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QUALITY OF WATER
UPPER COLORADO RIVER BASIN
PROGRESS REPCRT

LEGISLATIVE DIRECTIVES AND RESPOWSE

Public Law 485, 8hth Congress, Second Session, the authorizing
legislation for the Coloradc River Storage project and participating
projects, was signed by the President on April 11, 1956. Section 15 of
the Act 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."

Authorizing legislation (PL 87-483) for the San Juan-Chama project
and the Wavajo Indian Irrigation project became effective on June 13,
1962. Section 15 of this Act states, "The Secretary of the Interior is
directed to continue his studies of the quality of water of the Colo-
rado 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 precposed to be used, to estimate the
effzct of additional developments involving its storage and use (whether
heretofore authorized or contemplated for authorization) on the remain-
ing water available for use in the United States, to study all possible
neans of improving the quality of such water and of alleviating the 111l
effects of water of poor quality, and to report the results of his
studies and estimates to the Zightv-seventh Congress and every two
years thereafter."

Similar reports are required by P, L. 599, 87th Congress, Second
Seision which authorized the Fryingpan-Arkansas project. January 3,
1963, is stipulated as the submission date for the initial report.

Response to these directives by the Department of the Interior
comprises two parts that are reported here: (1) an assessment of the
water-quality situation irn the part of the Colorado River basin above
Lee Ferry, Ariz., as of 1957, by the Geological Survey; and (2) a
projection cf water-quality effects to be expected from additional
developments that inveolve storage and use of river waters above Lee
Ferry, by the Bureau cf Reclamation. Current stwies that concern the
lower part of the Colorado River bhasin, below Lee Ferry, have not
reached a definitive stage and are not reported here.

Determination of the effects of man and nature on the quality of
vater in any area is dependent upon many factcrs, the most important
of which is the availability of adequate streamflow and salinity records
of long standing. Although quantitative streamflow records on the
Coloradc River and its mejor tributaries meet this reguirement, the




h

LEGISLATIVE DIRECTIVES AND RESPONSE

ater quality records pre-

water records do not. Paucity of w
yields caused

quality—of—

cludes conclusive determination of the dissolved-solids
by irrigation. Therefore, any of the determinations included in this
report are subject to substantial revision as more adequate besic data
gre accumulated and as such deteruninations are epplied to future condi-
tions of precipitation and runoff.

Drought conditions which cause months or yeers of minimum flow
greatly reduce the dilution potential of any stream, with & consequent
increase in salinity, regardless of external causesSe. Conversely,

months or years of high stream flow will decrease the salinity of any

stream. Any determination of the effects of irrigation on water quality,

to be of a conclusive nature, will require many years of record which .
include both wet and dry cycles as well as adequately dgocumented stor- i

age releases and water deliveries to projects within the basin. Varia- |
ing variation in water

tions in the cropping pattern, with its accompany ‘
requirements,will produce gifferent salinity patterns. -

uld be judged ii

mates in this report sho
the general order

A1l of the salinity esti
dicators associated witn

merely as credible interim in
of magnitude of the results shovwn.
directives

%
the cited legislative b
ate additional i
¢

The continuing requirements of
ts whiech will incorper

will be the subject of future repor
data ac they become aveilable.
i



THE WATER-QUALITY

SITUATION AS OF 1957

GEOLCGICAL SURVEY




PART 1
THE WATER-OUALITY SITUATION AS OF 1957

ORJECTIVE OF THE INVESTIGATION

Assessment of the water-quality situation in the Colorado River
pasin above Lee Ferry, by the Geological Survey, began in 1957. The
principal specific objective has been--co far as was practicable from
information at hand or obtainable within the span of a few years under
a modest budget--to diseriminate natural end man-caused components of
tne dissolved-solids load that was in the stream system as of 1957 and
to scale the size of each major component. The components having been
identified and scaled, an informative Lypothetical model of the virgin
water-quality situation can be computed readily, although this was not

a basic purpose of the investigation.

Two reports on this investigation have been completed in manu-
Ecript form by the Geological Survey. RBoth carry the general title,
Water resources of the Upper Colorado River basin, Coloraco, Wyoming,
Utah, New bexico, and Arizona." One, 2 "Basic data revort” of 1,305
pacges, collects and summarizes statistical water information; it has
been released az of December 1961 and awaits publication as Professional
Paper L2, The other, = "Zechnical report" of 758 pages, including
nunercas figures and tables, awalts release and publication. It does
net urrertake to essess the effects of water-mansgement measures begun
or contemrleted after 1957. General and specific surwaries of this

tecinical report follow.




THE SITUATION IN SUM:ARY

As of 1957--with then-existing facilities for storage, withdrawal,
and use of the waters--average yi=id of water from the upner part of
the Colorado River basin, as measured at Lee Ferry, Ariz., was 12.733
miilion acre-feet yearly. Average dissolved~-solids discharge and con=-
centration were 8.676 million tons and 501 ppm (parts per million),

respectively.

Components of the development as of 1957, and their effects on
water yield and water quality at Lee Terry, were about as fcllows,
ascuming that they could have been accomplished separately and in the
sequence to be listed: (1) Reservoirs and canals, owing to evaporation,
average yearly water yield diminished about 200,000 acre-feet, concen-
tration increased about L ppm, and dissolved-solids discharge unchanged;
(2) transmountain diversions, water yield and dissclved-solids discharge
dirminished by 465,800 acre-feet and 37,5C0 toms, respectively, and con-
centration increzsed 6 ppm; (3) domestic end industrial uses, water
yield diminished 22,600 acre-feet, dissolved-solids ccncentration and
discharge increased 2 ppm ard 33,600 tons, respectively; (4) irrigation,
owing to consumptive use only, water vield diminished 1.769 miilion §
acre~feet, concentration increased 37 ppm, @issolved-sclids discharge
unchanged; ard (5) irrigation, owing to leaching of the watered lands,
water yi=ld unchanged, dissclved=-solids concentration and discharge
increasad 199 ppm and 3.45 million tons, respectively. Here and else-
where in this report, “leaching" is used in a very broad sense, to
include all physical and chemical processes by which water, flowing or
percolating, picks up dissolved solids from soil., Had transmountain
diversions been the "last-added" comnonent, they would have increased
dissolved—-solids concentration by 15 ppm, rather than by 6 ppm as indi-
cated above.

Thus, had the developments of 1957 not been in existence, the
hyvothetical average yearly water yield at Lee Ferry would have been
about 15.2 million acre-feet rather than the 12.733 million measured;
hypothetical average concentration would have been 253 prm rather than
501 ppm, and hypcthetical average dissolved-solids discharge would have
been about 5.2 rather than 8.676 million tons. In other words, in .
relation to a hypothetical virgin situation, man's developments in the
pper basin of the Colorado River apnear to have diminished water yield
§bout 16 percent, nearly doubled dissolved-sclias concentraticn, and EOTRR
increased dissolved-solids discharge about 66 percent. Wi

Substantially all the increase in Jissolved-solids discharge is
?onstrued as an effect of irrigation on 1.4 niliion acres of land--that
1s, an average increase of 2.k tons per irrigated acre ner year, From
one part of the area to apnother, this average ranges abcut from 0.1
ton to 5.6 tenms.

n




LOCATION AWD GEOGRAPHIC FEATURES

The area covered by this statement is the drainage basin of the
Coloredo River above '"Lee Ferry," Arizona--that is, above the so-called
compact point which separates the “upver" and "lower" basins of the
Colerado River. It is defined by the Colorado River Compzet as "a
point in the main stem of the Colorado River one mile below the mouth

of the Paria River."

The Upper Colorado River Basin (Fig. 1) comprises about 109,500
square miles: in western Colcrado (38,670 sq. mi.), southwestern
Wyoming (17,430 sq. mi.), eastern Utah (37,310 sq. mi.), northwestern
New Mexico (9,580 sq. mi.), and northeastern Arizona {6,510 sq. mi.).
The basin is within parts of two principal physical divisions cf the
United States--the Rocky Mountain system and the Intermontane Plateaus
(Fennemen and Johnson, 1946).1/ The basin extends from latitude 35° 34!
north to 43° 27' rorth, about 550 miles, and from longitude 105° 38!
vest to 112° 19* west, about 350 miles.

florthward from Lee Ferry, the boundary of the basin follows the
crests of the Paria, Aquarius, and Wasatch Plateaus and of the Wasatch
Range to merge finally with the Continental Divide at the northern end
of the Wind River Range. Southward and eastward from Lee Ferry, the
boundary trends first across the Kaibito Plateau, along the north end
east rim of Black Mesa, then across the scuthern end of the Chuska
Mountains to merge with the Continental Divide a few miles northeast of
Gallup, ¥. Mex. From here northward, the east boundary of the basin
fellows the Continental Divide almost 1,000 miles to the nortnern end
of the WVind River Range in ¥lyoming.

The Colorado River rises in the extreme eastern nart of the basin
on the east slope of Mount Richthofen, a 13,000-foot peak on the Conti-
lental Divide, and flows southwestward across all the upper basin to
Lee Ferry, Creen River, the largest tributary, rises in the Wind River
Rgnge 2t the north tip of the basin and flows southward to its jurction
With the Colorado River about 60 miles south of Green River, Utah. The
San Juan River, the next largest tributary of the Colorado River, rises
OF the vestern slope cf the Continentel Divide in the southeast part of
the basin and flows west to its Junction with the Colorado River about
75 miles west of Bluff, Utah.

Principal tributaries of the Colorado River above tlhe Green River
are the Eagle River, Roaring Fork, Gunnison River, and the Dolores
River, Those of the Green River are Hew Forxz River, Big Sandy Creek,
Blacks Fork, Henrys Fork, and Yampa, White, Duchiesne, Price, and San
Bafael Rivers. Principal tributaries of the San Ju:n River are the
Navajo, Los Pinos, Arimas, and La Flata Rivers. Other tributzries that
fnter the Colorado River below the Green River are the Dirtv Devil,
bscalante, and Paria Rivers.

————

1/ Fennemarn, wevin M., and Johnson, D. W., 19L6, Physical divisions

of the Uns iy .
the United ¢tates: U.S. Geol. Survey lisc, Mans and Charts.

3
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LOCATION AND GECGRAPHIC FZATURES

Topographic features and the stream system divide the upper basin
into three convenient major parts or “divisions.”" These are: (1) the
crand division, the drainage basin of the Colorado River above the
Green River; (2) the Green division, the drainage basin of the river
of that name; and (3) the San Juan division, the drainage basin of the
Coloradc River between the mouth of the Creen River and Lee Ferry,

iriz. (Fig. 2)

N
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EXPLANATION
7Sub5§sins

Colorado.River basin above the Gunnison River.
Gunnison River basin, ’
Colorado River basin between the Gunnison and
Green Rivers.

Green River basin above the Yampa River.
Yampa River basin.

Green River basin between the Yampa and White
Rivers and including the White River basin.
Green River basin below the White River.

San Juan River basin.
Colorado River basin below the Green and San
Juan Rivers and above Lee Ferry.

Colorado River near Cameo,
Colo.

Plateau Creek near Cameo,
Colo.

Gunnison River near Grand
Junction, Colo.

Colorado River near Cisco,
Utah

Green River near Greendale,
Utah

Yampa River near Maybell,
Colo.

Little Snake River near Lily,
Colo.

Green River near Ouray,
Utah

o N7 1. Green River at Green River,
A — Utah
V_/ J. San Rafael River near Green
~«=-£ 4— River, Utah
/ K. San Juan River near Bluff,
-~ Utah
r L. Colorado River at Lees Ferry,
Ariz.
J07° M. Paria River at Lees Ferry,
Ariz.

--Divisions and subbasins in the Upper Colorado River Basin.



CLIMATE

The climate of the Upper Colorado River Basin is due principally
to the influence of mountain ranges on the movement of air masses. The
high mountains are comparatively wet and cool, while the plateaus and
lover mountains are dryer and subject to wide ranges of temverature.
The interior valleys at the lower elevations are hot and dry in summer
end cold in winter.

Masses of moist Pacific air which approach from the west commonly
move entirely across the basin. Dry polar air from the north and moist
tropical air from the south penetrate the basin at times, but rarely
all the way across., All these types of air masses are obstructed and
deflected by the encircling mountains so that within the basin their
effects are wecker and more erratic than in most other parts of the
United States.

Most of the moisture for precipitation on the upper basin is
derived from the Pacific Ocean and the Gulf of Mexico, whose nearest
coasts are 600 and 1,000 miles away, respectively. The Pacific source
predominates generally from about October through Acril;.the Gulf
source, during the late spring and early summer,

Figure 3 shows monthly precipitation and average monthly tempera-
ture at 11 weather stations in the upver basin. Except in the southern
part of the basin, the monthly precivitation is greater in winter. The
eltitude, as well as the latitude of the climatologic station, notice~
&blv influences the average yearly temperature.

The average yearly precipiction ranges from less than 6 inches on
certain lowland areas to more than 60 inches in parts of the Wind River
Range and San Juan Mountains. Areal distribution of this yearly aver-
age (calendar years 1921-1950) is shown by Table 1; this table indi-
?ates that the wmean yearly precipitation on the upper basin is 15.97
Inches, For the water years l91h-1957, a period which this statement
takes as a standard, the mean yearly precinitation is computed to have
been 15.83 inches. Precipitation of the latter amount on the 109,500
Stuare miles in the uvper basin would be equivalent to 92,740,000 acre-
feet of water. Average yearly evaporation from lakes and other open-—
¥ater surfaces in the uprer basin ranzes about from 28 to 60 inches;
the yearly volume is about 575,000 acre-feet (Table 2).
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CLIMATE

Table 1
Areal distribution of mean yearly precipitation in the
Upper Colorado River Basin, calendar vears 1921-1950%/

Precirvitation Lrea
range Square Fercent of
(inches) miles total area
€0=T70 4é 0.04
56-60 37h .3b
ko-50 1,815 1.66
30-ko 7,271 6.64
25-30 6,906 6.31
20-25 9,071 8.28
16-20 13,911 12.70
12-16 23,634 21.59
10-12 15,201 13,88
8-10 15,417 14,08
6-8 14,126 12.90
L6 1,728 1.58
Tctal 105,500 16C.00

1/ From a map and data prepared by the U. S. Weather
Bureau especially for the investigation by the Geological
Survey. Basinwide mean precipitation derived from this
table is about a third more than has been estimated previ-
ously, largely because greater (and more apnreopriate) weight
is ascribed to records from certain remote, high-altitude
climatolcgic stationms.

Table 2 .
Istimated average yearly evapcration, in acre-feet,
from water surfaces in the Unrer Colorecdo River Basin
(After Meyers, 1962} 1/
Principal reservoirs and regulated iakes . . . . . 83,000
Gther lakes over 500 acres + « 4w « v v o o & « « . 16,000
Principal streams and canals . + o v & + &« « « . . 156,000
Sirall ponds and YESErvOIrsS o v o o v « o o o o o o 217,000
Small STEYEAMS v v 4 4 v 4 o 4 o b b e e e e .. 103,000
Total & o i e o i 4 e e e e e e e e e e e s . 575,000
1/ Meyers, J. S., 1962, Evaporation from the 17 West-
ern States: U.S. Geol. Survey Frof. Paver 272-D, ». T1-97,
1lpl., 5 figs.




WATER UTILIZATION

In the Upper Colorado River Basin, the surface waters are used
for domestic, industrial, and municipal purposes, including the dilu-
tion of sewage and industrial wastes; for irrigating land to produce
food and fiber; for watering livestock; for producing hydroelectric
power; for conserving fish and wildlife; and for recreation. Also,
vater is exported out of the basin for use elsevhere. These uses of
wvater ty man have changed the natural regimen of many of the streams.
Table 3 summarizes the megnitude of these uses and the water-management

facilities involved.

The greatest use of water in the Upper Colorado River Basin is for
irrigation, which in 1957 served about 1,413,000 acres of land. Most
of these irrigated lands have been developed by private enterprise;
however, Bureau of Reclamation projects furnish water for about 270,000
acres. Ip addition, the Bureau of Indian Affairs operates five projects
involving atout 93,000 acres of Indian reservations (President's Water
Resources Policy Commission, 1950, p. 365).1/

In this irrigation, average yearly consumptive use of water has
been estimated to be 1,769,100 acre-feet (Upper Colorado River Basin
Compact Commission, 10L45),2/ GCeveral times +this volume is diverted from
the streams, apvlied to the lands, and returned to the streams minus
the amount consumed. Ninety-two reservoirs with storage capacities

reater than 1,000 acre-feet had been constructed in the basin by 1957.
Tfeir combined capacity is about 1,635,000 acre-feet, of which about
7§8,OOO acre-feet is primarily to provide water for irrigacicn, dcomes-
tic, and industrial uses within the Upper Coloradc River Basin. The
remainder of the stored water is primarily for export.

_ On the average as of 1957 about 468,400 acre-feet of water was
Eelng exported from the basin vearly in L2 transmountain canals &nd
vunnels. Part of this water vas used east of the Continental Divide
1§ Cclorado and ¥Wyoming, and part in the Great Eesin of Utan. One
diversion imports an average of about 2,600 acre-feet vearly into the
Qolorado River Basin from the Great Basin. Figure 4 shows the increase
in transmountain diversions from 19ib to 1957T.

¢ Yegrly consumption of water bty domestic and industrial uses in

lhe basin is estimated to average about 22,600 acre-feet [or the 1957

i:v:ivOf devglcament. The volume of water withdrawm for these purposes
eral times the amount consumed.

Canacfi thi basin, 25 hydr??lectric Powerplants havg a total installed

S yfo: about 55,410 kilowatts. io dota are aveilable on the

oo of water passed through the turbines cf these plants. Their
nsumptive use is esszentially zero.

—

Ameri%é'sP§iiide?t's Watir Rescurces Policy Comm., 1950, Ten rivers in
'S re: U.S. Govt. Printing Off., Weshington, D.C., D. 365.

Pepnu%/ gvﬁﬁe? Col?rauo River Basin Compact Commission, 1948, Final

Coipég+oe gnglne%rlng Advisory Committee to Upper Colcrado River Basin
t Comm.: Urper Colorado Cormissiom, 1946, 203 p., 18 figs.
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Table 3
Water-management facilities and surface-water
utilization in the Upper Colorado River Basin, as of 1957.

Grand  Green " San Juan  The
Facility or use division division division _basin
Storage reservoirs with
usagble capacities greater
than 1,000 acre-feet
NULDET * o o o o & o o & . 33 L1 18 92
Totel usable capacity,
acre-feet . . . . . . - 831,600 575,400 228,160 1,635,160
Trensmountain diversions \
Mumber « v v o o o 0 4 o o 17 20 1 }/h%
Acre-feet exported,
average yearly . « « . » 2/453,400 112,200 2,800 2/568,L00
Acre-feet imported,
average yearly . . . . . 0 0  3/102,600 3/102,600
Irrigation
Acres irrigated 583,200 590,100 239,700 1,413,000
Estimated consumptive use,
averazes yearly,
. acre-feet . ... . .. 739,100 728,900 301,100 1,769,100
~0irstic and industrial uses
“opulation (1960) . . . . 130,200 92,400 106,000 335,600
Stimated consunmptive use,
. &verage yearly, acre-feet 8,800 6,700 7,100 22,600
qx%pe}ectric povwernlants
?umber e s e e e e e e 15 5 5 25
—=hstalled capacity, kw . . 47,610 2,730 2,070 55,410
1/ 0Of the Ll transmountain diversions, 42 exported water out of the

basi
Clvisions of the basin.

the San Juan division,

%600 acre-feet imported from the Sevier River basin, Utah.

=21, one imported water into the basin, and one transported water between
2/ Includes 100,000 acre-feet diverted from the Grand division to

§/. Includes 100,000 acre-feet imported from the Grand division and
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WATER SUPPLY CEARACTERISTICS

The flow of water in the stresms »f the basin varies continually=--
srom day to day, montn to month, and year to year. The hydrographs on
rigure 2 jllustrate daily and monthly veriations in discharge at four

stations in a commen YVe&ars Figure 6 i1llustrates the yearly vari-

raging
vater years 1914-1957.

stions at the same stations for

Jost of the basin's water supply comes from the mountains, where
recipitation is abundant and occurs largely during the winter in the
orm of snow, With rising temperatures in the late spring and early
now melts rapidly so that the streams rise sharply. Then,
es the stored snow is exhausted, usually bY late July, tie parennial
streams that flow from the mountains subside to a fairly steady base
flow, which generally prevails until the next ensuing snow-melt cycle.
During the summer, precipitation in the mountainous areas does not con-
tribute much water to the streams; rather, most of the precipitation
during that season is consumed by native vegetation.

vy T3

sumrmer, the s

Ir the interior of the basin, extensive areas receive little pre-~
Thus, on about

cipitation and contribute 1ictle water to tane streams.

77 vercent of the basin, the average yvearly precipitation is less than
?Cinches, and on 42 percent of the basin it is less than 12 inches.
Lecordingly, many of the tributary streams that drain the interior are

intermittent or ephemerad.

ow nad been ohtained in the

If comprenensive records of streamfil
and since, tie man~caused

asin before the activities of man began,

changes in stream rcgimen could be determined accurately. HOWever, no
records were started until after men's use of water in the basin wis fa
annot be determinred precise

TWanced. Although the man-caused changes C
iﬁﬁ:avallable data, certain of them can be estimated within regsonablis
inits of accuracy and can be discriminated Trom natural environmental

el? : . 5 . .
Tects., Procedures leading to such estimetes are outlirad nevt.

rs ending Sentembver 30, 1957,
aring this lhb-year
Cartain st + - A . ﬁ %? and i;
common t?treams the fL?w diminishec com@ensurately. Thus, 09 have a
on vase for comparing streamflows, it wos sssumed that the develop-

rent work . s . . . . ) s
1t works existing in 1957 had beer in cperaticn throughout the Ll
re a2djustel as neces-

;zii :Zszuifriid. mTheniAtbe stfeaéflow re?ords we : :
?&r% 1 o :h:he“aasgmpulon.? (In its studles?‘whlch are summgrlzed in
Stendard Dm:tiz ;egift: the 32?eau ?f Re§lama51on agopts an 18—ye%r
develo meai*}o'i‘}9‘¢—;958: AiS?, it 1asts ﬁora pygsent level1 ?f
mmhorgz@i f:n vhich certain progect? are treasted as.tnough all their
rereral «:H‘»é?gﬁés were ?oﬁglete, whereat some are incoxplete. In
by t%: é ;x? alxlgrences u amounts of standard stresmflow as derived
mﬁ,éme ?;eau of xe;;amatlo: and by the Ceological Survey are small
Y consequertial for the purposes of this revcrt.)

1

oy

ok . .
. First, streamflow in the Ll water yea
23 taken as tne standard for average waner sucnly. U
s £ TDLY
reriod, however, water use and stream develorments increas
g
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DISCHARGE IN ctnic FEET PER SEY

4,000
- ‘ \/ |
1,000 [\ i AA /\A iy " m N /\V\J\/\ VJ\NJ\\\/V\'\’\-
. 7 VA VAR W o TN AV W v ~
0
ocT Nov DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT
A. --Colorado River at Glenwood Springs, Colo.
5,000 r -
4,000 W 4
3,000 A
2,000 / \ L\
1,000 / \ VoV A] \'\
. / L \\/\\\4
0 £
0oCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT
B. --Green River at Warren Bridge, near Daniel, Wyo.
2,000 /\\—\ 4
1,000 N J\A A
AL “‘N\
0 ] N
ocr Nov DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT
C. --Animas River at Durango, Colo.
40,000
30,000
20,000 /
10,000 /] '\/ \ AN A
o
oct Nov DEC JAN FEB VAR APR MAY JUNE JULY AUG SEPT

D. --Colorado River at Lees Ferry, Ariz.

F.
'gure 5. --Seasonal pattern of streamflow for selected streams in the
- Upper Colorado River Basin, 1954 water year.
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WATER SUPPLY CHARACTERISTICS

From records so adjusted, flow-duration curves and tables, which
show the percentage of time that water discharges of various magnitudes
have been equaled or exceeded during the hli-year base period, were devel-
oped for many of the streams in the basin. Figure T shows such flow="
duration curves for four streams. Table 4 arrays the duration charac-
terictics of these same streams, and others, in statistical form.

Similar flow-duretion curves and tables were developed for many other
stream stations in the baesin. From these the average (mean) water dis-
charges during the standard perioé were determined by arithmetic inte-
gration of the areas under the several curves.

Fcr many streams in the basin, different shapes and slopes of the
flow-duration curves characterize the effects of environmental features
on the behavior of the streams. Thus, for streams whose flow is largely
meltwater from snow, curves such as those of Figure 7 have a flat slope
at the upver, or high-discharge end,and a fairly steep siope in the
central wart. TFurther, a denssly vegetated drainage area tends to
flatten, and a sparsely vegsetated area tends to steepen the upper part
of the curve. For streams that drain areas underlain by permeable earth
materials, the flow-duration curves tend tc¢ be relatively horizontal--
het is, the flow is relatively uniform. This is because the permeable
formations act as ground-water reservoirs which first detalin vart of the
precipitated or snowmelt water and then release that water gradually to
§aintain streamflow during the dry season. On the other hand, if the
drainzge basin is underlain by impermeable rocks, the lower part of the
curve is steep. So discriminated, numerous short or intermittent stream-
flow records could ke classified according tc drainzge basin environ-
ments arnd, accordingly, interrretations of water-guality characteristics
could be extended with some assurance,

One narticular environmental feature is especially informative in
extending the intervpretation of water-quality characteristics--specifi-
?ally, the percentzge of yearly water discharge that occurs as base fiow
in the streams. This base, or stsady-ctate flow, is that which is pre-
Sumed to be chiefly from effluent zround water rather than from immedi-
dtely antecedent precipitation or snow melt. Its amount is computed
from flow-duration data by methods not here detailed. )

Ameng 55 parts of the Urper Basin, large and small, base flow
ranges between 9 and 66 percent of average vearly stream dischargs. A
Near-minimum example is Homestake Creek near Redcliff, Colo., 11 percent
base flow, The basin of this creek is underlain by Precambrian rocks
whose only water-bearing openings are Jjoints and cther fractures. TFor
these rocks the rate of vater intake, storzge cenacity, and rate of
Vater release to the stream system are small. Tie nmaximum example is
tha? of Gypsum Creek near Gyrsum, Colo., 68 percent base flow. The
dralnage basin of Gypsum Creek is underlain by the Zagle Valley evaporite
Of Permian age. This formation comprises beds of conglomerate, sandstone,
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WATER SUPPLY CHARACTERISTICS

some limestone, and shale with interbedded and interspersed gypsum; it
weathers deeply and is relatively permeable.

Thus, over a considerable part of the mountainous areas of the
Upper Colorado River Basin, where precipitation and water yield are
most plentiful, effluent ground water also is plentiful. Here, because
the streams are deeply incised, the ground-water reservoirs are effluent
much of the time. Accordingly, here and elsewhere under such an hydro-
logic environment, many of the available chemical analyses of ground
water can be taken appropriately to reconstruct part of the natural
water-quality regimen of the stream. Such is one of the bases from
vhich the magnitude of man-caused changes in the quality regimen will
be estimated.
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THE WATER BUDGET

Table 5 gives an approximate gross water budget for the Upper
Basin. This budget is based on the assumption that no water is lost
from the basin by ground water underflow. The yearly volume of precipi-
tation is taken to be 92,739,000 acre-feet, which is equivalent to
15.88 inches average depth of yearly preciritation. The quantity of
irrigation consumptive use is that compiled by the Upper Colorado River
Basin Compact Coummission (1948).1/ All the precipitation supply not
accounted for in outflow from the basin, transmountain exports less
imports, consumptive use due to the activities of man, and evaporation
from water surfaces is considered to be natural evapotranspiration
from the land surface and from native vegetation.

Table 5
Disposal of precipitation in the Upper Colorado River Basin
) Acre-feet
a year

Outflow at Lees Ferry, ATiZ. . « o o « « o o o o o « » o 12,733,100
Transmountain eXports « « « o « o o o o o o o o o o o o o 168,400
Transmountain imPOTrtsS o o « o o o o o o o 5 o 2 o 0 8 o . -2,600
Irrigation consumptive US€ o+ « o o o o o o « o o o o « o 1,769,100
Domestic and industrisl consumptive US€ « o« + « o o o o o 22,600
Evaporation from water SUrfeCeS « + o o o o o o o o o o o 575,000

Natural evapotranspiration 10SS « o « o o o o« « » « o « « 17,173,400
Total (yearly precipitation) o o « o o o o o « o o o 92,732,000

—~——

1/ Uprer Cclorado River Basin Compact Commission, 1948, Final
Rerort of Engineering Advisory Committee to Upper Colorado River Basin
Compact Comm.: Upper Colorado Commission, 1948, 203 p., 18 figs.
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HEMICAL GQUALITY OF THE WATLR

Dissolved-solids Discharge and Concentration

Discharge of water and of dissolved solids, and weighted-average
concentration of dissolved solids at selected statiorns in the Upper
Colorado River Basin are given in Table 6. These data on discharge
represent the long-term averages that would have occurred if the water
use developments existing in 1957 had been in place and in operation
throughout water years 191k-1957, 1In essence, the data on dissolved-
solids concentration represent condltlons of 1957, because most of the
available chemical analyses sre of samples taken late in the lLlL-year
period.

Sizilar data were developed for mary other stations in the basin.
The records from which, and the methods by which these averages were
derived are given in detail in the voluminous two reports which await
publication by the Geological Survey.

Figure 8 pictures the data of Tatle €, expressed as percentages of
the outilow from the Upper Colorado River Basin--that is, percentages
of water and dissolved-solids discharges of the Colorado River combined
with those of the Paria River, beth at Lees Ferry, Ariz. On this figure,
percentages are expressed to the nearest hundredth sc that the smaller
discharges can be indicated; they are not to be construeq to indicate
great precision in the quantities. The figure shows that most of the
vater comes from the mountains and frow the high plateaus, but that
most of the dissolved solids comes from the lower parts cf the basin
vhich receive little precipitation and which yield reletively little
water to the streams. The rocks exposed in the mountains are generally
much more resistant to the solvent action of water than are the rock
thet underlie a large part of the lowlands, The activities of man that
medify the dissolved-solids regimen are largely on the lowlands where
the more scluble rocks and rock debris cccur.

