is found on the western side of the Colorado Plateau——the
Price, San Rafael, and Dirty Devil Rivers. The high proportion of dissolved
sodium occurs as a result of greater exchange with calcium on Mancos clays and
also as these three rivers pass the Carmel Formation in their lower reaches.

Other irrigated areas also contribute large dissolved solids
loads. Irrigation on the Laney Shale Member of the Green River Formation in
the Big Sandy River basin contributes about 160,000 tons per year, mostly as
dissolved sodium and sulfate. In the Duchesne River Basin, irrigation on the
Uinta formation contributes more than 300,000 tons per year, also mostly as
dissolved sodium and sulfate. Contributions from other agricultural areas
were not estimated in this study.

Two reservoirs in the Upper Colorado River Basin have increased
the dissolved solids load because of net leaching from the beds around the
reservoir. Fontenelle Reservoir has caused a net increase of 70,000 tons per
year; Flaming Gorge has caused a net increase of 163,000 tons per year. Both
reservoirs have inundated outcrops of the Laney Shale Member of the Green
River Formation. Dissolved sulfate comprised 49 percent of the increase from
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Fontenelle Reservoir and 76 percent of the increase from Flaming Gorge
Reservoir. In this study, leaching was not detected at other reservoirs in
the Basin.

b. Trends in Streamflow and Dissolved Solids

The major changes in streamflow and dissolved solids in the
Upper Colorado River Basin, during the period of record have been caused by
the construction of Glen Canyon Dam (Lake Powell). Controlled outflows and
mixing of seasonal inflows stored in the reservoir have greatly reduced the
seasonal and annual variability in discharge and dissolved solids
concentrations and loads. 1In general, other trends detected at stations are
of a local nature and do not reflect basinwide changes.

Because irrigation projects in the Basin generally predate the
water quality records, trend analysis based on the historical records does not
directly show the impacts of irrigated agriculture. One exception is the Big
Sandy River Basin where return flows from the Eden agricultural project
increased the annual dissolved solids load by more than 35,000 tons during the
period 1962 to 1981, primarily as dissolved sodium and sulfate. In the Price
River Basin, dissolved solids concentration and flow adjusted concentration
decreased by about 800 mg/L during the period 1949 to 1983. The decrease, 89
percent as dissolved sodium and sulfate, may be the result of abandonment of
agricultural land because of increasing soil salinity problems.

Upstream from Lake Powell, decreases in streamflow are
principally from construction of facilities for transbasin exports. In the
headwaters region of the Colorado River, the historical record was long enough
to detect increased dissolved solids concentration resulting from exports at
sites 2 and 5 on the Colorado River near Hot Sulfur Springs and near Glenwood
Springs, Colorado.

Significant monthly trends downstream from large reservoirs
reflect the decrease in the seasonal variability of discharge on all of the
major rivers——-the Gunnison, Colorado, Green, and San Juan. Discharge and
dissolved solids loads have decreased during the high flow season and
increased during the low flow season. Dissolved solids concentration has
increased during the high flow season and decreased during the low flow season.

Increased dissolved solids loads were detected downstream from
Fontenelle and Flaming Gorge Reservoirs where leaching has occurred.
Streamflow and dissolved solids loads decreased greatly on the Colorado River
at Lees Ferry, during the filling period of Lake Powell. However, since the
reservoir filled in 1980, streamflow and load apparently have returned to
approximately the same levels as before construction of Glen Canyon Dam.

Trends that reflect salinity control efforts were detected at
two stations. At the White River near Watson, Utah station, dissolved solids
concentration decreased by 89 mg/L (57,000 tons per year) after the plugging
of abandoned ocil wells in the Meeker Dome area. At the Reed Wash near Loma,
Colorado station, which drains the Stage One area of the Grand Valley Unit,
annual dissolved solids loads decreased by about 28,000 tons during the period
1974 through 1983 despite increasing streamflow.

Dissolved solids concentration decreased in the Gunnison River
Basin, after construction of Blue Mesa Reservoir. This decrease was also
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reflected downstream at the Colorado River near Cisco, Utah. During the
period 1951 to 1983 at the Dolores River near Cisco, flow adjusted
concentration increased by about 150 mg/L and annual dissolved solids load
increased by about 150,000 tons. For the period 1951 to 1983 at the Yampa
River near Maybell, Colorado, flow adjusted concentration increased by 40 mg/L
and annual dissolved solids load increased by 110,000 tons; these increases
possibly are the result of increased surface mining of coal ir the area.
During the period 1942 to 1962 at the Colorado River at Lees Ferry, the mean
dissolved solids concentration increased by about 150 mg/L anc the flow
adjusted concentration increased by about 69 mg/L. Since the closure of Glen
Canyon dam in 1966, concentration has not changed significantly.

2. Estimation of Natural Dissolved Solids Discharge in the Upper
Colorado River Basin [3]

A statistical method was developed to estimate the monthly natural
dissolved solids discharge at selected sites in the Upper Colorado River
Basin. Natural dissolved solids discharge was defined as the rate of
inorganic solute flow past a specific site that would have occurred if there
had been no water resources development in the Basin upstream from the site.
The method used weighted least squares regression to fit a model of
dissolved solids discharge as a function of streamflow and several variables
representing development. After the model had been calibrated for an
individual station, the development variables were removed leaving the
relation between dissolved solids discharge and streamflow for conditions of
no upstream development. The natural dissolved-solids discharge was
calculated using this relation and estimates of natural streamflow provided by
Reclamation.

Limitations of the method included a lack of data to verify the
natural dissolved solids discharge estimates and to adequately represent all
the effects of development. Model statistics; however, indicated a good fit
to historical data. Also, mean annual natural dissolved solids discharge
values were approximately equal to mass balance estimates.

Some additional items included in the report are also of interest.
The natural (pre-development) annual salt load fer the Colorado River at Lees
Ferry, Arizona, was estimated in the study to be 5.3 million tons per year.
The average salt load from 1941 to 1983 was 7.7 million tons per year.
Apparently, development is responsible for an increase in salinity of
approximately 2.4 million tons per year; or, in other terms, the effect of
development has caused salinity at Lees Ferry to increase from an average of
250 mg/L to 551 mg/L.

It was also noted in the report that the effect of Lake Powell
reduced the monthly variation in salinity below Glen Canyon Dam from 299 mg/L
to 72 mg/L. The annual variation was similarly reduced from 106 mg/L to 42

mg/L.

3. Extension of Streamflow and Dissolved-solids Records at Selected
Sites in the Colorado River Basin [25]

Techniques were evaluated for extending records of streamflow and
dissolved-solids concentration at sites in the Colorado River Basin. These
techniques included weighted least-squares regression and maintenance of
variance methods. The best technique for a particular site and data type was
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determined by comparison of several statistical indicators of estimation
accuracy. The selected techniques were applied to extend records of
streamflow at 5 sites and records of dissolved-solids concentration at 13
sites for which monthly data are tabulated in the appendix of the Qualitg of
Water Progress Report. Records were extended back through 1941 to provide a
completely concurrent data set for all sites. The extension results were
examined qualitatively to determine consistency with the historical records at
each site.

4. Salinity Loading in Las Vegas Wash

During FY 1986, the Bureau of Reclamation and the U.S. Geological
Survey developed a cooperative investigation with the major purpose of
determining whether proposed engineering plans aimed at reducing salt loading
to the Las Vegas Wash near Henderson are feasible and effective. One plan
proposes building a detention basin which includes a dike and slurry wall
(vertically through the aquifer) to capture and retard saline ground water
flow from entering the wash. The hypothesis is that the saline water behind
the slurry wall and dike will stratify leaving fresher water at the surface
which will flow out of the detention basin and into the wash. Ultimately,
a series of 14 detention basins would be built along the wash if it is
determined that these basins are effective in reducing the salt entering Lake
Mead. The second part of the plan has already been completed by Reclamation
and consists of a pipeline which carries cooling water from 2 chemical plants
directly to the Wash about 3.5 miles downgradient. The cooling water entered
an unlined channel where it infiltrated into the gypsum-rich alluvium.

The objective is to determine whether these two measures are a
feasible and effective means to reduce the salt load entering Lake Mead.
After sufficient data have been collected, SUTRA will be used as the primary
tool to meet the objective. SUTRA is a two-dimensional single-species solute
transport model which can handle density dependent flow. After accurately
identifying the flow system in these areas, various scenarios will be tested
as to how to best model the transport of salts. Further geochemical studies
are still needed to define the processes involved.

The study is currently in the data collection stage. About 120
wells in the 2 areas have been used to obtain water levels, water quality
samples, and aquifer parameters needed to understand the system. More
drilling and well installation is planned to help understand more fully the
hydrologic and geochemical processes that influence this complex setting.

5. Estimation of Salinity Loads, Lower Colorado River

Salinity concentrations in the Colorado River are associated with
water use, agriculture, municipal and industrial development, transbasin
diversions, and natural sources. To fulfill management responsibilities, the
Bureau of Reclamation must determine the degree to which the various sources
of salinity impact river quality as well as the effectiveness of alternate
salinity control technologies. A tool in the management of the river is a
data base of sufficient duration that will allow for projections of flows and
salinities to some point in the future.

The objective of this study is to develop a data base of monthly

discharges and salt loads for the calendar year period 1935 to current year
or, as appropriate, for selected sites on the Colorado River from Imperial Dam
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to the southerly international boundary. This includes estimating monthly
salt loads and monthly flow data, whereever data are missing, and documenting
procedures.

To fulfill the objectives the following approach will be used: (1)
determine the availability and completeness of flow records and water quality
records at 10 to 11 stations below Imperial Dam; (2) enter data into a
computerized data base; (3) utilize appropriate statistical programs and
develop techniques to fill in missing periods of record for flow and salinity;
(4) prepare an open-file report summarizing the techniques used to estimate
salinity loads and furnish a review copy to Reclamation.

6. Economic Update to Salinity Impacts

While the concept of cost effectiveness generally supports project
selection and order of implementation, the determination of the overall
economic benefits due to program implementation remains an important aspect.
Estimates of economic benefits addressed formally in planning reports and are
frequently used in public documents.

A preliminary analysis of economic impacts of salinity was initiated
in 1974 resulting in a 1980 report entitled Economic Impacts on Agricultural,
Municipal, and Industrial Users by Kleinman and Brown. Since this earlier
work, there have been many changes in water use, treatment, equipment costs,
etc., that affect present and future salinity damage levels.

A contract study was initiated in June 1986 to provide a better
estimate of present and future salinity damages under various water use
scenarios and economic conditions. The study will focus primarily on the
municipal and industrial water use sectors in the Lower Basin. The study
contractor, Milliken-Chapman Research Group, Littleton, Colorado, will submit
a final report to Reclamation by January 1987.

B. U.S. Department of Agriculture - Salinity Research

The U.S. Department of Agricultural (USDA), through the Agricultural
Research Service (ARS), continues to provide the Salinity Control Program with
valuable basic research. Some of their studies are summarized below.

1. Isotope Determination of Water Sources

Existing methodology to determine sources of return flow and salt
loading requires prohibitively time-consuming and expensive studies of water
and salt fluxes on and off individual fields and determination of hydrologic
gradients and flow rates. An alternative methodology with relatively low
costs involves use of stable isotopes as well as the chemical compositions of
surface and ground waters. In Grand Valley, the isotopic differences between
local ground water (as measured in the upland areas) and the Colorado River
water used for irrigation are sufficiently large enough to enable estimating
the relative contributions from these two sources. Water samples were taken
in the winter from all the washes in Grand valley.

Since there were no irrigation nor surface flows from upland areas,

the flow in the washes should represent the composition of the ground water
recharging into the Colorado River. This isotopic composition of the washes
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was very uniform, indicating that approximately 85 percent of the return flows
are drainage waters from irrigation and only 15 percent from non-irrigated
recharge. Analysis of well water revealed that the most saline water had a
smaller contribution of irrigation water than did the more diluted water. The
salt contribution in return flows, due to irrigation, is less than the
contribution of irrigation to return flow volumes. The contribution of
on-farm deep percolation could not be accurately separated from canal and
lateral seepage based on stable isotopes and solution composition. Based on
these procedures, it is estimated that these processes contribute roughly
equal volumes of water to the subsurface.

2. Soil Salinity Monitoring Instrumentation

A limiting factor in evaluating the salinity status of soils and the
maintenance of a productive irrigated agriculture is the availability of
practical methods of measuring soil salinity on a large area basis.
Developmental work is continuing on the field use of time domain reflectometry
for the simultaneous measurement of soil water content and electrical
conductivity over identical sampling volumes. Experimental work has shown
that a small correction factor is needed for the theoretically derived
attenuation coefficient. Successful electrode insertion and measuring
techniques have been developed and used for field sampling of water content
and salinity. Contractual work on measuring the soil dielectric constant
(water content) with a 4-probe electrode configuration is in progress.

3. Irrigation with Saline Water

Reuse of drain water for irrigation would reduce the volume of
brackish water returned to the Colorado River. A strategy has been developed
to reuse this water while maintaining a suitable agricultural water supply and
crop production. Using this management strategy, drainage water is
substituted for irrigation water when irrigating certain crops in a tolerant
growth stage. The salt buildup resulting from irrigating salt tolerant crops
with drainage water is subsequently alleviated by irrigating salt sensitive
crops with low salinity water. Since previous reports, cantaloupes were grown
without loss of yield in successive crop rotation fields for the second time,
concluding the repeat of the 2 year rotation of wheat-sugarbeets-melons in
which 75 percent of the irrigation needs of wheat and sugar beets were
supplied with 3,500 mg/L drainage water. Alfalfa was grown for a year (six
cuttings) without yield loss, concluding a 4-year rotation of
cotton-cotton-wheat-alfalfa in which substantial brackish water was used to
irrigate cotton.

4. Computer Mapping of Irrigated Areas

Salinity maps are needed to assess the extent, nature, and severity
of salinity problems. These maps can serve as a basis for planning,
monitoring, and managing salinity in irrigated lands. The developed technique
includes instrumental measurement techniques and a computerized geographic
information system.

A 15-square-mile irrigated area was sampled on an approximately
1/8-mile-grid basis. The desired sampling point was located using a LORAN
system. At each point, soil salinity was measured using electromagnetic
instruments, a wide spacing 4-probe electrical resistivity array, and a
vertical 4-probe array; water content was determined using time domain
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reflectometry. Surface soil samples were taken for laboratory analysis of
water content and salinity. Evaluation of this data will enable development
of a suitable instrumental procedure for large scale salinity mapping. The
salinity information will be input to an appropriate computerized geographic
information system. This system will be developed to allow for overlay, as
well as single parameter mapping, and to make statistical evaluations of
spatial relations among the mapped attributes such as cropping patterns, depth
and salinity of ground water, soil type, and irrigation management. This
information will be evaluated for its suitability for salinity assessment,
prognosis, and inventorying.

5. Canal Delivery Systems

For irrigated agriculture to respond tc changing markets, to new
crops and to new practices to reduce salt loading, a flexible irrigation
delivery system is required. Such flexibility exists on farms that obtain
water from wells but not on most existing canal delivery systems.

Detailed monitoring of lateral canals has begun in the Wellton-
Mohawk Irrigation and Drainage District (WMIDD) and the Imperial Irrigation
District (IID). Inflows, outflows, and water levels are being precisely
measured to provide a data base from which the effects of system management
and structures on flow transients and delivery uniformities can be studied.

The Wellton-Mohawk Irrigation and Drainage District, located along
the Gila River east of Yuma in southwestern Arizona, provides water to about
50,000 acres of farmland. Water is ordergd with 3 days notice,for any
duration and standard deliveries of 15 ft /s (with 20 to 25 ft /s more
common); ditchriders are on 24-hour call. A cooperative agreement was reached
with the WMIDD to study canal operations, principally through the detailed
monitoring of flow along two lateral canals--one near the upstream end of the
district where main canal levels and flow should be reasonably stable and the
other near the downstream end where main canal flows vary widely.

The Imperial Irrigation District provides water to 500,000 acres of
farmland in the Imperial valley. Water is ordered frgm IID with 3 days notice
for 24-hour durations at standard deliveries of 11 ft /s (but less can be
requested); the ditchriders work 8-hour shifts. A monitoring project similar
to that in WMIDD has been initiated in IID to compare the differences in scale
and operating procedures. This project dovetails very well with an ongoing
IID conservation project aimed at reducing tailwater losses. Under
cooperative arrangement with IID, the ARS principal responsibility will be
data analysis while IID will install the monitoring equipment and collect most
of the data.

6. Dual-Acting Controlled Leak Control Scheme

There are basically four existing techniques for regulating flow
rates into canal laterals: (1) manual control of gates or valve openings, (2)
Neyrtec or Neyrpic constant-discharge modules, (3) manual or mechanically
operated movable weirs, and (4) automatic downstream local control structures
in conjunction with weirs or flumes.

The controlled leak or Denaidean system is used on several Arizona
and California canals. The limitations on this system are that the skimming
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weir mechanism is rather cumbersome and costly to construct in an adjustable
mode and control levels achieved are on the order of +0.1 foot.

A new controlled leak mechanism has been developed to eliminate
these problems and to increase the control accuracy. The new system is called
the Dual-Acting Controlled Leak System in that the piston chamber inflow and
outflow are manipulated by the deviation in the controlled water surface
instead of just the weir inflow rate on previous versions. The mechanism is
small enough to be easily adjusted to any flow level and sensitive enough to
control the water surface to + 3mm (1/8 inch).

7. Canal Control Schemes

Accurate measurement of flow rates and hydraulic heads that drive a
system are required to assure accurate flow rates at a canal branch as
incoming flow rates change. A computer program is being developed to assess
the sensitivity of branching structures to inaccurate flow or hydraulic head
measurements.

8. Variability of Infiltration Rates

Two recirculating infiltrometers were used during the 1985
irrigation season in Grand Valley in western Colorado to evaluate the effects
of tillage methods on intake and to quantify infiltration variability on a
given field. Infiltration parameters have been calculated for three major
Grand Valley scoils based on data from inflow-outflow measurements. For a
typical opportunity time, intake was commonly twice as high for non-wheel as
for wheel track furrows. Variation between nearby wheel track furrows for a
single irrigation was sometimes more than two-fold while variation from early
to late season was five or six fold.

9. High Water Table Effects on Irrigation Water Requirements

Weighing lysimeters containing water tables of varying depth and
salinity were used to determine effects of these conditions on irrigation
requirements of spring wheat. Poor wheat growth surrounding the lysimeters
limits the validity of the data for the first year. Measurements on spring
wheat will be continued for two more years. Studies on corn, in prior years,
indicated that irrigation applications could be reduced about two-thirds for a
water table depth of 60-cm and about one-third for a 105-cm water table depth
for values of ground water salinity up to 6 deciSiemens per meter, the highest
tested.

10. Level Basin Systems in Western Colorado

Studies of level basin irrigation in western Colorado show that salt
additions to the root zone are minor, considering the low leaching that occurs
with efficient application. Nitrogen can be applied efficiently in the
irrigation water supply to level basins because there is no runoff. Deep
percolation can be closely controlled, and nitrogen can be applied throughout
the season when tall crops make tractor traffic impossible. Soil fertility
variations caused by basin leveling in 1977 were no longer detectable in 1983.
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11. Real Time Crop Coefficients from Remote Sensing

Reflected visible and near infrared canopy radiation data obtained
over corn in 1984 were analyzed for use as a real time crop coefficient (K ).
A modified vegetation index (MVI) was compared to the basal K_ obtained £rém
lysimeter measured evapotranspiration. The MVI followed the Basal K_ curve
very well during vegetative growth. Analysis of the data during thi§ growth
period by the Richards function showed that the asymptotic value of the MVI
occurred on the effective cover date. A linear regression between the
seasonal MVI and the basal K_ prior to senescence produced a slope of 1.01 and
a correlation coefficient of0.95. Thus, the MVI in its current form may be
used directly as a crop coefficient for corn in regions with light to medium
colored soils. Advantages of the MVI over the traditional crop coefficient
are its independence of time base parameters and its ability for periods of
slow and rapid growth.

12, Improving Irrigation Systems

Salt loading results from excessive deep percolation caused by
applying excessive water and from non-uniform distribution of water. Accurate
application of the desired amount of water is essential to reduce deep
percolation which generally requires some form of automation of surface
irrigation systems. Excess application usually occurs at the upper end of
fields during the first irrigation after plowing. Minimum tillage or
recompaction of furrows can enable light, uniform water applications.

Two additional cablegation systems were installed in Grand Valley in
Colorado bringing the total number of systems there to seven. All seven
systems were used for all irrigations, and the operators were pleased with
their performance. A 2-day cablegation training course was given to Colorado
SCS personnel, including several working in Grand Valley.

Two cablegation systems in Grand Valley were evaluated for the total
1985 season. Both farmers applied water an average of every 10 to 11 days
after July 1, the normal interval for the area. Net application depths varied
from 27 mm to 60 mm with a seasonal total of 390 mm (15 in) on one field and
from 62 mm to 140 mm with a seasonal total of 770 mm (30 in) on the other
field. Corn consumptive use for the area was about 570 mm with about 100 mm
of that provided by precipitation. One farmer deep percolated very little
water and may have stressed portions of his field, while the other deep
percolated about 300 mm or 25 percent of his gross application and 40 percent
of his net application; 32 percent and 40 percent of the gross applications
ran off the two fields, respectively.

Due to the relatively low base infiltration rates (2 to 3 mm/h) of
the fields and the higher initial inflow rates cablegation provides, water
distribution down the furrows, calculated from measured intake opportunity
times and base infiltration rates, was good with no more than 15 percent of
the water applied to the top of the field than the bottom, even during the
initial irrigation.

Four cablegation systems in Grand Valley, two in southern Idaho, and
several in western Nebraska have been evaluated over the last two years.
These evaluations show that cablegation systems can be, and often are,
operated to irrigate efficiently; however, poor performance, primarily in the
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form of excessive application and runoff, has been observed due primarily to
the farmer not monitoring and adjusting his system to the varying soil
conditions.

