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Dear Mr., Speaker:

Ly R e

Transmitted herewith is the biennial report (Progress Report
No. 6 dated January 1973) on continuing studies of the
quality of water of the Colorado River Basin.

The report is transmitted pursuant to Section 15 of the Act of

April 11, 1956 (70 Stat. 105), authorizing the Colorado River

Storage Project and Participating Projects; Section 15 of the

Act of Jume 13, 1962 (76 Stat. 96), authorizing the Navajo Indian

Irrigation Project and the initial stage of the San Juan-Chama :
Reclamation Project; and Section 6 of the Act of August 16, 1962 é
(76 Stat. 389), authorizing the Fryingpan-Arkansas Project. ;

Sincerely yours,
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Assfétant Eecretary of the Interior
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QUALITY OF WATER
COLORADO RIVER BASIN
PROGRESS REPORT

SUMMARY

This report is a presentation of various water quality aspects of
the Colorado River. Although several water quality parameters are dis-
cussed, the major part of the report is allotted to salinity (total
dissolved solids) because it is presently the most serious quality prob=-
lem on the river system. The historical, present modified, and future
salinity conditions of water of the Colorado River down to Imperial Dam
are presented in this report. The historical is represented by a tabula-
tion of the recorded or estimated past condition at 17 quality of water
stations for the 1941-70 period. The present modified condition includes
adjustments of the historic condition based on the assumption that devel-
opments completed during the 1941-70 period were in operation for the
full period. The future condition is an estimated projection after the
presently authorized developments and some projects proposed for authori-
zation are placed in operation.

Under historic conditions the average concentration of dissolved
solids of the Colorado River at Lees Ferry was about 0.76 ton per acre-
foot, below Hoover Dam about 0.94 ton per acre-foot, and at Imperial Dam
about 1.03 tons per acre-foot for the 1941-70 period.

Under present modified conditions (that is assuming the projects
that started operating sometime during the 1941-70 period were in opera=
tion throughout the entire period) the concentrations would have been
about 0.83; 1.01, and 1.16 tons per acre-foot, respectively, at the three
stations.

It has been assumed for purposes of this study that the average rate
of pickup of dissolved solids from new irrigated lands would be in the
range of zero to 2 tons per acre. The effect of salts contributed from
new lands is thus evaluated by computations of salinity concentrations
using zero tons per acre pickup and 2 tons per acre pickup. It was also
assumed no additional pickup of dissolved solids would occur for lands
already under irrigation.

Under future conditions, assuming negligible salinity control meas-
ures, with all authorized projects and projects proposed for authorization
in operation and using the assumed maximum rate of pickup of 2 tons per
acre on the new irrigated lands, the concentrations are estimated to be
1.04 tons per acre-foot at Lees Ferry, 1.32 tons per acre-foot below
Hoover Dam, and 1.64 tons per acre-foot at Imperial Dam. Future conditions




SUMMARY (Continued)

presented in this report represent the conditions occurring after termi-
nation of the short-term contracts made for temporary use of water by M&I
users (steam powerplants) along the San Juan and lower Colorado Rivers.

The depletions used in this report for the projects, both authorized
and proposed for authorization together with present developments and
other proposals are the depletions for the developments as presently con-
ceived. Other developments, as yet not identifiable, are expected to occur
which will reduce the quantities of water shown for the various stations
and cause some changes in concentrations from those indicated in this

report.

This report also includes discussions of the effects of salinity
on water uses and potentials for salinity control measures. An investi-
gation initiated by the Bureau of Reclamation in FY 1972 titled "Water .
Quality Improvement Program” is the basis for the part on salinity con-

trol.

Other water quality aspects including sources of pollution, and para-
meters such as dissolved oxygen, temperature, pH, heavy metals, toxic
materials, nutrients, bacteria, radioactivity, mercury, and sediment are
discussed.
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PART I. INTRODUCTION

A. Legislative Requirements for Report

This is the sixth progress report on Quality of Water in the Colo-
rado River Basin. The directive for preparing this and the five previ-
ous reports is contained in three separate public laws. Section 15 of
the authorizing legislation for the Colorado River Storage Project and
participating projects, Public Law L85, 8Lth Congress, Second Session,
April 11, 1956, 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."

A progress report to comply with Public Law 84-L85 was in prepara-
tion when the authorizing legislation for the San Juan-Chama Project and
the Navajo Indian Irrigation Project (P.L. 87-483) became effective on
June 13, 1962, Section 15 of this act states, "The Secretary of the In-
terior is directed to continue his studies of the gquality 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 esti-
mate 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 allevi-
ating the ill effects of water of poor quality, and to report the results
of his studies and estimates to the Eighty-Seventh Congress and every
2 years thereafter.”

A few weeks later Public Law 590, 87th Congress, Second Session,
which authorized the Fryingpan-Arkansas Project, was passed with a simi-
lar section pertaining to quality of water reports. This public law,
however, stipulated that January 3, 1963, would be the submission date
for the initial report and that the reports should be submitted every
2 years thereafter.

B. Previous Reports

A series of five reports starting with the 1963 edition have been
prepared prior to this report. Each succeeding report updated the pre-~
Vvious report and added changes which occurred within the 2-year inter-
vaJ-.

In addition to including 2 more years of record, the major changes
in this report from the January 1971 report are as follows: (1) transfer-
ring that part of the future estimated depletions that actually occurred
during the 2 years to present depletions; (2) deleting the records of

3



INTRODUCTION

sediment, ionic loads of constituents, and temperature of water; (3) re-
vising and updating the section on quality control in accordance with the
newly instituted "Water Quality Improvement Program;” (U4) reducing average
present estimated evaporation of the Upper Basin Storage Reservoirs fr?m
649,000 acre-feet a year to 541,000 acre-feet (this is latest evaporation
estimate, pending results from new investigations presently being con-
ducted); (5) assuming no salt return from future steam powerplant uses or
from M&I uses on the Seedskadee Project. Because of the changes in (4)
and (5) the present modified and future concentrations were reduced from
those in the 1971 report.

C. Scope

This report presents data concerning (1) the historical quantity and
quality of the flows of the Colorado River and its principal tributaries
for the 1941-70 period; (2) an evaluation of historical conditions modi-
fied to reflect present development; and (3) a projection of the range of
salinity conditions resulting from future development at 17 selected sta-
tions in the basin. The potential for salinity control and the current
status of salinity control activities are also discussed. A section of
the report is devoted to water quality parameters other than salinity.

D. CogEeration

This report was prepared chiefly by the Bureau of Reclamation. The
Geological Survey provided most of the basic data and prepared a tech-
nical study (Part XI) on salinity in the Flaming Gorge Reservoir and
in other reaches of the river. A continuing cooperative program between
the Bureau of Reclamation and the Survey for the collection of streamflow
quality data and the exchange of information has been in effect for a num-
ber of years. This cooperation provides for the collection of data at
stations other than those normally maintained by the Geological Survey in
order to obtain additional data at key points in the basin.

In the Upper Basin,data are obtained at various points along the
river and in drains cooperatively with the Geological Survey and other
agencies. Along the main stem below Lees Ferry, data are obtained on
& regular basis at a network of stations that includes essentially all
significant diversions, surface return flows, and major river stations.
Portions of this network are being used in an intensive measurement
Program which began in January 1970 with the objective of determining
the source of the salt load arriving at Imperial Dam. The Bureau of
Reclamation is the lead ageney of an ongoing task force for coordinating
the collection of other quality data in the Lower Basin. This task
force is composed of representatives from the Geological Survey, In-
:zrnational Boundary and Water Commission, and Environmental Protection

ency,




INTRODUCTION

E. Water Quality Legislation

Various water quality legislative acts have been passed, among them
the Water Quality Act of 1965 which provided for the establishment of
water quality standards for all interstate waters.

Each of the seven Basin States proceeded with actions directed
toward establishment of standards for the Colorado River. Early in
the standards-setting process, it became apparent to the States that,
because of legal and institutional constraints combined with lack of
technical knowledge on salinity control and management, it would be
very difficult to establish numerical salinity standards which would
be workable, equitable, and enforceable. The seven Basin States sub-
sequently developed water quality standards which did not include
salinity standards.

The "Seventh Enforcement Conference in the Matter of Pollution of
the Interstate Waters of the Colorado River and Its Tributaries" was
held in Las Vegas (February 15-17, 1972) and Denver (April 26-27, 1972).

The conferees concluded that the salinity policy for the Colorado
River should have as 1ts objective the maintenance of salinity concentra-
tions at or below levels presently found in the Lower Main Stem and that
programs to implement the policy should be developed on a Basinwide basis,
notwithstanding the right of the Upper Basin to continue development of
its compact portion of waters. The conferees further concluded that the
program described in Interior's February 1972 report entitled "Colorado
River Water Quality Improvement Program" should be implemented under the
direction of the Bureau of Reclamation with assistance of the Office of
Saline Water and Environmental Protection Agency at the Federal level.




! PART II. DESCRIPTION OF BASIN

A. Geology

Rocks of all ages from those of the Archean age (the oldest known
geological period) to the recent alluvial deposits, including igneous,
sedimentary, and metamorphic types, are found in the Colorado River
Basin. The high Rocky Mountains which dominate the topography of the
upper regions are composed of granites, schists, gneisses, lava, and
sharply folded sedimentary rocks of limestone, sandstone, and shale.
Many periods of deposition, erosion, and upheaval have played a part
in the present structure of these mountains.

In contrast to the folded rocks of the mountains which fringe the
basin, the plateau country of southwestern Wyoming, eastern Utah, and
northern Arizona is composed principally of horizontal strata of sedi-
mentary rocks. Slow but constant elevation of the land area has allowed
the Colorado River and its tributaries to cut narrow, deep canyons into
the flat-topped.mesas. This type of erosion reaches its culmination in
the Grand Canyon where the Colorado River has cut through all of the sed-
imentary rocks down to the oldest Archean granites.

The Lower Basin is characterized by broad, flat valleys separated
by low mountain ranges. These valleys are filled by large accumilations
of alluvial deposits.

b -5 P

Sediment removed by constant erosion of the upper areas was depos-
ited in Arizona, California, and Mexico and now forms the great delta of
the Colorado River.

: Reservoirs constructed above Lee Ferry (Lake Powell, Flaming Gorge,
. Fontenelle, Navajo, Morrow Point, and Blue Mesa), together with Lake

i Mead downstream, have caused some major changes in stream regimen:

;\(1) The stream channels inundated by these reservoirs are no longer

L subject to natural stream erosion; (2) the accumulation of sediment
b and water within the reservoirs slows the growth and flooding of the
 Colorado River delta; (3) flooding has diminished in many areas; and

! sections of sediment-laden streams have given way to clear water
streams and lakes.

. *= The mineral concentration in runoff increases from the headwater
ea8 downstream and occurs in relation to the geologic character of the
Pain across which the Colorado River and its tributaries flow. The
Ologic formations that largely contribute to the mineral concentra-

M8 in natural runoff are evaporites of Paleozoic age, shale of Cre-

8 age, and salt and gypsum of Tertiary age.



DESCRIPTION OF BASIN

B. Soils

The soils of the Colorado River Basin closely resemble the geologic
formations of their origin. Only in limited areas at the higher eleva-
tions has the precipitation leached the soil mass of its soluble constit-
uents. Over most of the area both residual and transported soils are
basic in reaction and well supplied with carbonates with normal or mature
soils exhibiting a distinct horizon of carbonate accumulation. The im-
press of soil-forming factors has resulted in the widespread development of
soils classified as members of the Gray-Desert, Red Desert and Sierozem,
Great Soil Group. In areas with higher rainfall, soils of the Brown and
Chestnut Great Soil Groups have developed. Saline and alkali (sodic)
soils occur in many parts of the basin.

The residual soils comprise the larger area and are usually shallow
in depth over shale and sandstone of various ages. Many of the shales
are saline but contain much gypsum as well as other chloride and sul-
phate salts. Some formations are high in sodium chloride and some have
sodium carbonate or bicarbonate strata. Very few residual soil areas
are suitable for irrigation development. Salt pickup mainly occurs in
areas where the natural runoff contacts the saline shales before entering
the streams.

The alluvial materials are extremely variable and range from allu-
vial fans and terraces, outwash plains, to lacustrine sediments. Some
areas have soils from material transported only short distances and re-
semble the original materials. Other areas have soils which have been
transported and mixed extremely well. Most of the agricultural areas
are on these well-mixed alluviums and, therefore, the soils are quite
variable.

Extensive areas of Eolian deposits occur in parts of the basin,
principally in southwestern Colorado. The uniformly textured soils
are reddish brown in color and have no resemblance to either the under-
lying formations or adjacent areas. These are excellent agricultural
soils, but in many areas topography makes agriculture difficult.

C. Climate

The Colorado River Basin has climatic extremes, ranging between
year-round snow cover and heavy precipitation on the high peaks of the
Rocky Mountains to desert conditions with very little rain in the south-
ern part of the basin. This wide range of climate is caused by differ-
ences in altitude, latitude, and by the configuration of the high mountain
ranges. The encircling mountain ranges obstruct and deflect the air masses
to such an extent that storm patterns are more erratic than in most other
parts of the United States. Most of the moisture for precipitation on the




DESCRIPTION OF BASIN

Upper Basin is derived from the Pacific Ocean and the Gulf of Mexico.
The Pacific source predominates generally from October through April and
the Gulf source during the late spring and early summer.

In the northern part of the basin most precipitation falls in the
form of winter snows and spring rains. Summer storms are infrequent
but are sometimes of cloudburst intensity in localized areas. In the
more arid southern portion the principal rainy season is in the winter
months with occasional localized cloudbursts in the summer and fall.

Extremes of temperature in the basin range from 50° F. below zero
to 130° F. above zero. The northern portion of the basin is character-
ized by short, warm summers and long, cold winters, and many mountain
areas are blanketed by deep snow all winter. The southern portion of
the basin has long, hot summers, practically continuous sunshine, and
almost complete absence of freezing temperatures.

Nevertheless, the entire basin is arid except in the extremely high
altitudes of the headwaters areas. Rainfall averages as low as 2.5
inches in the southern end of the basin while total precipitation in-
the high mountains may range from 40 to 60 inches annually.

D. Vegetation

Areas of higher elevation are covered with forests of pine, fir,
spruce, and silver-stemmed aspens, broken by small glades and mountain
meadows. Pinon and juniper trees, interspersed with scrub oak, mountain
mshogany, rabbit brush, bunch grasses, and similar plants grow in the
intermediate elevations of the mesa and plateau regions. Large areas in
the Upper Basin are dominated by big sagebrush and related vegetation.
Many of the streams are bordered by cottonwoods, willows, and salt cedar.
Scattered cottonwoods and chokecherries grow in the canyons with the
cliff rose, the redbud, and blue columbine. A profusion of wildflowers
carpets many mountain parks. At lower elevations large areas are almost
completely devoid of plant life while other sections are sprinkled with
desert shrubs, Joshua trees, other Yucca plants, and saguaro cacti, some
of the latter giant plants reaching 40 feet in height. Occasionally,
cottonwoods or desert willows are found along desert streams with mes-
quite and creosote bush or cateclaw and paloverde. In recent years many
river channels have been overrun with tamarisk or salt cedar to the ex-
tent that a large volume of water is being consumed by such vegetation.

E. Hydrology

The Colorado River begins where peaks rise more than 14,000 feet
high in the northwest portion of Colorado's Rocky Mountain National Park.
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70 miles northwest of Denver. It meanders southwest for 64O miles
through the Upper Basin to Lee Ferry. The Green River, its major tribu-
tary, rises in western Wyoming and discharges into the Colorado 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 the San Juan are the other principal
tributaries of the Upper Colorado River.

The flows of the San Juan River are now controlled by the Navajo Dam,
the Green River by Fontenelle and Flaming Gorge Dams, and the Gunnison
River by the Curecanti Unit Dams. Glen Canyon Dam is the only major dam
on the main stem of the Colorado above Lee Ferry, but it will permit con-
trol of almost all flows leaving the Upper Basin. "

The flow at various points in streams in the Colorado River Basin
for the 1941-70 period is given in Tables 1 through 17. The records of
flow depict the characteristic wide fluctuations from month-to-month and
the considerable variation from year~to-year. The storage reservoirs
now level out same of the fluctuations in the reaches below the dam.

The natural drainage area of the lower Colorado River below Lee Ferry
and above Imperial Dam is about 75,100 square miles. This section of the
river is now largely controlled by a series of storage and diversion dams
starting with Hoover Dam and ending at Imperial Dam.

At the present time there is no significant storage on the main river
or on the tributaries between Glen Canyon Dam and Lake Mead. The inter-
vening tributary inflow is erratic but amounts to almost enough to offset
the evaporation from Lake Mead.

Lake Mead provides most of the storage and regulation in the Lower
Colorado River Basin with the water being stored for irrigation and munic-
ipal and industrial uses, generation of electrical power, and other bene-
ficial 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 in Lake Mohave is used for some reregulation of releases from
Hoover Dam, for meeting treaty requirements with Mexico, and for devel-
oping power head for the production of electrical energy at Davis Power-
plant,

The river flows through a natural channel for about 10 miles below
D§Vis Dam at which point the river enters the broad Mohave Valley 33
miles above the upper end of Lake Havasu.
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Lake Havasu backs up behind Parker Dam for about 45 miles and cov-
ers about 25,000 acres. Lake Havasu serves as a forebay from which the
Metropolitan Water District of Southern California pumps water into the
Colorado River Aqueduct. Lake Havasu and Alamo Reservoir also 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 diver-
sion 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 Californiz and
Imperial and Coachella Valleys in California. It diverts on the left
bank to the Gila Gravity Main Canal.

The Senator Wash Dam also affords regulation in the vicinity of
Imperial Dam and assists in the delivery of water to Mexico.




PART III. HISTORY OF WATER RESOURCE DEVELOPMENT

A, Irrigation Development

Irrigation development in the Upper Basin took place gradually from
the beginning of settlement about 1860 but was hastened by the purchase
of land from the Indians in 1873. About 800,000 acres were irrigated by
1905. Between 1905 and 1920 the development of irrigated land continued
at a rapid pace, and by 1920 nearly l,hO0,000 acres were irrigated. The
development then leveled off and increase since that time has been slow.
In 1965, 1,600,000 acres were under irrigation in the Upper Basin. Since
1965, there has been very little change.

The slow growth in irrigated acreage in the Upper Basin in the last
50 years is ascribed to both physical and economic limitations on the
availability of water. By 1920 most of the lower cost and more easily
constructed developments were in operation, and, although some new devel-
opments have taken place since that time, they have been partially offset
by other acreages going out of production.

Irrigation development began in the Lower Basin about the same time
as in the Upper Basin. Development was slow because of difficult diver-
sions from the Colorado River with its widely fluctuating flows. Devel-
opment 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 down-
stream projects since that time has provided the means for a continued
expansion of the irrigated area. 1In 1970, there were nearly 810,000
acres irrigated from Colorado River diversions below Hoover Dam. About
25,500 acres of Lower Basin lands in Utah and 12,000 in Nevada are also
now under irrigation. An additional unknown acreage is irrigated by pri-
vate pumping from wells in the river aguifers in the Lower Colorado River
Basin.

B. Streamflow Depletions

Development and utilization of the basin's water resources result
in depletions of streamflows. Consumptive use of water by irrigated
crops and exports to other basins produce the greatest flow depletions.
Reservoir evaporation and consumptive use of water for municipal and in-
dustrial purposes also produce significant depletions.

The present estimated consumptive use of water by irrigated crops
in the Upper Basin averages about 1,700,000 acre-feet annually. This is
low in comparison to the irrigated acreage, but some lands do not receive
a full supply. Other depletions related to irrigation such as evapora-
tion from irrigation reservoirs (not Colorado River Storage Project Res~
ervoirs) and incidental uses are estimated to be about 400,000 acre-feet
ber year.
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Water exported from the Upper Basin during the period 1941-70
averaged about 360,000 acre-feet per year. Since completion of the
Colorado-Big Thompson Project with initial diversions made in year 1947,
the Duchesne Tunnel completed in 1953, and the Roberts Tunnel completed
in 1963, the transmountain diversions have increased to around 500,000
acre-feet. Other transmountain diversions which have recently started
and will have a considerable impact in the future are the San Juan-Chama,
Fryingpan-Arkansas, and Homestake.

Consumptive use of water for municipal and industrial purposes in
the Upper Basin produces a minor depletion of about 30,000 acre-feet
annually. Consumptive use for thermal powerplants, mineral industries,
fish and wildlife, recreation, stockpond evaporation and livestock,
amounts to about 100,000 acre-feet a year.

Reservoir evaporation varies from year-to-year but the variations
have little effect on average streamflow depletions. For the period of
record considered, average reservoir evaporation in the Upper Basin was
not large until about 1963 when the Colorado River Storage Project Res-
ervoir started to store water. Under normal operating conditions, evap-
oration from the Colorado River Storage Project reservoirs is expected
to average about 541,000 acre-feet annually.

In the Lower Basin above Imperial Dam, water is exported to the
Southern California coastal areas through the Colorado River Aqueduct
and to the Imperial and Coachella Valleys through the All-American Canal.
Along the river, the main water diversions are to the Colorado River
Indian Reservation, Palo Verde Irrigation District, Gila Project, and
the Yuma Project. Below the Imperial Dam, water is delivered to Mexico
as required by the treaty with Mexico. There is essentially no flow
below Morellos Diversion Dam except for the bypassed saline flows from
the Wellton-Mohawk Drain Extension.

C. Legal Aspects

1. Colorado River Compact

Water of the Colorado River was divided between the Upper and Lower
Colorado River Basins by the Colorado River Compact which was signed in
1922 by a commissioner of each of the seven States of the river basin
and by a representative of the United States. All States but Arizona
ratified the compact prior to its effective date in 1929. The dividing
point on the river between the Upper and Lower Basins is at Lee Ferry
which is defined as a point 1 mile below the mouth of the Paria River.
(Not to be confused with Lees Ferry which is the site of the gaging
station just above the Paria River.) The compact apportions from the

.Colorado River system to each of the Upper and Lower Basins in perpetu-

ity for exclusive beneficial consumptive use a total of 7,500,000 acre-

12




' ' HISTORY OF WATER RESOURCE DEVELOPMENT

l feet annually. In addition to the apportionment of 7,500,000 acre-feet,
the Lower Basin is given the right +to increase its beneficial consumptive
use of water from the Colorado River system by 1 million acre-feet
annually. The compact further provides that the States of the upper
division will not cause the flow of the river at Lee Ferry to be de-
pleted below an aggregate of 75 million acre-feet for any period of 10
consecutive years.

One provision in the compact permits exportation of the water out
of the basin as long as it is used beneficially in the seven Basin States,
and another provision recognizes the obligations of the United States to
the Indian Tribes. The compact prescribes the manner in which the waters
of the Colorado River system may be made available to Mexico under any
water rights recognized by the United States.

The compact, in effect, cleared the way for legislation authorizing
the construction of major projects such as Boulder Canyon Project, and it
also cleared the way for compacts or agreements within the Upper and
Lower Basins to further divide the water among the States.

2. Mexican Treaty

The treaty with Mexico, signed in 194U, provides for the annual
delivery by the United States of 1,500,000 acre-feet of Colorado River
water to Mexico. In recent years, the quality of these waters has been
of much concern to both countries and has resulted in two temporary
agreements primarily for the handling of return flows from the Wellton-
Mohawk Irrigation and Drainage District. The first of these agreements,
Minute 218, began November 16, 1965, and resulted in the bypassing around
Morelos Dam of some 55,000 acre-feet per year of drainage return flows
from the Wellton-Mohawk Division of the Gila Project. These waters were
replaced with waters from other sources within the Colorado River Basin.
On July 14, 1972, as directed by a joint communique from the President
of the United States and the President of Mexico, another temporary
agreement, Minute 2L1l, was entered into by the Governments. This agree-
ment of 6 months' duration anticipates bypassing all drainage return flows
from the Wellton-Mohawk Division around Morelos Dam, and the replacement
of 118,000 acre-feet per year of these waters with waters from other
Sources within the United States.

3. Upper Colorado River Basin Compact

With the water allocated to the Upper Basin by the Colorado River
Compact and with the Mexican Treaty signed, the Upper Basin States began
negotiations which resulted in the signing of the Upper Colorado River

Basin Compact in 1948. Under the terms of the compact, Arizona is per-

mitted to use 50,000 acre-feet of water annually from the Upper Colorado
River system, and the remaining water is apportioned to the other Upper
Basin States in the following percentages.

13
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State of Colorado . . «. «. + . . «. . . 51.75 percent
State of New Mexico . . . . . . . . . 11.25 percent
State of Utah . . . . +. « + + +» . . . 23.00 percent
State of Wyoming . . . . . . . . . . 14,00 percent

Congress had previously been unwilling to approve projects without
assurance that a water supply would be available, so this division of
water among the States permitted development in the Upper Basin to pro-
ceed and resulted primarily in the authorization of most of the Federal
projects above Lee Ferry that are mentioned in this report.

Neither of the compacts specifically mentions water quality, but it
has been recognized as a factor to be considered in developing projects,
and water quality studies have been required by recent legislation author-
izing the construction of projects in the Upper Basin.

4. Arizona vs. California Suit in the Supreme Court

The States of the Lower Basin have never agreed to a compact for
the division of use of the waters of the Lower Colorado River Basin.
The State of Arizona filed suit in the Supreme Court of the United States
in October 1952 against the State of California and others for the deter-
mination of the rights to use the waters of the Lower Colorado River sys-
tem. The Supreme Court gave its decision on June 3, 1963, and issued a
decree on March 9, 1964, providing for the apportionment of the use of
the waters:of the main stream of the Colorado River below Lee Ferry among
the States of Arizona, California, and Nevada. The States of Arizona and
New Mexico were granted the exclusive use of the waters of the Gila River
system in the United States. The decree did not affect the rights or
priorities to the use of water in any of the other Lower Basin tribu-
taries of the Colorado River.

The decree permitted the States of the Lower Basin to proceed with
developments to use their apportionments of Colorado River water. Major
new developments include the Southern Nevada Water Project in Nevada,
the Dixie Project in Utah, and the Central Arizona Project in Arizona.
Development of the Indian lands is expected to use all of the water al-
located to them by the decree. These lands include the Colorado River
Indian Reservation, Arizona-California; the Fort Mohave Indian Reserva-
tion, Arizona-California-Nevada; and the Chemehuevi Indian Reservation,
California.

5. Colorado River Basin Project Act (Public Law 90-537, 90th Congress,
September 30, 1960)

The major items provided in the law include the following:

Construction of the Central Arizona Project consisting of a sys-
tem of main conduits and canals including a main canal and pumping plants

1k
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(Granite Reef aqueduct and pumping plants) for diverting and carrying
water from Lake Havasu to Orme Dam or suitable alternative.

Construction of five multiple-purpose projects in Colorado; the
Animas-La Plata, Dolores, Dallas Creek, West Divide, and San Miguel; and
one in Utah, the Uintah Unit of the Central Utah Project, upon comple-
tion and approval of a feasibility report to Congress.

Establishment of a Lower Colorado River Development Fund.

Development of criteria for the coordinated long-range opera-
tion of the Federal reservoirs, equalizing the storage in Lake Mead and
Lake Powell.

Directed that the Secretary of the Interior shall conduct full
and complete reconnaissance investigations for the purpose of developing
a general plan tomeet the future water needs of the Western United States,
except that for a period of 10 years from the date of the act, studies
shall not be undertaken of any plan for the importation of water into the
Colorado River Basin from any other natural river drainage basin lying
outside the States of Arizona, California, Colorado, New Mexico, and
those portions of Nevada, Utah, and Wyoming which are in the natural
drainage basin of the Colorado River.

Directed the Secretary to make reports of annual consumptive »
use and losses of water from the Colorado River system. ' . C

D. Economic Conditions

The prosperity of agriculture in the Upper Colorado River drainage
basin generally parallels the prosperity of the livestock industry. With
vast areas of fine rangeland available for summer grazing, livestock pro-
duction is limited by the production of hay for winter feed.

Intensified development of mineral resources in recent years has
created new employment opportunities, including off-the-farm work for
many farmers. The most extensive and commercially important mineral re-
sources of the Upper Basin are coal, oil, and natural gas. The Upper
Basin is also the leading domestic source of vanadium, uranium, radium
ore, and molybdenum. Copper, zinc, lead, silver, and gold are also com-
mercially important. In recent years mining of trona has become exten-
sive in the State of Wyoming. The increase in population resulting from
new job opportunities has created new markets for locally produced and
imported products, has taxed municipal facilities and water supplies in
several areas, and has increased demands for electricity. Raw materials
are stimulating industrial activities in areas adjoining the upper drain-
age basin, particularly areas near Denver, Pueblo, Provo, and Salt Lake
City. These adjoining areas all import water from the Colorado River

15




HISTORY OF WATER RESOURCE DEVELOPMENT

Basin and without the imported water their economic growth would be lim-
ited.

Tourism as an industry has increased significantly in recent years
because of the recreational developments and the many natural attractions.
Manufacturing as a basic industry is of relatively minor importance in the
Upper Basin.

Irrigated areas in the Lower Colorado River Basin and in adjoining
basins using Colorado River main stream water are highly productive and
the agricultural operations very intensified. Gross crop values per
acre probably are greater than any other area of comparable size in the
world with a 1970 average gross crop income of about $400 per acre.

The Pacific Southwest is one of the most rapidly developing areas
in the Nation, both industrially and populationwise. Colorado River
water for municipal and industrial purposes is supplied to approximately
130 incorporated towns and other communities in this area with a popula-
tion of about 10 million people. This water supply, which has been
about 1,200,000 acre-feet annually in recent years, is delivered through
the facilities of the Metropolitan Water District. The Colorado River
supplies about 36 percent of all of the developed water in the 4,800-
square-mile service area. This water ranges from a minor supply for
some entities to a complete supply for others.
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PART IV, ©SPECIAL STUDIES

A. TImpoundments

1. Flaming Gorge Reservoir

Salinity samples have been obtained approximately twice a year in
the spring and fall by the Bureau of Reclamation since 1967 at two loca-
tions in the Flaming Gorge Reservoir. Samples are obtained at 50-foot
depths from the surface to the bottom of the reservoir. These two sites
are at the mouth of Henry's Fork and about 1 mile above the dam. Param-
eters analyzed are specific conductance, dissolved solids, pH, and common
ions. The Geological Survey alsc obtained a number of quality samples at
several sites in Flaming Gorge Reservoir from 1966-68 and 1970-72. The
results of the first study are given in Water Supply Paper 2009-C (in
press). The material presented in Part XI of this report is a part of
the second study.

It is haped that the monitoring of the reservoir will furnish data
which will show the quality effect of the reservoir to the system as well
as provide possible information on the effects of upstream projects to
the reservoir.

2. Lake Powell

A network of six sampling stations was established in Lake Powell in
1965 and sampling at these sites had continued on a quarterly basis until
the fall of 1971. 1In addition, samples were taken at the mouth of Wahweap
Creek and below the Glen Canyon Dam on a monthly basis. The purpose of
this program was to observe chemical changes in the reservoir with time.
In the fall of 1971 the quarterly sampling program was increased to a
monthly program to obtain sufficient data for a mathematical model which
is now in the process of being developed on the Colorado River system.
Besides the Wahweap site, the other six sites in the reservoir are
(1) Crossing of the Fathers; (2) Oak Creek; (3) Cha Canyon; (4) Escalante
River; (5) Bullfrog; and (6) Hite Basin. The samples are taken at 50-foot
intervals to the bottom of the lake and analyzed for dissolved solids,
common ions, specific conductance, pH, temperature, and dissolved oxygen.

In addition to the model being developed by the Bureau of Reclamation,
other organizations have requested the available basic data on Lake Powell
to make special studies. For example, a research project is now being
conducted titled the "Lake Powell Research Project.'" The organization
making the study consists of universities and colleges and other partici-
pants and collaborates in assessing man's activities in the Lake Powell
region. The organization seeks to establish the natural framework of the
region, evaluate recent changes that man has wrought, and determine now
these changes in turn affected man.
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3. Lake Mead

The Bureau of Reclamation conducted an extensive quality sampling
program of Lake Mead from 1964 through 1968. As many as 28 stations were
sampled in the spring and fall. Tests were made for dissolved oxygen,
carbon dioxide, pH, alkalinity, temperature, conductivity, and turbidity
at selected depths at each station. Water samples were obtained from
selected depths for laboratory analysis for calcium, magnesium, sodium,
potassium, carbonate, bicarbonate, sulphate, chloride, nitrate, phosrhate,
electrical conductivity, total dissolved solids, and pH. The results of
these investigations were correlated with the sampling station at Hoover
Dam where monthly water analyses of many of these factors have been made
for over 20 years. The data collected from the sampling program during
the period April 1964 through November 1966 were published in Report No.
CHE-T0, Water Quality Study of Lake Mead, November 1967, Bureau of Recla-
mation, Denver, Colorado. This report was reprinted in April 1970 with
minor revisions.

This report documents the effect of the reduced inflow on water
quality and the improvement of quality with increased inflow to the
lake following the initial filling of Lake Powell.

The report discusses the limnological characteristics of Lake Mead.
The annual temperature cycle of Lake Mead is classified as warm monomic-
tic in that the temperature is never below 39.2°F., undergoes circula-
tion during the winter, and is directly stratified in the summer.

There is an increase in mineral content from the upper to the lower
end of Lake Mead with the greatest increases being in sulphates and chlo-
rides of calcium and sodium. The only decrease noted was in the bicar-
bonate values.

It is expected that the type of sampling made during this survey
will be repeated at appropriate intervals in the future.

B. Upper Colorado River Salinity Investigations

Water quality samples are being collected daily, monthly, or
Quarterly from approximately 100 sites on the rivers, canals, drains,
and sloughs by the Bureau of Reclamation and by the Geological Survey
for the Bureau of Reclamation in the Upper Colorado River Basin. This
Program is in addition to the regular Geological Survey network. Samples
are collected at various locations for the purpose of evaluating effects
of future water resource projects on the river system, identifying sources
of salinity for water quality improvement projects, obtaining basic data
far research projects, and acquiring long-term records to determine trends
and observe overall changes in the salinity of the river system. This
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monitoring system will be especially valuable in providing data for the
newly instituted "Water Quality Improvement Program' in the basin.

C. Lower Colorado River Salinity Investigations

In January of 1970, the Bureau of Reclamation began a trial program
to analyze the source and makeup of the salt load arriving at Imperial Dam
on a daily basis. Conductivity measurements were made each day at 10
stations between Parker Dam and Imperial Dam. The network included essen-
tially all significant diversiomns, surface return flows, and major river
stations.

An intensive program was carried on for one year. After one year of
operation, the frequency of sampling was changed. During the fall of
1971, an experimental program of automatic salinity monitoring was started.
Conductivity probes were installed at nine stations on the lower river and
the data transmitted by telemetry to the Boulder City and Imperial Dam
offices. The nine stations are as follows:

Colorado River below Hoover Dam.

Colorado River at Headgate Rock Dam (CRIR).

Poston Wasteway Gage (CRIR above PVDD).

Colorado River at the Palo Verde Diversion Dam (PVDD).
Colorado River at the Taylor Ferry Gage.

Colorado River at the Cibola Valley Gage.

Yuma Mesa Drainage Pump Outlet.

Main Outlet Drain Extension Bifurcation for MODES 2 and 3.
Colorado River at the Northerly International Boundary.

* o e
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Samples are collected from 10 stations, five of which are tele-
metered stations. Individual samples are analyzed for conductivity.
The U.S. Geological Survey Laboratory makes weekly analyses for total
dissolved solids (residue at 180°C.) and monthly analyses of the chem-
ical constituents of composite samples.

Sampling frequencies for these stations were selected from an
analysis of past records so that samples would represent the actual salt
load with an error of less than 5 percent, 95 percent of the time. These
stations and the selected frequencies are shown in the following tabula-
tion:
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Samples/Week

Colorado River at Parker Dam
Headgate Rock Diversion Dam
Poston Wasteway

Colorado River at PVDD

CRIR Levee Drain

CRIR Lower Main Drain

Colorado River at Taylor Ferry
Palo Verde Outfall Drain

Colorado River at the Cibola Gage
Colorado River at Imperial Dam

NWHHRRFP9W R

i This data collection program is being continued. In addition, the
latest salinity monitoring equipment is being tested on a trial basis to
. determine its application to conditions along the Lower Colorado River.

1 Data from the program are being used to develop a prediction model of
salinity movement in the river. ©Such a model will be valuable in helping
to improve operational procedures for better salinity control.

e

; The U,S,., Geological Survey made a salinity study of the Lower Colo-
rado River Basin and presented it in professional paper 486-E, "Salinity
of Surface Water in the Lower Colorado River - Salton Sea Area," by
Burdge Irelan, dated 1971. The report shows that during the period
1926-62 the chemical regimen of the Colorado River at Grand Canyon and
upstream, although probably somewhat different from the virgin regimen,
was relatively stable. There may have been small increases in average
mineral concentrations, particularly toward the end of the period, caused
by construction of reservoirs, increased irrigation and out-of-basin
— diversions. The research also found that most of the mineral burden of
g the Colorado River originates in the Upper Basin. The largest individual
increment to the mineral burden of the Colorado River below the compact
point and above Imperial Dam was found to be Blue Springs near the mouth
, of the Little Colorado River. The report also shows that cultivated
i ) lands in Parker and Palo Verde Valleys and increasing out-of-basin diver-
; sions contribute to increasing salinity in the lower reaches of the
river,

D. Irrigated Areas

Studies have been made in several areas to determine irrigation
effects on water quality. Three of these worthy of mention are the
Vernal, Grand Valley, and Florida Project areas and are described in
the following paragraphs:

1. Vernal Area

A cooperative study entitled "Water Quality Prediction Investigations"
is underway between the Bureau of Reclamation and EPA to develop a technique
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for predicting more precisely than now possible, the mineral quality of
irrigation return flow. The means for accomplishing this will be through
the use of mathematical models and high-speed computers. The mathematical
model is primarily a mathematical formula or expression attempting to
duplicate conditions encountered on an irrigation project. The study
utilizes data from existing irrigation projects in order to verify the
technique.

The objective of the study is to use a model in predicting changes
in capacity and the associated water quality distribution of the aguifer
and also the quality distribution of the water as surface effluents from
the system. The prediction of the system responses was compared with the
historical data, both quantity and quality distributions as a measure of
the reliability of the model. Data from the Vernal Unit of the Central
Utah Project have been used for designing and testing the model. Further
tests will be made using data from the Grand Valley area in Colorado and
the Cedar Bluff Unit in Kansas.

Although model testing and development of all the mathematical sub-
models is not-complete, it appears that a satisfactory model has been
designed to predict the mineral quality of return flow from irrigation
projects. Completion of the submodels will extend capatility to impact
analysis, optimization, and best plan selection.

The implication for water resource projects is that farm operation
could be designed to use the least amount of water and return the small-
est amount of salt to the river while permitting the farmer to obtain
the greatest possible return from his farm. Using this model, the salt
load reductions expected from irrigation scheduling and management could
be verified on the Vernal Unit in the Uintah Basin.

2. Grand Valley Salinity Control Demonstration Project

This project, located near Grand Junction, Colo., initiated in FY
1969 under a FWQA (now EPA) demonstration grant, is now nearing comple-
tion. The objective of this project is to demonstrate the salinity
control potential of lining irrigation canals and laterals. The Grand
Valley is underlain by an aguifer containing highly saline ground water.
Seepage from canals and laterals contributes to the recharge of this
aquifer. This recharge displaces the saline ground water into the Colo-
rado River, increasing its salt load. Reduction of such recharge by
reducing seepage from conveyance systems is thus expected to reduce the
salt load discharged to the river.

A major portion of the canals and some of the laterals serving a
study area of about 4,600 acres were lined with concrete in 1969 and
1970. Most of the lining was accomplished by a corporation of local
irrigation and drainage districts which direct the demonstration project.
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l Colorado State University is conducting the data collection activities

‘ and evaluating the salinity control effects under contract from the
corporation. A simulation model has been developed which evaluates the
effects of changes in irrigation efficiency on salt-load contributions
as well as changes in seepage losses from the conveyance system. This
model will allow the results of the demonstration project to be projected
valley-wide and help form the basis for future salinity control activi-
ties in this location. The demonstration project was completed about
mid-1972 and the final published report 1s expected soon. Further related
studies are now being conducted in this same area.

3. Florida Project

Flow and quality data were collected at several points in the Florida
Project area beginning in 1958 before the project was constructed. A
study of these data for the period 1958-63 show the effect of irrigation
of these lands on the guality of return flows leaving the area.

Results show that there has been a very small amount of pickup
measured in the river downstream from the irrigated area. The concentra-
tion of total dissolved solids in the inflowing water ranges from 0.1kL
to 0.17 ton per acre-foot, and that of the outflowing water ranges from
0.17 to 0.30. About 13,720 acres were irrigated at the time the measure-
ments were made.

Other areas in the Colorado River Basin with similar type soils
under irrigation would yield only minor amounts of salt.

4., Other Studies

Considerable variation in the effects of irrigation return flow on
water quality is to be expected. Differences arise due to the size of
the irrigated areas, the number of times the return flow is reused, prop-
erties of the soils and drainage area, number of years land has been
irrigated, nature of aguifers, rainfall, dilution, temperature, irriga-
tion methods, storage reservoirs, vegetation, and type of return flow
channels.

Consumptive use, return flow, and salinity studies are now being
conducted by Federal agencies in cooperation with State and local
agencies. Some of the study areas are purposely being held small to
achieve better control, but they will be as representative as possible
of existing projects. The results pertaining to the quantity of return
flow will be very helpful in estimating effects on water quality of
return flows from larger areas where measurement of inflow and outflow
is not always possible or practical.

Special studies in areas of the basin will continue to be made
from time to time to determine water quality conditions, and studies of
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projects, such as Florida, Vernal Area, and Grand Valley should be
repeated or continued in order to evaluate changes with time.

E. Envirommental Protection Agency Report

A special 1971 report by the Environmmental Protection Agency entitled
"The Mineral Quality Problem in the Colorado River Basin" presents results
and recommendations obtained from a comprehensive salinity control study.
This report includes a presentation of natural and manmade conditions
affecting mineral quality, the physical and economic impacts, and salinity
control and management aspects.

23




é PART V. CAUSES OF SALINITY
{

A. Salt Loading

1. Natural Sources of Salinity

Inspection of the flow and quality records reveals that along
j certain reaches of the Colorado River there are large increases in the
3 dissolved=~-solids load that cannot be attributed to irrigation or other
' man related activity. This increase is mainly due to natural diffused
sources and saline springs in the Coloradc River Basin.

Natural diffused sources are those sources of salt contribution
wvhich occur gradually over long reaches of the river system. Salt
pickup occurs over large areas of surface and underlying scils, from
stream channels and banks, and is difficult to identify, measure,
or control. This source contributes the largest overall share of the
salts to the Colorado River. Natural point sources are mainly saline
springs where.the contribution of salt and water is easily identified,
issuing from single or concentrated sources.