For water ysars 191L4-1957 adjusted to 1957 conditions, the aver-
age combined water discharge of the Colorado and Paria Rivers at Lees
Ferry, Ariz., is 12,733,100 acre-feet a year; weighted-averapge concen-
tration is 5C1 ppm; and average dissolved-solids discherge is 8,676,300
tons a year., These discharges are not uniformly distributed. Thus,
among the three major barts of the Upper Basin, the Grand divisicn is
least in extent (26,500 square miles or 24 percent of the total area)
but yields the greatest discharsces of water and of dissolved solids
(44 percent and L8 vercent, respectively, of tlhose at Lees Ferry). The
Oreen division is greatest in extent (4k,720 square miles or Ll rercent
of the basin); it yields about 37 nercert of the water and 33 percent
°f the dissolved solids. The San -Tusn d’"lclOﬂ, 38,300 square miles or
35 percent of the upper basin, yields cniy about 19 percent of the
¥ater and a like percentage of the dissolved solids.
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in the Upper Colorado River Basin

[Water and dissolved-solids discharge for the water years 1914-57 adjusted to 1957 conditions except ne indicated)

Table 6. --Water and dissolved-solids discharge at selected stations

Water discharge

Dissolved solids

w N . Average rae,
matlor Chemical-quality statton e | Averae Averase aversee | discharse Jle1d per s
(sq mt) (cfs) (acre-Teet) concentratton | (tons per square mile discharge
{ppin} day) (tons) {tons)
343 Colorado River at Hot Sulphur Springs. Colo. .. 782 244 176, 800 16 50 23 18, 260
600 | Eagle River at Gypsum, Colo.............. ..... 844 602 436. 100 303 492 213 179, 700
705C | Colorado River near Glenwood Springs. Colo. . ... 4,486 2,399 1,738, 000 270 1. 750 142 639, 200
850 Roaring Fork at Glemwood Springs, Colo......... 1. 460 1,353 980. 200 225 821 205 209, 000
955 Colorado River near Cameo, Colo............... B. 060 4,138 2,998, 000 387 4,320 196 1,578,000
1050 Plateau Creek near Cameo, Colo. .............. 604 235 170. 200 285 181 109 €6, 110
1348 Gunnison River near Gunnison, Colo. ........... 1,010 753 545, 500 126 256 93 93, 500
Gunnison River below Gunnison Tunnel, Colo. .. .. 3,980 1,303 944,000 m 391 36 142, 800
Uncompahgre River at Colona, Colo. . . 437 278 201, 400 376 282 236 103, 000
Uncompahgre River at Delta, Colo®............. 1,110 286 207, 200 1. 650 1.200 395 438, 300
Gunnison River near Grand Junction. Colo. ... ... 8,020 2.601 1, 884, 000 592 4, 160 189 1,519,000
Dolores River at Dolores, Colo................. 556 492 356. 400 125 166 109 60, 630
San Mjguel River at Naturita, Colo.............. 1. 080 351 254,300 316 299 101 109, 200
Dolores River near Cisco, Utah ................ 4,630 940 681, 000 496 1, 260 99 460, 200
Colorado River near Cisco, Utah ............... 24,100 7.639 5,534,000 547 11,280 171 4,120,000
Green River at Warren Bridge, near Daniel, Wyo. 468 540 391, 200 151 220 172 80, 360
New Fork River near Boulder, Wyo. ..... ...... 552 401 290, 500 69 75 50 27,390
Green River near Fontenelle, Wyo. 3,970 1,609 1. 166, 000 185 805 74 294,000
Big Sandy Creek near Farson, Wyo 320 86.6 82, 740 417 11 13 4,020
Big Sandy Creek below Eden. Wyo. ............. 1,610 48.8 35,350 1.340 176 40 84, 280
Green River at Green River, Wyo. ............. 7.870 1, 802 1. 305, 000 284 1,380 66 504, 000
Blacks Fork near Green River, Wyo.h ........... 3,670 345 249, 900 537 500 50 182, 600
Green River near Greendale, Utah.............. 15, 100 2,21 1. 645, 000 318 2,320 56 847, 400
Yampa River at Steamboat Springs, Colo. ....... 604 472 341, 900 4 94 57 34,330
Elk River near Trull, Colo..................... 415 544 394, 100 44 84 56 23,380
Yampa River at bridge on county road, near .
Maybell. Colo. ..............ooveenini..., 3,690 1,590 1. 152, 000 140 599 61 218, 800
Little S8nake River near Dixon, Wyo. ............ 988 547 396, 300 91 135 50 49, 310
Little Snake River at Bridge on State Highway 318,
near Lily, Colo. .....................oou. 3,355 622 450, 600 196 330 36 120. 500
Green River at Jensen, Utah ................... 26, 100 4,607 3,338,000 316 3,930 55 1,435,000
Duchesne River at Duchesne, Utah......... R 660 323 234,000 218 190 105 89, 400
‘St;:wberry River at Duchesne, Utah . 1,040 157 113, 700 396 168 59 81, 360
Duchesne River near Randlett, Utah ............ 3,920 767 555, 700 608 1,260 117 460, 200
White River near Meeker, Colo................. 762 638 462, 200 244 420 201 153, 400
White River near Watson. Utah,................ 4,020 764 553, 500 439 905 82 330, 600
Green River near Ouray, Utah ................. 35. 500 6,223 4.508. 000 392 6, 590 68 2,407,000
Price River at Woodside, Utah ................. 1. 500 116 84,040 2,110 662 161 241, 800
Green River at Green River, Utah...... ....... 40, 600 6,292 4,558, 000 427 7,260 65 2,852,000
San Rafael River near Green River, Utah........ 1,690 141 102, 100 1,370 521 113 190, 300
Fremont River near Bicknell, Utah®............. 776 85.8 62, 160 302 70 33 25, 570
135 [Dirty Devil River near Hite. Utah®. . 4,360 102 73,890 1,960 541 45 197, 600
3350 Colorado River at Hite, Utah................... 6. 600 14,167 10.260. 000 527 20, 170 96 7,367,000
3395 Escalante River at mouth. near Escalante. Utah® 2,010 85.2 61,720 300 69 13 25, 200
M25  Isan Juan River at Pagosa Springs, Colo. ........ 298 403 292. 000 73 79 97 28, 850
355 [3an Juan River near Blanco, N. Mex. .......... 3,560 1.519 | 1,100,000 125 512 53 187, 000
%15 [Animas River at Durango. Colo................. 692 859 622. 300 183 425 224 155, 200
34 Animas River at Farmington. N. Mex. .......... 1,360 971 703, 500 233 611 164 223, 200
3680 San Juan River at Shiprock, N. Mex. ........... 12,900 2,679 1,941,000 256 1,850 52 675, 700
Y95 ISan Juan River near Blull. Utah ........... 23, 000 2.800 | 2.028.000 361 2,130 43 ”:2' ::;
300 [Colorado River at Lees Ferry, Ariz. . 107, 900 17,550 (12,710, 000 499 23, 660 80 s':‘.'m
3820 |Paria River at Lees Ferry, Ariz. ...... 1,570 31.9 23,110 1,090 94 i o5 water yesre

b For 193957 water years. b For 1948-57 water years. c For 1938-43, 1947-57 water years. d For 1947-57 water years.

1280
1475
1485
1526
1665
1758
1800
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1885
2010
2008
A
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2345
2398
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25104
2570
2595C
20354
2795
2885
3020
3045
3065
3070
3145
3150
285
i 3300
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EXPLANAT ION

Percentage of combined streamflow of Colorado
and Paria Rivers at lees Ferry, Ariz.
Percentage of combined dissolved-solids discharge
of Colorado and Paria Rivers at lees Ferry, Ariz,

Station location and number
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Figure 8. --Approximate dissolved-solids discharge and streamflow
in percentage of the combined dissolved-solids discharge and
streamflow of the Colorado and Paria Rivers at Lees Ferry, Ariz.
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CHEUICAL QUALITY OF THE VATER

Varistions in Chemical Quelity

In addition to the variations from place to place, just summarized,
the chemical guality of water in the streams of the basin changes from
day to day and from month to month. The concentration of dissolved
solidas varies nearly in inverse relation to water discharge, being
least during high flows and greatest during low flows, The range in
concentration between high and low flows is relatively small in the
headwater areas but is large in the downstream reaches of many streams.
Figures 9 and 10 show typical relationships.

Variation in relation to streamflow

Figure 11 and Tables T to 10 show relationships between chemical
composition of water and streamflow at four stations on main streams of
the Upper Cclorado River Basin. Among the four stations the water may
be a calcium-bicarbonate, calcium-sulfate, or sodium-sulfate type
according tc the stream and tc the amount of flow, During high flows,
the waters of all the streams commonly are of the calcium-bicarbonate
type. At median and low flows, the Colorado River near Cisco, Utah,
and the CGreen River at Green Kiver, Utah, yield & sodium-sulfate water,
and the Ssn Juan River near Bluff, Utah, yields a calcium-scdium-sulfate
water. The Colorado River at Lees FPerry, Ariz., yields calcium-sulfate
vater at median flows and sodium-sulfate water at low flows. On the
figure and in the four tavles, & high flow is of a megnitude equaled
or exceeded 10 percent of the time, a median flow is that equaled or
excecded 50 percent of the time, and a low flow is that equaled or
exceeded 90 percent of the time.

In the headwater areas of the Upper Basin, the range in dissolved-
solids concentration is considerably less than in the ssme streams at
lover alvitudes, where commonly the channels are underlain by sedimen-
tary rocks and where the climate is more arid. Thus, Figure 12 shows
the relation of chemical composition and dissolved-solids concentration
to water discharge at four typiczl headwater stream stations. These
Streams are of calcium~-bicarbonate wvater during high Tlows at all four
stations, also during flows of all magnitudes at two of the four. The
two discordant streams--the Uncompahgre River at Colona, Colo., and
the San Juan River near Blanco, if. MeX.--vield calecium-sulfate water at
the low flow. The principal reacon for the difference in low-flow
Compesition appears to be the character of soils and rocks that under-
lie the respective drainage arecc.

Variation in relation to geclogy
Amons major environmentel factors that deternine the chemical

quality of the stream waters are the kinds of rocks that underlie the
Several drainage basins. Thus, tlie headwaters of the Colorado, Green,
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Figure 9.--Dissolved-

water discharge of Green River near Ouray,
1951 water year,
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0. --Relation of concentration of dissolved solids to water discharge, Green River near Ouray, Utah. Plotted points
are monthly average discharges and monthly weighted-average concentrations for 1957 water year.




PERCENTAGE OF TIME FLOW EQUALED OR
EXCEEDED DISCHARGE INDICATED

C. --San Juan River near Bluff, Utah
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Figure 11.--Relation of the chemical composition and concentration of
dissolved solids to water discharge at stations on the three main

streams in the Upper Colorado River Basin.
specific ions, in equivalents per million (ep
fiftieth, and ninetieth centiles of the flow-
The flow-duration curves are for the water years

location.
adjusted to 1957 conditions.
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n water discharge

and chemical quality of the water

Table 7. -Relation betwee

of the Colorado Riv

er near Cisco, Ut

ah, water years 19

14-57 adjusted to

1957 conditions

{Chemical-quality data is in parts per

millton and equivalents per million (undert

ned) except as i;\dlcalodl

e
Dissolved solids Hardnesn Specific
;A (o) - C‘CO:’ Per- eonduct- | godium
Discharge | Calclum 28" | godium Potas- | Blear- { g 1010 | Chloride | Boron cent ance adsorp-
Cim ] ca) | ™ | ) stum | bonate | ygoy | (CD (8) | parts | Tons wo- | (7ICTOT 1 ion
(Mg) (X) (HCO,) 4 Tons {Calclum, | Non- mhos
3 per per r bon dium ratio
1o | acre- pe! mag- car - per c.m
mi day neslum ste at 25°C)
lion foot
82,270 39 6.8 13 2.2 120 53 2.4 0.04 238 { 0.32 |40,010 126 " 18 378 0.5
1.985 .58 .57 .08 1.97 1.10 LI FRTPETEPY EETEEE E | [P BRSPS [ UUPTRRRN DUOTRS TR AR
59, 540 39 8.9 14 2.2 121 85 2.5 239 .33 38,420 126 b1l 19 380 6
1.9% .57 .81 .08 1.98 1.14 LI SYSPRRPE EXERET! (AR o PP N P B A g
88,710 40 7.1 15 2.2 122 §7 2.5 .04 240 | .33 {36,100 129 29 20 380 8
2.00 58 5 .08 2.00 1.19 J0 MUPRATS PRSI PR SESEEEE R FOS PR R
47,9%0 41 7.5 16 2.2 125 63 2.8 .04 241 .33 |31,200 134 n 20 380 L
2.06 .82 70 .08 2.05 1,31 LT PSS PRNEN LR s et [UUDP RN FPPRPRTRES N PP
38,000 43 8.5 18 2.2 128 3 3.0 .05 248 .34 |25,510 142 38 21 390 1
2.15 .10 .18 .08 2.10 1.52 08 o b [ T N
30,870 45 9.3 22 2.2 134 85 3.2 .05 258 .35 |21,570 150 40 24 403 8
3.28 .18 .86 .06 2.20 1.1 I SPTIITS FEETEE BN AR R . IDUUDR PP AR R
28, 250 47 11 25 2.3 139 97 3.8 .05 273 .37 |18,610 162 48 25 435 1
2.36 .90 1.08 .08 2,28 2.02 JRIN STPRPESY EITESH RN B JURURY PRSPPI N A . T
1 18,760 61 13 3 2.5 148 . 121 4.5 .05 308 42 |15, 850 180 81 27 480 1.0
2.54 1.01 1.35 .08 2.39 2.52 T I RPPRRTRY ERRAN [T PP FPRTPRTEES PO PP iaear Ve
11,020 60 11 47 2.7 160 176 6.8 .08 415 .56 |12,350 220 88 31 845 1.4
2.99 1.40 2.04 .07 2.62 3.68 RS0 WUt (v vuoe RUSERS EEUESSES! Nl N R Jeeveeeeer
8,080 k(] 25 ki ] 3.6 178 281 11 .08 660 | .90 |10,800 218 132 a8 1,010 2.1
3.49 2.08 3.4 .09 2.92 5.84 JETR RUPRTS FEPPRN FEEEY At A [V PP EPPRETTY IEERERE '
4, 200 84 33 106 4.3 194 389 15 .09 805 | 1.22 10,150 345 186 40 1,300 3.5
4.18 2.1 4.61 1 3.18 8.09 JUVRN VPSS PRVON FETER SEEEES AR B [ PUTTRN PRTRRETE eeaenes i
b 3,540 97 37 123 4.9 202 460 17 10 |1,0%0] 1.40 | 9, 840 394 228 40 1,480 2.1
4.84 3.04 5,35 213 .31 9.57 JUTTS RUVRRIS RORv ARTEEE) SEEE A e N I AEPTRTT
3,180 | 102 40 138 5.1 211 506 19 1 |1,130 | 1.54 9,700 419 248 41 1,600 2.9
5.09 3.29 8.00 .13 3.48 10.52 JEVR 'UUUUIOTE DRSOV SREEEE) SRR R FU PO PR [
2,820 | 109 48 160 5.6 219 575 21 .12 {1,240 ] 1,80 9, 440 461 282 43 1,740 3.2
5.44 3.78 8.96 L4 3.59 11.96 [N IUTRURNE DUVIUR FROToRy PREEE EEEELEN ARRE Y R
3,520 | 135 50 172 5.9 230 850 24 14 | 1,350 1.84 | 9, 190 518 30 42 1,850 3.3
8.24 4,11 7.48 .15 P 13.52 Y IPPRURRY RYREENI RSi I R F [T P .
¢ 2,160 | 142 60 100 8.7 230 170 29 17 | 1,470 ] 2.00 8,570 601 412 40 2,000 3.4
7.09 4.93 8.28 1 3.7 16.02 PO TN il Nshost et ERRSSEER) SRS ot SN IO
1,880 180 78 210 8.5 230 975 35 22 |1,680]) 2.28 7,110 770 581 37 2,280 3.3
8.98 6.41 9.14 .22 3.1 20.28 99 b..oo.oofeeeen T T U UURRROF PYPPRY (ERRTEEAE (AR e
975 | 220 85 215 10 230 1, 080 48 .27 | 1,810 2.48 4,760 808 110 34 2,400 3.1
10.98 6.99 9.3% .26 3.1 22.46 1.35 foeereeeed il TS PP FO O e Ceee
746 | 235 90 220 12 230 1, 150 80 .28 | 1,850 | 2.52 3,730 956 768 33 2,450 3.1
11.73 1.40 9.57 3 3.1 23.92 1,69 fooeeerecdoriocpe O A e veenved P P
Weighted 7,839 66 21 62 3.2 162 233 8.8 0.07 547 | 0.74 11,280 251 118 35 806 1.7
Average 3.20 1.73 2.70 0.08 2.68 4.85 0.25 |oeeeeeeiqrieeecfres R RS R s veened JUTTN P
indicate the 12. 50, and 90 percentiles of water discharge, reapectively.

Lines s, b, and ¢




Table 8. - Relation between water discharge and chemical quality of the

water of the Green River at Green River, Utah, water years 1914-57

adjusted to 1957 conditions

Digsolved solids
(residue at 180°C)
Mean - Mag- Sod Potas- | Bicar-
discharge C&:l:;um nesium m:,m sium bonate s;;l((;t)e B:;()m Tons
(cto) (Mg) (X) (HCO,) 4 per
acre-
foot
83,430 44 10 19 1.9 160 52 0.07 0.30
2.20 .82 83| 05| 282 | nogf .mMl..df.
56, 430 44 10 19 1.9 160 52
2.20 .82 .83 .05 | 262 108
51, 450 44 10 19 2.0 180 52
220 | .e2| sa| 05 ) 26| 108
41,720 4“ 10 20 2.0 160 54
220 | ez | erf o5 | 282 112
32, 100 45 10 21 2.2 160 59
2.25 .82 .9t o | 282 | 123f L.
25, 850 4% 1 23 2.3 160 64 .08 .33
2.25 .90 ool o6 | 262 ] 133 .z ).
20,210 | 45 11 25 2.4 | 160 ] .08 57
2.25 .90 1.09 06 | zez | 1a4] 28| |
14, 800 46 12 29 2.8 162 80 .09 .44
2.30 .99 1.26 07| 26| 1esf 31 b..l.ofo
9,267 50 14 37 2.8 169 104 .09 .58
2.50 115 1.61 o1 | oz} ozas] ezl
5,814 57 20 56 3.1 193 153 .10 .78
2.84 1.64 244 o8| 317§ 318 esi.ffe
3,881 85 26 75 3.4 214 210 L1 .89
3.24 .14 38| .08l 351 437 Bl
2,066 71 31 88 3.6 228 252 11 .95
3.54 2.55 3.74 .09 3.74 5.24] o2 |......--..-.f-o-n
2,439 74 34 95 3.8 230 280 ‘o 1.00
. 3.69 2.79 4.13 c10 | 371} o562 L0 d
2,091 % 36 100 3.9 232 300 .12 1.03
s | 298| 43| a0 wso|eaf nafo o f
1,793 18 39 106 4.0 234 222 46 .12 1.05
3.89 3.21 4.61 0| 3| oe0] Lo ffo
1,424 81 41 112 4.2 236 - 345 .12 1.09
4,04 LN 4,81 .1 3.87 7.18] L4t b b el
1, 006 83 42 119 4.5 238 360 .13 1.12
4.14 3.45 5.18 12 3.90 7.49) 1.52 |...... . e
637 85 43 122 5.0 240 370 .14 1.16
e20 | asa | sar| a3 sea | onrof nenffolfoe
462 87 44 122 5.4 240 370 E .14 .17
430 | sez | san| .| 39| T70f Lesf..|
6,202 54 18 45 2.8 181 130 0.09 0.58
2.69 1.48 1.96 0.07 2.97 2701 0.54 {.......}. ..o ferien

Lines a, b, and ¢ indicate the 12, 50, and 90 percentiles of water discharge, respectively.
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Table 9. - Relation between water discharge and chemical quality of tae

water of the San Juan River near Bluff, Utah, water years 1914-57

adjusted to 1957 conditions

{ Chemical-quality data is in parts per million a

nd equivalents per million (underlined) except as indicateal

Dissolved solids Hardness Speciftc
e at 180" aCo : -
. . (residue at 180°C) as C: s per- u;y::\:t Sodium
D\(sc‘ha)rge Calcium “::ﬁ;“ Sodium ’:io\::]s' ?’:""‘:; sulfare | Chioride | Boron cent | ero- ad's‘nrp—
vls ~ b - . 80~ on
(Ca) M) (Na) (K) (HCO.) 15(14) wn (B) parts | Tons | oo | Catcium, Non- | diom mhos Tatter
3 per per . per ¢m
mil- | acre- per mag- rarbon: at 25°C)
. day nesium ate *
Yion foot
32,000 39 8 4 14 1.9 118 60 3.7 0.05 183 0.25 |15.810 132 35 18 285 6.5
1.95 69 61 05 1.94 1.25 o L
21,000 39 8.6 14 2.0 118 60 3.7 .05 190 26 {13,850 133 36 18 295 .5
1.95 . .61 .05 1.94 1.25 w {. IR IURUDURUUE: IUUURUUTE ISR FURPRDN FR
24,000 39 8.6 14 2.0 118 60 3.7 .05 194 .26 |12.570 133 36 18 305 .5
1.95 . .61 05 1.94 1.25 w b e
19, 100 40 8.9 14 2.1 118 64 3.8 05 203 .28
2.00 13 .61 .05 1.94 1.33 ar feo e
14, 400 41 9.2 15 2.2 119 68 4.0 05 217 .30 | B.440 140 43 18 340 .5
2.05 .16 .65 .06 1.95 1.41 11 I DR PR FDRR AP FRPRRREEY IEEREE EEERERR R
k. 03 Ad 2 A s ' -
11, 400 43 9.4 16 2.4 120 14 4.2 05 230 .31 7.080 146 48 19 355 .6
2.15 ki 0 .06 1.97 1.54 el e
9, 200 44 9.8 17 2.5 121 80 4.5 a5 243 33 | 6.040 150 52 19 375 .6
2.20 81 74 .06 1.98 1.66 [0 PR IR URUOY FRORDURY SNRTPRRTR IPPEREER) IREECH ERERRRLES B e
a 6. 900 46 10 18 2.6 123 86 5.2 0% 36 | 4,940 156 55 20 410
2.30 .82 .18 07 2.02 TR (RS LI P SR FUPPORS ENPRRRSS FRTRRETEN! (EEERERE! RAARE ARRRRRAR M
4, 400 52 12 22 2.8 130 112 6.6 N6 304 .42 1 3,660 179 72 21 470 1
2.59 .99 96 .07 2.13 2.33 w U PR
2,690 64 14 33 3.1 145 157 9.3 .06 385 .52 1 2,800 217 98 25 590 1.0
.19 115 | 1.44 .08 2.38 3.21 (S FPUUUANE URUOR OOt A ) IRETEEE! SRREE RRRTARAES REEARRAA
1,810 76 17 48 3.4 160 210 13 .06 500 .68 | 2,440 260 128 28 750 1.3
3.79 2.09 .09 2.62 4.37 sl
b 1,240 91 23 70 3.7 174 305 17 .07 660 .90 | 2.210 322 179 32 950 1.7
. 4.54| 1.89 3.04 .09 2.85 6.34 g |
930 105 29 85 3.9 182 315 22 .08 180 1.06 | 1,960 381 232 32 1, 100 1.9
: 5.24 ] 2.38 3.70 10 2.98 7.80 62 | e e e B P
750 113 33 94 4.0 187 415 26 .09 845 1.15 | 1.710 418 264 33 1, 170 2.0
5.641 2.71 4.09 10 3.07 8.63 D I T D F s A R S RN I P
610 117 36 102 4.2 181 445 29 .10 900 1.22 | 1,480 440 284 33 1,250 2.1
5.84 | 2.96 4.44 1 3.13 9.26 o2 | e
¢ 440 123 39 111 4.5 197 480 33 11 960 1.31 | t. 140 468 306 34 1,330 2.2
614 3.21 4.83 .12 3.23 9.94 o Lo e e e
240 125 40 122 5.1 201 500 39 L12 1,050 1.43 680 476 312 35 1,450 2.4 .
6.24 | 3.29 5.31 .13 330 | 00| nao [ fe f e e e
78 128 42 130 6.4 201 540 46 12 1,080 1.47 222 492 327 36 1,480 2.6
6.39 | 3.45 5.66 .16 330 | wzs| onso fo b e e
20 130 43 135 B.2 202 550 49 S12 1. 100 1.50 59 501 336 36 1,500 2.8
— 6.40 | 3.53 5.87 .21 aav ) oawan| s Lo e e N R FOURRTRI PPTRrRS
g
Ay‘,‘::d 2,800 58 14 31 2.8 136 143 8.6 0.06 361 0.49 | 2.730 202 90 25 539 0.9
¢ 289 | 15 | 135 | 007 22 | 2| oz Lo | e e

Lines s, b, and c indicate the 12, 50,

and 20 percentues ot

ater Gisoantree,
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Table 10. --Relation between water discaarge and chemical quality of tae

water

of the Colorado River at Lees Ferry, Ariz., water years 13914 57

adjusted to 1357 conditions

{Chemical-quality data is in parts per million and equivalents per mtllion (undertined) except as indicated)

Dissolved solids Hardmess Specific
" (sum) uCuCO, Per- c.“c:b Sodium
Dischargs C(-Cjclnm it Sodium Potas- | Bleat- |sulsate | Chioride | Boron |* 7 cemt 4 (micro- adeorp-
D e | ™ | “w | ;oo ®0 | 0 () [Parte | 7o | Tons |calctum, | Noo- | gum| R | ratio
pe per mag- carbon- per cm i
mil- |acre- | g nestum ate at 25°C)
lon | foot y
178,200 | 48 13 22 3.5 149 80 10
2.30 1.07] .96 .09 2.44| 1.68 .28
137,300 | 48 13 22 3.5 149 80 11
2.30 Lotf .96 .09 2.44 | 1.68 31
123,200 | 48 13 22 3.5 149 81 1n
; 2.30 1.07 96 .09 244 | 168 a1
101,800 | 47 13 23 3.5 149 82 12
2.35 1.07] 1.00 .09 244| 1M .3
82,000 | 48 13 2 3.5 150 83 13
2.40 1.o7| 104 .09 2.4 | 1.73 .31
60,120 | 49 13 26 3.5 152 81 14
245 Lor] 113 08 249} 181 il
55,080 50 14 29 3.5 154 95 16
2.50 1.15] 1.26 .08 2.53 | 1.98 .45
. 41,660 53 15 35 3.5 158 115 20
2.84 1.23) 15z | .o 2.59 | 2.39 .56
25,600 | 62 19 51 31 | 170 160 31
3.09 1.56 | 2.22 .09 2.79 | 3.33 .87
16,120 | 78 25 74 4.0 184 235 48
379 2.06| 3.22 10 3.02 | 4.8 1.35
11,280 | 90 31 100 4.8 199 310 66
4.49 2.55| 4.35 .12 3.26 | 6.45 1.88
b 8,680 | 103 37 12, 5.3 208 372 83
5.14 3.04] 5.31 .M 3.41 ] 1.74 2.34
7,430 | 12 40 135 5.8 | 213 410 95
5.59 3.20{ 5.87 .15 3.49 | 8.53 2.68
6,400 | 118 a“ 145 6.2 218 445 108
5.89 3.62| 6.31 .18 3.58 | s9.26 296 1ovoiiiboo e e e e T T
5,650 | 125 48 150 8.8 221 480 115 20 |1,040] 1.41] 15870 510 328 | 39 | 1,550 2.9
6.24 3.95| 6.52 1 3.62 | 0.98 .24 Jooooiiifoen o RREE UUTRROTE DUTTOTRS SUTON Feees AU RS
¢ 4,580 | 133 53 157 7.2 226 510 130 21 |1,120] 1.52 ] 13,850] 550 364 3 | 1,820 | 2.9
6.64 4.36| 6.83 .18 3.1 | 106 3.67 foveeeeiidieieiifeei e e IUNOUITN IS JURY SYOI
3,200 | 142 60 165 7.8 230 550 145 23 | 1,170 1.59 | 10,300 601 412 | 371 | 1,700 | 2.9
7.09 4.93| 1.18 .20 3.77 | 11.44 000 bl b e TN DU ORI
2,160 | 148 86 173 8.3 230 590 151 23 |1,200| 1.63| 7,000] 636 s | 31 ] 1,120 | 30
7.29 5.43| 7.3 .2 am |22 a2 Lo b e g JUT TRV P doo .
1,400 | 147 68 175 8.6 230 600 156 23 |1,2t0] 1.65| 4,870] 846 458 | 37 | 1,730 | 3.0
7.34 5.59 1 17.61 .22 3.77 | 12.48 a0 oo p b N DUUUUITY SOT
Welghted | 17,550 | 70 2 62 4.2 174 198 4 011 490 | 0.68 | 23,060] 269 126 | 33 12 1.8
Average 3.49 so| 210 |on 2.85 | 4.12 R WRUUEUOE DUTUUIR IOPORNY IDUROURY TP OEUTS TUVDUITR SURON PRI I P .

Lines u, b, and ¢ indic
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CHEMICAL QUALITY OF THE WATER

and Sen Juan Rivers and their principal tributaries are underlain by
comparatively insoluble rocks; these are chiefly granite and associated
metamorphics, volcanics, and the more indurated sedimentary rocks. The
granitic and metamorrhic terrains are composed of similar minerals;
therefore, the waters of their streams are much alike in chemical com-
position. In dissolved-solids concentration these are the most dilute
waters in the Upper Basinj commonly they contain no more -than 20 ppm
of dissolved solids. The weighted-average concentration of the streams
at any point along the Continental Divide, in the higher parts of the
San Juen Mountains, in the Uinta Mountains, and on some of the high
plateaus nowhere exceeds 100 ppm and usually does not exceed 50 ppm.

These high-mountain stream waters are a calcium-bicarbonate type
at all stages of streamflow, but those with concentrations less then
about 30 ppm may contain relatively large proportions of sodium and
sulfete. The concentration of silice ranges about from 6 to 15 ppn
except in streams that drain areas of volcanic rocks, as the San Juan
Mounteins and certain of the high mesas. In the streams draining these
volcanic terrains, the concentretion of silica may exceed 4O ppm and
usually is more than 20 ppm.

In contrast to the headwater reaches just described, the middle
and lower reaches of the Colorado, Green, and San Juan Rivers and their
principal tributaries are underlain chiefly by sedimentary rocks--lime-
stone, sandstone, siltstone, and shale. These rocks contain minerals
that are more readily soluble. Thus, in & downstream direction the
concentration of dissolved solids in the streams increases progressively,
as does the content of magnesium, sodium, sulfate, and chloride.

In general, near the mountains which yield most of the surface
water, the weighted-average concentration of the stream waters is less
than 100 ppm; ir most main streams and their principal tributaries,
except in their lower reaches, it is generally no more than about 500
ppm; and only in a few downstream reaches does it exceed 800 ppm.

Figure 13 shows thne approximate weighted-average concentration of
streams at 50 sites in the upper basin for water years 1914-1957 adjusted

to 1957 conditions.
Variation in ground waters

Effluent ground water reaches the streaums in the Upper Colorado
River Basin from reservoirs that are recharged wholly by precipitation,
from alluvium that borders certain streams and that is recharged inter-
mittently by these streams, from thermai springs, and from beneath
irrigated lands. The chemical quelity of such effluent ground water
may substantially influence, oOr even dominate, the chemical quality of
the water in the receiving stream; for example, during base-flow periods
when the stream is very largely effluent ground water.
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CHEMICAL QUALITY OF THE WATER

Extensive ground-water reservoirs occur in the mountainous areas
where precipitation is ebundant. Table 11 gives quantitative estimates
of the amount of dissolved solids contributed to certain headwater
streams by their base-flow components. These estimates are based on
the dissolved=-soclids concentration of the water in the streams during
near-minimum flow. This weighted-average concentration at near-minimum
flow almost invariably is substantially greater than at other times.

Commonly, the chemical composition of a stream water is much like
thet of ground water in the adjacent floodplain alluvium. This is not
unexpected because water commonly interchanges between the stream chan-
nel and the alluvium, owing either to rise and fall of the stream or to
the applicstion of irrigation water on floodplain lands. Generally,
the water in the alluvium is the more concentrated, owing both to the
concentrating effect of evapotranspiration and to the solution of
minerals from the alluvium (Fig. 1k).

Locally certain mineral constituents are highly concentrated in
water in the alluvium. Thus, in certain arid parts of the upper basin,
water in alluvium contains large amounts of calcium, magnesium, sodium,
or sulfate; in these same areas, the stream waters may be uncommonly
concentrated in chloride, carbonate, and bicarbonate. At a few places,
nitrate in the ground water exceeds 45 ppm. Boron in the ground water
exceeds 10 ppm along some of the northward-flowing tributaries in the
Duchesne River basin; boron is also high in ground water along the lower
reaches of Willow Creek near Ouray, Utah.

Numerous thermal springs cccur along the streams in the Upper Basin,
Most of these flow much less than the streams into.which they discharge,
so that their net effect on the quality of the stream water is small.
From certain springs, however, the effluent is substantial in quantity
and highly concentrated, so that the quality of the receiving stream
is deteriorated markedly. For example, hot springs along the 17-mile
reach of the Cclorado River between Eagle River and the Shoshone power-—
plant contribute about 182,600 tons of dissolved solids to the river
each year; of this, about 160,700 tons is sodium chloride. From all
known thermel springs in the Upper Colorado River Basin the yearly
water and dissolved-solids discharges are about 59,100 acre-feet and
5k1,600 tons, respectively; these are distributed as follows:

Dissolved-solids
Water-dizcharge discharge
(acre-feet) (tons)
Grand division 41,000 482,000
Green division 15,900 L8,600
San Juan division 2,200 11,000
The Upver Bacin 59,100 541,600
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CHEMICAL QUALITY OF THE WATER

Effects of Man's Activities

TPransmountain diversions

As of the 1957 water year, net averages of about 465,800 acre-feet
of water and 37,500 tons of dissolved solids were being taken from the
Upper Colorado River Basin each year by transmountain diversions. Of
these totals, about 353,400 acre-feet and 17,800 tons were from the
Colorado River and its tributaries above the Gunnison River, and about
112,200 acre-feet of water and 19,300 tons were from the Green division,
mostly from the Strawberry and Duchesne River basins in Utah.

Locally, these transmountain diversions may modify substantially
the weighted-average dissolved-solids concentration of the remaining
stream waters. For example, it can be computed that the diversions
from the Colorado River above Hot Sulphur Springs, Colo., diminish the
average yearly weter discharge about from 417,300 acre-feet to 176,800
acre-feet, diminish the dissolved-soclids discharge about from 34,900
tons to 18,260 tons, and increase the weighted-average concentration
about from 51 ppm to 76 ppm, similarly, that the diversion through
Strawberry River and Duchesne River tunnels increases the weighted- ;
average concentration of the Duchesne River below the mouth of the Uinta ‘q
River about from 533 ppm to 608 pom. However, the net effect of all
the transmountain diversions is only moderate at the basin-outilow

e

. point at Lee Ferry, Ariz. There, the weighted-average concentration

of the Colorado River was about 501 ppm as of 1957. Thus, if there
were no transmountain diversions, but if otherwise the streeam regimen
remsined as in 1957, the water and dissolved-solids discharges of the
Colorado River at Lee Ferry would be about 13,201,400 acre-feet and
8,713,800 tons, respectively. In other terms, the weighted-average
concentration of the river at Lee Ferry would be 485 opm, or 16 ppm less
than with the transmountain diversions and about 3.4 ppm less for each
100,000 acre-feet of water diverted.

Domestic and industrizl uses of water

Only part of the water that is withdrawn for domestic and indus-
trial purposes in the Upper Colorado River Basin is consumed; the
remainder returns ultimately to the stream system, carrying dissolved
solids which were picked up incidentally to the use. The effect is
to diminish the amount of water flowing in the streams and to increase
the dissolved-solids load and concentration.