13. Improving Furrow Infiltration Uniformity

Furrow-to-furrow infiltration variability was measured on five
fields in Grand valley. The infiltration coefficient of variation ranged from
21 to 44 percent and averaged 29 percent. On four of the five fields, one or
two of every three furrows infiltrated at significantly higher rates than the
remaining furrow(s) due to tractor wheel compaction during cultivation and
planting. Unpacked or soft furrows infiltrated an average of 46 percent more
water. This implies that if the packed furrows received the desired amount of
water, 46 percent of that applied to the soft furrows or 15 percent of the net
application to the field (assuming one-third of the furrows are soft) will
deep percolate due to wheel compaction alone. Elimination of wheel packing
differences will reduce the furrow-to-furrow infiltration variance by 30 to 50
percent. Both random and tillage-caused infiltration variability will result
in significant deep percolation even when net water applications are not
greater than the available soil moisture storage capacity.

Techniques such as furrow compaction and flow interruption (surge)
can be applied to decrease infiltration rates, while organic matter
incorporation and furrow chiseling can be used to increase infiltration.
During 1985, these factors were studied in Grand Valley on both Youngston fine
sandy loam (Colorado State University Fruit Research Center) and Billings clay
(Roy Hood Farm, 1049 22nd Road) soils.

Wheel packing reduced intake rates in the two loam soils by 35
percent and the wheel packing effect decreases but persists throughout the
season. Packing only a portion of the irrigated furrows was a primary factor
causing infiltration variability. Packing, or avoiding packing of all
irrigated furrows, would eliminate the primary source of non-uniform water
distribution from furrow to furrow. Irrigating only packed furrows during the
first irrigation permits lighter, more uniform water application. Moist
compaction is a highly effective means of reducing infiltration on both Grand
Valley soils.

Flow interruption reduced infiltration rates 20 to 40 percent on the
two loam soils during the first irrigation after spring tillage. The
reduction was only 10 to 15 percent for the remainder of the year on the
Youngston soil. Flow interruption had no effect on infiltration into the
Billings clay.

Furrow chiseling increased infiltration into the Billings clay by 25
percent only on the first irrigation, with no residual effects. On both
loams, chiseling greatly increased initial infiltration rates and slowed
advance times during the first irrigation following chiseling. On the
Youngston soil, the infiltration remained higher in the non-wheel than in
wheel-packed furrows throughout the irrigation season. The chiseled furrows
were repacked by tractor wheels during cultivation between the first and
succeeding irrigations. Furrow chiseling can be an effective way to increase
initial infiltration. Because sustained infiltration rates are not greatly
changed, the distribution uniformity would not be greatly affected.
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On the Youngston soil, the high manure applications increased the
cumulative infiltration about 25 percent, mainly through a 100 percent
increase in the sustained rate. The manure effects may have been limited by
soil compaction due to driving loaded manure spreaders and incorporation
equipment on the moist soil in the spring.

C. Universities——Salinity Research

1. Reuse of Blowdown Water for Irrigation

Research by Utah State University scientists in cooperation with
Utah Power & Light since 1977 relates to the use of wastewater from the
coal-fired powerplant at Huntington, Utah. Crops have been grown for 8 years,
and soil salinity has been monitored. Wastewater was applied by specialized
line source equipment at various rates. The saline water from the powerplant
is about ten times saltier than the normal creek irrigation water. The
buildup of total salts was sufficient to cause some minor yield depressions.
Tests made in 1985 definitely show the major detrimental effect found was
boron toxicity, which was highly dependent on the crop.

The forage crops tested showed no yield depression due to these
boron rates, but potato yields were decreased to 20 percent of normal. The
susceptibility of crops was found to be (from high to low susceptibility)
potatoes, corn, barley, wheat, alfalfa, and wheatgrass. A model of
water-boron-crop-irrigation-yield has been developed and is in the process of
being tested against field data.

2. Carbonate Chemistry and Mineralogy

A University of California-Davis study of factors influencing
carbonate chemistry and mineralogy in salt affected soils was carried out over
a 3-year period. Plots were designed to provide delivery of variable
quantities of irrigation water and salts through parallel line source
sprinklers. The plots were cropped to sorghum during summer seasons and to
wheat during winter and early spring. Soil solutions and soil gases were
collected periodically to study seasonal and diurnal periods, varying
temperature, moisture, and salinity regimes on cropped and noncropped
conditions. Data applied to a water equilibrium model showed that soil
solutions at all profiles were supersaturated with calcite.

There were 15 subsurface drains that were sampled for 27 consecutive
weeks on 23 acres of irrigated land, established by Nevada Agricultural
Experiment Station scientists in salinity research at Fallon, Nevada. The
time period and spacing variabilities of electrical conductivity, temperature,
pH, dissolved oxygen, and nitrate nitrogen were evaluated using time series
and geostatistical analyses. Optimum spacings for subsurface drains were
compared with the resulting information. Models were developed to relate
water management plans with water quality control.

An improved experimental setup is in use at the University of
California-Davis to study dissolution kinetics of carbonate minerals in
aqueous systems. Dissolution studies were carried out to determine the
influence of different surface areas. The same experimental setup was used to
study the dissolution kinetics of gypsum and phosphogypsum. Understanding
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dissolution chemistry of minerals will help develop practices to minimize
contribution of salts in return flows.

D. Non-Salinity Water Quality Studies

Included in this section of the report are studies other than those
related to salinity. These may include any water quality issue within the
Colorado River Basin including research into trace elements, heavy metals,
reservoir limnology, nuclear wastes, acid rain, pesticides, herbicides, or any
other water quality parameters which might significantly impact the quality of
the river as identified in the Part III.

1. Glen Canyon Management Plan

With a few exceptions, the report by the National Park Service (NPS)
found that the present quality of the water resources in Glen Canyon National
Recreation Area (Lake Powell) is generally good. However, changes in water
management practices in the Upper Colorado River Basin; increased mineral
development in or adjacent to Glen Canyon National Recreation Area; or
increased grazing activities in the vicinity of springs, seeps, and
waterpockets could all adversely influence the present situation.

Although it exhibits good water quality overall, Lake Powell
frequently exceeds primary contact recreation standards for bacterial
contamination at popular swimming areas. Additionally, the lake serves as a
sink for both nutrients and naturally eroding heavy metals. Some of the heavy
metals appear to be incorporated into the food chain and are bioaccumulating
in species near the top of the trophic structure. The rapid depletion of
nutrients available for primary productivity is well documented, but the
impact of long-term fisheries management is not understood. Baseline
monitoring activities related to lake water management being conducted by the
Bureau of Reclamation, the U.S. Geological Survey, and the Utah Division of
Wildlife Resources will yield much useful data. Still, information linking
nutrient dynamics to productivity and fisheries management is limited, and one
of the recommended study designs should be implemented.

Similarly, backcountry recreational waters occasionally exceed
contact recreation standards, and the water must be treated prior to
consumption. For these waters also, an additional short-term study may be
warranted. Of the special resource management issues discussed, several
require further assessment and the establishment of a more thorough data base.

Because of the potential for adverse water quality impacts and the
need for additional data on some existing problems, proper management of the
Glen Canyon National Recreation Area water resources dictates the
consideration and implementation of a number of water quality related studies
and monitoring programs as part of research, resource management, and public
health monitoring activities.

Recommended activities include the (1) continued liaison among the
Bureau of Reclamation, U.S. Geological Survey, and NPS to discuss any changes
in the long-term lake water quality or major tributary monitoring program; (2)
implementation of a cooperative study sponsored by the Bureau of Reclamation,
NPS and the Utah Division of Wildlife Resources to obtain data relating to
Lake Powell primary and secondary productivity and the relationship between
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nutrient input and fisheries management; (3) development of a routine
bacterial water quality monitoring program focused on shoreline contact
recreation; (4) implementation of a limited duration reconnaissance assessment
of backcountry bacterial water quality and gray water contamination; (5)
establishment of liaison with the U.S, Fish and Wildlife Service resource
contaminant specialists (Arizona and Utah) to assure the continuation of
effective heavy metal and pesticide contaminant monitoring activities; (6)
development and sponsorship of proposals for the continued assessment and
inventory of waterpockets, springs, seeps, and of fisheries habitat of
significant minor tributaries; and (7) establishment of liaison with the Salt
River Project and Utah Bureau of Water Pollution Control to discuss monitoring
activities related to powerplant waste disposal and mining and milling
activities. A phased approach to the activities recommended in this report
could yield important information in the next 5 years which mey prove
invaluable in management decision making.

2. Flaming Gorge Eutrophication Study

The State of Wyoming identified a eutrophication problem in Flaming
Gorge in 1976, 1978, and 1979. The problem appeared to be worse after
Reclamation installed the selective withdrawal structure at the dam in 1978.
USGS and Reclamation have also seen similar problems, plus an anoxic zone
below a chemocline near the dam. The water quality problems on Flaming Gorge
Reservoir are of concern to numerous Federal, State, and local agencies.

Over the past several years, the State of Wyoming, Reclamation, the
Utah Water Research Laboratory, and others have tried to identify an
acceptable technical proposal and potential funding for a Flaming Gorge study.
The following section summarizes a technical proposal which is the result of
this interagency effort.

Before a great deal of money and effort are spent in water quality
management in the watershed above Flaming Gorge, it is critical to understand
the dynamics of phosphorus, nitrogen, oxygen, and salinity in the reservoir.
Because the EPA has determined that federally built and managed reservoirs are
not eligible for study or restoration under Section 314 of the Clean Water
Act, any such investigations must be conducted using funding from
organizations that have a vested interest in the management or use of the
reservoir.

A consortium has been formed among the Bureau of Reclamation; the
Utah Water Research Laboratory; a Wyoming group comprised of the Wyoming
Department of Environmental Quality, Wyoming Water Research Center, Western
Wyoming Community College, the University of Wyoming, and the Wyoming Game and
Fish Commission; the Utah Department of Wildlife Resources; and the
Environmental Protection Agency. This consortium has contributed funding,
expertise, or work items for a 3-year study of the reservoir aimed at
providing the needed management information. Each of these institutions is
uniquely qualified to engage in some aspect of this study because of unique
expertise, extensive experience on the reservoir, and/or favorable
geographical proximity to the site. A specific work plan and funding have
been developed for a Flaming Gorge water quality study. Field monitoring
began in 1984 and continued through October 1986. Data analysis will continue
through 1987.
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Data on Flaming Gorge Reservoir provides a unique opportunity to
study a number of problems and issues that are important to regional water
quality management. The study is intended to have regional benefits and will
provide useful information for other areas such as the municipal and
industrial water supply from the Central Utah Project.

3. Lower Colorado River Basin Reservoir Monitoring Program

Part I.--The Lower Colorado Region of the Bureau of Reclamation
implemented a 2-year monitoring program on Lakes Mead, Mohave, and Havasu in
December 1985. Monthly data are being collected at 13 stations on Lake Mead,
3 stations on Lake Havasu (2 of the Havasu stations are collected quarterly).
In-situ measurements of water temperature, electrical conductivity, dissolved
oxygen, and pH are being made at various depths. Secchi depths and
limnophotometer measurements are being made. Water samples from various
depths are being collected to analyze for the major ions.

The following data are also being collected at various depths at
selected stations: current velocity measurements and water samples for the
analysis of nutrients, zooplankton, and chlorophyll.

Part II.—-Studies conducted by the Arizona Game and Fish Department
(AGFD) and Nevada Department of Wildlife (NDOW) indicate that improvements in
the fertility of Lake Mead would benefit the black bass fishery.
Recommendations were made by AGF and NDOW in the Lake Mead Black Bass Study to
further evaluate nutrient enhancement as a means of restoring the fishery.

The University of Nevada, Las Vegas (UNLV) submitted a proposal to
the Reclamation to artificially fertilize about 30,000 acres in the Overton
Arm and 10,000 acres in Gregg Basin with ammonia phosphate. AGFD and NDOW
have since made revisions to that proposal and are in the process of making
recommendations for large-scale fertilization in the upper basin of Lake Mead.

A considerable amount of preliminary research should be conducted before
actual fertilization begins. It will be necessary to determine what type(s)
of fertilizer is most suitable for application in Lake Mead, the method(s) of
fertilizer application, and the frequency of application.

UNLV has already started laboratory tests on one grade of granular
ammonia phosphate fertilizer. That work needs to be expanded to include other
grades of fertilizer, and field application methods and frequency of
applications.

4. Irrigation Drainage Studies in the Lower Colorado and Gila River
valleys

The annual flow of the Lower Colorado River is vital to the
economic well-being of millions of people in Arizona, California, and northern
Mexico. The hydrologic environment of the river has been altered greatly by
man in his attempts to utilize more fully the flow of the river. Demands for
water include not only municipal, irrigation, and electrical power generation
demands, but also recreational and wildlife habitat demands.

The Department of the Interior has four important functions as land
and water steward in the Lower Colorado and Gila River Valleys. These are:
(1) the Bureau of Reclamation manages Colorado River diversions to private
irrigation districts which irrigate hundreds of thousands of acres of
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intensively farmed agricultural areas in Arizona and California; (2) the
Bureau of Indian Affairs manages agricultural areas irrigated by Colorado
River diversions within the Colorado River Indian Reservation; (3) the Bureau
of Land Management manages Fred J. Weiler Green Belt for wildlife and
fisheries habitat and public use recreation. The Bureau of Land Management
also leases irrigated agricultural land above the respective national wildlife
refuges along the Colorado River; and (4) the U.S. Fish and Wildlife Service
manages the Havasu, Cibola, and Imperial national wildlife refuges for
migratory and endangered wildlife habitat, warm water fish habitat, and public
use recreation.

Agricultural practices in this area are dominated by production of
cotton and alfalfa, which are subject to frequent chemical treatments. All
the refuges are located near intensively farmed agricultural areas and are
influenced chemically by irrigation return flows.

The purpose of this initial study is to determine from existing data
and reconnaissance field sampling whether irrigation drainage waters have
caused or have the potential to cause harmful effects on human health, fish
and wildlife, or other water uses. The field screening will determine whether
corrective action is needed and lay the groundwork for more detailed
investigations, if needed, to determine the extent, magnitude, and causes of
the irrigation drainage quality problem.

Water, bottom material, and plant and animal tissues are being
collected and analyzed for trace elements and organic contaminants in order to
determine existing or potential toxic effects on humans or fish and wildlife.
Contaminants of particular concern are selenium, thallium, toxaphene, and DDT
and its derivatives. All samples are being collected using approved
collection techniques.

Water, bottom material, and plant and animal tissue samples and
field observations will be collected at 11 sites along the Lower Colorado
River from Davis Dam to below Laguna Dam. A concerted effort was made to
distribute sampling sites upstream and downstream from irrigation districts
and national wildlife refuges.

A good control site does not appear to exist within a reasonable
distance from or within the Lower Colorado River Basin due in part to
widespread agricultural practices; therefore, the Colorado River below Davis
Dam will serve as an upstream ambient/background site.

Water, bottom material, and plant and animal tissue samples and
field observations will be collected only once at the 11 sites. Sampling will
be accomplished at a time when irrigation returns are likely to have a high
percentage of flow that has passed through the soil horizons. Because
irrigated agriculture is a l2-month-per-year activity in the Lower Colorado
River valley and the Colorado River is so highly requlated, early to late
spring will be the best time to sample for maximum impact. This sampling
schedule will allow for optimum information for a minimum cost for a
reconnaissance (phase 1) study. This is the minimum effort necessary to
evaluate whether or no a problem exists.
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Water and bottom materials are being analyzed by the USGS. Tissue
analyses are being performed by the U.S. Fish and Wildlife Service or
commercial contract laboratories. All analyses performed follow prescribed
analytical procedures.

Quarterly progress reports will be submitted to discuss progress and
present significant findings of the study. After all the data have been
collected, analyzed, and assembled, a report will be written that includes the
basic data, interpretation of the data, and conclusions. The title of the
report will be "A Reconnaissance Study of Selected Organics and Trace Metals
Along the Lower Colorado and Gila River Valley Ecosystems."

Similar irrigation drainage toxicity studies are being planned and

initiated in the Upper Colorado River Basin. The results of these studies
will be presented in the next Progress Report.
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DEFINITIONS OF TERMS

Acre-foot is the quantity of water required to cover 1 acre to a depth of 1
foot and is equivalent to 43,560 cubic feet or about 326,000 gallons or 1,233
cubic meters.

Anoxic refers to the lack of oxygen.

Cablegation is irrigation from a piped ditch were the rate of dicharge to the
urrow 1s controlled by a cable attached to a plug in the pipe.

Chemocline is a level in a lake or reservoir where water quality shifts
rapidly with elevation from one zone of water quality to another.

Concentration is the flow-weighted average concentration of total dissolved
solids (salt) measured in mg/L or tons/acre-foot.

Conductivity. See specific conductance.

Consumptive use is the total amount of water taken up by vegetation for
transpiration and evaporation.

Cubic feet per second (ft3/s) is the rate of discharge representing a volume
of 1 cubic foot passing a given point during 1 second and is equivalent to
approximately 7.48 gallons per second or 448.8 gallons per minute.

Depletion in the context of this report is the total man-caused loss of water
from the river system due to consumptive uses, evaporation,
evapotranspiration, and transmountain diversion.

Discharge is the volume of water plus suspended sediment that passes a given
point within a given period of time.

Dissolution is the process of dissolving.

Diversion is the total amount of water diverted. Diverted water may or may
not return to the river.

Butrophication results from the enrichment of a body of water with nutrients
which stimulate the growth of algae. Eutrophic lakes and reservoirs
overproduce algae causing loss of dissolved oxygen and taste, odor, and
esthetic problems. (See trophic state.)

Gauging station is a particular site on a stream, canal, lake, or reservoir
where systematic observations of hydrologic data are obtained.

Historical flow is the flow actually experienced at the gauging station or
point of measurement. It is the total runoff of a drainage area above the
point of measurement as influenced by nature and the activities of man. It
may be recorded or estimated.

Natural flow. See definition of virgin flow.




Oxic refers to the presence of oxygen.

Return flow is the amount of water returned to the river system after being

diverted for use.

Salts are inorganic compounds of metals such as sodium, calcium, magnesium, or
potassium and bases such as carbonates, sulfate, or chloride. Soluble salts
will dissolve into metallic and basic ions when exposed to water.

Salt pickup is salts added to the system usually by dissolution.

Sediment is a solid material that originates mostly from disintegrated rocks
and Is transported by, suspended in, or deposited from water; it includes
chemical and biochemical precipitates and decomposed organic material, such as
humus .

Specific conductance is a measure of the ability of a water to conduct an
electrical current. It is expressed in micromhos per centimeter at 25 degrees
C. Specific conductance is related to the type and concentration of ions in
water and can be used to estimate salinity or the dissolved solids content of
the water.

Streamflow is the discharge of water that occurs in a natural channel.

Suspended sediment is the sediment that at any given time is maintained in
suspension by the upward components of turbulent currents or that exists in
suspension as a colloid.

Total dissolved solids (TDS) is the total amount of dissolved material,
organic and inorganic, contained in water. The actual measure of TDS may be
made using numerous methods: evaporation at 105 degrees C, evaporation at 180
degrees C, or sum of ionic constituents (less some portion of the bicarbonate
fraction). The method currently used, sum of constituents less approximately
half of the bicarbonate fraction, is considered, by the U.S. Geological Survey
to be consistent with measurements made using the 180 degrees C evaporative
technique.

Total salt load is the total quantity (mass) of dissolved solids passing a
given point during a given time. The load is calculated as a function of
concentration and discharge.

Transbasin diversion is the total amount of water diverted out of the Colorado
River Basin.,

Trophic state is the level of nutrient enrichment and algae production in a
lake or reservoir. Oligotrophic, mesotrophic, and eutrophic are used to
describe ascending levels of this productivity (see eutrophication).

Virgin flow is the historical flow at the point of measurement corrected for
the effects of manmade developments in the drainage basin above the point of
measurement.

Water year is the 12-month period, October 1 through September 30. The water
year is designated by the calendar year in which it ends and which includes 9
of the 12 months; thus, the year ending September 30, 1978, is called the
1978 water year.
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NOTES

The historical flow and quality of water data have been recalculated
using the U.S. Geological Survey WATSTORE data base and computer techniques
developed jointly by Reclamation and the USGS. The purpose of the new
analysis is to develop a consistent, documentable methodology for the
calculation of monthly salt loads in the Colorado River Basin and to
computerize the preparation of the tables.

The method [8] was originally developed for the trend studies recently
conducted by Reclamation and the USGS. 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 (B)Cwas computed from discharge (Q) and when available, conductivity (S):
L = aQ"S~. For days without specific conductivity data, a slight vgriation of
the equation for load as a function of discharge was used: L = a’Q ’.

The coefficients a, b, and c for each year of record were estimated by
regression analysis using data from a 3-year period. For example,
coefficients for 1983 were derived with data from 1982 through 1984. Since
the October through December 1985 data was not yet available from the U.S.
Geological Survey, the results of the 1984-85 are may change slightly as more
data becomes available in the next Progress Report; just as 1982 and 1983 have
been updated for this report.

Daily loads were added to yield the monthly values given in Tables 1
through 20. Monthly values were then added to yield annual values. All
values shown in Tables 1 through 20 are rounded but were computed using
unrounded values.

For this analysis, salt load data were based on 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 C) was substituted.

Extensive error analyses were performed on the WATSTORE data. Suspect
values were corrected according to published records or deleted. The
resultant data set is considered by Reclamation and the 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 Progress Reports for selected stations. The observed
differences were between +5 percent, with mean differences approximately zero.
Changes in the progress report data base can, therefore, be considered
generally insignificant and unbiased.