Very little information was obtained prior to irrigation and there-
fore more studies are needed to identify the magnitude of specific
natural sources of salinity in the Colorado River Basin.

er Basin.--Past records indicate an increase in salt load in
the Lake Powell area above Lees Ferry and below the Green River, Cisco,
and Bluff stations. Iorns and others (1965, p. 20) presented estimates
of dissolved-solids loads in this river reach based on the period
191L4-57 adjusted to 1957 conditions of development. Unaccounted inflow
of dissolved-solids in this reach amounted to about 5 percent of the
load at Lees Ferry. Most of this resulted from natural diffused sources
with the San Rafael and Dirty Devil areas fairly heavy contributors.

Other areas in the Upper Basin with large amounts of natural
diffused sources of salt are the Grand Valley, Uncompahgre, lower
Gunnison, and McElmo Creek areas in Colorado, Price, and Uintah Basin
in Utah and Big Sandy River area in Wyoming. Although a large amount
of salt pickup in these areas is due to natural runoff, some can be

attributed to irrigation.

Table A summarizes information about the contribution of water
and dissolved salts by springs and wells to the Upper Colorado River
System. Although wells are man-made and not a natural source, aban-
f doned saline flowing wells are shown with the natural springs. The

{_largest contributors in the Upper Basin are the Dotsero and Glenwood
‘ rings which supply the major part of the salts from point sources.
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i Table A
: Saline Springs and Wells
Upper Colorado River Basin 1/

Total dissolved- Total dissolved-
solids concentration solids load Flow
Flow (tons/ (Tons/ (tons/ (ac.-ft./
Spring and location (c.f.s.) (mg./1.) ac.-ft.) day) year) year)
Castle Creek Spring near
Moab, Utah 0.2U45 4,390 6.0 2.9 1,060 177
Onion Creek Spring near
Moab, Utah 0.122 9,120 12.k4 3.0 1,100 88
Cold Kendall Spring near
Kendall Ranger Sta., Wyo. 1.400 2,100 2.8 7.9 2,880 1,014
Ragen Spring on Muddy Cr.
west of Ft. Bridger, Wyo. 0.089 9,210 12.6 2.2 800 64
Dotsero Springs 1.5 mi.
west of Dotsero, Colo. 17.000 10,700 ik.s5 500.0 182,600 12,308
Glenwood Springs area,
Glenwood Springs, Colo. 18.000 18,900 25.5 919.0 335,000 13,032
Steamboat Springs at
Steamboat Springs,Colo. 1.koo 6,140 8.4 23.4 8,500 1,01k
Lithia Spring, Steamboat
Springs, Colo. 0.022 5,770 7.8 0.3 110 16
Piceance Creek Spring,
Meeker, Colo. . 0.022 4,650 6.5 0.2 72 16
Trimble Hot Spring,
Durango, Colo. 0.066 3,250 L.y 0.1 36 48
Pagosa Hot Spring,
Pagosa, Colo. 2.300 3,2k0 L.k 20.0 7,300 1,665
Pinkerton Hot Spring,
burango, Colo. 0.500 3,670 5.0 5.0 1,820 362
Yellow Creek Spring,
Rangely, Colo. 0.089 9,370 12.7 2.3 840 6l
Ridgway Hot Spring,
Ridgway, Colo. 1.000 2,850 3.9 7.0 2,550 724
Paradise Hot Spring,
Dunton, Colo. 0.111 5,490 7.5 1.7 620 80
Big Sulphur Spring,
Meredith, Colo. 0.333 2,250 3.1 2.0 730 2k
Arsenic Spring, Crystal
Mining Camp 2.000 2,030 2.8 11.0 4,000 1,448
R Coal Mine Drainage, Oak
Creek, Colo, 0.666 3,430 4,7 6.2 2,260 482
South Drain Ashley Cr.
0il Field, Vernal,lUteah 2.200 2,670 3.6 15.9 5,800 1,593
Crystal Geysar, Green
River, Uteh 0.282 13,100 17.8 10.0 3,640 204

Flowing Well near Aneth,
Utah 0.133 4,560 6.2 1.6 580

Drainage, Iles Dome 0il

Field near Loyd, Colo. 2.900 2,180 2.9 17.0 6,200

1/ List of springs and wells limited to those with T.D.S. concentrations in excess of 2,000mg./1.
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Lower Basin.-- During 3 consecutive years (1949-51) when there
was very little increase in water discharge between Lees Ferry and
Grand Canyon, the dissolved-solids load increased about 1.3 million
tons each year. During 1941 the discharge increased by about 1 million
acre-feet, but the load increased by only 2 million tons. In 1952
the discharge increased by 0.2 million acre-feet and the load by 2.2
million tons. With the exception of these 2 years the annual increase
in dissolved-solids load during the 30-year period has ranged from 0.5
million tons to 1.8 million tons.

In 1962 runoff of 1k.L4 million acre-feet at Lees Ferry increased by
400,000 acre-feet at Grand Canyon and the dissolved-solids load increased
by half a million tons. By contrast, during the filling of Lake Powell
the following year, only 1,384,000 acre-feet was recorded at Lees Ferry
and the increase in flow at Grand Canyon amounted to 246,000 acre-feet,
but the dissolved-solids load still increased by more than a half million
tons. Likewise, with a small flow in 1964 the dissolved-solids load in-
creased by nearly 900,000 tons. The fairly consistent salt inflow is the
result of the salt load from the saline springs which contribute the ma-
jor part of the dissolved solids within this reach.

Large amounts of dissolved solids are also added to the Colorado
River between Grand Canyon and Hoover Dam. Some of this results from
the solution of material in the bed of Lake Mead, but like the reach
sbove Grand Canyon, most is contributed by springs and tributary
inflows. Recent studies in the Lower Basin by the Geological Survey
and the Bureau of Reclamation have provided information about the
contribution of springs to the Colorado River between Glen Canyon Dam
and Lake Mead and to the Virgin River which drains into Lake Mead.

Major springs and spring-fed tributaries ammually contribute about
760,000 tons of dissolved-solids to the Colorado River between Glen
Canyon Dam and Lake Mead. Storm runoff in small tributaries in this
reach of the Colorado River contributes an unknown, but probably much
smaller, load to the river. The contribution of dissolved solids by
major sources of inflow between Glen Canyon and Lake Mead equals about
10 percent of the average dissolved-solids load of the Colorado River
at Lees Ferry. Springs in the lower portion of the Little Colorado
River contribute about half of the measured increase in dissolved-solids
discharge in the Colorado River between Lees Ferry and Grand Canyon.

The annual dissolved-solids contributions of major springs,
streams, and spring-fed tributaries to the Colorado River between Glen
Canyon Dam and Lake Mead and to the Virgin River are summarized in
Table B,
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Table B
Contribution from major springs and tributaries
between Glen Canyon and Hoover Dams

Dissolved-solids discharge

Source in thousands of tons per year

Paria River 30
Little Colorado River above Blue Spring 130
Springs in Lower Little Colorado River 550
Bright Angel Creek 7
Tapeats Creek ' 12
Kanab Creek (base flow) Y
Havasu Creek (base flow) 2L
Total inflow in Colorado River

(Glen Canyon Dam to Lake Mead) 757
LaVerkin Springs (inflow to Virgin River) 98
Littlefield Springs (inflow to Virgin River) 30
Total inflow to Colorado and Virgin Rivers 885

The minimum annual inflow of 885,000 tons from these sources results
in an increase of about 62 milligrams per liter (0.08 ton per acre-foot)
in the Colorado River on the basis of an average annual flow of 10.5
million acre-feet at Hoover Dam.

2. Agricultural Sources of Salinity

It is anticipated that development of new irrigation projects may
increase the total dissolved solids in the Colorado River. Return flows
from the irrigated lands pick up salts from the soils and underlying
shales and transport them to the river system.

Studies prior to irrigation would be helpful, but they have not been
made in most areas, so comparisons must be made when new land is added or
new storage is made available.

Salt balance conditions exist when the amount of dissolved solids
carried off the land is equal to that amount added. Pickup of salt as
used in this report represents an unbalanced condition shown by the in-
crease of total dissolved-solids load in the runoff over the total load
in the applied water. This pickup from an area could result from natural
sources, such as precipitation runoff, and/or irrigation return flows.
Salt pickup chargeable to irrigation would be only that additional which
occurs as a result of irrigation and should not include the amount of
prior pickup off the land resulting from natural sources.
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The small amount of data presently available gives indications of
much variation in the amount of pickup from land due to irrigation., The
estimated salt pickup in this report is based on values of zero and 2 tons
per acre from newly irrigated land. Zero or minimum conditions occur gen-
erally after initial leaching in areas where soils are loose and contain
very little salt. The 2-ton-per-acre value was selected as the higher end
of the range for the average pickup over a project area. It was also
assumed in this report no additional pickup would result from supplemental
water applied to presently irrigated lands.

3. Municipal and Industrial Sources of Salinity

Salt loads contributed to the Colorado River system by municipal
and industrial sources in general are 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,

With the exception of concentrated return flows from the Las Vegas
area, most municipal and industrial wastes are relatively low in total
salt load in comparison with natural and agricultural sources, and com-
plete 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 of a source could be achieved if
salinity levels in the waste being discharged (i.e., industrial brines)
warrant such control.

B. Salt Concentrating

Addition of salts to the river system is not the only cause of in-
creased salinity concentrations. The depletion of water of higher qual-
ity than in downstream reaches produces a concentration effect on the
waters of the downstream reaches. This concentration effect occurs to a
greater degree when the diverted salts return to the river than when
they are depleted along with the water.

1. In-basin Depletions

Consumptive use of water for irrigation within the basin is respon-
sible for the largest depletions while consumptive use for municipal and
industrial purposes accounts for a much smaller depletion. Evaporation
from reservoir and stream surfaces also produces large depletions. Phre-
atophytes, too, cause significant water losses by evapotranspiration,
especially in the Lower Basin below Hoover Dam. In most cases where in-
basin depletions occur, salts return to the river system, adding signif-
icantly to the salt concentration increase.
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2. Transbasin Depletions

The major part of the transbasin depletions are made at higher ele-
vations where the concentrations are very low. This removal of high
quality water results in the remaining flows downstream to become more
concentrated even though salts are also carried away with the water to
another basin. Many transbasin diversions are presently being made with
an additional number just starting to divert water or scheduled for the
future, the largest ones being the Bonneville Unit of the Central Utah
Project, the Denver-Englewood diversions, the San Juan-Chama Project, and
the Fryingpan-Arkansas Project.




PART VI. EVALUATIONS OF EXISTING SALINITY CONDITIONS

A. Quality of Water Stations

A primary purpose of this report is to summarize water quality con-
ditions for the Colorado River Basin. This part summarizes chemical qual-
ity under both historical and present conditions of water resource devel-
opment and utilization. Anticipated changes in future chemical quality
are discussed in Part VII. Other water quality parameters are discussed
in Part X.

o st

Evaluations of the salinity of the water in the basin are based on
quality of water and streamflow records at 17 selected stations. Each
station is considered to reflect flow and water quality conditions at
its location. Records were generally available at each station for the
time period considered by this report, 1941 to 1970. Where records were
not available, missing data were estimated by correlation with other sta-
tions.

Basic data summarized in this report were primarily obtained from
records of the Geological Survey developed by a continuing program for
collection of water data which is supported in part by a transfer of
funds from the Bureau of Reclamation.

Locations of the 17 key stations are shown on Figure 1. Available
flow and quality records for each station are shown on Figure 2, The
source and method of derivation of basic data for each of the stations
are briefly discussed in the following sections.

1. Key Stations with Complete Records

Records of flow and water quality are available for all of the 1941-
70 period for the Green River at Green River, Utah (Station No. 4); Colo-
rado River near Cameo, Colorado (Station No. 7); Gunnison River near
Grand Junction, Colorado (Station No. 8); Colorado River near Cisco, Utah
(Station No. 9); and San Juan River near Bluff, Utah (Station No. 11).
Minor extensions only were needed to fill in short periods of record for
a few of these stations. The Colorado River near Glenwood Springs gage
was moved from above to below the Roaring Fork at the end of the water
year 1966. Subsequent records for this station were adjusted by sub-
tracting the Roaring Fork flows. All records were obtained from the
Geological Survey publications.

2. Key Stations with Partial Records

Green River near Green River, Wyoming !Station No. 1).--Flow records
are available at this station from April 1951 and quality records from
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May 1951. The records have been extended back to 1241 by correlation
with nearby stations.

Green River near Greendale, Utah (Station Nc. Z..--Tlow measurements
or comparable data are available for this station Zcr the report period,
but chemical quality data are available only for the years 1957 through
1970, inclusive. Extensive correlations with other zvzilable records on
the Green River system were employed to develop estimates for dissolved
solids.

% Duchesne River near Randlett, Utah (Station lic. 3).--Flow records

: have been obtained continuously since 1943 and quality data are available
for 1951 and 1957 through 1970. Correlations with cther stations in the

Duchesne River system were employed to estimate the 2ztaz Zor the missing

period.

San Rafael River near Green River, Utan (Staticr lic. 3).--Correla-
tions were used to estimate flow at this gaze “rom 1941 <o 1945 after
which measurements of flow were available. Quality sarpling started in
1946 and is complete for the remainder of thre study reriod except for
1950. Extensions of available data provided satisfactory estimates of
quality for the missing years.

Coloradc River near Glenwood Springs, Coloradc (Station No. 6).—-
Correlations were used to estimate the quality datz Zor the 1941 year
prior to October 1. Quality records are available after October 1, 1941.
Flow records are available for the entire period of study.

San Juan River near Archuleta, New Mexico (Station No. 10).--For the
period 1954 to 1970 flow and quality data presented are a combination of
measurements obtained near Archuleta and at Blanco, lew Mexico, with a
few adjustments and correlations. Correlations wers employed to estimate
the data for 1941-5L4, Quality data for 196S and 1G73 were estimated from
once a month sampling at the Archuleta gaginz staticr.

Colorado River at Lees Ferry, Arizona (Station %o. 12).--This sta-
tion has complete flow records available for the stuiy period but lacks
mmhiyofwMErmmmmamnm:%rl@ﬂ 1942, l@m,ar~79w Quality
data for these years were estimated by extersive miltiple correlations
using data for the Colorado River near Cisco, Utahk, and near Grand Can-

yon, Arizona; the Green River, Utah; and the San Jusr River near Bluff,
Utah

Colorado River near Grand Canyon, Arizona (Station No. 13).--Flow
Tecords are available for the report period and cnerical quality records
are also available except for the period Decerber 1942 to August 1943,
Quality data for the period of missing records were estimated from rec-
ords at upstream stations.
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Virgin River at Littlefield, Arizona (Station No. 1k4).--Flow records
are available for the report period, but quality data are available only
from July 1949 to December 1970. Detailed correlations were employed to
‘estimate the data for the missing period.

Colorado River below Hoover Dam, Arizona-Nevada (Station No. 15).--
Discharge and quality records are available for the 1941 to 1970 report
period except for the period November 194k to September 1950. Quality
data for this period are based on specific conductance with chemical
analyses only at intermittent intervals.

Colorado River below Parker Dam, Arizona-California (Station No. 16).
--Flow records for the report period are available for the Geological
Survey gage below Parker Dam. The water quality data for the period Jan-
uary 1964 through December 1970 were taken at the Geological Survey Sta-
tion, Colorado River below Parker Dam. The water quality data for the
period January 1941 through December 1963 were adjusted by correlation
with the samples taken by the Metropolitan Water District of Southern
California, which takes samples at the Lake Havasu Intake Pumping Plant.

Colorado River at Imperial Dam, Arizona-California (Station No. 17).
--Although Figure 2 indicates flow records are available for the report
period, no single station was used to obtain the record. It was obtained
from a combination of several stations. Records from January 1941 through
September 1942 are from the station, Colorado River near Picacho, Cali-
fornia. Records from October 1942 through September 1960 are based on
the combined records of discharge obtained at gaging stations on Colorado
River at Yuma, All-American Canal near Imperial Dam, Gila Gravity Main
Canal at Imperial Dam, Yuma Main Canal at Laguna Dam, and North Gila
Valley Canal at Laguna Dam less that of Gila River near Dome, Arizona.
Records after September 1960 are based on the conmbined daily discharge
of Colorado River passing Imperial Dam and at gaging stations on All-

American Canal near Imperial Dam and Gila Gravity Main Canal at Imperial
Dam,

Quality data from 1943 through October 1970 were obtained from Geo-
logical Survey records and are based on data for the Yuma Main Canal be-
low the Colorado River Siphon. The water quality data for November and
December 1970 were obtained from the advanced Geological Survey records
for the water quality station at Imperial Dam.

3. Other Quality of Water Stations

In addition to the key stations discussed above, there are many more
points at which water quality data are obtained. Most of these sampling
stations are operated by the Geological Survey; however, some are oper-
ated by other Federal, State, and private agencies.
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The type of data obtained and the purpose of the sampling vary with
each station. Many of the stations provide data for the special studies
described in Part IV.

B. Methods of Chemical Analyses

Published quality of water records consist of a combination of
stream discharges with chemical analyces of stream water samples col-
lected at more or less regular intervals. The reliability of the records
depend on the accuracy of the streamflow records, the frequency of col-
lection and representativeness of the samples, the stability of the sam-
ples during the storage periods prior to making of the analyses, the com-
pleteness and accuracy of the individual analyses, and the manner in
which the individual samples are combined before analysis to represent
increments of stream discharge.

Most of the chemical analyses of water samples which provided the
water quality data were made in the laboratories of the Geological Sur-
vey at Washington, D.C., Albuquerque, New Mex., and Salt Lake City, Utah,
using standard procedures by chemists specifically trained in water anal-
ysis. During the 30-year period considered there were numerous changes
in laboratory techniques and procedures mostly due to introduction of new
instrumental methods. New procedures were adopted only after careful in-
vestigation to insure results consistent with those obtained previously.
Some of the quality of water records are based on analysis of samples by
Bureau of Reclamation laboratories. Bureau of Reclamation results and
methods have been checked by the Geological Survey to insure comparable
records. Analyses by the Metropolitan Water District have been made by
standardized procedures and appear to be comparable with analyses by the
Geological Survey. It is probable that errors in the load computations
due to errors in chemical analyses are less than those due to changes in
the samples upon storage, inaccuracies in sampling, or inaccuracies in
the determination of stream discharges.

C. Historic Conditions

l. Total Dissolved-solids Concentrations

Historic streamflow, total dissolved solids (salinity) concentra-
tions, and salt-load data for the 17 key stations for the 1941-70 period
of record are presented in Tables 1 to 17 with each table number corre-
Sponding to a station number.

To simplify tabulation, monthly values of flow and total dissolved
S?lids loads were rounded to the nearest 1,000. This resulted in some
differences between the recorded and the computed monthly concentrations
When the flows were low, for example, below 1,000 acre-feet in the San
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Rafael and Duchesne Rivers. Similarly, minor differences from published
data in monthly concentrations occur in isolated instances in the flow
and quality tables for the other stations.

The addition of quality of water data for 1969 and 1970 produced
ittle change in long-term averages in comparison fo the 1041-C8 pericd.
en of the stations show no change; at two. the concentration decreaszed
v 0.01 ton per acre-foct, at ftwc it increased by 0.0. and a' cne i+
nereased 0.02 ton per acre-foot. The average concentration for the
Virgin River station for the period 19L41-68 was 2.29 tons per acre-foot
while the average concentration for the period 1941-7C was 2.2L tons per
acre-foot, and the San Rafael River station concentration was decreasead
from 2.30 to 2.24 tons per acre-foot.

B 3 b

-

The water quality at the Lees Ferry and the four other key stations
on the Lower Colorado River has been affected by abnormsl conditions dur-
ing the 1959-70 period because of low runoff in 1959, 1960, and 1961 and
the filling of Lake Powell in 1963 to 1970. Figure 3 shows the histori-
cal weighted average salinity concentration for these five stations.

During the first year of storage in Lake Powell in 1963, the flow at
Lees Ferry was reduced to 1,384,000 acre-feet with a salinity concentra-
tion of 1.27 tons per acre-foot. The average concentration for the 1941-
70 period was 0.76 ton per acre-foot.

The 1963 flow at the Grand Canyon station was 1,630,000 acre-feet
with a salinity concentration of 1.41 tons per acre-foot. The previous
low flow was 4,186,000 acre-feet in 1934 with a salinity concentration of
1.32 tons per acre-foot. It 1s interesting to note that the 1963 concen-
tration was only 0.09 tons per acre-foot higher than the 1934 concentra-
tion.

The Grand Canyon station has the longest water quality record on the
Colorado River, 1926 to 1970. It is also of interest that the average
salinity concentration for the periocd 1941-70 is only slightly higher
than the average salinity concentration for the period 1926-40, 0.84 to
0.81 tons per acre-foot, respectively.

Generally the salinity concentration increases at each succeeding
downstream station as a result of depletions by diversions, reservoir and
stream evaporation, and consumptive use by irrigated crops and phreato-
Phytes, and by salt loading by inflowing springs, streams, solution of
salts from the streambeds and reservoir basins, and by irrigation return
flows. The flows of the Bill Williams River often dilute the flow of the
Colorado River in ILake Havasu which sometimes results in a decrease in
the salinity concentration from the Below Hoover Dam station to the Below
Parker Dam station. Figure 3 shows the concentration changes between the
five lower stations on the Colorado River. Note also that Lake Mead has
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EVATLUATIONS OF EXISTING SALINITY CONDITIONS

a dampening and delaying effect, about 2 years, on the salinity concen-
trations at the downstream stations. This is especially noticeable for
the high salinity concentrations of 1963 at the Lees Ferry and Grand Can-
yon stations.

D. Present Modified Conditions

The 1941-70 period average present modified flow and gquality at any
station, as defined in this report, is the average of the flows and
quality that would have resulted if the present (1970) level of deple-
tions instead of actual depletions had occurred each year of this period.
This average present modified flow and quality, therefore, represent an
average condition occurring at the present (1970) time. This is shown
for each station on Table 18. Adjustments to the historic flow that were
made to develop the present modified flow included: (1) adjustments for
any projects in operation prior to 1970 not entirely reflected in records;
(2) adjustment of records below reservoirs to reflect unregulated flows
at each station; (This required modifying flows at downstream points for
gains or losses resulting from reservoir operation. In the Upper Basin
depletions resulting from filling reservoirs the first time was a major
factor.) and (3) adjustments for historic evaporation as compared to
present (1970) evaporation. Adjustment for operation of the Colorado
River Storage Project and Fontenelle Reservoir in the Upper Basin and
for operation of Lake Mead, Lake Mohave, and Lake Havasu in the Lower
Basin was made in developing the present modified flow.

<

Present evaporation from the Colorado River Storage Project and Fon-
tenelle Reservoirs was estimated to be 541,000 acre-feet per year. (Note:
this is the latest evaporation estimate pending results from new investi-
gations being conducted.) This would include evaporation from Lake Powell
of 432,000 acre-feet; Flaming Gorge, 52,000 acre-feet; Navajo, 25,000
acre-feet; Curecanti Reservoirs, 10,000 acre-feet; and Fontenelle Reser-
voir, 22,000 acre-feet, These are average figures which were chosen to
represent present conditions rather than using the 1970 historical evap-
oration since a single year record could show an above-or-below normal
condition. Present evaporation of the Lower Basin Reservoirs was assumed
-Yhe same as historical since these reservoirs have been operating for a
number of years.

Historical flows since 1941 have been affected by the transmountain
diversions of the Colorado-Big Thompson Project, Duchesne Tunnel of Provo
River Project, Roberts Tunnel of the City of Denver, and a number of small
in-basin developments in the Upper Basin. More recently the Independence
Pass expansion, Collbran, Paonia, Smith Fork, Silt, Florida, Hammond, and
Emery County Projects and Vernal Unit of Central Utah Project have come
into operation. Also, evaporation from the storage units (Glen Canyon,
Flaming Gorge, Navajo, Curecanti, and Fontenelle) is now in effect along
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with the Hayden Steamplant, Four Corners Steamplant, expansion of Hog-
back Indian lands, and the municipal and industrial uses in Wyoming. In
the Lower Basin, corrections have been made for the Southern Nevada Water
Project, the Metropolitan Water District diversion at Lake Havasu, the
Colorado River Indian Reservation, and the Palo Verde Irrigation District.
The depletions from all of the above projects have been extended back to
1641, from the time they became operational, so that when increased deple-
tions on existing projects or new depletions on new projects cccur they
can be imposed directly on the present modified condition to show the
anticipated effect of all development on the river. In the near future
several projects now under construction will become operational. The
addition of these new depletions results in slight increases in dissolved-
solids concentrations under present modified conditions.

Quality data for present modified conditions were computed by taking
into consideration the weighted average of the concentrations of total
dissolved solids for the various transmountain diversions. The change in
dissolved solids resulting from the in-basin developments were computed
on the basis of an assumed pickup of 2.0 tons of dissolved solids per
acre of irrigated land and a depletion of 1.5 acre-feet of water per ir-
rigated acre. In the Lower Basin a consumptive use of 4 acre-feet per
acre was used for irrigation of the Palo Verde Irrigation District, the
Fort Mohave, Chemehuevi, and Colorado River Indian lands. This value is
the rate presented in the Colorado River Basin Project hearings before
the Subcommittee on Irrigation and Reclamation of the Committee on
Interior and Insular Affairs, House of Representatives. The average
salt pickup resulting from the in-basin developments of 2.0 tons of dis-
solved solids per acre of irrigated land was used in the Lower Basin.

The present modified conditions are shown on Table 18 and are used
as a base value for developing the anticipated effect of new depletions
from new projects and the full development of present projects in the
river basin.

Following is a description of the storage units, now constructed,
for which the evaporation losses were considered as depletions in the
camputation of present modified flows.

1. Glen Canyon Unit

The Glen Canyon Dam is located on the Colorado River in Arizona L

miles south of the Utah-Arizona boundary and 15 miles upstream from

Lees Ferry. The bulk of the reservoir lies in Utah. At a normal water
surface elevation of 3,700 feet m.s.l., Lake Powell would extend 186

river miles up the Colorado River and 71 miles up from the mouth of the
San Juan River. River mile 71 on the San Juan River is 133 river miles
from Glen Canyon Dam. This 27,000,000-acre-foot reservoir will regulate
the flow of the river for compact delivery purposes and for power genera-
tion and thus permit exchanges for upstream consumptive use of the water.
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Fish and wildlife conservation and recreation will also be of major sig-
nificance. Storage commenced March 31, 1963, in Lake Powell.

2. Flaming Gorge Unift

This storage unit is located on the Green River in northeastern
Utah and southwestern Wyoming. The primary purposes of the Flaming
gorge Unit are the regulation and storage of flood flows of the Green
River and the generation of hydroelectric power. The reservoir has a
storage capacity of 3,789,000 acre-feet. The stored water assists in
complying with the terms of the Colorado River Compact and will, by
exchange, furnish an irrigation supply for the participating projects in
the Upper Basin States. In addition there will be benefits from fish
and wildlife conservation and recreational facilities. Storage commenced
November 1, 1962, at Flaming Gorge Reservoir, and from the records taken
immediately below the dam it shows that the reservoir releases are more
uniform in guality than uncontrolled streamflow prior to reservoir con-
struction,

3. Navajo Unit

The Navajo Dam and Reservoir are located on the San Juan River in
northwestern New Mexico and southwestern Colorado. Total storage capac-
ity of the reservoir is 1,709,000 acre-feet. This reservoir regulates
the flow of the river for irrigation of the Hammond Project, the Navajo
Indian Irrigation Project, and for other uses including by exchange po-
tential uses above the reservoir and transmountain diversions to the
San Juan-Chama Project. It also helps regulate the flows of the Colo-
rado River at Lees Ferry. Other purposes include recreation, sediment
control, fish and wildlife propagation, and flood control. Storage be-
gan July 1, 1962, and the effect on quality is recorded at the Archuleta
station below Navajo Dam.

4, Curecanti Unit

Facilities of the Curecanti Unit, located in west-central Colorado,
include the Blue Mesa, Morrow Point, and Crystal Dams, Reservoirs, and
Powerplants. The primary purposes are regulation and storage of flood
flows of the Gunnison River and generation of hydroelectric power. 1In
addition benefits will be provided to recreation, fish and wildlife con-
servation, and irrigation. The reservoirs of the Curecanti Unit will
help regulate the flows of the Colorado River at Lees Ferry. The stor-
age capacity provided is 941,000 acre-feet at Blue Mesa, 117,000 acre-
feet at Morrow Point, and 27,000 acre-feet at Crystal Reservoir with
total reservoir evaporation losses estimated to average 10,000 acre-feet
annually for all three units. Storage was initiated late in 1965 at the
Blue Mesa Reservoir and on January 24, 1968, at the Morrow Point Reser-
voir, Construction is about to be initiated on Crystal Dam, and it
Possibly could have been considered as a future development, but since
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the annual evaporation will amount to only about 300 acre-feet, its
effect is insignificant.
It is expected that operation of the Curecanti Unit on the Gunnison
River will improve the quality of the Colorado River below Grand Junction

during the late summer months.

5. Fontenelle Reservoir

Fontenelle Reservoir, located on the Green River above Green River,
Wyoming, has a storage capacity of 345,000 acre-feet and regulates the
flow in the Green River above Flaming Gorge Reservoir. It will be used
to supply water to the Seedskadee Project lands, municipal and industrial
uses, and for wildlife refuge purposes.




PART VII. ANTICIPATED EFFECTS OF ADDITIONAL DEVET.OPMENTS

In order to estimate the probable effect of the authorized or con-
templated developments on the quality of water at certain points along
the Colorado River, the developments have been generally listed in down-
stream order. By means of operation studies the estimated effects of
each development can be shown at the pertinent stations. These results
are tabulated in Table 18 for the new period of record used in this re-
port. The table was computed on the basis of the 1941-70 average annual
flow and total dissolved solids. An additional station, "Colorado River
above Parker Dam," was included in the table only for purposes of clari-
fication and maintaining continuity in computations. It should be noted
that future concentrations were estimated without consideration to pos-
sible future control measures. Salinity control measures are discussed
separately in Part IX.

The anticipated future conditions evaluated in Table 1£€ would re-
sult from the construction of the Colorado River Basin Projects and non-
Federal developments. Pickup of dissolved solids from newly irrigated
lands has been computed for two assumed conditions, zero and 2 tons per
acre. The future increase in evaporation over average present evapora-
tion, by the Colorado River Storage Reservoirs, was considered negligible
and therefore not included in future depletions.

Following is a discussion of the various projects including a brief
description of the physical conditions for each development authorized
or contemplated for authorization and the anticipated effect of each on
the quality of water at appropriate key stations. It should be recog-
nized that the acreages and depletions as listed could change with
change of plans on some of the contemplated projects. The figures pre-
sented below and in Table 19 are those which were current at the time of
writing this report. In addition to the developments listed, a nunmber
of smaller private industrial developments either under construction or
contemplated will result in certain depletions and will have some effect
on water quality. :

The effects of all upstream developments are carried on down to and
including Imperial Dam.

A. Description of Projects

1. Above Green River near Green River, Wyoming

Seedskadee Project.--This multipurpose project is located adjacent

to the Green River in southwestern Wyoming. Present plans are that it
Will divert water from the Green River to irrigate about 9,700 acres of
lang. Municipal and industrial water, recreation, and fish and wildlife
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enhancement are other purposes of the project. A depletion of 17,000

acre-feet is anticipated for irrigation and 20,000 acre-feet for wildlife

development. About 195,000 acre-feet of depletion will occur in supply-

ing municipalities and industries. Fontenelle Dam and Powerplant are now

complete, but irrigation of the project lands is awaiting results from

the development farm. The Seedskadee area has not been previously irri-
} gated except for the land in the experimental development farm so it
affords an opportunity to determine the effect irrigation has on water
quality under the given soil and crop conditions. The municipal and in-
dustrial uses include those of Green River and Rock Springs, several
chemical companies, Pacific Power Company development, and other indus-
tries. They will consumptively use all 195,000 acre-feet above Green
River, Wyoming, when fully developed with negligible return flow. Return
flow of salts would therefore also be negligible. The only industry in
Wyoming below the Green River near Green River, Wyoming, gage would be
Utah Power & Light Company's steam-electric powerplant on Hams Fork which
will consumptively use an additional 8,000 acre-feet.

The effect of Seedskadee irrigation project and industrial develop-
ments on water passing the Green River, Wyoming, gage would be anincrease
in concentration from O.4hk to 0.45 ton per acre-feet if no dissolved
solids are leached from the land; and if 2 tons per acre are picked up,
the concentration would increase to 0.47 ton per acre-foot.

2. Between Green River near Green River, Wyoming, and Green River nea:
sreendale, Utah

Lyman Project.--This is a multipurpose project located in southwest-
ern Wyoming. Project facilities consist of two dams and reservoirs.

One is located at the Meeks Cabin site on the Blacks Fork in Wyoming and
provides 33,000 acre-feet of storage capacity. The other will be loca-
ted at the China Meadows site of the East Fork of Smith Fork in Utah and
will provide 13,000 acre-feet of stcocrage capacity. The project will
have the primary purpose of providing supplemental water to 42,674 acres
of existing farmland along with fish and wildlife and recreation benefits.
Construction of Meeks Cabin Dam has recently been completed. This proj-
ect will give an opportunity to study the effect on quality of adding
supplemental water to lands already irrigated. The resulting new deple-
tion will be 10,000 acre~feet.

Utah Power & Light Co. and Others.--This steam powerplant is at
Kemmerer, and it is anticipated that future depletions of this and other
industrial developments will amount to about 8,000 acre-feet. (See de-
scription above under "Seedskadee Project.”) ©No salt return is antici-
pated.

These projects, together with those above the Green River near
Green River, Wyoming, gage, would cause an increase in concentration of
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the water at the Green River near Greendale gage of from 0.60 ton per
acre-foot at present to 0.6L4 and 0.66 ton per acre-foot for zero ton per
acre and 2 tons per acre pickup from newly irrigated land, respectively.

3. Above Duchesne River near Randlett

Central Utah Project (Bonneville Unit).--The Bonneville Unit will
include a transmountain diversion of water from the headwaters of the
Duchesne River in the Uinta Basin portion of the Colorado River Basin to
the Bonneville Basin. Related developments of local water sources will
be made in both basins. The project will develop waler for irrigation,
municipal and industrial use, and power production. It will also pro-
vide benefits to recreation, fish and wildlife, flood control, water
quality control, and area redevelopment.

The net depletion to the Greer River will be 166,000 acre-feet.

Central Utah Project (Upalco Urnit).--The Upalco Unit will be located
in Duchesne County near Roosevelt, Utah. The plan of development is
primarily to provide supplemental irrigation water for Indian and non-
Tndian lands along Lake Fork River and to enhance recreation, fish and
wildlife while maintaining flood controcl. The mean annual stream deple-
tion is estimated to be about 10,000 acre-feet.

Central Utah Project (Uintah Unit).--The Uintah Uni* of Central
Utah Project will provide a full supply to irrigate 7,800 acres of new
lands and supplemental water to other lands on the south slope of the
Uinta Mountains in the Uinta and Whiterocks Rivers drainage areas. The
new annual depletion will be about 30,000 acre-feet.

The increase in concentration from present to future at this station
would be from 0.96 ton per acre-foot to 1.75 and 1.82 tons per acre-foot
for zero and 2 tons per acre pickup. respectively.

k. Between Green River near Greendale, Duchesne River near Randlett,
and Green River at Green River, Utah

Four County, Colorado.--This non-Federal development, as proposed,
would divert 40,000 acre-feet of water through the Continental Divide
for use in Colorado. The water would be transported from the headwaters
of the Yampa River through Rabbit Ears Pass to the North Platte Basin,
from which basin an equivalent amount of water would be directed by ex-
change over Willow Creek Pass into the Colorado River drainage, thence
by transbasin diversion to Lafayette, Erie, Broomfield, Brighton, Thorn-
ton, and ¥t. Lupton.

Hayden Steamplant.--This plant in Colcrado now using 4,000 acre-
feet Will eventually require 16,000 acre-feet of water. No salt return
Was considered in future water use by the steamplant.
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Cheyenne, Wyoming.--The city of Cheyenne diverts water from the
Little Snake River to a tributary of the North Platte in exchange for
water diverted from Douglas Creek for municipal use by the city of Chey-
enne. This transmountain diversion is now using about 8,000 acre-feet
and will ultimately deplete the Colorado River by an additional 23,000
acre-feet.

Savery-Pot Hook Project, Colorado-Wyoming.--This project is located
in the Little Snake River Basin in southern Wyoming and northwestern
Colorado. The authorized project plan calls for construction of an
18,600-acre-foot-capacity reservoir on Savery Creek and a 65,000-acre-
foct-capacity reservoir on Slater Creek. This storage will make possible
the irrigation of 17,920 acres of new land and will provide supplemental
water for land presently irrigated. Depletion of the Little Snake River
by the Savery-Pot Heok Project would amount to 27,000 acre-feet annually.

Central Utah Project (Jensen Unit).--This unit will be located
along the Green River east of Vernal in Uintah County in Uinta Basin,
Utah. GStorage of water in Tyzack Reservoir on Brush Creek together with
pumping from the Green River will supply ULO acres of rew land and 3,640
acres of presently irrigated lands. Approximately 15,000 acre-feet of
water is anticipated to be depleted by this project.

The estimated increase in concentration at the Green River, Utah,
gage from present to future would be 0.6L4 ton per acre-foot to 0.7l and
0.73 ton per acre-foot for the zero and 2 tons per acre pickup, respec-
tively. Projects affecting the flows would include all developments
above the gage.

5. Above San Rafael River near Green River, Utah

With inclusion of the Emery County project under present modified
conditions, the only anticipated future effect would be steam-electric
Plants depleting about 5,000 acre-feet of water and replacing an esti-
mated 4,000 acres of presently irrigated lands with industries. The
salt was also assumed to be depleted with the water. The estimated in-
Crease in concentration at the San Rafael gage from present to future
would be 2.65 tons per acre-foot to 2.78 and 2.67 tons per acre-foot for
the zero and 2 tons per acre pickup, respectively.

6. Above Colorado River near Glenwood Springs

Denver, Englewood, Colorado Springs, and Pueblo, Colorado. -~Expan-
Sion of municipal supplies for these four cities will eventually deplete
the Colorado River by 256,000 acre-feet above present uses. These are
transmountain diversions from the Blue, Fraser, and Eagle Rivers in the
headwaters of the Colorado River. The diversions would vary according
to runoff each year.
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M&T-~Green Mountain.--Water stored in Green Mountain Reservoir will
te released for industrial use in the vicinity of Kremmling, Coloradc,
and in Garfield County, Coclorado. This depletion will ultimately be
acout 12,000 acre-feet.

Homestake Project, Coloradce.--The Heomestake Project in Colorado,
recently constructed by the cities of Aurora and Colorado Springs, will
divert an average of 43,000 acre-feet additional annually to the eastern
slcpe from the headwaters of the Colcorado River although the diversions
will vary from year to year. Present diversions amount to about 6,000
acre-feet.

3 The above depletions would increase the dissolved-solids concentra-
‘ion at Glenwocd Springs by 0.10 ton per acre-foot under either condition
. £ pickup.

(U3

- ~. Between Coloradc River near Glenwood Springs and
Colorado River near Cameo

Fryingpan-Arkansas Project.--Construction is still continuing on
this project. This transmountain diversion project will transfer water
from the headwaters of the Colorado to the Arkansas River. It is a
multipurpose development to supply supplemental irrigation water, muni-
cipal water, and water for power production. In addition the project
will also control floods originating above Pueblo, retain sediment,
preserve fish and wildlife, and provide recreation opportunities. The
average annual depletion will be 70,000 acre-feet, including 1,000 acre-
feet of evaporation from the Ruedi Reservoir on the west slope.

M&T--Ruedi Reservoir, Colorado.-~Storage rights in Ruedi Reservoir
would permit the use of 38,000 acre-fee:i for oil shale development along
the Colorado River in Colorado. The water would be stored in Ruedi Res-
ervoir on the Fryingpan River and then released through natural channels
to the points of use in the oil shale areas. A possible future alterna-
tive use for all or part of this water would be for irrigation purposes.

West Divide Project, Colorado.--The West Divide Project will pro-
vide 115,600 acre-feet of water for irrigation and 77,500 acre-feet for
minicipal and industrial use. The irrigation water will supply nearly
19,000 acres of new land and a supplemental supply to 21,000 acres of
land presently irrigated. The new depletion of Colorado River water will
be 76,000 acre-feet annually. Project water will be obtained from a
Series of Colcrado River tributaries south of the river in west-central
Colorado with most of the storage planned for the 105,000-acre-foot
Placita Reservoir.

The above-described projects, together with those above the Glen-
. wood Springs station, would increase the concentration at the Cameo
- Station from 0.60 ton per acre-foot under present modified conditions
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to 0.74 and 0.75 ton per acre-foot for future conditions assuming zero
and 2 tons pickup per acre, respectively.

8. Above Cunnison River near Grand Junction

Fruitland Mesa Project, Colorado.--This project is located in west-
ern Colorado in Gunnison River Basin. A 48,235-acre-foot storage reser-
voir on Soap Creek and diversion from Crystal and Curecanti Creeks would
provide water needed for 15,870 acres of newly irrigated land and 7,000
acres of land now irrigated. Project uses will increase Colorado River
depletions by 28,000 acre-feet per year.

The project water for irrigation use has been determined by labora-
tory analysis to be of excellent quality. Likewise, most of the return
flow considered as part of the project water supply will be diluted
with higher quality direct flow.

Bostwick Park Project, Colorado.--This small project, nearing com-
pletion, is located in Montrose and Gunnison Counties in west-central
Ceclorado. Storage regulation will be provided by a 13,520-acre-foot
reservoir on Cimarron Creek, a tributary of the Gunnison River. Only
1,610 acres of new land will be irrigated and the increased depletion
to the Colorado River will be 4,000 acre-feet. Some additional water
will be provided to land now irrigated.

Dallas Creek Project, Colorado.--The Dallas Creek Project will de-
velop water of the Uncompahgre River and tributaries for irrigation and
municipal and industrial use. The project will provide water for 15,000
acres of new land and supplemental water for 8,700 acres of land pre-
sently irrigated. Depletion of the Colorado River will amount to 37,000
acre-feet annually.

The project water supplies will be suitable in quality for irriga-
tion and for municipal and industrial uses as well.

At Gunnison River near Grand Junction station the concentration
would be increased by 0.04 ton per acre-foot with no pickup and 0.08
ton per acre-foot with 2 ton per acre vpickup.

9. Between Colorado River near Cameo, Gunnison River near
Grand Junction, and Colorado River near Cisco, Utah

Dolores Project, Colorado.--The Dolores Project will divert water
from the Dolores River Basin to the San Juan drainage for the irrigation
of 61,000 acres. Some 32,000 acres will be new land; the remaining
29,000 acres of land are now receiving a partial supply. This project
will divert 140,000 acre-feet of water from the Dolores River of which
87,000 acre-feet will be depleted and the balance returned to the San
Juan River.
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Return flows from lands in the Montezuma Valley are presently used
for irrigation of land in McElmo Canyon outside the project area. Anal-
vses show these flows have relatively high cencentrations of soluble
salts. They are successfully used for irrigation, however, because of
internal drainage characteristics of the soils. The salt concentration
of these flows is not expected to increase with project development.