For purposes of this repcrt it is estimated, probably somewhat
generously, that domestic and irndustrial uses cf water add about 100
tons of dissolved solids to the stream system each year for each 1,000
residents in the basin. Because population is sparse and industrial
development is modest, the water-quality effects are relatively small,
as is indicated by the table on the following page. (Table 12.)
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CHEMICAL QUALITY OF THE WATER

Table 12
Average yearly increment to dissolved-solids discharge in the
Upper Colorado River Basin, owing to domestic and industrial
uses of water, as of 1957

Dissolved
solids
Subbasins and divisions (tons)

Colorado River basin above the Gunnison River . . « o« o o« o = 2,600
Gunnison River DaSin o « o o o o o o o o 6 o o ¢ o o s o o o 3,800
Colorado River basin between the Gurnnison and Green Rivers . 6,600

Subtotal, Grand division o ¢ o o o o o o o s o o o o s s o 13,000

Green River basin above the Yampa River . « « o o o o o » o = 3,400
Yampa RIvVer DaSin « o o o o o o o o o o o o o o o o o o ¢ o o 1,400
Green River basin below the Yampa River, to and including

the White RivVer DaSiN « « o o o o o o o o o o o s o o ¢ o s 2,500
Green River basin below the White River . « o o o o+ o o o o o 2,700

Subtotal, Green diViSion e & o 6 © 6 o o e 8 & e o o o e o 109000

San Juan River basin Y . 3 . . . 3 » . . 3 L3 s ® . . ) . . . 103000
Colorado River basin below the Green and San Juan Rivers and
above L2e Ferrv, ATiZ. o o o o o o o o s o o o o o o o o o 600

Subtotal, San Juan diviSion . o o o o o o s o o o o o o o 10,600

Total, Upper Colorado River Basin . « o o o o o o o o o o 33,600

If there were no domestic and industrial uses of water, dbut if
otherwise the stream regimen remazined as in 1957, the weighted-average
concentration of the Colorado River at Lee Ferry would be 498 prm. 1In
other words, domestic and industrial uses increase the dissolved-solids
concentration at the basin outlet, Lee Ferry, by about 3 ppm only.

Irrigation

Likewise, part of the water diverted for irrigation never returns
to the stream system, but is used consumptively by evaporation from
the surfaces of canals, ponded areas, and wetted land, alsc through
transpiration by the crop plants. Of the water involved in the evapo-
transpiration process, only a minute part of the dissolved solids is
taken into plant tissue; essentizlly all the dissolved solids are
rejected by the plant and remesin in the soil or in the soil solution.
The dissolved solids so rejected cannot be allowed to accumulate in the
root zone but must be flushed away; otherwise, selinity of the soil
ultimately will increase sufficiently that productivity of the land
will diminish,

To maintain a favorable salt balance in irrigation, sufficient
water is applied to the land to flush beyond the root zone the dissolved
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CHEMICAL QUALITY OF THE WATER

solids that were contained irn the water consumed. Thus, part of the
applied water percolates downward through the soil and subsoil to the
water table. This water not only flushes the root zone but also leaches
soluble minerals, if present, from the soils and rocks as it moves to
and through the ground-water reservolr on its route back tc the stream
cystem. Another part of the applied vater ray move over the land sur-
face and there pick up additional solubles.

Irrigated lands in the upper basin are on the flood pleins of the
streams, on terraces, and on bench lands. Surface runoff from the
irrigated lands, and effluent ground water from beneath those lands
usually return to the stream from which the irrigation supply is diverted.
Because the return waters, surface and ground, usually are enriched in
dissolved solids as has been explained, dissolved-solids concentration
and load of the streams increase below the irrigzted areas.

In certain headwater areas, such as the Fraser River and New Fork
River basins, the soils and rocks that underlie the irrigated lands
are relatively insoluble. Accerdingly, the streams pick up relatively
little dissolved solids as they traverse these areas. However, most
of the large irrigated tracts in the basin are on the arid and semiarid
lowlands, where the soils and underlying rocks commonly contain soluble
rirerals in relative abundance. Here, therefore, relatively large
amcunts of dissolved solids may be added to the streams by irrigation.
These additions constitute the principal man-caused changes in the water-
quality regimen of the Upper Colorado River Basin.

There are in the Upper Colorado River Basin 21 valley or lowland
areas in which the overriding use of water is for irrigation, and for
waich available data suffice to compute, approximately, the man-caused
increments of dissolved solids in the stream waters, as of 1737, Deduc-
tions having been made for the partial increments due to muricipal and
industrial uses of water and, in two areas of the Green division, to
certain oil-field waters that mingle with stream waters, the residual
man-caused increment presumably is that due to irrigation. Table 13
assembles -the results.

The values of irrigation-caused yields of dissolved solids in Table
13 range between 0.1 ton and 5.6 tons per irrigated acre, yearly. Their
weighted mean is 2.4 tons per acre. In this connection, it is note-
worthy that a large yield per unit of area reguires not only a substan-
tial guantity of available soluble meterial-~in the rocks, treir
weatbhering products, and the soils--but also sufiicient rercolating and
flowing water to dissolve that material and transport it to a stream.
Corversely, that a smell dissolved-solids yield psr unit of area nray
imply any one of three environmental conditiouns: (1} little soluble
material exists or ever existed in the soil and rocks of the area of
concern; (2) precipitation and runoff are so large and so widely
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Table 13 —Approximate average yield

of dissolved solids due to irrigation in selected areas of the Upper
Colorado River Basin, as of 1957

Dissolved-
Average Irri- solids |
annual ield
Area Underlying formation precipitationH gated (toxs per
(inches) | &CT®8Ee | acre per
‘ year)
Grand division
Fraser River basin, ColO.cceeeressssessssssssssensasss| Precambrian rocks and North 16=25} 10,200 0,1
Park formation,
Colorado River basin below Granby and Willow | Alluvium derived from Pre- 14-16| 5,500 1.0
Creek Reservoirs and above Hot Sulphur cambrian rocks, Tertiary
Springs, Colo,, exclusive of Fraser River voleanics, and Middle Park
basin, formation,
Troublesome Creek basin, Col0.eeeesssssssersessss | North Park formation.eeecseese 12-16] 8,000 .5
Roaring Fork basin, ColO.c.ccceenssosancncoceoceecs Permian rocks, Mancos shale 18-25]| 31,400 3.0
and Mesaverde formation,
Gunnison River basin below Gunnison tunnel Mostly Dakota formation and 8-16 {194,800 5.0
and Uncompahgre River Valley below Mancos shale of Cretaceous
Colona, Colo, age.
Colorado River basin below Plateau Creek Mancos shale,seeeessacssoccccocces 8=10| 78,700 5.6
and Gunnison River and above Dolores River
(Grand Valley).
San Miguel River basin between Placerville Dakota and Morrison forma- 12-16 | 15,000 2.8
and Naturita, Colo, tions,
Green division
New Fork River basin above Boulder Creek, Alluvium of glacial origin... 12-16| 29,000 )
Wyo,
Fontenelle Creek basin, WYO..ceeceeesesascccacess Mostly Wasatch and Green 10-16| 4,000 1.3
River formations of
Tertiary age.
Big Sandy Creek basin, WyO..cccecseesscescecaece Shallow alluvium underlain 8-10| 13,000 5.0
by Bridger formation,
Black Fork basin above Muddy Creek, Wyo.... | River alluvium underlain by 8~10{ 60,500 .9
Green River and Bridger
formation,
Hams Fork above Frontier, WyO.cceesesseesaeeses | River alluvium underlain by 1216} 4,000 .3
Wasatch formation,
Yampa River basin between Morrison Creek Alluvium of glacial origin... 25-301 12,000 .2
and Steamboat Springs, Colo.
Elk River basin, COlO...esseereerssssssssssssssssss | Mancos shale.eeriecsscsseneenses 20-30| 8,000 .4
Little Snake River basin above Dixon, Colo... | River alluvium underlain by 16-30} 4,000 1.2
Fort Union, Lance, and
Bridger formations and
: Mancos shale,
Ashley Creek basin, Utah..cceccscesceeccraocceeeee Alluvium underlain by Mancos 8~12| 23,800 2.1
shale.
Duchesne River basin above Duchesne, Utah.. | Uinta formation...ieeesseesssases 9-14} 6,500 3.3
White River basin between Buford and [Permian rocks and Mancos 19~281} 11,000 4.8
Meeker, Colo, shale.
San Fafael basin, Utah.icecoececscascccssecccccces Shales of Cretaceous age€.eees 8-10] 36,000 3.2
San Juan division
La Plata River basin in Colorado..e. cseseeeseess | Alluvium underlain by Mesa- 12-20{ 16,500 )
verde formation,
La Plata River basin in New MeXiCO.eeeeeeensss | Mesaverde formation and 8-12{ 9,500 1.4
Tertiary rocks.

*Of necessity, the indicated yields of irrigation-caused dissolved solid
or fragmentary records, As implied on page 13 this paucity
minations; however, the approximate values here listed are ju

general order of magnitude of such yields.

Records adequate to measure dissolved-solids yields now are be

hopefully, these will yield definitive results after some years,
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CHEMICAL QUALITY OF THE WATER

dispersed that all the soil and rocks long since have been leached
thoroughly to a substantial depth below the land surface, even though
colubles may be plentiful at greater depth; or (3) precipitation is so
very small that, even though solubles may be plentiful, the streams
reach and can leach only a minor part of the nominal dresinage area. A1l
three of these enviromments exist in the Upper Colorado River Basin. It
is implicit in this situation that, to characterize any particular area,
yields of water and of dissolved solids must be considered jointly.

The 21 selected areas of Table 13 cover somewhat less than half the
irrigated land in the basin of the Colorado River above Lee Ferry. For
areas not covered, the man-caused increment of dissolved solids in the
streams has been estimated according to the values in Table 13 and
according to similarities among soils and underiying rocks, climatic
environments, and chemical analyses of stream waters. Among these bases
of similarity, the major rock classes are especially useful as an index
to the relative quantities of soluble salts contained by overlying soils.

Table 1L summarizes the average yearly discharge of dissolved
solids from all the Upper Colorado River Basin as of 1957, and indicates
both that which probably is from natural sources (total 5,196,000 tons
per year) and thet which probably is man-czused (total 3,480,300 tors
per year). Nearly all this man~-caused totzl, excluding only about one
percent, is presunptively an effect of irrigation.

From preceding Table 14, the average yearly water and dissolved-
solids discharges from the Upper Coloradc River Basin for the water
years 1614-1957, adjusted to 1957 conditions, are zbout 12,733,100 acre-
feet and 8,676,300 tons, respectively. If there had been no activities
of man in the upper basin, exclusive of trarsmountain diversions, the
lonz~term weighted-average concentration of dissolved sclids of the
Colorado River at Lee Ferry, Ariz., would be about 262 prm. The indi-
cated increase in dissolved-solids concentration of 238 ppm (501 ppm
minus 263 ppm) caussd by domestic, industrial, and agricultural uses
of water is equivalent to 13.3 ppm for each 100,000 acre-feet of water
consumed. This increase in concentration is about four times that
caused by the diversion of an equivalent amount of water from the basin.

L1
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QUALITY OF YATER
UPPER COLORADO RIVER BASIN
PROGRESS REPORT
PART II

PROJECTION OF WATER QUALITY EFFECTS

SUMMARY

Part II of this report sets forth the quality of water of the
Colorado River under three different conditions. The first is the
existing or historic situation at fifteen quality of water stations for
the 1941-1958 period.

The second is the present modified condition at the same stations.
This condition assumes that new developments during the 1941-1958 period
were in operation for the full 18-year period.

The third is an estimate of the quality of water situation after
the presently authorized developments are placed in opercation. The
quality for the third condition has been estimated in four different
increments.’

. The results of the studies show that under historic conditions the
average concentration of the Colorado River at Lees Ferry for the 18-
year period would be 0.72 of a ton per acre-foot, or 529 parts per
million. Under present modified conditions with the recently construc-
ted projects in operation, including transmountain diversions, the
average concentration becomes 0.T5 ton per acre-foot, or 551 parts per
million.

Under the third condition with the authorized projects in opera-
tion, the average concentration increases to 0.84 ton per acre-foot,
or 617 parts per million. This is assuming that equilibrium (salt
balance) conditions prevail for irrigated lands in the Upper Colorado
River Basin. A salt balance is in effect when the same amount of
dissolved solids applied to the land by irrigation water is carried off
the land by return flows., If it is assumed that 2 tons of dissolved
solids are picked un from each acre of irrigated land, the concentration
would increase to 0.87 ton per acre-foot, or 639 parts vper million.

The derived concentrations are not deemed to be excessive, nor
will they hamper present uses of the water downstream from Le=s Ferry.




INTRODUCTION

Ccmprehensive plans have been dzveloped by the Department of the
Interior looking forward to the complete utilization of the water
resources of the Colorado River Basin. lany of these plans have now
been suthorized and are being translated into completed projects under
rapidly moving construction programs. Among the great milestones of
this development in the past decade was the authorizstion of the Colo-
rado River Storage project and participating projects in April 1956
which provided for the regulation of the streams in the Upper Colorado
River Basin and the means to utilize the water throughout the upper
basin for irrigation &nd other beneficial purposes.

With the accelerated development and attendant increased uses of
water came the need to study and report on other phases of the water
resources picture. Among these problems was the determination of the
chemical quality of the basin's waters at many points within the stream
system and the need to estimate what effect increased developments would
have upon the chemical quality of the water throughout the basin. The
Congress recognized this need in the suthorizing legislation for the
Colorado River Storage project and participating projects.

This report is the first in this prospective series. It is consid-
ered as an interim report indicating mainly progress to date and a dis-
cussion of the scope of the repcrt series. It will be limited to a
discussion of chemical quality and to the presentation of total dissolved
solids load data at various points in the Colorado River system for
historical ané present modified conditicns and a discussion of the
anticipated effects on the quality of water brought about by authorized
Federal projects and other developments. These anticipated effects
will be reported in increments in order of their authorization or likeli-
hood of construction. The first increment will include the storage
units of the Colorado River Storage project; the second, euthorized
participating projects of the Colorado River Storage project together
with other miscellaneous developments; the third, the San Juan-Chama
project and Navajo Indian Irrigation project; and the fourth, the
Fryingpan-Arkansas project.

Fifteen streamflow and quality of water stations were selected to
be studied and reported upcn. These stations comprise a broad geocraph-
ical network which represerts the quality of water conditions at key
points throughout the basin on the main stream and principal triwutaries.
Flow and quality of water data and analyses were generally available at
each of these stations or could be developed bty agejuate correlations
for a chosen 18-year period of study from 1942-53, inclusive. Also,
most of the planning reports for the various units c¢f the Colorado
River Storage project and participating rrojects are ncw available to
furnish needed data on water uses and articipated depletions for the
selected period of study up to the year 1958,
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Additional daily and seasonal quality of water sampling stations
have been installed and others may be needed to supplement the basic
network to provide adequate data to detect changes brought about by
installation and operation of the many projects authorized or contem-
plated in the basin., Corollary studies are now in progress to interpret
the available data. Many more detsiled studies should also be carried
on to adequately portray the existing conditions and potential changes
in the quality of water in the Colorado River Basin.



DESCRIPTION OF THE COLORADO RIVER SYSTEM

The Colcrado River rises high on the western slopes of the Conti-
nental Divide in Colorado and tuen flows 1,400 miles southwest before
finally emptying into the Gulf of Califorrnia in Mexico. It is the
second longest river in the continental United States and drains a total
of 242,000 square miles of the United States. Portions of the States
of Wyoming, Utah, Colorado, Few Mexico, Arizona, Nevada, and California
are included in its vast drainage network. The principal tributary
drainages in the Upper Colorado River Basin are the Gunnison, Dolores,
Green, and San Juan Rivers, which all join the Colorado River in western
Colorado and southeastern Utah. Lower Rasin tributaries of importance
include the Little Colorado, Virgin, Bill Williams, and Gila Rivers
(Figure 1).

The upper or northern portion of the Colorado Piver Basin in Wyo-
ming and Colorado is a mountainous plateau 5,000 to £,000 feet in ele-
vation marked by broad, rolling valleys, deep canyons, and intersecting
mountain ranges. Hundreds of peaks in these mountain chains rise to
more than 13,000 feet above sea- level and many exceed 14,000 feet
elevation., Mountain lakes exist in considerable numbers. The southern
portion of the basin is studded with rugged mountain peaks interspersed
with broad, level, elluvial valleys and rolling plateaus. The main
stream and tributaries in Colorzdo generally flow in deep mountain can-
yons. The Green River, primary tributary of the Colorado River, flows
in similar canyons in Wyoming, Colorado, and Utah after rising in the
Wind River Mountains. The San Juan River, a large tributary, emerges
from the mountains of southwestern Colorado, flows through northwestern
New Mexico, and then traverses the deep canyons of the San Juan in Utah
before joining the Colorado River in Glen Canyon. The Glien Canyon sec=
tion of the main stream and tributaries thereto is buried in deep
canyons almost the whole of the way.

Tmmediately below the Gien Canyon, the Colorado River plunges into
the inccmparable Grand Caryon in northern Arizona and then is stilled
by Lake Mead behind Hoover Dam. Below Hoover Dam the area is character-
ized by broad valleys bordered by mesas. The great delta arez of the
Colorado River is then traversed before it flows into the Culf of
California in Mexico., The Gila River, the principal tributeary in the
far south section of the basin, rises in the mountainous region of
southwestern Vew Mexico and drains most of southern Arizona.

Rocks of all ages from those of the Archean Age (the oldest known
geological period) to the recent alluvizl deposits, including igneous,
sedimentary, and metamorphic tyves, are found in the Colorado River
Basin. The high Rockzy Mountains which dominste the tovography of the
upper regions are composed of granites, schists, gneisses, lava, and

.




DESCRIPTION OF THE COLORADO RIVER SYSTEM

iods of deposition and
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Agreement by the several States to the Colorado River Compact of
1922 and subsequent authorizing legislation signelled large-scale
development in the lower basin. Completion of Loover Dam in 1935 pro-
vided the necessary control of the river, and downstrean developuents
proceeded rapidly. Major structures downstream from Hoover Dam now
include Davis Dam (Lake Mohave), Parker Dam (iavasu Lake), Heedgate

Rock Dam, Palo Verde Diversion Dem, Tmperial Dan and Desilting Works,
All-American Canal, and Laguna Dam.

In contrast to the rapid develcrment in the lower tasin, construc-
tion of projects in the Upper Colorado River Basin has proceeded at a
moderate pace. In the first half of +he 20th Century, the Uncompahgre
project and crand Valley project, two sizeable projects 1in Colorado,
were begun by private interests and completed under the Reclametion
" Act. Other Reclemation and privete construction accounted for several
completed projects within the basin and some transmountain diversions
on both the eastern and western poundaries. The Colorado-Big Thomhson
project, built in the period 1938-59, is one cf the large projects
which diverts water from the Basin toO the eastern slopes of the Rocky

Mountains.

The agreement by the States of Arizona, Colorado, Hew vexico, Utah,
and Wyoming to the Upper Colorado River Basin Compact on October 11,
1948, cleared the way for comprehensive development in the upper basin.
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d bty the Devpartment of the Interior,
e Colorado River storage project

Extensive investigations were launche
Corstruction is now well advanced

which resulted in suthorization of tn

and participating projects in 1.956.
on the Glen Canyon, Navajo, Flaming Qorge, and Curecanti storage units

and several of the participating projects (Figure 1). Additional recent
authorizations include the San Juan-Chama project, Colorado-ilew Mexico;
the Navajo Indian Irrigetion project, New Mexico, and the Fryingpan-

Arkansas project, Colorado.



SOURCES OF BASIC DATA

The years 1941-58 were selected as & base period for this study
to project water-quality effects to be expected from additional develop-
ments that involve storage and use of river waters above Lee Ferry.
Quality of water and flow records were generally available for eleven
stations in the Upper Colorado River Basin or it was practicable to
develop corollary studies to fill in missing periods of records. Meas-
urements were also available for the Grand Canyon and below Loover Dam
stations for the full period with lesser periods for two other down-
stream stations on the main Colorado River. Thus, the stations and
records shown on Figures 1 and 2 represent a wide range of locations on
the main stem of the Colorado River and principal tributaries.

Figure 2 also shows a summary of the actual and derived records
during the period of study. For this report extensions were not made
for two of the records in the Lower Colorado River Basin. However,
subsequent reports will include extension of these records.

Basic records of water flow and quality were obtained by the Geolog-
jcal Survey data-gathering program using standard methods and procedures.
The Bureau of Reclamation has provided financial and field service assist-
ance to enable collection of records at a number of key stations. Some
records in the Lower Colorado River Basin were obtained from the Califor-
nia Department of Water Resources.

A brief resume of the source and method of derivation for each of
the records shown on Figure 2 and in Tables 1 to 15, inclusive, follows:

Stations with complete records by measurement

Flow and quality measurement are available for nearly all of the
1941-58 period for the Green River at Green River, Utah (Table 4); for
the Colorado River near Cemeo, Colo. (Table 6); Gunnison River near
Grand Junction, -Colo. (Table T7); Colorado River near Cisco, Utah (Table
8); San Juan River near Bluff, Utah (Table 10}; Colorado River near
Grand Canyon, Arizona (Table 12); and Colorado River below Hoover Dam,
Arizona-Nevada (Table 13). Minor extensions only were needed to fill
in short periods of record for a few of these statioms. '

Green River at Greendale, Utah, and Ouray, Utah

Flow measurements are available for the Green River near Greendale
(Table 1), but chemical quality of water measurements are available
only for the years 1957 ané 1958. Flow measurements at Ouray, Utah
(Table 3), are available for the 1948-58 veriod, but quality records
a?e limited to the years 1951, 1952, 1957, and 1658. Extensive correla-
tions were employed with other available records on the Green River
system to develop the estimates shown herein for both streamflow and
data on dissolved solids.




SOURCES OF BASIC DATA

_ Duchesne River near Randlett, Utah

Flow records have been obtained continuously since 1943 and qual-
ity data are available for 1951, 1957, and 1958 (Table 2). Detailed
correlations were employed to estimate the data for the missing periods
using data from other stations in the Duchesne River system.

San Juan River near Archuleta, New Mexico

Flow and quality load data presented are a combination of measure-
ments obtained at Archuleta and at Blanco, New Mexico, with some adjust-
ments and correlations for the period 1945-58 (Teble 9). Correlationms.
and surmations were employed to estimate the date shown for 194l.k5.

Sen Rafael River near Green River, Utah

Correlations were used to estimate flow at this gage from 1941 to
1945 after which measurements of flow were taken (Table 5). @uality

sampling was begun in 1946 and is complete for the remainder of the
study period except for 1950. Extensions of available data provided
satisfactory estimates of the quality load for the missing years.

Colorado River at lees Ferry, Arizona

This station has complete flow records available for the study
period but lacks quality of water measurements for 1941, 1942, 1946,
end 1947 (Table 11). Estimates of the load data for these years were
supplied by extensive multiple correlations using data from the gages
on the Colorado River near Cisco, Utah, and near Grand Canyon, Arizona;
the Green River at Green River, Utah; and the San Juan River near Bluff,

Utah; as well as the Lees Ferry record.

Colorado River at Parker Dam and at
Imperial Dam, Arizona-California

These stations both have full periods of records for water flow
but only intermittent data is avallable for quality of water loads
(Tables 14 and 15). Studies have not been made as yet to fill in the
missing periods of load data.




HISTORIC AND PRESENT MODIFIED WATER QUALITY CONDITION

Historic Condition

The historic water quality situation at the fifteen key stations for
the 18-year period of record has been tabulated in Tables 1 to 15, inclu-
sive. Where historic records were not available, the missing data have
been filled in by correlation methods on all but the Parker and Imperial
stations. The methods of correlating the data were discussed previously.

The range in average concentration for the study period varies from
0.21 ton total dissolved solids per acre-foot at the Archuleta station on

‘the San Juen River (Table 9) to 2.2 tons per acre-foot on the San Rafael

River (Table 5) with the average at Lees Ferry (Table 11) amounting to
0.72 ton per acre-foot. In addition to the fluctuation in average values
there is a wide fluctuation in monthly values at each of the stationms.

The high flows generally accompany the low concentrations and the
low flows have characteristicaily higher concentrations throughout the
period. The month of lowest total dissolved solids concentration at Lees
Ferry is June 1942 with C.29 and the highest is October 1953 with 1.77
tons per acre-foot (Table 11). The concentration range is as high as §
tons at the Randlett station in September 1956 (Teble 2) and 6 tons dur-
ing several of the low runoff months at the San Rafael station. The mini-
mum concentrations at the San Rafael station are high also making the
vater questionable for domestic, industrial, or agricultural purposes.
The high mineral concentration at Randlett and San Rafael stations results
primarily from watershed drainages that pass through and over barren
soils derived largely from shaie and sandstone.

The tsbles also show that the low flows of the Gunnison River near
Grand Junction (Table T) and the Colorado River near Cisco (Table 8) fre-
Quently carry sufficient dissolved solids to mske the water of question-
able chemical quality or at times unsatisfactory for domestic and indus-
trial purposes.

. By comparing the flow and quality data of the Colorado River near
Hrand Canyon above Lake Mead (Table 12), and the Colorado River below
égiyer ng (Table 13), the velue of storage is apparent. The dissolved
. :ds listed vary over a wide range for the station above Lake lead
thiyargd to results be}ow the reservoir where they are fairly uniform
mlgggnout the yea? (Figure 3). This uniformity is essentially carried
; downstream to the Parker and Imperial Dems, except that comparison is
Mted by the shorter period of record at those two stations.

he This historic record will serve as a basis for evaluating future
Nges in guality as each development comes into operation and it will
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serve as a basis for estimating changes that may be brought about by pro-
posed new developments,

To facilitate these studies, all monthly flow and quality data in the
tabulations have been rounded to the nearest 1,000 acre-feet of flow and
the nearest 1,000 tons of dissolved solids. This rounding presents prob-
lems in computing concentrations in drainage areas where the flows often
go near or below 1,000 acre-feet and the loads below 1,000 tons. For
example, in the San Rafael and Duchesne drainages some of the late summer
flows are below 1,000 acre-feet per month so the values of the table mey
be either low or high depending on the rounding.

In addition to the table of total dissolved solids for the 15 key sta-
tions included in this report, an extensive tabulation of supporting data
has been prepared for six different ions found in the water of the basin.
This tabulation was prepared on a monthly basis by use of an elecironic data
computer and shows the amcunts of caleium, magnesium, sodium, bicarbonate,
sulphate, and chloride. Each tsble alsc includes mean dischearges in cubic
feet per second and acre-feet, total cations, total anions, and total dis-
solved solids in tons. The data have been prepared for each of the regu-
larly sampled stations in the Upper Colorado River Basin so that data are
evailable at several stations in addition to the 15 key stetions. A sample
sheet of these computations for & 2-year period for the Green River at
Green River, Utah, is shown as Teble 16.

A critical look at the summary of historical concentrations in tons
Per acre-foot in Tebles 1 to 15, inclusive, indicates that ao siguificant
lncrease in concentration has taken place during the 18-year period. There
hgve been some inbasin developments plus sizeable new traismountsain
diversions during the period, but no particular trend in concentration has
been established. For the Colorado River near Grand Canyon the flows were
Dearly the same in 1941 and 1957 but the 1941 concentration was 0,77 ton
Per acre-foot and for 1057 it was 0.70. A 194h fiow of 13,330,000 acre-
feet has a concentration of 0.75, and a 1958 fiow cf 13,461,000 acre-feet
has & concentration of 0.76. Similar flows during 1946 and 1956 have con-
tentrations of 0.9 and 0.82, respectively.

For the Colorado River below Foover Dam station the 1041 through 1948
°°§Centrations are all higher than 1958. At Lees Ferry the 1941-19ks
Yeighted average is .67 ton per acre-foot, 1946-1650 is 0.71, 1951-1955
130,79 and for the 1956-1958 pericd the weighted average is 0.70. Also at
;ees Ferry 19L1, 1852, end 1957 with similar Fflows have concentrations of
1570, 0.6L4, and 0.567, respectively, The year 1958 with 2 flow of
=3,141,000 acre-feet has a concentration of 0.71, and 1944 with a Tlow of

:019,000 acre-feet has a concentration of 0.66 ton rer acre~foot.

10




WATER QUALITY CONDITION

Present Modified Conédition

During the 18-year period of development covered by this quality of
vater study, a number of new projects were completed resulting in addi-
tional depletions to the Colorado River system, Some of the projects
that were in full operation by 1958 include the Colorado-Big Thompson and
Duchesne Tunnel of Provo River project, both transmountain diversions,
along with a number of other small inbasin developments. In order to eval-
uate the effect of these projects through the study period, it was neces-
sary to calculate the present modified flow. The present modified flow
is the flow expected at any point with all upstream existing projects,
and those projects authorized prior to the Colorado River Storage project
in operation. It was estimated at various sites by assuming & recurrence
of past water supply conditions and by deducting from historical flows for
each year the depletions that would have resulted from the operation of
ell upstream projects constructed or authorized since that year. The
largest project completed during the period was the Colorado-Big Thompson

rroject.

After the present modified flows were computed, the quality data were
added to give the expected quality data for the study period. The effect
cn quality of the transmountain diversions in Colorado was ccmputed by
using a concentration based on the weighted average of all diversions as
contained in the draft of the Geological Survey basic data report. This
concentration was 0.06 ton of total dissolved sclids per acre-foot of
vater transported out of the basin. The concentration applied to
Duchesne Tunnel transmountain diversions was 0.03 ton per acre-Toot based
cn quality of water data available from several locations in that viecinity.

The change in quality resulting from the irbasin developments ras
ccmputed on the basis of an assumed pickup of 2.0 tons of total dissolved
solids per acre of irrigated lend and a depletion of 1.5 acre-feet of
weter per irrigated acre. Refinements to these assumptions will be intro-
duced in subseguent reports waen more complete data become availabie.

) As indicated by the three right-hand columns of data for each year

in Tables 1 to 15, inclusive, the flow is generally smaller and the cen-

centration is generally greater under present mocdified conditions than

Wder historic conditions. For those drainages where no known cevelop-

ment had teken place during the 18-year period the flow and queiity data

§§€? considered to be the same under historic end present modified con-
ions.

In developing the anticipated effect of the storage units and the

) s s . P o ~s
Participating projects, the present modified flow and gquality data were
Used as a base.
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WATER QUALITY CONDITION

Present modified data for the Grand Canyon, below Hoover Dam, Parker
Dam, and Imperiel Dam stations have not been computed; however, the cor-
rections would be somewhat similar to those applied at Lees Ferry. In
subsequent reports the calculations will be extended to downstream
stations.
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DETERMINATION OF EFFECTS OF IRRIGATIOH DEVELOPMENT

Determination of the effects of irrigation develcpment on the over-
all chemiczl quality of water in the Colorado River Basin presents dif-
ficult problems. Sufficient gquality of water and flow records are not
extant that will adequstely define conditions within the basin that
existed prior to irrigation develcpments. Such records as are available
are very meager and were taken at widely scattered locations and time
intervals. Adequate sampling is now being accomplished at several
locations in the basin.

The same is largely true on particular areas that have been brought
under irrigation in the past 60 years. Records that are needed to con-
¢lusively show the effects of individual irrigation projects on the
waters of tributary streams over a long period of time do not exist.

In late years a larger network of either daily or seasonal sampling
stations has been established that is slowly providing data on surface
inflow-outflow relationships on certain irrigated areas in the basin
under the present state of development, and in some areas data are being
gathered on areas that are largely in the virgin state as far as effects
of irrigation are concerned.

A number of preliminary studies have been made with available data
in an attempt to determine or estimate the probable effects of irriga-
tion developments in tributary arezs. One study has been coupleted
that gives valuable data on the contritution of total dissolved solids
from a virgin area or one that has not been affected by irrigation.
These studies will be described briefly and the general results arplied
to the remainder of tlis gquality of water study to estimate the overall
effects of irrigation development.

The Green River Basin upstream from CGreen River, Wyoming, but below
Fontenelle, Wyoming, =xnd below certain triputaries, is a large area now
essentislly in a virgin state as far as irrigation use of water is con-
cerned. Quality of water and flow records are available for the years
1955-60, inclusive, thst measure the total volume of water and load of
dissolved solids that move in and out of this study area. The outflow
is measured at the Green River near Green River, Wyoming, gage while
the inflow to the area is gaged at Green River near Fontenelle, Wyoming;
Fontenelle Creek near Fontenelle, Wyoming; and Big Sandy Creek below
Eden, Wyoring. Minor adjustments were mede for industrial diversions.
This study area includes 1,516 square miles or 970,000 acres., lMeasured
pickup of dissolved solids for the study area shows an average of 117,000
tons arnually for the 6-year pericd or a rate of 0.12 ton per acre. This
seme area will eventually include all of the 43,420 acres of irrigated
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DETERMINATION OF EFFECTS OF IRRIGATIOW DEVELOPMENT

lend included in the Seedskadee project now under construction. Con-
tinued measurements in the forthcoming years until the Seedsikadee proj-
ect area is developed will provide data to strengthen derivation of an
annual rate of natural pickup. After irrigation has begun, collection
of data will measure the effect of new irrigated acreages and thus pro-
vide excellent comparison with the rate of pickup now existing in the
virgin condition.

A number of additional stream gages were installed, and periodic
quality of water sampling was begun in 1955 in the Big Sandy Creek
drainage basin. The stated purpose of this testing was to determire
the quantity and chemical quality of the water flowing into and out of
& study area containing the irrigated lands of the Eden project and to
determine the amounts of pickup of dissolved solids that would accrue
naturally and those amounts which could be assigned directly to the
effects of irrigation. The term'pickup of dissolved solids from irriga=-
ted lands" as used in this report applies to dissolved solids picked up
in addition to salt balance conditions. Under salt balance conditions
the same amount of dissolved solids carried to the land by irrigation
water is assumed to be carried off the land by irrigation return flows.
The study area contains 320,000 acres with 3.5 vercent or 11,100 acres
being irrigated. This program of measurement and sampling has continued
until the present time. Preliminary results of this study showed that an
average of about 46,700 tons of dissolved solids were picked up annually.
If a natural pickup rate of 0.12 ton per acre, as obtained from the
adjacent Green River area described sbove, was applied to the total
320,000 acres, the amount assigned to natural pickup would be 338,400
tons. This would leave 8,300 tons to be vicked up as additional con-
tribution from the 11,100 acres of irrigated land or a rate of 0.75 ton
per acre annually.