A number of changes have been ﬁade in the format of the data tables. The
monthly tables report TDS in mg/L instead of tons per acre-foot (the annual
summaries still report TDS in both mg/L and tons per acre-foot). The monthly
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summaries include a column listing "Days w/0 EC" which is the number of days
without conductivity data in that month. This was included to indicate the
quality of the estimated salt load value. When daily conductivity is
available, salt load is computed as a function of conductivity and discharge.
When conductivity is missing for an unrequlated station, salt load is computed
as a function of discharge alone. For stations with major discharge
regulation, missing daily conductivities were interpolated from existing data.

Several regression statistics are listed in the annual summaries and are
defined as follows. ‘

1. The total number of samples in the regression analysis.

2. The percentage of samples with TDS as residue on evapora-
tion rather than sum of constituents.

3. The percentage standard error of daily salt loads esti-
mated as a function of discharge and conductivity.

4, The percentage standard error of daily salt loads esti-
mated as a function of discharge alone.

These statistics provide additional indication as to the quality of
annual and monthly salt load values. Those computed by a regression equation
which includes a large proportion of evaporation residue TDS values may be
biased because residue TDS is normally larger than the sum of constituents.
The errors in monthly and annual loads are assumed to be less than the
reported daily value standard errors because daily errors may be offset by
summation.

For several stations, the data record was not complete and monthly values
could not be computed using the new procedure. Standardized methods [25] for
synthesizing loads and discharge for periods of missing data have been used.
These are identified by an asterisk in the "Days w/0 EC" column on the monthly
summaries or in the "Regression statistics" column on the annual summaries.

All of the data contained in Tables 1 through 20 are available on
magnetic computer tape from the Bureau of Reclamation, Planning Division, P.O.
Box 11568, Salt Lake City, Utah 84109. Plots of the data in the tables are
also available upon request.
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Table
Colorado River Basin

1

Historical Flow and Quality of Water Data
GREEN RIVER NEAR GREEN RIVER, WYOMING
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 1109 447 0.40 296 *
1942 1135 143 0.39 287 *
1943 1648 572 0.35 255 *
1944 1233 464 0.38 277 *
1945 1135 457 0.40 296 *
1946 1211 484 0.40 294 *
1947 1870 633 0.34 249 *
1948 1124 444 0.39 290 *
1949 1189 464 0.39 287 *
1950 2068 677 0.33 241 *
1951 1875 648 0.35 254 *
1952 1496 587 0.39 289 86 7.0 1.5 14.9
1953 1084 148 0.41 304 109 0.9 1.5 14.6
1954 1183 443 0.37 276 110 0.9 1.8 13.9
1955 833 364 0.44 322 113 1.8 2.0 14.6
1956 1611 592 0.37 270 110 1.8 2.1 16.5
1957 1543 562 0.36 268 85 2.4 1.7 16.3
1958 1047 446 0.43 314 61 1.6 1.6 17.3
1959 952 398 0.42 308 42 2.4 1.7 20.6
1960 698 314 0.45 331 43 0.0 1.5 23.0
1961 559 269 0.48 354 47 29.8 1.8 22.3
1962 1453 524 0.36 265 49 59.2 1.7 18.2
1963 1002 410 0.41 301 57 78.9 5.6 17.2
1964 1136 443 0.39 287 68 79.4 6.2 23.1
1965 1963 835 0.43 313 85 45.9 6.6 24.6
1966 911 470 0.52 379 91 50.5 5.0 22.2
1967 1523 572 0.38 276 72 31.9 4.4 19.0
1968 975 457 0.47 345 72 31.9 3.1 15.8
1969 1362 559 0.41 302 68 0.0 2.3 14.6
1970 933 465 0.50 367 71 0.0 2.7 15.5
1971 1748 682 0.39 287 46 0.0 2.5 21.8
1972 2008 771 0.38 282 35 0.0 3.3 22.7
1973 1193 568 0.48 350 35 0.0 2.9 21.1
1974 1494 622 0.42 306 36 0.0 6.0 10.2
1975 1385 612 0.44 325 36 0.0 7.5 13.4
1976 1487 623 0.42 308 37 0.0 8.2 12.8
1977 431 302 0.70 516 37 0.0 8.3 14.9
1978 1532 572 0.37 274 37 0.0 7.7 14.1
1979 968 443 0.46 337 35 0.0 9.6 15.9
1980 1359 560 0.41 303 29 0.0 9.5 14.5
1981 712 368 0.52 380 23 0.0 i1.0 14.9
1982 1832 643 0.35 258 18 0.0 6.4 15.1
1983 2152 808 0.38 276 18 0.0 5.9 14.9
1984 1594 631 0.40 291 18 0.0 7.7 12.9

Total 57754 23097

Average 1313 525 0.40 294

Regression statistics are defined in the "Notes" preceding Table 1.
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Table
Colorado River Basin

2

Historical Flow and Quality of Water Data
GREEN RIVER NEAR GREENDALE, UTAH
(Annual Summary)

Flow Load T.D.S. T.D.S.
Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 1410 727 0.52 380 *
1942 1442 729 0.51 372 *
1943 2100 1002 0.48 351 *
1944 1568 778 0.50 365 *
1945 1443 746 0.52 380 *
19486 1539 793 0.51 379 *
1947 2384 1127 0.47 348 *
1948 1428 726 0.51 374 *
1949 1512 765 0.51 372 *
1950 2636 1223 0.46 341 *
1951 2329 1109 0.48 350 *
1952 2135 1009 0.47 348 *
1953 1276 664 0.52 382 *
1954 1246 649 0.52 383 *
1955 1018 553 0.54 399 *
1956 1884 917 0.49 358 *
1957 2008 893 0.44 327 47 2.1 2.0 30.8
1958 1311 626 0.48 351 47 2.1 2.0 30.8
1959 1187 629 0.53 390 37 2.7 2.0 36.4
1960 972 548 0.56 414 45 2.2 2.0 36.4
1961 780 457 0.59 431 59 39.0 1.9 27.3
1962 2021 1033 0.51 376 58 55.2 2.1 25.0
1963 170 132 0.78 572 51 86.3 2.8 21.0
1964 1258 757 0.60 442 37 56.8 6.5 16.0
1965 1435 1019 0.71 522 35 34.3 6.6 14.6
1966 1188 838 0.71 519 38 0.0 5.6 12.6
1967 1804 1388 0.77 566 41 0.0 2.7 7.9
1968 1691 1204 6.71 524 46 0.0 3.2 8.0
1969 1988 1349 0.68 499 41 0.0 3.3 10.4
1970 1088 684 0.63 462 38 0.0 3.4 6.5
1971 1309 825 0.63 464 34 0.0 3.5 7.2
1972 2083 1300 0.62 459 33 0.0 3.4 7.7
1973 1931 1272 0.66 484 33 0.0 2.9 7.3
1974 1438 986 0.69 504 33 0.0 2.9 5.2
1975 1754 1202 0.69 504 35 0.0 3.4 4.0
1976 2028 1370 0.68 497 34 0.0 3.3 3.7
1977 1633 1081 0.66 487 30 0.0 4.0 4.9
1978 1101 800 0.73 534 30 0.0 4.1 7.2
1979 1377 921 0.67 492 31 0.0 5.6 10.6
1980 1139 730 0.64 472 35 0.0 5.8 8.2
1981 1022 666 0.65 479 34 0.0 2.7 6.6
1982 1616 1063 0.66 484 33 0.0 3.0 6.6
1983 3033 1735 0.57 421 34 0.0 3.1 9.4
1984 2524 1488 0.59 433 35 0.0 3.4 7.2
Total 70237 40511
Average 1596 921 0.58 424

Regression statistics are defined in the "Notes" preceding Table 1.
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Table
Colorado River Basin
Historical Flow and Quality of Water Data

3

YAMPA RIVER NEAR MAYBELL, COLORADO
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 {T/AF) {mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 1027 222 0.22 159 *
1942 1134 235 0.21 152 *
1943 903 205 0.23 167 *
1944 851 181 0.21 156 *
1945 1258 248 0.20 145 *
1946 868 204 0.24 173 *
1947 1332 270 0.20 149 *
1948 1143 242 0.21 156 *
1949 1332 262 0.20 144 *
1950 942 206 0.22 161 *
1951 1016 174 0.17 126 29 0.0 3.1 23.6
1952 1436 266 0.19 136 99 0.0 3.1 23.6
1953 828 159 0.19 141 105 0.0 2.0 21.4
1954 538 115 0.21 157 106 0.0 2.0 21.3
1955 764 148 0.19 142 109 0.0 2.1 21.5
1956 1022 185 0.18 133 105 0.0 2.5 23.7
1957 1832 353 0.19 142 85 0.0 2.6 24.7
1958 1227 250 0.20 150 65 0.0 2.6 27.9
1959 869 164 0.19 139 55 0.0 2.5 28.9
1960 955 181 0.19 139 62 0.0 2.2 25.4
1961 706 147 0.21 154 73 30.1 3.3 31.6
1962 1423 312 0.22 161 82 61.0 4.6 32.3
1963 610 135 0.22 163 83 90.4 4.9 32.2
1964 879 178 0.20 149 83 90.4 5.2 26.4
1965 1355 242 0.18 132 71 90.1 5.8 25.6
1966 663 154 0.23 171 77 85.7 8.1 23.7
1967 908 196 0.22 159 63 69.8 6.9 22.7
1968 1158 245 0.21 156 64 43.8 8.4 22.1
1969 1120 238 0.21 156 46 2.2 3.3 28.0
1970 1352 300 0.22 163 45 2.2 4.0 31.4
1971 1453 324 0.22 164 37 0.0 4.1 33.8
1972 919 192 0.21 154 35 0.0 4.1 31.1
1973 1221 255 0.21 154 33 0.0 4.2 34.4
1974 1398 278 0.20 146 28 0.0 5.8 33.8
1975 1219 266 0.22 161 28 0.0 7.8 35.8
1976 810 183 0.23 166 29 3.3 7.5 28.6
1977 345 122 0.35 260 34 2.9 7.8 30.8
1978 1456 260 0.18 131 33 3.0 7.5 33.0
1979 1313 268 0.20 150 31 0.0 7.5 41.0
1980 1276 270 0.21 156 29 0.0 5.3 38.4
1981 570 155 0.27 200 25 0.0 4.6 39.8
1982 1413 302 0.21 157 20 0.0 5.1 39.4
1983 1576 370 0.23 173 14 0.0 4.2 45.9
1984 2227 715 0.32 236 12 0.0 2.9 39.3

Total 418646 10379

Average 1106 236 0.21 157

Regression statistics

are defined in the

"Notes" preceding Table 1.
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Table
Colorado River Basin

4

Historical Flow and Quality of Water Data
DUCHESNE RIVER NEAR RANDLETT, UTAH
(Annual Summary)

Flow Load T.D.S. T.D.S.
Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year {AF) (TON) 1 2 3 4
1941 635 495 0.78 574 *
1942 485 422 0.87 639 *
1943 460 121 0.91 673 *
1944 697 509 0.73 537 *
1945 406 400 0.98 724 *
1946 325 336 1.03 761 *
1947 568 466 0.82 603 *
1948 297 303 1.02 750 *
1949 640 486 0.76 558 *
1950 574 467 0.81 598 *
1951 450 416 0.92 680 *
1952 1034 648 0.63 461 *
1953 327 332 1.02 748 *
1954 189 239 1.26 930 *
1955 245 281 1.15 844 *
1956 303 301 0.99 731 *
1957 456 420 0.92 679 88 0.0 1.9 22.9
1958 417 323 0.77 570 88 0.0 1.9 22.9
1959 167 219 1.31 965 77 0.0 1.9 21.4
1960 160 197 1.23 904 82 0.0 2.0 21.7
1961 144 185 1.28 941 93 37.6 2.5 22.5
1962 505 410 0.81 597 101 69.3 2.5 21.7
1963 209 268 1.28 943 113 92.9 3.1 20.9
1964 356 329 0.92 679 128 96.9 3.0 26.8
1965 906 723 0.80 587 127 96.9 2.8 27.2
1966 307 380 1.24 911 136 97.1 3.0 25.3
1967 591 494 0.83 614 134 91.0 3.8 23.1
1968 582 519 0.89 657 148 87.8 4.0 26.2
1969 620 530 0.85 628 112 76.8 4.2 28.1
1970 162 237 1.46 1073 72 58.3 4.3 27.0
1971 360 345 0.96 705 34 0.0 3.5 21.1
1972 366 338 0.92 678 40 0.0 5.5 22.8
1973 566 506 0.89 657 39 0.0 6.3 25.3
1974 284 274 0.96 707 43 0.0 7.1 25.9
1975 446 299 0.67 493 37 0.0 7.3 24.4
1976 196 261 1.33 980 37 0.0 7.1 26.2
1977 62 122 1.98 1458 31 0.0 6.4 25.0
1978 250 255 1.02 749 30 6.0 4.6 26.8
1979 349 384 1.10 810 31 0.0 6.5 23.5
1980 365 301 0.83 607 35 0.0 7.9 24.9
1981 176 206 1.17 857 36 0.0 7.1 21.1
1982 641 409 0.64 469 34 0.0 7.5 18.4
1983 1312 643 0.49 360 35 0.0 6.2 19.1
1984 850 513 0.60 444 35 0.0 6.4 24.6
Total 19442 16612
Average 442 378 0.85 628

Regression statistics are defined in the "Notes" preceding Table 1.
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— Colorado River Basin
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Table
Colorado River Basin

5

Historical Flow and Quality of Water Data
WHITE RIVER NEAR WATSON,

(Annual Summary)

UTAH

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 {T/AF) (mg/L) Regression Statistics
Year (AF) {TON) 1 2 3 4
1941 578 317 0.55 403 *
1942 670 346 0.52 379 *
1943 422 268 0.63 166 *
1944 439 266 0.61 446 *
1945 512 298 0.58 428 *
1946 397 259 0.65 479 *
1947 583 321 0.55 405 *
1948 504 292 0.58 427 *
1949 589 319 0.54 398 *
1950 437 271 0.62 456 *
1951 4606 260 0.56 410 70 61.4 6.0 30.6
1952 699 432 0.62 454 70 61.4 6.0 30.6
1953 469 308 0.66 483 79 45.6 6.6 26.8
1954 338 273 0.81 593 117 30.8 5.8 24.7
1955 387 253 0.65 480 114 9.6 4.0 18.0
1956 414 258 0.62 458 75 0.0 1.9 19.3
1957 764 456 0.60 438 37 0.0 2.3 20.5
1958 574 359 0.63 460 18 0.0 3.0 42.3
1959 413 248 0.60 442 42 0.0 2.5 33.1
1960 391 232 0.59 437 67 0.0 2.2 32.0
1961 371 245 0.66 485 75 32.0 1.9 30.2
1962 655 401 0.61 450 89 69.7 2.4 34.8
1963 312 227 0.73 536 91 97.8 2.8 33.0
1964 408 285 0.70 514 93 006.0 3.0 33.5
1965 592 365 0.62 453 88 00.0 2.8 29.0
1966 336 256 0.76 559 105 96.2 2.7 30.1
1967 387 258 0.67 491 112 92.0 4.8 26.1
1968 489 301 0.62 452 135 87.4 4.9 27.2
1969 491 287 0.59 430 104 75.0 5.4 25.0
1970 566 281 0.50 365 81 59.3 4.7 27.7
1971 525 238 0.45 334 37 0.0 5.3 19.7
1972 423 220 0.52 383 36 0.0 4.9 21.6
1973 566 329 0.58 427 37 0.0 6.1 23.8
1974 505 291 0.58 424 48 0.0 8.4 19.9
1975 559 265 0.47 349 55 0.0 8.1 17.5
1976 388 212 0.55 402 54 0.0 7.7 17.0
1977 213 153 0.72 528 36 0.0 5.2 18.2
1978 551 273 0.50 364 26 0.0 7.7 21.7
1979 555 260 0.47 344 21 0.0 5.5 15.2
1980 527 278 0.53 388 26 0.0 5.4 14.3
1981 345 180 0.52 382 30 0.0 6.6 14.0
1982 582 267 0.46 337 29 0.0 7.5 19.4
1983 831 404 0.49 358 26 0.0 6.6 23.5
1984 995 577 0.58 426 20 0.0 6.1 22.5

Total 22219 12888

Average 505 293 0.58 426

Regression statistics are defined in the "Notes" preceding Table 1.
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Table
Colorado River Basin

6

Historical Flow and Quality of Water Data
GREEN RIVER AT GREEN RIVER, UTAH
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) {TON) 1 2 3 4
1941 4608 3112 0.68 497 70 00.0 00.0 16.2
1942 4622 3060 0.66 487 70 00.0 00.0 16.2
1943 4294 2459 0.57 421 48 75.0 2.0 18.0
1944 4421 2643 0.60 440 24 0.0 2.3 19.0
1945 4260 2488 0.58 430 36 0.0 2.4 19.7
1946 3519 2127 0.60 445 36 0.0 1.7 16.9
1947 5522 2983 0.54 397 36 0.0 1.8 19.9
1948 3928 2219 0.56 415 36 0.0 1.9 19.0
1949 5129 2976 0.58 427 41 0.0 2.0 20.2
1950 5478 3181 0.58 427 65 6.2 1.8 15.5
1951 4738 2727 0.58 423 89 4.5 1.7 18.2
1952 6712 4067 0.61 446 99 5.1 1.8 18.9
1953 3333 2170 0.65 479 96 31.3 1.9 22.5
1954 2638 1787 0.68 498 94 63.8 2.9 20.9
1955 2791 1731 0.62 456 104 56.7 2.7 22.0
1956 4021 2001 0.50 366 110 27.3 2.7 24.5
1957 5807 2989 0.51 379 91 0.0 2.2 24.4
1958 4212 2290 0.54 400 72 0.0 2.3 26.1
1959 2884 1765 0.61 450 55 0.0 2.9 27.1
1960 2864 1572 0.55 404 61 0.0 2.5 33.3
1961 2265 1483 0.65 482 71 32.4 2.5 34.7
1962 5600 2978 0.53 391 77 62.3 3.4 41.9
1963 1576 1319 0.84 615 74 89.2 3.4 37.0
1964 3242 2066 0.64 469 74 59.5 4.4 34.4
1965 5211 3191 0.61 450 70 27.1 4.1 23.9
1966 2966 2257 0.76 560 97 1.0 3.4 23.2
1967 4227 3129 0.74 544 112 0.0 3.6 26.8
1968 4589 3069 0.67 492 137 0.0 4.0 23.7
1969 5022 3420 0.68 501 109 0.9 6.5 22.9
1970 3984 2425 0.61 448 81 1.2 6.6 19.1
1971 4319 2555 0.59 435 44 2.3 7.2 18.7
1972 4182 2571 0.61 452 38 0.0 4.3 19.9
1973 5193 3229 0.62 457 37 0.0 4.9 16.8
1974 4410 2650 0.60 442 38 0.0 7.0 14.2
1975 4937 2888 0.58 430 38 0.0 7.0 13.0
1976 3866 2579 0.67 491 37 0.0 7.2 16.7
1977 2443 1849 0.76 556 35 0.0 6.8 20.6
1978 3930 2248 0.57 421 34 0.0 7.3 24.9
1979 4369 2699 0.62 454 32 0.0 7.1 25.1
1980 4373 2703 0.62 455 33 0.0 6.2 23.4
1981 2500 1796 0.72 528 29 0.0 7.6 23.3
1982 1889 2807 0.57 422 30 0.0 6.8 20.2
1983 8007 4397 0.55 404 28 0.0 6.0 19.8
1984 7875 4429 0.56 414 32 0.0 6.2 16.9

Total 189760 115087

Average 4313 2616 0.61 446

Regression statistics are defined in the

"Notes" preceding Table 1.