San Miguel Project, Colorado.--The San Miguel Project will regulate
flows of the San Miguel River for irrigation, municipal and industrial
use, recreation, flood control, and fish and wildlife conservation. The
project will supply water to 26,000 acres of new land and 12,500 acres
of land now receiving a partial supply. Depletion of the Colorado River
will be about 85,000 acre-feet.

The Colorado River near Cisco gage is affected by all upstream de-
velopments on the Colorado, Gunnison, and Dolores Rivers and their trib-
utaries. These transmountain diversions and in-basin projects increase
the concentrations from 0.90 to 1.07 tons per acre-foot with no pickup
and to 1.11 with 2 tons per acre pickup.

10. Above San Juan River near Archuleta

San Juan-Chama Project.--Construction is now completed on this
transmountain diversion project with delivery of water to the Rio Grande
Basin initiated in 1971. The project will eventually divert an average
of 110,000 acre-feet annually from the headwaters of the San Juan River
across the Continental Divide to the Rio Grande Basin. The effect of
this depletion on the Colorado River will be that some dissolved solids
will be transported out of the basin and less high quality water will
be available downstream for dilution of lower quality water.

The water will be used in New Mexico for muniecipal and industrial
developments and for irrigation.

Navajo Indian Irrigation Project.--Construction activities are
underway on this project, but completion of construction and delivery
of water are several years away. The direct diversion of 508,000 acre-
feet of water annually from the Navajo Reservoir to 110,000 acres of
lands south of the San Juan River is contemplated. None of these lands
are presently irrigated and the effect of irrigation on the quality and
quantity of return flow is difficult to predict.

There will be times under ultimate basin development when the San
Juan Valley lands below Farmington, New Mexico, will be dependent
largely upon return flows for their supply of irrigation water. There
are very little data upon which to base estimates of the quality of the
return flow. Miscellaneous records from the San Juan, Animas, and La
Plata Rivers indicate some periods of low flow water of questionable
Quality, especially from La Plata River system where some of the lands
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= are known to be of marine origin. Practically all of the lands in the 5
’ Navajo Indian Irrigation Project which would contribute return flow at
the Hogback, however, are of fresh water origin with low salinity and
alkalinity as determined by soil borings. The estimated depletion is
250,000 acre-feet annually with a return flow of 258,000 acre-feet

o The effect of the San Juan-Chama and Navajo Indian Irrigation proj- ‘
i ects in the quality of water at this station would be small since the g
water is presently of very good quality and the station is located only
a short distance below the Navajo Dam where there would be no return i
flows. The increase in concentration would be from 0.22 ton per acre- ?
foot present to 0.23 ton per acre-foot for both zero and 2 ton per acre |
pickup. :

11. Between San Juan River near Archuleta and San Juan River
near Bluff

SR ST ST L RO TP I SPEORF SRS L LR SRR

Animas-La Plata Project, Colorado-New Mexico.--The Animas-La Plata
Project will develop flows of the Animas and La Plata River systems for
i irrigation, municipal and industrial use, recreation, and fish and wild-
iiy‘ 1ife conservation. The project will supply water to 46,500 acres of

. new land and 25,600 acres of presently irrigated land. The new land
will include 17,200 acres of Indian land. The total new depletion will
amount to nearly 146,000 acre-feet. Project features include four
storage dams, lengthy canals, and several diversion dams.

Preliminary water quality studies indicate that irrigation will
not present any particular quality problem, and the additicnal return
flow at the state line may be somewhat improved over the present.

to the San Juan River will result in a new depletion of about 10,000
acre-feet annually. These lands, in the vicinity of Shiprock, New
Mexico, have been developed in small blocks by the Bureau of Indian
Affairs over a period of years with further expansion planned for the
future. The seepage and return flows return direct tc the San Juan
River, but the quality of these flows has not been determined.

Four Corners Powerplant.--In northwestern New Mexico, a large
steam-electric powerplant, which has been partially completed by Utah
International {formerly Utah Construction Company), for the Navajo In= .
dian Tribe and the Arizona Power Authority, is now using 20,000 acre- ‘

Expansion Hogback.--This direct diversion to Indian lands adjacent I
i
|
i

feet out of an estimated 40,000 acre-feet when the plant is complete.
No salt is expected to return with future diversions.

The San Juan River near Bluff gage would be affected by all devel-
b opments on the San Juan River above the gage. Especially notable would
S be return flows from the Navajo Indian Irrigation Project. The result
would be an increase from 0.63 to 0.89 and 1.23 tons per acre-foot, re-
spectively, for the zero and 2-ton per acre pickup from new irrigated lands.

|
% I
i
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12. Between Green River at Green River, Utah, San Rafael River 3
near Green River, Utah, Colorado River near Cisco, San Juan
River near Bluff, and Colorado River at Lees Ferry

Resources, Incorporated, Utah.--Resources, Incorporated, proposed
te construct a large powerplant in Utah near Lake Powell using coal from
the Kalparowits Plateau for fuel and water from Lake Powell for plant
operation. The expected annual depletion to the Colorado River would be
: 102,000 acre-feet, based on the company's application to the State of
e Utah for that much water. The exact date of this depletion is not known
= at present. It is expected that the salt will be depleted with the water.

M&I in Arizona.--The Upper Colorado River Compact allocated 50,000
acre-feet to Arizona from the Upper Colorado River system and of that
amount about 15,000 acre-feet is presently being used.

e R

The remaining 35,000 acre-feet will be used in that portion of
Arizona within the upper Basin and would be diverted above Lees Ferry
with most of it being used by the Navajo Powerplant at Lake Powell. It
is expected that the salt will be depleted with the water.

" § The total depletions and salt pickup above Lees Ferry increase the i
7 concentration at the Lees Ferry gage from 0.83 to 0.97 tons per acre- ﬂ
foot with no pickup, and with 2 tons of pickup the concentration in-
creases from 0.83 to 1.04 tons per acre-foot.

13. Above the Virgin River at Littlefield, Arizona

Dixie Project, Utah.--The recently authorized Dixie Project will,
through construction of g multipurpose dam on the Virgin River, provide
. a full water supply to 6,900 acres of new land and a supplemental supply
=N to 9,650 acres of existing irrigated land. About 5,000 acre-feet of

: municipal and industrial water will be provided to the city of St. George.
Cedar City, Utah, can also exercise an existing agreement to divert up to
£,000 acre-feet of water out of the basin from upper tributaries.

A principal concern of the downstream users in Arizona and Nevada
will be in regard to the effect of project operations on water quality
and the amount of flood waters available for leaching purposes. In this
regard the effect of the highly mineralized LaVerkin Springs, which

énter the river above the proposed Virgin River Dam, is of considerable
importance.

The estimated increase depletion of the Virgin River due to total
project development will be 48,000 acre-feet per year. Disposal of the -
waters of the LaVerkin Springs would increase +he estimated annual '
: depletion by the quantity of water removed from the river system. The Ef
b average annual flow of the Virgin River at Littlefield under present ?f
conditions based on January 1941 through December 1970 records is !

Lo




g | ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

156,000 acre-feet. Concentrations would increase from the present 2.24
to 3.21 and 3.34 tons per acre-foot under zero and 2 tons pickup, respec-
tively.

iL. Between the Colorado River at Lees Ferry, Virgin River at
Littlefield, and Colorado River below Hoover Dam

Southern Nevada Water Project, Nevada.--The first stage of the
Jouthern Nevada Water Project was completed by the Bureau of Reclamation
and was accepted by the Colorado River Commission on November 1, 1971.
The project is operated by the Las Vegas Valley Water District to pro=-
vide supplemental municipal and industrial water to the cities of Las
Vegas, North Las Vegas, Henderson, and Boulder City, and to Nellis Air
Force Base. + will also provide water to the potential Eldorado Valley
development.

T
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In the ultimate stage of development of the project, the estimated
total annual diversions from Lake Mead by the existing Boulder City and
Basic Management, Inc., water systems willl be 52,000 acre-feet. The
estimated total annual diversions by the project will be 328,000 acre-
feet, giving a total ultimate annual diversion from Lake Mead to the
project area of 380,000 acre-feet.

The estimated net annual depletion due to the project and existing
systems will total 262,000 acre-feet allowing for creditable return
flows of 118,000 acre-feet. The diversions in 1970 from Lake Mead were
about 34,000 acre-feet by Basic Management, Inc., and the Las Vegas
Valley Water District, and 3,400 acre-feet for Boulder City and Lake
Mead National Recreation Area, a total of about 37,000 acre-feet. No
creditable return flow from these diversions was listed in the "Compi-
lation of Records in Accordance with Article V of the Decree of the Su~
preme Court of the United States in the Arizona v. California Dated
March 9, 1964," for calendar year 1970. If we assume for purposes of
computations in this report that unidentified return flows from the
37,000 acre-~feet diverted in 1970 would be in about the same proportion
to diversions as was assumed in the determination of depletions for the
Southern Nevada Water Project, there would be a return flow of about
11,500 acre-feet. This would give a depletion for 1970 of about 26,000
acre-feet and the additional annual depletion with full development of
the Southern Nevada Water Project would be 236,000 acre-feet.

It has been assumed in this report tha®t the Colorado River return
flows from the Southern Nevada Water Project would carry as much salt
8s would be pumped from the river. It is possible that measures may be
taken that would result in a reduction of salts returned to the river.
Various proposals have been made for removing or reclaiming the return
flow discharged into Las Vegas Wash in order to control pollution prob-
lems in the Las Vegas arm of Lake Mead. If any of these proposals are
adOPtEd, they will be evaluated in future progress reports.
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A portion of the Southern Nevada Water Project allotment of 262,000
acre-feet will be used by the Southern California Edison Company by di-
verting 30,000 acre-feet annually from the Colorado River for thermal
power production purposes at a site about 3 miles downstream from Davis
Dam. Use of this water until July 1, 2006, by the Southern California
Tdison Company is in accordance with two contracts-~one with the State
of Nevada and the Southern California Edison Company and one with the
Bureau of Reclamation and the State of Nevada. This depletion is in-
cluded in the depletion anticipated for the Southern Nevada Water Project
and would not cause an additional depletion.

The Southern Nevada Water Project, plus all develcpments above Lees
Ferry and on the Virgin River, would affect the salinity at the Colorado
River below Hoover Dam station. Salinity concentrations would increase
from 1.01 tons per acre-foot at present to 1.25 and 1.32 tons per acre-
foot for estimated future concentrations under conditions of zero and 2
tons per acre pickup.

15. Between Colorado River below Hoover Dam and Coloradc
River at Imperial Dam

FTort Mohave Indian Reservation.--The Fort Mohave Indian Reservation,
located below Davis Dam, is allocated water by the Supreme Court Decree
to irrig ~e 18,974 acres of land in Arizona, California, and Nevada with
o 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 main-stream depletion
of about 76,000 acre-feet annually. The Bureau of Indian Affairs reports
that a major portion of this reservation is under development contract.

The consumptive use of L4 acre-feet per acre for irrigation of the
Fort Mohave, Chemehuevi, and Colorado River Indian lands is based on
the rate presented in Colorado River Basin Project hearings before the
Subcommittee on Irrigation and Reclamation of the Committee on Interior
and Insular Affairs, House of Representatives. This value is under study
and may be subject to change in future reports.

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 di-
version from the main stream 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 i
of about 7,000 acre-feet annually. Full development of this reservation
is expected by 1990. :

Central Arizona Project.--The Colorado River Basin Project Act au-
thorizes the Central Arizona Project for the purposes of furnishing ir-
rigation and municipal water supplies to the water-deficient areas of
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Arizona and western New Mexico through direct diversion or exchange of
water., This project will provide a supplemental water supply to lands
now being irrigated. Water will be made available only to lands having
a recent irrigation history. The Central Arizona Project must stand
shortages up to its full allocation if there is insufficient main-stream
water to satisfy an annual consumptive use of 7,500,000 acre-feet allo-
cated under the Supreme Court Decree of March 1964 to the States of Ne-
vada, Arizona, and California. When shortages occur, diversions to the
Certral Arizona Project will be limited to assure California water users
4,400,000 acre-feet of main-stream water. A maximum of 2,172,000 acre-
feet of Colorado River water is all that could be diverted with a canal
capacity of 3,000 c.f.s. California diversions in the future would even-
tually be reduced to 4,400,000 acre-feet.

Contracts--Boulder Canyon Project.--Separate contracts have been
gsigned with the City of Kingman, Arizona, the Lake Havasu Irrigation
and Drainage District, and the Mohave Valley Irrigation and Drainage Dis-
trict for diversion, respectively, of 18,500 acre-feet, 14,500 acre-feet,
and 51,000 acre-feet annually. Although some new lands may bhe developed
for irrigation in the Mohave Valley Irrigation and Drainage District,
other lands now irrigated will be taken out of production due to future
municipal and industrial development. As a result, it is probable that
the diversion under the contract with the Mohave Valley Irrigation and
Drainage District would cause no appreciable increase over the present
depletions from existing irrigation in the District and municipal and in-
dustrial development would result in an increased depletion of about
6,000 acre-feet per year. All of the diversions to the city of Kingman
would be a depletion because of the distance of the city from the Colo-
rado River. Diversion to Lake Havasu Irrigation and Drainage District
would cause an increased depletion of about half of the diversion. It is
estimated the maximum diversions allowed under the three contracts would
cause an increased depletion of about 31,000 acre-feet per year.

Lower Colorado River Indian Reservation.--The Lower Colorado River
Indian Reservation is located along the Colorado River just below Parker
Dam, Arizona, with most of the land in Arizona and the remainder in Cali-
fornia. The Supreme Court Decree allocated 717,148 acre-feet of diver-
sions to the Colorado River Indian Reservation for irrigation of the
107,588 acres of land. The consumptive use required for irrigation of
these lands is estimated to be L4 acre-feet per acre which would result in
an annual main stream depletion of 430,352 acre-feet. The consumptive
use in 1970 from irrigation of 55,615 acres is estimated to be 222,460
acre-feet. This leaves an additional depletion of about 208,000 acre-
feet per year for future developments.

Lower Colorado River Channelization Project, Arizona-California.--
Between Davis Dam and Parker Dam, the channelization work in the Mohave
Valley Division was completed in 1960 to salvage an estimated 109,000
acre-feet of water per year. However, the permanence of 44,000 acre-feet
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of that salvage is dependent on future maintenance in the Topock Gorge
Division. The work in the Topock Gorge Division would also salvage an
additional 28,000 acre-feet per year.

Between Parker Dam and Imperial Dam, work in the Palo Verde Division
to salvage 10,000 acre-feet of water per year, and work in the Cibola
Division to salvage 36,000 acre-feet per year has been completed. Work
in the Parker and Imperial Divisions to salvage 39,000 acre-feet per year
has not yet been started.

In summary, at the end of 1970 channelization work to salvage 155,000
acre-feet of water per year was complete, and additional work to salvage

67,000 acre-feet per year is planned.

It is estimated that an additional 10C,000 acre-feet of water per
yvear could be salvaged by phreatophyte eradication and control. A vege-
tative management research project is being undertaken to more clearly
jefine the potential salvage from this source. Pending further studies,
the location and estimates of potential salvage developed for the Pacific
Southwest Water Plan have been used in this study. This plan indicates
that 88,000 acre-feet could be salvaged above Imperial Dam. Of this
amount, 59,000 acre-feet would be above Parker Dam and 29,000 acre-feet
between Parker and Imperial Dams. The potential salvage from the com-
bined channelization and phreatophyte eradication and control programs 1is
estimated to be 87,000 acre-feet above Parker Dam and 68,000 acre-feet
between Parker and Imperial Dams. The total potential salvage above
Imperial Dam is then 155,000 acre-feet per year.

Summary below Hoover Dam.--The development of Indian lands on the
Fort Mohave, Chemehuevi, and Colorado River Indian Reservations, separate
contracts to various water users, and increases to the water supply re-
sulting from salvage by channelization and vegetative management of the
lower Colorado River will all contribute to changes in the salinity con-

centration at Imperial Dan.

Salinity concentrations at the Colorade River below Parker Dam
station would increase from the present 1.02 tons per acre-foot to 1.27
and 1.35 tons per acre-foot for the zero and 2 tons per acre pickup con-
ditions, while the concentration at Imperial Dam would increase from the
present 1.16 tons per acre-foot to 1.52 and 1.64 tons per acre-foot for
the zero and 2 tons per irrigated acre pickup conditions.

16. Other Future Developments not yet Clearly Defined

+ther future developments that are expected to affect water quality

iv the Colorado River Basin include:
‘a) Power developments 1isted in the Southwest Energy Study, in
addition to those already included in this report.
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(b) 0il shale developments within the Colorado River Basin.

(c) Coal gasification units that would use substantial amounts of

Zolorado River water.

(d) Future additional phases of some of the projects listed in
+his report and other potential projects which would use water, limited

ty availability under established water rights.

As these developments become more clearly defined, they will be in-
cluded in future Quality of Water reports.




PART VIII. EFFECTS OF SALINITY ON WATER USE

Water quality can be a limiting factor in the use of a water supply.
Different water uses require different water qualities, and a supply may
thus be acceptable for some uses but unsuitable for others. Most water
uses have a range of quality within which a supply may be acceptable for
that use. Use of water at the low quality end of this range may impose
an economic, a social, and/or a political penalty on the water gs§r in
comparison to use of the water at a higher quality. The suitability of
the quality of a water supply for use is thus a relative matter and‘must
be evaluated with regard to specific uses and the social and economic
aspects of such use.

An important objective of salinity investigations is to assess the
suitability of Colorado River water for various beneficial uses. The

following sections discuss the physical and economic effects of salinity
on water uses in the Colorado River Basin.

A, In-stream Use

The major in-stream uses of water in the Colorado River Basin include i
hydroelectric power production, propagation of fish and aquatic life, iR
recreation (including water contact sports), and aesthetics, Within the
range of salinity concentrations expected in the foreseeable future, sa-
linity should have no significant effects on these uses.

B. Irrigation Use

A major portion of the basin water supply is consumptively used for }
irrigation. Any effects of water quality on this use are thus of major {
importance. Crops grown in the basin differ in sensitivity to a salt l
concentration in the soil root zone, with some crops tolerating signifi- 1
cantly higher concentrations in the root zone than the more sensitive |

. crops. Also, most crops require a lower salinity concentration in the }
LR root zone during the germinating and seedling stage than they do later in i

] the growing cycle. Salinity concentrations in the root zone are affected

- by the salinity concentration of the irrigation water, method of irrigation, %
é. ; irrigation efficiency, depth and salinity, level and concentration of ground i
: water, drainability and texture of the soil, weather patterns, and other :
factors., If, however, all other factors remain unchanged, the salinity i
concentration of the root zone will vary with the salinity concentration !

of the irrigation water. Thus an increase in the salinity concentration i

of the irrigation water will decrease the productivity of the salt- ‘

Ssensitive crops 1f its tolerance limit of salinity concentration in the
root zone is exceeded.

Because of the many factors affecting the salinity
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concentration in the root zone, an exact irrigation water concentration
that will damage a crop cannot be determined.

Damage to salt-sensitive crops can be prevented by applying addi-
tional irrigation water to flush the salts from the soil. If natural
drainage or an existing drainage system is inadequate to remove the addi-
tional water, it may be necessary to install additional drains.

In the Upper Basin, salinity concentrations during the irrigation
season are relatively low except in local areas. The impact of salinity
on irrigation in the Upper Basin is thus minimal.

In the Lower Basin, present peak salinity concentrations are ap-
proaching critical levels for some salt-sensitive crops and, while suit-
able for irrigation of most crops, are high enough that special irrigation
practices are used in some cases. Although Colorado River water is
accepted for irrigation use, future increases in salinity may thus in-
volve the incurring of a small but significant economic loss.

C. Industrial Use

Colorado River water has not been widely used for industrial pur-
poses within the basin, but extensive use has been made of this water
from transmountain diversions outside the basin. Since the quality of
the water diverted from the Upper Basin is relatively high, only minimal
pretreatment is required for most industrial uses. In the Lower Basin,
the higher salinity levels in the diverted flows may require more exten-
sive pretreatment for some types of industrial uses.

The quality of water required for industrial use varies widely and
is dependent upon the purposes for which the water is utilized. Within
any industrial plant, water may have several functions, however, cooling

is the largest single use of industrial water supplied from the Colorado
River,

D. Domestic Use

For domestic water use, it is desirable to have a safe, clear, pot-
able, aesthetically pleasing water supply which meets the recommended
l%mits of the Public Health Service Drinking Water Standards of 1962,
High salinity levels affect the taste of drinking water and may affect
the digestive system in some people. Water hardness, which may in-

Crease with increases in salinity concentrations, also requires more

S0ap and laundry additives to achieve acceptable cleaning results. If
t?e water becomes too hard, softening of the supply in large-scale muni-
Clpal plants or in individual home units may be required. Sealing of
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water heaters and corrosion of pipes also accelerate with increased sa-
linity or hardness levels.

Water quality in the Upper Basin will generally meet the Public
Health Service standards with normal levels of treatment--settling, fil-
tration, and disinfection. 1In some cases only disinfection is required.
In contrast to the Upper Basin, the water supply at most points in the
Lower Basin does not meet the Public Health Service recommended limits
for total dissolved solids, exceeding the maximum acceptable limits at
times. Mineralized water supplies with salinity concentrations in the
range of those values observed in the Colorado River, however, are com-
monly accepted in the southwestern United States, with little detriment
to the potability of the supply. The use of this mineralized supply im-
poses an increased treatment cost as hardness levels are high enough that
water softening is desirable in addition to normal treatment.

e smpgere e
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PART IX., WATER QUALITY IMPROVEMENT PROGRAM

This biennial report has presented historical data, present water
quality conditions, and future conditions based on the projection of the
effects of new development. The projections in this report indicate
the salinity at Imperial Dam could increase from about 850 mg./l. to
1,200 mg./1l. without salinity control measures.

The possibility of the concentration increasing to about 1,200
mg./l. has led the users of Colorado River water, particularly in the
Lower Basin, to reguest that programs be undertaken to maintain the sal-
inity at its present level. A comprehensive 10-year Water Quality Im-
provement Program was therefore started in 1971 and integrated with other
programs involving weather modification, geothermal resources, desalting,
and the Western U.S. Water Plan to maintain salinity in the lower main
stem at or below present levels. The total estimated cost for the pro-
gram including implementation of the projects (with exception of Blue

Spring) is expected to involve capital expenditures in the order of mag-
nitude of $400 to $500 million.

Feasibility studies are now underway on irrigation, point and dif-
fuse salinity sources with related basin-wide planning involving develop-
ment of a mathematical model of the Colorado River, economic analysis of
water quality, analysis of legal and institutional matters and the inves-
tigation of potentials for improving water quality at points of diversion.
Initial expenditures in Fiscal Year 1972 amounted to $333,000 and in Fis-
cal Year 1973 the program has been funded at a level of $2,lh7,000.

A. Accomplishments in the Upper Colorado Region

In the Upper Colorado Region, with respect to the point sources,
work was done on Paradox Valley and Glenwood-Dotsero Springs in Colorado
and Crystal Geyser in Utah. On the diffuse source, work moved forward on
McEImo Creek in Colorado, Big Sandy River in Wyoming, Price River, and
the San Rafael River in Utah. On the irrigation sources proposal, the
Principal effort was made in the Grand Valley, Colorado, area and some
Preliminary work was done in the Uinta Basin, Utah.

1. Paradox Valley, Colorado

A feasibility investigation is underway with a report scheduled for
FY 1975, Tt is estimated that within Paradox Valley, a collapsed anti-
cline contributes about 200,000 tons of salt per year to the Dolores
River in the vicinity of Bedrock, Colorado. Available data and investi-
gation indicate +that control possibilities could be developed to reduce
the salt contribution about 180,000 tons per year. One proposal to
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accomplish salinity control at this site would regulate the flow of the
Dolores River in the narrow canyon above Paradox Valley, bypass these
flows in addition to the flow of West Paradox Creek across the valley in
a lined channel, collect the valley inflows which contribute the salt
load and evaporate them in a reservoir on the Dolores River at the outlet
of the valley. Studies are underway which indicate that salt loading of
the Dolores River may better be prevented by controlling the ground water
inflow, Variations of this scheme that are being studied are combina-
tions of pumping saline water, pumping fresh water, and lining of the
main channel of the Dolores River part way through the valley to reduce
recharge of the ground water. If saline water were pumped, an appropri-
ate disposal system would be required. Fresh water extracted would be
suitable for agriculture or other consumptive uses in the West Paradox
Valley.

Serious environmental considerations would be involved if the two
dams and bypass plan were selected. This would require a massive dam
that would create a rapidly filling-emptying reservoir in the Dolores
River Canyon that has been under consideration as a scenic whitewater
boating area for certain periods of the year. This plan would also re-
guire storage of the saline water on stream on the Dolores River which
would be subjected to attendant risks of a catastrophic event intro-
ducing all of the stored saline material to the river system at a rapid
rate.

Extensive geologic, hydrologic, and ground-water investigations are
being conducted to determine the most effective plan to prevent the pickup
of salt in Paradox Valley. Topographic mapping of the valley has been
completed. A resistivity survey was run to define the brine interface so
that drilling could be minimized. Five 3-inch cores were drilled to
depths ranging from 74 to 200 feet and 12 exploratory wells were drilled
and cased with perforated casing to depths ranging from 69 to 240 feet.
The drilling program defined the depth of the overburden and the loca-
tion of the highly saline water table. The core drilling also revealed
a brecciated gypsiferous, sodium chloride rich formation east of the Do-
lores River. Logs of oil exporation wells in Paradox Valley near the Do-
lores River indicate that brecciated formations of saline shales, gypsum,
and limestone extend to a depth of about 600 feet. The next 14,000 feet
or more is about 70-percent halite (sodium chloride). Logs of other oil
exploration wells reveal that the entire valley is underlain by a salt
formation. The wells with perforated casing will also be used in a test
well pumping program to be conducted in the future.

The investigations indicate that in the river channel the brine in-
terface surfaces about midvalley and that the Dolores River picks up
nearly all of the additional salt load in about a 200-foot reach. During
low flow periods, the concentration of the Dolores River flows range from
300 mg./l. to 1,500 mg./l. as it enters Paradox Valley and from 3,000
mg./l. to 160,000 mg./l. as it leaves.
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It appears that a slight artesian effect causes the salty water to
surface. It is probable that the Dolores River and West Paradox Creek
recharge the artesian ground water that brings the salts to the surface.

2., Crystal Geyser, Utah

The Crystal Geyser located about 5 miles south of Green River, Utah, ?lt-
results from a gas (carbon dioxide) accumulation blowing saline water out i
of a 16-inch abandoned oil test well at about 6-hour intervals. This |
geyser spouts about 200 acre-feet of water and 4,000 tons of salt per f
vear which flows west a few hundred feet into the Green River. Investi- ‘
gations of various control measures are being made by Brigham Young Uni-

1
il
versity under an agreement with the Bureau of Reclamation. A feasibility i

report is scheduled for FY 1973. 3

Investigations indicate that a satisfactory solution to the problem o
could not be accomplished by attempting to plug the well because the o
drill hole intersects a fault zone. Alternate openings, including the
bed of the Green River, are also available through which the saline water !
may discharge. The best possibilities for control include a collection i
and evaporation system. i

: Required control works would include an equalizing reservoir, pump-
¢ ing plant, evaporating reservoir, and a discharge line from the equaliz-
ing reservoir to the evaporating reservoir.

Alternatives of plugging the well or loading to prevent eruption
have been investigated. The well apparently intercepts the Little Grand
Fault and it is questionable that either of these actions would control
the discharge of saline water to the Green River. Desalting has been in-
vestigated but was found to be more costly.

The Crystal Geyser is a minor tourist attraction. Disrupting the
flow would negate this value but collection and disposal through an evap-
oration system would not seriously alter the attraction for recreational
purposes.

3. Glenwood Springs, Colorado i

The Glenwood Springs located within and near the city of Glenwood
Springs, Colorado, and the Dotsero Springs located upstream about 16
miles near Dotsero, Colorado, discharge about 25,000 acre-feet of highly
concentrated thermal water and about 500,000 tons of total dissolved sol- 3
ids to the Colorado River annually. Springs at both locations are located E
on both banks and in the bed of the river. The combination of springs i
comprises the second largest point source in the Colorado River Basin,

It appears that eight springs (with a concentration of 11,000 mg./l.) :
at Dotsero and 11 springs (with a concentration of 19,000 mg./l.) at !
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Glenwood are amenable to collection. Salt loading from these is estimated
at about 200,000 tons of dissolved solids annually.

As now perceived from preliminary studies, it is anticipated that con-
trol works would include a collection system for the saline springs, a con-
veyance system to a suitable location downstream where a desalting or
evaporating system to dispose of saline water could be installed.

The present recreational uses of these hot saline waters would have
to be protected because of the major economic importance to the area. The
environmental values of the canyon and adjacent areas will have to be pro-
tected to the maximum extent where construction will be required for a
necessary collection system, desalting plant, or evaporation system.

The 19 springs are being measured and samples chemically analyzed.
Sites for desalting plants and evaporation ponds are being investigated
and maps are being prepared for the collection and conveyance system.

A feasibility report is scheduled for FY 1976.

4. Big Sandy River, Wyoming

The Big Sandy River at the gaging station below Eden, Wyoming, drains
about 1,600 square miles. The flow averages about 30,000 acre-feet per
year with salinity concentrations up to 2,800 mg./l. The flow at the
mouth is estimated to be 45,000 acre-feet per year and to contain an esti-
mated 180,000 tons of dissolved solids with concentrations up to 4,000
mg./1l. It is estimated that selective removal of the more saline flows
and desalting and/or evaporation of these flows could remove about 80,000
tons of salt per year.

The investigation has found that many saline seeps with a concen-
tration of about 5,000 mg./l. enter the river between Simpson Gulch and
Gasson Bridge, a distance of about 10 miles.

Control plans being investigated are interception of the saline
seeps by wells or diversion of the low river flows into off-channel
reservoirs for desalting by a membrane process or by a freezing process
and evaporation of the waste brine. A feasibility report is scheduled
for FY 1977.

Constraints to the above plans are that construction of large shallow
evaporating ponds and storage of salts in these ponds may not be environ-
mentally acceptable.
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5. Price River, Utah

The Price River at Woodside, Utah, drains about 1,500 square miles.
The flow averages about 74,000 acre-feet per year and contains about
240,000 tons of dissolved solids with concentrations up to 8,200 mg./l.
Selective removal of up to 50 cubic feet per second during low flow
periods could remove about 100,000 tons of salt per year. Removal of
this amount of salt may require the desalting or evaporation of up to
25,000 acre-feet of water per year.

No conceptual plans for control of this salt load have been devel-
oped other than the possibility of selective withdrawal and treatment
or evaporation of the more saline flows. Here, also, construction of
large shallow evaporating ponds and storage of salts in these ponds may
not be environmentally acceptable.

Since very little basic data is available, gaging stations have
been installed and samples collected and analyzed to help determine the
sources of the salt load. A feasibility report is scheduled for FY 1977.

6. San Rafael River, Utah

The San Rafael River near Green River, Utah, drains about 1,670
square miles. The flow averages about 95,000 acre-feet per year and
contains about 190,000 tons of dissolved solids with concentrations up
to 6,400 mg./1. Selective removal of up to 75 cubic feet per second
during low flow periods could remove about 90,000 tons of salt per year.
Removal of this amount of salt could require the desalting or evapora-
tion of up to 30,000 acre-feet of water per year.

Investigations on this source are similar and at the same stage as
the Price River. Methods of control will likely be the same. A feasi-
bility report is scheduled for FY 1977.

7. McElmo Creek, Colorado

McElmo Creek near Colorado-Utah State Line drains about 350 square
miles, McElmo Creek also receives return flows from lands irrigated
with water from the Dolores River. The flow of McElmo Creek averages
about 31,000 acre-feet per year and contains an estimated 115,000 tons
of dissolved solids with concentrations up to 3,000 mg./l. It is esti-
mated that selective removal of the more saline low flows could remove
about 40,000 tons of salt per year. Removal of this amount of salt
could require the desalting and/or evaporation of up to 12,000 acre-feet
of water per year.

Investigations have just begun with installation of gaging stations
and sampling to determine the source of the salt load. Methods of control
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will likely be similar to the methods being investigated for the Price
River. A feasibility report is scheduled for FY 1978.

8. Dirty Devil River, Utah

The Dirty Devil River near Hite, Utah, drains about 4,170 square
miles. The flow averages about 72,000 acre-feet per year and contains
an estimated 200,000 tons of dissolved solids with concentrations up to
2,500 mg./1l. It is estimated that selective removal of the lower, more
saline flows could remove about 80,000 tons of salt per year. Removal
of this amount of salt could require the desalting and/or evaporation
of up to 30,000 acre-feet of water per year.

Investigations of this source have not begun Gaging stations will
be installed soon and sampling will commence. Investigations will be
similar to those of the Price and San Rafael River. A feasibility re-
port is scheduled for FY 1978.

9. Grand Valley Area, Colorado

In the Grand Valley area work is underway and is aimed at improving
irrigation efficiencies with the prospect of reducing the salt loading.
During the past irrigation season, 45 farmers participated with 1,000 acres
in an irrigation scheduling program. Under this program, computer runs
are made weekly and updated information is mailed to each of the partic-
ipants advising them when and how much water to apply to their fields.
This is supplemented with field visits by water management specialists
on a weekly basis who compare computer results with actual field condi-
tions. The 45 farm owners involved in the program have 90 individual
fields being treated as separate entities for the computer analyses.

The reaction of the farmers to the program has been highly favorable,
and it is expected that during the next irrigation season about 150 to
200 farms will be involved in this volunteer program.

As this work progressed, additional climatic data were collected
through the installation of a new weather station within the central
part of the agricultural area. Previously, data from the Grand Junc-
tion airport which is located in a desert setting had to be used. With
climatic data now being obtained within the agricultural area, even
better computer estimates can be obtained.

Corollary work in the Valley is being supported by Colorado State
University, Colorado Water Conservation Board, Soil Conservation Service,
Agricultural Stabilization Conservation Service, U.S, Geological Survey,
and the local water user entities. They have formed a local coordinating
committee to help execute the program with the water users. Field re-
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are being conducted in this area by Colorado State University and the
Colorado Water Conservation Board.

Irrigation scheduling work is being accompanied by corollary studies
in the improvement of project water delivery systems. Studies have been
initiated on about 6,000 acres on the northwest end of the Grand Valley
under the Government Highline Canal. This work is also being coordinated

by the local committee previously mentioned. A feasibility report is
scheduled for FY 1975.

10. Uinta Basin, Utah

It is planned to begin irrigation scheduling services in the Uinta
Basin with the 1973 season. Contacts are being made with the water user
organizations to explain the program to them.

Corollary studies in improving the water delivery systems are also
underway with a review of previous studies. A feasibility report is
scheduled for FY 1976. Irrigation scheduling and water system improve-
ments investigations in the Uinta Basin will involve the Ute Indian Tribe
and many non-Indian water user organizations.

11. Lower Gunnison Basin, Colorado

Investigations for improving the water delivery systems will begin
this year with a feasibility report scheduled for FY 1976. It is

v planned
to begin irrigation scheduling with the 1974 season.

B. Accomplishments in the Lower Colorado Region

In the Lower Colorado Region, work moved forward on salinity control
at selected point and irrigation sources. Point source investigations
were conducted at LaVerkin Springs and at Blue Spring. Irrigation source
control work focused on the Colorado River Indian Reservation and the
Palo Verde Irrigation District.

1. LaVerkin Springs, Utah

At LaVerkin Springs, work is being accomplished to complete a feasi-
bility report by the end of the current fiscal year. Studies to date

have been mainly directed toward collection of design data and studies
of alternative plans.

An intensive program was conducted to evaluate the quality and
Quantity of the discharge of the springs and this work has been essen-
tially completed. Detailed geologic maps of the area are now under
Preparation. Two wells were drilled in the spring area for the purpose
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of obtaining geologic information and to intercept the underground flow
feeding the springs. At both wells, ground water was encountered and
pumping tests have been made to determine the characteristics of the
aquifer in the vincinty of the springs. The resuits of these studies
will be used in preparing designs for collection of the springs by pump-
ing from wells.

Alternative plans are being developed based on collecting the springs
by diverting flows of the Virgin River around the spring area and then
collecting the flow of the springs at a structure immediately downstream
from the springs. Investigations are also being conducted to determine
potential locations for brine disposal. The brine disposal studies should
reveal both the costs for disposal of the entire springs by evaporation
and those involved in disposal of brine from a desalting plant. Design
data for a reverse osmosis plant in the area are being prepared.

Measurements made during 1972 on LaVerkin Springs indicate that the
flow is between 11 and 12 c.f.s. and have an average concentration of
9,650 p.p.m. This source contributes about 100,000 tons of salt to the
Colorado River system each year. Plans are being developed to collect the
spring flow for delivery to a desalting plant. It is planned that nearly
all of the salt load from the springs would be removed from the system.

2. Blue Spring, Arizona

Investigations at Blue Spring were intitated during Fiscal Year
1973. This spring is the single largest point source in the Colorado
River system. The spring has a flow of 220 c.f.s. with a concentration
of about 2,500 p.p.m. It is thus outputting 550,000 tons of salt per
year. The spring arises in the Little Colorado River about 13 miles
upstream from its junction with the Colorado River. Under base flow
conditions, the stream has a beautiful turquoise color as it flows
through the scenic canyon of the river. This results from the traver-
tine deposits on the rocks in the streambed. During runoff periods,
however, the river is typically muddy in appearance and apparently
carries considerable silt. The Little Colorado River is entrenched
within the steep canyon walls at a depth of about 2,500 feet. The com-
bination of modest salinity level, the comparatively large flow, the
scenic setting, and the special ethnic value to the Indians, place spe-

cial demands upon the development of suitable salinity control plans.

Several solutions considered for evaluation include: (1) desalting
the total or a portion of the water supply from Blue Spring; (2) develop-
ment of a pump-storage, power-generation desalting complex, the primary
purpose which would be peaking power generation with a secondary desalt-
ing function; and (3) using all or a portion of Blue Spring flow for
diversion to thermal generating facilities for use as cooling water.
Depending upon the findings of the reconnaissance study now being con-
ducted, decisions will be made whether or not to proceed with the
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feasibility studies. Potential desalting plant sites are being studied
and basic data collection is now underway.

3. Littlefield Springs, Arizona

The Littlefield Springs discharge along the south side of the Virgin
River about a mile upstream from Littlefield, Arizona. These springs
have a combined outflow of about 10 second-feet with an average salinity
of about 2,900 mg./l., and contribute an annual salt load of sbout 30,000
tons to the river system. Flow from the springs is presently diverted
and used for irrigation in the Littlefield area. Investigations of alter-
native plans of removing salt from the spring water will be started in
FY 1974 with a feasibility report scheduled for FY 1975.

4., Colorado River Indian Reservation, Arizona-California

Activities relating to irrigation source control on the reservation
have been discussed with representatives of the Colorado River Indian
Agency, Bureau of Indian Affairs; and representatives of the Colorado
River Indian Reservation. Great interest in the program has been ex-
pressed by both groups. Representatives of these groups have observed
irrigation scheduling work underway on other Bureau projects. It is
hoped that the groups and their individual water users will respond
favorably and assist in getting an irrigation scheduling and management
program underway this fiscal year.

A corollary study of improving the irrigation system was started
in FY 1973 with a feasibility report scheduled for FY 1975,

5. Palo Verde Irrigation District, California

The Palo Verde Irrigation District is located in Riverside County,
California. It is a privately developed district. Water for irrigation
is diverted from the Colorado River at the Palo Verde Diversion Dam and
is conveyed through 295 miles of main canals and laterals to serve approxi-
mately 91,500 acres of irrigated land within the District. The irriga-
tion return flows are collected in a 153-mile drainage system and returned
to the Colorado River. It is estimated that these return flows contri-
bute about 90,000 tons of salt annually to the river.

The objectives of these studies are to identify the improvement
works needed in the irrigation system and to determine the amount of the
Teduction in salt loading of the river that can be obtained by an im-
proved irrigation system and by irrigation scheduling. Both of these
brograms would reduce return flows and this would reduce the salt load
that is now returned to the river. These studies are scheduled to start
in FY 1974 with a feasibility report for water systems improvement sched-
uled for FY 1976.
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Concurrently, an intensive salinity measurement program on the Lower
Colorado River is being conducted. A significant increase in salinity
occurs between Parker and Imperial Dams. The salt loading and concen-
trating effects occurring in this reach of the river have not been fully
evaluated, Thus, discharges from the Reservation and from other irriga-
ted and natural sources in this reach of the river are being identified
to provide basic information to guide the control program and to evalu-
ate anticipated improvements in the salinity levels of the river.

C. Accomplishments at the Engineering and Research Center

Work at the Engineering and Research Center is focused upon the
broad general studies impacting upon the entire control program. This
involves work on mathematical models of the river system, economics of
water quality, legal and institutional analyses and studies of potential
applications of ion exchange desalting.

1. Mathematical Model

Work on the mathematical model is progressing on schedule. This
model is composed of five submodels--data analyses, simulation, impact
and sensitivity, optimization, and dynamic. The computer program for
the data analyses and simulation models is essentially completed. Cur-
rently, verification runs of the simulation model are being made. Follow-
ing this, the total flow and quality data base to be used in the model
will be assembled so that simulation runs can be made with the model by
July 1973. Early applications of the model will be aimed at disclosing
operational modes which could result in improved water quality in the
lower reach. It is contemplated that use of the model will begin in
July 1973. In subsequent fiscal years, other submodels will be completed,

2. Economic Analyses

Studies of the economics of salinity are being conducted by the
Bureau of Reclamation and by contract. The Bureau effort is concentrating
on the detrimental effects of salinity on municipal and industrial users
of Colorado River water. An extensive literature review has be 'n com-
Pleted and efforts are now centered on the collection of various esti-
mates of salinity effects to determine whether a consistent set of use-
able data can be derived.

Concurrently, scientists at Colorado State University and the Univer-
sity of Colorado are concentrating on the effects of salinity upon agri-
culture production. The plan of work includes investigation into (1) crop
Tesponse to salinity, (2) farmer response to salinity, (3) direct econom-
ic damages due to salinity, and (4) indirect economic damages. The re-
Searchers have completed their literature review, made a field survey of
the impacted agriculture area and obtained all available files relative
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to the Environmental Protection Agency study of the Colorado River, and
are currently evaluating that economic model. A draft report on their
work is scheduled to be submitted by February 15, 1973.

This work is being accomplished to provide the requisite background
essential for construction of the optimization submodel of the compre-
hensive Colorado River model. It will provide the background needed to
evaluate the benefits and costs of salinity control and to help guide
decisions with respect to the selection and construction of salinity con-
trol measures.

3. Institutional and Legal Review

A legal and institutional analysis of salinity control in the Colo-
rado River system is currently underway. The study is concerned with
such problems as (1) the depletions caused by salinity control projects
in the Upper Basin for Lower Basin benefits, (2) depletions in the Lower
Basin for their own benefit, (3) augmentation in the Upper Basin, (4)
augmentation in the Lower Basin, (5) desalting, and (6) scheduling and
management of water to improve water use in the basin. In examining
these salinity related problems, questions arise relating to contracts,
water loss, cost sharing, and operational procedures for handling the
new salinity control works. The analysis will be completed during the
current fiscal year.