The Lyman ares in southwestern Wyoming has also been studied
recently for the purpose of estimating the total dissolved load pickup
caused by irrigation, The gross study area between the inflow and ouvte
flow gages consists of 368,000 acres with 50,000 acres of irrigated land
all located in the Blacks Fork drainage of the Green River Basin. Irri-
gation water supolies have all been obtained by direct diversion of the
tributary streams as no storage has been utilized. The area was developed
between 1890 and 1920, so most of the land has been irrigated for at
least 40 years and some of it for 70 years.

Records and estimetes compiled for this area indicate that for an
average year (1953) about 94,000 tons of dissolved material is picked
up in the study area. A high flow year (1252) shows a 151,000-ton
pickup, and a minimum flow year (1954), a 48,500-ton pickup. If the
entire amount of pickup were assigned to irrigation in an average year,
a rate of 1.9 tons ver irrigated acre would result. lowever, other
Studies show this rate should be on the order of 1.0 ton per irrigated
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DOTERMINATION OF EFFECTS OF IRRIGATIOLN DEVELOPMENT

acre. If the aforementioned natural nickup rate of 0.12 ton per acre

for nonirrigated lands derived from the Creen Piver area were applied

to the gross 368,000-acre study area, a natural pickup of slightly over
L4,000 tons could be expected. Reduction of the 9k ,000 tons gross pickup
in an average year by this amount would leave 50,00C tons as pickup from
the 50,000 irricated acres, or 1.0 ton per acre. Another comparison is
jllustrated by Figure 4 which shows the inflow-outflow relationship of
water snd total dissolved solids.

Totzl dissolved solids outflow load is sensitive to the total amount
of applied water including precipitation. The curve indicates a differ-
ence in inflow=outflow tonnage of 40,000 tons when the outflow is zero.
Subtracting this figure from the 94,000 tons for an average year leczves 2
54,000 tonnage or a rate of 1.1 tons assigned as pickup from each irri=
gated acre. It appears from the results of these evaluations that by
having arrived at rates of 1.0 ton and 1.1 tons pickup per irrigated
acre by two different procedures, that pickup of dissolved material as
the rasult of irrication in the Lyman area should be about 1.0 ton ver
acre per year. Additionazl sampling stations have been installed to
provide data for continuing studies.

Preliminary results of a study of the Vernal, Utah, area in the
eastern end of the Uintas Basin shows that the gross average annual pickup
of total dissolved solids amounts to 1.6 tons per acre of irrigated land
if all of the pickup in the study area is assigned to the irrigated lands.
Irrigated lands comprise about 26,000 acres or 28 percent of the 93,000~

- acre study erea. This area was placed in production before 1900. Data

are not now available ir the immediate area to incdicate a rate of pickup
that could be expected from natural sources. However, a considerable
reduction in the rate of pickup would ensue if a proper pronortion of

the total pickup were assigned to the nonirrigated area. Collection of
qQuality of water and flow records is continuing to ascertain the portions
of the total pickup of dissclved solids tikat should be ascribad to irri-
fation and tiaat due to natural pickup from the study ares.

The Florida Piver area, which enccmpasses the Florida participating
project of the Colorado River Storage vrcject in southwestern Coloraco,
has been sampled and measured for a few years to define the inflow-
Outflow relationship on water quelity. The 14,000 acres of presently
irrigated lands is 5.7 nercent of the 246,600 acres in the study area.
¥rrigation hes been practiced for about 50 years in this area. TIrelim-
iary results show a pickup of 1 ton of dissolved naterial per acre
qnually if the gross pickup is assigned to the irrigsted lands. If a
?Og%cal division were made between natural pickus and that caused by
i:ilgatgd la§ds, prelimi§ary estimates incicate that the rate of pickup
°fr irrigated acre should be in the order of 0.3 ton ennually.



DOTERMINATIOH OF EFFECTS OF IRRIGATION DEVELOFMENT

Based upon the dat:s now available from the above described studies,
it appears that pickup cf dissolved paterial from irrigated land will
However, it was decided

probably not exceed 1.0 ton per acre annuallyv.
to apply a range of values from zero to 2.0 tons per acr2 pickup in sub=-

sequent analyses in this report to estimate the effects on water quality
at selected key stations under various increments of development. A
zero pickup rate for irrigated land will be used for the first analy=-
sis, and a 2.0-ton per acre pickup from irrigated lands for a second
enzlysis., Iiore refined estimates on the effects of irrigation develop-
ment will be presented in future reports as additional data and analyses
become availsble from continuing studies or from nev studies.




ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS INVOLVING THE
STORAGE AND USE OF COLORADO RIVER WATER

In order to estimate the probable effect of authorized or contem-
plated developments on the quality of the water at various points in the
Colorado River, these developments have been separated into four differ-
ent increments. The increments are: (1) Storage units of the Colorado
River Storage project, (2) Participating projects of the Colorado River
Storage project and other miscellaneous developments, (3) San Juan-Chama
project and Navajo Indian Irrigation project, and (h) FryingpanQArkansas
project. A summary of anticipated depletions caused by these develop-
ments is shown in Table 17.

The first increment or the effect of storage was computed by impos-
ing the storage regulation and reservoir losses on the present modified
conditions at applicable locations as given in Table 18. The second
increment was then added to the effect of the storage units and the new
flows, loads, and concentrations were computed at the key stations. The
effects from the remaining two increments were then added only to the
records of appropriate stations in the Colorado and San Juan River Basins
as these developments do not alter conditions in the Green River Basin.
The final figures listed show the cumulative effects of the four incre-
sjents.

Following is a discussion of each increment including a brief des-
ription of the physical conditions for each development authorized or
nntemplated for authorization within each increment and the anticipated
€fect of each increment on the quality of water at appropriate key
stations.

Description of Projects

Increment Ho. 1
Storage units of the Colorado River Storage project

Gen Canyon Unit.

The Glen Canyon Dam is located on the Colorado River in Arizona
L piles 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., Laxke Powell would extend 186
*iver miles up the Colorado River and 71 miles up from the mouth of the
3an Juan River. River mile 71 on the San Juan River is 133 river miles
Prom Glen Canyon Dam. This 28,040,000-acre-foot reservoir will regulate
the flow of the river for compact delivery purpose and for power genera-
tion and thus permit exchanges for upstream consumptive use of the water.
hnusl reservoir losses are computed at 556,000 acre-feet per year. The
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storage of inflowing sediment was a major consideration in selection of
the size of this reservoir, :

Flaming Gorze Unit

This storage unit is located on the Green River in northeastern
Utah and southwestern Wyoming. With a storage capacity of 3,789,000
acre-feet, the flow of the Creen River will be largely regulated and
tne releases for power will be fairly uniform, Annual reservoir lcsses
amount to 5,000 zcre-feet. Without the benefit of actual cperating
conditions it is assumed that the concentration of dissolved solids in
the released water will be uniform.

Navajo Unit

The [iavajo Dam is located on the San Juan River in northwestern
New Mexico. Total storage capacity of the reservoir is 1,709,000 acre-
feet with reservoir losses estimated at 36,000 acre-feet amnually. Since
no power is to be produced, the effect on quality of water will be
slightly different based on a different pattern of reservoir releases
until the Navajo Indian Irrigation project is constructed.

Curecanti Unit

The storage dams for this unit--Blue kesa and Morrow Fointe--zre
lecated in west-central Colorado. The total storage capccity of 940,000
acre-feet for Blue ilesa and 117,000 acre-feet for Morrow Point will

. largely regulate the flows of the Gunnison River, resulting in relatively

wniform flow and concentration of dissolved solids below the Curecanti
unit, Reservoir losses are estimated at 15,000 acre-feet.

Increment No, 2
Participating projects and other miscellanecus rrojects

Seedskadse Project

It has beern assumed for this report that the Seedskadese project in
Wyoming would develop 43,420 acres of new land along the Green River and
that the devletion would te 128,000 acre~feet annually including 13,000
acre-Teet of evaporation from Fontenells Reservoir and 20,000 from the
vildlife refuge. later on an additional 15,000 acres will be irrigated
after a determination hias been made of the effect that the mining of
trona will have on land subsidence and irrigation develorment., The total
depletion wculd be increased to 140,000 acre-feet when the full acreage
is developed.

Lyman Project

This project in southwestern Wyoming will furnish a supplemental
yater supply to lands now inadequately irrigated and no new acreage is
being developed., In the 1550 Lyman project report it was estirated that
no new depletions would result from prcject development and therefore
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none have been included in this Tuality cf Water study. A Lyman »roject
report now in preparation will more accurately define the estimated new

depletions, if any, from this project.

Central Utah Project

Bonneville Unit.-- The Bonneville unit consists primarily of a trans-
mountain diversion from the Colorado River Basin to the Bonneville Basin
in central Utah. The annual depletion during the study period would be
167,000 acre-feet. About 46,000 acres of new land would be irrigated,
and the total depletion would include 58,000 acre-feet for municipal and
industrial wster uses in the Bonneville Basin, Some additional storsge
regulation would be provided in the Colorado River Basin to furnish water
to lands not now having an adequate irrigation supply.

Vernal Unit.--The Vernal unit diverts water from the Ashley Creek
drainage to furnish a supplemental supply to 14,700 acres of partially
irrigated lend and 1,600 acre-feet of supplemental water for municipal 4
use near Vernal, Utah. The new consumptive use of water by the Vernal -
unit amounts to 12,000 acre-feet annually,

Uralco and Jensen Units.--The Upalco and Jensen units of the Central
Utah project will both be developments within the Uinta Basin and will
provide supplemental water for lands presently irrigated. Investigations
are incomplete,but present indications are that there will be no new
lands developed snd no nev depletions., This report has been prepared
on that vasis,

Emery County Project

The Emery County project is located in east-central Utah. It will
furnish a supplemental irrigation water supply to 18,000 acres and a
full sunply to 770 acres of new land with a new depletion of 17,000
acre-feet, This project depletes the flow of the San Rafael River, a
tributary of the Green River.

Smith Fork Project

This project provides a supplemental supply of water for 8,056 acres
and a full supply tc 1,420 acres of new land in west-central Coloracdo. It
will deplete the flow of the Colorado River by 6,000 acre-feet.

Hammond Project.

This project will provide a water suprly for 3,900 acres of land in
northwestern lew Mexico, his will be a direct diversion from the San
Juan River, depleting the flow by 9,000 acre-feet annually.

Florida Project

The Florida project is located in southwestern Colcrado and will pro-
vide a full supply of water for the irrigation of 5,730 acres of new land
and a supplemental .supply for 13,700 acres. The flow of the San Juan
River will be depleted by 14,000 acre-feet as a result of this project.
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Collbran Project

This project is located on Platesu Creek, a tribdbutary of the Colo=-
rado River in western Colorado. t will provide supplemental water to
19,750 acres and a full supply to 2,460 acres of new land, The new
consumptive use will be 7,000 acre-ifeet,

Private Industrial Developments

A number of private industrial developments either under construc-
tion or contemplated will result in annual stream depletions, mostly by
evaporation, in the Upper Colorado River Basin,

A potash development near Moab, Utah, now in the final construction
stages, will consumptively use 8,000 acre-feet of water annually.

Industrial developments in southwestern Wyoming, including the Utah
Power & Light Company's steesmplant at Xemmerer, will evapcrate 17,C00
acre-feet each year.

In northwestern ilew Mexico a large steamnlant being developed by
Utah Construction Company will evaporate 39,000 ascre-feet annually,

Denver, Colorado Svrings, and Englewood Diversions

The so=called "Blue River Settlement" authorizes the diversion of
an average of 191,000 acre-feet of water per year from the Blue River in
the headwaters of the Cclorado River to the cities ¢ Denver and Colorado

'Springs and from the Fraser basin to the city of Englewood on the eastern

slope. These diversions would vary from a low of 47,000 acre-feet (195k)
to a high of 288,000 acre-feet (19LT).

Increxent Mo. 3
San Juan-Chama project and daveio Indian Irrigation project

San Juan-Chama Project

This project will divert an average of 104,000 acre-feet annually
from the headwaters of the San Juan River across the Continental Divide
to the Rio Grande Basin. The effect on the Colorado River will be =2
104 ,000~-acre~-foot decrease in the average flow and a decrease in the
dissclved solids load by the smount transported out of the basin,

Navajo Indian Irrigation Project

This project contemolates the diversion cf 508,000 acre-feet from
favajo Reservoir to 110,000 acres of Indian-cwned l:nds south of the
San Juan River in ilew Mexico., With certain miscellaneous arezs in the
San Jvan River Basin included, the estimated depletion would te 259,000
acre-feet annually during the 1l8~year study period. The 508,000-acre-
foot civersion would affect the Archuleta znd other downstream statioms.,
Return flows from the irrigzated lands would =130 be reflected at the
Bluff and downstreem gages along with any change in concentration or
total dissolved solids load.
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Increment No. 4
Fryingran—-Arkansas project

This transmountsin diversion project will transfer water from the
headwaters of the Colorado to the Arkansas River. The average annual
depletion during the 1941-1958 period would be 65,000 acre-feet includ-
int 1,000 acre-feet of evaporation from the ®kuedi Reservoir on the west
slope. The physical effect of this diversion would be a decrease in
flow and dissolved solids load at Cameo and other downstream stations.

Anticipated Effects of Developments

Increment No, 1
Storage units of the Colorado River Storage project

One of the principal effects of storage is the mixing of varying
qualities of water from different drainages and of different seasons.
The higher concentrated flows of the fall and winter months are sweet-
ened by the better quality spring runoffs from snowmelt, and the runoffs
from the more potent drainages are mixed with the better flows of other
drainages. Summer torrential flows, regardéless of quality, are also well
mixed in a storage reservoir. Analyses of water released from Lake Mead
show a variation in concentration generally less than 0.13 ton per acre-
foot dissolved solids during a single year (Figure 3). The variation is
very small in contrast to variations snown by analyses of the inflowing
weter which commornly are greater than 1.20 tons per acre-foot in a single
year (Tables 12 and 13).

Another effect of reservoir storage is the precipitation of dis-
solved solids from solution in the reservoir basin. This effzct has
been studied in detail at Elephant Butte Reservoir and at Lake Mead.

At Lake Mead the substantial quantities of dissolved solids that precip-
itate from solution are offset by the solution of soluble materizls from
gypsum and saline beds within the reservoir basin. The concentrations
in the outflowing water were expected to be much greater than the
analyses show, considering the large quantities of gypsum along the

lake bottom and shores,

The only gypsum beds noted in Lake Powell Reservoir basin are in
the rarrow Cataract Canyon area, and these are expected to be covered
by the initial deposits of sediment. Therefore, the condition resulting
in solution of soluble reservoir bed material described at Lake Mead is
not expected to be repeated at Lake Powell except for a brief period
during initial filling. There are no krown gypsum deposits in the
Flaming Gorge, Navajo, or Curecanti unit reservoirs.

The actual phenomenon of precipitation within & reservoir is not
entirely understood, although it is apparent that the less soluble salts
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have a tendency to precipitate and the more solutle salts go into or
remain in solution. There may also be some tendency for the dissolved
solids to be deposited with the sediment.

The study at Elephant Butte Reservoir concluded that one-eighth of
the total quantity of dissolved solids entering the reservoir is pre-
cipitated from solution within the reservoir basin. Studies will be
conducted in the Colorado River Storage project reservoirs after filling
has started by meking use of the data from the network of quality of
water stations to determine precipitation and solution of salts.

Another effect of reservoir storage on water gquality results from
reservoir losses. In this case a large loss of water is not offset by
e loss of dissolved solids, so the result is a higher concentration of
dissolved solids in the reservoir.

The overall effect of the many factors accompanying reservoir stor-
age is a stabilization of water quality. The follocwing is gquoted from
C. S. Howard in the Lake Mead studies:

"Although there has been an increase in dissolved solids through
the eveporation and solution processes, there has also been a stabiliza-
tion of the chemical quality during the period of storage,which has been
of considerable value to the users of water below Hoover Dam. As a
result of the stabilization, a2 lower tonnage of soluble salts has been
delivered to the irrigated lands below Hoover Dam than would have been
delivered if there had been no storage. This is because the ccncentra-
tion of soluble salts in the unreguleted river weter as indicated by
tne Grand Canyon records is higher than the conceniration in the
released water during the periods when most of the water is taken from
the river for irrigation."l/

The anticipated effect of storage in the units of the Colorado
River Storage project, aside from the effects of irrigation and trans-
ountain diversions, is expected to be further stabilization of water
Quality entering and leaving Lake Mead.

The condition of near-uniform quality water being released from
Lake Meed as indicated by Figure 3 justifies the assumption that similar
results can be expected from the reservoirs now under construction. The
OPeration studies have been conducted cn this basis ty averaging the
Present modified concentrations and applying that average to reservoir
Teleases to obtain total dissolved solids in tons (T=ble 18).

—
1/ Geological Survey Professional Paper 295, "Comprehensive Survey
°f Sedimentation in Lake ilead, 1948-L9," p, 124,

22




ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPIENTS

Effect of Fleming Gorge Reservoir Operation

Operation of the Flaming Gorge Reservolir is expected to deplete
56,000 acre-feet annually from the siream svstem. The concentration of
total dissolved solids inereases from 0.52 to 0.54 ton per acre-foot at
the Green River near Greendale station as a result of this depletion,
and there would be no change in the total dissolved load unless solids
were precipitated in the reservoir. It can be seen from the historic
and present modified data that water quality of the Creen River is gen-

erally good throughout its lengti and the operation of Flaming Gorge

Reservoir is expected to further stabilize the cuality at the downstream

stations including Lees Ferry. Table 1& shows that the Flaring Gorge
oncentration of 0.01 ton

effect at the Ouray stetion is an increased ¢
~ce at the Green River, Uteh,

per ecre-foot and that no change tskes plo
station, because of the large gain in flow between the Greendale and

Green River stations.

Effect of Navajo Reservoir Cperation
study for this portion of the report

Indian Irrigation nreject. The
sses and reservoir regulation.

The iavajo Reservoir cperation
no diversions to the davajo

assumed
on guality result from reservoir 1o

effects

ith reservoir losses averaging 36,000 acre-f2et per year, the con-
centration increases from 0.21 to 0.22 ton per acre-foot over present
modified conditions at the Archuleta gage. At the Bluff gage lhe con=
centration is 0.56 ton per acre-foot under present modified conditions
and would increase to 0.58 ton with Havajo Reservoir in operation.

Effact of Curecanti Unit Overetion

The 16-year gquality of water operation study of the Curecanti unit
reservoirs shows an average depletion of 15,000 acre-feetl per year.
There would be a change in the total aissolved sclids from .33 to 0.8k
ton per acre=-foot at the Gusnison River near Grand Junction station.
ervoir - operation
nison River in
at voth the Gun-
ths of low

The more uniform flows resulting from Curecanti Res
low flows of the Gun

will tend to dilute the concentrated
the late summer months and thus will improve the quality

rison and the Colorado River near Ciscc stations in the mon

runoff.

Effect of Lake Powell Operation

The overall effects of the upstream developrents on water quality

are all chenneled through Lake Powell to exerge as a sirgle effect from
Glen Canycn Dam. Operation studis=s inaicate annual raservoir losses at
Lake Powell of 556,000 acre-feet and nearly uniform cnnual releases of
water. As rentioned earlier in the veport, this large reservoir, with
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holdover storage and mixing effects, will allow release of fairly uni-
form guality of water.

The Lake Powell reservoir losses alone will increase the concen-
traticn from 0.75 to 0.79 ton per acre~foot. However, it is estimated
that at least 5 percent of the incoming dissolved solids will be pre-
civitated in the reservoir basin, which would lower the concentration
to 0.75 ton per acre~foot. It is expected that some precipitation of
dissolved material will occur in all of the upstream reservoirs,
Flaming Gorge, Navajco, Morrow Point, and Blue Mesa, and that there will
be more than 5 percent retained in Lake Powell under actual opersting
conditions. For the purposes of this study it has been estimated that
there would be no losses from solution in the upstream reservoirs and
only 5 percent at Lake Powell, This estimate is on the conservative
side and can be adjusted when actual quality of water opersating data
become available., It has been estimated that there would be no pickup
in the reservoir basins since there are no known soluble deposits in
the upstream storage reservoirs and the gypsum beds near the head of
Lake Powell will be covered by sediment deposits early in the reservoir
operation.

The anticipated effect of all the storage reservoirs at the Lees
Ferry station will be to increase the concentraticn from G.75 to 0.80
as a result of reservoir losses only. With zn estimated 5 percent of
the incoming solids retained in Leke Powell, the aversge concentration
would be reduced to 0.76. The stabilizing effect on quality attributed
to operation of Lake Powell will be further enhenced by the upstream
storage units.

Increment No. 2
Participating projects and other miscellaneous projects

The projects to be included in this category, the amount of new
irrigated land in each project, and the average annual depletions are
listed in Table 17.

The effect of the irrigation rrejects has been studied under two
separate conditions--one assuming zero pickup of dissclved solids from
the irrigated lands and the second assuming 2 toms of pickup per acre
of new irrigated land. This range of values for estimated pickup of
dissolved solids was determined fror studies of the individual areas
mentioned previously in this report. The effect under these two condi-
tions has been combined with the =ffect of the transmountain diversicns
and the imnbasin depletions.

At the Cameo gage on the Cclorado River the effect of the Denver,
Colorado Springs, and FEnglevcod diversions end the S5ilt project, assum-
ing zero pickup of dissolved solids, is an average increase in concen-
tration from 0.57 to 0.61 ton of dissolved soiids per acre-foot. If a
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pickup of 2 tons per acre is assumed for the 211t project, the concen-
tration does not increzse above‘b 61 ton per acre-foot. The average
flow is reduced ty 197,000 acre-feet a vear during the 18-year period.

The e¢fect of the Paonia and Smith Fork orojects at the Gunnison

“
tration from 0.6k toc 0.85 ton per acre-=foot. This condition prevails
ssuring either zero pickup or 2 tons of pickup per acre because only
3,650 acres of new land are developed by the two projects and any pickup
from.thls small ares is not significant.

The effect of the Seedskadee project combined with the evaporation
from various industrial developments including the Utah Power & Light
Company steamplsnt at Kemmerer, Wyonlnn, and with Flarming Gorge unit in
operation, is an ircrease from O. sk to 0.59 ton per acre-foct at the
Creendale station if there is zero pickup from the Seedskadee irrigated
lsnd. If the pickun is assured to be 2 tons per acre, the concentration
becomes 0.65 ton per acre-foot.

At the San Juen River near Bluff page, the Hammond end Florida
projects tosether with the proposeo Uteh Construction Company steau-
plant w11¢ 2zplete the flow by 62,000 acre-feet amnually. This will
1ncredse the concentration from C.58 to 0.50 if there is zero pickup

rom the irrigated land and will ircrease the concerntration to 0.61
ton ver acre-foot if the pickup is 2 tons per acre with avajo Reservoir
in operation.

Since no new acreage is beinz develoved at the Vernal unit, the
effect on quality results from storace resulation and a new depletion
of 12,000 acre-feet per year., The results of the cperation study show
no discernible change in average guality at the Ouray station.

The Lrerv County project will develop only 770 new acres of lend
and the new deprletion will amount to 17,000 acre-feet., Tnhe2 storage

rerulation provided by Joes Valley Keservoir may improve the cuality of
water on a monthly basis below the Emery County project by elimirating
the heavy applications of water in the early svyrins and nrov1c1rg nore

flow for the late summer months. The change in zvera ge concentration
8t the San Rafaecl station as indicated by an opsration study weu.d be
an increase from 2.2 to 2.6 tons per acre-foot with zero pickup.
$ecause of the small smount cf new acreage developed, no significant
increase in concentration would result from 2 tons pickup per acre.

The potash develooment now under constwiction on the Coloradc River
below Moab will result in a Genletion of &,000 acre-feet per year. The
°nly gage affected by this developrent is the Lees Ferry rage, and,
Siace the denletion is so small compared with the flow at Lees Ferry,
he chznpe in concentration is not discernible.




ANTICIPATED EFFECTS OF ADDITIONAL DEVELOPMENTS

The estimated effect of all the above developments at Glen Canyon
Dam with tie storage units in operation will be a reduction in average
flow of 631,000 acre-feet, an increase in concentration of from 0.76 to
0.80 ton per acre-foot, and & decrease in load of 803,000 tons a year
with zero pickup from the irrigated land. If the pickup from new irri-
geted land is 2 tons per acre, the concentration will be increased to
0.81 and the load decreased by 681,000 tons annually.

The decrease in dissolved solids load at Lees Ferry results from
several factors. In using operation studies for power purposes, it was
assumed that 8,840,000 acre-feet would be impounded in the reservoirs,
and consequently the dissolved solids are impounded with the water.

The assumed precipitation of 5 percent of the dissclved material in Lake
Powell accounts for part of the decrease in tonnage and the transmountain
diversions account for the remainder of the decrease. At this point in
the study the increased tonnage resulting from new irrigation amounts to
only 122,000 tons annually, with a pickup of 2 tons per acre, leaving

the net decreases mentioned above.

The estimated effects of the above developments &t the applicable
key stations have been tabulated in Table 18.

Increment No. 3
San Juan-Chama project and Kavajo Indian Irrigation project

The ircremental effect of these two projects has been computed by
using & concentration of 0.16 ton per acre-foot for the San Juan-Chama
transmountain diversion and by assuming the same conditions for the
Navaje Indian Irrigation project as used for the participating projects,
The first condition assumes that no dissolved material would be picked -
up from the irrigated land and that any change in quality would result
from the depletion of 259,000 acre-feet annually. The seconi condition
is based on an estimated pickup of 2 tons per acre from 110,000 acres
of irrigated land plus tke effect of the devletion.

The effect of the San Juan-Chams project 104 ,000-acre-foot trans-
mountain diversion and the Navajo Indian Irrigation project 508,000~
acre-foot diversion from Havajo Reservoir has been cornuted for the
Archuleta station. The total effect of both projects, including the
return flow from the Navajo Indian Irrigation project, is shown in
Table 18 for the Bluff stationm.

The decrease in flow at Archuleta from these two projects is 612,000
acre-feet, and the decrease in dissolved solids is 129,000 tons each year.
The concentration of dissolved solids in the water diverted by the San
Juan-Chama project is less than the normal concentration at the Archuleta
station, so this results in a 0.02-ton increase in concertration at
Archuleta after the diversion and with Navajo Reservoir in operation.
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ANTICIPATED EFFECTS CF ADDITIONAL DEVZLOPIEIT

At the Bluff station with zero pickuvp from the lavajo Indian Irri-
gation project, the concentration increases from 0.60 to O.T4 ton per
acre-foot and with 2 tons of pickup, the concentration goes from 0.61 to

0.92 ton per acre-foot. These increases assume operation of the Navajo
Reservoir, Florida and lHammond »nrojects, and the Utah Construction Com=-
pany development.

At Lees Ferry, if only the depletions are considered with z=ro pickup

from irrigated land, the concentration will increase from 0.80 to 0.83
ton per acre-foot; and if a 2-ton pickup per irrigated acre is assured,
the concentration goes from 0.81 to 0.86 ton per acre-foot.

Increment No. U
Fryingran-irkansas project

The incremental effect of adding the Fryingpan-Arkensas project was
computed for the Cameo, Cisco, end Lees Ferry stations. The decrease in
flow averages 68,000 acre-feet, znd the decrease in dissclved solids
averages 4,000 tons per year. Tne concentration of dissolved solids in
the diverted water was estimated to be 0.06 and is based on available
quality data from the diversion area.

The depletion would cause an increase in concentration of 0.02 ton
rer acre-foot at tne Carmeo gage and 0.01 at the Lees Ferry station.

Summary of the four increments at Lees Ferry

Reservoir losses from the four storage units will average 663,000
acre-feet per year. Depletions from all other projects authorized or
conteuplated for authorization, including the nroposed industrial de-
velopments, will average 1,062,000 acre-feet for a total depletion of
1,725,000 acre-feet annually. This depletion will result in an increase
in concentration at Lees Terry from C.75 to 0.84 if no additional dis-
solved solids are picked up from the irrigated lund. The combination of
1.7 million-acre-foot depletion and the pickup of 2 tons of dissolved
solids for each acre of new irrigated land increases the concentraticn
to 0.87 ton per acre-foot, for a 16,0-percent increase in averase coOn=
centration,

The increase in concentration resulting lrom Leke ’ead operatiom
for the same 1941-58 neriod is &n averages of 14,8 O percent between the
Grand Canyon snd below Hoover stations,

The combined operation study shows a net decrezse in tc*al dis-
solved solids at Lees Ferry. This results frcm the previouslv described
increase in reservoir content of & ,840,000 acre-feet in all of the stor-
age reservoirs and Trom the assumnt*on that 5 percent of the dissolved
SOlldS entering Lake Powell are precivnitated in the reservoir basin,

The magnitude of the decrease in dissolved solids for each increment is
shown in Table 18,



DISCUSSION CF ESTIMATED PROJECTIONS

It must be realized that the estimates presented in this report are
preliminary and are based upon presently available data. As previously
pointed out, comparisons between the waters now available in the stream
system and those existing before the advent of man-made developments are
practically impossible due to the almost complete absence of records on
water quality prior to substantial developments in the basin. In addi-~
tion, the effects of present and future authorizations necessarily had
to be estimzted on the basis of data and methods that are not fully sub-
stantiated. Much more data must be gathered and research completed to
understand the complex relationships that govern the movement and change
in water quality as the waters of the basin drain from the mountains,

ere diverted, applied to the land, stored, controlled, and mixed in numer-

ous reservoirs. Maintenance of an adeguate network of stream measuring
and quality of water sampling stations in the years ahead will provide
the most reliable data to detect and interpret changes in water quality
brought about by authorized developments on the stream system.

Use of water for irrigation represents the greatest depletions in
the basin so it has been assumed by some that the practice of irriga-
tion has and will materially affect the overall quality of water situ~
ation. However, this has not been proved in other large drainage basins
where some quality of water records existed prior to development of
large acresges of irrigated lands. On the Missouri River, guality of
water records are available for the period October 1906 to October 1907
for the station at Florence (near Omaha), Hebraska. These records indi-
cate thet the total dissclved sclids averaged 454 prm at that time.
Between 1907 and 1950 about 700,000 acres wera developed for irrigation
in the basin but data for the period 1951-13535 at Nebraska City (near
Cr2ha), Nebraska, show that the total dissolved soiids averaged 427 pom.
It would be erronecus to infar that irrization has improved the quality
because irrigation actually has the effect of concentrating scluble
salts. The important point is that in a large river basin such as the
Missouri or the Colcrado River basin, the natural accretions of total
dissolved solids to the overall total far outweigh the influences of
irrigation. Further evidence that irrigation ir itself has cnly slight
effects on total water quality is found in various ereas of the upper
Colorado River basin. At Hot Sulohur Springs the Cclorado River drains
an area of 782 square miles and conteins an irrigeted area of 15,700
acres. Here the total dissolved solids varied frem 59 to 102 ppm dur-
ing the period 1948-1955. At Gypsum, Coclorado, the total dissolved
Sclids of the Eagle River water have fluctuated fron 273 to 479 ppm in
the same period even though the drainage area and irrigated arzas are
Dearly identical in size to those at Hot Sulphur Springs. These data
indicate that the type of geologic muterial or other factors rave a
%yeater influence on the presence of dissolved sclids than has irriga-

ion,
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DISCUSSION OF ESTIMATED PROJECTIONS

Preliminary results of other studies of areas in the basin indicate
that natural accretions to the streems amount to large amounts ¢ total
dissnlved solids. Results measured in the general area of the author-~
ized Seedskadee project in southwestern Wyoming show 117,000 tons of
total dissolved solids natural pickup in a stretch of the Green River
gbove Green River, Wyoming, and below Fcntenelle, Wyoming, or at the
rate of 0.12 ton per acre. This study area is largely in a virgin con-
dition as far as irrigation is concerned. Although such & rate of 0.12
ton total dissolved material appears tc be relatively small, the effect
on total tonnages is large because of the tremendous areas involved com-
pared to the irrigated ascreage. Other areas illustrate this overriding

influence of the total areas compared to the irrigated areas. As exanmples,

the irrigated area above the Cisco station on the Colorado amounts to

3.7 percent of the drainage area; above the Green River, Uteh, station
about 2.1 percent of the area is irrigated; and on the San Juan River
above Bluff about 1.3 percent of the area is irrigated. Since irriga-
tion ecreages are so limited, it appears entirely possible that the major
proportion of the total dissolved solids load at the more important meas-
uring points in the basin was present in the stream and has been little
affected by the advent of irrigation.

Patterns and total amounts of water flow also exert a great influ-~
ence on the total dissolved material carried by a stream st a particular
measuring point. Historical measurements st Lees Ferry for the pericd
of study (1941-58) show an annuel variation in total dissolved material
moving past the gaging station of 6,385,000 tons in 1954 to 12,603,000
in 1957 with an average for the period of 8,820,000 tons (Tetle 11).

This station is rated as excellent by the Geological Survey, it having

an accuracy in water volume within 5 percent. Variations in the sampling
and analyses to determine the total dissolved loads could also be assumed
to amount to about 5 percent. Thus compining the two errcrs the annusl
loads may range from 90 to 110 percent of those reported.