1 Flow and Quality of Water Data

— Historica
GREEN RIVER AT GREEN RIVER, UTAH

Basin

6 — Colorado River
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- Historical Flow and Quality of Water Data

GREEN RIVER AT GREEN RIVER,

Basin

- Colorado River
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Table

7

Colorado River Basin
Historical Flow and Quality of Water Data
SAN RAFAEL RIVER NEAR GREEN RIVER, UTAH
({Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 138 247 1.79 1316 *
1942 131 244 1.86 1365 *
1943 72 161 2.25 1653 *
1944 146 243 1.66 1219 *
1945 97 201 2.08 1531 *
1946 69 188 2.70 1989 *
1947 110 251 2.28 1673 66 0.0 2.9 29.6
1948 62 163 2.62 1927 66 0.0 2.9 29.6
1949 135 265 1.97 1447 55 0.0 2.7 28.2
1950 53 166 3.16 2321 61 0.0 2.2 18.7
1951 75 205 2.75 2021 75 0.0 2.5 25.1
1952 314 467 1.49 1095 113 0.0 2.7 22.8
1953 81 231 2.87 2108 122 0.0 3.0 29.7
1954 36 134 3.68 2705 119 0.0 2.7 26.5
1955 29 99 3.42 2514 112 0.0 2.6 25.3
1956 33 87 2.66 1959 107 0.0 2.1 24.8
1957 189 325 1.72 1263 94 0.0 2.3 25.3
1958 172 262 1.53 1122 83 0.0 2.9 32.1
1959 20 77 3.84 2825 75 0.0 3.2 33.2
1960 46 119 2.60 1913 83 0.0 3.4 29.8
1961 48 153 3.17 2334 108 38.9 3.5 33.4
1962 113 208 1.84 1354 115 64.3 4.2 36.3
1963 46 140 3.04 2235 115 94.8 4.8 37.7
1964 59 148 2.49 1834 106 63.2 5.9 36.9
1965 183 314 1.71 1260 122 28.7 5.7 31.8
1966 34 115 3.33 2446 154 0.0 4.4 28.7
1967 54 155 2.84 2090 162 0.0 5.6 28.2
1968 72 203 2.83 2079 173 0.0 6.0 31.2
1969 132 268 2.03 1494 116 0.0 6.5 31.8
1970 97 201 2.07 1519 77 0.0 5.7 29.8
1971 42 143 3.38 2486 27 0.0 4.1 25.1
1972 33 118 3.62 2660 32 0.0 4.1 27.2
1973 135 276 2.05 1506 37 0.0 4.5 25.3
1974 37 150 4.03 2965 36 0.0 8.2 26.9
1975 30 202 2.24 1648 33 0.0 8.0 19.5
1976 21 87 4.19 3083 37 0.0 8.9 26.5
1977 12 46 4.00 2942 42 0.0 7.1 23.1
1978 59 175 2.94 2159 40 0.0 7.5 27.1
1979 67 181 2.69 1978 36 0.0 5.5 32.5
1980 155 327 2.10 1545 32 0.0 4.5 27.3
1981 37 122 3.31 2435 33 3.0 4.4 24.6
1982 103 199 1.94 1430 33 3.0 6.0 23.5
1983 352 354 1.01 741 32 0.0 4.1 20.5
1984 352 385 1.09 805 30 0.0 3.2 28.0

Total 4341 8804

Average 99 200 2.03 1491

Regression statistics are defined in the

"Notes" preceding Table 1.
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Table 8
Colorado River Basin

Historical Flow and Quality of Water Data
COLORADO RIVER NEAR GLENWOOD SPRINGS, COLORADO

(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year {AF) (TON) 1 2 3 4
1941 1713 568 0.33 244 *
1942 1903 602 0.32 232 108 0.0 2.3 10.4
1943 1827 588 0.32 237 108 0.0 2.3 10.4
1944 1494 518 0.35 255 111 0.0 2.3 10.6
1945 1763 541 0.31 226 111 0.0 2.2 10.8
1946 1542 528 0.34 252 110 0.0 2.1 10.1
1947 2298 639 0.28 205 109 0.0 2.8 11.1
1948 1881 580 0.31 227 109 0.0 2.9 10.7
1949 2036 634 0.31 229 93 0.0 3.3 10.2
1950 1458 538 0.37 271 93 0.0 3.3 10.5
1951 1891 586 0.31 228 93 0.0 3.4 13.7
1952 2443 745 0.31 224 104 0.0 3.6 12.9
1953 1562 601 0.38 283 109 34.9 3.1 12.4
1954 855 463 0.54 398 106 63.2 3.6 14.3
1955 1051 510 0.49 357 114 58.8 2.8 17.6
1956 1455 567 0.39 287 112 25.9 2.9 16.5
1957 2462 748 0.30 223 96 0.0 2.8 14.7
1958 1680 561 0.33 245 76 0.0 2.3 10.1
1959 1341 536 0.40 294 56 0.0 1.9 10.5
1960 1466 548 0.37 275 56 0.0 1.6 11.2
1961 1209 521 0.43 317 58 34.5 2.3 11.9
1962 2407 782 0.32 239 64 65.6 2.7 14.8
1963 922 4188 0.53 389 71 87.3 3.0 14.2
1964 1021 514 0.50 370 71 84.5 3.2 12.9
1965 1764 661 0.37 275 69 85.5 3.4 11.6
1966 1022 476 0.47 343 83 88.0 3.2 10.3
1967 1210 540 0.45 328 85 64.7 2.8 9.7
1968 1350 540 0.40 294 78 43.6 2.6 10.0
1969 1448 559 0.39 284 52 0.0 2.0 8.6
1970 1927 610 0.32 233 41 0.0 2.8 9.4
1971 2038 640 0.31 231 36 0.0 3.0 8.9
1972 1524 520 0.34 251 35 0.0 2.8 8.5
1973 1885 562 0.30 219 32 0.0 2.3 11.0
1974 1901 614 0.32 237 30 0.0 3.9 11.9
1975 1578 568 0.36 265 30 0.0 5.3 11.6
1976 1253 492 0.39 289 32 0.0 5.5 10.0
1977 804 398 0.49 364 33 0.0 5.5 10.8
1978 1625 547 0.34 247 33 0.0 5.6 11.2
1979 1798 596 0.33 244 61 0.0 4.5 8.9
1980 1706 575 0.34 248 102 0.0 5.4 12.3
1981 887 417 0.47 346 137 0.0 6.9 12.3
1982 1533 522 0.34 250 149 0.0 7.6 11.5
1983 2428 652 0.27 197 157 0.0 6.6 7.8
1984 3097 760 0.25 180 113 0.0 6.8 8.1

Total 72459 25153

Average 1647 572 0.35 255

Regression statistics are defined in the "Notes" preceding Table 1.
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Historical Flow and Quality of Water Data
COLORADO RIVER NEAR CAMEO, COLORADO
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 3072 1677 0.55 401 108 00.0 4.3 12.4
1942 3488 1834 0.53 387 108 00.0 4.3 12.4
1943 2946 1490 0.51 372 88 81.8 5.0 12.6
1944 2680 1436 0.54 394 63 57.1 5.0 9.3
1945 3027 1475 0.49 358 39 0.0 2.6 7.2
1946 2554 1382 0.54 398 35 0.0 2.4 6.8
1947 3806 1610 0.42 311 36 0.0 2.8 8.5
1948 3226 1565 0.49 357 36 0.0 2.5 8.3
1949 3368 1640 0.49 358 41 0.0 2.3 8.1
1950 2516 1473 0.59 431 65 36.9 2.6 8.8
1951 2948 1473 0.50 367 65 36.9 3.6 10.4
1952 4134 1960 0.47 349 64 39.1 4.0 10.7
1953 2531 1433 0.57 416 50 2.0 3.5 9.9
1954 1565 1246 0.80 585 51 2.0 2.8 7.5
1955 1946 1307 0.67 494 47 0.0 2.4 7.9
1956 2391 1346 0.56 414 40 10.0 3.4 12.1
1957 4325 1838 0.42 312 42 9.5 3.3 10.9
1958 2820 1457 0.52 380 47 10.6 3.2 10.8
1959 2262 1331 0.59 433 54 1.9 1.8 14.8
1960 2413 1341 0.56 409 58 1.7 1.7 14.1
1961 2033 1231 0.61 445 63 9.5 2.1 14.9
1962 3985 1763 0.44 325 63 9.5 2.2 10.0
1963 1571 1206 0.77 565 63 15.9 2.7 10.4
1964 1934 1257 0.65 478 67 32.8 4.0 9.1
1965 3305 1586 0.48 353 68 63.2 4.3 9.7
1966 1800 1277 0.71 521 86 84.9 3.7 9.1
1967 2144 1334 0.62 458 84 67.9 3.7 8.8
1968 2439 1430 0.59 431 81 44.4 3.0 7.9
1969 2655 1512 0.57 419 54 3.7 2.1 7.2
1970 3316 1585 0.48 352 42 0.0 2.6 7.0
1971 3314 1573 0.47 349 34 0.0 2.8 9.3
1972 2585 1468 0.57 418 35 0.0 2.9 9.1
1973 3219 1518 0.47 347 31 0.0 2.2 9.5
1974 2888 1466 0.51 373 29 0.0 3.7 8.5
1975 2908 1524 0.52 385 27 0.0 5.0 6.8
1976 2245 1416 0.63 464 27 0.0 5.5 8.7
1977 1304 1125 0.86 635 27 0.0 5.2 7.8
1978 2614 1370 0.52 385 27 0.0 5.8 8.8
1979 3154 1547 0.49 361 25 0.0 5.6 7.7
1980 2983 1498 0.50 369 16 0.0 6.2 8.8
1981 1529 1124 0.73 540 10 0.0 3.8 6.7
1982 2743 1351 0.49 362 24 0.0 5.6 9.7
1983 4414 1777 0.40 296 36 0.0 5.4 9.3
1984 5677 2123 0.37 275 46 0.0 4.8 10.9

Total 124780 65375

Average 2836 1486 0.52 385

Regression statistics are defined in the "Notes" preceding Table 1.
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Table 10
Colorado River Basin

Historical Flow and Quality of water Data
GUNNISON RIVER NEAR GRAND JUNCTION, COLORADO

(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L} Regression Statistics
Year (AF) {TON) 1 2 3 4
1941 2493 2101 0.84 620 105 00.0 5.3 20.4
1942 2674 1926 0.72 530 105 00.0 4.6 22.0
1943 1785 1564 0.88 644 82 85.4 3.7 21.1
1944 2225 1570 0.71 519 60 60.0 4.2 19.9
1945 1818 1458 0.80 530 36 0.0 2.0 17.8
1946 1262 1317 1.04 767 36 0.0 2.1 21.0
1947 1938 1580 0.82 600 36 0.0 3.0 27.5
1948 2361 1599 0.68 498 36 0.0 2.8 26.5
1949 2121 1573 0.74 545 44 0.0 2.8 26.0
1950 1335 1239 0.93 683 68 0.0 1.9 20.7
1951 1136 1145 1.01 741 94 0.0 2.0 25.2
1952 2672 1740 0.65 479 111 0.0 1.8 24.5
1953 1312 1331 1.01 746 107 26.2 3.3 26.0
1954 645 1032 1.60 1176 105 57.1 3.8 22.5
1955 1017 1123 1.10 812 103 88.3 3.1 21.8
1956 1101 1042 0.95 696 108 58.3 3.8 20.1
1957 3381 1915 0.57 417 89 34.8 3.6 20.2
1958 2262 1475 0.65 479 69 0.0 1.5 21.0
1959 981 1111 1.13 833 82 6.0 2.2 21.2
1960 1332 1125 0.84 621 104 0.0 2.2 19.8
1961 1106 1147 1.04 763 113 18.6 2.1 18.9
1962 2135 1402 0.66 483 93 50.5 2.9 20.8
1963 892 1145 1.28 945 89 85.4 3.4 23.1
1964 1355 1296 0.96 703 91 85.7 3.4 24.8
1965 2673 1753 0.66 482 95 86.3 3.1 21.7
1966 971 1231 1.27 932 104 89.4 3.2 22.8
1967 1057 1215 1.15 845 119 58.8 4.0 24.6
1968 1477 1386 0.94 690 115 34.8 4.8 28.8
1969 1932 1559 0.81 593 83 0.0 4.1 28.7
1970 2368 1519 0.64 472 54 0.0 2.7 29.3
1971 2080 1382 0.66 489 36 0.0 2.4 27.5
1972 1190 1031 0.87 637 34 0.0 2.2 30.4
1973 2081 1302 0.63 460 30 0.0 2.4 30.5
1974 1627 1426 0.88 645 27 0.0 3.5 27.2
1975 1907 1392 0.73 537 28 0.0 4.7 29.1
1976 1227 1275 1.04 764 31 0.0 5.6 26.5
1977 601 840 1.40 1029 34 0.0 6.5 24.8
1978 1461 1066 0.73 536 33 0.0 5.9 19.0
1979 2402 1485 0.62 454 32 0.0 6.4 20.4
1980 2259 1186 0.52 386 32 0.0 6.9 24.4
1981 954 893 0.94 688 28 0.0 7.0 24.6
1982 1918 1251 0.65 480 24 0.0 6.8 25.4
1983 3130 1595 0.51 375 18 0.0 5.5 20.3
1984 3826 1720 0.45 331 18 0.0 4.8 21.0

Total 78481 60464

Average 1784 1374 0.77 566

Regression statistics are defined in the "Notes" preceding Table 1.
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Table 11

Colorado River Basin
Historical Flow and Quality of Water Data
DOLORES RIVER NEAR CISCO, UTAH
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) {TON) 1 2 3 4
1941 1548 737 0.48 350 *
1942 1303 621 0.48 350 *
1943 594 502 0.85 622 *
1944 980 536 0.55 402 *
1945 657 501 0.76 560 *
1946 298 415 1.39 1024 *
1947 552 514 0.93 686 *
1948 795 530 0.67 490 *
1949 816 538 0.66 485 *
1950 367 409 1.11 818 *
1951 163 289 1.77 1304 45 0.0 4.1 34.4
1952 1095 542 0.50 364 45 0.0 4.1 34.4
1953 301 376 1.25 918 68 g.0 5.1 31.9
1954 209 322 1.54 1135 107 0.0 6.4 33.9
1955 343 354 1.03 761 115 0.0 6.5 36.0
1956 265 311 1.18 864 78 0.0 6.7 38.0
1957 1150 639 0.56 409 39 0.0 4.2 39.0
1958 1016 626 0.62 453 28 0.0 3.0 42.2
1959 169 297 1.76 1291 56 0.0 3.8 36.3
1960 480 361 0.75 553 81 0.0 4.1 37.7
1961 367 368 1.00 738 92 37.0 5.0 32.2
1962 530 412 0.78 572 113 72.6 6.4 37.7
1963 237 343 1.45 1067 142 95.8 7.8 41.3
1964 300 372 1.24 910 159 93.7 7.0 41.0
1965 849 568 0.67 492 162 92.0 6.3 43.0
1966 464 434 0.94 688 161 89.4 4.9 39.8
1967 228 387 1.70 1249 105 92.4 5.5 42.1
1968 501 472 0.94 694 103 92.2 6.2 40.8
1969 599 476 0.79 584 61 75.4 6.4 40.0
1970 560 500 0.89 656 75 61.3 7.3 41.7
1971 457 449 0.98 722 44 0.0 6.4 51.0
1972 269 397 1.48 1085 50 0.0 6.2 47.0
1973 1289 709 0.55 405 53 5.7 6.1 44.5
1974 329 384 1.17 858 46 6.5 5.1 36.3
1975 891 586 0.66 484 41 7.3 5.8 44.6
1976 373 423 1.13 834 36 0.0 12.4 48.8
1977 104 336 3.25 2386 35 0.0 12.9 54.0
1978 735 101 0.55 401 39 0.0 11.9 49.9
1979 1092 627 0.57 422 40 0.0 5.9 42.0
1980 1039 610 0.59 432 35 0.0 4.8 33.4
1981 221 429 1.94 1429 25 0.0 8.0 26.6
1982 719 556 0.77 569 24 0.0 7.8 19.8
1983 1463 762 0.52 383 29 0.0 4.5 21.5
1984 1268 732 0.58 425 34 0.0 5.7 21.2

Total 27983 21155

Average 636 481 0.76 556

Regression statistics are defined in the "Notes" preceding Table 1.




1l Flow and Quality of Water Data

1Ca

- Histor

Basin

Colorado River

11

Table

DOLORES RIVER NEAR CISCO, UTAH

B agx=

[=lelalelelelalololelelelo]

UMMM OO ™ MNMO
NN MM HN AN
O POLNO MU T
oNeNON HeANHONN

NN AN O MO O NN T O

OOHOOOO0OOoOOO—N

LSOO UMD 0O AN O NN
WO ONNANFONM
\oﬁq-\ovcommmcmoﬁ

NS PN H A PN 000 N

COoODOONOCO™M

MO IN~HO - MM

HAHATNOM T OO T

[e]elalololelelolalele ol

A NOS O MoUWNIN MO <

QMM A OO M M

-~
EEE MATMAMNM NN MNMEIANAH-HNNNNN NvawmwmaHNma ANMOTO HNNm
3%
—
30 —HOVN VLD ORI HO— AROMMOO~MON™N mhmmwwmhmvmmm ©0 VOO F'M YO NONN
00 — AMOO A B Y B e ] S MO0 AN v-]
[ab=d o~ v m o
]
~
LAQMHHNGHDOH > U SO NN > SQMNHNCHDOW D> O .0 M8 >a~ o > D
Hﬁ o O JJOLO 2 X JJOLO 2 a O 33000 2 a o JJOLO
_gﬂ ")l&g hv-m:uxozgrs ")lhg hnsx:mozgg hhgg‘: hh4w028§ hﬁ-g nh<m028§
52 3] 3]
=1~ m < n ©
sm n 0 ) W
] =) o o o
] = ~ —t -

Load TDS Days
1000 (mg/L.) wg%

Flow
1000

Year Month (ACFT) (TONS)

LR E R EREEEEREREREN-1

OMIPOON—HMONA W
ANAOOMNONO HHLNN YO
ONNMONNN OO = N
N HOIONONON

NONHHOOAO O D
mmmwwl\vaNmmum_’

MO~ ONONOOOOW
HeANOM =N el
«©

KK KKK KKK KKK
mm

HOO IO O F N OO
ONOOO—HOTINO I
SOOI LNNOUNOO N
N NN

NONMS OO HMMNG
MO PMHANONINGS
*

N\Dml\l\l‘NLﬂIﬂlﬂ\nwl\
t—h—ir-lNl\

HOAOCHHOAHA{OOOOM
MO MMM ~

NS OO MO0 N
N AT OIS OOM T O D
OO M <P
L lm e (o] e OO

SONM NN O O NN
NONONNMMONNN A AN O
o~

AN WO NP HOrMm
e o

[=l=lelolelololololalolale]

OO\ Or~mMm

S — 3

£ 54 Gt T > U £ M0 g DO > U SO M E—H DO > £ 4 LG DR > L

§& |5es g3388888 33 n%2$8§8§ S n%2$8§8§ Sad n%é%Bésé

5 &

- 2] o - o~
6 <« n N "
)] ] o ]
- — ] —

DS Da
<-wm)w§?

Flow Load
1000 1000

[Year Month (ACFT) (TONS)

Calendar

KKK KKK KK KKK

HOAMINONNANRO OO
AONOANIANARNO O
QWOMANITLT™ O TUNO TN
N NN

IO N = O N =
mmml\wmmmmmmmg

ANOIIN OO A

e TN MAN et N
N At~
G MM e DO > 0
o O 33000
P')lug Ennn:mozgg

1945

KKk XKEX KK KKK XK KO

WOINHAIONONRNNNAD <P
LN HONO OO OM™NN
—HHNMNWNAHAOONC
NN NN N

L TN N0 = NN
MMMIN DI =
-

NOWANMEOMOHO O
M~ —ted

1946

KK KKK KKK KKKRO

MO HNM O IO N IO
OO rdr4cOMM N O M
O MMO-YO\ PO
NONH e

=He NS Y- OO <P
mmmvh\nwmmvmmg

AN N~ OONON
AT OSMAM e
e

1947

KEKEKEKKKKKEKKKKO

MONHOWMNOOOWVO
FONM IO OO0
QN ANNN O NS
et —ONONONON

OMO~DNNOOWVRHO
mv'v'aseo\ommmmmmm

mm\or\l\—ama\mmmmm
HONNFO M
NNt

1948

load TDS Days
1000 (mg/L) Wé

Flow
1000

Calendar
Year Month (ACFT) (TONS)

Kk KEKKKKKKKEXO

AONDOONONNDV O
HPS PO AN L D AU
APOM—ANF QAN M
e -

~ONNONNOVOO N
MQ'Q'I\NI\IHMVO\\OI“Q
-

FOANOUNI AN o P
AN OTRMNMAOM
~-on -

=2 —~ Q4 D U
SeSASR28328

TOTAL 1548

1941

AR R RS ERERE R N-)

NPOONAHOMNT OO
O SOt NN LN
NN AANONNOHOM
e NN

SOOI O I
PN NOM NN
v o

WNORMNQWISNOONM
NOMNOV AP —AAHO
[Talaala

1942

X KK KF KKK KO

WONOAMUNAAAMIOAHAN
OOHAVHI NI
HSM O PO N O NN
Nt NN

LA NINHO MO NN
mmmcou:mmmmNmmg

NHANCNPHRAAHO AT
HHNO(")G\N(")\—!HHHS

Ned

590
248

gU
z

Jan
Mayv
oy
Jul

Q-
ms

TOTAL

1943

KRR KKK KRR KO

QAAMNONOMO N
NWOSENOM AT O
MNP LeANLTNOMNO I
N AN N

NN O =D N IO
MMMKDOQQ'NHNMM?\
-

ONI\\D\DMNU\IDQNNC

1944




1 Flow and Quality of Water Data

— Historica

DOLORES RIVER NEAR CISCO,

— Colorado River Basin

11

Table

UTAH

]

55

Da
(mg/L) W,

Load TDS

Load

O ONNMHOINDOOOIH
— - Lol

MONNOMMSONNPOM
OO FONNOONLINO®
NN ONNI OO
MO ey

FOONOMOM~NMOMWO
MNPSOS
<t

oo PAMONOMN
e -o

N0 N SO M MO
W= NN OO LN 0N
NONT IO ONO PN
NN e

A OOAN=HOMANO
mmmmhmmmwmmmg

O INMOONMNO~OOM
- A

MOV DI =™ cOLN O N
LI ONN NN AN
NNO MMM NHOMS
et A N

INNOONOVAYOIN =
MONO BN N NN P
o

WO OANOO O~
— - ~5 O
-

SN AM OO T OO HIN
WMoV NN O T
=HONA O OMONNG
oy N e

QSWHDINM O O™
SOOI AAH TN
”

-~
E%
-~
305 ~HM N ONAMN NSO Ot A NN CY O HOLUNO BINN=HANMNT~ OO P N¢wmhh~w 1))
1=} A A O M A e A~ O ArHANNO N AO - A O MANOOONA At e —o
- et n o~ [T — <» ~
Byt
~
QMM B~ >0 £.0MM>E— 00 >0 5.0 % M4 >0 Qs > 0 25N Ma- 04 > U
Hﬁ o ¢ JIA0DO 2 o 9 33000 é o O J30Do i o O JJopoe
gﬂ hhg hh¢m028§ hhg nhamozgs hhg nhamozgs hm§ hh<m028§
a¥ 3 8
- o [=3 — o~
5m © ~ ~ ~
(] [ )] =] -]
=] — — -~ —
ﬂgg mmwwmmmwmwmmw OO LU ANO=HO =N HOEHQHO ornm OO 0NV O DONN
B HHHHm HHAAAH AN M- naMAMmm mﬂﬁN N -

(=g/L} W,

1000

Flow lLoad TDS
1000

Year Month (ACFT) {'TONS )