L, Ion Exchange

A special study is being made of the prospects of applying ion
exchange desalting to the Colorado River system. The prospects are of
developing plans for controlling salinity as it leaves the river for a
specified use rather than controlling the salinity at its source. Ion
exchange is well suited to solving a problem such as reducing salinity
from 1,200 to 500 p.p.m. This concept should be evaluated along with
the source control concept, or even combinations of both, so that iden-
tification can be made for the best ways to provide Colorado River water
users the water quality best matched to needs.

In a cooperative effort with the Office of Saline Water, a very
preliminary study of the feasibility and economics of applying ion ex-
change technology was completed tiris past year. This report indicated
that with the development of the technology it might be possible to
achieve very large-scale river quality control at the 550-p.p.m. level
with costs ranging between $15 an acre-foot in 1975 to $34 and acre-foot
in 2015, Product water recovery will be expected to vary between 89
and 95 percent. The increase in cost reflects the anticipated rise in
Salinity without controls.




[A

WATER QUALITY IMPROVEMENT PROGRAM

The study was supported by a 6-week ion exchange desalting pilot
plant operation on the Colorado River below Davis Dam. A 5,000-gallon-
per-day pilot plant successfully operated on 750 p.p.m. water to yield
a product water of 500 p.p.m. This work was done by the Office of
Saline Water. The pilot plant tests examined several resins and process
configuration. For the various processes, recommended regenerate chemi-
cals are sulphuric acid and ammonia. These chemicals are the most impor-
tant single cost element in the economic structure of the entire process.
It is conceivable that these costs could be reduced considerably by using
industrial waste products in the basirn from thermal power generating fa-
cilities and other sources. These results appeared so sufficiently prom-
ising that it is now planned to move forward into a 3-year program to
design and operate a scaled-up pilot plant of about 72,000 gallons per
day on the Colorado River. Attention will be directed toward developing
conceptual designs for handling water volumes more closely alined with
the major diversions anticipated in future years.




PART X. OTHER WATER QUALITY ASPECTS

Although salinity is considered to be the most serious water quality
problem in the Colorado River Basin, there are a number of other water
quality problems of varying degrees of significance which warrant discus-
sion. The following sections discuss the most significant sources of
water quality degradation and the effects of such degradations on water
uses as measured by various parameters.

A. Pollution Sources Other Than Salinity

1. Municipal Wastes

Municipal wastes are described hereir as those liquid-carried wastes
of domestic and service industry origin. Within the Colorado River Basin
the majority of the discharges from waste water treatment plants enter the
river system and are the primary sources of bacteriological and organic
pollution. Most of the municipal waste sources in the basin receive sec-
ondary treatment plus disinfection which is the minimum degree of treat-
ment required by the Basin States.

Compliance schedules have been established for municipalities whose
waste discharges are not meeting the water quality standards set by the
States. At the present time, pollution from municipal waste sources is
confined to those reaches of stream immediately downstream of the waste
effluent, and measures are being taken or have been planned for the con-
trol or abatement of pollution from these sources.

2. Industrial Wastes

Industrial wastes are defined as those spent process waters, cooling
waters, wash waters, and other waste waters associated with industrial
operations. The pollutants derived from industrial wastes other than
salinity are toxic materials, oils and grease, floating materials, radio-
activity, oxygen-demanding substances, heat, color-, taste-, and odor-
producing substances, and bacteria.

With the establishment of Water Quality Standards on interstate
streams and compliance schedules for the implementation of these stand-
ards, the pollution from industrial waste sources in the basin has been
or is being abated or controlled.

3. Agricultural Wastes

Except for salinity, pesticides and fertilizers are the primary
water pollutants associated with agriculture in the Colorado River Basin.
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The chlorinated hydrocarbon group, e€.g., DDT and Toxaphene, are the
most persistent pesticides and are of primary concern because of their
long-range impact. The organic phosphate compounds do not persist in the
environment for the period the chlorinated hydrocarbons do, but they are
more toxic to fish and humans. Data have been collected showing that pes-
ticides are present in sufficient quantities at certain locations in the
Lower Colorado River to be harmful to fish and aquatic life. The use of
these compounds in areas above public water supply intakes requires that
adequate precautions be taken to preclude entry into the river system.

Nitrogen and phosphorus fertilizers are the most commonly used in the
basin., Studies conducted in other areas of the United States show a rela-
tionship between the concentrations of nutrients from agricultural lands
and water quality problems caused by excessive fertilization of aquatic
plants. Within the Colorado River Basin the animal waste pollution is
minimal because outside surface water has been prevented from entering
the feedlots either by directing the drainage away from the operation or
by locating the facility in a favorable topographic position. Feedlot
wastes, moreover, do not generally accumulate within the basin since fa-
cilities are set up to distribute the wastes onto adjacent farmland.

4, Mine Drainage

During 1966 to 1968 approximately 75 locations were sampled to deter-
mine the heavy-metal concentrations contributed by mine drainages, tailing
piles, and natural sources within the Colorado River Basin. The streams
with degraded reaches are listed in Table C which also shows the major
sources and effects of the pollution. Many of these streams have heavy-
metal concentrations in excess of PHS Drinking Water Standards and destroy
aquatic life in about 120 miles of stream channel.

B. Water Quality Parameters Other Than Salinity

1. Dissolved Oxygen

The dissolved-oxygen concentration is a measure of the water capac-
ity to support life and assimilate organic wastes. The records show that
the dissolved-oxygen concentrations in the Colorado River Basin are gen-
erally above established standards. However, a marked reduction in the
concentration can be found during the summer months below some municipal
and industrial discharges and in some streams with very low flows. A 1966
investigation indicated that there might be a wide diurnal variation in the
oxygen concentrations in some reaches because of the large amount of algae
in the streams with oxygen saturation being reached during a sunlit day and
minimal concentration occurring at night when oxygen is used by the plants.
Samples also have indicated that at some of the lower depths in Flaming
Gorge Reservoir anaerobic conditions exist. Releases are made, however,
through the powerplant at higher elevations where the oxygen content is

greater, thus maintaining sufficient oxygen in the stream below for fish
life,



Table C. Mine Drainage Sources and Effects, Colorado Kiver Basin

Stream

Area of
investigation

Maejor sources

Eifects

Blue River
Tenmile Creek

Headwaters to mouth
at Frisco, Colo.

Wilfrey Mine; pump fail-
ure at Amax tailings
ponds.

vome areas devoid of
aquatic life due to
high heavy-metals con-
centrations

Eagle River

Homestake Creek
near Redcliff o
Minturn, Colo.

iineral spring near
Belden, Colo.; former
seepage from 0ld tail-
ings pile: New Jersey
Zine Corp. decant.

Aesthetics; destruc-
tion of biological
productivity; high
heavy-m>tals concer-
tration; predomi-
nantly zinc.

Gunnison River
Lake Fork

Headwaters to Lake
City, Colo.

Golden Fleece Mine.

Aesthetics in north-
west portion of Lake
San Cristobal.

Uncompahgre
River

Headwaters through
Dexter Creek, up-
stream of Ouray,
Colo.

Red Mountain Creek; via
Genessee, Rouville, and
Jcker Tunnels, and Red
Mounteain adit; natural
sources.

Aesthetics; low pH;
high heavy-metals and
mireral concentra-
tion; devoid of
agquatic life.

Dolores River

Mouth of Coal Creek
to Dolores-
Montezuma County
line.

St. Louis and Blaine
Tunnels; Silver Swan
adit; and others.

Aesthetics; minimal
effect due to neutral-
ization of mine drain-
age by natural river
alkalinity.

San Miguel
River

Upstream of con-
fluence with South
Fork.

Iron Springs; Penn Tun-
nel ; other mine drains;
natural sources.

Aesthetics; high heavy-
metals concentration;
minor effects on bio-
logical productivity.

Sen Juan River
Animas River

Headwaters through
Mineral Creek
south of Silver-
ton, Colo.

Cement Creek, north
Mineral Creek via Bag-
ley, American, and
Koehler Tunnel; other
adits, mills, and mine
drains, natural
sources.

Aesthetics; high heavy-
metals concentration,
particularly zinc;
many areas devoid of
agquatic organisms.

La Plata River

Headwater to Hes-
perus, Colo.

Natural sources.

Minimal effects.

Mancos River

Headwaters to con-
fluenze of Middle
and lmst Forks.

Natural mineral seep.

Some destruction of
aquatic life, par-
ticularly fish.




OTHER WATER QUALITY ASPECTS

2. Teggerature

The Colorado River Basin water temperatures vary widely, reaching
the greatest difference during the summer months when they vary from near
freezing in the high mountains to above 90° F. in the lower reaches.
Warmer temperatures may increase the rate of growth and the decompositior.
of organic matter and of chemical reaction, resulting in bad odors and
tastes, and also decrease the dissolved oxygen concentration available to
sustain a fishery.

Changes in water temperature in the basin result primarily from
natural climatic conditions. The large reservoirs, however, may affect
the stream temperatures for a considerable distance below the reservoir.
Temperature records indicate that Flaming Gorge Reservoir has little or
no effect on winter temperatures but cools the summer temperatures of the
Green River up to 5° F. at the Green River, Utah, station. The tempera-
ture immediately below Flaming Gorge Dam is now reportedly too cold for
maximum growth and propagation of fishlife. Navajo Reservoir appears to
have no effect on the temperatures of the San Juan River at the near
Bluff station. Lake Powell appears to warm the winter temperatures of
the Colorado River at the Grand Canyon station by up to 10° F. and cool
the summer temperatures by about the same amount.

Thermal springs, waste-water discharges, and irrigation return flows
may increase the temperatures in the receiving water, but the added heat
1s usually dissipated in a relatively short distance from the source.
Flow depletions and changes in stream channel characteristics may also
increase the effects of natural climatic conditions causing cooler or
warmer water temperatures.

Temperature increases dvue to municipal and industrial waste discharges
have been minimal; however, the construction of thermal powerplants in the
basin with a return of the cooling water to the streams or reservoirs
could present a potential for temperature increase. It is anticipated
that cooling water discharges from powerplants will be controlied in the
future. Any thermal discharge coupled with flow depletion could have a
significant effect on water temperatures.

3. pH

The pH of the waters in the Colorado River Basin usually range from
about 7 to 8 with the exception of those streams receiving acid mine
drainage. In this latter case the pH is lowered to levels which pre-
clude the establishment of aguatic life and the use of the river for a
fishery and other purposes.

L. Heavy Metals

Various heavy metals such as copper, lead, zinc, iron, manganese,
arsenic, and cyanide are found in the waters of the basin. These vary
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from trace amounts to potentially hazardous levels. The presence of these
I heavy metals is generally contributed by drainage from active and inactive
mining operatiomns.

Iron and manganese concentrations frequently exceed the Public Health
Drinking Water Standards in many basin streams. This is particularly evi-
dent in the upper reaches of the Colorado and San Juan Rivers and their
tributaries. A 1966 water quality survey showed that heavy metal concen-
trations have a marked effect on the aquatic life. Toxicity of these met-
als to aquatic life is dependent not only on the toxicity of a single
metal but alsc the synergistic effects of two or more metals. Certain
reaches of stream are completely devoid of bottom organisms and fish be-
cause of these toxic effects.

5. Toxic Materials

i In addition toc the toxic effects of heavy metal concerirations, toxic
materials are also contributed to the stream through industrial and agri-
§ cultural operations. Limited long-term monitoring at four surveillance
; stations located on the Colorado River has detected the pesticides DDD,
% DDE, DDT, dieldrin, and endrin. A comprehensive evaluation of the effects
cf pesticides upon water quality cannot be made at this time because of
the lack cf sufficient water quality data and incomplete knowledge of the
physiological and other effects of pesticides in human, wildlife, fish,
and other biological forms. The mere presence of a pesticide in water
does not necessarily indicate serious pollution. Pesticides were tested
for in samples of fish flesh and water taken from the Wahweap and San
Juan River arms of Lake Powell. Pesticides found included DDD, DDE, and
DDT. All levels were well below the limits set by the Food and Drug
Administration.

The Bureau of Sport Fisheries and Wildlife also ran pesticide tests
on fish flesh taken from Imperial Reservoir and Lake Havasu. Their re-
sults were very similar to those from Lake Powell.

6. Nutrients

Nutrients, primarily nitrogen and phosphorus, are believed to be the
most conducive to the growth of algae. The sources of these nutrients
are runoff from agricultural lands, municipal and industrial waste waters,
and natural runcff. Phosphorus is normally found in only limited quanti-
ties in unpolluted water. Sufficient nitrogen is generally available
naturally in basin waters to stimulate algae growth.

Las Vegas Wash flows into Las Vegas Bay, an arm of Boulder Basin of
Lake Mead, and carries large loads of phosphorous and nitrogen. The
principal sources of water in the Wash are effluents from the Clark
County sewage treatment plant and the Las Vegas City sewage treatment
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plant, which make up between 85-95 percent of the total flow. These !
sources contribute about 80 percent of the nitrogen and 99 percent of - |
the phosphorous loading found in the Wash. :

Several investigators have concluded that the nutrients carried ir
the effluent from Las Vegas Wash contribute to the eutrophication and
degradation of Lake Mead. Nitrogen and phosphorous loads entering the
Lake through Las Vegas Wash total 600 and 150 tons per year, respectively.
Chlorophyll A values (an indicator of algae mass) have been measured in
Las Vegas Bay which are 20 to 25 times greater than comparable measure-
ments in the main body of Boulder Basin.

The Environmental Protectior Agenc: has identified these nutrients
as a cause of water quality degradation in Las Vegas Bay and, therefore,
causing a violation of the nondegradaticn provisions of the applicable
State-Federal water quality standards for lLake Mead and the Colorado
Eiver. A notice of violation was issued to the municipalities and ir-
dustries discharging waste water into the Wash.

The nutrient load entering Lake Mead from the Wash has increased
as the municipal discharges tc the Wash have increased. These discharges
arnd the corresponding nutrient loading are expected to continue to in-
crease until such time as corrective action is taken.

The nutrient concentrations in other lakes in the basin have reached
levels which can support algae growths. An algae growth has been cited
as the probable reason for a fish kill which occurred in the Flaming
Gorge Reservoir in late 1963. ‘

In the lower reaches of the Coloradc River aguatic plant growths !

have been associated with fertilization by nutrients discharged to irri- 1
|

1

gation return canals. A small increase in the nutrient levels in the i
river has been attributed to heavy recreational activities along the I
river below Davis Dam. ’

7. Bacteria

The coliform group of bacteria is used as an indicator of pollution.
This group is made up of bacteria of diverse origin including that found
in the intestinal tract of humans and other warmblooded animals as well
as in the soil and on vegetation. High coliform counts in waters indi-
cate the probably presence of pathogenic organisms where bacterial con-
tamination from sewage or animal wastes appears likely.

In recent years analytical procedures have been developed whereby
coliform bacteria of fecal origin can be identified. Fecal coliform

tests measure bacteria from both man and animal. All the States of the
basin have set standards for fecal coliform as the bacterial indicator
¢f vollution.
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High bacterial counts were observed at many locations in the Colo-
rado River Basin during the 1966 water gquality study. A number of these
resulted from raw sewage discharges into a stream. In some cases, how-
ever, it was because of poor disinfection of the municipal waste-water
treatment plant effluents. The raw sewage discharges which were ob-
served during the 1966 survey have been or are scheduled to be corrected
by the addition of ponding treatment.

Bacteriological pollution has also been observed in popular recrea-
tion areas. For example, the fecal coliform densities in Lake Mead have
been observed at densities higher than the standards set for body contact
recreation (100/100 ml.).

Bacteriological pollution has an effect on most of the uses cited
earlier. In those cases where it exceeds the criteria set for body con-
tact recreation, it results in the closure of swimming areas. With high
coliform counts, the use of water as a public water supply is impaired.

8. Radioactivity

An assessment of the radioactivity in the basin waters should also
consider strontium 90 (Sr-90) radionuclides associated with atmospheric ¥
fallout in addition to radionuclides associated with industrial activi- 1
ties. Strontium 90, like the radionuclide Ra-226, is damaging to human i
bone cells. The effects of Ra-226 and Sr-90 are additive. }

Redioactive pollution from industrial waste-water effluents, i.e.,
uranium mills, was, prior to 1960, the major source of radioactive pollu-
tion in the basin. The majority of the mills have been closed down but a
significant portion of the increase of radiocactivity originates from the
abandoned tailings piles. In combination with other radionuclides (e.g.,
Sr-90) the waters of the Colorado River system are now approaching or
exceeding the recommended limits for radiocactivity.

Radioactivity does impair the water for beneficial use when concen-
trations exceed certain limits. For example, the Public Health Drinking
Water Standards set a mandatory limit of 3.0 picocuries Ra-226 and 10
picocuries/liter Sr-90. Moreover, the combination of these two radio-
nuclides should conform to the following relationship: Sr-90 . Ra-226 < 1.0.

10 . 3

9. Mercury

Studies have revealed that mercury concentrations, higher than the
present accepted Food and Drug Administration limit for mercury residue
in fish for interstate transportation, were found in two species of fish
in Navajo Lake, on the San Juan River.
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OTHER WATER QUALITY ASPECTS

Tests showed brown trout to contain 1.16 parts per million of mercury
residue and bullheads to contain .68 ppm. The current acceptable FDA
level is .50 ppm. Of the 10 species of fish tested, the brown trout and
the bullhead were the only species with concentrations higher than the
.50 ppm. Mercury concentrations in the sample fish ranged from .08 in
rainbow trout to the 1.16 in the brown trout.

Mercury tests were run on water taken from the river at Lee's Ferry
and the surface of Lake Powell. TFish samples were taken when it was
found that the river water mercury levels exceeded drinking water stand-
ards set by the FDA. However, none of the rainbow trout and flannelmouth
suckers taken in the river or the rainbow trout and largemouth bass taken
in the lake approached the unsafe limits for edible food as set by the
FDA. Similar results were obtained from fish of Imperial Reservoir and
Lake Havasu. With the high concentrations of mercury found in fish from
the Navajo Reservation in New Mexico, more extensive examinations of the
Colorado River will be made.

10. Sediment

Prior to construction of the storage units of the Colorado River
Storage Project, most of the larger tributaries and the main stem of the
Colorado River carried large loads of sediment, particularly in their
middle and lower reaches.

For example, in 1957 the suspended sediment load of the Colorado
River at Lees Ferry, Ariz., gaging station was recorded at 143 million
tons. This sediment was detrimental to water diverters for consumptive
use as well as to high-type fishery and other recreational uses. The
construction of Fontenelle, Flaming Gorge, Curecanti Unit, Navajo, and
Glen Canyon Dams has produced dramatic changes in the sediment load
transported by these streams. For example, the relationship between the
water and sediment flows at Lees Ferry during the 1948-66 period is illus-
trated in Figure 4, In 1959 the cofferdam utilized in the construction
of Glen Canyon Dam was finished and diversions began through the tunnels.
Sediment was deposited behind the cofferdam in 1959 and 1960 at a suffi-
clent rate to gradually fill the cofferdam lake with the result that by
1962 the annual sediment load at Lees Ferry had increased to 67 million
tons. This load dropped to 2.2 million tons in calendar year 1963 with
the closure of Glen Canyon Dam and initial storage in Lake Powell. Lake
Powell and other Colorado River Storage Project reservoirs are now
effectively trapping and storing almost all of the sediment originating
in the Upper Colorado River Basin. Lake Powell traps approximately 80
percent of the sediment that normally would flow into Lake Mead. By
storing the sediment in the Colorado River Storage Project reservoirs,
the streams immediately below the dam have been changed to relatively
clear trout water fisheries as well as desirable boating and recreational
areas. Daily sampling at Lees Ferry was discontinued beginning in water
year 1966 because of the lack of sediment.
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PART XI. EFFECT OF IMPOUNDMENTS ON COLORADO RIVER

A. Water Quality in and below Flaming Gorge Reservoir
and Lake Powell

1. Flaming Gorge Reservoir

Quality of water in the reservoir.--Reconnaissance of the water
quality in Flaming Gorge Reservoir in 1966-68 indicated that an average
increase of 100-150 mg./l. of dissolved solids had occurred in the river
system affected by the closure of the reservoir. This amounted to an
increase of about 35 percent more than the concentration that would have
occurred if the reservoir had not existed. It was estimated that approxi-
mately 1,200,000 tons of solutes were added to the river system by leach-
ing during 1963-68. In July 1970, a more detailed project was begun to
better define the rate of leaching and the degree of stratification in the
reservoir,

In October 1970 and April, July-August, and October 1971, in-situ
measurements of specific conductance, temperature, dissolved oxygen and
DPH were made at 30 sites in the reservoir. Detailed vertical profiles
from the surface to the bottom of reservoir were made at each site. The
generalized results of the in-situ measurements are shown in Figures 5-8.

In addition, samples for analysis of water quality were collected at 13
sites. '

Leaching in the reservoir.--Inflow and outflow loads of dissolved
solids were computed for 1969-70, together with the load in the reservoir.
Preliminary computations indicate that 240,000 tons of solutes were
leached during the 2-year period (an average rate of 120,000 tons per
year). This compares with 1,200,000 tons for the 1963-68 period (an aver-

age rate of 200,000 tons per year), indicating that the rate of leaching
is decreasing.

Stratification in the reservoir.--Data collected during the period
October 1970-October 1971 indicated that the water above 5,740 feet (the
top of the dead-storage zone) is mixing and changing seasonally. This
Seasonal mixing and movement in the upper zones of the reservoir are
aided by the fact that the average annual inflow to Flaming Gorge Reser-
voir ranged from slightly less than the total reservoir content to about
50 percent of the total content during the 1970-71 period. Water in the
dead-storage zone, which was less than 3 percent of the reservoir content
during the 1970-71 sampling period, apparently is not significantly
affected by seasonal changes in the upper zones.

In the fall of 1970, stratification of dissolved oxygen and tempera-~
ture occurred throughout most of the reservoir (Figs. 6A and 7A). A
well-mixed upper zone known as the epilimnion (about 82 percent of reser-
voir content) overlaid a zone with large temperature gradient known as
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- observed in this zone during each of the four perio

EFFECT OF IMPOUNDMENTS ON COLORADO RIVER

ut 16 percent of the reservoir content). Underlying

‘ 1y mixed zone, the hypolimnion (about 2 percent
of reservoir content) which contained the most saline water in the reser-
voir. This deeper zone of water contains about 600-700 mg./1. of dissolved
solids and has been observed during each of seven periods of sampling
during 1966-71 (Figs. 5A-G). The salinity of the hypolimnion appears to
be stable even though the upper boundary of the zone fluctuates seasonally.
Anaerobic (absence of dissolved oxygen) or near anserobic conditions were
ds of sampling during
October 1970-October 1971 (Figs. 6A-D). Also, the water temperature in
the hypolimnion was constant at 4.0°C and pH ranged only from 7.6 to 7.8

during the 1970-T1 period.

the thermocline (abo
+he thermocline was a Dpoor

In April 1971, the thermocline had disappeared, and temperature
stratification was nearly absent. Most of the reservoir had a temperature
of 4.0°C from surface to bottom (Fig. TB). The dissolved solids, dis-
solved oxygen and pH data (Figs. 5E, 6B, 8A) all indicate that the reser-
voir was essentially divided into two zones, & well-mixed epilimnion and
the hypolimnion, which was essentially unchanged since October 1970. The
combination of relatively low inflow and outflow with mixing during the
winter destroyed most of the stratification that occurred during the fall.

he entire reservoir was well stratified

During July-August of 1971, t
with respect to dissolved solids, dissolved oxygen, temperature, and pH

(Figs. OF, 6c, 7C, 8B). The stratification was due to seasonal heating
combined with high inflow and low outflow. The water level in the reser-
voir was raised nearly 4O feet during the period between the spring and
summer measurements. The spring and early summer runoff, which contained
relatively low concentrations of dissolved solids (less than 300 mg./1.),

appeared in the uppermost portion of the reservoir.

In October 1971, the salinity, dissolved oxygen, temperature, and

pH profiles (Figs. 5G, 6D, 7D, 8C) were similar to those shown for
October 1970, apparently indicating a cycle of 1imnological events.

Fffects of closure on the Green River near Greendale.--Since the
closure of the Flaming Gorge Dam in November 1962, data indicate an in-
crease in the weighted—average(Fig.9 ) concentration of dissolved solids
of the water in the river near Greendale. The highest weighted-average
dissolved-solids concentration occurred in 1963 when a minimum of water
was being released as the reservoir filled. During the next 7 years
(1964-70) the annual weighted averages were less than in 1963 but greater
than during the 5 years preceding closure. The higher concentrations
that occurred after closure were due principally to the dissolved load
added to the reservoir by leaching. Evaporation from the reservoir also
caused an increase in the concentration of dissolved solids, but this in-
crease is small compared to that caused by leaching.
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EFFECT OF IMPOUNDMENTS ON COLORADO RIVER

The range of average monthly temperatures of the Green River near
Greendale has been reduced considerably since closure of the dam (Fig.
10). Prior to closure the average monthly temperatures ranged from about
0.0°C to 19.5°C as compared to a range of about 4.0°C to 10.0°C after

closure.

o. Lake Powell

Effects of closure on the Colorado River at Lees Ferry.--The chemical
quality of the water at Tees Ferry has been affected by the storage in
Lake Powell since 1963. The relation of water discharge and dissolved
solids at Lees Ferry prior to 1963 and a tenuous relation since 1963 are
shown in Figure 11. The tentative new relation is based on 2 years of
extremely low flow during the first 2 years of the filling of Lake Powell
(1963-6L4), 4 years of near-normal flow (1967, 1970), and 1 year of rela-
tively high flow (1965). However, not enough years have elapsed since
the closing of Glen Canyon Dam to establish whether or not there is now
a bona fide correlation of discharge and dissolved solids. When the years
of lowest flows (1963-64), and the near-normal flow in 1966 are adjusted
for storage in Lake Powell, the values fall on the curve of the 1941-62
data.

The following tabulation shows the measured and adjusted water dis-
charges and the measured and expected weighted average dissolved-solids
concentrations for the Colorado River at Lees Ferry for the period 1963-70.
With the exception of year 1966 and 1967 the measured concentrations of
dissolved solids exceeded the expected dissolved solids. The measured
concentrations at Lees Ferry after closure of Glen Canyon Dam were only
slightly higher than the concentrations for similar volumes of flow be-
fore closure of the Dam. The large reduction in the concentration of
the outflow from Lake Powell in 1966 was the result of the diluting
effect of the unusually large volume of inflow of relatively dilute
water during the spring runoff period of 1965.

Colorado River at lLees Ferry
Dissolved Solidsl/

Calendar Expected Measured Dischargeg/
year mg. /1. T./A.F. mg. /1. T./A.F. Adjusted  Measured
1963 880 1.20 935 1.27 L.okL 1.38
1964 735 1.00 810 1.10 6.50 3.24
1965 500 .68 575 .78 14.13 11.59
1966 705 .96 513 .70 6.92 7.74
1967 660 .90 621 .8l 7.91 7.56
1968 580 .78 643 .87 7.92 8.80
1969 530 .72 628 .85 11.60 9.08

1970 550 .75 602 .82 10.66 8.1k

1/ mg./l. = milligrams per liter; T./A.F. = tons per acre-foot
2/ 1In million acre-feet.
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EFFECT OF IMPOUNDMENTS ON COLORADO RIVER

ing period, the effects of evaporation and

As in the previous report
Powell cannot clearly be evaluated at this

chemical precipitationiﬁ.Lake
time.

Colorado River below Hoover Dam.--The Colorado River below Hoover
Dam is & managed river and now most all of the water reaching Imperial
Dam is used for irrigation and public supply both in the United States
and Mexico. According to Irelan (1971), Lakes Mohave and Havasu have
only minor effects on the quality of Colorado River water because of the
relatively small storage capacity. However, below Imperial Dam the chem-
jcal regimen of the river is complicated because the flow below Imperial
is greatly reduced and several drains and wasteways with differing chemi-

cal characteristics empty into it.

The concentrations of dissolved solids at Imperial Dam appear to be
only casually related to the total flow past the Dam. gince the closure
of Glen Canyon Dam the flow past Imperial has varied only from about 5.6
to 6.5 million acre-feet, whereas the dissolved-solids concentrations

have varied from about 790 to 920 mg./l. (Figure 12).

A comparison of the average yearly dissolved-solids concentrations
2t Lees Ferry and at Imperial Dam is shown in Figure 13. The concentra-
tions at Imperial Dam are much greater than at Lees Ferry because of
saline inflows above Hoover Dam as well as jrrigation drainage returned
to the river in the lower reaches, and the diversion of water at Lake
Havasu through the Colorado River aqueduct. According to Irelan (1971)
the latter has resulted in less water being available to dilute the sa-
line irrigation return flows from Parker and Palo Verde Valleys and
thereby has raised the salinity of water at Imperial Dam.

The variation in dissolved-solids concentrations at Lees Ferry is
considerably greater than at Imperial Dam. This is to be expected inas-
much as the river passes through several reservoirs en route to Tmperial.
lNevertheless, changes at Lees FTerry seem to be detected at Imperial,
although considerably dampened, after about 2 years. The high concen-
trations at Lees Ferry in 1954 and 1963 were observed at Imperial Dam in
1956 and 1965. During the 30-year period (1941-70) at both stations the
salinity has increased about 90 mg./l. at Lees Ferry and about 110 mg./l.
at Tmperial Dam. This is 3 mg./1l. and 3.6 mg./l. increase per year at
each station, respectively. (Irelan's data shows an increase of 3.8
mg./l. per year at Lees Ferry and 4.1 mg./l. per year at TImperial Dam
for the period of record l9hl-65, based on water-year weighted averages. )

A progressive 5-year average of dissolved solids and discharge for

the Colorado River at Lees Ferry and Tmperial Dam 1s shown in Figures
14 and 15. The erratic nature of the yearly variations is lessened some-
what by the use of a multiple-year statistic. The data show that the

quality of the water is responsive to changes in the amount of flow at
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EFFECT OF IMPOUNDMENTS ON COLORADO RIVER

both places. The S5-year period of increasing dissolved solids at Lees
Ferry (1952-57) is reflected at Imperial Dam from 195L4-59. The dis-
charge at Lees Ferry decreased during the same 5-year period (1952-57).
The decline in dissolved solids at Imperial Dam for the 5-year periods
1959-62, corresponds to an increase in discharge at Lees Ferry for the
5-year period 1956 to 1960. The 5-year period average total discharge
at Imperial Dam has declined since 1952 and it appears that the salinity
at Imperial Dam is more responsive to changes in discharge at Lees |
Ferry than at Imperial Dam. The 5-year period at Lees Ferry (1967-70),
showing an increase in discharge and decrease in dissolved solids, is
reflected at Imperial Dam by a decrease in the dissolved solids con-

tent from 1968 to 1970.
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PROGRESSIVE 5-YEAR AVERAGE DISSOLVED-SOLIDS

CONCENTRATION, AND DISCHARGE, 1941 -1970
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PART XII CONCLUSIONS

These studies indicate an overall increase in the concentration of
total dissolved solids at the various points on the Colorado River and/or
its tributaries under the conditions described. The quality of weter 1is
still acceptable for present and some projected uses although some quality
control measures are necessary in order to keep the future concentrations

within usable limits.

Salinity is introduced into the Colorado River system from various
sources but the natural source contributes the major portion of total dis-
solved solids. The addition of large storage units throughout the entire
basin has dampened out the longtime and annual fluctuations in water gqual-

ity.

The dampening influence on water quality fluctuations by many reser-
voirs in the basin will make it possible to more accurately forecast the
quality of water delivery to the many projects and points of diversion in

the basin.

The tributaries with exceptionally high dissolved-solids content
have minor effect on the dissolved-solids concentration of the lower main
stem of the Colorado River as the volume of water and total tonnage of
dissolved material represent only a small portion of the total.

The special studies of irrigation projects that have been undertaken
and their effect on the chemical quality of water permit these preliminary

conclusions:

1. The early years of irrigation are generally the most detrimental
to downstream water quality. This is primarily due to leaching of an
abundance of soluble salts not previously exposed to a large amount of

water.

5. Tirm determinations cannot be made during the early years of de-

velopment regarding the ultimate effect of irrigation. The primary fac-
tors in establishing equilibrium are the availability of soluble salts in
the soils, the capacity of the ground water reservoirs, and the uniformity
of irrigation practice in the area in question.

3. Each irrigated area has a different effect on quality depending
upon properties of the soils and substrata in the area, number of years
the land has been irrigated, number of times return flow is reused, nature
of the aguifers, rainfall, amount of dilution caused by surface wastes,
temperature, storage reservoirs, vegetation, and types of return flow

channels.
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CONCLUSIONS

Future studies should consider other aspects of water quality
effects, such as ion exchange, selective precipitation of salts, and
changes in chemical composition (hardness, concentrations of specific
constituents, etc.) on the river systems.

A Dbasin-wide program entitled "Water Quality Improvement Program,"
whose purpose is to alleviate salt contributions to the river system, is
now underway.

Pollution to the Colorado River Basin other than salinity has
not been a major problem in the past but must receive careful surveillance
and control measures in order that they will not become a major problem

in the future.

Tge rate of leaching of salts from the Flaming Gorge Reservoir
area for the 1969-70 period has decreased significantly from the 1963-68
period. This decrease has contributed to a decrease in salinity below
the reservoir for the 1969-70 period. The range of average monthly tem-
peratures of the Green River below the reservoir has been reduced con-
siderably since closure of the reservoir.

The measured concentrations of dissolved solids at Lees Ferry

after closure of Glen Canyon Dam were slightly higher than the concen-
trations for similar volumes of flow prior to the closure of the Dam.

Changes in annual concentrations of dissolved solids at Lees Ferry
seem to be detected at Imperial Dam after about 2 years and it also
appears that the salinity at Imperial Dam is responsive to annual fluc-
tuations of discharge at Lees Ferry.
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Table 1
Colorado River Basin

Historical Flow and Quality of Water Data

Green River near Green River, Wyoming

Units -1000

Concen- Concen~ Concen-
tration T.D.S. Flow tration T.D.S. Flow tration  T.D.S.
T./A.F. Tons Year Month AF. A 1Year  Month | (A.F. T. /A2, ns
22 Jan. |__ 26 _ 0.8l 2l Jan. P _ 060 _22
29 WTh Ak Feb. T W3 22 Peb. KK 70 23
a0 3 wr. | LM 66 Mar. Ll £8 0
95 o .sb __S1 Apr. | 75 .57 . __ k3 Apr. .__IE__J.&_._“E__
_aTk .52 90 May 368 233 12 My b .57 ke
“3bg 34 L6 Jme |_.s501 _ .29 ks Jme 381 28 Q07¢
94 iy |37 . .31 __S1. 1947 July (327 .26 __8 1953  July |_—.206 .29 .60
g, |__ 81 b6 37 Aug. | _199 _% - Aug. |08 ,30 b
Sept. |__ LS .5k __ 26 | Sept. |__ Rl Wb 30 Sept. |___39 __.56 .22 __
Oct. 67 .60 ko Oct. 75 ——a89 bk Oct. 3k __.7h 25 .
Nov. 53 L6k 3h Nov. 50 63 a7 Nov _ 18 2T
Dec. _ 26 .8 __.21 Dec. 4l 33 30 Dec. 2k ___.ge_ 2
Total 1,109 48 527 Total | 1,926 .37 7k | Total 1,08k L3 465
Jan. |24 .79 _ 19 Jan 3R n 27 Jan. {26 .8 21
Feb. 23 .83 19 Peb. 33 73 24 Feb. 27 o .T& 20
r. 3 .70 30 Mr 6k 62 Lo wr. | L& 6T —E%—-
Apr. =200 .M & Apr. — 95 .54 Sl Apr. BB .55 ]
oy 351 .50 18 ey _2b7 .3 _ B0 My _ef2 .28 T8
June |.337 .3 b June | 306 .. 123 June |23 .30 10
1942 July 205 3R 66 1948 July 121 39 47 1956 Jwy |__250 __§5_ €2
Aug. _sR .52 30 Aug. 6 k2 29 Aug. 86 0 k1)
Sept. (.3 . .62 20 Sept. | __.€2 20 Sept. |1 =32 _26
Oct. |20 .76 __ 22 Oct. |36 _ .12 _ 26 Oct. Lo 268 T
Fov. 26 L8 a2 Fov. 29 .16 __.2._ Nov. 69 2T
Dec. |26 .17 .20 Dec. __.BL 2 Dec. 18 289 4
Total 1,154 N 518 Total 1,113 3 510 Total 1,182 .39 L6
Jan. 28 .18 22 Jan. (.27 _..18 2L Jen. |__20 .80 _16
Feb. 29 L6 22 | Feb. 2L 79 19 Feb. 20 80 16
Mer. 59 .63 31 Mer. [ bs .6 ___ 31 wr., |—-33 .16 _%2_
Apr. 200 Wb P | Apr. |—Job s> Sk Apr. | qx .50 M
My 237 a3 92 ey PSRN U .S May 127 .39 50
June L6 .29 13 Jume | 312 __.@  _ 19 June 245 2T 66
943 July 359 .25 o0 1949 July 179 6 3 1955  July |16 .36 _ %2
Aug. 1l L3 L1 Aug. |65 LB 31 Aug. | 6B .kl _2°
Sept. 50 5L 27 Sept. |38 .58 __ 22 Septe | —e33 a2l
Oct. LE 61 32 Oct. |52 __ 65 34 Oct. 33 0 23
Fov. |__ %3 .61 __ 20 Nov __sh ___65 35 Fov. |_._..28 _ .19 _22
Dec. 30 1T Dec. f__ 3 7k 25 Dec. |39 W7k _29
Total 1,680 3P [{5% Total 1,205 s 543 Total 83f Jb5 381
Jan. 25 80 20 Jan. 29 J9 23 Jan. L2 69 29
Feb, 25 .0 20 Feb. (.23 LT3 2L Feb., |___ 29 ___ .66 19
wrl _aI1 2k Mr., {__102 .83 sk Mer 91 56 51
Apr. 267 37 99 Apr. 251 .38 _ 95 Apr. IR U7 -y . S / —
My 155 L€ 11 My 270 3T 100 My 310 .31 A5
June -351 116 June 582 3Y 198 June __ 555 .23 139
4k Juy 230 30 €9 1950  July 427 223 98 1956 July 197 1 _61
Aug. j—60  ___.s0. 30 Aug. |_—2bo .31 52 Aug. |—96 .38 _ 3T
Sept. |——31 .65 .20 Sept. |—26 ks 3L Sept. |—Bl .56 23 .
Oct. |—238 ;2T oct. |66 .1 __ ko Oct. 39 59 23
Fov. |31 . .23 Nov. |_—Th .59 _ b2 Nov. | 33 _ .6 2k
Dec. 21 & 17 Dec ko _ 6§ 32 Dec. |——m2R6 77 20
Total 1,265 L 936 Total 2,006 3R 192 | Total 1,621 R 612
Jan. 2L 79 19 Jan. 3k T 25 Jan. |——22 _IT 1T
Feb. 27 . Th 20 Fev. |— 2T .66 __ 31 Feb, |31 .70 _26
»er. W AR 28 Mer. T s _ bl Mr. |51 .68 _ 3.
Apr. 18 .58 L5 Apr. T58 Lg 6Q Apr. |— 60 .62 .31
My 52 38 My PR T AN TR § - S ey 116 .86 _m
g Tme 2Lg 38 93 June ”‘ih_?R .28 148 June |76 _ W27 129
Judy 28L 28 80 1951  July 3 25 I3 1957 July |—=380 .23 95
Aug. |25 39 ko ug. 20 — 28 58 Aug, |—1T. — 35
Sept. |——T6 . —_ng 3 Sept. |91 43 39 Sept. |——6B ——aBT 32
Oct. _ 64 g k0 Oct. 81 ___.s3 ___hu3 Oct. |—BA .55 36
Kov. k2 g 29 Nov. 50 &8 .3k Nov. _ L8 6T _ 32
Dec. 33, _,.1.%.. 2L Dec. —70 30 Dec. W . 29
Total 1,150 L S1g Total 1,972 36 EerA Total 1,548 38 sgl
Jan. 32 oI5 24 Jan. L) £63 26 Jan. 33 16 25
Feb. 26 77 20 Peb. T2 62 2€ Feb. [ BT .66 31
Mer. 65 262, Lo Mar. 52 63 33 Mar. 51 63 R
Apr. 131 L8 _63 Apr. 90 .52 99 Apr. .99 __.56 _35
My 212 RS B7 My 3h8 2 111 My 291 31 90
g Jme |30 .3 09 Jwme |30 27 __108 Jue |__266 _ . @&
153 J 1952 duly  |—ATn .33 _j.g_ 1958 July |—J& ks _3b
Aug. f__ 7L Lb7T 35 Aug. {(__90o _ .38 38 Aug. 51 53 27
Sept. |__52 27 Sept. |51 _ .54 29 Sept. 36 [ 23
Oct. 58 N 37 oct. |k .68 2T Oct. |[—33 _ .79 _26
Nov. 51 67 3h Nov. 28 .82 23 Wov. 3 W18 25
Dec, |_ 51 PR T Dec et o8 2 Dec. |— 31 o .7h 23
Tota) Total Total
1,225 U6 564 1,496 40 597 1,046 4 473

o obtein mg/l multiply T/AT by T35
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Table |
Colorado River Basin

Historical Flow and Quality of Water Data
Green River near Green River, Wyoming

Units =1000

To obtein rg/! multiply T/AF by 735

99

Concen- Concen-
Flow tration  T.D.S, Flow tration T.D.S.
Year Month A¥. AR Yegr  Month | (A.F. T./AF.
Jan. _ 28 _0.T 22 Jan.
Peb. 30 10 2 Ped.
9 Mer. o Jb 2t r.
12 Apr. Ll 2 P6 3P Apr.
19 1 My ol .60 56 ey
June | __322 6 Jume |_hog 3B 363 June
1959  July |__abo —"iL_h 48 1965 July |__keG .30 b0 July
Aug. i[2 SH0 P Aug. 18y € 66 Aug.
Sept. 2 255 _ 23 Sept. "R ,El Sept.
Oct. sl .51 .29 Oct. PR AN & W - W Oct.
Nov. L2 60 25 Nov. 15 265 L9 Nov.
Dec. 21 K 20 Dec. 20 .90 26 Dec.
Total 953 Y 419 Total 1,964 Lh 861 Total
Jan. 21 . 20 Jan. 37 .1 2t Jan.
Peb. 23 __ L8 18 Feb. T, & S S Feb.
Mar. 15 . .53 ___ho_ Mer. —_s8p T2 63 ¥er.
Apr. 8y Jbo L1 Apr. —13f .50 _fo Apr.
My 66 _.E 32 wy _ 160 0 &2 My
June 273 .30 52 Jupe 17T .31 53 June
1960 July |60 .43 20 1966 uly |9l _.b3 29 July
Aug. 38 ks 17 Aug. |—S6.. 82 29 . Aug.
Sept. 28 5k 15 Sept. |45 .60 .21 Sept.
Oct. __kp k7T 2 Oct. 3 .7 27 . Oct.
Nov. 47 .9 3 Nov. 30 .83 25 Nov.
Dec. 21 B2 _ 39 Dec. T2s 96 _ 2k Dec.
Total | gog L7 330 | Total 911 52 L3 Total
Jan. 20 .60 12 Jan. 19 _J.01 0 A8 Jan.
Peb. 19 _ .88 11 Peb. __ 19 o _a.0h 20 Feb
»er. 0 5T A7 wr., (__33 __ .07 .20 ¥ar.
Apr. 50 __ .60 30 | Apr. 129 ___ .54 170 Apr.
My 60 43 20 My __13¢ ___up 66 My
June _LGL_E_ .27 bk June _’,:_}6_ __.28  _12f June
1961 July | — ST k3 20 1967 July | MW& s 112 July
Aug. 3 15 Aug. BE __.3 .3 Aug.
Sept. |— 39 46 ___ 18 Sept. |65 _ .50 32 Sept.
Oct. 41 51 2t Oct. |62 .56 35 Oct.
Nov. 29 52 15 Fov. |___ b9 6k _ .3 Nov.
Dec. _ 21 __.52. . A Dec. AT 1.07 18 Dec.
Total 550 ks 2Lz | Total 1,523 39 sol Total
Jan. 3 L1 15 Jan. 17 _.2.03 IR Jan.
Peb. b .8 23 Feb. 16 _.l.03 a6 Feb.
Mar. U A S | Mr. __n% .06 _ 2R Mer.
Apr. 20 43 27 Apr. 3 93, 29 | Apr.
Moy _ 256 ___ .36 g2 My 56 .68 38 My
June __ 388 .27 @& June |__271 .o __108 June
1962 July 50 27 £8 o6 Wy (LB a3 July
Aug. __oh .37 35 Aug. 136 b0 sh Aug.
Sept. 38 S8 2 Sept. |—26 _ .37 LT Sept.
Oct. 3¢ .63 . ob Oct. NS ZE SN 't . § W Oct.
Nov. 3% .66 _ 23 Nov. sk __ .58 ___ 3 Nov.
Dec. — 25 __ .88 22 Dec __ " .___.Bs 26 Dec
Total 1,451 38 SLE Total 975 Lo L& Total
Jan. 18 .72 13 Jen. |——SL .61 _ 31 Jan.
Feb. 18 T2 13 Feb. |82 M6 Wl Fed.
Mar. L2 .61 ___ 28 wr, |80 .56 _ 4 Mar.
Apr. 51 .63 . ® Apr. W 6 65 Apr.
May 200 __Lbs ks My 207 .36 I May
Jume |__33T _ .26 ___ P& Jme |_ 32 .28 86 June
1963 July |23 .32 LB 1969 July __ash L3k 22 July
Aug., |— 16 BT 36 Aug. |97 k7 __ 46 Aug.
Sept. |— 11 b3 33 Sept. |—68 w8l 35 Sept.
Oct. 58 .50 .29 Oct. |81 .k ___bo Oct.
Nov. 52 __.60 3 Nov. 50 .60 .30 Fov.
Dec. 30 .60 2P Dec. (42 .60 _ 29 Dec.
Total 1,002 L] u2 Total 1,362 Lo 575 Total
Jan. 23 ___ sk .13 Jan. 38 AT 28 Jan.
Feb. 22 .59 13 Peb. 33 16 25 Feb.
Mer. .29 _ .59 17~ Mr. | s8 ___.60 35 :"'
Apr. _ 68 __a56 Apr. __5S2 pr.
wy | EE _m L . | —% ey
June |33 .38 123 June |__20b .37 — T3 June
o6y Y |3 26 P2 g0 Ny |21 36 M July
Mg, |81 .9 .3 Mg, |.—_.B6 __ b3 3T Aug.
Sept. |31 __.6s 2 Sept. |75 .5 _ 3 Sept.
Oct. 2k .92 ___22 Oct. 60 .55 _—3& Oct.
fov. 26 BB 22 Nov. L9 BT 33 Nov.
Dec. 25 LB 21 Dec. k3 70 Dec.
L Total " . - Total 934 .51 478 Total
1,13 Q0 b1
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Table |
Colorado River Basin
Historical Flow and Quality of Water Data
Green River near Green River, Wyoming
(Annual Summary)
Units-1000
Flow Concentration T.D.S.
Year (A.F.) (T.7A.F.) (Ma. /1) {Tons)
1941 1,109 __0.48 349 __  ...5217
1942 1,154 45 330.._. .._5l8 __
1943 1,680  _ .38 _ 280 641
1944 1,265 42 311 536
1945 1,150 .45 132 519
1946 1,225 46 338 564
1947 1,926 .37 279 , 714
1948 1,113 46 137 510
1949 1,205 45 330 541
1950 2,096 .38 278 792
1951 1,972 .36 267 116
1952 1,496 .40 293 597
1953 _ 1,084 .43 315 465
1954 1,183 .39 287 462
1955 _ 838 45 334 381
1956 1,621 .38 277 612
1957 1,548 .38 282 594
1958 1,046 45 332 473
1959 953 44 320 415
1960 698 47 347 330
1961 559  __ .43 319 243
1962 1,451 ‘ .38 276 545
1963 _ 1,002 41 302 412
1964 __ 1,136 ___.40 296 458
1965 1,964 .44 322 __ 861l
1966 911 .52 332 473
1967 | L,573 T 39 287 __ %% _
1968 975 .49 363 __ 487
1969 13§63% L2 310 575
1970 Sl 376 478
Total 38,179 —_ 16,085 __
Average 1,273 L2 308 534
Sampled quality record May 1951 to December 1970; remainder by
correlation. .