The net increase in the tonnage of dissolved solids developed from
all projects in this study under the assumed kigh condition of 2 tons
pickup per acre of irrigated land is 274,000 tons per vear without the
storage units in operation (342,000 tons added by thne inbasin projects
and €8,000 tons leaving the basin via transmountzin diversions resulis
in a ret of 274,000 tons). This is well within 5 percent cf the total
lcad measured in 1954, the lowest year of the study period, and it is
only 3.1 percent of the average of 8,829,000 tons. In this study the
decrease in flow resulting from upstrean consumptive uses has a greater
effect on concentration than the increased loszd from irrigation proj-
ects under the assumed high pickup condition.

Figure 5 illustrates the variation in flow, total loads, and con-

centrations for the Leez Ferry station in the various years of the study
Period.
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DISCUSSION OF ESTIMATED PROJECTIONS

The results presented in this report besed on data presently avail-
able show that, after depletions are consummated by all authorized proj-
ects mentioned in this report in the Upper Colorado River Basin, the
remaining water leaving the upper basin will not be significantly
affected and the quality of the remaining waters will not hamper pres-
ent uses.

Measurements to determine the quelity of water actually present
in the streams should continue for many yvears. Additional stations
should be established as the need for more detailed measurements is
shown by continuing study of this problem.
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Table |
Colorado River Basin
Flow and Quality of Water Data

Green River near Greendale, Utah

Units - 1000
Historical Present Modified Listorical Present Modified
Concen=- Concen=- Concen= Concen=
Flow tration T.D.S. Flov tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
[fear . Montb (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons [Yfear  Month (A.F.)  (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons)
Jan. 27 0.93 25 27 0.93 25 Jan. 32 0.81 26 32 0,81 26
Feb. 25 1.16 9 2 1.16 29 Feb. 37 .89 33 37 89 33
March 72 94 8 7 .94 8 March 195 62 6| 1% .62
April 131 .56 b 13 .56 T4 April 136~ .62 ___ B&_ 136 . 8y
Mey 276 .58 160 274 .59 161 May 521 50 210 516 _ B3 211
June [y 50 175 1438 .40 177 June 628 36 775 520 37 277
- 1941 July 171 55 9y 169 457 96 - 1947  July 372 .39 13T 365 .36 133
Aug. 110 .13 80 110 ,75 82 Aug. 218 a3 99 218 BT 100
Sept. 67 .78 .8 Su Sept. 1 .53 ug 9 .55 0
Oct. [T .97 97 92 Oct. 0 .70 63 g .69 4
Nov. 71 .93 .9 67 Nov. 71 277 55 7 .77 6
Dec. 36 1.19 4 36 1,22 m Dec. 56 87 [E] 5 .86 0 |
Total 1,521 .63 957 1,516 0,64 969 Total 2,447 Y] 1,143 7,430 &g 1,155 |
Jan. 30 1,00 30 30 1,00 30 Jan. 47 901 u3 47 .91 u3
Feb. 31 1.00 3T 3~ TT.000 T 3L Feb, 40 88 35 40 .88 35
March 69 1.07 7 69 1.07 74 March 102 ,79 81 02 .79 1
April | ogy __ _,65 __170 |} 261 __ .65 _ 170 April | 157 270 110 57 .70 0
Msy | oas _ 75 __im0 |23y . .27 _ 18l May 336 . 126 35 .38 27
June | yay __ .uy 193 | 43l .__.48 _ 195 June 454 . 162 53 .36 164
- 1942 July 239 40 97 236 42 99 - 1o48 July 126 .50 63 125 .52 65
Aug. 73 57 42 71 62 uh Aug. 59 .56 33 58 .60 5
Sept. [ wo _ .72 29 39 .73 3l Sept. 3 .76 25 33 .82 7
Oct. 36 1,00 36 | ___ 37 —1.00 37 Oct. 9 .77 30 40 ki 31
Novo T TTast 1,07 w1 | %6 LJ7. 2 Yov. 5 NE 75 3% 88 30
Dec. 34 1,06 36 35 1,06 37 Dec. 1 1,00 31 31 1.03 32
Total 1,517 .63 959 1,510 64 971 Total 1,458 .53 768 1,455 5% 780
Jan. 33 1,09 36 33 1.09 36 Jan. 31 .90 28 31 .90 28
Feb. 37 .97 3 7 .97 Feb. 29 293 27 kil k] Fid
3 March T4 6 L4 March 73 .89 65 73 .89 65
5 April .48 1 2 LuB April 152 .69 105 152 .69 10
May .38 130 3 .39 __ 131 Hay 310 .53 165 30 . 1
1043 June .33 182 569 .34 8u June 493 Y 230 u7 LU 2
[ July .29 115 390 .30 117 1949 July 205 57 3 154 N 10
: Aug. o7 76 161 .48 78 Aug. 72 .61 [T 69 . 4
4 Sept. u .56 36 53 .60 38 Sept. u2 D 31 [ .80 3
¢ Oct. 60 NF 43 61 72 Ly Oct. 70 .93 65 75 . 6
Yov. Sy .83 45 55— .84 46 Nov. 56 .97 B4 70 N 3
Dec. 37 , 89 33 38 L 89 34 Dec. 40 .97 39 43 s 40
i Total 2,089 Y] 928 2.082 U5 9u0 Total 1,583 61 969 | “T,557 .63 981
i Jan. 30 .93 <8 30 .93 28 Jan. 36 1.19 u3 36 1.19 u3
i Feb. 32 A 32 32 1,00 32 Feb. 45 .85 43 5 .95 43
d March ug 1.4 71 ug 1.48 71 March 150 61 52 150 61 33
! April 345 .5 90 345 .55 190 April 323 . T80 B 150
| May 245 .5 42 243 .59 143 May 416 06 150 505 w7 T 191
L June 46 .3 T 466 .38 176 June (D .37 275 723 .38 277
T Jay 27 .39 109 275 L0 1 - 1050 July s ] 150 [T 35 T56
. Aug. 7 .59 37 74 N ) Aug. 15 51 78 156 55 80
T Sept. 3 61 22 35 . 4 Sept. 8 62 53 85 .65 55|
. Oct. i .83 39 [ . 40 Oct. 76 72 55 83 67 56|
: Nov 39 92 36 [ .3 37 Nov. 80 .75 50 85 72 61|
Dec., |27 _ 85 723 | ___28 .86 24 Dec. 51 80 51 55 T80 57|
Total 1,672 .58 903 665 .55 915 Total 2,625 &7 1,240 2,587 g 1,256 |
3 1
; Jan 29 .97 28 29 .97 28 Jan. " .80 a6 us .80 16
H Febn, 34 % T 37 | _3%_ . 37 Feb. ‘—j_ﬁl 82 S0 61 .82 50
3 March 65 .88 57 65 .88 S March 93 18 73 33 78 73
April 113 .70 79 113 .70 7 April 212 w7 700 212 w7 100
May 76 .60 105 174 L61 10| May 395 T 177 389 ue 178
lag g\me 10 46 Tul 307 L8 L June 626 236 225 617 .37 227
uly 25 .37 120 322 .38 2 ~1951 July 366 36 132 359 37 134
. 174 47 82 172 N B84 Aug. 228 Ny 101 224 U6 103
103 43 [ 102 5 [ Sept. a8 "—‘_§§ o5 98 <8 57
74 T4 55 75 .7 56 Oct. 99 Gl 70 102 .70 71
52 .88 3 53 .89 47 Fov. 57 .91 52 €0 .88 53
42 .81 34 43 .81 35 Dec. 55 87 57 5 .86 48
1,497 .55 826 1,489 .56 838 Total 3% .88 LI | TZ.3I6 B “I,I30
a9 ,90 35 39 290 35 Jan. 49 .82 40 ug .82 40
33,85 ___ 28 {__ 33 .85 _ 20 Feb. 57 BT 07 57 BT 97
88 67 59 88 .67 59 March 63 15 47 63 75 47
|__237 L8 115 237 .48 115 April 318 62 138 318 .62 198
__1.2.58._ il igg §93 ) ig% Hay 600 139 235 598 .39 236
354 N [ 39 June 55 0 550 .37 203
62 40 54 158 XY 56 -1952  July 20: -——-'—gg 13» o5 58 116
T57 03 T8 62 58 Aug. 121 —%0 72| _118_ 62 T _
62 .60 37 52 63 39 Sept. | 67 7 w5 57 70 47
68 .76 52 70 .76 53 Oct. 49 86 %2 0 .86 43
53 82 7] 33 B3 1] Nov. 37 i %1 T~ 1.0 62
52 77 T8 53 T ] Dec. 3 s m < 1.17 81
1,547 57 T | TSI T 53 BIT Total PRUT) 5y T 710 .53 T,129
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Table | |
Colorado River Basin -
Flow and Quality of Water Data

Green River near Greendale, Utah

Units - 1000
Historical Present Modified Historical Present Modified
Concen= Concen= Concen=- Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.8.
Year  Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tonms)| Year  Month | (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons
Jan. i 0.81 39 u8 0.81 39 Jan. 50 0.86 43 50 0,86 43
Feb. [ .85 [ ug .85 5} Feb. ) 76 29 38 .76 9
March 73 86 53 73 86 53 March Tso K3 70 50 47 0
s 76 | i —f w5 W i o e
N y . .
June § 452 239 175 [T 440 177 June 615 ) 178 .31 180
k1953 July j 198 ,39 7 19 41 79 1056 July 20 T 59 700 .35 71
hug. 105 . 54 7 10 .58 Aug. 104 R BT 100 L6 u6
Sept. | w43 _ . 7 [ .67 Sept. 48 ) 71 57 W7 22
Oct. 35 . 3 .86 Oct. 46 i3 3% 53 .68 35
Nov. 42 . 4 Ul .95 4 Nov. 39 o i T3 33
Dec. 32 .97 3 34 D 3 Dec. 26 .88 23 31 77 24
Total 1,282 .57 725 1,268 .58 73 Total 1,894 S 774 1,851 42 785
i) * 3 z
Jan. 1.11 31 28 1,11 31 Jan. 28 .68 19 2 .6 19
Feb. .87 34 39 87 34 Feb. w3 .19 34 ¥ . 34
March 81 1y 52 LB e March 66 98 65 6 . ]
April 10 .65 66 101 .65 66 April 86 67 58 86 .6 8
May 30 .31 O 756 32 95 May 275 [ 20 272 L 120
June 223 .36 )1 712 -39 B3 June 685 37 S 679 .37 252
-1954  July 56~ T 28 T3 | 3% .23 75 -1957  July 433 .36 15 427 .37 156
. 81 43 35 i ) 37 Aug. 142 .57 81 13 .59 82
Sept. 55 .63 31 [ 75 33 Sept. 82 .58 ! 8 .60 49
Oct. [¥] .95 G0 113 k] GT Oct. 77 .69 £ 7 . St
Nov. 3} .85 35 LI .82 36 Nov. 57 1,00 7 5 . 58
Dec. 20 1.05 21 22 1.00 22 Dec. 46 L 91 42 i . 43
Total 1,249 Y] 591 |~ 1,227 %9 T 603 Total 2,020 49 383 7,007 59 930
Jan. 2u4 .75 18 2u .75 18 Jan. 43 77 33 u3 77 33
Feb. 75 71 7 7 7T T7 Feb. 55 80 Yy 55 .80 uYy
March 4y 1,11 [ [ 1.11 49 March 66 ,71 47 6 W71 47
| April 106 L6 06 .64 68 April 134 .67 90 N .67 - 0
May 168 . 8 63 ,55 May 387 .39 151 6 .
\ June 288 . 75 .35 June 338 .38 127 3 . 1
[1955  July 130 . 4 124 sy -1958 July 88 .50 [ 86 . 0
| Aug. 80 . 42 77 .57 Ly Aug. 57 .5 32 56 . 3
| Sept. 38 N 22 37 .62 3 sept. {__ 39 6 27 9 72 28
1 Oct. 38 . 6 41 .66 7 Oct. 36 .7 26 7 .70 6
l, Nov. 36 N 7 39 W72 8 Nov 34 .70 24 5 .68 4
Dec. 45 .8 7 L7 LBl 8 Dec. 38 . 8u 32 38 . 84 2
Total 1,021 .53 538 1,001 .55 568 Total 1,315 .51 677 1,311 52 681
= Annual Summary
i
¢
{ Historical Present Modified
Concen~ Concen-
Flow tration T.D.S. Flow tration T.D.S.
Year (A.F.) (T./A.F.) (Tons) (A.F,) (T./A.F.) _ (Tons)
ig:; 1,521 _ 0,63 957 | _1,816 .6k 960 —
Yous LA 63 959 | 50 6 gl
ous 2,080 .4 _ g8 | _208 ks = _gko |
1,672 .5k 903 | _l.68k .55 -9in
1945 )7 55 __B26 | _aMB0 .56 B3 |
T |- M )| - O MR
1949 |79 sRs Q) _969 | 1,552 .63 8L
1950 | Tpgps b7 12k | 2,587 . k9 1,256
90 |2am 8 Lu8 | 236 ke L1M
Toes 2,k .52 1,17 | 2,0 —53— 1,129 |
- 282 __.57.. 725 | 1,268 __.38 33—
2,2k _ b7 sl | 3,227 kg 603
1,021 _ .53 53 | 1000 .55 YT —
1956 . 3.8oh b1 _77h | 1,8 k2 _7B5
1957 | 72020 _.k9  _98% | 2007 k9 990
1958 71,315 & _617 | A3 .52 -6AL
poran | 2220 8.9 —_— 16,219
eragze ; 1,73k Sl 830 1,719 52 a0l
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Table 2
Colorado River Basin
Flow and Quality of Water Data

Duchesne River near Randlett, Utah

Units -1000
i d historical Present lModified
historical Presegt Modifie ceris, e
1 popet etion tration  T.D.S.
trati T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow o
ear  Month (:%;‘.') (Tf?A.;x?) (Tons ) (A.F.) (T./A.F.) (Tcns Year  Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons)
Jan. 25 1.12 28 25 1.12 28 Jan. 26 1,07 28 26 1.08 28
f,:’;-h__zL_uL__%__ﬂ__us___&_ z::;h_x_dm&__:e___aé__z.a&___sa_
: . 5 April T Tm | T 20 o
April 20" 1050 30 | 1T .0 30 e 23
May 155 1.35 __ 210 |_ 139 _ l.9l . 210 ‘mie _quz .53 __7Z6 -1 . .60 16
June 232 1.16 270 21k 1.26 269 158 o ___78 j_ a0 _ .55 T
gk July 35 1.0 39 30 1.30 E%) - 1947 July %3 1.8 39 ——E?i—— ﬁ— —-39-—
Aug. 18 1.50 27 16 1.60 27 Aug. 25  __1.28 2 —32
Sept 15 1.50 2k 13 1.89 2b (S)erét- 12 175 2l A0 240, .__21—‘
v | : s S0 e ko Nov. | o= —la |2 iz s
Nov. .90 5 2 2 : 37
Dec. L 1.04 W | by o 2.08 . BO Dee. 7 m __2a9 & |3l _1J8_ |
Total 694 1.21 837 545 1-30 836 Total 569 .86 L83 _521 .94 488 4
2 1,00 __29
Jan. .90 ¥ 4o 90 36 Jan. 29 1.00 29 {__ 29 _1.00
. Feb. —_199_39 1.00 kS 2 109 — Hameh = L2 % Eg ¥ -
March 32 1.23 39 23 -
l April fl 50 __ .00 __Zg_ LS .obh b3 gm 123 : 29 _L}_l_ %
& R e i i i e e
Jure .15 2 158 I Ty ~Z i :
1942 i\lly 283 1.43 1373 1L9 ;.Iulg 133'1__ - 1948 e 2} _:.50 9 22 3.550 . .__9__1
i ug. 2.12 . . < —l [§]
| Sept. 5 2.50 12 " 3.00 12 ge}';t 1 ﬁ —-—ng 3 5.cg 12
| . = -2 e | - - —E Tov i N 2 3 1.85 o5
! Nov 22 1.41 3% 21 1.48 32 i)e : — 3z T3 .27 33 2 1.27 33
Dec. 23 1.28 3 25 1.%8 36 c. 1"11; 22 o o 2
11 Total 526 .73 4og 4ol .83 408 Total 298 .
H 5 4 1.08 26 24 108 _ 26
i Jan. 25 1.12 29 26 1.12 29 Jan. |__ 2 :
‘! e = v i = ] i et T 5 = i i.; '_}0_—55
1 ¥arch X 1.5 . Ez ) __
33 Apfil 213 31_.51 13 ~ I;% ~ 1.07 I3 .“\pril ,EE .§56 2 mﬁz 1.(6)“5 b5
i Yay 100 N [N c2 .15 __75___ :'Jh;ze égg .5 Y 2 S o ——:):2— BZL_
5., June 103 .62 [ 30 —"‘Eg"7 ——‘—’%— 1949 Jul; ) ——l;f— "_%0‘_1 T W 1,07 47
§ g‘\ilgy 223 i% _3_3; —2- I EA ) piovd 7 2.1k 15 5 3.0 15
i Sepé- 3 2:00 16 [ 207 10 Sept — 2.1 %3_ 7 __aer_ —i'_SL 17
: Oct. 2 1.50 3 21 150 31 gct- 25 i'zl 32 2 1.2:1 12
i Yov. 2L 1.29 31 23 1.35 31 i;:v I—2 1. 25 & :25 T
H Dec. 25 1.250 32 25 1.25 2 c g .29 u}é ;,ehg h%ﬁ
o Total w50 9 LSk L1k 1.09 453 Total 641 .78 97 592 .
: 1.00 3
: Jea, 2 1.08 25 23 1.0 25 Jan. | 3L __1.00 _ 31 31 o
Fo. 4T 1.3 ET 25 T s Fo. |7 L2 e ___% e T
Yerch T Topg | k3 o2 52 varen |7 W0 T L.30 o L 2%
fory TR TTheT T da | s .o s hori B — |
L e R R R i i = = | = =
RSN 72 59 T . __sa - 1950 July ___L#j_____L&L_’;g__’:Q__Ll&—_-kﬁ—
psmg_ ~ 5 3 2.7 15 Aug. 9 2.00 3 ___1._11 i-ﬂ—e.og —18—}
<pt. 7 20k 3 5,00 15 Sept. 13 1.77 3 —_—3
o z v 2 =2 = oot 1% 5¢ 2 n TLe . e
v, 3 L Tov. 2 .26 25 _1.36 3 |
me 2o 30 w2 s e Fov. {21 —3= 132 -y
1 ?m ‘639““ _L;i_ _5%7‘ e .70 516 Total 57k 87 = 515 .95 PEE
ey Jan. 26 .00 26 26 _1.00 26
Py, d—i —-3-'91—].» gQg 3210 Feb. 26 .31 % 26 1w B
re 2 e W | e vareh |25 L6 % 5 _.g _‘2'%__
ot 2% T2 3 20 April 1 .71 . e,
-’uie 3G . 8¢ 51 4 ?ﬂy 3 I3 = 90
ongy S 5T (ST D - June |12k .13 il —dos b6
g —30 1.23 37 25 - 1951 Auly 31 1.29 o |26 _1.5h 4O
t ) H 25 ug. 26 1.6 %8 24 _1.58 3B
?'Dt. \EL %?_L i <] Sept. 10 .90 19 .9 2 2
2}, 2 1.3 29 20 oct. 25 128 3 |__ o4 1.3 2
bhc: 26~ 1.27 33 25 g:v. 2 1,22 50 3 .26 39
2k 1.37 33 24 c. 32 1.22 39 32 .22 38
q —or” Thoe LLo 335 Total 1448 1.06 477 398 1.19 475
ey —23 113 2 1.13 25 7 28 1.07 3%
::‘;:h —2 1.3 = 2 T 29 zen. = ik 3 26 TLal —2—
.3C . 1.42
by b2 Tl 5) 2 L.k by March g3 L1z i 2L A .
- ‘;L L _1.00 LG 32 1.05 ) {E;u 111 . i3 —Le '_}_ __J——l
Ty \K:_ z: - 3T ],i Ll June %02 .33 100 € + 9
b T o B W —C wse My (\TTH0 I e —f— s S—
- 2 -5 —had5— - ,02
o 2T T2 1% 3 2.5 1k Aug. 5 g - R
W T 2.75 11 3 3.57 L Sept. 3 '}8 2% —= - ——Lz
w1 3153 22 15 1.62 25 Oct. 21 1. __2%_ __'E__ —22
o p—— . 122 B il 125 i Tov. 26 151 b2 5 TIai 5
R — 30 1.2C 2 2C .20 3% Dec. 37 1.11 31 —T -—E;——
\13&\1.1; 375 2c7 1.30 37k Total 1035 .60 613 96k .




Table 2
Colorado River Basin
Flow and Quality of Water Data

Duchesne River near Randlett, Utah

Units - 1000
Historieal Present Modified { Historieal Present Modified i
Concen=- Concen- Concen=- Concen-
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
ear  Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Toms Year Month § (A.F.) (T./A.F.) (Tons) (A.F.) (7./A.F.) (Tons)
Jan. 39 0.90 35 3. 09 35 Jan. 21 1.00 27 Sape as higterical
Feb. 1.12 a %3 .12 31 Feb. 23 1.35 3] T
March g T.h1 3L 1.4 46 March 25 1.60 %)
April 15 LT 25 8 2,00 25 April 17 1.59 21
May 15 1.60 24 S 4,80 2h May Th .16 56
June 107 R 6l oly 67 €3 June | 0 61
1953 July 13 1. 23 9 2,56 23 -1956 July L 2.75 1n
hug. 12 o] 21 11 1.9L 2l o 2 4,00 8
Sept. S .20 11 L _2.75 11 Sept. 5.00 5
Oct. 9 _ __2,00 18 8 2,25 18 Oct. f 2.25 9
Nov. 20 1. 2 19 147 28 Nov. 17 1.59 27
Dec. % i 3 |26 2 3 Dec. | 3o 12l 23
Total 326 1.12 366 290 1.26 65 Total 303 1.07 325 °
Jan. 27 1 o] Same as historical Jan. 21 1.05 22
Feb. 25 _ ‘g"éuiT 32 Feb. 20 1.05 2)
March 20 1,80 36 March 22 1,54 3l
April 13 .77 23 April 12 .83 22
May 36 1,31 ko May 39 1,23 48
June 5 2,40 12 June 184 4 76
1954 July 2 300 ___ 6 -1957 Jwy 3% .ol 32
Aug. 1 4,00 Y hug. 18 1,61 29
Sept. 6 2,33 1 ! Sept. 15 1,47 22
Oct. 17 = _ 1.99. 27 Oct. = 19 1,74 33
Nov. f 18 1,20 27 Yovo b W 1l . sB
Dec. f 18 1,90 27 Dec. N %0 __1.07 ___ 32
Total 188 1.k8 278 Total 456 .9 429
l Jan. 25 1,08 27 Jan. 29 .83 2k
Feb. 21 1.43% 3 Feb. %] 1,00 31
{ March h 1 57 March 35 1,37 48
P April 22 1,31 5 April 29 1,07 3
May 45 1,00 45 May bl 46 65
$ June 3 1.09 27 June 103 42 43
i 1955 July 2 3.00 ra -1958  July b 2.50 10
| Aug. B 2.50 17 Aug. 1 4,00 b
i Sept. 4 2.50 10 Sept. 3 2.33 i
: Oct. 4 2.33 1k Oct. 5 2,60 13
' Nov. | 15 1.60 24 Nov. 1h 1.93 27
| Dec. | 29 1.21 35 Dec. 421 _ .ok __ 26
uml 245 1.32 323 L Total 416 .79 329 v
Annual Summary
Historical Present Modified
Concen= Concen-
Flow tration T,D.S. Flow tration T.D.S.
. Year (A.F,) (T./A.F,)  (Tons) {A.F.) (T./A.F,) (Tons}
: 1941 694 1.2 837 646 1.30 _m_ﬁaﬁ _
: 1942 cof 9 83
i 1943 E% ,g kﬁ 41k 1.09 453
1944 oTh 517 | 651 . I8 516 ]
i 1945 % 1.08 4o 36Q 119 k39
19u6 3k 1.16 375 287 130 . - 37h ]
e | e s M| —sa— A T
e |- S | s S8 The ]
1950 5Tl .87 497 519 .95 —hg5
1951 _b75 |
1952 1_)5&'&'_ - ‘%'}L_Q ——393-—%& _ :_Lﬁ: —6a7 ]
1953 2%% 1.12 366 200 .26 _-365 |
1954 188 1.48 278 188 1.k8 278
1955 245 1,32 %23 245 .32 323
1956 303 1,07 325 303 .07 . 325
1957 T qly 429 456 9k hog |
. 1958 | 136 .19 229 _Re 0 g9 329
Total 8,608 8,000 8,017 —_— J,.Q&L_—-
Average 478 .93 [ LLs 1.00 I
524




Table

'3
Colorado River Basin
Flow and Quality of Water Data

Green River near Ouray, Utah

Units - 1000
Historical Present Modified Tistorical Present Modified
Concen~ Concen= Concen= Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
ear  Month § (A.F.) (T./A.F.) (Tons) (a.F.) (T./A.F.) (Toms lvear  Month | (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons)
Jan. 93 0 .95 8 93 0,95 8 Jan. gu 0.89 84 9y 0.89 8L
Feb. 111 .97 0 111 .97 10 Feb. 138 .79 109 138 79 109
March 202 .90 8 0 .90 8 March 23 69 279 03 69 279 |
April 16 N 0! 1 .65 [} April 25 5 228 22 5 228
May 1,200 47 60 1,17 48 62 May 1,439 36 532 1416 .36 __ 513
L4l g\me 1,140 45 10 1,11 46 _ 513 1047 June 1.35] 36 480 1,323 36 ug2
uly 333 , 58 195 323 .62 99 July Gl 38 248 630 40 252
hug. 45 .98 280 740 1,02 P Aug. 336 , 61 205 328 .63 208 \
Sept. S8 .35 150 156 .89 154 Sept. 159 71 113 156 T4 116 |
Oct. 84 .93 285 = 267 Oct. 171 282 140 174 .82 142
Nov. 214 285 182 215 .85 184 Nov. |t 163 .86 140 165 .86 147 _|
Dec. 151 .92 139 152 .93 Wl ! Dec. || 318} o1 137 154 .90 139 !
Total 4,447 .63 2,821 4,385 .65 2,84l Total 5 474 49 2,675 5 403 .50 2,694
Jan. 110 .88 97 110 .88 97 Jan. 130 .91 118 130 .91 118
Feb. - T Feb. 139 6 106 139 7% 106
March 247 L 91 225 247 .91 225 March 217 .83 230 277 283 230
April 840 .58 483 838 .58 83 April 5 62 335 542 62 335
Nay 1,030 W47 485 1,015 L48 487 May 1,089 234 370 1,075 ,35 371
tayp Jume {1,250 .34 420 1,232 34 w22 Loyg June 339 32 300 | 925 .33 302
" Juy | "3es .51 200 385 53 204 - July 242 .53 128 238 455 131
Aug. || 138 T4 102 133 .80 106 Aug. 123 65 80 120 .69 B
Sept. 82 .96 79 78 1,05 82 Sept. 66 19 52 [ .86 55
| Oct. 108 .99 107 109 1,00 109 Oct. 90 o84 76 91 .86 78
Nov. B___313 = _ 1,09 123 114 1,10 125 Nov. 96 L 9u 30 96 L 96 92
! Dec. 109 1,10 120 111 1,10 122 Dec. 93 1.04 97 93 1.05 98
| Total 4,535 .56 2,544 4,485 .57 2,565 Total 3,828 .52 1,982 3,790 .53 1,999
Jan. 98 1,09 107 98 1,09 07 Jan. 97 .89 86 97 .89 86
Feb. 119 91 108 118 .91 08 Feb. Tou B2 85 TO% i 5
March 227 .81 183 227 .81 83 March 263 .78 205 263 .78 205
April | =73 .51 290 | 570 .8l 290 April 490 .59 287 487 59 787
way | g0 3w 275 | _802  __.3% 276 wey  |_1.228 .38 __ B0 ) 1,30 33 W71
1943 June 1,090 36 392 1,068 37 394 June 1,54 .37 580 1,514 .38 581
) Juy T tsep~ T8 223 | _s81  __,39 227 - 1948 July 5 .58 270 £ .50 273
Aug. 278 76 210 272 78 213 Aug. B .70 108 148 .75 11T
Sept. 109 284 92 105 .90 95 Sept. 104 77 80 101 .81 82
Oct. 115 .96 111 116 ,97 113 Oct. 193 .85 165 | 107 __ .8 166
i Nov. 132 1,00 132 133 1.01 134 Fov. 175 89 155 178 .88 156
: Dec. 105 1,04 109 107 1,04 111 Dec. 114 1.04 118 117 1,02 119
: b
{ oral 4,257 .52 2,232 4,108 .5 2,251 Total 5,028 .52 2,609 4,951 .53 2,622
H ;En- 79 1,05 83 79 1,05 83 Jan. 125 1.00 125 125 1,00 125
}“. 101 1.0 104 101 1,03 oL Feb. 135 .85 115 135 .85 115
‘arch 10 1.0 226 210 1.08 26 March 321 .78 250 321 L8 250
: April 35 .6 365 532 69 65 April 649 .50 325 645 ,50 325
§ 'ﬁ 970 .39 380 951 40 382 May 1,069 .45 480 | 1,039 .45 480
™ Jul; 1,390 ,28 395 1,367 29 397 La50 June 1,597 .33 520 | _1,558 L34 522
hag 572 ,39 222 561 L 40 226 July 711 .43 308 688 . .45 311
i e 128 .63 80 122 169 m Aug. 226 .62 140 17 L 66 143
0:!;\". 68 .78 53 63 .89 56 Sept. 145 .79 114 42 .82 117 ¢
Yoy, |—=8— K 102 108 , 96 104 Oct. 1u4 .87 126 49 .85 127 |
i e 110 1.02 112 111 1,03 s | Nov. 165 .83 137 168 .82 138 |
Noay 87 1,07 93 89 1,07 95 ' Dec. 159 .86 137 163 .85 138 '
4,357 .51 2,215 4,294 .52 2,236 { Total S,uu6 W51 2,777 5,350 .52 2,791
T
103 .95 98 103 .95 98 Jan. 108 .91 8 108 .91 98 |
16 .95 110 116 95 110 Feb. 164 L] 130 164 79 130
171 2 94 160 171 L 94 160 March 214 79 170 218 79 170
289 T4 215 287 .75 215 April 94 ,57 225 390 .58 225
952 £37 354 935 .38 355 May 38 W41 385 914 W42 385
1,050 W 60 1,031 .35 362 1951 June 1,299 .37 481 1,270 .38 483
675 .37 ug 666 .38 252 - July €16 W0 250 €03 42 253
320 .67 13 314 .69 216 Aug. 358 W61 220 352 .63 223
159 .64 102 156 .67 105 Sept. 160 .65 104 153 .67 107
150 .85 128 1 .86 30 oct. 207 182 170 209 .82 171
13 L 91 126 40 L9l 28 rov. || 158 67 137 160 .86 138
10 L 97 105 110 .97 07 Dec. 131 92 120 133 N 121
4,23 .52 2,219 4,180 53 2,298 Total 4,747 .52 2,690 | 4,676 54 2,504
112 .91 102 112 .91 102 Jan. 125 .90 112 125 .90 112
— 310 .83 91 110 ,83 91 Feb. 132 .86 14 132 I T U Y '
—222 .83 185 222 .83 185 March 151 85 129 151 g5 ——d2a
— 535 .53 286 533 5y 286 April 953 .68 652 954 168 ___Bs2
— 160 .38 292 742 .40 294 May 1,888 52 793 | 1,862 43 793
172 .33 255 751 L34 257 June 1,738 34 590 | 1,707 .35 592
252 _ [ 110 241 47 114 - 1952 July 477 .57 70 465 158 273
——a3 N 10 137 .80 110 Aug. 294 .70 06 288 73 209
—-101 L 82 8 EE) .87 86 Sept. 166 .80 33 164 .83 __ 136
— 347 .83 2 149 .83 124 Oct. 117 .98 15 116 T.00_ 116 __
—160 .90 1u4 161 91 146 Nov. 115 1,08 20 T1a 1,06 12l
*\% .85 126 150 .85 128 Dec. 120 1.08 130 121 1,08 131
m .55 1,902 3,407 56 1,923 | Total 6,202 o4 2,368 E"lf___’_'i"___jﬁi‘_