Calendar

OHAATOAOMNNNN
~OFONMONN RN
AN SOOI <t
—oNeNy —ted e

M™OO =T MO HNICO
NNMPW\DMQ’MQ‘Q‘Q‘S

HO\G\Q‘MU\\DNI‘OHNO‘
G\Q‘NMNNQ‘

1965

UM O D OMAMN DO

L HROMMAOMMNO

Q‘\D\OMQ‘\DH’!ONNP‘M\D
NN~

FOoOWANONATMNAOO N
Q‘mmWI\MNHﬁHng

MQ'I\OMQ‘Q'IDQ'\DI\I"Q'
NHONMM
HH

£.0 a4 A > L
CREEECERITT
13
@O
o
o
—

MM OOoO oMY
YOoNTONONOrOOT
MM OO~ N
et NN

NN PO TN N0
NOM DN NN NN
L]

WOONVNTMAWOI 0
“HOLeHD T N

-

AN N M ANNHO P
ALINORX I
OO~ OMNMNOHNOMO
(ol o} — MMMnmm

WNOOOMNAT - ONON
NSO MTONN OIS
B

eoaov'noeol\om\ono\or-c
=N
e

1968

S

%

DS
(mg/L) W,

HOAODHOAHO AT N
mNmmmmmmmmmmg

N AFNO A OO TMUN

O et AN CONH M ed M

vommmwmvr—qrv\omh
Ned St

HBAQ=HOHAHOHO N
mNmmmmmmmmmmx‘g

—HNOMOAMN P AT M =N

N = O NN PO

ﬁOﬁNNmQ‘mHN\DOHIﬂ
NN

MOANAVO NN ™ e OO O™
QOO HONM = NUNNND
N A OONOFONHO
N HON A NN

HAHO HOH~OOIINM
AN -HO
[\

-
v
[2=] S OINOOININOAOOLN D MARNOO=MOMS I HOIMNOOMOIOT =M =M OO O M OO N
33 NN PN NN Nmmmmmmwmwmmg NNMTTON NNNNNx HONMO NN NS
3} ™ ™
-~
20 OM NGO T QNI N OTAMDONNRO OO OV ON AN RO O OO OND
3=3 AN A D N Mo M — ™ HONMMA A A ™M NN o
=~ ﬂ ™M A o}
[ o]
~
£ M WSO O > U SOQMMMNEADQE > U B0 MM NEH QW > O GO N MHNGHD > U
Hﬂ ° ¢ 33000 2 ° 9 JJOLO é o @ JIVLO é s O IJJGLO
gs hhg hh<m028§ hhg hh<w028§ hhg hh¢m028§ hhﬁ o1} m023§
~ . — o~ ™M <
gm o Y] o %]
(] =) o =) o0
2] —~ — o p

Ionad TDS Days
1000  (mg/L) H§§

Flow
1000

Calendar
Year Month (ACFT) (TONS)

QOOCOQOOOOOOO0

T OO MILN O M O T T
ANNONANOONNO=~O
a\mc\mNaNm\o-—cml\q'
N

MNP P = O =4O HN O
NOHO DO MU TM
o

\DMMQ‘\DN&OSMHI\OO
Lo Lo [=3) mghvmwwm

[eleleletelolalalolel=]alo]

NN~ NN BT O —OM
OFOMONNOMNHON
M NN NN OIS TS <
Ned =y —ONONN NN

OO OV T O
vmmmmwmwwmmms
—

mr\nnacovocoomomoxo
MO0
Mo

1958

(elolal=lolelalololelala]w)

NN PLNOMNO MNP Ot
AN OOMSMIUNNNOWS
NN A BN N et T O
NN e N N

FONDHININOOO N
MM AN AN Gy
o~

OOHU’)MNI\MMHO\I\O}
AN o |

1959

CO0COOO0CO~NOHHN
Moy

oo ~-or-ram
S NHNAONAMAI OV
QT RNNNONOM NN
Lalal NN

N0 DOV i
OO LT MIN A NN
L}

QA AFONINS~O
FUNAON o

i <
S0 M SaH DR D> D
g8 ghazgsgzg

o
O
[«)]
-4




- Historical Flow and Quality of Water Data

Basin

— Colorado River

11

Table

UTAH

DOLORES RIVER NEAR CISCO,

W,

Flow Load TDS Da
1000 Load (mg/L) éés

Year Month (ACFT) (TONS)

Calendar

~HOHOHOA—O
MO MM O

oo~ NWwmMeNy

M ONANO~N
LONOO QO
e

=HOONM ANON
NAS VOO H N
elaala

1985

(

1000

Load
Year Month (ACFT) {TONS) '

OO N =N O H\O
MmmMom

O QO™ D PN MO O
OM=HOMANTINMONMN

NOIINR-UNNONIR
MM IT NN

whmmawﬁwmh-—co-—c

~HOMMNOQOMNNINMOmM
Mmoo )]

OMNAHOMNOINAASTR

MO O HNOWO

COONMNMNOM O AN
Ned Nt

N A OMSONHOP PO
mmwko\omvvv@q-ma

ONO=HO AT O

WHOEMe O NMAC
MM e
-

—AY O ONO™M
AN O HANORM NN
QUMN—HMOS NN M
—te N

AN ANO MO N
MEOLN N NN T MO
trt ~

WO ACNANDHOITOM

HHAAOHOHAO OO
MOIMNEOMEIM MM OMO
[1]

L AOMNOUNNO N MU
~ovOrONONMSIIN
I’\H HONO AN P

e

OOV N0 MNMNN
mmmwmmmmv@vvm
Lal

MUNAONNHDONOND

(=4
gc AN AN OV U I e vl HAT oD MN NN O HAM T A P NN O
—~O o~ e ~ O < ey ~N
[T — bl
5.0 b Dy, Hmmu>uj znuuwga mv>ué £ M Dy meu>ué :nuuagﬂmmu>u
M T O JJoVOo o O S30U0 < O IJOLO @ O IJOLO
.3 hll..g nhn:mozgs hhg nH znozg:c}: hhg ‘ nnfcwozcgg ")lug nn U)OZSE
[~]
5 3]
- T o~ ) <
s © o] © ©
o o o o
— ~ —~ —

(Eik)%gs

Flow Load
1000 1000

[Year Month (ACFT) (TORS)

Calendar

N AH NN NN = DN
<

HHNOWNLO OO MO W

AL A AN AN

NN O M =\O OO O
MOIMONNIONITNEHNONONNM
L2}

OOV OANNNO OO T
Lol Lo B |

1977

QOO N v d N e M OO <P
N o

AP OSNM
OO A=A NN OO O
NHONNNO OO0 <
N N

NIMON M = <H NN
OO ANNO
-

ROWVLOHOMNMNTOWIN
IO mM -

73

1978

HAOM MO0 RN
e o

N ANO N =AM OO N
TSOMOANOAHOITNNN
NOFOANNANNOCOXO M
el N

NAMNAIONN—HO OO
P‘M\OOF{QU\VNNMMS
e

oNHONNNISN~ N
—Mmowor (=2

1979

AT IMI OO N0
- N «

S ONEHATONONO MM
VOO NOMIM
OO\QMNNIDH\OOG\OIQ'
N

O O P OV NNO O
MPEARNASTNONMI NI e
- o

M\OQ‘I\I\NI\ﬂwwme\

1980

Load TDS Days
1000 (mg/L) wéx
C

Flow
1000

Calendar
Year Month (ACFT) (TONS)

OO LN O PN H IO A
MmN - ™M
-

M ONNHOOWOLN
A ONHF O A O™NO
MNOMNNQ’G\Q’G\\OMQ’
e

MNOAM=INAIOM N
mmwm\ool\mNvag

uocomv\ol-cc\mooooeom
M A TNO
—Anen—

1973

PN I OO WO N
o [} - N

SOOI AN NN D
NOWHOHINYANOoONLN
QYO NN M RO
N AN

A OMMNNLO O M — NI~
ANONLOINAI N AH A NI
”m

OOV‘I‘OI‘IJ}Q‘NMQI‘O\
t~m ~N

1974

LIONNONIM OO M
i =)}

NFONHMUNNO OO
A HO AN MU MU
WMNOONNMIIIRNOT
oY NN

SO INO M —H OM N0
NNMNQ\DU\MNMMM%
—

l\mv'omcoowo\comw.—c
=)t
F‘MNH Q

1975

WM< <H O = OO O
-t - o

MO O N AN oM

NSNS HINONM

I\wamwmmwN\omw
AN

MOV HTH—HBONNM
L IHOTMION—AONONOION
<

OMNON\DH‘)”I‘G‘)\DQ‘M
i e=ico

1976




Table 12
Colorado River Basin
Historical Flow and Quality of Water Data
COLORADO RIVER NEAR CISCO, UTAH
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 7068 5552 0.79 578 72 00.0 00.0 13.8
1942 7098 5276 0.74 547 104 00.0 00.0 16.7
1943 5214 4249 0.81 599 82 82.9 3.1 16.6
1944 5840 4259 0.73 536 58 55.2 3.7 15.9
1945 5505% 4112 0.75 549 38 0.0 4.0 14.5
1946 4057 3707 0.91 672 36 0.0 3.7 16.5
1947 6258 4539 0.73 533 36 0.0 3.4 18.6
1948 6291 4588 0.73 536 36 0.0 3.7 16.7
1949 6339 4777 0.75 554 41 0.0 4.2 17.3
1850 4074 3708 0.91 669 64 4.7 3.8 15.3
1951 3987 3507 0.88 647 84 4.8 3.5 13.8
1952 7719 4797 0.62 457 92 5.4 3.4 15.1
1953 4061 3934 0.97 712 89 2.2 4.0 16.5
1954 2293 3275 1.43 1050 90 1.1 4.8 20.9
1955 3185 3409 1.07 787 95 0.0 4.8 18.8
1956 3569 3333 0.93 687 95 0.0 4.2 18.9
1957 8888 5339 0.60 442 80 0.0 3.9 17.3
1958 6045 4174 0.69 508 65 0.0 3.7 18.3
1959 3214 3391 1.06 776 52 0.0 3.9 20.4
1960 4003 3329 0.83 612 54 0.0 3.8 17.6
1961 3395 3509 1.03 760 67 0.0 4.5 18.8
1962 6575 4354 0.66 487 71 31.0 5.1 18.9
1963 2585 3329 1.29 947 76 61.8 6.0 19.4
1964 3433 3564 1.04 763 75 62.7 5.9 18.4
1965 6723 4503 0.67 493 85 29.4 5.9 21.4
1966 3163 3406 1.08 792 105 0.0 6.0 23.9
1967 3146 3467 1.10 810 117 0.0 5.4 24.4
1968 4185 3677 0.88 646 131 0.0 4.6 21.4
1969 4906 3842 0.78 576 100 1.0 3.8 17.1
1970 5988 3897 0.65 479 73 1.4 6.3 16.3
1971 5458 3685 0.68 497 38 2.6 7.9 18.5
1972 3549 3279 0.92 679 37 0.0 7.3 18.1
1873 6374 4318 0.68 498 37 0.0 4.9 18.3
1974 4416 3501 0.79 583 37 0.0 5.3 17.5
1975 5303 3824 0.72 530 36 0.0 6.0 16.5
1976 3379 3279 0.97 714 36 0.0 5.3 15.2
1977 1660 2422 1.46 1073 35 0.0 7.2 16.1
1978 4813 3615 0.75 552 33 0.0 6.5 13.8
1979 6607 4325 0.65 481 31 0.0 6.9 16.0
1980 6249 4062 0.65 478 32 0.0 5.1 12.6
1981 2552 2823 1.11 814 28 0.0 6.3 13.5
1982 5309 3815 0.72 528 30 0.0 6.6 13.3
1983 9224 4843 0.53 386 29 0.0 6.6 14.1
1984 11081 5258 0.47 349 35 0.0 5.1 14.7

Total 224780 173853

Average 5109 3951 0.77 569

Regression statistics are defined in the

"Notes" preceding Table 1.
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Table 13

Colorado River Basin
Historical Flow and Quality of Water Data
SAN JUAN RIVER NEAR ARCHULETA, NEW MEXICO
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 {'T/AF) (mg/L) Regression Statistics
Year (AF) {TON) 1 2 3 4
1941 2637 433 0.16 121 *
1942 1312 251 0.19 141 *
1943 758 176 0.23 171 *
1944 1234 232 0.19 138 *
1945 852 182 0.21 157 *
1946 408 116 0.28 208 *
1947 730 173 0.24 174 *
1948 1183 229 0.19 143 *
1949 1393 258 0.19 136 *
1950 513 130 0.25 186 *
1951 338 93 0.28 203 *
1952 1499 269 0.18 132 *
1953 513 130 0.25 187 *
1954 529 137 0.26 190 *
1955 537 128 0.24 175 47 72.3 5.3 26.2
1956 539 117 0.22 160 47 72.3 5.3 26.2
1957 1647 329 0.20 147 81 84.0 4.8 27.8
1958 1332 301 0.23 166 101 87.1 4.5 27.3
1959 436 119 0.27 201 94 87.2 3.2 27.4
1960 1029 226 0.22 162 96 87.5 3.7 26.4
1961 750 177 0.24 174 106 88.7 3.6 29.6
1962 872 178 0.20 150 95 87.4 3.9 32.1
1963 232 61 0.26 192 72 83.3 3.8 30.0
1964 437 116 0.27 196 58 79.3 4.1 26.7
1965 1511 327 0.22 159 52 76.9 4.3 26.4
1366 961 225 0.23 172 50 76.0 4.0 26.9
1967 402 108 0.27 198 44 72.7 2.9 23.3
1968 392 101 0.26 190 43 48.8 2.9 15.2
1969 1102 238 0.22 159 39 25.6 3.1 11.5
1970 817 165 0.20 149 37 0.0 3.3 6.7
1971 618 130 0.21 155 35 0.0 3.1 8.3
1972 610 146 0.24 177 35 0.0 3.2 9.9
1973 1540 366 0.24 175 34 0.0 3.4 8.9
1974 596 133 0.22 164 34 0.0 3.9 10.0
1975 1091 257 0.24 173 36 0.0 6.4 10.0
1976 639 141 0.22 162 38 0.0 6.5 9.7
1977 437 97 0.22 163 32 0.0 6.5 6.8
1978 376 95 0.25 186 23 0.0 8.5 11.8
1979 1716 381 0.22 163 15 0.0 7.5 19.3
1980 1080 239 0.22 163 12 0.0 8.2 23.1
1981 576 119 0.21 152 12 0.0 6.1 17.6
1982 826 176 0.21 157 13 0.0 7.7 7.5
1983 1100 232 0.21 155 16 0.0 4.5 1.8
1984 1087 229 0.21 155 18 0.0 1.6 5.0

Total 39185 8467

Average 891 192 0.22 159

Regression statistics are defined in the "Notes" preceding Table 1.




1 Flow and Quality of Water Data

NEW MEXICO

13 - Colorado River Basin - Historica

Table

SAN JUAN RIVER NEAR ARCHULETA,

g
C

(mg/L) W,

Days
%

Ioad TDS

Load

Flow

1000 (mg/L)

Calendar
Year Month (ACFT) (TONS)

KR E KK KKK KKK KO

WM O NN NN
O N WBNM W=D\ ON O
NN AAAANMI NN A

F\DNwM\DG\I‘f’"‘I"Iﬂg

e NN
—

MO NAN~M OO MM
AN AN A
e [Ta}

KR KKK KKK KOO
e

NNF IO AN IO
MO I POV VONO =
MO A A= NN

maooahv-—ioo-—i\omr\

HONON A A et
|-|

HOOM™ A=A O FNNMN

QOO0 QOOOONMU

MOAODANOM—HMOM N
AN OHAOQ PO~
NN A A OO ON N

NNQ A=~ MO0 D O
N A o~

~

NSV~ o~ N
A NI A SO Nt =M
— n

O-HOCOOOOONOOOM

NHO VO NNDXHHO
=L AOw INO OO
NN AN -

\o\ouommsol\cowmmv:

N —
ial

WINO AP UNM AN
AN EH NN A A ™M
Lalal wn

o

$3§§§

Jan

85459
ll-g e}

Jul

1956

Days
3
C

Load TDS

(mg/L)

KEKK KKK KK KK KO

P00 MO M —NUND
CO~OMEON~NI MM
N A A AN A

OO~ MNOOON

KKK KKK KEKKKO

NSOV OO IO
SN0 O T MONING
MO AH A NN

WoOMN—HONFNMIO
AN - ™

KK KKK KKEEKEXO

WNAHNO NN NO PO NM
WP MNNNWNOATNO
MO NAH AHNANN MO

PPN OI O I~M
N o0

KK EKKEKK KKK KO

NN HNOIMMOoNN
WHONHOT SN~ O™
NN A e OO N

or\\c\omommw\oml\m
OO

-~
Og NN M-
S ~ ~ S
S
-
,OA ONTF—A~MITOoOVNNAM TONHAO OO TNI oM WONV—HDOD—ANNOND OO O MmO Mo
0 NN HO NN N O HNMANON N~ o~ AN @ —m NHINNOMNINN A
-0 NS — (3] et w ”m <
Ty — —
-~
B0 MM >EH > U G0 MM >NE— Do > U GQ N4 SE= DA DD QMM e~ O > L
uﬁ o O 5: uo o ¢ Ssswuo O JJoVOo sw 5: wuo
35 nm§ Rha zgg hmg nh<m028§ hhg gnndmozgg hhg 1] moz 2
- o o o N
sm < 0n 0 "
g )] o o o
>t — — — —~

Load TDS Days
3

Flow

(»g/L)

1000

[Year Month (ACFT) (TONS)

1000

Calendar

LE RN EREERERERERE X-

NOIIMHOTOORNOSI
=SSO ANNWO OO MWD
NN A rd A A NI TN

WONONM IO OO NIN
e~ -]
-

LA OIS AN IO H N
AN IS NNON AN N
— N «©

1945

KK KKK KKK KKK KO

HONOOAI MO
NONHON—HONMOOO
MOV A e A NN N

ACoAVTL 1V ol mad el = Tond 1= pad e}
N :‘i

MO TN MO
A NWOSSONONNONN O
=

1946

LE R BN REREE RN N-]

VO =HMONOWVOOO
HOO M =AM MON O P
AONONN et A A NN -

OHhONTNRNMO—OM
HAMNMON Ardeded

MAAH T e Mt N O
A MMM ONMm
=il ~

1947

* KK KKKEKEKKKKRO

ONOFHOMODN M
NN AOO O IO O
NN A A A NN Y

HHMOOWNIOWMINWGY
SO s

WA ON O~ mmmm
NNTWAMNO VAN 10
oM —

1948

Load TDS
1000

Year Month (ACFT) (TONS)

Flow

1000

Calendar

* K KKK KKK KKK KO
LOATMONAMINON

OANMARAOPMANN
NN e~ Hede e N

OO OO0 LN M
NSOV rA TN
-

Haoomvmmomr\meol\

o~
QMM R0 >0
CHEPREER I
B
-
by
[+))
~

KKK KKK KK KK KKO

NOACONNONDSO~
MNPONAHOOMOD0 <
NN A =S NN NN M A

LN 00 <HUN O OO0
e O T < Ir.r“j

NN OO HNOINN

1942

KKK K KRR KKK KO

M ONOWNONOMMONNO
OO rMmmMa M
MO A e NN A

WAV MMONO OO0
AN ~
—

NNV NN ONNO KR
HONWO S NI OO NI
el ~

8555935833
ha§ Lr U)OZS

Jan
Jul

:

1943

KKK KK KRR KK KRKO

N N OO ANM L O
HANNAOM NN~ O =M
O A A A= OO M

WOMNNARIIN DO
HOUWNMNON [2¢]

MPOAMMNORNPOIS T
A MM OO NM P M e =i M

[ lalaalo] o~
-t
[~HRVRYR-N=To Re Je NER-R 3
o =1 (o]
S84 na<$823§
<
<
(o)}
-




(Egi)aaf

Load
Load

Flow
1000
Year Month (ACFT) (TONS)

Calendar

O ONONOCOHHOHWY
MONNANMNMANMMNMMOIN
™

MO O <P P ONO O
\DLI'\\DI\\D\D\D\DI!\Q'Q‘IDID
Hededrd At rd e et e el

M = IOOO NDIO MO OO
NNNNNNHHHHHQ

COFOOMNOVOL~ON
AR HA S NONO
— - —

1969

HOAOHO=H=HOHO =IN
MNMMMMMMMMMMS

OO DUIN =N
WP LN LD <P gt
redetrdrdd e { et A el

O r=HO\O\O\OM 0O M—MLN
—AN— OO
-

=HOAONO AN NI
U\HO’NNMMMI"HOF‘H

1970

ﬂmHO-—lOHHOHOHm
MEOINEMNENm

NIMNO QRN O -
M<PNOM OV oM
A e A A A e e

WM PSSO No
NN —m

—HO VOO —Hr-OU D0
V'z\DMMNMMMNH\DH
o

1971

rAAHOAHO OO O
MOAMMEOMMENMmM e
”™

OONNLA—AO—=HMM A

r=HOYNN O OO~
N e -
-

OLINHO AT NONO
O ITMMIMMMMO e
0

Jan

Qe Dy
CELRE

Jul

pass 2
U)028§

1972

%

DS
(mq/L) W,

1000

Load

Flow
1000

NEW MEXICO

Calendar
Year Month (ACFT) (TONS)

ANONMANINMOMNO=HOON
e Lo ) «©

TONMN QO MOWONR
e FUAH <P OV O NN
NONNN N A A A e

WORONOADIT RO I
NONANT T et ONANN N NN
m”m

QONNNOUNNONHOMS

1965

[=lalelelelelalelalololela)]

O AMN O™ OMMONN
NOO NV MM O™
AN A A A A A e

WO TINNONON
MNMsrm -t o

o~

QL AN OO N
WRAHOMNNANANINAINDO
- et =)}

1966

HOOCOOOOOOON

N AHOIN Y ONNNI~ M~ O
VORONFHONODNN
HA=ONANONINN e A A

\O =™ OO ™ OO INNO O
Ll i o

-

MINOM RO NN = =N
NQ‘I‘NHv—QN\O\nNNNs

1967

[lelelalolelelolateladat)

NOMMIN 4O T i N DO
OO HAINNN VD WOON
O et et

N0 M~ DO N WO
- e (=1

-t

ANOVONVOVIMNMH N
HON IO TN T OHN O
m

1968

&

TDS
(mg/L) W,

Flow Load
lendar 1000 1000

ear Month (ACFT) (TONS)

Ca

OO-—'OOKONNC-—'O‘Oﬁ

NN VS (N e (NCO AT~ TP
NAANONO O D M ™
A A AN N O

MO OO MOor
OO A

NLOMMONINONONI OO
HﬂQ‘HO\NMmmmMHg\

iy
<no

Jan

83588

Jul

SU
2

%

1961

QHAOCOOOOOAQ -

DO T O HNTOWVNO
l\eoooq'ommmmmq'\om
el AN

WOO VN =™ 0NN < O
—ONPTIed f;

NONHNONODA T OMN
—HLN LSOO M N ed A
NN «©

1962

OO-—‘QHMOOQOOOQ

MINAOCORNORNLNNN
Moo~ OMANMIO~O0
NN e A A A A N

O NN N P PO~
-t o

l\wmﬁO\O\ONoﬁ'Q‘QN
HHNNNNNNM

1963

HOOOOOHTOODOON

=HAOAONNMOOMMOLND
NN HNOMN OO HO
NN NN A A vt A NN

VSN MO OO D
—HONON - -t
—

SN PN GO 0O\D GO e N
Hrt el e MO OINNNMM
—t <

1964

SAN JUAN RIVER NEAR ARCHULETA,

%),

TDS
(mg/L)

13 - Colorado River Basin - Historical Flow and Quality of water Data

1000

Load

1000

Year Month (ACFT) {TONS)

Flow

Table

Calendar

OCOO0OH-=HOHOOOOM

HONOM-OMANIO O WM™
NMHAAP O AN N HOO T
MO A A v e AN NN

WO HNONMO NG
HON OO AN e N
m

mo\DONOI‘Q‘I"I‘ﬁJV‘I‘
HOITONNO NN
NN~

QOCOO0O0OHOCOOH

NOFOFI NN O™ O
\DOG\P‘HG\O\MOQ‘QO\O
N AN~

O HAHM AT AN O
NSO ™ Ve deiv— g

NA RO ONUIOWNI™ TN

1958

OO0 HOOOOO®RO
-

OO NHUN™ O S
MANH=NNOINNNHOO
MO N AH AN NN

OO OISO —- Y
i et

-t

NI PO TUIO NN
A AHAM OO AM A MM
<0

1959

—HOOQOCOOOQOOOOOH

AU N OO NN
ﬁo«m—amr\thomm
e NN

WORHHOAMS O~ 0
[T leate Lo} —f ~N

o~

LONOMANURNMIOO T
HeAS I AN ONNN AN
N~y o

1960

Missing EC estimated by interpolation after regulation of flow.