Measured flow record January 1941 to September 1945; and April
1951 to December 1970; remainder by correlation.
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I Table 2
Colorado River Basin
l Historical Flow and Quality of Water Data
Green River near Greendale,Utah
Units -1000
Concen- Concen- . Conoen-
Flov tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
Year _ Month (A.r.) . (T./A.F.) {Tons) Year th (A.2.) (‘r./A.r.)_‘% Year Month Ar. T./AF. Tons
Jan. 21 25 Jan. 3R 0.8 Jan. [k JE: -
Fed 25 o9 | Feb 31 _—.Be 33 Feb T .8
Mar. _° B R Mer 395 . .f2 320 Mar —_— 7 —86 —63
Apr —a " Apr T 336 .62 o8& Apr 96 .16 I3
My T 276 l58 160 My T s Wb 2i0 My 110 .6k __T0
June L) b0 175 June 608 .36 225 June k2 .39 AT
-1941 July AT .55 gk -1947 July (372 ——a3h —A3—, 21953 Ay |98 .39 —T—
Aug. 110 T3 . 80 Aug 218 R Q9 Aug 105 Sl 57
Sept 78 50 Sept. 9l .53 —___& Sept 43 63 27
Oct. 1::&: .97 55 oct. |99 .10 1 Oct _Eg_ ﬁ —fl'_
Nov ' ol .93 66 Rov % __-g_ ﬁ:' Nov .
Dec 36 1.19 43 Dec. a8 Dec .97 3
Total 1,521 63 957 Total 2,47 47 1,143 Total 1282 .57 725 |
Jan — 0 30 Jen [ " SRRV U Jan 28 1 3
Fev 31 1.00 31 Ped T w88 38 Feb T3 __ .87 3k
Mar — 69 —Tht wr oo .19 8 Mar 6 & 0
Apr T 261 .6 110 Apr 3157 .70 3o Apr o1 65 66
wey _23;:_ _.%i_ _180 »y T a6 .8 26 My T agp a3 Gk
JJ:TY ek 193 1968 Jme | b5k .36 162 195 June | 223 .36 AL
-1942 239 LU0 - July 126 b3 - July —13
Mg |13 a8l —i P — jﬁ P hug. — — %=
i:pt Lo T2 29 Sept. |—33 IO 25 Sept. b5 _ .60 3
t. 36 1.00 Oct. - —_30 Oct -1 —bo
Fov. |35 1Al i Nov. ﬁ __._5_.g 29 Nov. |—— Bl :g';: 35
Dec Tah .06 36 Dec. |—— 3 .00 3k Dec. |20 1u05 2l
Total 1,507 63 95 Total 1,458 .53 768 Total | q,oug W47 501
Jan 33 _l00 3% Jan _om o .% 28 Jan ok .75 A8 o
Peb 3 _ .91 36 Peb 29 .93 21— Peb 2 _ .7 AT
Mr " SN ' S— & wr T 73 .8 65 Yor, | 4k 3101 .k
Apr ok .8 125 Apr s .69 105 ¢ Apr. |—-106 .6k 8
My 33 .38 130 wy 30 .53 165 wy 68 .52 B8
Jume |__ 52 _ .33 a8 Jme | b9y __.W7 2% June |__ 288 __ .33 95
S1943 July |33 .29 13 1949 Jay |_205 .o % 11955 oy |k .08 b
Aug TR k7 26 Aug T 6L rog. | _Bo .52 k2
Sept. |__6h  _—.sb 38 Sept. | M2 o aTH 3l Sept. |— 38— W58 22
Oct 60 .72 k3 oct. |——120 .93 65 Oct. |38 _ .68 26
Fov T ey .83 __ b5 Nov 66 .91 . bh Fov 3% .15 2T
Dec 37— WBa. 33 Dec ko .97 39 Dec. | b5 3
Total 2,089 bl Total 1,983 61 Total 1,021 53 58
Jan. 0 a3 28 Jan. ___?; 1.19 __'33_ Jen. | so .86 4
Feb. . 32 1,00 3R Feb. A5 .95 43 Feb. 3B g6 0 29
Mar 43 1.8 T wr 150 __.%_ —» Mer. |_.330 . 70
Apr. —3us .55 290 Apr 323 .46 _ 190 Apr T on3 k3 8T
My o5 .58 ke My e b 100 My T3/ .39 bk
June |__ b .37 —ATh June |74l .37 23 June | 615 .29 __J%t
S194s Fuly | 278 _Aie. T J1950 July |——hs8 .3k ___\5%_ 11956 July |—=RQ7 ——e33
Aug. 76 . 3T Aug. 183 .51 _ I8 Aug. ook Lk M
Sept. (.36 __ .61 .22 Sept. |— 86 2 53— Sept. | —HE— b 2
Oct b7 .83 39 Oct 76 T2 55 oct —ue Lk 3
Nov. [ 39 36 Nov 8o __.%E— 60 Nov T L2 32
Dec. |21 a3 Dec 61 .8 ___ 5L Dec. | 26 _ B8 23
Total 1,672 5k Total " 2,605 W7 1,244 | Total TN S N . TR
Jan, |2 _ .97 28 Jan. |45 .80 36 Jen. |28 .86 2h _
Feb T ah .ok 32 Feb & .82 50 Feb T3 .19 3
Mar ___fs. BB 5T Mar _ 93 .78 _ I3 Mar T 66 e 0
Apr 3 LW 19 Apr — ;2 . L.h7 100 Apr 86 61 3B
May 76 .60 205 My 3¢5 b5 17T My T 275 .5k L8
June | __310 __.h6 1k Jme |__ 626 _ .36 _ 285 June |- 685 .31 23l .
yoas July |35 .37 120 1951 July | 366 .36 12 -1957 July 36 _J.Es_
Aug, TS S - - B Aug 228 , __.uk 201 Aug. _ .97 . Sl
Sept. |__103 b3 b Sept .56 55 Sept. | — 82 —a38 48
Oct. . __.%_ __Eg_ Oct SR 5N « oet. |11 .69 33
Nov 52 . _ Nov _on 58 Nov. 57 .00 3T
¢ & 34 c T sh 87 41 Dec. | b6 __o1 k2
Total 1, L97 55 806 Total 2,334 L8 1,118 Total o020 .50 1,00 |
_ Jen. 39 290 35 Jan e} .82 Lo Jan b3 .11 33
Feb. 33 85 28 Feb 52 .81 42 Feb 55 .80 [N
Mer. 88 67 59 Mar T 6y 15 b1 Mer —— 66 47
Apr. 237 48 118 Apr. 318 - .62 198 Apr (v
My 208 Ll 130 »y __ 600 .39 23 May 3 39 151
June 35 7 133 June S5k .3 200 June 335 .38 127
-1946 July 162 40 6l -1952 July 205 .56 U -1958 July 87 .50 Ll
Aug. 81 Cvi Lk Aug 12 50 2| Aug 57 .56 R
Sept. &2 50 37 Sept. |__ 67. — .61 4G Sept. 39 69 27
Oct. 68 76 52 Oct. o I%Z Oct 26
Nov. Fov Nov
| =8 —=% fove | —3 b —i— Tov. |- —f— —2—
Total 1,547 52, 799 Total 2,149 .52 1,117 Total 1,310 .52 677
To obtain mg/l multiply T/AF by 735.
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Green River near Greendale,Utah

Table 2
Colorado River Basin
Historical Flow and Quality of Water Data

Units =1000

Coneen- Concen- -
Plov tration T.D.S. Flow tration T.D.S Flow tration T.D.S.
ear nth ALY, . /AF.) (Toms Year _ Month AR, AR, (A.2.) (?./A.F.) (Tome) |
Jan. | — 22— 25 ] Jan. — . Jan.
Feb. 3 .1 20 Feb. 213 .70 Peb.
Mer. B85 .92 60 mr. TT233 _1.05 i wr.
Apr. |98 .m0 Apr. 2062 o 160 | Apr.
Moy s .57 66 May e .__iﬁ— My
June |—368 .36 1324 Jme | _—B6_ .86 L T | June
11959 July |76 .5l — 90| -1965 July 29 8 25 July
hug. |93 b7 b | Aug. _&_ __~-'i PR+ hug.
Sept. | =SB _ .79 b6 Sept. - :& Sept.
Oct. IR - I - . - Oct. 19 .19 Oct.
Nov. e .16 39§ Nov. 120 _‘?_ 88 Nov.
Dec. |31 .99 3T Dee, |26 .65 ___ 15| Dec
Total 1,190 .58 687 | Total L.U37 .79 1,12 Total
Jan. |26 & 2 Jen. 12 .64 u6 Jan.
Feb. 29 .86 ___ 25 | Feb. T2 G5 Al Peb.
Yr. |_aky .70 104 | Mer. __1_'%_. P ____lgh_ »er.
Apr. _ b .55 —T7| Apr. ___g__ PR— ' Apr.
May _1e7 58 Ik My — 93 __% j Mey
oo 22 26 _ b3 93 oo e __ahs____jz___zg_ June
-1960 July __{.&._ 38 -1966  July __% —] ___g__ July
Mg, | B3 ﬁ 20 Aug. ng ___e __ 8 Aug.
Sept. |—33- —aS6 20 Sept. "EL-K .73 91 Sept.
Oct. __hﬁ_ ____ﬁt j Oct. b - LT 92 Oct.
Nov. —2 Kov. __ 8 .81 __%_ Nov.
Dec. 27 .8k 23 Dec. 1 .76 Dec.
Total 913 .58 6 Total 1,189 15 B8 Total
Jan. 27 .13 20 Jan. 142 .74 105 Jan.
Pev. |20 .71 2. Peb. 6 E) 72 Feb.
W, | 6h .86 53| Mer. 7 77 52 Mer.
Apr. 76 .69 52| Apr. 5 .81 69 Apr.
Moy 79 s k1 ey 2 .83 My
e |22 .32 6l June 9 .83 162 June
L1961 July |96 bk 29 -1967 July .85 s Fuly
Aug. __ 43 .58 253 Aug. .86 __162 pug.
Sept. 30— .68 3T Sept 0 _.82 148 Sept.
oct. |84 .70 k8 Oct. 88 .87 164 Oct.
Fov. |k .70 __ B Nov. 173 .85 147 Nov.
Dec, | b .78 3k Dec. 197 .12 142 Dec. -
Total 781 59 Total 1804 .81 1469 Total
Jan. 43 65 28 Jan. 187 .70 131 Jan.
Fev, | B3 .81 _ 67 Feb. 123 12 89 Feb.
Mar. 150 LBk 126 Mer 76 __.83 63 Mar.
Apr. |37k .55 206 Apr. |_—_-9  _.B8 84 Apr.
May 3ok . 62 May _ 119 _.BL 96 May e
June |._us6 ko _J.Bg_ June 97 _.11 13 June
21962 July 297 __‘3!).‘23— _ 116 -1968 July — 198 _ .75 . 148 July
Aug. 109 a2 Aug. 200 .15 __150 Aug. —_—_ —
Sept. | __.ob 28 Sept. |__ 181 .15 136 sept. |-— — ——— ————
Oct. L .79 __3?_- Oct. |__140 .73 102 octs |— — ——
Nov. 5 _ .80 Nov. _ 137 _ .68 93 Nov. — ———e ———
Dec, |—2b 9k 5 Dec T137 _.e8 93 Dec
Total 2,019 51 1.09h Total 1691 75 1260 | Totel
Jan. .23 .91 21 Jan. 183 .19 128 Jan. - —_—
Pev, |_ 26 __.e2 24 Feb, |_ 219  _.73 160 Feb, |—  —— —
Mer, |6 .83 S5 Mer. 166 T4 123 wr. | ——
Apr. |—& - —.87 T Apr. |_2s0 .78 AT Apr. |—m-— ———— —
My __ 8 __ .87 1 My 0 .78 k9 "y - —_—
June PR . .86 __J__—‘—é_— June A_m__m _aL_.ZL 80 June —_—— —
-1963 July —-—2— _—-g—’-— July 7 July EE——-——— e
Aug. .83 5 -1969 Aug. 19k .72 140 g, |—m— —— ———
Sept. __—g—- . 26 [ sept. |_—165_ .12 119 Sept.
Oct. _-g—- —_1 Oct. 129 __.6g B9 Oct.
Nov 1 __.% 11 Nov. __129 .63 & Nov. -
Dec. 6 ___.ﬁé__ Dec. bl b2 122 Dec. —_— e —
Total 170 -7 133 Total 1.gA8 e 1 Total
Jan. |58 . .57 .33 Jam. |__201  __.&2 63 Jan.
Fevb. |__ 96 . .57 _ 32 Feb. |__78 .62 W8 Feb.
Mar 37 .59 .2 Mer. TEy .6k 82 :ar. -
Apr. —35 __.%ﬁ'_ Apr. 100 VY-S /- PT .
Mey 91 _ .O% j My Al 6T _ 43 May
June 8 .60 ___ 52 June 87 67 ___sB June
1964 T _a%0 .6l . @ sg70 My | 19— &5 . 17 July
Aug. 322 L1 Ik Aug. T o7 6B 86 Aug.
Sept I Y-S W o H Sept. RTINS — - Sept.
Oct. _ 150 __ .64 102 Oct. " T - W — - T Oct.
Nov. 139 60 83 Nov. 66 68 45 Nov.
Dec. |—gk A2 120 Dec — 80 _ 63 50— Dec.
Total 1,258 .61 770 Total 1,088 .66 718 Total
To obtain mg/l multiply T/AF by 735.
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Table 2

Colorado River Basin

Wistorical Flow and Quality of Water Data

Green River near Greendale, Utah
(Annual Summary)

Units—1000
Flow Concentration T.D.S
Yoar _QQLE;) (T./A.T.) (Mg. /1) (Tons)
1941 1,521 0.63 462 957
1942 __ 1,517 .63 _ 465 93
1943 2,089 _ b 327 928
1944 1,672 .54 397 _ 903
1945 1,497 235 406 826
1946 1,547 .52 380 799
1947 2,447 47 343 1,143
1948 1,458 .53 387 768
1949 1,583 .61 450 969
1950 2,625 47 348 1,244
1951 2,334 A48 352 1,118
1952 2,149 .52 382 1,117
1953 ....1,282 .57 416 725 .
1954 1,249 47 348 591
1955 TT1020 .53 __ 381 538
1956 _1,8% 41300 TT%
1957 _ 2,020 .50 368 1,011
1958 1,310 .52 380 677
.1959 1,190 .58 b2 687
1960 973 T .58 ] 425 563
1961 781 _ .59 433 460
1962 2,019 .51 373 1,024
1963 — 110 .78 21> 133
1964 1,258 .61 450 770
1965 1,437 .79 584 1,142
1966 a8 W75 %0 889
1¢67 1,804 -81 599 (1,469
1968 B T Y - 5487 1,260
1969 1,988 .22 506 1,425
1970 1,088 .66 L83 718
T(‘ta] . ‘__,._‘_;‘_%3... R —
| Average ] 25900 D6 it 886
Sampled gquality record October 1956 to December 1970 (fragmentary) ;
remainder by correlation.
Measured flow record entire period.
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‘Duchesne River near Randlett, Utah

Table 3
Colorado River Basin
Historical Flow and Quality of Water Data

Units = 1000

Concen- Conoen- Concen-
Plow tration T.D.S. Plow tretion  T.D.S. Flow tration T.D.S.
IYesr  Montd (AF.) (T./A.?.) (Toms Year  Month | (A.F A Year Momth | (A.F. 1. A.o . s
Jan. o5 1.2 28 Jan. 2 1.0 28 am. 39 0.9 35
S D i v i L e S v S b s v - st
ar. 1 L 36 wer. |3 _l.2T. L6 wr. |3 Ll _LE
Apr. |___20 _1.00 _J%_ Apr. |23 _3.20 30 Apr. (13 LT _?_):}__
My 155 250 ki My b3 .53 76 ey 2 o 2
Jme |23 .38 PR Jume [__158 __.ho 78 Jme |_30T  __.80 6L
1951 July 35 1.21 39 1987 July 3 1.18 9 1953 July | 13 . —A.JT 23
Aug. 18 1,50 27 Aug. 25 1,28 R Aug. 12 1,715 21
Sept. 1E 1,60 2L Sept. 12 . _1.T5 21 Sept. |5  _2.20 1
Oct. |__54 _ .93 _ 20 oct. |17 _l.6s 28 Oct. |9 . _—2.00 18
Nov. El .90 L6 Nov. 29 1.21 a5 Fov. |20  _l.o 28 _
Dec. 1.0 L6 Dec. |3k 19 37 Dec. |__ 26 . .31 3
Total 521 .1 2 Total 569 .86 LB Total 6 12 66
Jan. Lo 90 36 Jan. _ 29 _2.00 __ 29 Jan. 27 .l 30
Feb. 3B _1.00 __EQ_ Peb. 26 _1.3 3 Peb. |25  _ .28 R
wr. |39 _1.23 _ b8 Mar. | b0 _1.20 LB wr. |20 _l.f0 36
Apr. T 50 90 b5 Apr. A .23 38 Apr. 13 1.7 23
Moy — 8 _"11.2_’ — 60 wy 10, .19 55— Moy 36 _l1a1 bk
Jume | aTh .B6 19 June | — Sl a2 kT June |5 2.0 12
1942 July |23 _deb3 33 1948 ly |— 3 200 9 1958 gy |2 —J.00 6
Aug. B _2a2 1T Aug. 2 k.50 7 Aug. 3 koo L
Sept. |5 _2.0 12 Sept. 1 _3.00 3 Sept. |6 _2.33 _db
Oct. 18 _1.0 .27 oOct. __L_z.laﬂ___lt Oct. |1l _d.59 27 .
Fov. 22 I 3 Bov. |—24 _J.T _ 2 ¥ov. |18 - l.s0. 2T
Dec. 28 _1.28 36 Dec. |——26 227 33 Dec. |-——1B  _d.s0 2T .
Total | s26  .eg  Le3 | Total {298 Total | 288 ke 29€ |
Jazn. 26 112 29 Jan. 24 _3.08 26 Jan. |—25 .08 27
Peb. 20 _2J7T 34 Peb. _._‘c’.ﬁ_ 130 X Peb., |21 b3 30
wr. |20 b er. L 120 53 Mer. | 3h .38 b7
Apr. 43 __1.00 b Apr. T W6 98 k5. Apr. |—22  _ A
"y 300 __ .6 _ 64 My 127 __.s6 T Wy __ 45 _1.00 _bs
June 103 .62 _ L June __23 __.m 90 June 3 _1.00 37T
1943 July 286 __l.21 3k 1949 July T 5p .ok 4T 1055  July |2 300 _ 6.
Aug. 23 .39 R rge | ——T 2k 15 Mg, | £ 22 AT
Sept. (.. & _2.00 _ 16 Sept. |8 _233 AT Sept. ' 2.50 10
Oct. |22 _l.s0 3 . Ooct, |5+ _1.,28 3R Oct. £ 2,33 14
Kov. 2b 1.29 3l Nov. _ 29 12 35 Fov. |_ 15 _1.60 2k
Dec. 29 .28 R | Dec. 28 129 36 Dec. |29 = _.J.20 35
Total | u60 .99 hsk | Total [35% 18 497 Total 245 .2 3
Jan. 23 _1.08 25 Jan. k| 1,00 3 Jan. 27 1.00 27
Peb. 26 1.3 3 Feb. % 1,23 » Feb. 23 . __1.3% 3
Mer. _TLE .20 52 Mer. __ ko _ 1.3 %2 Mar. (25  _16n ko
Apr. 8 9k ks Apr. |__ b _1.00 kL = Apr. |—a7. 1.5~ 27—
Moy 126 57 73 May 91 __.61 €5 May . 7 6
June 259 .31 __gh . June 193 __Lh3 = _ B3 Jume |90 . AR AL
19kh  July & . 59 1950  July 45 _1.00  __ ks 1956  July |k - 2,75 21—
Aug. 8 _200 0 16 Aug. 9 2,00 18 Avg. |-—2  —Lo0 B
Sept. |— 1. 2L 13 Sept. |-——13 .17 23 _ Sept. | —31— —500— ———
Oct. 2k 337 32 Oct. _ 6. .56 2k Oct. |— Wk 225 9
Wov. |__ 26 _13 . 3& Nov _ 27 _l.26 .3k Nov. |_-11  _1.59 21
Dec. 28 313 3T . Dec. |33 _ L3 ks Dec. |19 321 23
Total £98 20 51 Total S8 81 ko7 Total 303 1.07 25
Jan. 30 _.30 Jan. 26 1,00 26 Jan. oy 105 22
Fev. |— 21 __L.l% T Feb. 26 231 3 Feb. 20 205 21
wr. |2 +k0 ks Wer. |__ 23 _1.56 36 Mer. 22 25U _3b
Apr. 2 1.29 = ___ 31 Apr. kv o_ai.m 2k Apr. 12 _1.83 22
My T 59 .86 s wy |10 _ .15 __s9 May 3 —1.23. M8
e = = oE e -
1945 Ju . 37 1951 July A 1,29 [ 1957 July -
Au):.' T3 "ads 0 At Ag. |26 _1k6 _ 38 Aug. 18~ _ L& 2e
Sept. 127 1.7 2 Sept. |10 _1.90 19 Sept. |13 Ll 22
oOct. 21 1,38 29 oct. |—_=25 _1.28 2 oct. |_19  _l.ab 33
Nov. 2% 1,27 a3 Nov. T T» 122 3 rov. |—Bl ..i.ﬁl__ 58
Dec. 2 1.37 33 . 1,22 Dec. _ 1,07 3
Total T ToT_ 1,08 s rotar” " AW - Total ¥ 9k Jo8
Jan. _ 23 _1.a23 26 Jan. 28 __1.07 20 Jan. 29  __.B3 _2h
Peb. 21 1.38 29 Feb. 26 3.3 © . 3b Peb. |31 = _ 300 3
Mar. 29 b Mr. |31 _1ho __ bbb wr 35 _1.37 kg
Apr. |40 100 O Apr. |__ L _ 60 BT Apr. |[—29 .07 -—n
ey 0 1B 55 My | 30b .3k _103 Wy [l M6 &5
Jme |_ U7 __.95 b5 _ Jme |[__302 ___.33 100 . June |_203 k2 a3
kg Fuly |— 5 —2.60 13 1952 July 70 ™ 55 1958 July |—%  2s0 20—
Aug. & _ 2,33 A b Aug. 49 9L b6 Aug. |—2 . _boo Lk
Sept. |k _2.95. 11 Sept. |30 1.0 . 36 _ Sept. 3 2.33 7
Oct. 17 _1.53 26 Oct. .21 _1.38 29 Oct. 8 _ 260 .33 -
fov. |__ 3 _122 39 wov. |26 1.3 3 Bov. |__ 14 _ 1,93 _27
Dec. 3% —a20 - —36 Dec. PRSI R WE UGS\ S Dec. —21 312k g
Total Total Total
k1% 1.16 275 1,035 £0. £1g e i) 329
To obteir mg/l multiply T/AF by 725
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i
l Table 3
Colorado River Basin i i
I Historical Flow. and Quality of Water Data i
. i
Duchesne River near Randlett, Utah !
Units -1000 i
. Concen- Concen- Conoen- Jr
Flov tration T.D.S. Flov tration  T.D.S. Flov tration  T.D.S. :
(Ar.) (T./A.r.) (Tons) Year _ Month AR, A IYear Mopth | (A.P. ofAs
Jan. 22 1.1l 28 Jan. 2 _ 1,00 ___27 Jan. ;
Peb. 2L 2Ok 25, Peb. 21 1.38 —29 Peb. 3
[ —217 2.2 22 Mar. 26 sk o Wr. i
Apr. 2,00 __10 Apr. 7312 L6 37 Apr. I
» __,_P__.u.___ May RO 2 S Juig_ _52_. May |
; .mi. 3L .85 29 g5 Jme [ 302 ko ke June i
: 1959 iy |6 2,00 3> _ 965 gy |37 a1 Ry July i
Aug. : 2.75 1 Aug. g’é 296 25 Aug. f
Sept. 2,50 10 Sept. —1,09 3 Sept. ]
.3 Oct. 11 1,58 a7 Oct. + 128 sk Oct. i
: } Fov. 13 1,5% 20 Fov. T 1.13 53 Nov. :
3 Dec. —22 _l.R .29 Dec. |[_ L2 12 . kT Dec. i
3 Total 166 1.33 221 Total 05 80 721 Total
3 Jan. 23 I Jan. 0 .90 35 Jan. it
3 Peb. 23 83 19 Peb. —38 I8 28 Peb.
(e Mor. 27 1S 3. Mor. b7 _2.02 L8 ¥er.
Apr. — 8 .62 13 Apr. 35 120 4o Apr.
Moy —18 237 May —SA _l.01 2 My
June 23 91 21 1066 June 6 _1.R  __ 29 June
1960 July [ 1 4,00 ___u 966 sy |3 "m0 o July
Aug. |(— 1 _Lwoo Aug. |—3 300  __9 Aug.
Sept. 1 4,00 L Sept. £ _2.580 15 Sept.
l Oct. |.___ 5§ 2,50 32 Oct. 11 2.36 26 Oct.
Bov. 12 1.58 19 Nov. 19 1.T0 k1 Nov,
Dec. A8 1.33 2l Dec. —3 . _2.35 Lo Dec.
Total | 260 120 g0 | Total 306 1.2k 2w | Total
B Jam. |21 _1a0 _ 25 Jam. |33 1,00 a3 Jan.
Pev. [__1® 17 _ 2R | Peb. 30 —a98 29 Feb.
Wr. 20 1,50 15 wr. 151 bk 59 Mr.
Apr. 2 3.50, 1 Apr. __%_ W » TN Apr.
)z 3 2,33 7 »y —236__ _.F_ —LE May
June 3 2.67 £ June 253 W85 . 1k June
1961 July 1 4,00 b 1967 July 2JO 83 | July
Aug. | 1 300 .3 | Aug. L T Aug.
Sept.
Oct.
Nov.
Dec.

To obtain mg/l multiply T/AF by 735



Table 3

Colorado River Basin

Historical Flow and Quality of Water Data

Duchesne River near Randlett,Utah
(Annual Summary)

-'325 i 1

Units—1000
Tlow Concentration T.D.S.
Year (A.F.) (T.7AF.) (Me. /1) (Tons)
1941 694 0,75 554 523
1942 526 .88 647 463
1943 460 299 725 454
1944 698 .74 544 517
1945 407 1.08 795 440
1946 324 . 1,16 851 375
1947 569 .86 632 489
1948 298 1.14 836 339
1949 641 .78 570 497
1950 574 .87 636 497
1951 448 __1.06 783 477
1952 _ 1,035 .60 440 %19
1953 326 1,12 825 366
1954 188 1.48 1,087 278
1955 245 1.32 ' 969 323
1956 303 1.07 788
1957 456 .94 690 428
1958 416 .79 581 329 .
1959 166 1.33 979 221
1960 160 1.20 882 192
1961 145 1.35 994 196
1962 505 .81 595 409
1963 210 1,28 938 268
1964 356 .96 704 341
1965 905 .80 586 721
1966 306 1.24 910 379
1967 591 .84 ___ 618 497
1968 ‘ 582 .91 672 532
1969 | 620 .86 629 531
1970 163 1.48 1,001 2%5
Total __13.3. 1 1232
O T v Lk .92 677 L09

Sampled quality rec

1956 to December 1970; remai
Measured flow record October
correlation,

ord December 1950 to Septe
nder by correlation.
1942 to December 1970; remainder by

106

mber 1951; November




Table 4
Colorado River Basin
Historical Fiow and Quality of Water Data
Green River at Green River, Utah

Units =1000

—

Concen-
Flov tration  T.D.S.
A.¥. AP

—15h—
' 3,519

2,148

Flow
AP

tration  7T.D.S.
oJAF.

To obtain mg/l multiply T/AF by 735.
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Table 4
Colorado River Basin
Historical Flow and Quality of Water Data

Green River at Green River, Utah

Units =1000

Concen- Concen- Conecen-
Plov tration  T.D.S. Fiov tration  T.D.S. Plov tration  T.D.S.
[Year _Jouth L (A.F. T./A.F.) (Toms Year  Month I A IXear  Mopth | (A A s
Jan. 97 1.3 110 Jan. — 300 0. 21 Jan.
e |k T . | TR o -
5 »r. 146 =9 237 Mar. 3618 288 b Mar.
3 Apr Eig .E 166 Apr. .gl .19 4og Apr.
May . 202 My 89 __g_ 317 Moy
June 763 3% 259 June 1,207 . 07 . June
-1958 a1y Ea 51 176 . 1965 gy 546 52 28k | July
Aug. 179 -90 16 . 208 Ol 21k Aug.
Sept. |___10L — 96 Sept 189 0] Sept.
oct. |78 :;ﬁ oagg e m— gz - oct.
Nov. - 283 Nov. . Nov.
Dec. :1% e Dec _L_Eg . %1 Dec.
Total 62 1 i Total 5,211 .65 3,2 Total
Jan. 95 1.05 100 ° Jan 181 __ .g& 156 Jan.
Febd, 102 .95 __ 97, Feb. —166 .80 _ 1331 Feb.
ar. } 320 83 _ 266 Mar. (393 g0 _ 34 ar.
Apr. |—.83k ___.51 272 Apr —390 66 257 Apr.
My ____al. —_—3 215 | My 566 ___4B  __ 272 My
Jme j__ 683 .33 _ 225 June — 325 _ 5% ___179 June
“1960 sy {170 _ .52 88 -1966  py 47 ___8s 125 July
Aug. 69 .76 52 Aug. 147 96 14l Aug.
Sept. 5 9 35 Sept. (157 _ 101 ___159 Sept.
Oct. 9 1.00 96 Oct. 180 101 qe1 Oct.
ov. 108 .90 _gg_l Nov. |__159 __ 106 169 Bov.
. 8&410 1.06 146 112 16k
2 . | 2.966 .76 2,260 |

133

216
2,064

To obtain mg/l multiply T/AF by 735.



Table 4

Colorado River Basin
Historical Flow and Quality of Water Data

Green River at Green River,Utah
(Annual Summary)

Units—1000
Flow Concentration T.D.S.
Year (A.F.) (T./A.F.) Mg./1) (Tons)
1941 4,608 0.71 522 3,271
1942 4,622 .65 475 2,989
1943 4,29 ~ .60 439 2,565
1944 4,417 .58 430 2,582
1945 4,260 .60 441 2,558
1946 3,519 .61 449 2,148
1947 5,523 .54 398 2,991
1948 3,928 .58 425 2,270
1949 5,129 .59 435 3,039
1950 5,476 .59 433 3,223
1951 4,738 .60 442 2,847
1952 6,712 62 457 4,172
1953 3,334 .67 491 2,225
1954 2,638 .68 503 1,807
1955 2,791 .62 456 1,733
1956 4,021 .51 374 2,045
1957 5,808 .53 387 3,060
1958 4,212 .57 422 2,421
1959 7,88 .62 59 T 1,802
1960 2,864 .57 422 1,645
1961 2,265 .64 471 1,450
1962 5,601 .55 404 3,077
1963 1,576 .79 579 1,241
1964 3,242 .63 463 2,064
1065 5,211 .65 481 3,412
1966 2,966 -76 560 2,260
1967 4,227 17 L 566 ] 3,257
1968 4,589 =70 ST 3,295
1969 5,022 .70 1 18
1970 3,964 .62 252 2,15170
Total Ioh el Ap—— W
Averago 4,1k9 .62 456 227

Sampled quality record entire period.
Measured flow record entire periad.




Table 5
Colorado River Basin
Historical Flow and Quality of Water Data
San Rafael River near Green River, Utah
Units —1000
Concen~ Concen- Concen~-
Flov tration T.D.S. Plov tration T.D.S. Ylov tration  T.D.S.
Year Mopth | (A.F.) (-r./‘f«.r.) (Tons) Year _ Month | A.!’z. AR, o |Year Month | (A.F.) (!./Ag.) Tons
Jan. 2 0 Jan. |___ 2 _ .5 Jan. 3.
Fev. 2 L0 ] Feb. 5 3.0 5 Peb. 31 22
Mar. 6 3.5 + r. l; gg 5 Mar. 1'? 19
Apr. 1 __ ko Apr. . Apr. .
", s - e & wy |33 1.h 5 Moy 5. 1
Juie 49 2 59 June 26 ;] 'y June . Ly
gkl Juy |7 2.9 .20 <1947 July 5 3.6 -1953  July 5 3. 3
Avg. 6 ,3‘.3 20 g:g 22 .l(; 58 g:gt ‘.g 33.
Sept. 2 5] 9 pt. 5. 5 . . 5
o:lt). 5 %.0 20 Oct. —06.0 2 Oct. 4.3 17
Nov. 5 l):.e .}) Nov. 2 3.8 5 Nov. & Iig 13
Dec. 3 .0 Dec. 3.2 Dec. ; k.8 b
Total 139 1.9 268 Total I3~ 2.6 28T | Total 2.9 235
Jan. 6 2.8 1& Jan. 3.7 1 Jan. 3 4o 12
Feb. 5 3.6 1 Feb. 3.0 18 Feb, 5 3.8
ar. 6 . 22 Mar. 7 3.6 2 Mer. 5 3.8 5
Apr. . a.g 39 Apr. I 3.5 1k Apr. |3 b —13
Wy | 3%  __ LL _6‘*2__ Wy 16 1.4 23 My |8 29 _ 23
June 2l 1.2 June a3 2.2 _ 29 June 5.0 5
192 July 6 3.0 18 -1948  July 2 %) 8 -195F  Juy pY 5.0 5
Aug. € 32 .19 Aug. —_—f . 2,2 13 Aug. 1 3.0 3
Sept. 1 5.0 2 Sept. Q Q Q Sept. [y 4,0 16
Oct. 2 .0 __ 10 Oct. 1 5.0 5 Oct. 2 4.0 8
Nov. 3 K L ¥ov. 2 5.0 30 Yov. 2 L5 )
Dec [ A " 2 L Dec. 2 L5 9 Dec. 2 b5 )
Total | 237 2.1 266 | Total | 6 2,7 165 | Total | 3¢ 3.8 137
Jan. b 3.0 2 Jan. 2 4,0 8 Jan. k.0 8
Fev. 5 3. 17 Peb. 2 5.0 8 Peb. 3.5
Wr. |__6 3.8 __ 23 r. 9 33 30 »r. 3. 5
Apr. 15 2.9 [ Apr. —10 22 __ 22 Apr. : L)
Moy 13 2.1 27 Wy 30 3 2& My 3 -0 L
June _ak 2.0 __28 June _5%_ .2 —— June 6 2.8
J9k3  July 2 3.5 7 -1949  July 1 2. <1955 July g [
Aug. [ 3.2 19 Mg, | — 5 0 _i__ Aug. 3.T Y
Sept. Y 5.0 5 Sept. 3 ., . Sept. 0 % ]
Oct. 2 540 10 Oct. 3 L. 1L Oct. 5} [} 0
Bov. |__ 2 5.0 __10 Eor. i ::' b Tor. —3— _i..g_ —_—
Dec. 3 —3.7. 1l C. —_— Rl Co .y
mf 7 2.9 213 Total 135 2.0 75_ Total |~ 29 .5 101,
Jan. 2 1.5 7 Jan. 2 __hsS 9 Jo. 3 3.7 1
Peb. 3 3.0 9 Peb. & _ij_ 2 Peb. -3 3.3 10
wr. 6 3.5 21 wr. _ _F'.O_ _zg_ wr., |[—3 3.3 _ 10
Apr. 1 5.0 5 Apr. o7 2 Apr. — 1 j& T
»y 4o L, __51.8_ My — 9. 2.2 My —4
oy 5 » 26 oy | T s 956 Juy 1 %) »
- - — 26 -1950 X
19 ‘A’:iv. — 7 33 _ 22 % Aug. 1 3.0 3 Aug. —_1 30 3
Sept. by 5.0 5 Sept. bt 5.0 5 Sept. o] [+] Q
Oct. 2 5.0 10 Oct. 1 £.0 [ Oct. ) [°] 9
Hov. 3 4,7 1% Nov. — 2 _55 __ 1 Nov. —_—1 5.0 ___ 5
Dece |3 — 3 23 Dec. 3 b3 13 Dec. |— X 5.0 5
Total 1o 3.8 263 | Total 53, 3.2 17 Total 33 2,6 87
Jan, {—3 _ 3.3 _ 10 Jan. 2 2:0 10 dan. |2 3 £
p,ii. —3 __bo _ 212 Peb. 3 3.7 1 Pev. 3 12
Mar. 6 35 __ 2 Mar. 2 5.0 10 Mar. ‘-C 10
Apr. 1 6.0 [ Apr. 1 .0 [ Apr. 5.0 __%_
My 22 1.6 35 My P . __.1'_?_ _%__ =y 1 . — =28
June 27 1.5 & June 23 1. June B 79
-1gk5  July '3 3.2 29 21951 July —_ 3.7 B -1957 July 2
Aug. |—7— 3. 2h Aug. |22 2.2 __ 21 Aug. _Lz_ 2 :
Sept. 2 s g 8 Sept. 1 E.O z Septe | b ___:[.g_ __L__
gco:". g k,- 1 Nov. [ N 18 sov. |—2% 2 2 ‘L;
. B Dec. —3 __ 5.0 Dec. —3.5 1T
o | B 2 —t— Total B o ﬁ Total j— 1.7 %
Jan. 2 4,0 8 Jan. _3 37 11 Jan. L1 2.6 13
Peb. 4 3.3 13 Peb. 5 3.6 18 Feb. 8 __ 2.8 22
Mer. _ 6 37 2 Mar. |1k 31 bk Mr. |6 33 __20
Apr. 1L 3.2 35 Apr. —2k 2. 58 Apr. j: —.h
May 20 1.8 36 My 93 .8 I% My . _'%_
June 8 2.5 1% June 128 9 June 57 . _Z._
-1946  July 1 L.0 -1952 gy |19 11958 Tuly 2 k.0
Aug. 1 5.k 38 Aug. 12 3.3 Aug. LY ®,5 - 18
Sept. 0 0 g Sept. 5 2.8 1&; Sept. LS k.3 17
Oct. 2 5.0 Oct. 3 2T bl Oct. b S g.Q g
fov. 5 3.8 9 Fov. N .5 18 Yov. _i: .0
‘ Dec. 3 4,3 3 Dec. L 5.0 16 Dec. 33 13
Total & 3.1 217 Total 31k 1.5 466 Totel 1712 1.5 252