Toble 3
Colorado River Basin
Flow and Quality of Water Data

Green River near Ouray, Utah

Units - 1000
Historical Present Modified Historical Present Modified
Concen= Concen=~ 1 Concen= Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
ear  Month fl (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons lear  Month | (A.F.) (T./A.F.) (Tons) (a.F.) (T./A.F.) _(Tons)|
Jan. 39 0,86 120 139 0,86 120 Jan. 140 0.86 120 140 0.86 120
Feb. 37 .88 ___ 120 37 — .88 _ 120 _ Feb. 93 97 90 3 .97 90
March 15 .86 185 215 .86 185 March 230 67 220 330 .67 220
April 34 79 185 231 .80 185 April 89 5 220 489 45 320
May i s0l __ .45 . 225 485 L u7 226 vay | .owo. .31 __325 | 1,02 32 326 _
June 1,185 .33 390 1,164 L34 391 June 1,180 230 358 1,147 .31 357
1953 July f___ 3su 442 150_ 344 L4l 153 - 1956 July 288 L42 120 781 L4k 173
| Aug. 200 .68 13 1 71 140 Aug. 166 .60 100 167 N30
| Sept. 83 .78 6 .82 67 _ Sept. 70 61 43 69 LBl 44
| Oct. 82 .95 7 .95 9 Oct. 75 80 60 82 JT4 61
| Nov. 8 ,97 115 1 ,98 116 Nov. ak 92 88 102 .87 89
| Dec. 05 1,00, 105 107 L 99 106 Dec. a0 285 76 85 .90 77
| Total 3,353 .56 1,875 3,302 .57 1,888 Total 4 047 45 1,817 %,003 %6 1,830
. Jan. 105 .95 100 105 .95 100 Jan. 83 .88 73 83 .88 73
' Feb. 39 .86 20 13 .86 120 Feb. 102 .90 32 102 .90 92
March 72 . B4 45 17 , B4 145 March 230 N 191 230 .83 191
April 91 L 60 75 29 L 60 175 April 317 N 209 17 , 66 209
?;By 9 432 20 687 .32 221 May 987 4 S0y 83 62 [
une 7 . 45 361 41 147 June 1,915 .31 590 1,909 .31 591
- 195 Juiy 4 . 30 339 .39 133 - 1957 July 1,185 .30 360 779 .31 362
Aug. 2 4% 50 118 53 63 Aug. 345 .61 To | T 3wz ___ .62 — 712
Sept. 117 il 50 116 79 327 Sept. 179 .70 2 178 71 16
oct. 7 L 94 120 131 .92 121 Oct. 181 .79 T 183 i TR
} Nov. 11 .90 10 11 ,89 10 Nov. 206 83 171 208 .83 172
i Dec. 7 1.12 8 7 1.10 8 Dec. 140 8Y 118 141 1.01 142
Total 2,67 .56 1,49 2.65 .57 1,50 Total 5,870 T3 2,696 5,855 47 2,728
}
Jan. 78 .90 70 78 .90 70 Jan. 122 .79 96 122 .79 96
Feb, 8 NI 70 83 L B4 70 Feb. || 178 M) T30 T78 T3 —I30
March 20! o1 185 203 .91 185 March 246 .79 194 246 K 194
April T 64 205 319 L6k 205 April 422 .58 245 422 758 245
: !;ay 0 ED 250 701 3% 281 May 1,357 .33 450 1,355 .33 450
_lggg June 676 232 215 663 .33 216 1958 June 1,115 .28 312 1,113 \28 __ 313
, July 218 b0 T 208 w2 _ 88 July |__jms .53 100 187 255 102
Aug. |51 T3 20 | a8 .76 U3 Aug. |99 .65 64 8 .67 66
Sept. | eg ___ .8l ___ 55 |___ € __.85 56 Sept. | 83 . .82 68 2 .84 69
Oct. 15 .89 67 70 .97 68 Oct. 85 L84 7 86 .83 71
Nov. g4 96 8l 87 94 82 Nov. 99 9] 90 100 2390 S0
Dec. 126 87 130 128 £87 111 Dec. 110 .87 96 110 .87 96
Total 2,784 .54 1,493 2,754 .55 1,505 Total 4,105 47 1,008 | 4,099 w7 1,922
Annual Summary
Historical Present Modified
Concen= Concen-
Flow tra*ion T.D.S. Flow tration T.D.S.
Year (A.F.) (T..A.F,) » (Tons) (A, F.) (T./8.F,) _ (Tons)
: 1941 L, L7 0.63 2,821 14,385 0,65 R
¢ 1942 y. 535 56 2,6tk WY 57 2,565
; 1943 | Tu,p87 52 2,2%2 1,198 5k 2,251
3 1944 4,357 51 2,215 h,2Q4 292 2,g5§
i 1945 |k %2 .92 2,219 4,180  _ .33 Mﬂ—J
4 3 191 55 ,225
{‘ 19u6 5 1’62 55 ,g[ﬂ
! 1947 5. L7 9 2,675 5,403 .50 2,69
] 1948 3,828 52 1,982 3,790 5% 1,999
: 1949 5,008 52 2,600 1,951 53 2,622
i 1950 | TEoMG 5L 27 | —%.360 32— 2,791
t 195; W7 .52 2490 | k676 a5k 2,504
1 198 Thpfip .5k 336k | G309 sk 3,378 4
1053 | Talagn __L56 - 1.BI5 | 3302 il 1,888
1954 | Tporg . .56 . _hos | 2606 a3l 1,509
1955 | Togen .k _lbo3 | 275k 1,505 ]
1056 | woou7 b5 2,817 | 103 _ b6 1,830
1957 | ToeB7o k6 2696 | 5802 ol 2,728
; 1958 | hags . b1 _AG16 | Moo 4T 1922 |
3 Total 41,122 W,4k27
i averaze | "I, 385 52 2,285 YEEE 53 2,302 |
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Table 4

Colorado River Basin
Flow and Quality of Water Data

Green River at Green River, Utah

Units - 1000
Historical Present Modified Historical Present Modified
Concen= Concen=~ Concen= Concen=-
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
ear  Month | (A.F.) (T./A.F.) (Tons) | (A.F.) (T./A.F.) {Tons) Year  Montn | (A.F.) (T./A.F.) (Toms) | (A.F.) (T./A.F.) (Tons)
Jan-_m__z.&:.__m___;ga__;.g___m_ J"“'_&’e__l.‘.ﬂ___ﬁ___ﬁ___A&L__Bi_
I“""JL__L.QL__HL_}LA&L 32 Feb~_u;___.,&_43o_.__;52___.§§__;z__
March [~ o164 .00 218 |_26 101 8 Merch W b1 0,79 _. 325 411 _ .79 . 323
April [ xb 75 .23 | 3 76 33 april | koo~ .59 __2hg | _ ko .59 2k
May _L.L’La___.jl.__&__l&m____.ﬁ__ﬂi_ May _.1.&4&___.}5__52_.]..}1(2_._.59__—5.’24——
June _lam__.ﬂ__ﬁ__ia&?__&l__.iﬂ__ June _J.;.i!iﬁ___dﬂ..__izﬁ___l,}_l_’z___.ko__jjl_\
- gy duly __559_.__.5}___&_159___.10__& - 1947 July _jié___._h_o___&%__ﬁ}i___dil.._?ﬂ_k
Aug. _zﬁL._LQ?___eiL_?ﬂ__LLL_EL Aug. __3§L___.Jl___’=‘5.9_'__25£___-16__£67__
Sept. | 182 __l.0L 184 176 1.10 1o Sept. |_ 66 ___T1. 128 161 .B8b 139
Oct. _315__1&_3!@_.__1%’1__1&9.___25__ Oct. __léL___.BL_lﬁj_.__liL__.SL___LIQ_x
Fov. _pho L0  _216 |_ @b __.9%0 _ 22 Nov. f— 379 9L __16 185 . Lo €T |
Dec. T o8 165 |_—i;l . .9 . 169 Dec. fi__152 =~ _ 1,00 __ L 1 1.0 298
Total 4,608 T2 3272 4,517 LTh 3,333 Total 5,523 oh 2,991 5,433 .56 3,036 |
dan. fl 112 1.0k n7 13 1.0k 118 Jan, b1 ok 1 __ak2 L4 _;_iz__{
Feo. \Tapp a8 _im | 123 —B— —B-— Feb. - a% .ol v 1) et E—
March | 2gh = ,ob 248 2 o9 248 March i 313 .86 _ 210 | _ 313 .86 20
April | Bs8 .65 __ 3 — 856  __.65 o251 poril | 5sA g9 385 | 556 62 385
May __ 980 - ___ 9T 5 __EEL__ES___.Q_ May Mﬂ__‘as__km_;m__.m__ﬁm_
June .1,2:{}____.}2_122_ 2 .40 201 June _351___.5&__325.___933_.__.55.__528_
- 1942 July L1b _gz__.a_z_ﬁr_%"____ﬂe 2 -jous July | 2R 3k e ) _ 260 .0 _la—
Aug. ™ _ .85 1eg | 1d _29____155_ mg. | & a1 (1% .0 Ul
Sept. 23 1.10 100 B "1.29 Bl Sept. |__ 6o __.BL __ 6 __63 .3 62
Oct. T8 1.0 _ak2 | _323  _1.20 1 °°t-__aa___1_.92__£__35.__.1_.93___.3&_
Yov. _J&__LLLA&__;ZL_LL&_.__J.L Tov. __19‘*___4495__;99____125_._1_.9_&___1-13_
Dec. 0336 .22 _abl |_.a20 L2l WS Dec. | o7 _1a0 _Jo7 |_ % _il 10
Total | b,622 L65 2,989 L, 5k6 61 3,04l Total 3,929 .58 2,271 3,878 59 2,306 |
Jan. _JJ.L__L&___HZ__&__L}_L___IE_G_ "3"-___199___14.9_1___;91__4&__}_.9;___1&1—
Fed. _J.}L_L..O_E____J.}?___Lﬂ__hoj__LL Feb. _HL_&__AQ___QO___.}?___IQL_
Merch | p3¢  __ ,o1 _ 215 (__2% _ .9 22 "3"“"__216___‘2.__2%____216____;2%___25&_
April || ego 57 __ %05 |_ 566 .91 383 ppril | hgh o .69 _mer | _b;L .69 3T
! ﬁe ,#) i 1Ol .;%_, __b3s :;?“y‘e _1aSh7 _.__t2 __é@_ 1,510 L3 652
gk July _____%l% L 225 595 . 271 _lokg July | mop sl 3% _|_ 512 _.& i
! Mg, =0 ___Bx __2hg [ 289 0o _.297 Mg, |75 77T _am (6. .85 13T
. Sept. f 316 .98 _ b |__1lo .0 12 Sept-_ua___‘ﬁ&__ng___m_&___.sﬁ____\.ok_
| Oct. Ty 1.0 1% | 228 _ldo oct. | po7 . .9 _ =203 |_22 . .97 05
| Nov. | kA __l.0b _ 152 |1k _1.05 - 256 Yov. Y jao .00 _i7a | ok _ .89 173
i Dec. | w2 21 2k |16 _dJdo 128 Dec. 128 .07 _1a |13 105 139
-\ Total 4,294 .60 2,565 k215 .62 2,610 Total 5,129 .59 3,039 5,044 .61 3,062
i Jan. 80 1.20 96 82 1.20 98 Jan. 141 1.01 142 12 1.01 143
! F};b . 11 1.06 118 112 1.&13 119 Feb. 147 1.01 148 1hg 1.01 148
TC 252 1.07 0 252 1. Q March }ﬁé . 321 . 321
April 529 N EzB 526 .81 EeE April 620 ?ﬁ 2%% 216 g 397
% 8o L8 vay _;,ogs 25 k| %2 —5 .__5-5-—“2
.J..jgl — Liﬁﬁ une ! s 12 i .ﬁ Ei
591 70 ) - 1950 July . 0 .52
—5— - = e e m e
73 3 79 Sept. 149 .89 1 Tih .96 138__|
15 121 137 Oct. 153 .96 _%Lg im S 10|
119 12 15] Nov. 166 .99 L 70 s 166
88 92 112 Dec. 171 o6 1éh | 116 :jj:.%: 166 !
sk Total 5,476 59 3,223 | 5,310 £l 3.2 |
10 Jan. 113 1.13 128 114 1.13 129 1
129 Feb. § 167  _ .92 1oL 167 .92 __lih__t
185 March i~ 205 = __ .93 __ 190 200 293 190
289 April 372 .70 260 ? 71 260
—-‘3&; — T 1,292 to ok | 1,2 .tl 528
685 -1g51 Juy | ey b3 270 10 ks 275 _
%2l hug. 379 .69 261 370 .12 266
_A57 ﬁeﬁt' 178 .79 140 175 .83 145
165 ct. 211 .99 210 21 . 21
15% Nov. |__16h _ 1.05 172 "‘TéLz 1.03 : 1E
117 Dec. 138 1,07 __ibk2 __ 135 1.07 1
Total 4,739 60 2,848 4,658 _.h2 2,816
Jan. 1§1+ 1.01 135 l}lt 1.02 13§
Peb. 140 .96 135 1k0 .96 335
March 160 1.05 16E 160 1.05  ..168 _
April 988 .88 869 983 .88 __Beo
E;GY 2,087 -E 1,002 2,058 ) -L‘%QE_
'une l,@ .36 Eil 1,7 . o4
-1952  July G1h 25 309 E .23 b
Aug. 05 . 250 30 93 __ 285
Sept. 184 .9 1%% 181 T.00 132
Oct. 129 1.09 1 129 _1.10 ik
Nov. 122 1.24 151 100 _1:85 — k-
Dec. 126 1.20 155 131 120 357
Total 6,711 62 4,173 6,620 63 4,197
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Table 4
Colorado River Basin
Flow and Quality of Water Data

Green River at Green River, Utah

-1953 July
A

ear Month

Jan.
Feb.
March
April

June

Sept.
Oct.
Nov.
Dec.
Total

Jan.
Feb.
March
April

June

- 1054 July
Aug.
Sept.
Oct.
ov.
Dec.

Total

Jan.
Feb.
March
| April
\ Hay
| June
1955 July
| Aug.
! Sept.
! oct.
| Nov.

—
Dec. T
Total

Units - 1000
Preseat Modified historical Present Modified
Concen=~ Concen= Concen=
Flow tration T.D.S. Flow tration Flow tration
(A.F.) (T./A.F.) (Tons) Year Month (A.F.) (T./A.F.) (A.F.) (T./A.F.)
10 1.05 147 Jan. 5 0.9L 155 0.91
141 1.04 147 Feb. 10C 1.05 100 1.982
217 1.00 217 March 314 oL 3k 5
5.5 o1 212 sprid |7 620 oo 33~
: .6 2L May —gos .32 7o =30
S SR %1 June {1,207 32 1173
528 ___]%_é:‘ - 1955 i“ly 204 R 5 __‘_2%_
.88 163 \ ug. 100 .
95 90 Sept. Ii
1.20 106 Oct.
1.15 1L Nov.
1.6 128 ! Dec.
.69 2,247 | Total
_1.09 _ul Jan.
1.03 12 Feb.
1.03 17 March
___.,-Iﬂ—'
__Jjg—-
48

>

m“r\) 0

o

s ol
o -
8]

n

(2]

ci 1.09
< . 1.10Q
.

Annual Summary

Historical Tresent Modified
Concen-

Concen~

Flow tration T.D.5. Flow tration T.D.S.
Year (A.F.) T./p.F.) _ (Tons) (A.F.) (T./A.F.) _ (Tons)
1951 o7 0.7 3,333
1942 &5 &1 2,0 "
1943 60 62 2,610
194k 58 £1 2, 640
1915 62 2,605

1947
l9us
1949
13850

k
i

\
1051 \

4,608
Tuge
_h,20L
TS
o0

w86 | 3519 6l
5,523
3,929
5,129
—5,h76
4,739 60 2,848

1952 4,173
.67 2,20k

1953 \

295 3,333 T .69 2,241 |

1954 \ 2,629 68 1,807 70 8%
1955 90 .2 1,733 B3 1,950
1956 \ 021 51 2,045 _ .52 2,060 |
f;?,é \ 5. 808 .53 3,060 53— 3083
1 §, 213 57 2,421 58 2,437
Total | 80,028 47,948 5&5%

\ pverane s .60 2,664 62 2,6

ko7
L, 546
b5
k32U
_ba87
3,42
W
—3,878
- 5,0u
TE1 6L Rl
4,658
6,620
32Tk
_2,608
2,635
3,976
5,783
k08
178,836
1,380




Toble S

Colorado River Basin
Flow and Quality of Water Data

San Rafael River near Green River, Utah

b Units - 1000
Historical Present Modified Present Modified
Concen=- Concen-
Flow tration T.D.S. T.D.S. Flow T.D.S. tration T.D.S.
[Year  Month (A.F.)  (7./A.F.) (Tons) (Tons) lYear  Month (A.F.) (T./A.F.) (Tons) (T./A.F.) (Tons)
Jan. 2 4,0 8 Jan. 2 9 Same as Historical
Feb. 2 4.0 8 Feb. S 0 15 j
March 3 3.5 7T March u 8 15 —
April 1 4.0 [ April 3 3 13
May 50 1.2 62 May 33 N u6
June 49 1.2 59 June 26 8 47
- 1941 July 7 2.3 20 - 107 July 5 6 8
Aug. 6 3,3 20 Aug. 20 u 8
Sept. 2 4,5 9 Sept. 3 0 5 ;
Oct. S 4,0 20 Oct. 2 0 2 i
Nov, N 5 4,2 21 Nov. ¥ 5 5 |
Dec. T u 4,0 16 Dec. 4 5 14 :
Total 1398 1,9 268 Total 111 6 287 41‘
Jan. 6 2.8 17 Jan. 3 11 I
Feb, 5 3.6 18 Feb. 6 18
March 6 3.7 22 March 7 25
April 14 2,8 39 April 1 5 14
May 3u 1.4 ) May 16 L 23
June 51 1,2 3 June 13 2 29
-19u2  July 6 .0 1 - 1948 July K ) (]
Aug. 6 2 1 Aug. € 2 13
Sept. 1 .0 5 Sept. 0 0 0
Oct. 2 .0 10 Oct. 1 5.0 S
Nov. 3 4,7 14 Nov. 2 5.0 10
Dec. 3 4,7 14 Dec. 2 4,5 g
Total 137 2.1 286 Total 62 2.7 165
Jan. 4 3.0 12 Jan. 2 4.0 8
Feb. 5 3.4 17 Feb. 2 4.0 8
March 6 3.8 23 March 9 3.3 30
April 15 2.9 L4y April 10 2,2 22
May 13 2.1 27 My 30 1,3 38
June 14 2.0 28 June 52 1,2 64
- 1943 July 2 3.5 7 - 1949  July 14 2,7 38
Aug. [ 3.2 19 hug. S 3,0 15 —_r
Sept. 1 5,0 5 Sept. 3 4,7 14
Oct. 2 5.0 10 Oct. 3 4,7 14
Nov. 2 5.0 10 Nov. 3 4,7 14 P T ——
Dec. 3 3.7 11 Dec. 2 4,5 9
Total 73 2.9 213 Total 135 2.0 274
Jan. 2 3,5 Jan. 72 9
Feb. 3 3,0 Feb. 6
March 3 .5 21 March 5 20
April 1 .0 April 3 14
May 40 <3 53 May 9 20
June 72 1.1 78 June 11 24
- 1944 July 9. 2,9 26 - 1950 July 9 26 T R
Aug. 7 3.1 22 hug. A —_3
Sept. 1 5,0 Sept. 1 s
Oct. 2 5.0 10 Oct. 1 6
Nov. 3 W,7 14 Nov. 2 11
Dec. 3 4,3 13 Dec. 3 13
Total iu9 1.8 263 Total 53 171
Jan. || 3 3,3 10 Jan. 2 10
Feb. 3 4,0 12 Feb. 3 11
March | 5 3,5 21 March 2 10
April 1 6,0 April 1 &
May 22 1,6 35 May 15 29
June 27 1.5 5 June 23 40
- %45 July 6 3,2 19 -1951 July 3 A
Aug. 7 3.4 24 Aug. . 12 27
Sept. 2 4,0 Sept. 1 5
Oct. 5,0 15 Oct. 6 24
Nov. 4,7 14 Nov. y 18
Dec. 4,5 Dec. 3 15
Total 8 2.5 214 Total 75 207
Jan. 2 4.0 Jan. 3 11
Feb. 5 3.3 3 Feb. 3 18
March 3 3.7 22 March 14 by
April 11 3,2 35 April 24 58
May 20 1.8 36 May 93 78
. June 8 2.4 19 June 128 114
%6 July 1 4,0 L - 1952 July 19 36
Aug. 7 5.4 38 Aug. 12 40 —_
Sept. 0 0 0 Sept. 5 19 —_—
Oct. 2 5,0 10 Oct. 3 14 e —
Nov. 5 3.8 19 Nov. 4 18
Dec. 3 4,3 13 Dec. 4 16 .
Total 59 3.2 218 Total 314 467
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Table 5
Colorado River Basin
Flow and Quality of Water Data

~Son Rafael River near Green River, Utah

Lo

Units - 1000
Historical Present Modified Historical Present Modified
Concen=- Concen- Concen= Concen=
Flow tration T.D.S. Flow tration T.D.S. tration T.D.S. Flow tration T.D.S.
Year Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons) [fear (T./A.F.) (Tons) (a.F.) (7./A.F.) (Tons)
Jan. 2.8 17 Same as Historical 3.7 11 Same as Historical
Feb. 1 3.1 22 3.3 10
March 3.2 19 3.3 10
April 4.3 13 5.0 5
May 2 5,5 11 1.6 18
June 3l 1,3 47 2.0 16
= 1953 iuly 3 3,8 19 . 1956 4,0 4
ug. 9 3.7 33 3 % 3
Sept. 1 5.0 0
Oct. . 4 [N 1 0 0 i
Nov. y 4, 18 5,0 5 =
Dec. 3 4, i 5,0 S :
Total 81 2. 235 Total 2.6 87 %
Jan. 3 4.0 12 Jan. 2 3.0 6
Feb. 5 3.8 19 Feb. i 3.0 12
March 4 3.8 15 March 2 5,0 10
April 3 4.3 13 April 1 5,0 5
May 5 2.9 23 May 9 3.1 28
June 1 5.0 5 June 9u .8 79
- 195%  Juiy T 5.0 5 - 1957 Juy 24 1.5 37
Aug. 1 3.0 Aug. 13 2.8 36
Sept. 4 4,0 1 Sept. 4 3,5 14
Oct. 2 4,0 Oct. | 10 3,3 33
Tov. 2 4,5 9 Nov. 21 2,5 53
Dec. 2 4,5 9 Dec. 5 3,4 17 I —
Total 36 3.8 137 Total 189 1.7 331
Jan. 2 4.0 8 Jan. 5 2.6 13
Feb. 2 3.5 7 Feb. 8 2.8 22
March 6 3.5 21 March & 3.3 — 20
April 3 3.7 11 April 13 1.6 21
May y 3,0 12 Hay 66 .9 60
1955 June 6 2,8 17 TR = O A T — A
- July 0 0 0 - July 2 4,0 )
Aug. 3 3,7 11 Aug. y 4,5 18
Sept. 0 n 0 Sept. 4 4,3 17
Oct. Q 0 0 oct. 1 5.0 5
Nov. 1 5,0 5 Nov. | 2 4,0 g
Dec. 2 4,5 [] Dec. | u 3,3 13
Total 25 3.5 101 Total 172 1.5 252
Annual Summary
Historical H Present Modified
Concen= i Concer.-
Flow tration T.D.3. Flow tration T.D.S.
Year (A.F.) (T./A.F.) (Tons) (A.F.) (T./%.F.)  (Tons)
1981 139 1.9 268 Same -4 Historical
1942 137 2.1 286 F——
1943 73 2,9 213
louh 149 1.8 263
1965 | 8 2.5 214
96 | 69 32 .28
167 179y 26 _287
1948 62 2.7 165
1949 135 5.0 7%
1950 2% 3.2 171
1951 2.8 207
1952 3Lh 1.5 LET
1953 81 2.9
1854 36 3,8 137
198 |29 @ _ 35 Q1 —]
1956 23 2.6 87
1957 189 1.7 331 e
1958 172 1.5 252
Total 1,942 4,176
Average 108 2.2 232



Table 6

Colorado River Basin
Flow and Quality of Water Data

Colorado River near Cameo, Colorado

Units - 1000
Historical Present Modified Historical Present Modified
Concen= Concen= Concen= Concen=-
. Flow tration 7.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
[Year Month (A.F.) (T./A.F.) (Tons) (£.F.) (7./A.F.) (Toms Year Month (A.F.) (T./A.F.) (Toms) (A.F.)  (2./A.F.) (Tons)
g&n. 2; 1.23 &0 51 1.25 72 Jan. 82 1.0k 85 21 1.%3 gg
eb, §i 1.15 77 é; 43 T Feb. 82 .99 1 3 1.27
March 82 1.10 91 1.0 0 March 107 %é 103 3 1,22 102
April 1 .83 1 115 .92 110 April 178 . 3 112 159 .70 111
May 9Ec L3k 322 09 .35 320 Msy ég .2 227 756 .30 22l
June 803% 28 225 710 3] 220 June 1.027 25 251 . . .28 ___251_‘
- 1941 July  fi_ 319 47 146 247 .59 145 - 1947 July 733 .27 198 641 .%o 1eE
hug. |l ___bb 91 131 108 1 129 hug. 240 .58 139 192 i __1,31_\
Sept. 122 __ .31 1:6 20k 1,02 0 T Sept. 143 .18 11 ng .%o |
Oet. g .88 _ake | T1se .93 b5 oet. | sz G- _aee |1k B3 ud
Yov. L2k 6. _m9 | mo o a1 M8 Nov. {335 .77 __oh |_ M6 Ao 105
Dec. | job~ Ll —ms | _L27_ _Ub Dec. | 138 __ _Bf _ 202 |_..go l.02 10—
Total 3,07% 55 1,58% 2,717 61 1,663 | Total 3,807 4y 16k | R3320 48 1,607
Jan. | oo __y.2s _We | 72 1.0k Ll Jan. || 136 .8l 91 102 o 96 |
Feb. 86 1.19 102 68 1.48 101 Feb, 111 .81 97 .92 89 |
March 10% 1% 116 80 by 115 | March {_ 115 .90 Tob 97 1.06 _ __103 |
April || =z3h 62, 207 6 .65 206 April | pep _ 59 _ibo | 2% _ .62 . _1b8
Mey 757 s Al | 707 o .bb 309 vey | oo .m0 __et6 | _8e1 .3 2T:
Jwe || L5 .2k _ poa | 1.9 .26 206 June __8&__;2_6__2;9__2%__&8-__2_15_
-1k July | owoy _ b __ 179 G % .ok 1TA - 1948 JWy | z2 LT 1k 2 .59 b3
Mg, |Tzg 8 118 |9k 123 18 Mg | 3@ aqp ek | _16 .91 122
Sept. | 86  __l.l3 9 ! 63 1.55 o8 Sept. |__ 88 _1.03 9 '__70 _1.28 __ N
oct. | gy 2.8 1 |76 bk U0 oet. | Jog~ 102 _mi |35 L6 10
Yov. b __y.eh 17 |__ 76 _ls2 L6 Nov. | 107 .06 __103 |__ 95 _lJo 108
Dec. |8y 1,26 106 | 66 _l.59.. 103 Dec. |90 = __1.0% L |16 2 —9
Total 3,489 oS4 1,870 3,035 6L 1,8u8 Total 3,205 .50 1,60k 2,871
Jan. Jan. Qg [ 9§ 82
Feb. Feb. 8 g2 77 &7
March March 98 98 Qf
| April April 201 65 131 1&
tay Hay 572 36 206 525
June June 1,060 .26 281 969
= 1643 July - 1949 July 594 .34 202 513
t Aug. Aug. 164 .69 127 1L1
! Sept. Sept. 122 .93 113 101
! Oct. Oct. 125 L9E 123 108
“ov. Nov. 108 1.01 109 91
Dec. Dec. 101 7105 106 [
Total Total 3,368 R 1,666 2,942
Jan. Jan. |__ g 1.04 95 | 81
Feb. Feb. &8 .95 8y [
March March 118 87 103 113
April April 212 59 125 208
vay May 118 e 167 L06
June June 781 .27 212 759
- 194k July - 1950 July 273 Sk 147 252
hug. Aug. 12k .67 108 113
Sept. Sept. 111 97 108 106
Get. Oct. 97 1.15 11 93
Kov. Hov. %6 1,1k 112 o4
Dec. Dec. 36 1,07 105 ol
Total Total 2,515 W59 1,461 2,409
Jan. Jan. 96 1.01 S7 al
Feb. Feb. 88 95, Qu 83
March March 99 1.01 © 100 9
April April 15) 70 106 146
May May 536 L34 182 521
June June 857 27 232 820
¥ 1945 July - 1951 July 47) 36 170 Liy
Aug. Aug. 207 <) 11 193
Sept. Sept. 111 .90 100 10k
Oct. Oct. 120 .92 116 115
Tov. Tov. 104 W91 101 39
! Dec. Dec. 106 .96 102 101
Total Total 2,946 52 1,525 2,809
Jan. Jan. f o6 1.01 C 97 g7
Feb. Feb. i 8l 1.06 89 15
March March 113 99 112 102
| April April %3 60 186 30k
By sy 78 .36 352 G5k
i June June 1,320 26 343 1,263
! 1946  July 1952 July g 4k 197 | hoo
! Aug. Aug. 2176 L70 193 ! _.23% .
| Sept. Sept. 173 78 133 160
\ Oct. Oct. 123 97 112 14
: rov, Nov. 112 1.0k 17 103
; Dec. Dec. 99 1.12 111 0
l\Acza; Toval Iy, 134 50 2,051 3,916




Table 6
Colorado River Basin
Fiow and Quality of Water Data

Colorado River near Cameo, Colorado

Units - 1000
Historical Present Modified Historical Present loaified
C - C - Concen~- Concen=
Flow t?:i:gn T.D.S. Flow t3§§§2n T.D.S. Flow tmti;n T.D.S. Flow tration T.D.S.
ear Month (#.F.) (T./4.F.) (Tons) (A.F.) (T./A.F.) (Tons) Year Month (A.F.) (T./A.F.) {Tons) (a.F.) (T./A.F.) (Tgns)
Jan. 99 1.0% 102 95 1.07 102 Jan. 81 1,07 87 1.10 i
Feb. 80 1,06 85 16 85 Feb. 75 1,11 ___83 1.1k 83
March 102 .96 ) 97 1,01 ) March 10k . —_102 102 1.00 102
i - = e T i e AEEEEEE
June |__886__ ___.2] __239 862 .28 238 | June B s X Goh ~ s 196 |
" 1953 g“ly —ogh .52 __ 15k | __°r7 .29 _;5}_’ - 1956 July 3 .19 121 lik Th tgl ‘
ug. |19k .12 140 185 .76 140 Aug. 115 .95 109 o~ .o 19 |
Sept. |__101 .99 100 96 1.04 100 | Sept. 88 L0 79 | __ .86 . 19 .
Oct. 101 1.06 107 1.0 107 Oct. 93 95 88 g .91 88
&m 99 1.13 ug gé 1.16 ug ‘ 1]‘):*'- 8l ;L.gzal 8899 g2 __J..J.%.. 0|
! ee |92 —31a7 __108 | __ 8 1.2 106 ! e T3 __l.al o o_a.es 8
\ Total 2,530 259 1,503 2,439 62 1,500 | Total 2,392 .59 2,339 2,343 60 1,396 |
Jan. 95 1.00 95 93 1.02 95 1 Jan. 80 1,10 88 78 _1.13 8 |
‘ & 5 F 7 85 5 8
} Baren B L B —— 40— roren |55 12 % 5 T —
t April 1% 018 106 o 1.12 06 April 15 -83 2 T "Bl Tes |
296 5 19 T 7 3 L7 276
| e 20k - .hsﬁg i:i 5025 25 fég; Tore 1 ulli ;gz % | oo 27 582
- 195k July 146 61 118 150 .8h 118 -1957 July |l 1,072 2] 589 | 1,0 TTeT 289
| Aug. 105 .97 102 101, 1.01 102 Aug. 338 % 169 250 __Agﬁ_
e o _Lor e - 3 T st |- —fF 2 —i— —5— R
Nov: o8 1,07 105 96 1,09 105 Nov. 123 :21 112 :.21 .22 12
Dec. 123 101 Bo  _1.26 101 Dec. TR %6 8 _{_10_ _.9% .9
Total 1,565 8% 1,303 1,526 .85 1,303 Total ,325 45 1,966 4,285 46 1,
Jan. 7 1.23 a 2 126 a1 Jan. 92 .93 86 1 L9k 86
. T s B e —o— R —F e e e e
Merch 3 Al 115 o7 March 123 .89 110 121 .91 110
April 32 77 110 1540 78 110 April 172 .76 l6 _ 171 .76 ;59
May 28 L2 16 276 2 161 May Bli7 31 263 3L 63
June JAY:) 37 166 L35 L) 165 June 808 .27 218 800 .27 218
I g - I A e e A 8 i
Sept. 100 Qb N 8 % ob Sept. 103 1,03 106 101 1.05 106
Oct. o) 1.02 93 &g 1,04 3 Oct. 100 1.09 109 99 1.10 109
Tov. 4l 1.06 100 92 1.08 100 Nov. 1.09 102 3 1.09 _ 102
Dec. 83 1.07 95 Bf 1,09 95 Dec. 86 1,12 85 1.13 9%
Total 1,946 70 1,358 1,89 12 1,356 Total 2,822 .55 1,543 2,792 55 1,543
Annual Summary
| risorical Present Mcdified
Concen- Concen-
T.D.S Flow tration T.D.S.
Year (Tons) (A.F.) T./8.F.) (Tons)
1941 1,68 2,737 0.61 1,663
1342 T’B’}_ ,870 3,035 L6 1,848
1943 1,521 _ 2,597 .58 1,501
1044 1,415 2,366 .59 1,%96
19u5 “i,52 2,683 .56 1,502
1946 1,384 2,262 .60 1,366
1947 1,&1 },%26 R 1.60%
1948 1,604 2,871 .i‘__ 1,5
1949 1,666 2,942 .96 1,64
1950 1,481 2,409 .61 1,477
1951 1,525 2,809 .5b 1,520
1952 2,051 3,916 .52 2,042 |
1383 1,503 2,439 .32 1,500
1954 1 1,526 .85 1,303
1955 —f}'%_,;zi ﬁ .12 1,356
195€ 1 2,%2 .60 1,398 |
1957 1,2%2 2285 RS 1,966
Ii 1958 1,563 3,192 .55 1,543
Total 28,‘4% 49,234 28,226
‘ SreTe 1,5 2,735 57 1,568