1l Flow and Quality of Water Data

NEW MEXICO

1Ca

- Histor

Basin

Colorado River

13

Table

SAN JUAN RIVER NEAR ARCHULETA,

S

Da
o
C

DS
(mg/L)

Load
Load

Flow
1000

Year Month (ACFT) (TONS)

Calendar

HOAO=HO=H~HO
Mo MOMmm

Dalaahods daalsalTslialle]
[Talls1"alTaltal o] Tolval 0]
et A

NTOO-MORN

NONM<TOUN N e

AN OPO
—AHAOAAOMNO
NN~

1985

Days
@
C

DS
(g/L)

Flow ILoad
1000 1000

Year Month (AKJ’T) {TONS)

Calendar

HOAOQAO A~ DO =HIN
MO MMM MO
™M

HONN AN OVNMUY PPN
VRO 0 <N N
el A A A A A A

HOOWNOM O A0
Nt ot red ef el -t
-

SHMOWAHIAMM N0
owwwmmwmmmmml\

1981

HOAOHAQ OO LN
MO MO MINMNO
”

WIS SN SO O oM
IO N NUNOO NN
i L e D L D Lo L L L e R

NOORINOMPTONNO

A NN A A AA A
-

NN AT ONO P =D
PO OO OWONN
it ©

1982

HOAOHOHHO O IN
MOME MO MMM MO
™

NN TIPSO NMNW
IOMNLN N NN ININAO\D NN
P 8 b ot ot et ot el

HAHOAOAAO O =Y
MO MMM ND
™M

OOV <P <IN M N
NNNMNP-‘NHHHH-—CR

MY OPONANOO
=HOANN O MWWV O
-

Dy

Jun
Jul

SU
ud24

Jan

Qx
(4

TOTAL 11

1983

MOTNN A== MOOMON
NNNv—lNHHHu—h—CNNg

OO H MMM N MO N
AN e AHNNNO O 00
ed l-‘g

1984

DS Da
(mﬂJWés

QOO HHOHO HIN
MMM MO MMM
™

LN ONVROIOM
WIOOWOOOVO N O

HOAOAOQHHOAO LN
Laala laaTaaTasToaTaalualoaaToa Tag Tag kN1
L]

NN v NN M SHINO
[ il i a-o 1= e Lo Lo Lo e Jow Yoo T X 0 3
4 vt eoed e b o o NN O 4

ﬁwHO—HﬂH-—CO-—IO-—Hﬂ
MANMMAM MMM

WOHAMSO NN O NNM
QONM M~ ONNTM MO
NN Al A A A ed e

HAHOHOH=HO—HO 0
MAINOINNNNN M TMNMO

=HAOMONIODRNNO M
NONMFINNONANNO SO
ittt et et et N OV eed e

—_
vo
=1 L0 COM ™00 00 00 O OIO T~ P~~~ 00 60 ™ 60 Y OY6O CO THILN AN O N MO ™0™ o LU T = NI OYDY
SQ — o [ oNOSWON —cQ AN AN A A NN NN M
- ™ o~

-~

-
30 S NHLO TN AMO OIS HN A NOO T OO IO AN DN TN M IO HOANHO N =HANNT TO
1=} ~ommmmmemnocim maMmaN MMM MANDOQH=HIIMO OO ANNMOM 00000
- <« ™ N I I ] o
[ ] —t

-~

COQMNMNEADQ >0 80O KN >80 >0 S0 MM > D D> U QHMNE-H DO >

Hﬂ o O 33000 2 o O :’:!0)0002 o O 3533000 50 5550300
'aﬂ '-m.§ bh4m028[8 '1(:-§ ghhﬂﬁmozﬂﬁ hhg ﬁ'—mﬁ:woz&s hhg ghh4m028§
Ef g g2 3

b ~ 0 =) o

sm ~ ~ ~ ©

[ <] o o o

P — — —t ~

Days
%
C

TDS
(mg/L)

Load
1000

Flow
1000

Calendar
Year Month (ACFT) (TONS)

=HOAHAOAOH—HO —HO LN
el DialaslaalasTasTas g iaTaaTag N
™M

ONNO =M AN Ao
MO —~O VoM ST

HOHOHO==HO~O =N
MIN MMM N M MO

U\\D\OHQO\O&OO\O\HQ‘
m\DI\\O\D

HOAOHOA—=O-HO-HIN
MO MO NN N D

AN =H RO T =HOANINM
ooooeoeol\amooc\o\owv‘

HOAVHOHOH—HO OO
mey mmmmmmmmmmg

NO D r{DUNAN HANO I N

OO

M <ro 0O = I TM <O
- O M IO
m

A OMNOVOYRONOO
S ONMMOO NN —H NS
NN AA AN

—t

o >0
)
o

3803
SCNOZ

TOTAL

1973

-cq'vvmoncoool\\ol\m
SN~

MNMAMOOMANNOSO
OkD\OmLﬂme‘Q‘MNMm
-

1974

OOV OOHOM ™
M(')MNNNv-h—(ln

NI =HNO P HMNOWNW A
NN D PN AP OND
-

Ll L

D o
Q

FEEEIEY
2] 4mozg

Jan
Tnn
Jul

£
b

TOTAL 10

1975

WA MO OO~
et N ~

1976

Missing EC estimated by interpolation after requlation of flow.




Table 14
Colorado River Basin

Historical Flow and Quality of Water Data
SAN JUAN RIVER NEAR BLUFF, UTAH
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 4899 2761 0.56 415 108 0.0 2.3 29.5
1942 2248 1169 0.52 383 109 0.0 2.4 26.8
1943 1494 946 0.63 466 108 0.0 1.5 26.3
1944 2291 1096 0.48 352 108 0.0 1.8 24.6
1945 1588 925 0.58 428 107 0.0 2.2 25.1
1946 887 680 0.77 564 111 0.0 2.3 32.7
1947 1677 1087 0.65 477 111 0.0 2.7 33.0
1948 2140 968 0.45 333 112 0.0 2.3 34.0
1949 2487 1159 0.47 343 110 0.0 2.6 26.7
1950 854 574 0.67 494 105 0.0 2.3 25.6
1951 691 495 0.72 527 102 0.0 2.4 26.2
1952 2554 1116 0.44 321 95 0.0 1.8 28.0
1953 967 678 0.70 515 109 2.8 2.1 34.4
1954 1011 761 0.75 554 112 2.7 1.9 35.8
1955 910 653 0.72 527 121 2.5 1.7 37.3
1956 838 513 0.61 450 119 0.8 1.7 34.3
1957 2915 1431 0.49 361 100 1.0 2.0 33.9
1958 2298 1038 0.45 332 80 1.2 2.0 31.2
1959 712 555 0.78 573 68 0.0 5.3 35.3
1960 1607 776 0.48 355 79 0.0 4.9 35.2
1961 1264 806 0.64 469 91 30.8 4.8 34.4
1962 1480 865 0.58 430 87 59.8 2.7 30.4
1963 579 596 1.03 757 86 80.2 3.0 30.6
1964 795 726 0.91 671 91 45.1 2.8 28.3
1965 2546 1331 0.52 385 123 13.8 3.2 25.9
1966 1548 973 0.63 4162 158 0.0 3.4 29.0
1967 791 710 0.90 660 177 0.0 4.0 31.0
1968 1060 838 0.79 582 179 0.0 4.0 32.4
1969 1938 1333 0.69 506 133 1.5 4.5 35.6
1870 1523 940 0.62 454 91 2.2 4.0 34.4
1971 1182 860 0.73 535 42 4.8 4.1 32.6
1972 1251 941 0.75 553 41 0.0 3.1 34.6
1973 2897 1679 0.58 426 39 0.0 3.7 33.8
1974 859 648 0.75 555 38 0.0 4.6 38.8
1975 2006 983 0.49 360 34 0.0 5.6 22.1
1976 1014 688 0.68 499 35 0.0 6.0 21.8
1977 569 465 0.82 600 35 0.0 8.5 24.2
1978 991 734 0.74 545 33 6.0 9.2 28.4
1979 3112 1711 0.55 404 31 0.0 8.9 31.0
1980 2183 1378 0.63 464 32 0.0 7.3 28.4
1981 882 654 0.74 545 29 0.0 6.8 25.9
1982 1639 906 0.55 407 30 0.0 7.5 22.6
1983 2276 1152 0.51 372 30 0.0 5.5 24.8
1984 1984 896 0.45 332 36 0.0 5.6 22.9

Total 71437 42196

Average 1624 959 0.59 434

Regression statistics are defined in the "Notes" preceding Table 1.




1l Flow and Quality of Water Data

1cCa

— Histor

— Colorado River Basin

14

Table

UTAH

SAN JUAN RIVER NEAR BLUFF,

B BE

Flow Load TDS
Load

[=]=]=llolololalelalole o]

O~ =P RHOM OO O
BSONNTOOHMNMNOO N
coeol\v-ma\ooogmooa\m

QONINAT-ON OO0
II\Q'ID\D\D\D\DQH\D\OQ‘I‘;

[=1~le]ololotolofadele 1ol

O RVAUNHNOOT NP
PO O LN O NN LU
AOSMANIM OO OIWN

Hr OISO OUN NN —
LPPLNONANNOOM IO
- - r~

[elelalelefelwlwlalalalala]

NHOWN QMO MO
DM NRO O D NONN
QOO O

~ooMmMNONONNSE M
MM\DQ‘I"\DU’HIF}NNMQ‘U\

[=]=lalololalelalalalalalo)

SO OANMMS WO
OOM A I AN SO = 1N

ONNANOHSNN~ M
PFUNCOMNN M

-~

Eg
QA NWAS QIS NN MNADOM OO OO HM OO RN O NG PN =AM =IO TN OIN DO
-] ANONOMM N MY AN HAANNLONNN A NNOVOOOINNMMN POIOMM  —ANNM
OE N N N e o "N o o NN ©
- —

£.0 MM e DR > U 50 M0 g DA > 0 5O HH DG DO >0 SO M LSO DO >0

uﬂ X 5: PV O é ¢ §: PO i T ¢ J30VO 2 o ¢ J3ovo 2
‘ai ":l‘ng nh U)OZSg ")h-i'! nH mozgg hhg §hh4m028§ ")ll-cgl. HhH m028§
- ™ <& n ©
au wn n 7] n

[ o o o0 )]

2] ~ - - —

(-ym)ﬁaf

load TDS

1000

[=]=l=lelolalelafolaleTode

MNFOWPUNNILNONNM
NN Y MOOLN <N
SSunmMmoINeNSeSrom

oOMNO G\QHN\DF N
\DI\NlnlnNH LN
=N 'r_‘-l

[=1wlofol=tolelal-lolelals]

NP I HOO oM N
=HRAOMOONNON O
QI‘\DMNNWQG\FSG\V

WMMONIN PO = O <1
vmm\o\ol\wv—cmmmvh

[mlelalelalelelelalalalela)

WA NOOFDNO N
QOANUN NI Meo N
A OMOUNMIN SN

O\ N <P OO Y EOLN
MM ONDODNNMAN MO
<

COOOO00OVROOO0

WOONSMO—OORNT
HNEMAO N HO O =HNN
OO NN—HMNDI~ oM

QOO P=HO MM
NP O™ 0 ONUY
ey

—~
Ei
-~
30 MO0 M OO OO OO OV HONNO NN OOTH AN AN O NN OMO DM
1-] WHNMO IO TNI MO LINMONOHIFONMUN MNMOTOMIHIMMMOo 00 P LN 110 MO M T TN
-Oo —mnrm < i © et © o un
[ ] ~ o
~
£.0 5o D0 > U 04N NOA D > D £.0 M4 >0 D > U L b e DY > U
Nﬂ o ¢ JJOVO 9 O JJIQVO é o O = 3= KX K] é 50’ IJ3OLO i
_sﬂ ")h-g hhsﬂmozgé ")ll-g r-mn:v:ozg[é r-m.§ bh¢w028§ ")'hg nHqn Zgg
24
~ o o - o
sm < 0 n n
0 )] o )] 2
> — — — ~—t

Load TDS Da
(nmoqés

1000

DOOVOVLOOVOOOO

PV = O NN O O
ONHMUNOOVOMO TN
QO PONNMOOCO™ 0T

AO MO MMUN WD
LI EHNOWHENOTMN
Ll L B | [~}

OCOOVOOOQRCOOQO

PN S MO M T
N O ML ONMIO
QA MONIOOWVOMSN

ANMOANO = ONONOWO
PP PO O COUN CO HINO T O
0

[=l-letalelalelalolelalet]

OWANNOT ANV OO AN
NONNRA—ACOMNUN ™
COMOHNNMI NN P

N ONOONO st ™~
PGP N 00 T O HAO NN O
~ —t (=]

—

[=]=lolololatalalel~lolola)

SLVON~OoNOUNNOM™mM
NHAOORANANNIN M
NP ONHONMNO M0 M

NOFONNIO OO0
SOOI NSO
e =]

-
E%
IOS HMONO WIS RO NNOO 0 OO LN PO AMNHO MO OIS NS ORANMT BN
00 SOSANNANOIMND MAIANOOISHMNOH ANO N AN OO NS ONAS oMM NI
~-o a — © — © MNS— ~
Bravt — — ~
-~
S0 M MEA DO > U £.Q MM >R >0 £ NN > D L §HU\D»J>U
Nﬁ X JJ30LO O 33000 X JJODO gw«u J3300VO
| REER R L R R L RREREEEE
g &
~ bt wn o ~ 0
BM < N < N
9 o o ) o
2] - ~— — —

Days
o

TDS
(mg/L)

1000

Load

1000

Year Month (ACFT) (TONS)

Flow

Calendar

COOOCO0OCOHOOO

ORI T MO INNIN <
NONFNHAOHO I IO
SN < ONOO SN N <y

P =0 O OO IO M
~ONOLNOWIN POV DO
HANS A AT A ;

O~ —ANIMNMO T NN TN
ANHANAHN OO0
NN = OO 00
— <

1941

[=l=l=lolalolatelelele lale)

NONOITNONOVN~HOM
NN O oINNMEOOO N
WO MNAMPSo™M

AN MMONOMa

!‘\Dv—COI\MI’\Q‘Mﬁ'vm\O
Ll L]

v—l

HOOWNAMO RN

1942

[elelelelelelslolwlols]la o)

MNTOHIIONMDOOOW0
QOO MA ™ =AM O = O
OO o<

LONIOUNNNOTOW
N MO AN NN <P
e o0

AN MO SFO = NO Y T

1943

[=lalafalalelelaleletelala)

M RO ONNAMO T NN
MO PO NN MO NN
QO FHNANOMO0OM

NS e HH DO N0 QOO
TN NM\DG\IDRD\DanCh

10

1944




- Historical Flow and Quality of Water Data

-~ Colorado River Basin

14

Table

UTAH

SAN JUAN RIVER NEAR BLUFF,

2SH

./

Load TDS
load (mg/L)

Flow
1000
Year Month (ACFT) (TONS)

Calendar

e-coc--co‘—do-«-«ooocm
MOV NN ~

NFM-MINOOMOOWY
QMM INO O DN ONIINC
O < < < PN PPN

DN OM I IO\ONOM
WRAOHONMOD OO M \OM
e - ™

M= RO —H O N O PO ND
OMNHFAMNOCHD =-OmM
et NNNNH-—(NHHT‘

S EPEEEEII T
")lug nh<m023§

1969

QOO NN PP U<
- s

OO NN MNNNO T
NI NAOOVNMO MM
MO HMNM N M <y

LSONIOMOAIOOO
WIOAD H O UND — CO CO O T
(3] (=2

NSO NSV OO N
OO0 P MHN
e - [elalaial

1970

WU PP P U T L
1w

FON A =M MNONON
WONMIE =S NMNT ™
oSN MmN ~~Nn

NHQOENAOMN—H—HO
O NVHO DN WO O\
- L+

LA NOMO D AONON

1971

m«vmv«mvmvv&og

SHARC VR IANHNNM
LI O NGO O PN LN
PP L L DHOOONN

IO LN PN = O N O P
I\\O\ovmh—avmawl\v
o

NONN O~ ONOO

1972

Days
¢
C

TDS
(mq/TL)

1000

Load
Year Month (MTT) {TORS)

1000

Flow

Calendar

COMMOOOOOOOOW

ANNOOWOVRHINMS NS
AN TN O RN~V eO
O FNMI NI ™

~HOUNRNOCOLNOUN ™ N
MO ANINMNAANM
e Hv—‘v—ln

~OWNNO AN~ ONND
NNOWY O AR -~ YMM <
e AN OO NN
(2]

%

J
Jul

3aL3e
noZ

1965

OCO0O0O0O0O0COCOHON
alialia T4}

MNOMNOM - NAHNN NN
OO VMIN QOO
Dl lialial el e T-c Ao Mo o004

ONHIRNMU O I NNM
O&MHO\DH’\I{\I{\I\\D\D(\
ey

QAN PPN FONO

1966

OO O OO N
MO
[aa}

ANOFPOVORAHMN—HMNO
NOWNO—ANO RN THO
OO O\DO O PNV OO

QA=A NMNMHNOMNGS

NS MO KO M <t =
~- ~

QTN HRNN—AMN O
noMm~omn g Mmooy
- ~

1967

ANAHOHAOHHOHO O
MAMMMMIMMOMMM0
™M

O NIMMISNOWNINON
SN0 O
or-rown<rioresorrun

NFNONNMO NN

NN O AN P I M
e <0

WHOMO—ANO~ONNO
mmmmszhvqu'\o

Jan

FeR R B
35588

Jul

28553
§8ss

TOTAL 10

1968

B BE

Load
1000

Flow
1000

Calendar
[Yfear Month (ACFT) (TONS)

NNOHOAOC = = NO NN
oM

NN O ONINHMONO
QDOMNOCNINA MmN
[aaTe  itasTa lo I ol at¥eolTallel i

NONNYD NN F IO
vm\ooovo\ommml\sov'g

OIS MIS YO N T <
NP ONO IO IO
~ONON -

1961

ALOHNNMMOO—HOD
HHHHNP{NNNQ

AMNSIPROOM~ONO
O~ ONNNTNM
O ONNNFAN OO

MOMONDO=HMNNIN
IO N:cmmmomv\o

OLMNO MO INMO
AN ASRNONNOT MO
[ laala]

1962

HANMMMNO MM
M A NN NN NN
o~

HOMHO OO NN
DOUNMMN A O =N N
O\”&\Dml\:m'\wl\l‘l\

LW OUNM = WO O
mvv'm\ovN\n\owmmm

OO TN NOOH=HI™ O
NO<O A\ P P Pt~
w0y

1963

MO AVON- O
NﬂNNHHHHHNNHg

TNOOOMONI N
OO PO NN O~
NN PUNO 0 OO

hcoeomcomhovomm
PO H\Dv'ln

LOOONHIINOMNOWN
OO NAMNM MO0
L la b o] ~

1964

Flow Load TDS Da
1000 1000 (mg/L) wés

Year Month (ACFT) (TONS)