To obtain mg/l multiply T/AF by 735.
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Table 5
Colorado River Basin
Historical Flow and Quality of Water Data
San Rafael River near Green River, Utah
Units —1000
Concen- Concen- Concen~
Flov tration T.D.S. Flow tration T.D.S. Fiow tration T.D.S.
[Yea. AR, T./A.P Tons [Year _Month | (A.¥.) (T./A.F.) (Tons) Yesr Mopth | (A.P.) (T./A.P.) (Tone)
Jan. N Jan. 4 3.5 1 Jan.
Feb. L 3.0 12 Feb. 3 . 3.7 S Peb.
Mr. 3 4.0 12 Mar 3 4,0 12 Mar.
Apr. 2 3.5 1 Apr. 3 2.7 16 Apr.
Moy 1 5.0 5 Mey 18 1.6  __ 28 May
June 2 L.0 8 June rad 9 ) June
1959 July 0 ) ] 196 guy |38 6 & July
Aug. 1 3.0 3 Aug. —16 2.5 __ ko Aug.
Sept. 1 5.0 5 Sept. 1 4,0 20 Sept.
Oct. 1 4,0 L Oct. L 18 Oct.
Nov. 2 L.0 8 Nov. 5 L, 2l Nov.
Dec. 1 7.0 i Dec. 5 3.2 16 Dec.
Total 20 3.9 8 Total 184 1. 329 | Total
Jan. 1 6.0 [ Jexn. 3 3.7 1 Jan.
Feb. 2 3.5 T Feb. 3 3.7 1 Feb.
Mar. |__ 8 2.8 22 Mar. 8 3.5 28 Yor.
Apr. —3 . 3.3 __10 Apr. L 3.0 12 Apr.
wmy |8 1o 15 e L L5 18 My
June 11 1.5 17 June 2 k.0 g June
-1960 July 0 0 0 -1966 July 2 .5 9 July
Aug. 0 0 0 Aug. 1 3,0 3 Aug.
Sept. 1 4,0 b Sept. 2 5.0 10 Sept.
Oct. 8 25 _ 20 oOct. 1 8.0 8 Oct.
Nov. 2 4.5 9 Nov. 1 2:0 2 Nov.
Dec. 2 4.0 8 Dec. 2. 5.0 10 Dec.
Total LE 2,6 18 Total 23 4.0 133 Total
Jan. 2 3.5 1 Jan. 1 4.8 5 Jan.
Feb. 3 2. 8 Feb 2 3.8 8 Feb.
Mar. 2 9.5 11 Mar. 2 4.6 9 Mar.
Apr. 2 4.0 8 Apr. 1 5.8 6 Apr.
-y 3 3.0 9 ey 9 3.2 16 May
June 2 2.5 b June —_— 2.0 Wy June
-1961  July [ 0 9 -1967 July frd 2.9 21 July
Aug. i 29 __2 Aug. 3 3.3 10 Aug.
Sept. —2 3 Sept. |_——5 3.6 __18 Sept.
Oct. + 0 Oct. 2 4.6 9 Oct.
Bov. 35 1% Nov. 2 b5 ) Nov.
Dec. 2 5.5 9 Dec. —_2 — 5.0 __10 Dec.
Total | & 33 156 | Total | sk 3.1 15 Total
Jan. 2 k.0 8 Jan. 2 5.0 ___10 Jan.
Ped. 8 25 _ 20 Peb. 3 4 12 Peb.
wr. |__6__ __ 28 1T wr. |__ 3 16 Mer.
Apr. 1 1.3 2k Apr. 2 . 10 Apr.
My —29  __ 311 May 6 3.8 23 May
Jume 37 1.0 37 June -5 ji — 33 June
g6 Fuly |—7 2.6 _ 18 <1968 July | 6 2 July
Aug. 1 4,0 I Avg. |.—11 3.3 __36 Aug.
Sept. 3 3.0 9 ‘Sept. b 3.9 16 Sept.
Oct. |k L5 _ 18 oct. |——9% b3 20 Oct.
Fov. 2 5.5 11 Fov 3 :.1 12 Fov.
Dec. 2 5.5 11 Dec 2 1 9 Dec.
Total 2 1.8 196 | Total 7 3,0 219 Total
Jan. 2 _;_ > 1 Jan. 3 b0 12 Jan.
Feb. L . 13 Peb. 3 3.3 10 Feb.
Mar. 2 2. Mer. 9 3.6 3 Mar.
Apr. 1 -0 Apr. 13 1.8 23 Apr.
My .6 23 _ 14 My — 38 140 _ 39 My
June 12 ’g 22 June ._3§_ — 1. Lk June
- —— £ - 2.k 19 July
1963 AJW“G- 9 kB 231;6 1969 ::iy 9 3.3 30 Aug.
. |— . Sept. 6 3.8 23 Sept.
:’t’f _578_ T Ocz )’y ) 17 Ocl:
Nov. :‘ g Nov. e 3.0 12 Nov.
Dec. . Dec. —_h Dec.
Total L 3. 163 Total 133 23 it Total
Jan. by 6.0 [ Jan. 2 .0 8 Jan.
Peb. 2 k.o 8 Feb. b 3.5 P Feb.
Mar —3 - Mar. 2 6.0 12 Mar.
Apr. 1 8.0 8 Apr. 2 4,5 9 Apr.
My - ——29 My — 2k 1.8 .2l My
June 20 1.6 33 June __ B8 _ 1.2 ___ 59 June
-196k Jwy 4 0 3.8 15 agro Wy |9 2.9 26 July
Aug. -6 _i_'!__ 22 Aug. L 4,0 16 Aug.
Sept. 1 0 L Sept Y4 4,0 16 Sept.
Oct. 3] 4] [] Oct. 3 5.0 15 Oct.
Nov. 1 7.0 T Nov. 3 5,7 1 Nov.
Dec. 3 5.7 1% Dec. 3 4,7 T Dec.
Total 57. 2.7 157 ‘Total 98 2.3 22k Total

To obtain mg/l wultiply T/AF by 735.




e kel ) D

Historical Flow and CGuality of Water Duta

Table S

Colorado River Basin

San Rafael River near Green River, Utah

(Annual  Summary)
Units = 1000

TFlow Concentration T.D.S.

| Year (A.F.) (T./A.T.) Mg. /1) (Tons)

1941 139 1.9 1,420 268

1942 137 2,1 1,530 286

1943 13 2,9 2,140 213

1944 149 1.8 1,300 263
1945 85 2.5 1,850 214

1946 69 3.1 2,310 217

1947 111 2.6 1,900 287

1248 62 2.7 1,960 165

1949 135 2.0 1,490 274

1950 53 3.2 2,370 171

1951
1952
1953
1954
1955

1956
1957
1958
1959
1960

1961
1962
1963
1964
1965

1966
1967
1968
1969
1970
Total
| Avirape

Sampled quality record November 1946 to September 1949; November

2,020

206

1,090

466

2,130

235

2,800

137

WIW NN
.
wniloo |\OjLn~d

L]

2,560

101

1,940

87

1,280

330

" 771,080

2,840

252
—T—

N[ W =N

WOl Lnj <y, O

1,890

2,390

=N W W
0o} ~3t L1l 0o} W

133

2,846

4
3
3
2
2

W | oo

92

2.2kh

1950 to December 1970; remainder by correlation.

Measured flow record October 1945 to December 1970; remainder by
correlation,

112




-

- 19uk

- 1945

- 1946

Sept.

Total

Jan.

Aug.
Sept.
Oct.
Nov.
Dec.

Total

Jan.
Feb.
Mer.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

Total

8g 251 43
302 126 78
498 .16 80
185 229 ol
12 49 35
L5 ol 32
) 65 39
57 £ 36
59 .56 33
1,500 .35 523
41 ol 29
37 [3) 25
) .50 31
e
18 3
268 .26 70
1EL .33 9]
73 .52 g
18 RIS —38
&) L7 3b
.__a.._ —.bs 32
1,7 231 553
67 .48 32
Sk LSk 29
[N .95 35
157 .28 55
284 .22 62
362 .22 8
164 L0 65
53 251 b2
i) .66 39
is} .61 43
61 .59 36
17 40 £V
1,562 .36 5ho

6

5b
L
Apr. "“%)—1 1T T35
A —

R vl s e s
s | i
oct. ko -80 39
Nov : -go ‘hL
Dec. %—_ =61

Total 1,55 .38 58
Jan .56 33
Peb. .22 __ 30
Mar 51+ 229 ’jg

10 .
P £ .23 85—
ig .20 10

- 1951 J‘.nﬁ; 255 225 T
Aug. 132 .33 2
Sept. 17 .58 b
ocff .61 h;_

3 .51 3
EZ 63 .51 32

Total 1,591 33 [5T)
Jan 93 <] 32
Feb 47 N 29
Mar.

Apr. i “5?3'.3 —173“'17
M —_—
Fome _75L.3 Ty = -

- 1952 July 245 -3 3
Aug. 157 8
Sept. % = 53
Oct. 7 58 Zs
Nov. % .Qé 2
Dec. .5 35

Total 2,443 32 791

Tabie 6
Colorado River Basin
Historical Flow and Quality of Water Data
_ Colorado River near Glenwood Springs, Colorado
Units =1000
Concen- Concen-
Flow tration T.D.S. Flow tration 7T.D.S.
Year  Month (A.rBEJ_ ('r.ol.}.sr.) ('ra%a?) Year _ Month _(A.ré) (r.c/)Aég.) iXear  jopth |
Jan. : Jan. .
.5 22 . ___%B_K R
f::j ;1, .sg 30 ,’:3 .53 3
posiy 85 L7 i Apr. 123 237 "3
222 1
ﬂe —p— - ﬂ, —8 =&
- 1981 July 163 237 60 - 1987 Jay 430 .21 92 - 1953
Sept. g9 Sept.
X i - a— oS . i —y i —"
ror ) ) 37 Nov., e T3
Dec L8 67 32 Dec. 75 48 36
Total 1,723 L3k 91 Total 2,28 28 68 Total
—"

- 1956

- 1957
A

- 1958

To obtain mg/l multiply T/AF by 735.




Table 6
Colorado River Basin
Historical Flow and Quality of Water Data

Colorado River near Glenwood Springs, Colorado

i

|

|

|

I.
Units 1000 ? |
§

|

i

Concen - Concen- Concen- ;
Plow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. ki
Year Month .2‘= ) ﬂ.[A,}, ) lIggss)_ Year Month AX. AR, Jear Mopth AP, T./AF, 8

Total

To obtain mg/l multiply T/AF by 735.




~

Colorado River Rasin

Historical Flow and Quality of Water Data |
Colorado River near Glenwood Springs,Colorado a

e |

Table 6
|

l

(Annual  Summary) yf

Units - 1000 i

Flow Concentration T.D.S. S

Year (A.F.) (1./A.F.) (Mg. /1) (Tons) i
1941 1,713 0.34 254 591
1942 1,903 .33 239 620

1943 1,827 .33 244 607 _

1944 1,494 .35 257 523
1945 1,764 .31 230 553
1946 1,542 .36 262 549
1947 2,298 .28 207 648
1948 1,881 .32 236 604

1949 2,036 .32 235 652
1950 1,458 .38 276 548

1951 1,891 .33 241 619
1952 2,443 .32 238 791
1953 1,563 .39 290 616
1954 855 .55 404 470
1955 1,051 .49 364 520

1956 1,455 41 299 591
1957 2,462 .32 738 707
1958 1,680 .35 76T 596
1959 1,341 42 31T 567
1960 1,466 .39 785 568

1961 1,209 bl 322 530
1962 2,407 .33 240 786
1963 922 .53 397 492
1964 1,021 .52 38T T 7529

1965 1,764 .38 279 670

1966 1,024 A7 347 483
1967 1,210 .46 337 555
1968 1,350 42 312 573

1969 1,448 4o 290 273
1970 1,925 .34 246 6l5
Total L8, 403 17,866

verage 1,61 37 —_‘271 -“ﬁjﬁf—

Sampled quality record October 1941 to December 13970
by correlation.
Measured flow record entire period.

; remainder

115




Table 7
Colorado River Basin

Units =1000

Historical Flow and Quality of Water Data
Colorado River near Cameo, Colorado

ea

Feb.

June
-1941 July

Dec.
Total

Concen-

Flov tration T.D.5.
(A.?.) (T./A.F.) (Toms) |
65 80
67 N —127

82 . 91
— 133 . 110
— 803 228 225
315 47 __14R

144 g 131

—_—2

— 104
—1
2,554 .54

1,384

Year

-1947

Concen-

Flow tration T.D.S.
Month (Ar.) (T./AF.) (Toms) |
Jan. 2 1. 85
Feb. 299 81
Mar. 6 103
Apr. .63 112
May 09 . 227
June 1,027 +25 251
July 732 . 198
Aug. 40 .58 139

-1953

Coneen-

Flow tration T.D.S.

th | (A.P.) (T./A.F.) (Tons)

Jan. 99 1.0 102

Feb. 80 1.0 85

Mar. 102 -9 98

Apr. 136 278 106

My 346 .44 152
June 887 .27 239

July 294 .52 153

Aug. 194 140

SRR AR DS R

e

To obtain mg/l multiply T/AF by 735




N

Sept.
Oct.
Nov.
Dec.
Total

—_—1g
—4n
—53
— 91

—_—S2
.89
299

—2J 1,19

92
41
3s
62
BL

ol
|oo{ it u%mu\

—B6_

f=d{=]
o

—1.01
111

i

— 91 __108 ___98
1,934 .68 1,310

-
Table 7
Colorado River Basin
Historical Flow and Quality of Water Data
Colorado River near Cameo, Colorado
Units =1000
Concen- Concen- Concen-
Flow tration T.D.S. ¥low tration T.D.S. Flow tration T.D.S.
[Year (AF.) (T./A.F.) (Tome) Year  Month (A.F.) (T./A.F.) (Tons) Year  Mopth AR, </A.X.) (Tons
Jan. 9% .0 96 Jan. 92 1.10 101 Jan.
Feb. 86 .0 87 Feb. 78 1.09 85 Ped.
Mar. 83 .0 90 Mer. 85 —1lJd5 98 Mar
Apr. 118 .83 98 Apr. 161 89 111 Apr.
May . 40 157 May — 477 _ .39 186 My
June ) 198 June | _ 920  __.28 258 June
-1959  July 127 <1965 July (605 .34 __ 206 July
Aug. 31 .87 114 Aug. 273 156 153 Aug.
Sept. .98 103 Sept. 172 15 129 Sept.
Oct. 138 .81 Oct. —162  __ .75 _125 Oct.
Nov. .87 101 Nov. —137 213 103 Fov,
Dec. .98 Dec. 138 75 103 Dec.
Totel 2 (61 1,381 Total 3,305 50 1,658 Total
Jan. 100 .89 89 Jan. 114 .82 93 Jan.
Fed 91 .95 86 Feb. 99 .81 80 Peb.
Mar. 135 .78 105 Mar, —133 g7 __102 Mer.
Apr. % .51 125 Apr. {181 .66 ___ 93 Apr.
May 432 .37 160 My 373 .40 149 _ May
June 668 .30 __ 200 June 277 __ 48  __ 133 June
-1960 July 21 .60 130 -1966 July 157 13 115 July
Aug. 117 .89 __1poa Aug. —l0 . .87 104 Aug.
Sept. 10! .95 97 Sept A0l .94 95 Sept
Oct. 106 1.00 106 Oct. 108 —a98 106 Oct.
Nov. 9 1,05 104 Nov. .93 = _1.0s _98 Nov. B
Dec 100 _ 1,01 Dec — B85 _1.22 __ip4 Dec b
Total 2,413 58 1,407 Total 1,800 71 1,272 Total p
Jan. 99 97 96 Jan. 86 ~1.11 — 95 Jan.
Feb. — 8 9% __80 Feb. % 106 78 Feb.
Mar. — 86 __1.06 _._ 91 | Mar. 106 93 99 Mer.
Apr. — 103 91 _ 94 Apr. 137 72 99 Apr.
My My 328 a3 141 May

To obtain mg/l multiply T/AF by 735.




-II Table 7
Colorado River Basin
I Hisiorical Flow and Quality of Water Data
Colorado River near Cameo, Colorado
(Annual  Summary)
I Units - 1000
Tlow Concentration T.D.S.

I Year (A.F.) (T./AF.) (Mg. /1) (Tons)

1941 3,072 0.55 402 1,681

1942 3,488 .54 3% 71,869

1943 2,946 .52 379 1,521

1944 2,680 .53 388 1,415
l 1945 _ 3,027 .50 369 1,520

1946 2,554 .54 398 1,384
| 1947 3,806 .43 317 1,641
I ‘ 1948 3,226 .50 365 1,604

% 1949 3,368 49 364 1,666
“ 1950 _ 2,516 .59 433 1,482
i

1951 2,948 .52 380

1952 _ 4,134 .50 365

1953 2,531 .59 436

1954 1,565 .83 612

1955 1,940 .70 513

1956 2,391 .59 430
1957 4,326 .45 334
1958 2,820 .55 402
1959 2,262 N3E 449
1960 2,413 .58 4729

1961 2,033 .64 469
1962 3,985 .46 338
1963 1,571 .79 582
1964 1,934 .68 498
1965 3,035 .50 369

1966 1,800 .71 519
1967 2,144 .64 468
1968 2,439 .60 439
1969 2,655 .60 Iyl
1970 3,332 .49 3259
Total _8o,0Lh7 e .
Average 2,765’ .55 406
ampled quality record entire period.

Measured flow record entire period.




.
Table 8
Colorado River Basin
Historical Flow and Quality of Water Data
Gunnison River near Grand Junction, Colorado
Units -1000
Concen - Concen~ Concen-
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
ear nth ALY, T./AX. Tons Year  Momth (.t\.r,:)r (T, Aég{'.) (Tons m_x:m (a.P.) (T./A.F.) (Tcmsg
yeo. - O% 3 you. A 5 o Te g
mar. 63 i'goz gi rr. 32 hg;( 0 :ﬁr. 61 1.26 17
Apr. 123 . 3 . .52 pr. 86 __2.01 __ 87
..:’; 71 .40 349 ):; 532 -%2 é; Mey 230 ST 131
. 259 J 5 - Jun k37 k3 188
1941 J\h.?; - < 180 1947 Ju“-i; |2k .64 __.%_ -1953 Jul; B8 1,13 97
Aug. 95 1.41 134 Aug. | 120 i 0 L 0 Aug. 67 1,78 117
. 6 z Sept. g 2,28 105
i - i 6 pacig ¥ — 1% 5; oo T —2f %
Fov. 121 1.33 161 Fov. % 1.35 130 Fov. T 1.78 132
Dec. 133 Dec. 10 141 99.. Dec. 52 1.83 95
Total 2,493 83 2,072 Total 1,938 83 1,603 Total 1,312 1.02 1,340 |
Jan T 1.59 113 Jan. 58 1.38 80 Jan. k9 1.75 86
Fev, |__ 02 .66 103 Feb. 6% 1.ug 93 Feb. :5 l-aﬁ Zl
Mar. 76 1.6 125 Mar. 16 1.3 105 Mer. > I 1 E — 67
§ 8l L 165 Apr. 70 . — 39
e e s W [T A -
il _gg'B_ _f_é("3 —= Jume 5 10 T June 1.92
= e e s R
Aug. L Aug. - Aug. 2 JR——- .~
Sept. 56 2.36 132 Sept. Le 2.25 108 Sept. |___ 52 ___2.50 ___130
Oct. ST 2,58 37 Oct. ____%OL i g Oct. _% —_i% _1%_
. B Lo Nov. >
v | 3 Do, 70 L 15 Dee eV —
Total 2,674 T 2,057 Total | 2,361 70 1,643 Total b5 1.65 1,062
1.72 98 . 51 1.49 6 Jan. W6 _ 1.70 18
::'2' E% 1 22 g{ ::2 . 52 1.18 T reu. ko 1.67 61
lhr. o€ 1.55 T Mer. 69 1.2 0 Mer .__Igg 1.b _g_
Apr. 259 RN 123 Apr. 235 5T 13h Apr 7
{ . 389 LB 187 1351 .38 j1E - ] 52 136
! Toe |39 k6 a8 Tame 651 e T ery e —% —aF
L1943 Juy 13 _"T.OB TR 1949 July 265 65 T2 -1955 duly b6 1.74 ()
Aug. 153 1.43 219 Aug. 65 .80 T Auge |52 ___2.86 ____ 97
i Sept. |87 1. 138 Sept. 23 15 &2 Sept. |— 36 _ 248 _ 8
Oct. |69 i _S_J__ :ct. _73_ _.__L_°§. —i xc. 38 247 _ 9
Dee. B 2 — Dee. | TSI _lﬂr“ Dec. |87 1.5 ok
Total 1,976 Total 2,121 o T 1,601 Total 1,01F 113 1,152 |
Jan. El 1.6 8y Jan. Sk 1.57 85 Jan. — 90 _ 1.6 &
Peb. 1.11% 69 Feb. Eg_ igg _%_1 Peb. | b 1,59 _ 70
. wr, [ — 56 __1.30 73
:,:_ _53_192 _1..32_91 _ﬁ_gg Ap;, 219 50 110 Api, Ty 50 &
My 758 .32 gk Mey 309 __ b5 139 May 3% ____ b5 __ 1b6
June 6oL ___%3_ 229 June ﬁ __gz 160 June [ 262 .53 239
- =23 __ .69 _ 159 . July 1. -1956 July 37 1.92 ol
1944 July o Tk o 1950 i = 5 i
e I —i- 3 3 be, |t —Fh —mo e |/ S8 —4
Oet.  __58_ g _ 1k Oct. 37 -65 B Oct. 35 2.9k 103
Nov. L L~7? Lo Nov. ‘ég ‘1-% i& Fov. |—— 55 _—1.95 107
. Lo Dec. B - De —_k7 _I_m B8
-mu‘:c 2,295 .69 1,543 Tou]_c b 1,335 .99 1,320 Toulc 1,101 99 1,087
Jan. 55 .58 87 Jan. 47 1.6k T Jan 52 1.173 90
Yoo, )1 1,62 T6 Feb. L 1.59 2 Peb. |55 ___1.69 93
Mar. 28 \[ g ;-l[ Mer ____%é_ 1.2 T bg Mar 56 ___1.36 _____ 16
2" 62 3 EE 220 2; 265 .51 133 ",.*,’; é% Lk 2
Jume ko7 T Jme |_383 o2 168 Jme |[—1.168 .32 _ 37h
July 165 .3 N July 23 1.0 22 sl9s July (79 .39 20
crees —— - it R N w— v - — Mg, | e B3 18k
Sept 39 __110 Sept 37 2.30 > Sept. | 108 __1.47 ___159
oct. _E%___J_ . 2.00 152 Oct i ek T uE Oct. |— 106 __ 1.92 __ 20k
Nov. — Ti6: - Tho Nov. 2] LE iy Nov. |_——111 __1.33 k8
Dec. S5 150 Dec. 5o 1.65 7 Dec. |9 __1.26 __16
Total 1,819 82 1,599 Total 113 1203 1,165 Total 3,381 £l o060
Jan. 58 1.55 0 Jan. » _ﬁgl-‘ 81 Jan. €6 1.ko 92
r:. L8 1. L 69 Fe:. 47 1-K TC Pe:. 70 1.50 105_
Mer. 58 2.28 74 " 53 151 5 Yar 102
Ap:. 182 .59 108 Ap:. 32 b6 Apr. 25k .57 145
My 228 .59 135 MNay 818 3 270 My L:32 279
June 321 .52 167 June |___T59 .35 __ 266 June 570 b2 239
July 6l 1.62 104 July 200 19 158 _1e5  July 65 1.52 99
1946 pug. 3 2.6 123 1952 pug. 121 .5k 167 2 hug. 43 1.74 75
Sept. ) 2,31 125 Sept. |___ 16 __ 1.86 ___ 1kl Sept. {___ 51 __ 231 ___ 18
gct. 69 2,06 ]51‘2 g;f;. 67 1.90 12;3{ :g:. 52 2'“? 126
D:Z S6 1.55 éL Dec. T2 1 % 121 Dec. 65 1.60 1
1 2,262 .1 13
Total 1,261 1.06 1,336 Toral 2,672 67 1,781 Tota ’ oL

To obtain mg/l multiply T/AF by 735.
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Table 8
Colorado River Basin
Historical Flow and Quality of Water Data

Gunnison River near Grand Junction, Colorado

Units =1000

Mar.
Apr.
My
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Total

Jan,
Fev.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Total

50

Concen-

Plow tration  T.D.S.

[Year __ Mopth (A.r.) (T./A.F.) (Toms)
Jan. 57 1.58

59

Y3

1,355

.96

Flow
(A.F.)

Concen-
tration T.D.S.

(T./A.F.) {Tons)
1.37 75

128
1.33

Concen-
Plow tration  T.D.S.
(A.P.) (T./A.F.) (Tons)

To obtain mg/l multiply T/AF by

735.




Table 8 f
Colorade River Basin ‘
Historical Flow ond Quolity of Water Dafo

Gunnison River near Grand Junction, Colorado ,f
(Annual  Summary) jj
Units 1000 |
Flow Concentration T.D.S.
Year (A.F.) (T.JAT.) (Mg. /1) (Tons) 1
1941 2,493 .83 611 2,072
1942 2,674 .77 565 2,057
1943 1,784 .88 649 1,576
1944 2,225 .69 510 1,543
1945 1,818 .82 606 1,499
1946 1,262 1.06 778 1,336
1947 1,938 .83 609 1,605
_ 1948 _ 2,361 .70 511 1,843
4 1949 2,121 .76 555 1,601
1950 1,335 .99 727 1,320
1551 1,136 1.03 754 1,165
1952 2,672 .67 490 T,781
1953 1,312 1.02° ~ 751 - " 1,340
1954 645 1.65 1,210 T 1,067
1955 1,017 1.13 833 1,152

1956 1,101 .99 726 1,087
1957 3,381 .61 448 2,062
1958 2,262 .71 524 1,613
1959 981 1.21 897 T, 191
1960 1,332 .88 644 I, 167

1961 1,106 1,06 778 1,171
1962 2,135 _ .66 486 T,4TT
1963 892 1.32 969 1,176
1964 . 1,355__ .96 104 1,298~
1965 2,673 .65 479 I,74Z"

1966 971 1.28 938 1,239
1967 1,057 1.20 884 1,271
1968 1,477 .98 722 1,451
1966 1,932 .87 636 1,673
1970 2,366 .72 526 1,604
Total 51,814 ) N 8
Average 1,727"° .85 62k -*—%j%gi‘

Sampled quality record entire period.
Measured flow record entire period.




e

Table 9
Colorado River Basin

Historical Flow and Quality of Water Data
Colorado River near Cisco, Utah

Units 1000
Concen- Concen- Concen-
Flow tration T.D.S. Flow tration T.D.S. Flow tration  T.D.S.
Yesr  Mont] (A.r.) _(T./A, Tons ) |Year _ Month | (A.F. T. /AR, s [Year _Moptd (A.F.) (T./AF.) (Toms)
Jan. — 139 1. — 239 Jan. b 1.58 Jan. 185 1.65 306
Feb. 272 Peb. |._150 ___L.bb Feb. — k3 163 _ 233
wr 339 Mar — 180 __1.39 __ 263 Mar — 87 .52 284
Apr W45 21,00 _ L5 Apr — 36 _._.85 __ 268 Apr —250 __1.00 __250
wy ey k2 909 May —A.h23 .40 569 My 606 60 364
June .58 ____ 48 __ 728 June 1,59 ___ .39 ____ 621 June 1,399 k1 __ ST _
- 1941 July 579 3 423 - 1947 July 985 ____ b7 ___ W63 - 1953 July 333 95, 335
Aug. —=50 . ).67 __ W19 Aug. 369 __l.20 _ 447 Aug. 256 1,23 315
Sept. |___ 237 __l1.81 _ 429 Sept 259 YN 373 Sept. |__ 128 __ 2,02 __ o84 |
Oct —579 1.0 637 Oct. ——328 ___1.47 B3 Oct. — 177 1.8 __33h B
Nov. — 3 __ 128 _ 367 Nov —arr 2y 343 Fov. 207 1.7 366 f
Dec. : 34 Dec. — .40 Dec .75 299 1%
Total 1,061 & 5,633 Total £,258 3 4,587 Total k062 97 3,945 | : g
®
Jan. |80 _ .67 > Jan 191 1.3 256 dem. | 1T __L76 2 i
Feb. €5, 1.73 285 Feb — =210 __1.33 _ 280 Feb. |___ 143 _ 1.65 236 1
Mar 228 1.52 347 wr —2s 136 3313 Mer, (161 1.b6 235 {
Apr 1,34 ____ .61 __ B0 Apr — B30 __ A .___ 531 Apr. 22l 98 a7 4
Wy (1A _ ks _ B wy |99 .36 __ 705 my (36 __.7h _ 323
Jume | —L,96L .37 725 Jume | 1,420 .39 _ sfg June (217 __1.07 __ 254
- 1942 July 579 78 bs) - 1548 July | k6 .86 __ 3BL - 1954 July 150 1.69 253
Aug —385. —2.8. _._3h0. Aug. 225 1.52 3k Aug — 98 2,30 __225
Sept. |— A3k __ 246 __ 329 Sept., |— 121 __ 1.8 _ 228 Sept. . 170 __2.09 __358
Oct —1f2 __2.33 378 Oct 175 1.96 343 Oct 215 _ 1.9 __ 342
Nov — 186 _1.99 __ 370 Nov — 20k ﬂ Fov — a6 _ 1,70 278
Dec —_—1f —_1.96 Dec B Dec 20 1.90 266
Total —Lﬁ&—_ﬂ_i—jg ] Total 6,29) o Th 4,636 Total 2,293 1.4k 3,299 |
Jen —=1.90 __ 29 Jan _ 188 1.5k __ 289 Jan — a3k 1.8k 247
] Feb 246 1.85 270 Feb —a8r __1.35 253 Feb — a2 1,78 __215
Mer —ATh .77 ___308 wr 243 _ 1.0 340 wr —298  __1.33 263
. Apr — 709 __ .6k _ hgh Apr __ 65 .67 . W12 Apr —30 & __262
Wy —~96 ____ 6 __ uSB My —1.280 .8l 529 wy —J52. .50 __376
] June 1,365 .38 _ s18 June —1.90 __ .37 ___ 707 June — 689 .55 __3719
- 1943 July |— 502 . .78 _ 39 - 1949 July 908 .55 499 -1955 July |2 __ 1,20 259
Aug., |—368 __1.26 _ W63 Aug,  |——2% ___1.58 _ 35 Aug. | 185 __1.66 307
Sept — 212 __ 1.8 _ 3% Sept 158 __2.08 _ 328 Sept —208 __236 ___233
Oct — 18 1.8k __ 339 Oct — 226 .83 _ Mk Oct., (119 __2139 __ 2601
Nov —25 147 __ U7 Bov — 20 __ 17 ___ 359 Nov — 160
3 Dec ——190 ___1.56 296 Dec. 280 __ 1.66 __29 Dec —L.0 _%_
ks, Total | 5,216  B6 b kof | Total | 6,338 .79 4,783 Total .
; Jan 180 __2.77 __ o8 Jan — 19 __ .52 302 Jan —A55. __1.69 __ 262
1l Feb — 152 __1.56 . 237 Peb 201 __1.hk __ 280 Feb —1bl 170 _ 239
3 Mer ——166 1.8 __ 251 wr — 209 __ 131 27 wr —287. 150 281
3 Apr. —30 109 331 Apr. [—SWL & __ 330 Apr —356. .72 __25f
May —~L78 . T3> My — 6 .51 __ 39 wy —1,005 s __ k52
i June |.1.BM3 .35 &5 June  |—2,123 k2 _ MA7 June |._gob bk ___ k06
- 194k July |—BTL AL W3 - 1950 July |o—3hT __1.03 357 - 1956 July |—2F2 __1.hz 253
Aug. |—3hbg 162 __ 21 Aug., |— 109 __2.00 ____ 220 Aug. |—19 _2.97 __23h
Sept. |——99 2.5k __ 252 Sept. |— 138 2.2 292 Sept. | — 81 238 _ 193 |
Oct. —153 238 __3k7 Oct. — 125 __2.35 2% Oct. 121 2.2 __268
Nov. —295 __1.78 __3u8 Fov. 161 1.96 316 Nov. —165. 2.87 __ 308
el ey - — Feall il W— ot | A SR
Total L s,80 7L L 336 | Total | h,07% .ok 3 803 Total
§ Jan 29 1.73 _ 238 Jan —153 _ 1.69 __25% Jan. [— 26k 1.00 __ 296
i Feb 151 l.Th 63 Feb. |— 15L ﬁ 228 Feb. | 168 _ 1.55 260
Mr. |78 _ 1.96 _ 277 Mar 16 b6 236 war. |67 _ 1.6 _ 260
Apr 328 ____.88 _ 200 Apr —A3 2.2 209 Apr — 398 __ .86 _ 3>
ey —Lhes .36 _ 538 Wy |— 7158 __ .sh ko9 wy (1,375 Mk _ 05
June [ la3M .37 W85 June LT3 B3 505 Jme |_2.850 .20 _ 89
b - 1945 July |—676 .67 _ bS53 1951 Fuly [— 529 .68 _ 360 - 1957 July (1,952 .37 TR
Aug — Whe 1,00 k51 Aug. |[—238 __ L.BT 350 Mg, |—66 .83 _ skg
H Sept. |24 ___1.85 __ 270 Sept. |23 __2.06 __ 270 Sept. [—324 . _1.20 _ 380
Oct —27 __ 1715 380 Oct 169 __ .39 ——336. Oct -2 __1.78
Fov. |2 1 __316 Wov. |78 __J.7% ___3l0 Nov, _m_A.u_ﬁ
c —1.26 __230 Dec —2.67 _ 287 Dec —239 _ 17T __ ko8
Total 5,50k 76 L4 210 Total | 3,986 .9k 3,758 Total | 8,808 - £3 5600
{ Jan AT 1.37 239 Jan — 9 _ 1.99 Jan 200 1.52 30k
- |—E E ol i w1 : o e v
Mar —an Mar . wr. [ 2oh _ 1.29 _ 328
Apr S5 ____ .1 _ 320 Apr 969 ___ .53 __ Sk Apr 756 .53 __koy
Mey 26 .49 __ 386 My —=2,152 ____ .35 753 My —2032. .31 __ 630
June | 2,007 _ .h2 _ h32 Jume | 2,8 .33 76k June |_2,560 __ .BO 62k
- 1946 July |___300 __ .98 __ 303 1952 July [ 6l _ T2 k&2 -1958 July l___23b _ 1,22 285
Aug. | 396 __ 1.66 325 Avg. | 358 _ 1.28 _ k22 Aug. | 209 2.7 __236
Sept. (__ 135 __ 2.0 _ 283 Sept. | 213 _ 1,98 __ 337 Sept. |_ 153 _ 2.2k __ 328
Oct — 206 __1.85 __ 382 oct. |[___266 _ l.92 __._318 Oct —A58. .99 308
Hov 206 __1.56 __32 Nov. — Q77 1.89 33 Nov — 1% __1.66 __ 3§
Dec. 208 ___1.37 __285 Dec. —1B88 166 ____313 Dec. 176 _1.63 ._287
Total 4,058 .91 3,680 Total 7,718 .66 5,063 Total 6,044 72 4,348

To obtain mg/l multiply T/AF by 735.




Table S
Colorado River Basin
Historical Flow and Quality of Water Data

Colorado River near Cisco, Utah

Units —=1000

Concen- Concen- Concen-
Flov tration T.D.S. Flow tration T.D.S. Piow tration  T.D.S.

]
g
&

Year Month (A.r. (T./AF,) (Tons) |Year  Month | _(%é)__(z,_@_,_&)_(m)_ Xear Montb (Ar.) (7./A.r.) (Toms)
Jan. _J.é 170 _ 287 Jan. 1 1.55 251 Jan.,
1. 216 Feb. | 10 1.63 Feb.
Mer. 154 1.39 245 Mar.
Apr. 163 __1.39 ___ 227 Apr 562 .68 382 Apr.
»y 535 65 348 May 1,27; 39 496 May
June 9 ____,50 ___hf2 June 1,658 .38 29 June
- 1959 July —22k 235 246 - 1965 Juy e .52 58 Jaly
Aug. | 160 _ 1.1 306 Aug. b7 o k4o Aug.
Sept. |22k 23k 265 Sept. 369 _1.21 446 Sept.
Oct. |—-=2s0. .. 1.k3 358 Oct. |_ 360 _1.32 __ 475 Oct.
Bov. | 210 _ 131 ___ 25 Nov 249 _ 1,65 ___L13 Fov.
Dec. .__lﬁa‘ —1.58 ___281 Dec. ——237  __1.39  ___329 Dec.
Total { 3.2a%  2.08  3,48) | Total L f.z22 73 k.80 | Total
Jan. 164 1.51 248 Jan 200 1.38 276 Jan
Fev. (143 1.51 216 Pev. | 168 1.3 __226 Feb.
Mar. 273 i.ee 333 Mer 218 .96 __ 267 Mer.
Apr. _75__“%— —_ﬂ-_hz 321 Apr. jiii: _23_.—61 % Apr.
L —Hl— May ey
068 .k L4 June b9 B3 June
- 1960 July | 250 1.06 260 - 1966 July 185 1,50 __278 July
Aug. | 2C5 1.9 26 Aug. 120 __1.80 __po7 o,
Sept. 11T __ 2.6 _ 253 Sept. |___1lhs ___2.00 201 Sept.
£ Oct 153 1.9 297 Oct 175 1.87 327 Oct.
H Bov AT .67 Nov 289 Kov.
Dec 165 1,48 _ Dec ATh 1,71 298 Dec
i Total L,00 87 3,bq3 Total 3163 100 3.7 Total
Jan. |— 156 __1.43 28 Jan. 146 1.77 258 Jan.
Peb., |—AbQ __1.52 ___ 213 Peb 136 1.7 _2% Feb.
or 362 1.4 233 Mer. 1 1.30 2 Mer,
Apr. — 206 1Ak 235 Apr 198 131 259 Apr.
wy — €77 .57 38 My ke .76 _ 381 My
June —ffh .51 339 e 73 5 463 June
- 196 hay  (—230 L6 au - 1967 July |__327 __ 1.09 July
Aug. |—238 __z.o1 277 Aug 175 1.76 308 Aug.
Sept. |—-3l6. . 1bg __L71 Sept. |__ 178 1.77 315 Sept.
Oct. [——352. —_1.07 382 Oct. __12_11-1{_ —d-32 Oct.
Nov. —_—92 __1.23 __ 310 Nov. — _%. Nov.
Dec. k0 _Elg. Dec 2k1 1-’% Dec.
Total 3,39 1.05 3,25 Total 3,156 13 3,600 Total

Jan. — 28 __1.29 ___ 235 Jan. 205 i;g :’*2 Jan.
Pedb. 26l 12 2% Feb 193 . _ .a_E_ Feb.
Mar. —s2h6 1,05 258 Mar. —Ai71 b ok Mer.
Apr. |—2,05h .4k LEL Apr. —23 ___ .99 ___ 228 Apr.
Wy 603 .38 __ 609 My 667 _ .60 ___ koo~ "y
Jme (1,400 .38 _ 532 June | _1.AT) bk 535 June
- 1962 July |— 765 .58 LW -1968 July | 306 _ 1,08 ___330 July
Aug., |—206. ___2.k2 293 Aug 36 __1.23 __4hg Aug.
Sept. —1.99 ___ 3l Sept. | 159 __ L2 ___273 Sept.
Oct. 263 1.k3 375- Oct — 213 .63 _ 37 Oct.
Hov. —_2h3 3131 38 Nov Nov.
Dec. |—-280 Dec ___%_ vy __3.___3?_ Dec
Total _éﬁlﬁ_.jwr_ b Total 4,285 2 3,860 Total
Jan. 263 _ _1.52 ___ g8 Jan. —25% ___1.08 270 Jan.
Feb. —_— 191 2% Peb. —280 1.9 2oL Feb.
wr., |— 219 _ 130 _ 285 Mar — 25 .97 __ 2ia Mr.
Apr. &S .91 ___ 223 Apr. 7k 56 Yo%) Apr.
May —al7 b2 30 My —9f87 .2k _ 239 May
" June (332 .93 _ 309 June | 731 __ .60 ___h3l9 June
- 1963 July [— L& 1.9 221 - July [ 42 B2 _ 387
g, |88 Lo 3k 1969 e, | e~ Tk 287 bl
Sept. |—2f3 __1.80 ___ 329 Sept. |20 147 __ 353 Sept.
Oct. |— 3% __ 2.4 267 Oct. —32h 132 _ 36k Oct.
Nov. — 179 __1.62 ___290 Nov. 28  __1.06 __305 Nov.
Dec. |—238 __ 2.8 _ 264 Dec. TZSL — .06 267 Dec.
Total 2,585 1.31 3,384 | Total 906 LT 3. TTT Total

.|
3

— 1/ __1.59 ____288 . 317
3,433 1.06 3,639 Total 5,987

To obtain mg/l multiply T/AF by 735.




Table ©
Colorado River Basin

Historical Flow and Quality of Water Data
Colorado River near Cisco, Utah

(Annual  Summary)
Units =1000

Concentration | T.D.S.
Yoar F. (T./A.F.) (Mg. /1) (Tons)

1941 > 35 588 5,653
1942 L7 568 5 4,83
1943 .86 534 4 498
1944 : .74 546 4 .336
1945 ) ) 562 4,210

1946 ; .91
1947 : .73
1948 .74
1949 .75
1950 ) .94

3,680
4,587
4,636
4,783
3,823

Lafin|on
lw)on
NJ\O|~1

[, ]
w
v

a
O
[S9]

1951 .94 3,758
1952 L .60 5,763
1953 ¢ .97 3,944

1954 . 1.44 3,299
1955 > 1.07 3,420

1956 .96 3,428
1957 .63 5,602
1958 4,348
1959 3,481
1960 ( 3,493

1961 235 3,556
1962 5 6 4,484
1963 31 . 3.384
1964 8 3,639
1965 o7 4,892

1966 _ 1.10 3,471
1967 L 14€ 114 3,602
1968 . 292 3,869
1969 : .77 3,777
1970 .67 Iy, 032

Total o =22z
Averagpe '83

Sampled quality record entire period.
Measured flow record entire period.
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Table 10
Colorado River Basin
Historical Flow and Quality of Water Data

San Juan River near Archuleta, New Mexico !