=
o



Table 7
Colorado River Basin
Flow and Quality of Water Data

Gunnison River near Grand Junction, Colorado

Units - 1000
F Historical Present Modified Yistorical Present Modified
C - C - Concen= Concen=
Flow tz:z:zn T.D.S. Flow ;::i;n T.D.S. Flow tration T.D.S. Flow Eration T;D.S .
Year _ Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons) [fear  Month (A.F.) _(T./A.F.) (Tons) (A.f:é.) (1./2.&) (10:615)
Jan. |__ s 10 _ g7 |_ S .88 o dan. b5 ___ELLG L R 16
Feb. | s _ 182 o3 |__=si L8 b i 47 L.bo 10 Wé i.zs -
March | gz _ 3.67 _ 105 | A5 .63 206 Argl__ﬁ__l%______i__;g%_ 7
April | 323 100 123 |_Jes .00 125 p 96 . __19___“91____,15___.&3_.l
May 871 40 349 Bas L 253 o Y 1&52 — 177 1 :h __2ng
Jue | Tafn ik | sk k2| June _2%2___-_&_3%__,@___326_5 X 23 |
gy July | j9p ~ ___.oh _aB0 | _ 8% .l 2B - 1947 uly 242 R _%g____zg.___-,?___ig_z._~
Mg, o5 k1 _azk |88 1.6 13 hue. 120 1-20 t il _i_i{_ —3_|
Sept. | B3 _2al _alA |16 228 ATk 023'—23———17%—%5— =2 _1;7_____51_1 ;
Oct. || 3708  _ 1,35 _ 267 |_ 20 . _l.3& 20 Qet. 1L i ___i_}______djs__&i_\‘
Tov- _;21__1.53__161_._12:__1..;2_._153_’ ou! "%—T%—'%_—%—%—JL‘!
Total 2,492 .83 2,072 2,469 .85 2 i Total 1,937 B3 1,604 1,92 85 ;lﬁgli__;
1
Jen. 7 1.59 s T2 1,58 11h Jan. 58 ;.K@ 8o 59 1,37 81 |
Feb. 62 1.66. 105 |__ 65 _1.65 104 Feb, I~ 65 1.3 93 66 _1l.h2 ___9_\
March | 76 __1.6h 125 |77 _1.6h  __lab vareh | 76~ 1.3 _ 105 |__ 77 138 _ 106
‘\Prﬂ_z*_é____-g_z_&__ik_ﬁ__.gzs__m_ g;il_xl*,_-il._l_fvi__}gﬁ__éﬂ__m_
W e = | e w e =% | s R
- 19k2  July 16 - 156 15 1,00 159 - 1948 y 1k1 R ) 35 .91 3
hug. & 73 1 ___fv_ét 2,bh 151 Mg, N 7 o 1| & L% 135
Sept. | 56 _ 2.3 _ize ! __52 _2.0 133 Sept. | w9~ —s.25 _ L0 ' _bT 2% 2
oct. | &7 2,58 __1b7 |60 248 ko Oct. 57 2,09, _1l9 |53 .20 12
Nov — &5 1.2 _125 |61 _l.8a. 127 Yov. | 70 1,84 _ 129 |_.7i .83 130
Dec L .63 U6
Dec. || __58  _1,8% _ 106 |__ 59 18 07— =70 - 1.6k 315
Total 2,673 L7 2,057 2,65k 78 2,083 Total 2,362 L70 1,645 2,349 LT 1,663 |
Jan. 57 1.72 98 8 1.71 99 Jan. S1 l.hg 16 51 l.hg 16
Feb. L8 1.60 TI 49 1.59 78 Feb. 52 1, 8 52 l.u 11
March 56 1,55 87 ST 1,54 88 March €9 1.5:_ _ ) 1.4 99
| April 280 Ll 123 282 LUl 12h -:\pril 235 . 1 __iz .581 _Lii__ab
May 389 48 187 385 __ k9 190 May 1 . __\; 3 % .“1 é L
June 397 sk 183 _ 30 48 186 June 651 42 273 .42 7
lighs Jwy )33 o8 12 |- 206 148 1. -194g July f pes .65 172 |26 086 1D
; Aug. |l ysh i3 220 | 150 _ _l.bo . 223 ‘;“8;9 __ﬁ__m__lli__ég__]e._gL__uﬁ_
Sept. | B7 1,50 _1%8 _|__ 8% _l.o 2o eg-___ij___z_gi_ %s _5___5._0;___115_“
Oct. €9 1.8 127 1 1.82 129 ch - 70 2,09 1 71 ,07 147
g:v R Uy 1. ?):Z 5111 ilg l;h 55 _2,73 95
C. 61 1.57 96 [ 1.56 a7 . .
; Total 1,786 .88 1,577 1,770 .90 1,599 Total 2,120 .76 1,601 2,113 .16 1,611
! Jan. 5 165 B sp_ _1.63 B85 Jan. __Slk__J...ﬁL__GE____SE_._le__._BS_.
} FEb'___lh&_.__th__.ﬁQ.__.Lf_._J_L;____lg._ Feb. | a7 200 L2 |57 _l.96h. L2
i Mareh |3 __ L2 __ 75 | __ b _Lbl 16 Mﬂrch___ﬁa__l.ﬂ___&__ﬁ__ua____m._
i April |0 97 99 | .0k g7 101 ppril | "o .50 a0 |20 .0 U
i May —7s8 @ w2 | 753 3@ —2hs Mey __’:99_____..&5__159_,__391__.55__._1.&9_‘
! June | goh 3% __gag | 687 . . 233 June _419____.5&_;69_,_116___.51__462_
Piw, July | pso 6o _1s9 |22 I3 e | -1g50 July |88 __Lbks 126 | Bh L. _;2&.\
: Aug. 51 1.9k 99 't} 2.27 102 ! Aug. 37 2.6 80 % 2,36 81 |
| Sept. 45 2,Lk 110 L 276 0 U3 Sept. L6 2,61 120 __%._7_5_ —12l
l Oct. I &8 __ 2.3 TR en . 136 Oct. a7~ T o5 o8 | 2.6 S
i Tov. | m 186 __az |__ 73 _1.Bb: 13k | Kov. 49 2,12 joh_|__s0 _2Jo 105
! Dec. g4 1.3 11 | €6 72 12 Dec. ,.&__Jm___mﬁ__ﬂ_,m.__loi_i
‘; Total 2,225 69 1,943 2,206 71 1,563 | Total 1,335 .99 1,38 1,326 1.00 1,330
| Jan. 55 1.58 81 56 1.57 8 | Jan, 47 1.64 77 47 1.6k 77|
: Feb. 47 1.62 76 18 1.60 fas Febd. L6 1.59 73 73 1.59 73 l
| March 52 1.48 17 53 1.47 78 March 55 1.27 70 55 1.29 ol |
| April al 1.00 9] _ 93 99 92 | April £2 97 60 63 .97 £l
; May £28 25 220 62l 36 223 May 265 .8 135 263 52 136
. June 407 LA 187 Lo 48 190 June 323 52 168 320 .53 168
1945 July 164 __ .88 129 157 .0 142 - 1951 July 93 1.06 99 R 1.11 100
.i\ug. 122 1.22 149 118 1.23 152 Aug. ___53% 1.72 ) 50 1,64 92
Sept & 2.%9 110 V-3 2.67 112 Sept. 37 2,%0 85 36 2.39 864
ect. 76 2.00 152 78 15 Oct. %) 2.4 118 %] 2.38 113
Ca .
Total 1,819 .82 1,499 1,803 .8k 1,521 Total 1,136 1.0% 1,165 1,128 1.04 1,175
Jan. 58 1.55 ) 59 1,54 Q1 Jan. 53 1,53 81 53 1,53 &
Fev. TThs  __1.bh 69 | ho _1.h3 70 Feb. 48 1.48 71 kﬁ _1;@_ -
March 8 1,28 _ b |__ 59 .7 T3 March __5}__1;%__,25___2__%1:__%2____15—18
april |“3Bp ~ 59 _ 108 | _ 18 .59 3 April i k2 L6 LT |2 I
Hay o6 .59 13 | _223 .62 18 . My ,Es_l_éi_____.z__ﬂL_iL__-)L__m_—
g T a1 .se_ 161 | _ 315 .ok Q0 June _._759_.___455___266___15.6._..—.55.——261——
6 sy ek 1,62 __ ok |__57 1.8 10T - 1950 July T 79 _as6 |1 _ Bo 13—
hug. 56 2.16 121 51 2,43 124 Aug. 121 1.54 187 | 219 . 158 . 86
Sept. | oh _ 2.3 125 | __ 50 2.4 A&l Sept. __za_‘__mﬁ__m____zs__mz__ﬁa—
Oct 69 2,06 150 71 2,00 142 Oct. &7 1.9 127 - M - 126
g‘;"- T 67 170 _ k|6 16T U5 ;:‘c’ __6&___.2.99.__128___65.__1-.95———129-—
e. |Teg~ Tass 87 {57 -1.5h B8 -_JL_lﬂ___m__Jz__Lﬁﬁ——la—
Q 1,261 1.06 1,334 1,24k 1.09 1,356 Total 2,674 67 1,782 2,668 67 1L,TP

L3



Table 7
Colorado River Basin
Flow and Quality of Water Data

Gunnison River near Grand Junction, Colorado

Units - 1000
Historical Present Modified Historical Present Modified
Concen= Concen=- Concen=- Concen=-
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.53.
[Year Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Toms) Year  Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons)
Jan. 65 1.51 98 65 1.51 8 Jan. 50 1.6 82 50 1,64 &2
Feb. 50 1,48 Th 50 1.48 Tl Feb. Lk 1.59 10 L _1.59 70
March 3 1.26 rad 62 1.26 78 March 56 1.30 73 1,30 7%
April 86 1,01 81 87 1.01 88 April 142 .60 85 11?2 .60 85
May |__230 .57 131 228 568 132 May 32l 45 146 32l Ry 146
June I L3 186 b3 Ll 189 June 262 .53 139 262 .53 140 |
- 1953 July % 1.13 97 82 1,20 ) ~ 1956 July 37 1.92 7L 38 2.00 2
. Aug. 67 1.75 7 _ 65 1.82 . 18 Aug. 1T 20 T"2.07 __ 60 |29 200 __60 |
Sept. | b6 228 _ 105 {. b5 238 106, Sept. | 20 335 ___ 63 {___ 2 _315 €3 _
Oct. B 58 _ 2.M0 13 |59 2.37. o Oct. |~ x4 __2.0oh _ 300 |__ 3k _2.94 100
Nov. Tk 1,78 132 75 _1.77.. 133 Nov. 55 1,95 107 55 .95 . 107 -
Dec. _ "s2 1,83 __95 {_ 5% .18 396 Dee. 47  _ 1,87 88| b7 _a.87 88
Total 1,312 1,09 1, 1,305 1.03 1,350 | Total 1,100 .99 1,084 1,099 99 1,086 |
Jan. _2.75 84 |__ kg 275 ___Bh dan. | s2 _1.73 _ 9% . %2 _1.73 _ A0
Feb. I 1.58 o L3 158 i Feb. Y™ 765 T 160 __ 33 |_ 55 _1.69 33
March 45 1.hg 67 | __k& 1WA _ 68 March 56 __1.-%6_ 76 |57 _1.35 11 .
April | 70 8k _ s |7 . . B85 60 April |TTa3s T 67 o1 | 136 __ .68 92 |
ey _J.w:o_.__ﬁs__qqa___mé_._.az___gg_ ey o5k uh o _ bk | __ss2 kb 2bs
Q 1.92 75 2,11 b/ 1,168 P - 1,165 . 7
-1k Juy ) b 230 Bk |_ 36 236 85 - 1957 July 1 ___EL 2 _ T . et
Aug. | m 264 8 |29 _ 286 . B3 Aug. | 22 __E}_ 186 | =22 8k 187
Sept. 52 2,50 1%0 o 2.57 131 Sept. |~ 108 _LI.BT 159 107 1.5 160
Oct. 6l 194 12k | ___ 65 _1.go 125 Oct. 106 1.9 204 107 _1l.9%@. 205
Kov. 51 "QL___QB___SLﬁ:ﬂ: Wov. W 99y _1.%3 0 a8 |12 _1.53  _lhg
Dec. Lo L% 93 |__ 50 Deeo |~ g2 126 M6 |93 _l.26 U1
Total 645 1.6h 1,060 638 1.68 1,070 | Total 3,380 .61 2,062 3,373 .61 2,072
Jan. 46 1,70 18 46 1.70 18 Jan. 65 1.k0 91 65 1.40 91
Feb. 4o 1 67 Lo 1,67 67 Feb. 70 1.50 105 70 1,50 105
March 59 1,b7 87 59 147 87 March 82 1.2k 102 82 1.2L 102
April 108 LTk 80 108 L7h 80 April i psl, 57 145 | _2sh .57 b5
Hay 262 .52 13 | __ 261 .92 _ 13T Hay _A73 % _279 |8 .32 280
June 219 .63 138 217 W6 139 June 570 k» 239 |__s6g k2 2k
- 1955 July 46 1.74 80 Ly 1,8L 8L - 1958 July 65 1.52  ___99 63 _1.59 100
Aug. 52 1.86 97 51 1,92 98 Aug. 43 1.4 75 2 _ _1.8) = __ 16
Sept. N 35 2.8 87 3 2.59 86 Sept. 51 2,31 118 51 _2.33 119
Oct. %8 _ 2.k 39 _2,Lb 95 Oct. 52 2,42 126 53__ _2,b0 127
Yov. ok 2.08 ne S5 2.0b 112 Nov. T2 1,82 129 1 129
Dec. 57 __1.65 Qh ST 1.65 . 9h Dec. 65 1.60 10k 65 1,60 104
Total 1,016 1.13 1,150 1,011 1.4 1,156 Total 2, 261 .71 1,53_2 2,257 T2 1,618
Annual Summary
Fistorical Tresent Modifiod
Concen- Concen=
Flow tration T.D.5. Flow tration T.D.S.
Year (A.F.) (T./A.F.)  (Tons) (A.F.) (T./8.F.} (Tons)
* 1941 2,492 0.83 2,072 2,469 Q.85 2,102
1942 2,6 .71 2,057 2,654 78 2,083
1943 1,786 .88 1,577 1,770 .90 1,599
loub _’s%z _59_ 1,543 | 2,206 ___ .71 LS569 |
95 1819 .82 _1,b99 1 2,803 .8k 1,520
13946 1.261 L.% ],}}h 1,25& 1.09. .].,.356_-‘
1947 1,93 83 1.60 1.922 85 1,62
1948 2 362 70 1,645 2,349 7 1,663
1949 1773920 L76 _l.60L | _2013 .76 1,60 |
1950 1 1,33 .99 _l.W8 | 136 __1.00 1,330
1;:1) _ 1,136 _ 1,03  _1,065 | 1,128 1.0k 1,175
1952 4 o 67k __ &7 1,782 | —2668 67 490
1983\ 1.m2 .02 1,340 i& _2.03 1,350
losw | ehs 2.6 1,060 .68 1,070
1958 | 006 _ 1.3 1250 | A0l 1k 1156
1956 1 1,086
1957 "3‘% .21 2 0%2 3,313 .%1 2,072
1958 "!%GTL — e | 2t .72, 1,618
Total 33,534 27,505 33,335 20,775 |
Average 1.86% 282 1,528 1,852 83 1,543




Table 8
Colorado River Basin
Flow and Quality of Water Data

Colorado River near Cisco, Utah

Units - 1000
Historical Present lodified Eistorical Present !‘ocified
Concen=- Concer.~ Concene Corcen=-
Flow tration T.D.S. Flow tration T.D.S. Flow tration 7.D.S. Flow tration T.D.S.
Yfear  Month (A.F.) (T./A.F.) (Tons) (A.F.) (7./A.F.) (Tons) [Year Month (A.F.)  (T./A.F.) (Tons) (A.F.) (3./A.F.) (Toms)
dan. 139 _ 1.86 _ 259 (126 _2.05 259 Jan. | ibs 1,586 _ 29 | __127 _1.80 229
Feb. § 153 178 272 |_ ko 3.9k _ 272 Feb. | 181 1.uh 217 133 0 1.6% 217 |
Mareh | 06 3.6k __ 337 |__ 2130 177 331 Mareh N 189 _152 _22_ 166 _1.586 263
April | hhs  __ 100 __Whs L33 _1.03 M6 April _f_l_s._ .8 2 _ 2% __.% 28
"J-::_; l2255 b 980 | 2,286 _ b __995 | gﬁy 1,423 ho 569 _la%z_ tf o1k |
e Bi,582 L6 728 | a.4bo .81 . 740 une 1 .Ez‘ %213,_ _._g?_l‘l _._..___,?zl_
Fowl  Jwly 79 73 k3 | 485 .91 __bh3 | - 1547 July ﬁ R > 76 _ 1 _Ezg__
hug. & 2851 1,67 419 193 2.27 ___ua_i Aug. 9 1.21 LL7 307 1.49 5
Sept. |” 237  _1f1 __h® {__206 _ 215 _ kb3 | Sept. | 299 QWb 373 227 _l.66 _ 32
Oct. | s79 200 __ 637 {__ 578 _ 132 __ BT | Oct. 4 =28 1.7 _ 483 | 318 @ _l.5b = __ kB3 |
Nov. W =3 1.8 367 30 122 376 | Wov. M 277  __l.oh W3 | 266 1,3 348
Dec. § 220 .90 M6 | __2e6  _1.57 _ 35k Dee. 4 223  — 1,k0 312 211
Total 7,066 .80 5,652 5,621 .87 5,750 | Total 6.259 .13 4,588 5,719 81 k62 |
Jan, 161 157 02 164 1.84 302 Jan. l__19) 1.3 257 178 1.4k 257 i
Feb. 166 1.7% 288 19 _1.93 288 | Feb. 210 1,33 260 197 1,42 260 |
March 228 1.52 7 206 1,68 w7 | March 245 1.3% 333 228 1,46 333
April {1 =zl ,61 820 1,328 .62 821 April 830 L6 531 817 .65 53|
May 1,603 45 814 1,7% 47 819 May 1,959 .36 705 1 37 707
June 1,361 3% ﬁ2§ 1,806 S 135 June 1,890 39 585 1,30 .42 587
~lok2  July 579 . 1 70 .99 67 - 1948 July [T .86 384 1,07 30
Aug. 165 1.%5 3&5 121 2.9 356 Aug. 225 1.52 342 160 1,94 349
Sept. 17k 2.46 329 ' ___100 3.h2 32 Sept. 121 1.88 228 2,38 233
Oct. I 162 2.33 278 157 2,44 386 Oct. 175 1,96 Sl 167  _2.08 348
Yov. W gg 1.99 370 173 2.11 %78 Nov. 204 1.67 31 195 1.76 3l
Dec. 964 __1.96 3R |.__2%6 221 39 Dec. | 186 __1.66 __38 |__ 177 _1,76 _ 3
Total _1,095 T 5,486 6,566 .85 5,570 Total 5,291 LT 14,638 5,608 .79 4,670
Jan. 153 1,9 291 140 2.08 291 Jan. ]88 1 2; 283 171 1.68 _ 288
Feb. b6 1.85 270 133 2,93 270 Feb. 187 1,35 253 170 1,48 252
March g a7h = _ 1.97 _%251_ _1.95 308 March 243 1,40 0 | 223  _1.52 30
fpril 709 .6k [ _ 691 __ .65 4 April 615 .67 k12 599 .60  __ 2
Yay _ssﬁ__.ﬂ_._bﬁa__zg__-%g_ 62 Wy  f1e80 ~ M 529 | @35 b _ s29
June _1.551___&__2@__1_.%___‘_& June f3.010 .37 __707 | 1,788  __ .39 __706
- 1w July ) sop 76 3@ |_ W7 .97 _ ko5 dmaoky July  f7 908 .65 koo | _8l9 .1 __ 0L
Auwg. M 368 1,26 __ W63 | __ 319 _1.bo _ L76 Aug. b 1,56 35k | __ 175 2.0k 396 |
Sept. H 212 1,85 3% |_ 185 2.7 _ Loy Sept. I 358 = __ 2,08 __ 38 | 13 2.7 330
Oct. |l 38k 1,8 330 180 _1.92 __3b6 Oct. | 226 =~ 1,85 __ kL 212 _1.95 M3
Nov. k215 1,47 37 |__2l0 _1l.5h 325 Fov. 210 . __1.7) 359 197  _1.8%  __ 361
Dec. B 190 1.5 .__2% 184 1.6k 301 Dec. {180 1.66 239 165  _1.82 01
Total 5,214 .86 b,u98 4,802 .95 4,562 Total 6,337 75 4,780 5,886 .81 4,792
Jan. 1540 1.7 248 128 1.9 248 Jan. 139 1.52 %e 195 1.55 302
Feb. 152 1.56 237 140 _1.69  __237 Feb. 201 __1.W% 2 197 1.1 289
March § 166 150 251 | __ 191 166 251 | March [ 209 1. z_'zg N 20 1.% 275 |
April N sob 2,09 W | __ 293  _1.a3 332 April 541 .61 _ggw_ —335 ~ .61 331
May _La7es LWL 73 | a.022 0 o Lh3 737 | May 764 .51 9 Th2 __Ef__ __Em_
June ) 1843 35 __6hS | 1,726 .38 __&ST June  [Tns RS 187 | T 072 . il
Fagh July 677 . 6] W3 |__sos .72 L30 ~ 1950 July T 1.03 7| 37 _._L-%L i
Mg, o 160 _2bl |99 _Lge  _ 2 mg. |0 2.08 550 ol 2.7~ 2 |
Sept. 29 2,54 252 72 _3.68 265 | Sept. I 138 .12 23 128 _a.gz. __2%8_
Oct. M 399 2,18 7 | 159 _2.2% . 3593 | Oct. #1328 2.35 290 2, 2 i
Nov. 196 1,78 348 194 1,83 356 | Kov. 161 1.96 316 [3) 1.99  __30 |
Dee. {173 31,70 __290 | 168 L7 __.208 Dec. TL7s 293|167 1.1 __e%
Total 5,840 JTh 4,336 54547 .80 4elh2y | Total 074 L4 3823 | 3,938 .98 3,859
Jan. a4 1,73 _ 258 [_ 1% 1,9 _ 298 Jan. 353 __1.60 __298 {__ a8 L4 2 i
Fen. 4 351 1.7k __ 263 | 138 _1.90 263 Feb. _lsj__.\__‘jL__gﬁL_l&__}uﬁﬁ__ﬁL‘
March | 378 1,86 __2@7 |_ 162 1.1 217 March |_ hgy 146 23 | _ Aok 1ok 237
April 329 .88 289 |_n7 .9 209 April 173 121 200 160 1.2k __210 |
May  f 3,95 36 530 | b5 .38 0 sh2 May 758 L5k 409 733 .56 __blo
X June 33 37 485 | la9e . hoy Juze " {3,173 L3 205 | Lz M5 508
gws July 676 67 453 f_ SR .79 h66 -1951 Juy  fi_ s%0 .68 360 _.Th 366
hug. W6 1.01 451 337 217 Y6l Aug. 238 1.47 350 216 65 256
Sept. 346 1,85 __270 ' 119 _2.3h  _ 279 Sept. 131 2,06 270 120 .29 275
Oct. | 297 1,75 _ 30 |_ =23 8.  _ 37 oct. N 169 _1_3% 338 89 2.01 30
Bovo )l 22k 1) 36 {29  _lh7 32 Nov. __ug___LI__%g___u__l_n__gL_
Dec. f 383 1,26 __ 2% |__1T7  _Q.33 235 Dec. 172 1.67 287 71 _1.00 231,
Total 5,505 76 %210 | 5,007 8l 4,275 Total 3, 987 G 3,756 2,6 .99 3,795 |
Jan. | 37k 1,37 239 164 1,46 239 Jas. 191 1.59 303 182 1.66 203
Feb. [~ 3159 1.27 197 abs 1.3 191 Feb. 156 1.6 2 Y 1.T5 __257_
March 1~ 1g) 1.2 235 178 1.3 23 Merch e L.ig 2%7 1Bk 1.55 266
April 25 6 30 |_S6 A __ 30 April %9 53 51k h1 .52 S5
tay _ 726  ___Ag  __ 356 |_ 672 __.sh  _3&a ‘ay 252 35 753 | 2ad3 .36 ISk
X Jue  f3,027 b2 _ b3 |98 .47 b June 2,5 33 76k | 2,285 .3 I86
Ih Juy H 509 @ _ 98 _ 303 |_ 27 133 A6 - 1952 July Bl 72 L2 533 _ .79 BT
Aug. b 106 166 %25 |15k _2.20 339 . Aug. 358 1.8 42 33 129 427
Sept. j__ 135 __ 220 _ 283 | 112 _26 = __2®». Sept. 213 1.56 337|200 1o 31
Oct. H 206 185 __ 32 | 205 _1.8a 380 Oct. 166 1.92 35 361 _1.99 &
Yov 206 1.56 322 25  _1.60 38 Xov. 177 1,83 23 172 _ 1.6 331
Dec. # 208 _1.37 _ 285 |__20% 1.2 291 Dec. 166 1.66 03 181 _1.78 313
Total &,058 .91 3,680 3,724 1.01 3,748 Total 1,719 66 5,06k 73876 .68 5,089

L=




Table 8
Colorado River Basin
Flow and Quality of Water Data

Colorado River near Cisco, Utah

Units - 1000
Historical Present Modified Historical Present Modified
Concen= Concen= 1 Concen=- Concen=-
Flow tration T.D.S Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.}
Year Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons)| [Year Month (A.F.)  (T./A.F.) (Tons) (A.F.) (T./A.F.) {Tons )
Feb. YT }.,61 2 18? = @6 2 ren. 10 1'610 :62 — 11; 26232 —
i L. eb. o 1 .
Alhr;:ii 187 1.52 Eg% 183 _1.56 235 March 187 1,50 _532‘1" A 1.52 21
Y28 1.00 2 2! 02 2 April 2 2 o7
May _ﬁ“ N ﬁ :ﬁ _L:EE— —ﬂ_}gi ::y —ﬁﬁ—;,ooe "+E i ge 98 U5 ‘—bjﬁ— 32
June §1.mg9 ___ B __ ST | 1,363 k2 57T Juoe § 9ok . —To6 | _90 - 7
- 1953 July f 353 .95 335 328 1.03 339 - 1956 July 172 18T __:2% 161 1. 255
2“8; T 256 1.3 a5 |2 e 32 Aug. _;%9_____%_ 2 __LJ___T_&
Sept. T8 222 28k | __l20 _2k0 208 Sept. 1 2. _—_1%:_9___- L
et. 177 180 _ 3 {18 1.8 33T Oet. g 222 _2 0 e 269
’]‘)‘:: __m__x.ﬂ__jﬁ___zm__x.za__:ﬁs_ II‘;"’- __Lﬁﬁ___h_sl___Ee_,_lﬂ_Mi___ﬁ_
rotar Igiﬂx__lgqjl__;%__;ﬁ__fﬁ__w_ Tmc- _mz__;.%____zu_,m_._x.sﬁ__zzj_.
» K _ 3,970 o 3,568 96 3.428 | 3519 a8 433
;:g- a7 176 . m2 |.375 A8 2 Jﬂn-___l.&___i..&o___zeé___ma_g..ﬁ.a__zsﬁ_§
m;h_m__x.ﬁﬁ__aﬁ___m__;ﬂ:l__z:é_ Feb. __léL_:L.ij__a&___mé__LSJ_____zfﬂ_|
Am_m__us__z:é__m__;.m__zsz_ Vﬂrch_m.__mﬁ__g@__m__m._aﬁ;_
" “oon . 98 27 |20 . 28 APﬂl_m___._%__ﬁL_m_._ﬁﬁ___’M—
ey, —uag o o7s @3 |23 .77 325 May Jazs___.mo__ﬁs__m__.ﬂﬁ___gﬂ_
p _zu_._._.%z.__asb_ _1n 288 June _24_659____._29__5_22_3._5}1_._.29___}“..
- 1954 A“ly :J.-gt_-_i__?ﬂ_ 1 _-:-%:_322_ - 1957 Juy _1.953___.}.7__1%__}.\2&___&_&
hua. 2.3 _ 22 —z?" _2. 2% Mug. N 661 .83 _%_ _ 6% .85 535
o | 2 - S g e e 1T g TR i g
v, | IS EE| Tk L0 —2— Nov. e —f—‘g% %2 i =
Dec. | qhp 1.9 _ 266 |_ b .l 26a Dec. [— 239 __ L.J1 241, 1.70 LT
Total 2,293 1.4k 3,300 2,231 1.49 3,332 | Total 8,889 .63 5602 8,822 64 5,638
;‘n- am a8y 2y | a2 187 247 Jan. _m__g.sa_:oy.__m__ms__ﬂ_
Mgbh‘_m_.__hza__ms__m__l‘ﬁ;_m&_ Fev. | 2ps —L.mk _ 302 |- 2b . 135 02—
Arzl_lﬁ__m___aﬁ:i___l.%_._z.ﬂ___zﬁz\_ Vﬂrch_ﬂ__l.zs__’az&__asa__w___.aze_
Mgr T .Be_ 263 |_me .G 263 April___zss_._.so___’m__zss___.so___am—
May T2 %0 36 | _ T .Sl 318 Yay m_‘&_@__&m__‘&__mé—
June | 689 .93 319 669 57 8L June _1_,560__.__._1#.0_._5&__1;.5&5___.!41———523—
- 1955 July 214 __1.20 _ 259 |_199  _l.R 202 - 1958 July _&__1_22._255__2&__1.31__29&_
Aug. )l 188 166 %7 |17 1376 31— A“G-__mg__g.rz___zaﬁ__ma__z.;s___zha_
Sept. | 1pB _ _ 216 _.23% |--103 -2.29 . 2% Septo_;sv_z.u__;za__m__z.m___.;;a——
gct- "9 _ 299 =260 |12 249 265 Oct. _lsL__m__ul__Jsz—_Am——m—
! D:"- 16 _ 1.8 .39 |70 188 320 Nov. _.J.SQ____l.ﬁL_m____m__J..ﬁé____nl_
c. 176 1.70 299 175 171 300 Dec. 176 T1.6% 287 | __ 77 163 =08
Total 3,186 1.07 3421 3,120 1.10 3,439 Total 6,044 13 By3%0 5,996 T4 L, b1k
Annual Summary
Historical Present Modified
Concen= Concen-
Flow tration T.D.3. Flow tration T.D.S.
Year (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F,) _ (Tons)
19“; 7066 00 _5652 | 661 087 5,750 |
w2 | 7099 .77~ :,,h;“‘é: 6566 __ .85 .5.,570
1943 | g5 oh  _ .B6 “uBop .95 b562 |
lows | Tacmkg .7k _L336 | 547 .0 oz |
15 | Tohsps .76 _b,2l0 | 5007 ———Bb B2
1946 | 4 058 .Gl 'f’m' 3721 1w 30
1947 6,259 ___.I3 4,588 | _5,709 .8 h,6k2
148 | T g2o) .78 _b,638 | _5.808 I 4,670
Tous | Terzsy .15 _bgeo | _5.886 _ .OL 1,792 |
1950 | hoorh  __.gh _ 3,823 | 2,98 .9 3,859
151 | 3,087 __.oh 370 3,820 .99 I3
1952 | 179 .66 5,06k | _Thie .68 5,000 |
1983 | Thofl .91 3,043 | 30k Lol BI10
1954 __2.%_ 1Lk _1..?9_ —2,2% ___1.49 3,352 |
1955 31 1.07 3h2r | 3,120 110 3.b39 |
1956 68 .96 3,428 1 . 3,433 |
1957 ‘%‘%8' .63 602 ‘%’LL,Bg ﬁ 5,6%
1958 "'Z'BE%, .13 E‘,m 5,996 .7 W, Wk
Total N 8 2
Average ‘%’R{% B0 b,367 5,151 86 bl