Calendar

[wlalelelelelelolols el

OO NHOIOOUNNA
OMOOVMND~NO IO
OO MO O HO NN

OO L =HNO P NN
FOONMNOOMAONNOM
OO <r

-

WL~ OIHIONO oo

[s]elalalalalotolole el

AN HN A AN OO N
NO>M SN MINGTM
N OM AT O 0om

N TO™~OIMN™~OmM
NSO ™ PN TN M
et ey (=4

—

MMM <N MO

1958

[elolelalalelalelele]ola] )

QHMNM OO HMSOWVOr-<rm
LMD O N TN MM
AW MAIN OO M~1N

QO™ I OM L PO ~ON

MOTVEHRNN AT A O P
wn

O AN OO Prd NN N
4t ~

1959

0000000 OHOHN
Laalialagle)}

OMO NSO OO NSO
WIS ONNM O O\OWQOmM<N
QNN AN O~

MRWANDONNCOVOOW

O P O g™
e ~

~MoWVNNINOFRO
MO MO0 G LN
NONm

1960




1 Flow and Quality of Water Data

1cCa

— Histor

SAN JUAN RIVER NEAR BLUFF,

Basin

Colorado River

14

Table

UTAH

Load
Load

Year Month (ACFT) (TONS)

DS Days
(-yz)qé

Flow

1000

Calendar

OOoWYWHONCO
Dalaala}

TINNODMISNN
oMMt oOO
Laalialo e 1o (o [ag Ao Jas ]

NSO et
~oom<trooonnMr
ey

™ 00O WOLN O =ftN

1985

32§s

Load TDS

(mg/L)

CODOON=HOONO -
MeND

O MNOOONOMOO ML
NN ADO MNP
L LGNNI P HLOION

ARFIOMINOOUNM

HO A O A O O™
MNMMMMMMMN-—‘H:

wvmhmmmhmwmﬂh
QU AHO T —HINNN IO
mmqvmmvmmv¢vv

WL TFNHONNOMWO

NSO Qe ANV —{
N N NN N
~N

=N NES AN IO N
OO ONG =S,
LTINS I rm

MNOMONH MO N

ONAVOOIT AT OO
oY me o

IO OO HF e NN
DO OO HNO O™
MOMMOINMMTETNIM e

O N OVO IO T | OO WO

Load TDS

Flow

(mg/L) W,

1000
[Year Month (ACFT) (TONS)

1000

Calendar

AN = O QUNMNNO
—HHOANNO OO AN

NONM OO IOOD

COAD <P v} < O €O N ON QO <N
WD FMONINM MMM IO
s

SUOHNIHAM O AN A HANCY
mmvmwmmwmmmvg

1977

VRN N e OO
MAMANSM—ANNOWY M
WINMNNP IO AN

ORAPA-NNAANTINOO
m@FFONmHNMWWp
-

QHHOLINMMUNO 00O
mwoﬂmomamvhhm
Lalalalal

NN X =HNIMOO T
N QN OONNNOO
MO HEHNN FOUNO <P

HOMNINNO =M HNO
M et A MONNOVMUN N O —
NN

17

MO MUINMONAMM\O N
NSO A H NSO N
OO Tt 4 =
™M

-~ -
=] MO0 U T N wwmhomewmmho R NOTNO O ONOIN hhwmmmmhwhwhm
o - © et -

o —
i

~

-

20 S HANONO MU~ NIPOAONNROHNNG vhohmmwvomm o OO rHMCIB M OO
00 WWVVMNO O HINO OV WORMNNMRHOO N O ™~ 0h MO MeMIOMN O

O -t eArdrted HHNNMMNH et N O e e d e A =Y

feowd N -

-

SO MM NGO >0 G0 MM >E= 0 >0 S0 MM g DOl > D G0 kM yE-t QNS D D
uﬂ @0 33000 LK 33000 o0 =3-] o X JJOLo
65 hm§ Hh<m028 hmg Lele] mozg hkg ﬂnn«mgz Lp] -5 leleT47] 28
=]

9
- — [ () s
8“ «© o © ©
9 o o o N
2] ~ ~ — bal
gQg HﬁwPHOﬁHOﬂOHQ HOAHACHAOHHOQO O HOAOC OO TUIN T i NOTPTOONOAOOM
B mmmmmmmg Mﬁmmmmmmmmmmﬂ ~ N NN ~ MO <

O MY TN MM
€O <F OO N P O GO TLNO
SOV PN T PP

QO TANAHOHOMO DO
OO M NSNS
NN 2

1980

Days
%
C

Load TDS

1000

Flow

1000 {ng/L)

Year Month (ACFT) (TONS)

Calendar

PIAINDPPOOOAM ™
— r4rde—icO

DO ONFINANOINOO YN0
N=H PN OO AN PN
TN O @M N N <P P <P g

XNMNHOPAHOHOMOY
S ONSONOVS {00 0O~
HANN et pte}
-

1973

L PN L P OO N
N

OFOPMHWHNWQQM
NN OO MO M P OILN
wvwmvvhhhmhmm

WA OMAO NN NM O

hmmwmwmmmmhmv

MONNNIO NN O
MACOSOMONN NN
~ e <)

1974

WSO SN SN <p
o

N ONNMMTOONNMNOO
OO NN INON N
OIS < < )

OO OO AN D =M
LPIHO NN OINND
edededr N

AONON> A A0
N AHNANO I NO OO
AN A A ©

1975

WDAFNNAMLNOND A
-t N My

MNP M ONOINONO O
QIOOMNMHORDHIFM—T
NI M MO IO NS

WO M= =NMoINN-O

wwmvwmvmmqvmm

S HRMAONOW =~ O
AR ON O IO
Lol (=1

1976




Table 15

Colorado River Basin
Historical Flow and Quality of Water Data
COLORADO RIVER AT LEES FERRY, ARIZONA
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 17857 11863 0.66 489 *
1942 14794 8487 0.57 422 33 0.0 1.7 15.7
1943 11413 8143 0.71 525 68 0.0 1.5 17.1
1944 13018 8266 0.63 467 75 0.0 1.6 16.8
1945 11768 8616 0.73 538 43 6.0 1.4 17.1
1946 8751 8204 0.94 689 9 0.0 9.3 13.5
1947 14048 9516 0.68 498 39 0.0 4.8 17.5
1948 12884 8523 0.66 4186 74 0.0 3.8 15.3
1949 14605 9874 0.68 497 109 0.0 2.0 16.6
1950 10800 8051 0.75 548 110 0.0 1.9 17.1
1951 9901 7787 0.79 578 110 0.0 1.9 21.4
1952 17904 11297 0.63 464 110 0.0 2.0 20.5
1953 8729 7451 0.85 628 109 0.0 2.0 21.0
1954 6165 6312 1.02 753 110 0.9 2.6 18.7
1955 6967 6430 0.92 679 108 0.9 2.6 19.3
1956 8658 6427 0.74 546 98 1.0 3.4 19.8
1957 18702 12528 0.67 493 92 2.2 3.7 28.2
1958 13140 9232 0.70 517 81 27.2 .7 28.9
1959 7060 6644 0.94 692 77 51.9 4.0 31.8
1960 8790 7002 0.80 586 83 84.3 3.4 30.8
1961 7315 7193 0.98 723 93 86.0 3.6 30.6
1962 14439 10874 0.75 554 92 85.9 3.7 36.6
1963 1384 1708 1.23 908 69 84.1 3.5 36.5
1964 3243 3524 1.09 799 53 52.8 3.0 40.0
1965 11586 8693 0.75 552 44 25.0 3.2 32.1
1966 7739 5334 0.69 507 42 0.0 2.6 27.0
1967 7560 6279 0.83 611 36 0.0 1.5 20.2
1968 8804 7740 0.88 646 40 0.0 1.9 15.1
1969 9078 7552 0.83 612 52 0.0 2.0 12.9
1970 8139 6683 0.82 604 54 0.0 2.4 11.2
1971 9259 7019 0.76 557 50 0.0 2.2 9.0
1972 9345 6962 0.75 548 38 0.0 2.4 6.6
1973 9044 6961 0.77 566 40 0.0 2.6 7.0
1974 8gse 6356 0.72 526 39 0.0 3.0 7.2
1975 8961 6486 0.72 532 39 0.0 3.4 7.1
1976 9400 6863 0.73 537 34 0.0 3.5 6.9
1977 7353 5623 0.76 562 34 0.0 3.7 8.2
1978 8006 7288 0.81 595 34 6.0 3.3 6.9
1979 8109 6287 0.78 570 35 0.0 3.6 6.9
1980 11329 8056 0.71 523 35 0.0 3.8 6.6
1981 7848 5647 0.72 529 29 0.0 4.4 7.9
1982 9017 6722 0.75 548 23 0.0 5.1 8.1
1983 19183 12963 0.68 497 17 0.0 5.8 10.1
1984 20440 12715 0.62 457 17 0.0 4.6 12.7

Total 462424 342180

Average 10510 7777 0.74 544

Regression statistics are defined in the "Notes" preceding Table 1.




15 - Colorado River Basin - Historical Flow and Quality of Water Data
COLORADO RIVER AT LEES FERRY, ARIZONA
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Table 16

Colorado River Basin
Historical Flow and Quality of Water Data
COLORADO RIVER NEAR GRAND CANYON, ARIZONA
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) {(mg/L} Regression Statistics
Year {AF) {TON) 1 2 3 4
1941 18795 14252 0.76 558 75 0.0 1.8 20.8
1942 14925 9967 0.67 491 75 0.0 1.8 20.8
1943 11623 10027 0.86 634 74 0.0 3.9 19.0
1944 13328 9954 0.75 549 72 0.0 3.9 14.1
1945 12114 10072 0.83 611 99 0.0 3.9 15.7
1946 9120 8692 0.95 701 100 0.0 2.6 16.38
1947 14349 11107 0.77 569 104 0.0 2.8 17.9
1948 13011 9707 0.75 549 106 0.0 2.6 16.6
1949 14621 i1181 0.76 562 106 0.0 2.6 15.4
1950 10836 9332 0.86 633 106 0.9 3.0 15.0
1951 9934 8678 0.87 642 107 0.9 3.0 15.7
1952 18107 13205 0.73 536 107 0.9 2.5 15.3
1953 8803 8683 0.99 725 107 0.0 2.4 16.7
1954 6297 7104 1.13 829 109 0.0 2.3 19.3
1955 7286 7332 1.01 740 99 6.0 2.3 26.1
1956 8774 7048 0.80 591 82 0.0 3.0 25.5
1957 18910 13463 0.71 524 70 0.0 3.3 32.2
1958 13461 9672 0.72 528 61 24.6 4.3 33.1
1959 7308 7448 1.02 749 67 53.7 4.1 35.0
1960 9155 8055 0.88 647 74 86.5 4.3 33.3
1961 7740 7752 1.00 737 85 85.9 4.2 31.3
1962 14840 11345 0.76 562 101 88.1 3.6 32.0
1963 1629 2331 1.43 1052 93 87.1 3.5 26.6
1964 3578 4287 1.20 881 84 67.9 3.9 28.2
1965 11776 9435 0.80 589 56 35.7 2.9 27.5
1966 8229 6379 0.78 570 48 0.0 2.0 22.6
1967 8033 7258 0.90 664 45 0.0 2.8 19.1
1968 9372 8814 0.94 692 44 0.0 3.4 13.9
1969 9542 8716 0.91 672 47 0.0 3.6 14.1
1970 8599 7744 0.90 662 41 0.0 2.8 13.3
1971 9589 7720 0.81 592 40 0.0 2.6 12.2
1972 9800 7913 0.81 594 32 0.0 3.1 8.1
1973 9829 7907 0.80 592 33 0.0 2.4 7.8
1974 9115 7404 0.81 597 34 0.0 3.3 7.9
1975 9211 7460 0.81 596 35 0.0 4.4 6.9
1976 9672 7905 0.82 601 35 0.0 5.3 9.6
1977 7597 6393 0.84 619 32 3.1 5.3 10.2
1978 9330 7932 0.85 625 26 3.8 5.4 9.1
1979 8696 7308 0.84 618 22 4.5 6.0 7.5
1980 11766 9155 0.78 572 17 6.0 5.2 8.0
1981 7921 6254 0.79 581 12 0.0 4.0 7.5
1982 9335 7241 0.78 570 10 0.0 4.3 5.4
1983 19545 13630 0.70 513 10 0.0 3.9 9.1
1984 20484 13960 0.68 501 11 0.0 3.8 9.4

Total 475984 387224

Average 10818 8801 0.81 598

Regression statistics are defined in the "Notes” preceding Table 1.
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COLORADO RIVER NEAR GRAND CANYON, ARIZONA
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Table 17
Colorado River Basin
Historical Flow and Quality of Water Data
VIRGIN RIVER AT LITTLEFIELD, ARIZONA
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 {T/AF) {mg/L) Regression Statistics
Year (AF) (TON) 1 2 3 4
1941 427 670 1.57 1154 *
1942 187 391 2.10 1543 *
1943 179 387 2.16 1586 *
1944 180 379 2.11 1550 *
1945 181 398 2.20 1617 *
1946 169 373 2.21 1625 *
1947 131 323 2.46 1808 *
1948 111 286 2.58 1897 *
1949 163 377 2.30 1695 41 0.0 2.1 12.3
1950 118 302 2.56 1883 41 0.0 2.1 12.3
1951 112 285 2.54 1869 38 0.0 2.2 12.5
1952 267 544 2.04 1498 30 0.0 2.5 6.2
1953 98 271 2.78 2044 52 1.9 3.1 14.4
1954 140 366 2.62 1924 89 1.1 3.4 17.3
1955 133 346 2.59 1906 106 0.9 3.3 16.2
1956 82 248 3.04 2232 72 0.0 3.2 13.4
1957 133 351 2.64 1939 35 0.0 1.9 7.6
1958 272 5990 2.17 1596 13 0.0 1.5 8.9
1959 91 257 2.83 2084 29 0.0 3.2 17.8
1960 84 237 2.81 2063 42 0.0 2.9 15.9
1961 108 259 2.41 1769 57 43.9 3.9 23.0
1962 137 299 2.19 1609 67 76.1 4.1 26.1
1963 85 223 2.63 1934 74 94.6 5.0 26.5
1964 86 230 2.66 1958 69 98.6 4.9 26.3
1965 154 316 2.05 1506 94 92.6 6.4 20.6
1966 168 371 2.21 1623 126 89.7 6.1 23.6
1967 124 328 2.64 1938 145 82.1 6.0 23.5
1968 123 311 2.52 1852 130 80.0 4.5 26.2
1969 351 481 1.37 1007 90 65.6 4.3 22.6
1970 92 247 2.69 1978 57 52.6 4.4 20.3
1971 114 288 2.54 1865 30 0.0 3.4 7.1
1972 128 321 2.50 1837 31 0.0 5.3 23.9
1973 306 450 1.47 1080 32 0.0 5.1 23.3
1974 93 254 2.74 2015 38 0.0 7.6 21.1
1975 103 259 2.53 1858 37 0.0 5.5 7.0
1976 97 271 2.79 2052 38 6.0 7.0 11.8
1977 73 228 3.11 2290 38 0.0 5.1 15.8
1978 270 405 1.50 1106 38 5.3 4.7 17.8
1979 305 433 1.42 1042 39 12.8 5.4 17.7
1980 469 658 1.40 1031 37 13.5 5.0 17.3
1981 152 371 2.45 1799 37 10.8 5.0 17.9
1982 191 435 2.28 1676 37 2.7 4.9 17.6
1983 506 653 1.29 949 34 2.9 5.2 18.2
1984 171 422 2.48 1821 33 0.0 4.5 15.8

Total 71665 15896

Average 174 361 2.07 1525

Regression statistics are defined in the "Notes" preceding Table 1.




17 - Colorado River Basin - Historical Flow and Quality of Water Data

Table

VIRGIN RIVER AT LITTLEFIELD, ARIZONA
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Table 18
Colorado River Basin
Historical Flow and Quality of Water Data
COLORADO RIVER BELOW HOOVER DAM, ARIZONA - NEVADA
{Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year {AF) {TON) 1 2 3 4
1911 14888 14901 1.00 736 107 0.0 1.4 6.5
1942 15762 15219 0.97 710 107 0.0 1.4 6.5
1943 12715 11469 0.90 663 106 0.0 1.6 4.8
1944 14427 13422 0.93 684 74 0.0 1.6 4.1
1945 12512 11282 0.90 663 44 0.0 1.7 4.5
1946 10585 9457 0.89 657 16 6.3 1.9 2.4
1947 10959 9825 0.90 659 13 7.7 2.1 2.5
1948 13050 11332 0.87 639 14 7.1 1.6 4.1
1949 13567 11178 0.82 606 18 0.0 1.4 4.4
1950 12016 10080 0.84 617 53 0.0 1.8 3.8
1951 9870 8724 0.88 650 82 23.2 2.8 6.2
1952 15816 13381 0.85 622 107 47.7 2.6 8.4
1953 11300 10029 0.89 653 105 76.2 2.3 9.0
1954 10514 9955 0.95 696 103 88.3 1.9 10.3
1955 8588 9369 1.09 802 103 88.3 1.9 9.6
1956 7813 8850 1.13 833 102 82.4 2.1 5.9
1957 9323 9567 1.03 755 80 67.5 2.2 8.6
1958 11878 9901 0.83 613 56 51.8 2.4 10.2
1959 9282 7760 0.84 615 36 38.9 2.0 5.9
1960 8996 8063 0.90 659 36 52.8 2.1 5.7
1961 8586 8020 0.93 687 27 44 .4 2.3 5.3
1962 2615 8412 0.98 718 15 33.3 2.3 3.0
1963 8533 7811 0.92 673 15 26.7 1.8 3.4
1964 8159 7866 0.96 709 24 16.7 1.7 6.4
1965 7792 8292 1.06 783 36 11.1 1.7 6.4
1966 7781 7772 1.00 735 36 0.0 1.1 6.5
1967 7932 7273 0.92 674 36 0.0 1.5 5.2
1968 7838 7522 0.96 706 36 0.0 1.7 4.2
1969 7892 7923 1.00 738 40 0.0 1.6 3.8
1970 8023 8110 1.01 743 40 0.0 2.1 2.7
1971 8164 8301 1.02 748 39 0.0 2.3 3.3
1972 8099 7979 0.99 724 33 0.0 2.6 3.8
1973 8301 7618 0.92 675 33 0.0 2.2 3.8
1974 8732 8092 0.93 681 33 0.0 2.6 2.9
1975 8367 7736 0.92 680 35 0.0 2.0 2.3
1976 7927 7266 0.92 674 35 0.0 2.0 2.2
1977 7873 7125 0.90 665 36 0.0 2.0 2.2
1978 7476 6893 0.92 678 36 2.8 2.2 2.8
1979 7721 7228 0.94 688 37 2.7 2.3 2.7
1980 11088 10425 0.94 691 37 2.7 2.6 2.7
1981 8284 7672 0.93 681 31 0.0 2.4 2.6
1982 7454 6886 0.92 679 24 0.0 1.9 1.9
1983 19067 17247 0.90 665 29 0.0 2.2 3.3
1984 0 0 0.00 0 0 0.0 0.0 0.0

Total 433566 403233

Average 9854 9164 0.93 684

Regression statistics are defined in the "Notes”" preceding Table 1.
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Table 19
Colorado River Basin
Historical Flow and Quality of Water Data
COLORADO RIVER BELOW PARKER DAM, ARIZONA - CALIFORNIA
(Annual Summary)

Flow Load T.D.S. T.D.S.
Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year {AF) (TON) 1 2 3 4
1941 14748 15073 1.02 752 *
1942 15190 14991 0.99 726 *
1943 12078 11201 0.93 682 *
1944 13800 13161 0.95 701 *
1945 12034 11158 0.93 682 *
1946 10142 9325 0.92 676 *
1947 10662 9830 0.92 678 *
1948 12612 11299 0.90 659 *
1949 13061 11159 0.85 628 *
1950 10472 9081 0.87 638 *
1951 8672 7915 0.91 671 *
1952 15372 13456 0.88 644 *
1953 10649 9736 0.91 672 *
1954 9671 9369 0.97 712 *
1955 8140 8998 1.11 813 *
1956 6852 7866 1.15 844 *
1957 7997 8336 1.04 766 *
1958 10890 9402 0.86 635 *
1959 8186 7090 0.87 637 *
1960 7777 7175 0.92 678 *
1961 6975 6684 0.96 705 *
1962 7159 7137 1.00 733 *
1963 7251 6783 0.94 688 *
1964 6653 6250 0.94 691 37 0.0 1.3 8.9
1965 6356 6747 1.06 781 37 0.0 1.3 8.9
1966 6680 6956 1.04 766 37 0.0 1.3 7.6
1967 6322 6036 0.45 702 36 0.0 1.2 7.8
1968 6642 6391 0.96 708 38 0.0 1.7 3.7
1969 6438 6495 1.01 742 46 0.0 1.8 4.1
1970 6658 6882 1.03 760 48 0.0 2.2 2.9
1971 6911 7121 1.03 758 45 0.0 2.1 2.5
1972 6788 6779 1.00 734 39 15.4 2.2 3.7
1973 6847 6602 0.96 709 38 15.8 1.8 3.8
1974 7171 6849 0.96 702 38 15.8 2.0 3.2
1975 7210 6880 0.95 702 36 0.0 2.1 2.6
1976 6697 6280 0.94 690 35 0.0 2.3 2.8
1977 6711 6270 0.93 687 36 6.0 2.2 2.5
1978 6685 6257 0.94 688 45 20.0 2.8 3.7
1979 7195 6858 0.95 701 92 58.7 3.0 4.2
1980 10723 10375 0.97 712 127 76 .4 3.2 4.5
1981 7229 7039 0.97 716 152 86.8 3.0 4.0
1982 6367 6172 0.97 713 141 87.2 2.6 3.3
1983 | 18198 16783 0.92 678 146 67.8 3.4 5.2
1984 20464 16992 0.83 611 121 43.8 3.2 9.1
Total 411336 389238
Average 9349 8846 0.95 696

Regression statistics are defined in the "Notes" preceding Table 1.