Units —1000

Concen- Concen-
Plov tration T.D.S. Flow tration  T.D.S.
[Year Mopth | (A.r.) (T./A.F.) (Toms) Year Month |
Jan. 22 __ ol g Jan.
Fev. | k6 .35 16 Feb. 2L i
Mar. 98 38 37 Mr. 32 i
Apr. —_—25 2l 93 Apr. %0 .
Moy — 700 16 12 Moy 186 i
June 5R0 1 &8 e 140
- 1981 Juy .32k ___abk L6 - 1947  July i 28 12 - 1953 July 4 32 13
Aug. 8l g 16 Aug. 73 30 Aug. 33 £33 11

ro
Rlok

4@00?5£EL

B o b

5
2
9
Q0
1
6
8
12
8
8
7
8

Total

Feb. hivd
Mar. 2
Apr. 56
Mey 7.
June 87
July 27
Aug. Tl
Sept. 29
Oct. 36
Rov. 26
Dec. 5
Total 456

To obtain mg/l multiply T/AF by 735.




Table 10
Colorado River Basin

Historical Flow and Quality of Water Data

San Juan River near Archuleta, New Mexico

Units -1000

- 1959 July

Total

Concen-

Flow tration T.D.S.
(A.*.) (T./A.F.) (Toms) |
11 0.L& 5
1k Ry [

18 L2 ]

37 .30 11
Ez .12 16
. L
3k .33 11

b

hC [+ ion

[
]

T

CY
kn

WIS G N

HF

-
-
:

Year

- 1965

Concen-

Flow tration T.D.S.
Month (A.¥.) (T./A.F.) (Tons)
dJan. 0 _0.29 _ @
Feb. R -32 i
Mar. 2 236 19
hpr. _gs_ .35 30
May 138 .29 Iz:O
Jund —215 .20 __ &
me | —%
Aug. 136 17 3

Flow
(A.?.)

Concen-
tration  T.D.S.

(p./A.?.) (Tons) |

To obtain mg/l multiply T/AF

by 735.




Table 10
Colorado River Basin

Historical Flow and Guality of Water Datq
San Juan River near Archuleta, New Mexico
(Annual  Summary)

il l S I I BE .E .
3

Units - 1000

Flow Concentration T.D.S.
Voar (A.F.) L /AT L) (Mg. /1) (Tons)
1941 2,574 0.17 123 430
1942 1,360 .19 143 266 b
1943 81§ .21 1 173 i
1944 1,251 .18 133 227 ;
1945 891 .21 153 185 ‘
1946 456 .28 275 127 ,
1947 760 .22 161 150 mt
1948 1,203 .18 134 207 ‘
1949 1,42¢ .19 142 276
1950 . o64 .2 180 1357
1951 4128 208 117
1952 1,552 21 157 371
1953 5237 L 26 195 149
1954 345 .28 02 15..
1955 ... 537 .24 178 . 13r

1956 539 .22 164 125
1957 1,347 .20 147 330
1958 1,332 .24 174 315
1959 430 27 199 11&
1960 1,029 .23 166 233

1961 750 2 173 177
1962 872 .21 151 179
1963 232 .28 206é 05
1964 . 437 27 197 117
1965 1,511 .2l 158 324

1966 961 .24 175 229
1967 | 402 T 199 TTAUE
1968 _..3%7 .21 195 14
1969 1,102 .22 159 240
1970 819 .21 153 171 H
Total 27,374 5,906 H
[ _Avirape 912 .22 159 197 i
|

Sampled quality record, October 1945 to December 1970: re-
mainder by correlation.

Measured flow record entire period.

Ad justed quality and flow record for station near Blanco,
October 1945 to November 195k.
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. Table !l
Colorado River Basin
Historical Flow and Quality of Water Data
San Juan River near Bluff, Utah

Units =1000

ANE IE N EE EE Em
g
g

Concen- Concen-
Flow tration: T.D.S. Flov tration T.D.S. Flow tration T.D.S.
ear (A.¥. (T./A.F.) (Toms) Year  Month | (A.®.) (T./A.F.) (Tons) Year Mopth | (A.F.) (T./A.F.)
Jan. fe? 1.01 - ) Jan. vl 1.13 3% Jan. R ) 52
ye:. 27 a8 12k | Feb. ' 1.07 L8 Feb. % 1.17
Wr. —21l .78 _ 165 Mer. 51 .90 [ Mar. % 102 51
Apr. | _392 .62 _g%a_ Apr. | __68 _65_ k3 Apr. L6l 68
May 1,323 250 2 May : 3 125 Ny 156 L 6q
June Q15 30 275 June 27! 3% 3 June 267 o7 o
-1941  July 526 23 158 -1947  July 110 W41 4o | -1953  July 77 8 &5
Aug. 174 70 Aug. 20k 1.01 2_95 Aug. 7 1.5 82
Sept. |._202 __ .87 ﬁ% Sept. 2% .13 91 Sept. 12 1,50 18 .
ﬁt. _655_ _‘ﬁ___.ﬁg_ :um7 l(:ct. 207 .19 163 ::t. 5 1.28 6259 g
. 191 | ov. . V. 2 .
Dee. | TlosT T 85 . | T - _og__g Dec. P el ;
Total L 4,899 .54 2,65 | Total 1,677 .65 1,087 Total %7 e 01 i
_ Jan. 81 a3 15 Jan. 52 .85 hé Jan. » 1 3l L3
Peb, 68 93 63 Feb. 19 . Feb. 36 117 4o
Mar. 126  ...95. 120 Mar 89 .83 14 Mer. L8 1.00 L9
Apr. £02 51 287 Apr. 358 N 27 1:; Apr. 113 53 &0
May L79 38 182 My 319 7 1 May EJE 8s .
i JFune Z6 Tee e g p— )
147 o4l 123
8 7€ _ ¥
—daal . 40 |
1.05 i)

Total

Jan.
Feb.
Mar.
Apr.
My
June
July
Aug.
Sept.
Oct.
Nov. 1.23
Dec. . 1.28 L

Total T N 1,116

To obtain mg/l multiply T/AF by 735,
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Table 11
Colorado River Basin
Historical Flow and Quality of Water Data
San Juan River near Biuff, Utah
Units 1000
T
Concen- Concen- Concen-
Flow tration T.D.s. Flow tration T.D.S. Flow tration T.D.S.
Year  Month | (A.F.) (T./A.F.) (Tore) Year Montn | (A.F.) (T./A.F.) (Tome) a (A-F.) (1./A.P.) (Tons)
Jan. C 1.39 Jen. 122 Q.7 ok Jan.
Feb. — 3l _1.36 ; Feb. 120 =70 L Peb.
Mar, 2 1.27 Mar. -85 91 79 Mar.
Apr. 32 -9k Apr. 152 . 65 102 Apr.
M, 1l .52 My 282 24 i May -
Juge 156 L35 June —Me 3BT "5 June
-1959 iy bE] 81 -1965 July 205 55 133 July
Aug. by 1.13 Aug. 2%? . ;3' lgg Aug.
Sept. 1 £53 Sept. 1 .20 . Sept. —_—
Oct. 9 B Oct. | 160 60 11k Oct.
Nov. &z 8 Nov. 232 +2C 116 Nov. _—
Dec. L6 1.0, Dec. 235 .5k 27 Dec.
Total 72 81 Total 2,946 3w 1,379 Total
Jan. 37 26 Jan. { Jan. —_—
Feb. — 45 109 Feb. Pev. (T T
Mar. 26¢ 73 Mer. Mer. ——
Apr. _._3§é_ vl Apr. Apr. _—
May —292  __ .3k My May
June 38 27 June June —_—
-1960  guy 92 .53 ) S1966 gy July —_—
Aug. 18 1.1:: 2C Aug. Aug.
Sept. 17 1.2 il Sept. Sept.
Oct. ?C 1.13 = Oct Oct. ——
Nov. l&g T.22 o8 Nov. Nov, _—
Dec. —1.27 b Dec. Dec. —_—
Total 1,607 253 Total Total
Jan. Jan Jan.
Febd. Feb. Feb, —_—
Mer. Mer. Mar.
Apr, Apr. Apr.
May My May —_—_—
June June June
-1961 Ry S1967  quy July . —_—
Aug. Aug. Aug.
Sept. Sept. Sept.
Oct. Oct. Oct.,
HNov. Nov. Nov.
Dec. Dec. Dec.
Total Totel Total
Jan. Jan. Jan. —_—
Pedb, Fet. Feb.
Mar. Mar. Mer. —_—_—
Apr. Apr., Apr. —_—
May May May —_—
June June June —_—
-1962  July ~1968  July Jwy (.~ T T
Aug. Aug. Aug. —_—
Sept. Sept. Sept. —_—
Oct. Oct. Oct. —_—
Nov, Nov Nov, —_—_—
Dec. Dec. Dec. —_—
Total Total Total
Jan. —_—25 1.66 b2 Jan. Jan. —_—
Feb. _Eg_ — L.k e Feb. Peb. (.
Mer. —i:25 __ 5C Mer Mar. _—
Apr. & — T8 — Apr. Apr. —_—
May —B __J2 i ey May _—
-1963  June _‘ltg_ - = June dwe o T
July =0C = -196G  July July —_—
Aug. W 157 7 9% Aug. Auge 0 0T
Sept. |__T0 __1.09 — Sept. Sept. | _ 0
Oct. Bl 3 sl Oct. Oct. [ T
Nov. — ¥ “O.ag — 3 Nov. Nov. —_—
Dec. [ LB 1037 T 5T Dec. Dee. | T
Total Lo Total Total
Jan. — ik 1.1k 5C Jan. Jan.
Feb. 3R 1.27 35 Feb. Feb.
Mer. 28 1.48 I Mer. Mar.
Apr, — 30 1.4C 50 Apr, Apr. —
May —l_ 57 sy Ney May —_—
June 121 55 irid June June
~1964 July 13 74 6 1gmp July July - -
Aug. |13 oy LT 71 Aug. Aug. | T T
Sept. 56 DT oy Sept. Sept. — — _ .
Oct. — 37 1.26__ L7 Oct., Oct. —_—
Nov. 4o 143 o Nov. Nov.
Dec. —60 . o P l Dec. Dec. —_—
Total 795 Rt 7Y Total Totel

To obtain mg/1 multiply T/AF by 735,




I I
l Table 11
Colcrado River Dasin
l Historica! Flew and Qualisty of Weier Data
San Juan River near Bluff, Utah
(Annual  Summary)
' Units - 1000
Tlow Concentration T.D.S, !
l | year (A.T.) ('{._/A.F.) (Mg. /1) (Tons) ;
1941 _L,899 a5l 39l 24625 |
1942 2,247 53 2pR 1,185 a1
| 1943 Tiok 6k \72 959 _
1944 24291 . Lh8 353 1,101 ;
1945 1,588 C .59 433 93
l 1946 _ 88T .11 564 681 i
1947 1,671 .65 476 1,087 i
I . 1948 __2,lb0  _ _.b6 335 _ 976 _ Hf
‘q 1949 2,487 47 345 1,168 |
o 1950 854 .68 498 579 il
l 1951 691 .19 579 5kl i
: 1952 2,55k b5 333 1,156 f é
1953 967 .13 533 _ 701 i
1954 __ 1,011 LTT 566 19 |
1955 910 «73 539 667
1956 .83 .6 w9 535 §
1957 2,909 +51 .. 378 1,498
; 1958 2,298 .49 357 1,116 |
| 1959 T12 .8l 597 57€ _ 1
l L9c0 1607 .53 387 7 i
1961 1,06k .66 g6 836 1
1962 __ 1,480 29 36 877 &
E 1963 579 1.10 806 635 Jil
1964 195 ___ .98 ___T22 TR i
1965 258 T sk 398 1,379 i
1966 1,548 64 4T3 996 i
; 1967 191 1.05 772 83T i
- 1968 __1,060 .82 606 BTh i
1969 1,938 .63 160 1,215 |
1970 1,52k .63 L50 5L Ll
l- Total 4y,586 j . 59,005 é
" Averaog . 1.620 .60 Lo 970 }‘
Sempled quality record entire period-
Measured flow records entire period. - H

130 !] |




Table 12
Colorado River Basin
Historical Flow and Quality of Water Data

Colorado River at Lees Ferry, Arizona

~1945

~1946

2925
5 1.48 ML
T 139 W
8T I 59
- S I - T
Ellar ‘31 Ifﬁﬁ
58" T __Té
I0i 9. %00
—Egj_a _%
_1.35
:u;_%&: .72 501
366 __1.28 __ M8
29 1.2y 396
w96 345 _ST0
03 W83 8
1732 .7 Bk
2,993 _ .h3. _ B57
_ |0 . .73 533
w8 _1.28 __f2
310 162 502
T R03 __1.50 __£Ok
W66 .30 60T
ks 1.2 __5k2
8,751 B 7,386

-1951

-1952

-1957

-1958

Units 1000
Concen- Concen-~ Concen-
Plov tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
Year Month A T./A.F. Tons Year Month AF o/A.F. ons Year Month (A.P. ST‘EA.!‘.) (Tons) |
yeo. v i e - yeo. -
. g 1. eb. e! S .
::. _F——d'__ﬂ 1.2 Mar 654 1.09 73 Mar _—a_z__i_ _1.22 —13—_22
Apr. 1,091 : 862 Apr. |___780 __ .78 _ 608 Apr. |__529 _2.07 566
My j 2,239 ¥y —3aa .39 a7 Moy — 1T _..ég_ I3
June | 2,00t . _l.522 Jwme |_3,275 30 1,310 June | 2,992 _-%,‘_ _L%g%_
e = = e
. . X 2 ug. . ug. . e
sept. - w Sept. 8. aas 660 Sept. | 258 _ 1.9
Oct. ] —3:09 A Oct. __®mBR 1371 .98 Oct. ‘__%2% LT
Nov. 9 89 g:v 58 1,07 ___£26 ::V ______%__ ...E:E%_.
Dec. 1:19 c. 466 1.21 S6lt c 341 1.
¢ 17,857 10 12.% Total 1h,046 68 9 Total ,_.129_____1..3%5
Jan 406 1.18 479 Jan. j% _1.46
Feb 1458 2.1b 522 Feb.,
Mar. |64 1.3k T35 wr. |33 .24
Apr 1,703 .6k 2,090 Apr. 948
.38 1,333 May —1.2TT
65 __6h7 .87
—3.23 —321 _2d9
——1.h0 389 _1._{,6_
— % .39

—% =
—i 18 8-
]3!39. n 9,280

To obtain mg/l multiply T/AF by 735.
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Colorado River at Lees Ferry, Arizona

Table 12
Colorado River Basin
Historical Flow and Quality of Water Data

Units -1000

Concen-

Flow tration T.D.S.

[Year Mopth A.¥. T./A.F. Tons
Jan. _(_/ _1312_(_‘1’“58‘)'_(—!3%‘.
Peb. 1.36 538
Mar. 3Lk 1.37 k71
Apr. 420 1.6 487

0: o !

:fxe 1:%% . 1
sgse Tty |82 T 6 T hey
Aug. 5522 1.1% 608
mt’ 02 1.5 _ﬁo N
Fov. foe —Tat B0k
o | TTa T el
| 7.061 .96 6,766 |
Jan. 32% 1.5k k%o

Fed. 1 1.
ar. Ths 1.},2 879
Apr. 1,610 s 998

»e 1,56k

June ez __-_GA_E j&;
e | BT ol R
e | k-
!ov: 345 _.._J-_:_Z_. — 507
Dec. |___275 __1.39 __382

Total 8,7% .81 1,092 |
Jan. 266 1.48 394
Peb. 330 1.3k bbb
Mar. 362 __1_:3_" —_ﬂ
Apr. 561 1.02 578

e - AW
Sept. |___ 70 3.6 _a.ak1
v, | T e
lhe: 380 __l.2

Total 7,30 97 7,065
Jan. 3ho 1.2% L3
Peb. 1 791 1.03
N | e TR TTie
pr.

!::* —3.033. bk _ 1,599

=
Sept. —315 __ 1.6l __ 507
Oct. Egg 1.52 %g
e, | e
Dec.

!‘oulc 1k,439 LT 10,319
Feb. 335
e S %
Apr.

Wy 6 __l.30 ____ 8

porolll e M s 4
.1963““& ___%- % _&i"

Sept. |____ €

B = —f —

ov. PR *

rour | TIah —RR TRk
rJ::' — 133 _6&
w | R IR
nA:r' 1 1.22 EE%

y .
June 60 1.§ T
July s
-196‘0;:;. _6211 1.2 216

pt.

Oct.” gg .53 g
e, |/ % — %%
Total 3,21G 1.10 3,578

Year

-1965 July

Total

Feb.
Mar.
Apr.

June
-1966 July

Sept.
Oct.
Nov.
Dec.
Total

Jan.
Feb.
Mar.

-1967 July

Total

Concen-
Flow (tr7tion) 'f.ln.sS
A.¥. T./AF.
5@3 dof) T
556 1.01 5%2
1 ,agi 1.03 1,259
72,323 Eﬁ 2,0&8
2 L8 3L9
gn L1 357
— 6 __ b7 277
—53 . .63 335 |
| 1,585 .78 9,008 |
451 0.7 329
L83 .76 36T
ng .76 273
77
978 .72 702
L ol 535
gg& 26 434
2 . 2 4y
2 : 311
551 .65 358
584 .66 365
29 N 3652
1,739 .70 5,439
61k .76 467
534 19 GJ.EZ %
T% 1203 B12
g;lg .93 2;.7
-99 1
[5) 81 519
.71 I
=
. 30
_t& ___k_' _E&J
ﬁ —:T ﬁ
633 .93 5
Lol -9 gg
858 1.0 %5_
968 1,02 987
13 .0 990
.00 L
27 .81 %70
685 .70 L8o
635 270 Ly
620 . 428
616 67 513
W B8 “Ti7es
461 94 43h
875 91 798
956 a8 837
—£30 . .77 M7
706 80 862
— 2k
9. 078 87 ﬁ—
5 = &
B 1
—900 .92 _ goh
168 __ .8 __65_%
I .77 she
— b8 .76 380
459 180 365
8,149 .85 6,960

Flow
(a.r.)

Concen-
tration T.D.S.

(T./A.F.) (Tons)

June

Total

To obtain mg/l multiply T/AF by 735.
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f|| Tablc 12 .
Colorade River Basin i
l Historical Flow ainid Quality of Water Data
Colorado River at Lees Ferry, Arizona
(Annual  Summary) A
l Units - 1000
"Flow Concentration T.D.S. j
|| Year (A.F.) (T.JR.0) (Mg. /1) (Tons) |
1941 17,857 .70 51k __12,48) |
l 1942 _1b,793 .63 __k6 = _ 9,381
1943 _11,k13 .13 539 8,375 il |
1944 13,019 .65 L81 8,525 i
l 1945 _ 11,769 .72 531 8,501 _ -
‘ 1946 8,751 .8k 617 T,346
. 1947 1k 0Lé .68 L98 9,513
1948 12,885 .66 k87 €,531
.- 1949 14,60k .68 501 9,95k
¢ 1950 _ 10,802 15 251 €,098
‘ 1951 9,901 - 79 > 7,833
1952 17,903 -0% LB _ 11,396
1953 8,729 6 0 5% 7,85
n 1954 6,165 1.0k T61 6.386
7 1955 6,966 94 691 6,548

1956 ; <15 553 6,513
1957 gf 49T 12 ,6;6
1958 . 519 9,280
1959 .96 TOh 6,766
1960 .8l 593 7,092

1961 ?('lf 710 7,065
1962 o 14,b 11T Tsps 710,319
1963 . 1.27 93k 1,75
1964 _ 811 3,578
1965 11,585 572 9,008

1966 . 3 o 517 5,439
1967 . . 621 6,387

1968 647 7,725
1969 . 640 7,907
1970 .G 5,960
Total _315,224 n23§;22§_
vage | 10,507 . 7,960

—_—— N e

Sampled quality record November 1942 to October 1945, October
1947 to December 1970; remainder uy correlation.
Measured flow record entire period.
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Table 13

Colorado River Basin
Historical Flow and Quality of Water Data

Colorado River near Grand Canyon,Arizona

Units —1000

ear

-1941 July

-1942 July

)l
L)
¢

<1943 July

-1944 July

-1945 July

June
July
-1946 Aug.
Sept.
Oct.
Rov.
Dec.
Total

Concen-
Flow tration T.D.S.

'(A"ff ;‘ —(L/i‘g") %Tms}

1,200 __ .87 1,092
_bgrh .50 _ 2488
o0k 1Ak 27
18,796 urd 14
430 1.40 602
1231 1.33 ;zg
23 1.25
2 .60 1,§§
§Y R 1,5%
241 .32 1
l,;ﬂé .59 %§
1.19 559
% 1.67 hoL
3 1.67 5
3 1.5 i
 1h,925 .66 10,186 |
§b1 Y o 517
1 ] i 519
Eeg 1/1.2f 731
Sy 1.8 11
_2.16L g 1,232
_L%.’LG_ pYART 1,311
1,L5 $ 875
3 976
Lol 1.50 692
hg 1 h% TOL
" —m—
| 11,624 .8 10,033 |
—298 _1.6 480
iy —i
—Leg  _1ab 920
251 ;.% bot
ﬁoi iéﬂ 255
13,330 .15 9 g
356 1.E§ 2
81 1. %
__& 1. 666
Zen. %2 W
2,754 .48 1,322
172 _ .56  _.. 910
359 1.47 528
12,115 8 10

Year Month
Jan.

-1947 July

Jan.
Feb.
Mar.
Apr.
ey

June -

-19529uly
Aug.
Sept.
Oct.
Nov.
Dec.

Total

384 1.4 Sh1
138

—5 A8 =&
101 .ol 955
- 27—
__ 561 _1.50 850
—e o —ie
__ hoa __31: 6 68k
9,119 .9 8,742

Concen-
Flow tration T.D.S.
| (A.7,) (T./A.F. ng
303 L
— 371 —_Sl2
61 118 _ T
785 ___ .92 728
3,088 48 _1ub2
3,233 ___.h8  _ 1,552
1,953, .50 ___ 916
1,320 1.17 1,555
640 __1.26 806
8ok __ 1,28 _ 1ahk
608 l.ab 693
4o 1.28 627
14,347 79 11,295
427 1.27 sho
L58 1.28 585
669 _ 1.25 836
_d.;@2 b 1,202
—3.3% b5 1,506
B _mzil
_‘—2._‘}_#2 5 __13_-6 I8
%3%\_ 2 §12
3 1.1 :
365 1.25 _‘"é%
13,009 .75 9:799
363 1.51 548
31k 1.36 509
__79% __1.20 _ 995
1,337 .92 _ 1,230
_ 2,959 .8 __1,h20
_Lbgo3 .48 2,065
2,28 .58 _ 1.23b
632 1.2 708
3k __1.65 __ 6L
52l .58 83

_“.gl 1.25 66k

M

—if 3% —==
610 __ 1.2 8.

-
Y

hat
n
WL
o
ko

i
[\

2'385 5
1,401 .Ig 1,%%?
LLL 1.13 502
353 26 2(3);
355 .75 62l
L3k 1.48 [
10,836 BT

2,800 1,372
— 1,397 .

833 1.18 983
_hse 146

425 1.67 T10
__beg __L.6L I
— 393 1.6 568

9. Rk .92 9,133

Concen-
Flow tration T.D.S.
{Year  Month | (A.F. T./A.F.
Jan. . 408 1,46 596
Fed . 378 142 37
o | i —Oi
P« . .
o e s
June 2,932 _ L7
-1953  jay 250 % =Lz
Aug. 703 1.30 91h
Sept. | __290 __1.73 502
Oct. 325 1.88 58
Nov. 428 1.63 698
Dec. 1.56 262
Total 8,804 99 8.693
Jan. 1.? 6
Feb. 353 1.40 395 ]
Mer. 42k 1.3k 568
Apr. %66 1.0l 628
May —l.2ll 68 823
June .98 .68 sh3
-19%4 Juy 669 95 636
Aug. __EAB_ _J.._g?. 6&51
Sept. 1% 1.67
Oct. 1.52 55’30
Nov. % % E?{%
Dec
Total +6,300 1.1h 7,175
Jan. —26 _LT0 Lk
Feb. 209 1% Lok
Mer. ~506 1.35 791
Apr. 621 1.15
My | LSls .59 j:
June 1,99 .59 8
<1955 quy 2% 77 176
Aug. 8 39 §2j_
Sept 2 .63
Oct. .
Bov. .
Dec.
Total
Jan.
Peb.
Mar.
Apr.
May
June
-1956 July
Aug.
Sept.
Oct.
Rov.
Dec.
Total
Jan. 343 1.h5 497
Peb. |—370 ] 3%
l:r. Sy 1. ggz
Apr. _ 82 . 755
Moy 2,9l .57 _L.h26
June 5,581 _____.bO _2,216
-1957 July 4,033 L0 _L.613
Aug. 1572 1471
Sept. 884 1.13 999
Oct. 784 1,46 1,144
Wov. |—B8g2 ___l.b2 _1,260
Dec. |37 120 687
Total 18,310 70 13,26
Jan. 415 1.31 Shk
Feb. 5]3:3 1.2% $2
Mar. 1.13
Apr. 1,% .77 _1,220
My 3,900 .45 1,755
June 3,763 41 1,542
-1958 July 68 9 6o
Aug. 337 1.3 Lo
Sept. 312 /1.3 500
Oct.. 3 1153 530
Nov. 385 _Y1.953 500
Dec 388 T.55 __600_
Total 13,461 73 9,85

To obtain mg/l multiply T/AF by 735.
1/ Correlated.




Colorado River near Grand Canyon, Arizona

Table 13
Colorado River Basin
Historical Flow and Quality of Water Data

Units —1000

Concen- Concen- Concen-
(le) (cn;tion) '{.n.s. (Plov) (tr7ﬁon) 'f.n.s. ‘le (tr7tion) 'f.n.s.
ear AR, T./A.F. Tons} Year Month AY. T./AF. Tonu! AR.) T./A.F. ‘Pons )
Jan. 334 1/1.56 520 Jan. 608 1.06 Jan.
Peb. 326 %00 Feb. 539 1.99 588 Feb.
wr. | 365 _1/1.53 __ 560 Mer. 568 _1.09 ___6l9 Mar
-1959  Apr. 423 1.27 537 Apr. _i.251  _1.04  _1,300 Apr.
Moy 1,011 .18 789 May _—2.282 1.03 2,350 My
June 1,808 53 956 Jue [ _2,282 __ .89 2,038 June
July |___ 799 __ .69 __ 5h9 <1965 Jgwy |__7eh __ .59 = _ k27 July
Aug. | __ W88 _ 1.50 __ 731 Aug. 879 86 755 Aug.
Sept. 271 1.62 493 Sept. | ___ 767 __ .51 Sept.
Oct.. 528 L4777 Oct. 675 51 3ul Oct.
Nov. |___ 869 __ 1.25 ___Ti2 Nov. |__ 612 _ .53 __322 Nov.
Dec. 33k .33 52k Dec. 586 £ 406 Dec
Total 7,308 1.05 7,648 Total 11,773 86 10,189 Total
Jan. 348 1.41 i Jan. 529 0.79 418 Jan.
Feb. 353 1.50 59 Fev. | __Seb ___ .87 __B55 Feb.
Mer. 820 1.15 oL2 Mar. 718 .81 582 Mar.
-1960  Apr. 1.6% .63 1,036 Apr 865 .81 700 Apr
May 1,580 .55 870 My _l.;%l_ — 12 __89_ Mey
June 2,212 46 Q June 189 Ny 9 June
July 678 .73 497 -1966 July 698 ég 523 July
Aug. | 233 __l.k2 Aug. % 88 _.‘i_% Aug.
Sept. 218 1.92 418 Sept. 3 T3 Sept.
Oct. 382 1.81 692 Oct 56T LTh 119 Oct.
Nov. 380 1. EQ Nov. 589 LTL 418 Nov.
Dec. 300 1.49 Dec. I3 .76 471 Dec
Total 9,15k .86 7,833~ Total 8,227 .17 6,333 Total
Jan. —=291 __1.58 Jan. 648 .84 544 Jan.
Feb. 393 1.39 490 Feb. 564 .86 _ 485 Peb.
Mar. 379 ___1.40 ____ 530 Mar. 704 .97 683 Mar
-1961 Apr. 587 1.0 608 Apr. 801 1,09 873 Apr.
My 1,047 .66 __ 760 May 861  ___ 1,00 __ 861 Mey
Jime 1,692 47 788 June 711 1.02 725 June
July -1967 July 693 292 638 July
Aug. _1%3 _Lg_sg jﬁ Aug. 786 .82 _ 64k Aug.
Sept. 7! 1.82 1,360 Sept. 713 90 642 Sept.
Oct. TI2 1.23 CIT) Oct. 459 .86 __ 395 Oct.
Rov. 1.23 701 Nov. 895 _ .8 _ 411 Kov.,
Dee. E 1.32 539 Dec. —a97 .90 __337 Dec.
Total 1,739 1.07 8,252 ; Total | 8.032 .93 7,438 | Total
Jan. 369 1.35 498 Jan. — 658  ____1.01 __ 664 Jan.
Peb. 832 .02 8u7 Feb. 53 __1.04 __ 555 Peb.
War. | ﬁg 1.19 726 Mer. (__900 ___1.03 __927 Mar.
-1962 Apr. 2,467 .70 1,730 Apr. 1,028 102 1,100 Apr.
My 3,716 BT 1,654 My 976 1.1 1,083 My
Jume _2,8 b6 1,31 June 925 1.03 951 June
July 1,821 .57 1,031 -1968 Ry 865 .91 _804 July
Aug. 512 1.03 526 Aug. 75 81 628 Aug.
Sept. 318 1.58 502 Sept. 75 80 540 Sept.
Oct. 55T 1.57 871 Oct. 647 29 511 Oct.
¥ov. 443 1.3h 992 Nov. 75 80 540 Nov
Dec. | 3b _ 1.5 ___ 516 Dec. 65 17 512 Dec.
Total 14,839 .73 10,817 Total 9,373 294 8,817 Total
Jen. 182 1.84 334 Jan. 628 _ .99 621 Jan.
Peb. (378 _ 1,33 _ Lo6 Feb. 209 1.10 560 Feb.
Wr. | 203 1.37 279 Mer. 727 1.05 763 Mar.
-1963 Apr. — 72 __1.% ___12 Apr. 7 105 __973 Apr.
wy |79 1.k 8 My | 799 1,03 _ 82 My
June | 148 1.09 162 1969 June 80 ___ .98 83 June
Juy [ 108 _ 1k 13 July 9ok .95 ol July
Aug. — 12 __1.29 145 Aug. 1,002 .83 832 Aug.
Sept. 122 1,43 175. Sept. Q2 .8 69l Sept.
Oct. 77 1,39 207 Oct. __ 662 .80 __%27 Oct.
Nov. 26 1.39 106 Nov. ——aB0 601 Nov.,
Dec. 77 1.7k 134 Dec. i — AL L Dec.
Total 1,630 1,41 2,291 4 Total 2243 9; 1 Total
Jan. Zg 1.75 138 | Jan. Zﬁ % 373 Jan.
Peb. 2 1.52 Feb. 7! Feb.
Mar. 382 1.47 %é Mar. —1.00 510 Mar.
-1964 APre 1% 1.33 1,058 Apr. .94 __ Qi1 Apr.
May 356 1.36 485 Ny 946 % 908 My
June 7L 1.5 127 _1970 June 821 gg_ 739 June
July 8l 1.75 147 July 815 . 717 July
Aug. 287 1.31 376 Aug. 798 .87 691 Aug.
Sept. 191 1.095 200 Sept. 2 Sept.
Oct. 208 _ .77 230 Oct. wE gu u;z Oct.
Nov. 1 .87 323 Nov. 2 3 Nov.
e, |—iE —Tor —in Dec. 700 g Do
Fotal 3,582 1.24 4,450 Total 8,602 .89 7,671 Total
To obtain mg/I multiply TJAF by 735.

e o i i it




Table 13

Colorade River Basin
Historical Flow and Quality of Water Data
Colorado River near Grand Canyon, Arizona

~ (Annual Summary)
Units -1000
Flow Concentration T.D.S.
Year (Q.F.) (T./A.F.) (Mg. /1) (Tons)
1941 18,796 0.T7 567 1k ,503
1942 14 925 .68 ___ 502 10,186
1943 11,624 .86 634 10,033
1944 13,330 .75 549 9,948
1945 12,115 .83 613 10,097 _
1946 9,119 .96 705 8,7ho
1947 1k ,3k7 .19 579 11,295
1948 liij .209 .15 ggg 9 .792
1949 1k ,622 W17 11,25
1950 10,836 .87 oh2 9:1;62
1951 9,934 .92 6716 9,133
1952 18,106 « 715 551 13,582
1953 2.8014 1.219‘ T26 8,693 _
1954~ 2300 : 8 Y 7 ¥ & T S
1956 3.773 .82 60% 7,174
1957 18,910 .70 51 _ 13,263
1958 13,461 .13 538 9,854
1959 7,308 1.05. ___ 169 7,648
1960 9,154 .86 629 7,833
1961 T,739 1.07 T8k 8,252
1962 1L,839 .13 536 10,817
1963 1,630 1.b1 1,030 2,291
1964 3,582 1,24 913 L,k50
1965 11,773 .86 636 10,185
1966 8,227 .17 566 6,327
1967 8,032 .93 681 7,438
1968 9,373 -9 691 8,817
1969 9,543 .93 685 8,861
1970 0,002 .89 656 7,671
Total 324,300 272,283
_Avcrace 10,803 .84 617 9, 076




Table 14
Colorado River Basin
Historical Flow and Quality of Water Data

Virgin River at Littlefield, Arizona

' Units -1000

Flov tration T.D.S. Flow tration T.D.S. Flow tratios  T.D.S.
Year Mooth A.¥. T./AF. Tons iYear Month | (A.F. JALY. i Year _ Mopth | (A.F.) (T./A.F.) (Tons)
Jan. 15 2,39 35 Jan. [ 15 _ 2,3 35 Jan Ak _ 2.3 3R]
Feb. 3 1.97 31 Feb. —J2 __2.h& 30 Fev. | g __2.70 ____ 2L
wr. | & B ___ 51 wr. |13 2.3 .31 Mar T o8 v
Apr. 62 8l 5 Apr —16 247 _. 3 Apr —_—t 327 20
Ny 131 5 7 May 17 1.98 33 May — 5 27 16
June 19 .75 3 June A 3.3 Ak -1953 June " 3.3k 1k
-1941 July P 2l Sl _. 1947 w 5 3.30 16 Maiy 8. ___3.& __aug_
Aug. 3.00 . . 13 3.
sﬁfn. _—20—6 3.29 Sept. Sept. L 3.38 13
Oct. 23 3.02 Oct. Oct. i 2 3.31 20
Rov. 19 2,26 Nov. Nov, 10 307 29
. . Dec. 1l 2.83 331
—_—T o

EES

]
o
-

.
.

;
St

Mar.
Apr.
May

June
July
Aug.
Sept.
Oct.
Nov.

Dec

3

Fzrzy Box

H

d

£

if

1%

:
FIEgkEq

¥

22 2.12
Total 169 2.42

To obtain mg/l multiply T/AF by 735.
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Table |14
: . . |
Colorado River Basin |
l Historical Flow and Quality of Water Data ‘
Virgin River at Littiefield , Arizona
Units - 1000 i
Concen- Concen- Concen- ;
Plow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
ear (A.?.) ‘.T.éA.F.[__Ql‘onsz Year _ Month (A.2.) (T./A.F.) (Poms) | IYear Mopth | (A.r.) (T./A.F.) (Tone) ;
Jan. |10 27 Jan. 9 .78 25 - Jan. |
Feb. — 13 230 3] Fev. |___ B 275 22 Feb. b
wr. |9 267 _ 2k wr. |8 26 2 Mar. |
Apr. b 3,05 _____13 ] Apr. 30 . 60 Apr. |
May by 3.07 13 My 23 . 52 39 Mey
June b 32k 32 June 9 _241 __ 19 June
1959 may |k 3 3 -1965  uy i 56 uly i
Mge |12 335 ko Aug. 3.0 X Aug. !
Sept. 'y 3.20 13 Sept. 6 _3.00 L Sept.
Oct. s S 30 15 Oct. 4 3.00 Oct. i i
Nov. —_13 zga 38 Nov. 21 1.% Nov. t
De:. —_9 269 .23 Dec. 24 —L.26 5§ Dec ‘ ¢
Total Q1 2. 87 260_1 Total 1 2.12 327 Total ‘
Jan. 0o 2.8 28 Jan 3 2.31 0 Jan. ;
Feb. 10 2,38 2k Feb. 1 2.h5 2" Feb. i
Mar. 10 .45 2L wr. |18 _1.50 9 »er. i
Apr. —_ 2.9 AT Apr. T 1.70 Apr.
My 5 3.03 ik My [ 3.00 My
3 ___316 .10 June 3 L.00 June §
-1960 July .. _ 318 _ 12 -1966 iy 3 .00 F July ,
Auge  |—— 3 320 _ 1L Aug. _g__ 3.67 L Aug. !
Sept. ___g __L.gl. -—20 Sept. z 3.20 Sept. ‘ |
Oct. 19 Oct. . Oct. I
Fov. |12 j T Nov. 9 2.% 25 Fov. f}i
Dec. —_—8 __2mn __ 22 Dec. 3 1.99 145 Dec. I
Total 8l 2,79 236 Total 1 2.30 372 Total :
Jan. 8 "'BLg L Jan. 1; 2.66 ;2 Jan. i
. ___g. B Feb. _2.67 Feb.
2:. R: 3 l:r. 10 —2.76 29 l:r. ;
i Apr. T 11 L Apr. 11 2.63 30 Apr.
: oy ) b 12 oy 20 1.88 7 "y
June b 21k 12 June 7 _2.80 9 June
-1961 July 8 3.22 27 -1967  July 4 _ 3,57 & July
Aug. 17 60 Aug. 7 _3.32 5 Aug.
Sept. 22 3 3 Sept. 1% 341 Sept.
Oet. | 2 AL Oct, |7 _ 313 21 Oct.
;o Beve T 3. * ¥ov. J___ 9 _amn 25 Nov. ]
Deoy - Dee —lahd ; Dec. i
‘wotal | 18 .1 B Total ._____1.12__.._.__.3; Total . :
Jan. 10 2%3 28 Jan. 3 2.60 33 Jan. :
Pev. |30 __ 1.65 __ 50 Peb. S 219 Feb. ¥
wr, |17 _ 2.09 j r. 2.16 27 wr.
Apre  |——33 1.2 Apr. —2.m . 30 | Apr.
-y — 9 _.2.24% ___ 19 May —l.80 3 ¥y
June & 3.32 _ 12 June |3 __2.81 13 June
-1962 July j——4 . 3.29 . 13 -1968 July |6 __3.52 20 July
Mge  |—03 __ug _li_ Aug. — 1 309 43 Aug.
Sept. |—e 1 3.2 2 Sept. |——3 __3.60 12 Sept.
Oct. 7 3.3 21 Oct, |— 6 341 20 Oct.
Hov. [ 3.18 2 Rov. —_—T1 . _ans 22 Nov
Dee. 1 2.72 20 Dec. |- AL 2379 30 Dec.
Total 137 2.1% 293 Total | 126 253 316 Total
Jan. —_2 2. 23 Jan. — 48 152 Jan.
LY —1 2-% — 23 Peb. |3 _82 - Feb.
wr. 3.1k 19 wr. |39 149 50 Mar.
Apr. 13 243 12 Apr. —f __8r __ 7 Apr.
oy N 341 13 wy B . 59 Moy
Fme |3 __3.W 11 .1969 Jme | b _ 1.86 26 June
-1963 July 3 3.18 12 My |6 31T __19 Jaly
Aug. 11 3. £ Aug. 4 .75 15 Aug.
Sept. L4 3 L] Sept. |9 356 ___ 3 Sept.
Oct. 13 3.2 ;g Oct. |— B _ 333 25 Oct.
Nov. Bov. |12 275 —33 Nov.
Dec 2 20 Dec. 12 2 Dec.
ol | —5% I e i ' il 2 oty
Jan. T 2-% 20 | Jan. 3 .& 27 Jan.
Feb. 1 2. 21 Peb. |9 _ 2. 22 Ped.
Mar. 2.99 20 Mar. 12 2,83 Mar.
Apr. |13 _ 2.22 28 Apr. | b T3R50 FL Apr.
My 11 2.22 2k N My ),,5 _3.25_3| 20 My
June 3 . 10 _ June 3 June
1064 Valy |k ___3-_532 J— WO nay | a3 T July
Aug. 24 3.81 Aug. 8 3,12 25 Aug.
Sept. 3 3.63 1 Sept. |____.2. _LW 18 Sept.
Oct. 3 3.58 1 Oct. 5 3. 17 Oct.
Nov. 6 3.% 2, Nov. 20 .20 32 Nov.
Dec. 9 2,9 28 Dec. —_—ld —27 Dec.
Total 87 3.01 261 Total 92 2.88 265 Total
To obtain mg/1 multiply T/AF by 735.
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Table 14
Coloradc River Basin
Historical Flovs and Quolity of Water Data
Virgin River at Littlefield, Arizona

(Annuval  Summary)

Units - 1000
Flow Concentration T.D.S.