19 - Colorado River Basin - Historical Flow and Quality of Water Data
COLORADO RIVER BELOW PARKER DAM, ARIZONA - CALIFORNIA

Table

S

W,

Flow Ioad TDS
1000 Load D?
C

Year Month (ACFT) (TONS)

Calendar

(mg/L)

KKK KKK EKEERO

NNO A H PO ON TN
OO DO NIINL <P~
OO WO WO ORI O IO

QMO MMINN O IO
ANUNOWMV O FMPOINM
:mmhwammhmwmr\

[=)

QO™ RNIMUO P
ANHOMNIMNNMONM<H

1953

K KR KKK KKK KKK

NLOTNT NN T
WOMNArtrd e (N
[ I e A N R A R A e

AMOOWVMHNMANAT
=N INM =N O
SOOI WOCM

<5}

AN T O NNO O N et

DO NOH OO ONMMUNE~

HOMOOEOMMOWWOW
-

KKK xR EKKR KKK O

R A—HONMONN~OM
pﬁONHQ‘NMMN—lQH

KKK KKK KR KKK

MOV N {0
NN \DN&g

O = N O PO LN
MNONOFOR- OO Y
hwwmwmzmbmvmm

o

PONRHOMNAMNMNANDO
MOAMNAVOINOOS
(7Tl aal=ST - oAV T T ]

«©

1955

=H A H- O MO <O O
N0 =T = =N INOWO

oo spAr-INM PO~ o
=P OO 0O NM D NN
MONO\OOM OO I M N

u»g

Jan

Q-
4]

Ioad TDS

1000

3
C

(mg/L) W,

KK KKK KKK KKK RO

ONORNNRT™ TN~ O
NS PO =1 S YN N
D WOVWOWDYONDWD

L OOM AT NOM BN
MO OO NN NN
QOONVRQONNCOD
Lala e inlal

-

Kok KKK R KK KKK KO

AT O OTNORLUN P N
NP e 1 PO DU
WOWWWYWCWVWVLWLWYY

SO LM OOMNONNT
NGO AU T A N B GO
ROV ONIIO

- N

WK KKK KKK KRR O

NP CYOW™ 0O 40 M N M=t
BUI OSSO oW
OOV OOWVO OO0

MO HOYMO ™D
PN AN ONSOM
v'c'\ot\\or\eoeoxo\om\og

KKK KEXKEKKKRRO

ONVOTOr-dMON N
WO HOOMOOMNOY
WY YVYNNNWYY

MV AN O N T MM VOO

-
g
—~
30 SYOROT™ (101 (N O) €O 400 =4 OONODOF~M=P NI OHSNNCIMN M SNTOMNMD AN
1-] NN DN AN IO BMOMOOMMONINM oMo~V TTNOV O oANOIT=HORNM™Or
- NANANONNOCOAO~HO CONAOOIDO~ VNN A OO NQ HOLATLINNMNANM
(] —— i At [S) © et ot et vt et o vl e e e U
~ -~ o~ —
SOMHENA- DM > D BAMH GO SO QM SE~q TR D U SOHM NG~ DU
Hﬂ o O JJ0LO o ¢ 33000 i X JJdevo i o O g:i:muo
85 Hkg hh¢m028§ nm§ lole] mozgg bhg bh¢m028§ bhggghh¢m028§
§H o o ~ )
8d o n n n
3 -] o o )]
b4 — — — —

]
C

ms
(na/L) W,

LRI I L I N )

AN N T ON—O PN PN
DN NI N DM 0
MOOWOC WO

KKK KKK KKK KD

WOMNA-OoOmeor-we
NLeToc T oot el el el o el ek Sl It
WO WAL LDSO\DDO\O O

EIRIE I A I A 0 O 3 B O N - )

NNO NN ) S 00O O
M ORANNRRRMOINNI
O DAODADAD O OO OO0

KKK KN KKK KOS

AN AN DN MO D
WO\ WO K 4L N
O O\CIOWOO OO

—_
e
1= OWVHNMNUNNHO O e N T Q =t N OO LN NN P = T D NN O ODODNNNDN
Sc PO NAO IO AMDOOIN SINFVORMBVANON MR FNO AM T ININM AHOR oM Non O
- ADANNDOO NN AN DO~ OO0 M €0 €O SIS 00 I~ E =~ I~ N ooomommwmﬁwom
bt ey ~ o (=13 ededed
4 H
-~
3= WHNINOOMO DO N HOPONPHANONONON MO NOIANRNOOMN P PN IO 0 OO N
00 WM O N=HSNM DM SN AN O NP0 NOFROOHNAMDOMO mNowawowvahoa
~o AONONNN-OAOOO oomwwhwhhhﬁwﬂ NON AR DD OBROO Hﬁﬁoa@ﬂmammaw
-] Ll - [+ O -t —eN
~ ] w4 — -~
£.0 M 4 >ip = D > U £.0 M 4 DA D > D S0 MW R O > U .0 MM NG QW D U
uﬂ a0 JIODO S O 3J0D 0 Px o O J300DO « O 3J9LO
8 nmg bh¢m028§ nmg nnamozg? hhg hh«mozgs hhg nh<m023§
g ? =
L k) [Te} ] ~ ©
<« < < <
de 3 > o 3
Pe] ~ ~ =)

% be

1000

Flow Ioad TDS
1000

Year Month (ACFT) (TONS)

Calendar

(mg/L)

KKEKKKKRKRKRRO

NWOOMUNNT O NI
AN AAONONAHO N
00O OO I~ ~T~f~

SNTOMON T HMNM
S eNMES OO =ML~
WO~ OMITINOND

HH‘—OH\—GH«—!NE“)

MO0 00NN =N

1941

Kok KK KKK KKK KD

N~ ONOHNONONWO
MBSOV —O TN
PSS S S S~ OO

NINONO O S NMO M~
N CIPANM OO NI
AL L AOINNO~OND

-
=]
[=A)
et e e -
Lo

OO0 OVONINATO
NOAMNOMNOROI T~
m«vammehwoN-—t

R KK KHKK KK KKO

P QAP A=A =N
NOAOONNO DO
WOWS OO YOYOW

mommmo—qvo\mwo\a
OOVMM NI M
O’\\DQOOG\O\OO’\G!OOON

WO NV OO N O
HH O OADO T M
O QOANONO ~H-NO

- LB e L Lol le]
-
G054 Mg > O
O JIPVO
hhg hgdmgzgg

KEKREKEKEKERKEK RO

NS MOV O 00 e
Pt NSO A~ 0O O
LT A N AN A LTI

ONQ'VG’—(I‘OMOFCDFO
\D PN QO N NNMNO
r*HN—‘OO\O\OOOOHH

AATSOMUND S OO O
ONOHOM P NAO
NeAN A AN O v rdrted O
Lalala ot ] ‘-h-h—lr-h-trlg

g

Feb




—

-~ Historical Flow and Quality of Water Data

COLORADO RIVER BELOW PARKER DAM, ARIZONA - CALIFORNIA

Basin

— Colorado River

19

Table

™S
(mg/L)

Flow Load

g4

Load

Year Month (ACFT) (TONS)

1000

W,

Calendar

HOHAOHAO OO IN
MNMMMMMMMMMM:Q

MAMATRLNOLOON
et e <HMUNO N N SN0 <P
N A A S AR S

M AN OO P VP RD =N
NINHNT DT OMNNN
NQ‘P!\W\DI\I‘VQ‘ng

LTHONEHIINMNOIFOON0
VOISO MOMN =M
NQ‘I‘I\\D\DFI\Q'Q'NMS

1969

HOACHOHHO=HO LN
MNMMMMM(’\W\MMM:&

VONMOIVOHNVOS
WO NV BVNINNINOO
LR SEaY SIS S SN AN S S N o

NN MO HI= Mo
AL MO M =0 PO =T O
OO oV MM o

o

NP OISO NNO P00
WO R MO NN
MPOOSVVITMMO

HOAOHO=H—HO O N
MANM NV MM MO

-llnl’\kof\lwr-lmﬁ"\l’\l'\w
WONOOWOIN P
l\l\l\l\t\l\l\l\l‘l\l\l‘\l\

O INWIEMO YT et
NOW~or-oro-HrnN
mml\r\kol\cor\mvmfm-a

DO MO MO O~
MO I POI-NONON
YOS OVINMMMoY

1971

HANHOAOHHO OO
MO/ MMMMO

MO NI A PO O
NP HP AN == M
[ e R B S SN o

My OO0 AN RO RN
WO OO NON =~
o<l I\I\I\\DQI"IONNM!‘;

WO~ QONNO I <ITMONO

1972

Load TDS

Flow

T 5

(

1000

Year Month (ACFT) (TONS)

1000

Calendar

OO O A OO LD
MNMMMMM”’MM”M*

QMINNNMNOM <IN v
FINOQOOOOQ MDD
IS0 0 0 000 Mo~

P ONDNN O N =t N
NN O T NI LMD <P
Nv\D\D\Dl\U\Oﬁ\DQ'Ni—CS

AMFAF OO NINO~O
QOMEO O = PO NN
NQ‘\DM\DI\WQU\MNHS

1965

HOAQAOH=—HO—H O
MO MIMEIMMNMNO

PO O M P\ONCMNG
RO OIS NMANAINO
O QDI ISSIS SIS S~

HOINMTO NSO
IO I O HUN =N
ﬁwwhr\wa\mmmwmg

COFANOANNOSOO
S HONOAN DN ONNN
HQ‘\DF\DT‘O\Q\I\MNM%

1966

HOAHO O rtr{ O et Q it
MMM M TIIMNMMeIO
4]

ML OO OIS
LNt ANV DORNNND
[l aal il al e VoTYoANGTVCAV VoLV )

oI oOM~OM—W
ONNNNOONN=MOM
mv\o\n\o\or\\owv'rv-—-tg

OHS g OWINACNON
oM oOITNNIOMTN
mﬁ'\D\D\DI\QFvQ‘NHS

1967

HONHOHOA-HO~O WY
MM NEI NN
m

AANOWOWNONMOND
N A= ~A=NNND
WOWR PSS

HOWNSMIONNO RN O
NP ORMNOOVRHO N
mw\n\oso\or\r\mmmms

COONONOUNIMIANN
IO ANNPNROO
MIPOOOM NSO

X-]

1968

"”‘és

DS
(mgq/L)

kKKK KKK KKK KO

v'mhcoomomuor\l-cmm
OO0 HAOOOONC
SIRRRRRRRRRER

KKK KKK KKK KK KO

Nenno-oInNaNom
AN MM MNP
RRARRORERIRNR

* KK KKK KKK AOHN
[aelag lag -}

MNeEHONNO-HINO =M
MO O OIS N 0
SOV YVLVVYY

ANHOAO A AO OO
MO MO NN MO
”m

MN-"\HVI\OUTONOH
\O\O\O LD OOV —ONM oY
\D\D\D\D\D\O\Dl‘l‘l\l’\l\\o

-
-1~
[ 1= QO MWD =N AMM T ARSI AT M r- O o™ BWRNNNUANDB NN AN SO MO
aa DAARN RO D RN ND 41000 1N €0 €0 O N <P CO M O M FNO NI DN O N0 N AN NSO
- AP OO OOINMN A O OO~ 0 OO T (N = M OO~ O NN MDA O
~ o © 0
-~
30 AN ANUMUNM O OO NONNLN LN OON AT AT A NODOMACIOTO MOONONINONNINM
00 SININONOAO—HAO™ S ON O~ CO N IS M EOUN LOMAOI MMM MALIN WAL ONOOIS I
< © ~ o
£.0 MM D>ig—~ D > U G0N Mg > U GQMNLNG= DA > O S0 M M >a— O > L
Hﬂ cuwg :!:00002 nw;; 5500082 mog ::!00082 mwg 5:’ Q0 O 2
85 217 nPRA4ANoZA lF1N) nNhLENOZ P12 NRNQEUOZ le]:% lpleli10]e] Z
g
Q
-l -t o L) <
5@ o O o ©
@ ) [} o [
> ~ — = =

Da
W
C

Load TDS

1000

Flow

1000 {mg/L)

Calendar

Year Month (ACFT) (TONS)

KKK KKK KKK K EKOD

NN M A WONONOWO0
OO N OMONMOD
[l R T=TaN Sl S o o S (T

LONANONO NS <FMO
NS NOM OO —M~Mm
ONINO COLO O N0\~

©

AN =AM N
DPLROMPONAHDODON
NSO OO~ O 0

1957

KK KEKKKKXKKXO

HANL = A NO =N
PSSO AN N NN N
WOWYYOIOWWOO\OWOWOY

MAUNNAOMOO—HOOVON
SHAFNINOMNOANTO
O OO
N e ()]

nINNEMTOSTTOMMO
QWL AN NO AN
NUNMMO OO OWO™0

e (=]

1958

KKK KKK KKK KK KD

=HONNQ P PO O™
MO TP NN NM
W00 WVOWOISOWOWYWY

OND O M~ ONMN I NN O
QAN MMIS <TI0
NNWVVYY R INIMNIMO

~

S MONYSMMMNOWN O
HAMONDO- 0N =
OO XM YOOI P <M

-]

1959

LEEEE R REEREERXEN-)

WrMO0=OOMNMONING
OOV OO QM QO™
WY OILOWIOWOOWVIVWLYO

OANO AT NM H P OO
SOV Ao ON
MIPO ORI MM~

~

VOO NOONOM NI
NN A~ OO MO NI~
LIRS ONOOT MM

1960

Missing EC estimated by interpolation after regulation of flow.



19 - Colorado River Basin - Historical Flow and Quality of Water Data
COLORADO RIVER BELOW PARKER DAM, ARIZONA - CALIFORNIA

Table

S

FS5

Flow ILoad TDS Da
Load (mg/L) W,

1000

Calendar
Year Month (ACFT) (TONS)

[=I-T-T-T_T-T-Y.T-}

aNFoNOonN Y
O~ oy
[TalToltal o Vo TalTel o T}

IRHO OO M T Y
~

AN ONNM
MO OSNO oW
NYLPINMNDOM
e e e

e e
Sos aa

1985

(mg/L) Wz

‘

Load
1000

Year Month (ACFT) (TONS)

Flow
1000

Calendar

HOHAOHO OO HIN
MMM N MO
™M

NS OO NG
NANNTHOOODD N
[l TR S S S S A

Nelalal el -Dalmi=ldind =2l
DL OMONO BT —HNOM
dvﬂwwwhmwmmmmg

NI NO NN ATO I T Y
WO NHDONMBN
v«wwmwmwmmmwg

1981

— 0 HOP!OHHOOOH‘Q‘
[ala Ualialiataalis! ~

mvmmhohmomoom
Ned A HAAD AN AN
AREERRRRRERRR

oINS 1O OO NN
AN <P AN PN
mvwwwmr\mvmmrﬂa

QNM QO MO I
MONMNIN =0 MO O WO
MO DO O™

o

1982

OCOCOOOOO0OOOO

WINDH LR —INOM 0
HAQ OO NDA~ N M I~
OOV LYY

HOOO MMM - \OmINM

SN A ONO N MO
CONNNHINOVOOMO)
O@mOH&OQ’Q’NN‘Oﬁ'H

CO0OOQOOOCOOO

IO OV PN O H O €O
MO e e = = GO CO ™ v
WO OO0 OININUIING

ONI~OMNHO TR N

Arfedrirt e el O

O~ AN ONNIN O O™ <t

1983

S

Da
%
C

Flow load TDS
1000 1000 (mg/L)

ear Month (ACFT) (TONS)

Calendar

HOAO=HO OO =N
MMM NN OO
”

nNoMmorsSInownoor
QORI 00O ®
WO OO

WHRNAOCO—HNINOIO
S TODORMNNNN~ O™
NP OO O\OIMMONNN

o

QOMNNODNORO N
1N OV OO HINOUN OO N OO =
NTW OO~ AD TN

o

HOHOHO=H=HO O —IN
MOMIMOIAMNMONMNAD
~”m

AOMMNOOMM AN =D
QOO MO ONO O
OOV OOWO O

ANOM OO N —HNT U =i~
M<POM I IMITLNOWN
OISO O~ INMNNON

NN MOAMO™OW
NANAITOOR OO0
HENO WO RN

o

1978

HOHOHOH-HO OO T
MO EAMNMAMNMMDO
”m

CONNOONNHODHO
OO OO~

WL NN — <00 O
PP FHO D QN MU
Hmmr\hwmr\wcﬁmmg

AN OOMO O RN NN
NSO MO O IO
ﬁmmhhwmmhmmm:

1979

HAHOHO
moImmMme e

OO \O
mmmmmf\g

NrOAOMANO M N
OSSO

ohl\wmwomavhmm

DO AN I NSO NM
QOO H IO MO N
MMOHMHNHOQI‘J\S

rd i S
£ Sy oV D> O
823 nézgggag
Q
(-]

(=}
~

Zh

DS
(mg/L}

1000

Load

Flow
1000

Year Month (ACFT) (TONS)

Calendar

MON N AN ONMOY
LNDANHAONDHHAD
OO ORI

DOV IFODOWRA—AHON
NFANONONOOVOMO
NN OV BOD TN MO

o

NONOWOMNOIIOOM
N H OO OO H O <P
mmwwwwwhwwmmg

1973

HOHOHMO=A<O O IN
Lale Dialealaslaglaalea Taalag Tag Taa 1V
(4]

ONNIIINO OB DA
A0 HAONDROOS O
YR TS SN STV T SO SN o

WROMANCOM™ NI O N
PO MN[0 SO O <t
NS OO~ o M~ NMAIMoed

0

LU PO A PPN
SOOI~ IO (N~
N¢hwhhwwwm~mr

<

1974

HOHOHOHHAO O HIN
MNMMMMMMMMMC’?{\&

OO AV MM MO N
OrHOOrHONNNNAROO
ISR OO0 OO~

QMM PNOOTMNOMO
OO RGO N TN O
MQ‘\OFI"\DI‘I‘\DQ’MM%

MEOoONOSINMNAS T~ OO
WO ANSN N
mv\ohh\owm\bvmmg

HANHOHO 4O~ OO
MNMMMMMMMMMMS

NAON AN UNNO
ONNNNNRVV OO
S OWVAO\D OO VOO

O H O A P =HOWNOO
MO NN > MG O N M MO
MMI\I"\D\DI\I‘MMNMS

MDD H ST~ OMONOOr
QOO r-d T ONIMND
NSO OO TN

1976

Missing EC estimated by interpolation after regulation of flow.




Table 20

Colorado River Basin

Historical Flow and Quality of Water Data
COLORADO RIVER AT IMPERIAL DAM, ARIZONA - CALIFORNIA
(Annual Summary)

Flow Load T.D.S. T.D.S.

Calendar 1000 1000 (T/AF) (mg/L) Regression Statistics
Year (AF) {TON) 1 2 3 4
1941 13056 13825 1.06 779 *
1942 14449 14809 1.02 754 *
1943 11243 10518 0.94 688 72 0.0 3.2 4.4
1944 13094 12353 0.94 694 72 0.0 3.2 4.4
1945 11013 10479 0.95 700 72 0.0 1.1 3.7
1946 9355 8834 0.94 694 108 0.0 1.1 3.7
1947 9920 9578 0.97 710 110 0.0 1.2 3.5
1948 11957 11182 0.94 688 107 0.0 1.3 4.1
1949 12527 10882 0.87 639 108 0.0 1.3 5.2
1950 9864 8797 0.89 656 105 0.0 1.2 4.6
1951 8007 7475 0.93 686 107 0.9 1.3 5.3
1952 14749 12974 0.88 647 103 1.0 1.2 7.2
1953 9946 9045 0.91 669 102 2.0 1.3 7.6
1954 8943 8602 0.96 707 98 1.0 1.1 9.7
1955 7709 8462 1.10 807 88 1.1 1.2 9.7
1956 6269 7594 1.21 891 67 0.0 1.6 6.8
1957 7439 8575 1.15 848 47 0.0 1.7 5.9
1958 10493 10362 0.99 726 36 22.2 2.6 7.9
1959 7695 7635 0.99 730 31 35.5 2.5 5.1
1960 7109 7430 1.05 769 29 58.6 2.8 6.3
1961 6293 6865 1.09 802 35 25.7 2.1 7.5
1962 6457 7200 1.12 820 40 15.0 1.8 5.6
1963 6532 7108 1.09 800 43 0.0 0.7 5.5
1964 5903 6595 1.12 822 38 0.0 0.8 5.8
1965 5723 6912 1.21 888 43 0.0 1.0 7.1
1966 5854 7049 1.20 886 44 0.0 1.3 6.7
1967 5616 6425 1.14 841 44 0.0 1.5 7.1
1868 5738 6541 1.14 838 46 0.0 2.2 5.4
1969 5616 6699 1.19 877 71 31.0 2.9 4.8
1970 5703 6949 1.22 896 72 30.6 2.9 3.7
1971 5823 7064 1.21 892 71 31.0 2.7 3.8
1972 5793 6783 1.17 861 72 0.0 1.8 3.6
1973 5864 6722 1.15 843 104 0.0 1.3 3.1
1974 6206 7042 1.13 834 137 0.0 0.9 2.6
1975 6154 6940 1.13 829 149 0.0 0.7 3.0
1976 5897 6589 1.12 822 152 0.0 0.7 3.9
1977 5706 6352 1.11 819 147 0.0 0.7 4.0
1978 5702 6297 1.10 812 141 0.0 0.4 4.1
1979 6132 6684 1.09 802 151 0.0 1.9 4.2
1980 9439 9751 1.03 760 166 0.0 2.2 4.3
1981 6269 6995 1.12 821 148 0.0 2.7 4.3
1982 5406 6076 1.12 826 99 0.0 2.5 3.6
1983 16927 16739 0.99 727 62 0.0 2.8 4,7
1984 19108 17548 0.92 675 64 0.0 2.7 9.1

Total 371699 385339

Average 8516 8758 1.03 756

Regression statistics

are defined in the "Notes" preceding Table 1.
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