Year (A.F.) (T./A.F.) Mg./1) (Tons)

1941 427 1.37 1,000 583

1942 186 2.01 1,480 375

1943 179 2.15 1,580 385

1944 181 1.92 1,410 347

1945 181 2.43 1,790 441

1946 169 - 2.42 1,780 409

1947 131 2.56 1,890 336 i
1948 111 2.65 1,950 294 ;;
1949 163 2.17 1,600 354 .
1950 ~ 118 2.65 1,950 313 ﬂ

1951 2,150 328
1952 1,070 390
1953 . 2,190 292
- 1954 . 365
«3955. : 4 : . 42}

1956 © 249
1957 ’ 347
1958 ' 457
1959 ’ 260
1960 _ 2 236

1961 : 338
1962 293
1963 266
1964 261
1965 327

1966 372
1967 - 337
1968 314
1969 202
1970 265

Total 10,457
Avcrage 2hg




Table 1S
Colorado River Basin
Historical Flow and Quality of Water Data
Colorado River below Hoover Dam, Arizona - Nevada |ﬂ

Units =1000 I

Concen- Concen-
l Flov tration T.D.S. Plow tration T.D.S.
ear (A2.) (T./A.F.) (Toms) Year Month Year Mooty AF. JA T
Jan. [ 1.08 636 Jan. Jan. 1 0. 1,141
Feb. =% 1.11 Feb. Feb. . . % Qg .
r. 552 _1.10 Mer. Mer. 1,@ . 973§
Apr. 518 _1.08 5 Apr. Apr. F7el . 913 W
oy Tk 1.08 ~ 1,550 Ny Moy 998 9 908 i}
June —1.810 1.07 2935 June June 819 8o 729
s1961 aly | o5 1.06 . 1 -1947  Juiy -1953 quy 897 .87 780 l
Aug. 1 % . 1 :% Aug. Aug. . 842 TR
Sept. 1 g . ] 1 Sept. Sept. % . EEE !
l g:t' ,eﬁl :.§ 2553 oct. Oct. Bop [ i
. 1,817 . 1 Nov. Nov. 749 86 hl
Dec. 1 g 1 Dec. Dec. 814 85 £92
Total 1&,%9 1.00 1k, Total !mlc 11,302 89 10.093 |
Jan. 2011 1.00  _ 2,011 Jan Jan 836 .88 6
Feb. - ,Ei .99 2535 Feb Fev 721 .ok % )
Mar. L, 425 00 2425 Mar Mar 911 . Eéé
A'-p;. 13 }g gg 2 gﬁ'; Apr Apr . E 916
23 s My e 1,101 . gz 2 .gsh !
1942 'ﬁ.nﬁm; o o ,g'n 1948 .';:?; -19%4 e X '
- .9 - July 1,02 -9 {
Aug, "% 5% Aug. . —% & i
Sept. __4%5_ __.98 1,005 | Sept Sept 933 .97 205 I
Oct. 1,183 .95 I,1 Oct Oct T7 .9b 729 1!
Il:v. A .1925 -? geov Nov £ 299 :
C. e - c De 1 97 119
Total i — 15,30 Total rotal | | 051k S 5013 |
- B i
Jan 1,1 ? 965 Jan Jan 2 2% 718 !
Peb 3 . 732 Peb Feb 702 1.0 7;& i ‘
»ar. 971 . 1 Mar Mer. 108 {
A&:‘. 915 2 Apr. Apr .1 979 i
p_— My M .
Rme 110l0 % % June | =B e ‘
-1943 Jly | 1,1 o1 1,009 | -1949  Juy -1955 Jay BT 4'
. Aug. 1 Aug Aug. %ﬁg ],}5_
Sept. o2 291 Sept. Sept. 22 1.11 i
oot | L L% oet. oct. |56 _ _m_%
£ . . 2 . Nav. 487 1.2 Sk
5 . Dega 7T & 1,098 Dec. Dec. L9 3%
¢ UTotal - .0 1,56 Total Totel M
: Jan. c §_1 .88 1,147 Jan Jan. ?3 1.09 3 \
Ped. dﬁ .97 4231 Pev Peb. 1.30_ é%: i
A::' _1.307 .96 ,25% Mr Mar. . 1
. .97 2135 Apr. Apr. 5 1
. | ThEe —F e wy ey % i
. June ks 02T . June June 917 . i
. -1944 July  §_l.lll 93 4033 -1950 July 1956 yay T
hug. 1211 a3 Aug. hug. i‘
Sept. | _l.l3 1,007 Sept Sept. 610 9 02 |
Oct. —1.226 . Oct. Oct. ___b%_ 16 1
;:v. _]..{.&_ Nov Bov. "); .12 20 '
H c. k. 22 De. Dec. =40
5 Total 1 ] Tota1 sotal T.512 . I

Jon. 1,2 3 1,152 Jan Jan. USRS
Peb. 1,100 % "“1:25'05 Peb Jn- | —- -
Mar. % 1,200 . Mar Mar. _""_'.u
Apr. o .% 990 Apr Apr ﬁ —1.09~ ]
May 1 .90 961 May my 1. # ;
June 101k~ 2/.o1 923 June June &g _L-g i
S1945 July BeL . g <1951 July S1957 py | 786 T 1.05 25 }
Aug. ——835_53 = 15.21_ Aug Aug. :k .03 20 f
e | = e 5 =& |
: N t Oct.
1":' _{‘3162— : 938 gzv Nov. 958 _L.QQ_.. 299 __Jll__m» 1
L. 1 ale %2 . Dec. s
Total 512 7] 11,512 N(Alc 'l‘oulc _L.08L __A& 3006 1 d
i N il
2 Jan L6 —n Jan Jan. N . 1,120 -t
i Fev 1 %E ) % rev Feb. ‘*‘ﬁri— - |
Mar. 1 Mar Mar T35 . i
‘ dee | THE e T sor e o v .
My ..__?3_ L 867 Lad My 115 N RT
June 17 .92 52 June June 819 .85 696 i
-1946 Jul¥ 6838 BN N 1952 July ~1958 July Bol < T !
Aug. 751 L/.91 3 Aug. Aug. 911 83 7%
Sept. 9 91 1 Sept Sept. 7% — 83 ga1
Oct. T . ﬁ Oct, Oct. 4 L 597 v
; Kov. 762 2/.01 693 Rov Nov % % 612 L
; Dec. Bse. 1/.%0 73 Dec Dec. b —E 723 2
: Total *10,585 91 9,626 Total Total 11,877 .8 10,243 i
£ To obtain mg/l multiply T/AF by 735. i
i *Revised

1/ Estimated or partially estimated.
2/ Average of adjscent values.

|
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Table 15
Colorado River Basin
Historical Flow and Quality of Water Data
Colorado River below Hoover Dam, Arizona -Nevada

Units -1000

Concen- Concen- Concen-
Plov tration T.D.S. Plow tration T.D.S. Flow tration T.D.S.

BN N EE BN B N EE EE Em
gt
3."8:8

ear (Ar.) (r./A.r.) grms) Year  Momth (AF.) (T./A.X.) % [Year Mopth | (A.r.) (7./A.P.) (Toms)
Jan. 85 Jan. 3 Jan
Peb. gié 83 52381 .r:b. %gg ;1L 9 543 ::b.
] 827 . r. 215 ﬂé r.
16 532 Apr. &5 1.1k 79 Apr,
1 Mey §g€ ag My
1% B Lo June T 1.%% June
July |88 .84 _ 7i3 -1965 July 815 1.08 B0 _: July
S1959 pug. 894 B Zgé Aug. 817 1.11 ﬂz : Aug.
Sept. 1 Sept. 55 1.12 ! Sept.
Oct. %ﬁ B 568 | Oct. 535 1.05 %& Oct. :
Fov. 607 Bl ko2 Fov. 418 1.0 430 Fov. |
Dec. 72 1 463 Dec. 423 ﬁ 1 Dec. 1
Total 9,282 By 7,841 Total 7,792 1.0 25Tk Total ‘ B
Jan. 629 .86 541 Jan. 252 1.03 260 Jan. d :
Peb. 512 .89 5% Peb. __g_ — 1,02 N Peb
Mr. |__TiC .89 632 wr. ——%%— 05 824 Mar. A
Apr. [ 909 .93 845 | 2:‘ . = IL. -gg mlh Apr. ’
way | 856 .93 796 y | —2 oI Ney
Jue [ _1.015 .92 93h June ’—7,53‘ 1.06 . __B31 June !
cge0 Py |G 0o 876 1966 July 104 _ 87 July !
Aug. 959 R 832 Aug. §39_ . 822 Aug. .
Sept. | 806 .03 _ T4g Sept. (672 2.00 _u'&;_{ é72 Sept. A
Oct. 556 .92 __ %12 Oct. 7 -9 Oct.
Fov. _Aﬁg_ ___9%_ 2 Fov. 3 .93 k‘&bo L g:v.
Dec. Tﬂ_ =92 Dec. —a93 16 .
Total 2997 .91 209 Total LTI1 1.00 7,807 Total ;]
. 591 .93 4 Jan. 500 T 470 .
e i §2) yeu. e — - — Yen.
Mar. 936 :95 Mar. o7 .91 _%]‘-_ Mer. 1
Apr. jz:w .97 Apr. TTL -gg - Apr. i
Al e | = =, :
T e R E— < agey My f—E X 5 July ;
ug. 1739 .96 709 Aug. —3i J 2 Aug. :
Sept. 60 .96 063 Sept. _g —3_-_'2. A L) Sept.
Oct. | a39 __.93 _ 2. Oct. _5_7_6_ -3 Oct.
Bov. | 517 _ .ok __ 486 Nov. L Nov. : ;
Des. —g5 . k&2 | Dec. . Dec.
Total - Totsl . Total
5 & B : i .
Jan, | 882 .93 a8 | Jan. —h __é%. Jan.
Peb. E%_T- - v Peb. j% D g— Teb.
Mar. ] . mr. 8% _ .93 Mar.
Apr. ﬁ _%'z_g Apr. |83~ 93 ﬁ Apr.
My 00 807 My 853 .95 10 May
June :ﬁ ! June |12 __93_ &9 June
July . 0 R July | —TI51 _,.97‘ - July
-1962 Aug. _;%_ 97 119 1968 Aug. —693  __ .97 i Aug.
Sept. [ 716 __1.00 716 Sept. |—663 .97 _)?‘%_ Sept.
Oct. 3 1 45 Oct, |._kB6 .98 _1.1_ Oct.
Nov. j A —2% . Nov. 457 .99 Nov.
Dec. L. Dec. ._323_ 1.00 Dec.
Total 8,615 L9 8,033 Total 7,839 95 7 Total i
Jan. | 482 k78 Jan. J__Sk9 1.0 560 Jan.
Fev. | 575 998 Feb. | 552 _ .02 _ 563 Feb,
wr. 871 1 828 . Mer —fes . _1.e BN Mar.
Apr. | 865 L 813 Apr. —BgL 1.0 Apr.
wy | o g3 g7 Wy |83 1,00 % wy
June |6k . 702 . -1969 Jime 123 _1.02 June
1963 T |0 86 July (I 1.0k __ T80 July
p Aug. | 857 .90 __ 11 Aug. |—£93 _l.00 707 Aug.
5] Sept. | 724 __ .80 __ 645 . Sept. {618 _1.00 _ 618 Sept.
e Oct. vl N 475 . Oct. —a23 1.0 523 Oct.
" Wov. | heh .80 w3 . Nov. | W26 _1.00 L6 Kov.
& Dec. 83 .0 526 . Dec. 483 1,01 ___ U458 Dec.
& Total 533 1/.92 7,882 Total 7,802, 1.01 7,990 Total
L7 Jan. 633 .93 589 | Jan. 6 1,04 627 Jan,
L4 Peb. 583 -9 548 Peb. 393& 1,03 %g% Feb.
%’ Mar. 300 .95 760 Mar. —I53 = __l.03 Mer. ;
s Apr. %) 98 [T Apr. Q19 N o ~- 937 Apr. ;
13 May TV _m_‘ My —x7 .97 ___ 6899 My
¢ m 79 ) 72 ’ -1970 Jm\ﬂe —m___mg_ ._&—l.m :% June
i |—866_ .98 ___8hg y July
f\ -1964 Aug. 731 99 T2k Aug. 676 1,00 671 Aug.
Sept. 623 .99 616 Sept. |__507  _ .97 hop Sept.
i Oct. 1.0 596 Oct. 583 1.01 589 Oct. 1
? Nov. kks 1.02 45l Nov. 430 48] Fov. i
& Dec. 469 497 Dec. 497 1.09 5! Dec. 1
.;" Total 8,163 98 8,01k Total 8,023 1.01 8,128 Total -
k To obtain mg/l multiply T/AF by 735, i
% 1/Estimated or partially estimated. ;'
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Takle 15
Colorade River Basin

Historical Flow and Quality of Water Data
Colorado River below Hoover Dam, Arizona, Nevada

(Annual  Summary)

Units - 1000
Flow Concentration T.D.S.

Year (A.F.) (T./A.F.) (Mg. /1) (Tons)
1941 14,889 1.00 735 14,897 '
1942 _ 15,762 .98 717 15,381 ‘
1943 12,715 .90 665 11,502 ;
1944 14,427 .94 693 13,607 '
1945 12,512 .92 676 11,512 ;
1946 10,585 .91 668 9,626 ;
1947 10,959 .94 690 10,283 |
1948 13,051 .90 660 11,713 l
1949 . 13,566 .83 610 11,250 .
1950 12,016 .84 614 10,046 !
1951 9,870 .91 671 9,005

1952 15,816 .85 623 13,401

1953 11,302 .89 656 10,093
1954 10,514 .9 693 9,913. | . .
1955 8,589 1.09 804 9,395 1

1956 7,812 1.14 839 8,918

1957 9,323 1.04 763 9,681

1958 11,877 .86 634 — 10,243

1959 9,282 .84 621 7,841 .
1960 8,997 .91 671 8,209
1961 8,586 : .95 697 8,139

1962 8,615 .93 685 8,033

1963 8,533 .92 677 7,882

1964 8,163 .98 722 8,014

1965 7,792 1.10 809 8,574

1966 7,777 1.01 743 7,857 i
1967 7,932 .92 675 7,282 ;
1968 7,839 .95 699 7,457 ‘
1969 7,892 1,01 i 7,990

1970 8,023 1.01 . 735 5,128 |
Total 315,016 — 295,870 %
Average 10,501 .94 690 9,862 i

Measured flow record entire period.
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Table 16
Colorado River Basin

Historical Flow and Quality of Water Data

Colorado River below Parker Dam, Arizona - California

Oct. |—-63L
542 87
531
10,473 %

A

Units 1000
Conoen-

tration ¥T.D.5. Plov tration T.D.S.
Tons Year Moath AY. AL,

~ esh . |—as 9L —

,_ﬁ ____Aag_ IR -3
- 613' ___;% —a97
A2 —l‘L‘] & June 860 — .98
1,008 | July 84l 8T
- he | =% —
L0495 Oct. !uo:: ——‘gl

15,586~ | Totees .o 9,980
3 J‘%%' Peb. __;J_._lig_ 92
—L:rrﬁ' »r. 2107 _ 9L

1L 1,083 __.92 ——%—

"..l?’oei' 15 .91 _ 1,016

12,651 90
1,229 _ .G
—1,192 .85

223 8l
e .88
9583 _ 1.05
June : __.-%9_
Aug. 13 -
Sept. |1.099 . __ .83
48 __ .80
11 K2
2158 L Th
13,060 .
1,080 86
1,036 85
1,209 a
998 AR
.88

Aug. 945 ____.09

Sept. 88

Oct. 709 %)
—90

To obtain mg/l multiply T/AF by 735.

My Johd 95

June 24l 95

July |_1,263 90

Sope. || —6
. I

Oct. 1 | 76
. 1,172 ‘ Kt
’ 15,613 E ““69"85
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Units -

Table 16
Colorado River Basin

Historical Filow and Quality of Water Data
Colorado River below Parker Dam, Arizona- California

1000

[Year th

Concen-
Flow tration
(A.r.)

_(T./A.F.)

T.D.S.
Tons

-1959 July

Dec.
Total

Feb.
Mar.

-1960 -7“17

-1961 July

Total

-1962 YWy
Sept.

Total

'~ Jan.
Feb.
Mar.

-1963 July
Aug.
Sept.
Oct.
Fov.
Dec.
Total

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Kov.
Dec.
Total

-1964

{

18

ik
i

A

&
ted]
fe
R IR

it

=
&
x{ ool ool oo

LA

e
7,195 —%

L

LA

O
Ye]
)
.l
\o
v

i
A

[N
R
0

i

%

-
8

|

MRS

e

ko
vy

.__301.
7,251 | 9

FhbbbisbR o

6,651 O

6,242 |

Concen-~
Flow tration T.D.S.
Yeer Month A.F. . g.r. ne
Jen. _ 290 1.0l 294
Feb. 100 h2h |
);r. A3l 1.03 f51
Apr. 581, _1.06 614 |
J'ﬁ)' _6ob .07 . 645
une 1.
-1965 July &g L E
Aug. @Z _1.
gzpt. __L.BB
t. :::% _ledl 525
Nov. | __220 1.10 ____ga_ L3
Dec. 1 95 T
e e - i v il -
J 13 129
Fev. "'lﬂ_us 1.0 28
.MBT. 60k 1,08 Jﬁ-
| b _l.ml_— T
Ju:;e —790 @ _l.d2. 887 |
w1966 I\’“ly —Bs2  _1.0b 890
ug. 1
Sept. __585._. 1.07. __ €26
Oct. 357 .96 343
Kov. 256 1.00 256
Dec. —320 .97  ___3l
Total | 6,683 2,05 7,042
Jan. 306 a8 299
FPeb. 433 .01 u3h
Mar P - W -
Apr. 608 .98 594 |
:ﬂe %26 1.00 |
-1967 xuly 32 .
Sept. %90 97 L7k
Oct. 1&35 295 413
Nov 247 220
Dec. 170 163
'l.‘ot'.alc 6,322 .98 2167
Jan. Eil ,% E%o
Fe: 50 R
Mer 680 .93 632
Apr. 700 .93 __652_
My 626 .97 608
June 722 .95 685
e v\ e
ug .
Sept |- e
Nov 309 99 306
Dec. 312 1,0 312 ]
Total 6,643 £95 6,323 |
Jan. _25% 10 258
phby _’{‘Qp_ T es 703
Mer.
i o i
- J 1,05 708
1969 Ny —_7%%— L3 787
Aug. 733 .99 726
s:‘iat. 88 .99 L83
Oct. |3 _ .97 _ beo
Nov. 220 _J..QB.___LSL‘ 227
Dec.
Total ?%%8— 1,01 ?‘Jligg
Jan. 367 1,03 378
Fe:. Lh2 1,04 460
Mar. |__65h 1.2 667
P e W ra—
M,
-1970 Juie 706 1.03 727
Jul; 792 100 792
Aug% 674 02 688
Sept. 530 l.0l 935
Oct. Lol 21,03 468
Fov. __.304 1,00 316
Dec. — 358
Total 6,658 1,03 6,845

Flov
(a.r.)

Coneen-
tration T.D.S.

(r./A.?.) (Tons) |

Total

Jan.
Feb.
Mar.

To obtain mg/l multiply T/AF by 735,
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Colorado River below Parker Dam, Arizona — California

Table 16

Colorado River Basin
Historical Flow and Quality of Water Data

(Annual  Summory)

B Units =1000
Flow Concentraticn T.D.S.

Year (A.F.) (T./A.T.) (Mg. /1) (Tons)

1941 14,749 1.05 772 15,486
1942 15,195 .99 730 15,085
1943 12,079 .02 676 11,113
1944 13,842 .93 687 12,951
1945 12,033 .92 678 11,089
1946 10,141 .93 682 9, 4ok
1947 10,663 9L 688 9,930
1948 12,651 ~90 66k 11,431
1949 13,060 gein 619 10,998
1950 10,473 .86 633 9,013
1951 __ 8,672 .90 660 7,781
1952 _ 15,413 .86 620 13,182
1953 10,649 .86 632 9,160
1954 9,671 91 669 8,801
1955 __ 8,141 - 1.04 763 S, 4ig
1956 _ 6,869 1.1z Gak 7,897
1957 71,997 1.06 781 8,49k
1958 10,892 -89 651 g, 6I6
1959 __ 8,186 .85 622 6,92k
1960 7,79 .88 [ 6,326
1961 _ 6,975 93 632 6,472
1962 7,159 oT 14 6,950
1963 7,251 N 695 6,852
1964 6,651 .oh 689 6,202
1965 6,356 1.07 784 6,786
1966 6,683 1.05 774 7,042
1967 6,322 .98 717 6,167
1968 6,643 :95 699 6,323
1969 6,438 1.01 745 6,529
1970 6,659 1.03 756 6,845
Total 286,307 —— 269,711
werage 9,544 .9k 693 8,990

1/ Partially estimated.

Records furnished by Metropolitan Water District of

Southern California
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Table 17
Colorado River Basin
Historical Flow and Quality of Water Data

Colorado River at Imperial Dam. Arizona - California

Units -1000

; 010
.95 865
1.01 764
1.01 865
o8 .96 __9u.|
T o3l ___.95 884,
e .93 .l
—= ——9—'273
10,045 5 G,511
—Boh _1.03 g8
885 1.0l 89k
60 _1.03 __ 69
602 102 __flh.
__fuh .03 683
9,030 1.00 Q
293 1503 52
78 1.07 125
716 1.09 780
46 1.20
—e 3
8 118 957,
7,708 1,14 8,79
298 1.31 390
P S W=
soh 126 78
753 125 Qi
_ 7n7. 12 815
__ 983 __1.2h _ 7e3.
479 1.24 50k
343 1.28 439
297 1.30
6,266, 1.25 7,828
___255_ _l.niﬁ— -_ijA
3k 132 b
— o
__gﬁ_ 19 6oL
51 1.19 El%
Zgb 1.22
66 .12 690
L.k
‘—8?3' 1.10 'TBE' 07!
7,354 1.17 8,598
1,299 __1.05 _ 1,36k
637 107 682
_‘}‘2%— 22 1.02 "%’3%2_,3
1,026 1.00 1,016
9 1.01
%12: 96 I%(Z)
3—_5_ %‘_ __._'_2:_ ___Z_Y_
—5- —il'.o: — %
2 __1.00 - 2
—F — —E
10, 500 71.01' 10,626

¢
i
! Concen- Concen-
: Flow tration T.D.S. Flow tration T.D.S.
‘; year Montn | (A.F.) (T./A.!'J__{T;ma% Year  Montn | (A.F. AF. me)
! Jan. 62 _1.10 Jan. )
! Feb. ___2235_ .15 —'_6%:5_ Fev §i§ %g 2
Mar. T8 —%—. 669 Mar 93
Ap:. __se2  _ 1. 58k Apr 37 T.02 752
: Ny 1,150 1,11 _:EE Ny —g7 TL.00
June 1,605 _l.2b 1.2 June jisid 1,08 B03
21961 Juy |96 _L.a7 1129 -1947 July 743 __1.01 — 750 -1953 July
Aug. 1.1 1.09 1,2 Aug —B30 .99 __ B2 Aug.
Mo \PHE e ThEo e, | T T IO TL Sept..
Oct. 1505 _1.02 1,535 Oct. T 95 Ti5 Oct.
Nov 1,671 1.02 1,704 Nov. B5 .50 766 Fov.
Dec 010 _1.0b _%% Dec T,00L 87 Dec.
Total 1h, 0ol 1.07 14,980 Total 10,041 97 9,711 Total
Jan. 1,876 1.08 2,026 Jan. 1,106 97 1,073 Jan
Pev. |—L.590 _1.09 ___1:-;33@9: Feb. ,135 of L0067 Feb
L76 1 1 '—"65‘{_1
Mar _Léa— . Mer. .9 Mer
Apr. 1,080 _ 1,11 _L%Q%_ Apr. 2007 .ok Apr.
Hy _l.geh 1,10 jlzla'g: My 1,051 .05 My
Fune | —lha465 _l.dl y June 916 .95 70 June
-1942  July ﬁ 1.11 1,331 ~1948 July 1,00 .c; 8523 -1954 :uly
Aug. .00 920 Aug. O 5 ug.
Sept. |——I82 L.l [ Sept gzl oL Sept
oct _—1__9_31_ 108~ Bz Oct L gg Eoe Oct
Nov. 1 _1,03 1,010 Yov N - o§13 Nov
Dec. A6 9T —dadbl De 1,103 .E Dec.
Tota1 b7k 1.08 15,917 Total 12,036 .93 'ﬁjﬁi‘l_’ Total
Jan. 1.0l L9k 930 Jan 1,2 N 1,138 Jan
Fer 729 __,® 60 Feb. 1 1% % 1,6&1 Feb
Mar —8 .95 _ B0k Mer 1 222 .38 1,0 Mer
Apr B2 .96 . TI0. Apr l,&z .91 Apr.
w o S e i+ -ngazl —Z —5 Ton
June = June . e
1943 Juy |—92 .95 23 -1949 July 0 g 1 -1955 July
Aug. |—9l0 .G __%L Aug L . gge Aug.
Sept. |—-31T L9k 2 Sept. % .86 85T Sept
Oct. _Lmﬁ_ Gk _Jl...gf& Oct 1,103 .63 915 Oct
N S - . ! 1,000 93 0 Fov
Dee, | _L2e2 __.Bo_ N Dee 1146 7 2 Dec
c _Lr
Total 11,345 9k 10,679 Total 12,567 88 11,106 ) Total
Jan 1,200 _ .89 1,076 Jan 1,088 .89 968 Jan
for.,  |TLm€ el Tkt Feb —E % Fev
Mar 1,289 __,97  _1.2%0° Mar 1,1 .88 1,000 . Mar
e | a1 % i el o000 51 S e
Me; Me; 1 . . Mey
Juie __.ﬁ_o L.02 —_L_B___i.f. Jurxe : 512% .89 %g_ gune
R Jul; _-%9 _oil -1950 Ju f R -1956 July
e Ry | - oo 1950 N — % e
Sept Lo > 919 Sept 3 .8 522 Sept”
Oct. _11—%3—- __.?_ __1:93%~ Oct. 3 . 567 Oct
Nov ._z_r-l 142 __89-— _ 1,016 Nov. 510 .95 %5 Nov
Dec. a3y .89 1,017 Dec. 5kO .95 513 Dec
Total 13,205 295 12,545 Total 9,906 .90 8,88 Total
. 1,160 .99 1,1 558 . 530 T
l Fov, | LOL 4}%*5 o, | :%: i Fev,
Mar. . _1_25-. Mar 32 . 10 Mar
A :- _—Jj’f}_ i 928 Apr. LL .96 1L Apr
wy __%50— 1.00 __?5_ I 00 My
ly —_— y .
June :'% 1 June 709, . ggg June
oes Ny | B -1951 July 20 % -1957 July
Aug. M8 __.oh 615 Aug. 8 .95 810 Aug.
Sept. |——IM5 __%. __g_si. Sept ggE . [4%] Sept
Oct. |—212 B 803 Oct g EEE Oct.
Nov _ia_gl .__9_.5 __1,% Nov 229 97 z 2 Nov
De 1,075 __.93 . . Dec
Total 11,390 % T8 Total. 8,053 % 7,764 Total
Jan _1.008 o .oh __ 98 . Jan 1,058 .95 1,005 Jan
I Feb 1,009 % Feb 1,10 .96 1,063 :‘;‘o-
Mar —_R7 7L Mer T1,hoh @ r
Apr _.'%_ . 712 Apr 1,2 .97 1 2&1 Apr
oy 7 : 70 ey |1 3%5 - TI00- L ks wy
June | 658 .99 €51 June 1,309 K 1,2 June
July | TL . 97 . July 1,182 .97 1,147 N July
s p o\ —BE S g wo B —5- sl 1958 2o
Sept. | 639 _ .9 __6%5 Sept 1,219 BT 061 Sept
Oct. 70T 97 Oct 1,2L0 R ,0k2 Oct.
fov 75 .9% 727 Fov 1,176 18 917 Fov
Dec. __ 85 . Bok Dec 1;2@ .15 97 Dec
Total 9,486 .95 9,041 Total 14,815 .91 13,485 Total
l To obtain mg/l multiply T/AF by 735.
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Colorado River Basin
Historical Flow and Quality of Water Data
Colorado River at imperial Dam, Arizona - California

Units -1000

Concen- Concen-
Plov tration  T.D.S. Flow tration  T.D.S.
Year Mopth AF. T./A.F. Tons Year onth A.F, T./A.R
Jan, 0.99 7 Jan.
Feb. 59 .99 % Feb.
»r. 618 1,02 sig Mar.
Apr. HO 1.01 EZ 566 1.15 Apr.
My 1.05 ) 548 May
June 879 1.03 9. — 558 _ 1,20 June
-1959 July 82k ____9_% 816 July
Aug. 821 1.0: Aug.
Sept. BLL 1.05_ 670 Sept.
Oct. Eﬁi . Oct.
Fov. 21" T .og Esg 3h42 Hov.
Dec. 55T 1.01 L1 290 Dec.
Total 7,695 1.02 7,853 Total
Jan. kg 1.02 458 Jan.
Feb. 136 1.00 gihg Feb.
Mar. 651 .99 Mer.
Apr. 762, .99 __']_LE Apr,
Yoy — 6% _1.07 :ﬁ:ﬁ Mey
June | 736 __1.07 June
-1960 July 8k5 1.07 0k July
Aug. 177 1.06 824 Aug.
Sept. Eoé 1.09 661 Sept.
Oct. 81 1.10 2 Oct.
Fov. 1T 360 gL _lo_fo Nov.
Dec. 394 1.15 407 Dec.
Total 7,107 1.06 7,511 Total
Jan. L2 1.18 Lok . Jan.
rev. | Thoo- —HIE —i- : rev.
Mar. gLE 1.10 113 . Mar.
Apr. 666 1.08 719 N Apr.
wy ITTEl8 Tk 705 My
June 691 1.08 746 —£90 June
-1961 July 755 1.09 823 July
Aug. 671 1.12 2 Aug.
Sept. g4 1.14 617 Sept.
Oct. | 427 " 1,10 ___M%L ' Oct.
Nov, 312 1.12. 349 Nov,
Dec. 222 1.18 262 Dec.
6,293 1.10 7,020 Total
Jan. 1.11 374 Jan.
Feb. 393 1.1h 347 Feb.
Mar. 997 .06 633 Mar.
Apr. 680 __1.06  730° Apr.
Mey 619 1.11 688 May
June 648 1.12 125 June
-1962 :uly —— M 1091 8ppl July
ug . —J30 112 @8 Aug.
Sept. 298 1.11 658 s:gt.
Oct. 5 1‘152> 227 —l21 Oct.
Fov 439 1.1 —297 Nov.
Dec. |30 1.8 ‘:25_5_ 309 _1.25 Dec.
Total 6,458 1.11 -7,189 | 2,741 1.15 ¢ Total
Jan. 337 1.14 384 Jan.
Pebd. 393 2.01 43§ Febv.
Mar. __gi.i_ —L.10 676 Mar.
Apr. 1 1.09 105 Apr.
May 202 1.82 656 May —_—
June 91 1. Z%z June
-1963 July 175 1.0% July
Aug. 757 1.02 112 Aug.
Sept. 595 1.04 619 S::t.
Oct. 46) 1.08 498 Oct.
ggv. 350, 1.12 381 g:v.
Co 309 . 3% C.
Total 6,522 1.08 7,016 | 5,616 1,20 "6 706 | Total
Jan. 337 1.2 377 N 1.23 b3k Jan,
Feb., 415 1.07 4L Feb.,
Mar. 1.06 Mer.
Apr. 289 1.07 252 Apr.
May 530 1.10 %3 My
June 576 1.15 6 E ; June
1964 :uly Zrl9 .09 ;B ‘ iuly
ug. 19 -09 0 _121 ug.
Sept. L.k 615 | ﬁg 1.23 25 Sept.
Oct. 1.22 E'BE \ 1.22 Oct.
Nov. - 281 1.26 354 . 298 1,20 358 Fov,
Dec. 257 1.27 328 —l.32 415 Dec.
Total 5,900 112 6,616 ! Total

I Total

To obtain mg/l multiply T/AF by 735.




Table 17
Colorado River Basin

Historical Flow and Quality of Water Daia
Colorado River at Imperial Dam, Arizona — California

(Annual  Summary)
Units - 1000
Flow Concentration T.D.S.
Year (A.F.) (T./A.F.) (Mg. /1) (Tons)
1941, 14,024 1.07 785 14 .980
1942 14,714 1.08 795 15,917
1943 11,345 .9 692 10.679
1944 13,205 .95 698 12.545
1945 11,390 .95 700 10,841
1946 9,486 .95 701 9.041
1947 10,041 .97 711 9.711
1948 12,036 .93 687 11,242
1949 12,567 .88 649 11,104
1950 9,906 .90 659 8.887
1951 8,053 .96 709 7.764
1952 14,815 .91 669 13,485
1953 10,045 .94 689 9,411
1954 9,030 1.00 735 9,024
1955 __ 1,708 _1.14 839 8,797
1956 6,266 1,25 918 7,828
1957 7,344 1,17 860 8,598
1958 10,500 1.01 744 10,626
1959 7,695 1.02 749 7,843
1960 7,107 1.06 77 7,511
1961 6,293 1.12 820 7,020
1962 6,458 1,11 818 7,189
1963 6,522 1.08 791 7,016
1964 5,900 1.12 824 6,616
1965 5,703 1.25 916 7,109
1966 5,849 1.22 896 7,133
1967 5,615 1.15 842 6,430
1968 5,741 1.15 846 ~— 6,611
1969 5,616 1.20 880 6,726
1970 5,701 1l.22 897 6,960
Total N
Average 8,889 1.03 757 9,155
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!
- - Table 18 |
- Summary of Historical and Present Modified Quality of Water and Anticipated Effects of Future Developments at Eighteen Stations
- Colorado River Basin | !
m Units: , o {
- Historical condition Present modified condition 1/ Pature Cordition 57 ( s: 1,000 except concentrations)
Zero pickup j T.D.S. pickup at 2T/A
Flow T.D.S. Flow T.D.S. : ,_ “T.0.5.
ad just- ad just- ad just- adjust- i ad just-
Flow T.D.S. Concentration ment Flow ment T.D.S. Concentration ment Flow ment T.D.$. Concentration ment T.D.S. Concentration
Station (AF) (1) (T/EF) (mg/T) (AF) (AF) (1) (1) (T/AF) (@e/1) (AF) (4F) (T) (1) {T7AF) _ (mg/1) (1) (1) [T/ (mg/T)
T 5 3 N 5 3 7 5 9 10 11 12 13 1k 15 16 17 18 19 20 21
i
Green River near Green i
- River, Wyoming 1,273 534 0.k2 308 -33 1,240 +11 545 0.4k 323 -232 1,008 -90 rmw 0.45 332 -7 L7l 0.47 346
Green River near Greendale, i , .
Utah 1,560 886 0.56 ka7 -20 1,540 +35 921 0.60 o) -250 1,290 -93 828 0.64 47z -Th 817 0.66 183
Duchesne River near |
Randlett, Utah Lk ko9 0.92 677 -20 L2k -1 Lo8 0.96 707 -206 218 -27 361 1.75 1,285 -11 397 1.82 1,339
Green River at Green River, ;
Utah L,1ka 2,578 0.62 456 -T2 L, 078 +T 2,625 0.6k 473 -573 3,505 -135 2,490 0.71 522 -63 2,562 0.73 537
- San Rafael River near
Green River, Utah 95 213 2.24 1,648 -1k 81 +2 215 2.65 1,951 -5 76 " 211 2.78 2,041 -12 203 2.67 1,963
Colorado River near Glen- .
- wood Springs, Colarado 1,613 596 0.37 271 -195 1,418 +3 599 0.k2 310 -31 1,107 ~28 571 0.52 379 -28 571 0.52 379
Colorado River near Cameo, {
Colorado 2,765 1,530 0.55 106 -239 2,526 -7 1,523 0.60 443 -kg5 2,031 -30 1,493 0.74 m:ov 8 1,531 0.75 550
Gunnison River near Grand _
Junction, Colorado 1,727 1,467 0.85 62k -17 1,710 +19 1,486 0.87 639 ~69 1,641 666 +65 1,551 0.95 695
Colorado River near Cisco, |
Utah k,960 b1k 0.83 613 -317 4,643 +40 4,181 0.90 662 -789 3,854 87 +101 4,282 111 817
- San Juan River near Archu-
leta, New Mexico 912 197 0.22 159 +9 921 +10 207 0.22 165 303 170 -137 10 0.23 170
San Juan River near Bluff,
- Utah 1,620 970 0.60 Lko -2k 1,596 +30 1,000 0.63 461 1,113 657 +372 1,372 1.23 906
Colorado River at lees ,
Ferry, Arizona 10,507 7,960 0.76 556 -131 10,376 +635 8,595 0.83 609 -1,907 8,469 716 +oho 8,837 1.04 767
Colorado River near Grand
Canyon, Arizona 10,803 9,076 0.84 617 =131 10,672 +635 9,711 0.91 669 -1,907 8,765 786 +22 9,953 1.1k 835
Virgin River at Little- . |
field, Arizona 156 349 2.2k 1,6k o 156 0 349 2.2k 1,6u4 -48 108 -2 KLY 3.2 2,362 +12 361 3.34 2,ks8
- Colorado River below Hoo- X _
ver Dam, Ariz.-Nev. 10,501 9,862 0.9% 690 -259 10,2k2 +516 10,378 1.01 Ths -2,191 8,051 -345 S.Smuu 1.25 916 +254 10,632 1.32 971
= . !
Colorado River above - *
- Parker Dam, Ariz.-Calif. 10,109 9,522 0.9k 693 -125 9,984 +676 10,198 1.02 751 -2,218 7,766 -368 9,839 1.27 931 | 4271 10,469 1.35 991
Colorado River below £ i
Parker Dam, Ariz.-Calif. 9,5k 8,990 0.94 693 -760 8,784 -18 8,972 1.02 751 -2,141 6,643 -563 8,409 1.27 931 , -17 8,955 1.35 991
Colorado River at Imperial ‘ ]
Dam, Ariz.-Calif. 8,889 9,155 1.03 757 -908 7,981 +38 9,243 1.16 851 -2,281 5,700 -563 8,680, - 1.52 1,120 | +87 9,330 1.64 1,204
|
- W\ Upper Basin Reservoir evaporation used in obtaining present modified conditions are the latest estimates. These may change when a more comprehensive evaporation study presently being oM.Wwﬂﬁ..om. 1s completed. w
m\ Represents conditions occurring after termination of the short-term contracts for temporary use of water by municipal and industrial users along the San Juan and lower Colorado Rivers N 50 with negligible salinity control measures.
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Table 19
Projects depleti L
New irri-
New gation
depletion land
Project and State (ac.-ft.) (acres)
Above the gage Green River at Green River, Wyoming
Seedskadee, Wyoming including Westvaco and others . « « o« ¢ o o o ¢ o o = ¢ 232,000 9,720
Between the above gage and the gage Green River near Greendale, Utah
Lmns.n,Wyoming.......‘........................ 10,000 0
Utah Power & Light and others, Wyoming . . . « « o o o e e e 0000ttt T 8,000 Yy
Above the gage Duchesne River near Randlett, Utah
Central Utah Project, Utah
Bopmeville UBt o o o o o o o o o o o mososomnn s s e s 166,000 2/
UpalcoUnit............................... 10,000 0
Ulntah Unit o « o o o o o o o o o m o s s oo n xs e s s s s e 0 30,000 7,800
Between the gages Green River ‘near Greendale, Utah, and Duchesne River .
near Randlett, Utah,and the gage Green River at Green River, Utah
Four County, COLOTBAO .« « = « o o+ o o s st s s oo s oo oo s o m st 40,000 2/
HaydenSteamplant,Colorado........................ 12,000 1/
Cheyenne-laramie,Wyoming......................... 23,000 y
Savery-Pot Hook, Colorado-Wyoming .« « o « o « » o o o o ¢ o o 0000000 27,000 17,920
Central Utah Project
JensenUnit............................... 15,000 Yho
Above the gage San Rafael near Green River, Utah
Uta.hPower&Light,E‘meryCounty,Uta.h................... 5,000 1/
Above the gage Colorado River near Glenwood Springs, Colorado
Denver-Englewood, Colorado Springs, Colorado . « o« « e v v v v v @ 0 " . 256,000 2/
GreenMountainM&I,Colorado........................ 12,000 y
HanestakeProject,Colorado........................ 43,000 2/
Between the above gage and gage Colorado River near Cameo, Colorado
Fry‘ingpan-Arkansas,Colorado........................ 70,000 2
RuediM&I,Colorad.o............................ 38,000 1/
WestDivide,Colorado........................... 76,000 19,000
Above the gage Gunnison River near Grand Junction, Colorado
FruitlandMesa,.Colorado.......................... 28,000 15,870
BostwickPark,Colorado.......................... 4,000 1,610
DallasCreek,Colora.do..........................- 37,000 15,000
Between the gages Colorado River near Cameo, Colorado, and Gunnison
River near Grand Junction, Colorado, and the gage Colorado River
near Cisco, Utah
Dolores,Colorado.............................ylh0,000 32,000
San Miguel, Colorado . « « o o o = o o » & & = ¢ e e e e e e e e e e 85,000 26,000
Above the gage San Juan River near Archuleta, New Mexico )
San Juan-Chama, New MEXICO . o o v o o o o o o o s o s o s cm e m et 110,000 2/
Navajo Indian Irrigation, New MEXICO o o o o o o o o = o o » o o o o 0 0o ’1/508,000 110,000
Between the above gage and the gage San Juan River near Bluff, Utah
Animas-Ia Plata, Colorado-New Mexico . « « o = o v o o o o oo o 2 0t .. 146,000 46,500
Expansion Hogback, New Mexico S T R R 10,000 0
Four Corners Powerplant, New Mexico . - .. « e e e 20,000 %j

Return flow--Dolores and Navajo Indian Irrigation, Colorado and New Mexico . -311,000

Between the gages Green River at Green River, Utah; San Rafael River near

Green River, Utah; Colorado River near Cisco, Utah; and San Juan River
near Bluff, Utah; and the gage Colorado River at lees Ferry, Arizona

Resources,Inc.,Uta.h.....................

ArizonaM&I,Arizona......................
Sa.lva.ge............................
Subtotal Upper Basi J e I Y

1/ In-basin depletion without irrigated lands.
2] Transmountain diversion.

In-basin transfer from Dolores River drainage to the San Juan River

53,000-acre-foot return flow to the San Juan River.

.. 102,000
.. 35,000
.. -80,000
. .+ 1,907,000

drainage--estimated

l_+j Diversions at Navajo Reservoir, estimated 258,000-acre-foot return flow to the San

Juan River below the gage near Archuleta, New Mexico.
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Table 19 (Continued)
Projects depleting Colorado River water

"~ New irri-

New gation
depletion land
Project and State (ac.-ft.) (acres)
ween the above gage a € gage Lolorado River near Grand Canyon, Arlzoma o] 0
Above the gage Virgin River at Littlefield, Arizona
Dixie Project, Utah . . . & v v v v i v it 5/8,000 6,900
Between the gages Colorado River near Grand Canyon, Arizona, and Virgin :
River at lLittlefield, Arizona, and the gage Colorado River below Hoover
Dem, Arizona-Nevada 6
Southern Nevada Water Project, Nevada . . . . . . . C e e e e e e e e ./236,000
Between the above gage and the gage Colorado River below Parker Dam,
Arizona-California .
Fort Mohave and Chemehuevi Indian, Arizona, California, and Nevada . . . . . 83,000 20,9¢
Kingnan,Ar:lzona 18,000
Mohave Valley I&D District, Arizona . . . . ... . S e e e e e e e ee e 6,000
IakeHavasuI&DDistrict,Arizona..................... 7,000 &
Salvage Sttt e e e e e e e e e e e e e e e e e e e e e e e e -87,000
Central Arizona, Arizona LI T T '_{/
California diversions limited to U4.h million acre~-feet to permit develop-

ment of other tabulated projects in the lower basin . . . . ... 0. .. Z/ -77,000
Between the above gage and the gage Colorado River at Imperial Dem B :

Arizona-Colorado
Colorado River Indian, Arizona~California . . . 208,000 51,970
Salvage « o v v it h e e e e e e e e e e . ~68,000

Subtotal Lower Basin . . . . . . . . 3751000 19,770
Total Colorado River . . . . ., . . .

. 2,281,000 381,630
g/ Includes a transmountain diversion to Great Basin.

Pending full development » the Mohave Thermal Plant will use part of this water which will be
diverted below Hoover Dem. .

I/ The Central Arizona Project diversions will vary depending on the depletions by other projects
on the river and depending on the total amount of water available from the system in a given year.
Maximum annmual diversions to Central Arizona could be 2,172,000 acre-feet. The salinity computations
assume no change in reservoir content during the period of study. Also, with the full depletions by
the projects tabulated, the diversions to California would be reduced to an annual 4,400,000 acre-feet
from its 1970 diversions of 5,015,000 acre-feet, This reduction would assure a full supply to the
tabulated projects in Arizona in addition to supplying water for the Central Arizona Project, (Bureau
of Reclamation water supply studies, based upon the 1906-70 runoff period in the Colorado River Basin,
result in average diversions for the Central Arizona Project of 1,078,000 acre-feet and 900,000 acre=-
feet in the year 2000 and the Yyear 2030, respectively,)

In-basin depletion without new irrigeted lands.
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