LA




Table 9
Colorado River Basin
Flow and Quality of Water Data

San Juan River near Archuleta, New Mexico

Units - 1000
Historical Present Modified Figzorical Presegt Modified
Coi - Concen- neen- oncen=
Flow tr::::n T.D.S. Flow t:::iﬁn T.D.S. Flow tration T.D.S. Flow tration T.D.S.
Year  Month (A.F.) (T./A.F.) (Toms) | (A.F.) (T./A.F.) (Tons)] Year  Month (a.F.) (T./A‘g.) (Tonsé) (A.sr;n) (T!;{A?’.:.i)al(’l‘ons)
Jan. 2 LU [] Same as historical Jan. 1 0. e as historic
Feb. Y3 O. 2 16 Feb. 2E N 9 —
March 98 . P 72 March § 22 5 i
April ! 251 . 53 pri. -
May 709 N 110 May 1&% .17 __2%_
June 560 L1z 73] June 1Lo .1 L
1981 July L N 1 |- 1947 July R Eg 12
Aug. S'E . _?_ 1 Aug. ] 12 230 22
Sept. 3] o2 16 Sept. 5 .23 __%%_
Oct. 273 .12 _ 33 gct. }T .2 £
Nov T . 15 oV, .
Dec. 2 .21 11 Dec. 27 .20 T
Total 2,57 . L0 Total 760 .22 166
Jan. hg 233 5 Jan. 27 .26 T
Moz ], 22 = Mo £ 255 f
March R ! . 5
April :}_;_3— 21 B2 April '25%‘ 20 5
May 320 +15 %] May 25
June | 310 .12 28 1948 June .12 C
-1942  Juiy 76 . 1L - July | 16 T
Aug. L1 .22 9 Aug. 19 -2k
Sept. 28 .22 1 Sept. 22 .32 T
Oct. 3 .2 6 Oct. | 23 .35 )
Nov. 2 27 [ Nov. 15 N T
Dec. 6 B [4 Dec. 13 .Eé 6
Total 1,3 .19 266 Total 1,203 .18 22¢
Jan. 16 R 7 Jan. 16 .h;é 1
Feb. 2 N 9 Feb. 25 . 9
March 55 %é 21 March 13 .37 21
April 1 .15 37 April 228 2k 55
Yay 184 .16 E™) ?ay 3156 . ts 48
. 1943 j:nl; —i —dp 2 L1949 uly 1 - j50l
51 .24 2 Yy .99 «15
Aug. * | L8 21 10 Aug. 57 L2h 1k
Sept. 28 25 [rd Sept. 33 .27 9
oOct. 25 .20 1 Oct. 20 . 9
Nov. 2k .29 7 Nov. 21 % 8
Dec. 19 .32 [ Dec. 14 .50 7
Tots) 818 .21 173 Total 1,420 .19 276
m = = — - O e e —
eb. 1 o eb. 2 .
March 3 RY 16 March 1 2 13 N
April ff 131 .21 21 April 1:"6‘1 A 22
May 1 3 61 May 126 .12 182
June 2 L 9 June 112 Y
ST 2 L1950 gy ik o7 2
Aug. . 9 Aug. 20 .35 7
Sept. E 23 10 Sept. 24 .38 9 |
Oct. L1 .22 9 Oct. 2C 235 0 1 {
Nov. 21 .29 [ Nov. 1h .50 |
Dec. 1k L3 é Dec. 12 .50 6 '
Total 1,251 .18 227 Total 564 .24 138
Jan. 1L 43 6 Jan. 1c .50 2
Feb. 2 RY 0 Feb. 1 45 5
March R 17 March 20 .45 12
April 1 .20 28 April gg 0
May e?g .16 LL N gay 111 'i’{ ilé
June .13 28 une 9 .
-1945  Juy % 21 14 21951 quy 21 B 8
Aug. 40 .22 9 Aug. 52 ]s
Sept. 21 .2k 5 Sept. 22 .3 .
oct. 30 3] N Oct. 17 R g8
e e o e
Total 851 .21 185 Total 413 .28 117 S—
Jan. 1 W43 6 Jan. 19 .53 ig
Feb. 17 RYi 8 Feb. 19 . E 3
March 22 .50 1 March 7 .49 23
april | 68 23 15 April 326 .26 85
May 73 .18 13 May 396 226
L 1okg June A7 .18 16 June [ 213 59
July | 27 9 -1952 July 136 .18 24 l
Aug. Lo 235 b Aug. 66 126 17 _
Sept. 29 -3 9 Sept. 3% .2 9 —_—
| Oct. 36 .31 11 Oct. 22 .32 i —_—
I Nov, 26 35 9 Nov. 16 R 7 —_—t
Dec. |10 6 Dec. 18 .36 T JI
Total L56 .28 127 1] Total 1,552 .21 301 Y
b7




Table ©

~ Colorado River Basin
Flow and Quality of Water Data

San Juan River near Archuleta, New Mexico

Units - 1000
Historical Present Modified Historical Present Modified
Concen=- Concen=~ Concens= Concen=
Flow tration T.D.S. Flow tration  T.D.S. Flow tration T.D.S. Flow tration  T.D.S.
lYear _ Montb (A.F.) {T./A.F.) (Tons) A.F.) T./A.F. Tons 'Year  Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons)
Jan. 18 0,39 7 € as Bistorica. Jen. 16 0. 38 6 Seme as historical
Feb. 18 .39 T _ Feb. 15 50 3
March 37 RSy 1 March L8 .33 16
April 75 2k 1% April 9 .20 6 | - ;_ —_—
N;Ay ug .19 22 ?y 17k 1b ijé -
une || 1 .15 22 une 17 .15 [ D —
_ 1953 iuuty T 30 15 . 1956 ;{m 25 .32 -_ 'BE -
. 5 . 11 g . g} .52 PRI TSN
Sept. 16 EE 1 Sept. 13 .Ee L ] -
Oct. F iz 10 Oct. 15 12 5 ] _
Nov. R’ 10 Nov. 11 4 E ] —
Dec. 1L .50 1 Dec. s ] !1
Total 563 .26 149 Total 540 .22 120 .
Jan. 11 b Jan. 13 L6 6 | ]
Feb. 1 ’_Eé‘ '—":%‘ Feb. L7 15 ]
March >8 RS 1 March L6 R 20 —_l
April 50 il _é‘ April 120 % E«_E ] —
Mey | b3 . 18 26 ¥ay oeo .10 |l I
o e | AL —ede 2 R e e P m—
Aug. L5 ,Eg 13 Avg. 164 22 36 -
Sept. ? 43 13 | Sept. 67 .19 13 ! ] —
Oct. 42 o2k 10 Oct. __%_ ____2%__ e —_—
g::' 183 3 3 g:‘é nn '22 %.2 ]
Total 5i5 28 150 Total 1,647 .20 330 ]
Jar. 12 W42 5 Jan. 22 .36 8 _ —
Feb. 13 53 L Feb. 51 L3 22 ] -
March 0 March 1 W42 32 e —_—
April Ez . ez 1 April 219 .30 8l — —_—
Hay 132 .18 L May 460 .17 ® |\ 4t —
1955 '}“&; = -————‘lé_ —3- 1958 ?\:nl; - —3 oy _ R
oy i 1 ug. 3 i 5 0
Sept. .29 '%' Sept. 0 j o 1
Oct. 20 .30 6 Oct. s %6 9 | ——
Nov. .Ez 6 Nov. 17 R5Y 1 —1 e ———
Dec. 15 L0 6 Dec. 1k W43 6
L Total 537 2k 130 { Total 1,332 .2k 315 h

Annual Summary

fiistorical Present Modified
Concen- Concen-
Flow tration T.D.S. Flow tration T.D.S.

Year (A.F.) (T./A.F.) _(Tons) (A.F.) (T./8.F.) (Tons)
1941 2,574 0.17 b Same as___ Historical
1942 % T19 'é%%‘ — ""' y

1943 1 o1 173

1944 1,251 18 227

1945 831 2] 185

19u6 s4 o8 127

1947 760 22 166

1948 1,203 18 20

1949 1420 19 16,

1950 SE) o 133

1951 43 26 117

1952 1,552 21

2953 563 “26 149

1954 545 28 150

1955 537 .24 1%

1956 540 22 120

1957 1,647 20

1958 1332 2 __;;o___“ g

Total | 18,432 3,840
Averane ! 1,024 0.21 213
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I Table 10
Colorado River Basin
l Flow and Quality of Water Data
San Juon River near Bluff, Utah
I Units - 1000
Historical Present Modified Historicel Present Modified
Concen- Concen=- Concen= Concen-
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
[Yfear  Month (a.F.) (T./A.F.) (Tons) (a.F.) (T./A.F.) (Tons [Yfear  Month (A.F.) (T./A.F.) (Tons) (a.F.) (T./A.F.) (Tons )
Jan. 78 1,0) 79 Sape 2s historical Jan. 31 1,13 35 Same as_historical
Feb. 127 .98 124 Feb. 45 1,07 48 A
March 211 78 165 March 51 .90 [
April 392 62 2u3 April 68 6 4.
May 1,323 250 662 May 329 .38 12
June 915 .30 27 June 276 .30 8
qguy . July 526 530 1 - 1947 July 110 41 [
Aug. 174 10 1 Aug. 294 1.01 2
Sept. 202 .87 176 Sept. 124 E
Oct. 655 464 419 Oct. 207 .18 1
Nov, 191 .61 117 Nov. 77 ,73 56
Dec. 104 .81 8u | Dec. 86 56 1 '
Total 4,898 .54 2,624 1 Total 1,677 ,65 1,087 1
Jen. .93 75 Jan. 52 .83 43
Feb. .93 63 Feb. 79 S T &6 | ]
March 1 .85 120 March 0 L83 ki
April 60 51 307 April 3 .37 133
May 47 N 1 ] May 51 27 140
June 533 A T I - June €0 .28 169
4942 July 150 4 -1948 July 14 L4l 60
Aug. 1 L 82 42 ] Aug. B 78 57
Sept. 38 1,00 38| Sept. 3 1.11 oy |
Oct. 37 45 oct. 75 1.05 73
Nov., 39 1,23 ug ‘ Nov. 55 1,07 59
Dec. 4 1,26 Sy Dec. 41 . K3
Total 2,247 .53 1,185 Total 2,141 W 77
Jan. 43 1.26 Sk Jan. 63 1.1 70
Feb. 49 1,18 58 Feb. 74 99 73 ]
March 1.0 o4 March 152 81 123 1
April 2 A 38 April 338 45 152
May 3 .39 29 May 503 L3l 156
June 254 38 96 June 748 31 232
o3 July [ 108 .57 60 - July 342 a3 13
Aug. Q) 1.01 2 1949 ayg. 90 , 66 59
Sept. 62 90 56 Sept. 42 1,05 LS
oct. | 58 1.00 58 Oct. 56 1,00 56 -1
Nov. 59 97 57 Nov. [ 1,07 ug — -
Dec. 51 1,12 c7 Dec. 3 43
Total 1,493 .64 959 Total 2,487 7 1,169
Jan. a7 1.6 _u3 Jan. 41 1,12 46
Feb. 49 _ 1,14 56 Feb. 49 1,08 53
March 76 1,06 81 March 56 .93 52
April 204 62 April 136 U6 62
May 640 236 230 May 169 L 40 68
June 705 .25 176 June 191 a8 73
194y July 283 .35 <1950  July 68 .72 49 .
Aug. 61 . \ hug. 15 1,13 17 ] ________1
Sept. 66 .92 Sept. 42 1,14 48 i
Oct. 75 . | Oct. 30 1.07 32 |
Nov. 52 1,1 i Nov. 25 1, L4 36 \
Dec. 43 1.1 1 ‘ Dec. 32 1,38 43 :
Total 2,291 4 1,101 | Total 854 .68 579
i
Jan. 41 1.22 50 | Jan. 30 1.30 39 !
Feb. 63 1,1 71 ‘ Feb. 29 1,41 41 .
March 72 1.0 T4 March 34 1,15 39 _
April 196 L 61 120 | April 3u L85 29
May 456 L35 160 May 142 ,51 72
X June i 377 .29 109 June 188 .36 68 ] I
flous July 128 .50 6 1951 July 30 ,80 24 ] _
Aug. 96 1,1 108 Aug. 49 1,06 52 ] — -
Sept. 22 1,1 26 Sept. 4s 1,07 ug ] —
i Get. 62 1,10 3 ] Oct. 35 1.23 u3 —
1 Nov., 46 1.04 4 Tov. 39 1.10 43 N
i Dec. 30 1.27 3 J Dec. - 36 1,28 ug _
: Total 1,589 .59 93 Total 691 .79 54l
]
: Jan. 37 1.14 42 Jan. 88 1,16 102 .
l \ Feb. 36 1,19 43 Feb. 40 1.20 48 1 .
1 March 47 1,04 u9 March 87 1,03 90 ] ——
! April 95 66 83 April us 42 190 1 R
! May 125 ug9 61 tay 618 , 30 185 i - ——
‘,% June 204 40 82 June 7 L 24 185 . —
July 63 ,86 54 4952 July 2 W 100 0 —
Aug. ) 75 12 8y Aug. .6 57 I
Sept. Ly 93 4 Sept. .9 52 ] —_—
Oct., 55 ,98 sS4 Oct. 3 1.0 40 a4 ——
Nov. 60 1.02 61 Nov. 41 1,29 53 e —
Dec. 46 1.02 u7 ] Dec 43 1.26 54 0
l Total 887 .77 681 Total 2,554 45 1,156




Table 10
Colorado River Basin
Flow and Quality of Water Dato

San Juan River near Bluff, Utah

Units - 1000
Historieal Present Modified Yistorical Present l'odified
Concen= Concen=- Concen=- Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
[Yesr  Month (#.7.) (T./A.F.) (Tons) (A.F.) (3./a.F.) (Tons Year  lonth (A.F.)  (T./A.F.) (Tons) (a.F.) (T./8.F.) (%ons)
Jan. y2 1,24 52 Same as historical Jan. 4] __Same as_hismricalb__—}
Feb. 36 1,17 u2 3 Feb. 34 1,29 [T _
tiarch | 56 1,02 57 March 5 .83 62 1 l
April |07 .64 68 April 107 .50 5u |
May 156 L Uk 69 vay 2.l 235 [ !
June 267 .27 72 June 203 231 63 !
-1950 July 77 L8B4 65 : - 1956 July 31 1.10 34 )
ug. 71 1.15 82 ! Aug. 3 1.33 48 i
Sept. 50 1 | Sept. u 1.50 6 .
Oct. 4 .28 ] i Oct. 13 1,54 20
Nov. 5 .13 [ i Lov. 30 1.23 37 X
Dec. 35 31 W ‘ Dec. 25 1.40 35
Total | 968 NS 702 . | Total 8u0 .64 537 .
H |
Jan. | 32 1,34 43 ‘. Jan. 38 1,26 ug :
Feb. 36 .17 1Y) Feb., b 64 1.05 &7 i
March ug 1,02 49 i March i 71 97 69 '
April 113 .5 60 April 171 £55 9y .
vay 218 .29 85 May 327 .48 1s7__ | |
June 120 L 48 58 June 786 .28 220 ‘i |
-1954  July 120 1,03 123 - 1957 July 566 .38 215 |
Aug. 66 .8 57 Aug. 364 .63 229 1 I :
Sept. 89 1.1 106 Sept. 142 .66 57 |
Oct. 95 .7 73 Oct. 150 .86 129
Tov. 38 1,05 41 Tav. t 14l W72 102
Dec. 35 1,26 uh Dec. | 88 .31 71 !
Total 1,011 .77 779 Total . 2,908 .51 1,u98 1
‘ \
\ Jan. 31 1.26 39 Jan. 53 1,02 54 l
Feb. 34 1,12 38 Feb. 119 92 108
March 63 1.00 63 March § 189 7 139
| April 62 L74 [ April 413 48 192 _— —_ —
vay 186 .38 71 ] ay 742 26 193
\ June 208 .32 67 June 5Q7 25 126
l-1955  July 5 88 57 |- 1958 July 74 65 ug |
i Aug. 143 1,07 153 1 Aug. I 42 1.07 [
' Sept. | 28 82 23 ‘ Sept. | 61 ,95 58
| Oct. ! 25 1.00 25 Oct. \ L7 1,04 43
1 Tov. 3 1,26 39 ‘ “ov. ! 43 1,23 __ 53 —_—
‘ Dec. 35 1.3 a7 Dec. 38 1.28 46 -
Total 911 .73 668 J Total 2,296 49 1,116 \
Annual Summary
Historiczl pPresent -odifiad
i} Concer— Concer. -
Flow tration T.D.5. Flcw tratien T.2.S.
Year (A.F.) (T./A.F) (Tons) (58, F.) (T./8.F.) (Tons)
1981 | 14,898 0.54 2,624 Seme _8s _xasmzscal.____
19u2 2247 .53 18
lewd 4 1,493 .64 939
iosd ) 2ol B8 1401
1945 | 73,589 .59 9% !
1986 | 887 .71 8L
o7 | T 1,677 _a65 1,007
b -5 U'S W -1 971
19439 2,487 b7
1950 Bsh .68 579
1052 »__ﬁsm 19 5l
=952 t.&iﬁk T W
1953} 968 LT3 702 ¢
loss ¢ jol LTI 179!
1955 .  __.713 668
195¢€ QJQ [ 537
i;:g — 2,98 .51 1,498 ;
2,296 .9 1116 -
Tetal . ] i
cverave |71 B9 0.56 1,017 y

50
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l Table ||
Colorado River Basin
l Flow and Quality of Water Data
Colorado River at Lees Ferry, Arizona
l Units - 1000
Historical Present Modified Higtorical Present Modified
Concen= Concen- Concen=- Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
ear  Month || (A.F.) (T./A.F.) (Tons) | (A.F.) (T./A.F.) (Tons Year  Month |l (A.F.) (T./A.F.) (Tons) | (A.F.) (T./A.F.) (Tons)
Jan. 348 1,% W7l 331 1.4 476 Jan. 277 1.40 é@ 1 260 1.50
Feb., 123 129 Ea: T T sk Feb. 1.29 5| T 3h0 __1.%
March 668 1.12 749 March 6 1.09 i3 631
April 1,091 79 862 April 780 78 759
May b, 974 45 _2,239 May a2l .39 LAl 3,011
June | hooh .38 Ju322 June | 3275 b0 B0 3,087
-ghy  July 1,666 L51 850 Ligu7 July  [,026 A3 T fep | _2a%
Aug. 798 1.6 925 Aug. 1,203 ,98  _1,119 1,128
Sept. 608 1.35 82) Sept 58l 1.13 660
gct- 3,797 1,09 ;,&959 gct- 818 1.17 :jg’z_z— glé
oV, 03 9 ov 1.07 2
l Dec. =76 119 ____2_@5 Dec T.20 56k "'%L_ig
Total 17,856 70 12,481 Total k4,046 68 9,513 | 13,416
Jan. 407 1.3k 545 Jen. 406 1,18 479 e%
Feb. 396 1.28 507 Feb. hﬁ 1,10 522
varch | 6%  __l16 D3 Merch | _gns _iak — 135 | —f28-
April || p Bk | 1,564 April | 3,70% B4 10K 1688
May .3,2_02_ 6 Eé _L.b16 ¥ey | _3,507 .30 L3304 WL
June 202 .29 _1,219 June 3,559 p 1,135 | 3,211
- 1942 July 1 . 751 -1948 July 980 .65 637 el
ag. |~ ﬁ% - ‘1.%0 1% Aug. 531 1.2% 653 L79
Sept. 275 1,59 1;%8 Sept 230 1,40 322 203
oct. | __am LS8 38 ot g _L.6s _aks |36
- Nov. 368 1 58 582 Nov LO8 1,46 595 400
Dec. 357 1,54 550 Dec. 37 1,50 485 339
Total 14,793 63 9,381 Total 12,88 . A 12,451
Jan. 3%0 1 I Jan.
l Feb. 330 _l-l%_ R'SY ———%—MS Feb. —m-iég
March 516 1.19 614 March 706
) April 1,450 67 971 April 1,307
May _2,158 b3 928 May 5,098
June 2,729 7] 1,092 June YT
- 1943 July 1,429 L7 672 -1949 July 2,137
Aug. 9% 1.09 86l Aug. 576
Sept. 448 1,15 51k Sept. %13
Oct. 378 1.60 604 Oct. ?9
i Nov. 456 1.35 616 Yov 13
Dec. 295 1.36 537 Dec __ 368
l Total 1, b1k R Totel  [1k,60k
Jan. 278 1,50 Jan.
Feb. 2l 1.32 L5h Feb. 398
March 509 1,31 March €50
April 1,027 & April 1,217
l;ay %,251 47 “;ﬂy _ 1,91
une 1 32 une 2,919
19k July ;,132 -Ei 1950 July 1,377
is\us; L17 1.07 gus;
ept. 22 1. ep 230
el v Oct. e
Nov. R ——_—] 51 Nov. 250
l Dec. %20 1,51 Dec. 415
Total 0. Total 10.8q1
| Jan. %25 48 Jan. %19
\ Feb. —di0 Feb. I 4]
\ varch || har .20 March [ Bl
\ April 755 99 April 5%
‘ May 2,805 " May 1,645
1 June _2.161.__ %7 June _2.&6_
Flgks Jwy {1,668 L7 - 1951 Juy 1,351
; Aug. 1,011 ) Aug. 787
i Sept. %70 1,28 Sept 411
: Oct. 505 1,51 Oct. 412
| Yov. 143 ﬁ Nov kb
L Dee. TR 1.39 Dec. | w33
! Total hy, 768 .12 Total 9
i Jan. 366 1.28 Jan. 476
: Feb. 319 1.2 Feb. 379
March 96 1,15 March 440
April 1,013 83 april || 2,267
May 1,732 57 May 5,081
SR ECTT I June | 5,192
%6 sy | T7mo 0 13 - 952 U | du2D3-
Aug. 478 1.28 Aug. 821
Sept. %10 1.62 Sept. |
Oct. 103 1.50 Oct.
Yov. 66 1.%0 Nov 381
CoDec | Thhs L2 Dec 6\ _ 31>
I N 8,751 8l Total 11,39 l17,570 -65




Table !
Colorado River Basin
Flow and Quality of Water Data

" Colorado River at Lees Ferry, Arizona -

Units - 1000
Historical Present Modified ﬁ 1 tistorical Present Modified
Concene Concen= Concen=- Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
Month (A.F.) (T./AF,) (Tons) (A.F.) (T./A.F.) (Tons )] year  Month || (A.F.) (T./A.F.) {Tons) (AF.)  (T. é. i‘ons)
Jen., f gk 136 _ 53 390 137 S Jen. |_ 313 _ 128 ML | IO L2t _b1g |
Peb. | 345 _ 1.3 k5|6 L3l g5 | Feb. 280 _._zg_l- T b0 3%
m°h_$58.___L&_J5ﬁ__kﬁ\.__w__559— ";fchﬁ_};l___gﬁ__?%__;-_&__zy__
April_sa@.___;.nz___ﬁ__sza___x.na__saz_. April __;15___1:____2__,_-11___71_
May Lm__‘m__m_um__az__m_ ey _2..1.99_.__.3&__25.951__2.166____.&&__4;952_
June m___:a_ggﬂ_z.aﬂ__ds_wz_ June .?,599__.39__1.912_._2.5&5__‘2&__;.915—
July _asa____.ﬂn___ﬁoa.___m__.ﬁa___ﬂl_ - 1956 July __551___.15___*48__:32___.19__&25_
. IS A oo | e e Wb e e it - e Tise ek
o, I T TR | Ts Tlso 66 Yov. ’-_’%8 :ﬁ i ﬁ 156 __ﬂj__l
Dec. | am . Lk __hoB |__ b6 202 Dec. |27 _Lii_j:___aﬂ___l_yi*___.ﬁ—"
Total 8.7%0 "86 7,487 | 8,558 88 7,53 | Total 84659 75 651k | 8,561 .16 s.ss:+4l
Jan. 318 1,46 46 6 1,47 465 Jen. 284 1.b6 b1 283 1,47 416 |
e, _ﬂla__mg. ﬂi_ﬁ_aL_wL Feb. _2:__’:_;_.2_‘7__21_5__}_2;_,1_-:5,—_3}1_
“‘“h:jk_b.?_ 55‘,__2{‘&__1;21___@_ March __‘EQS-—.__J..Z.L_&B—__J&QE——_LZS——__&B_
April 1,00 5k5 1.00 547 April | pop .90 kS = BT W
ey | E— :6 e 4.225___%11:_,7%_ ey _2.569____.56__1,359__2&5__.51__1#9_
Juy —8 B B | 8- s - I el T _LIZZ—\_LQBS— T s
Oct. |l S§12 __L.Mh3 To9 . _1bke 718 M-_:Jaa._;.ka__:,m____zss__ua_g..:.u_
Fov. |l__3ho . _1.39 TTEsh - _1,3 ko N°“'_&E—_LJS-_J,J.19—_85L-_L$9—_LABL—
Dec. _m__JJL__a___zﬁL_;.sL__L»zﬁ_ Dec. __51.7___1..25___.656_.__521___1.25__._651—
Total 6,164 1,04 6,385 | 6,071 1.06 TR Total 18,702 67 12,603 118,610 68 12,662
Jan. i Jan. 1.2 6 1,2 ols
- —2!&__;&_1%___2_2__;.59___;\&6_ Jan. _}ﬂ___l_jg__%___}&___;_l—l.m ook
Alln!'ch 580 1.29 748 578 1.29 7u8 March 696 1.10 766 694 1.191‘ 166
‘pril 617 1.05 619 __@ls 1.05 £hg Qgril 1 ST4% [N b goz 1.57% hé ;1 ?z
fy Z +33 -21 Jon , % '166 b %% b0 Lk
une _1,556__.!&9___211—-_\.,55]-__.50__.131— June | 3,678 . TRTL | 3656 _ ko Libl -
Tago | _Guf b W06 - 1958 July {628 __Ltﬁs____ﬁlz___.u.___uh—
T B |23 61 —33—
x| _219 161 1
T s | 280 .65 kA

Annual Summary

Historical ~ Present Modified

Concen=- Concen=

Flow tration T.D.5. Flow tration T.D.S.

Year (A.F.) (T./A.¥,) _(Tons) (A.F.) (T./A.F.) _ (Tons)
191 | 37,856 _ Q.70 2L _:.{_.329_ 073 _32.640]
jeu2 | Tjh7en .63 938l a8 .67 9,520
13 [ TI0E 73 8,315 | 2092 .78 __ 8,8k
10w | 13,000 .66 8.5 T1o.5% .69 8,671
1us 1Ty 768 .12 G501 Tn287 16 —B,683
1906 |_B751 .8 LM 8,337 .80 __The5]
1947 | Jh,oh6 .68 .33 ke a2 62
tous | T1orBEs .66 _ B, | el .6 - 8,598
1989 | Tlheoh .68 Q.9 Tios8 . 2889
1050 | TlooB0L .75 8,008 | 10,559 —__ . 862
1950 | 9,900 _ .79 .83 | 682 .82 7,806
les2 | Tj00h O TIL306 | ILSTQ. 63 -dles
1953 | T8730 .86 _LMWT —855%8 __ .88 ‘_é-f‘_ﬁﬂl'u_
1954 6,164 Ol 6, 1%%_ 6,071 1.06
1955 | _ 6,966 _i B | 6873 .96 6,58k |
1956 8,659 .15 6,51k 8,561 6 _6.5%k |
1957 | I8,702. .61 -A2.603 | 8610 &8 12,662 4
1958 | zam .- 280 13,080 0 — -7 8,320
ATml 20,03 —— 158,751 | 2h0 —— 160,173
verage 12,228 0.72 8 80 11,89 0.75 8,899




Table 12
Colorado River Basin
Flow and Quality of Water Data

Colorado River near Grand Canyon, Arizona

Units - 1000

Historical Present Modified Historical Present Modified
Coneen= Concen= Conceil= Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
[Year Month (A.F.) (T./A.F.) (Toms) (A.F.) (T./A.F.) (Tons)| lfeer  Month (A.F.) (T./A.F.) (Tons) (a.F.) (T./A.F.) (Tons)
Jan. u34 1,42 616 Jan. 303 1,50 uss
Feb. 51 1.31 675 Feb. 371 1,38 512
March 83 1.17 980 March 653 1.18 771
April 1,20 5T T I.0%7 April 785 .9 722
May 4,976 250 2,488 May 3,088 4 1,482
June 4,100 s 1,845 June 3,233 .48 1,552 |
- 1941 July 1,753 964 - 1947  July 1,953 .50 97€ |
Aug. 861 1,29 1011 Aug. 1,329 1.17 1,555 |
Sept. 659 1,43 942 Sept. 640 1.26 806 ;
Oct. 1,904 1,14 2,171 Oct. 894 1,28 1,144 l
Nov. 953 .98 934 Nov. 608 1.14 693
Dec. 59 1,22 725 Dec. 190 1,28 627 ‘
Total 18,796 0.77 14,503 Total 14,347 .79 11,295 i
Jan. 430 1,40 602 Jan. u27 1.27 42 ¥
Feb. 435 1.33 579 Feb. 458 1.28 86 i
March 653 1,25 816 March 669 1,25 36 —_ |
April 2,763 60 1.658 April 1,732 T4 1,282
May 1,163 49 1,550 May 3,392 L 45 1,526
June y,24] 2 1,357 June 3,358 .40 1,343
- 1942 July 1,345 .59 79y -1948  July 1,009 .73 737
Aug. 486 1,15 559 |- Aug. 587 B 781
Sept. 294 1,67 u9] ! Sept. | 2w 1,65 399
Oct. 356 1,67 575 Oct. 336~ 1.82 2Y)
Nov, 386 1,67 645 Nov. 434 1.61 699
Dec. 373 1/1,50 560 Dec. 365 1,25 ush
Total 14,925 .68 10,206 Total 13,0008 NE 3,799
Jan. 337 Y149 517 Jan. 363 1.51 548
Feb. 351 V1.4 519 Feb. 374 1.36 509
March 580 71,2 731 March 736 1.20 955
April 1,417 _1/ .8 1,176 April 1,337 .92 1,230
May 2,16 .57 4,232 May 2,959 A 1,420
June 67 VAT FERSY June 4,303 4 2,065
1943  July 1,859 317 .60 875 _1943  July 2,128 S5 L
Aug. 83u 171,17 976 Aug. 632 1.17 708
Sept. 494 /1,40 692 Sept. 340 1.65 561
Oct. 1408 .69 690 Oct. 521 1,58 823
Nov. 477 L47 701 Yov. 488 1.36 664
Dec. 420 1,46 613 Dec. 381 T.41 537
Total 11,624 .86 10,033 Total 14,622 .77 11,254
Jan. 298 1,61 480 Jan. 358 1.55 558
Feb. 363 1.23 [T Feb. [ 1,35 559
March 551 1.4l 777 March 670 1.21 811
April 1,099 1,084 April 1,132 .88 1,042
May __ 3,206 55 1,763 May 1,941 .59 1,145
June 4,14k R 1,699 June 2,925 Y 1,375
-19uu  July 1,854 . .52 96U -~ 1950 July 1,401 .76 1,065
Aug. 456 1,14 520 Aug. [T 1.13 502
Sept. 251 1,61 Loy | Sept. 3u3 1.56 535 i
Oct. 362 1,78 sul i Oct. 359 1.67 600 i
Fov. 401 1,64 658 ! Nov. 355 1.75 621 !
Dec. 3u5 1,59 549 ! Dec. W34 158 5542 ‘
Total 13,330 .75 9,948 | Total 10,836 T87 3,462 “x
Jan. 356 1.55 552 Jan. 326 1,59 518 i
Feb. T 381 1.48 °hl Feb. 366 1,45 531 |
March 472 1,41 666 March 429 1,35 579 |
April 804 1,01 812 April 535 1,17 €26 |
May _ 2,803 252 1,458 May 1552 .67 1,040
June 2.754 Lu8 1,322 June ,800 L 49 1,372
-19u5  July 1,732 .56 970 -1951 July ,397 .57 736
Aug. 1,071 1,05 1,125 Aug. 833 1.18 — 983
Sept. 394 1,38 SuY Sept. 452 T1.56 660
Oct. 524 1.63 854 oet.. 405 T.57 710
Nov. 465 1,51 702 tov. L6E 1,61 750
Dec. 359 1,47 528 Dec. 353 1.61 568
Total 12,115 .83 10,097 Total 9,934 .92 9,133
Jan. 38y 1,41 541 Jan. 593 1,28 759
Feb. 333 1,38 460 Fedb. 396 1,42 562
March 514 1,29 663 March 435 1,46 £35
April 1,016 .94 955 April 2,209 L84 1,688 | e ——
May 1,775 .53 941 May > P [
June 1,995 L 54 1,077 June 5,203 L 46 2,393 e ————
~1946  July 784 .82 643 -1952 July 1,590 .65 1,133 — ————
Aug. 567 1,50 850 Aug. 833 1.1R 983 [ —
Sept. 372 1.7 636 Sept. 596 1,43 852 - —_—
Oct. 419 1.6 679 Oct. 363 1,52 597 [ ——
! Tov. 492 1.3 684 Yov. H 296 1,64 6T —_ e —
Dec. 468 1,31 613 Dec. } L0 1.58 632 N
Total 9,119 .96 8,742 Total 18,10f .75 13,582
S |

>3




Histo:

rical

e —

Conceit=
tration

o
Flow ¥
Lear Month AFL) ./A.F.
Jan. 408 .
Feb. 378
YMarch 478
April 533
May 989
June 2,932
-1953 July 980
hug. 703
Sept. 290
Oct. 325
Hov. 478
Dec. 360
Total 8,804
Jan. 333
Feb. 353
March Lou
April [ 566
May 1,211
June 798
.1954  July 569
Aug. 3u9
Sept. 415
Oct. 526
Tov.
Dec.
Total
Jan.
Feb.
\ Marchn
| April | 621
May 1,515
\ June 1,596
-1955  July 618
Aug. 668
Sept. | 265
oct. | 236
Mov. | 298
t Dec. 354
\ Total 7,287

.
1/ Correlated.

T.D.S.

Table 12

Colorado River Basin

Flow and

Quality of Water Data

Colorado River near Grand Canyon, Arizona

Concern=
tration
2./A.F.)

Flow

(Tons)

526
—_— |
|\

568

628

823

543

w6l I

-
878 \
W76
929
u32
|
—se0 | —
538

1%,@3
14,622
10,836
| __9,934
38,106
14 8,80k
1954 6,300
1955 7,287
1956 18,173
1957 118,910
1958 \ 13,161

Present lodified |

Units - 1000

Tisgtorical

Concen=
T.D.S. Flow tration T.D- S. Flow
Tons ) Year  Month (£..F.) A.F.) {Tons)
Jan. 398 1/1.42 565
Feb. 310 1.30 403
March 511 1,21 618
April 878 .82 720
May 2,125 __ow9 1 oMl | o—
June 2,584 45 1,163
1956 July 598 .82 490 l
hug. 383 1.31 502
Sept. 185 1.58 292
Oct. 1.86 376

Hov.
Dec.
Total
i Jan.
| Feb.
e
| March
—_
i April
e}
| May
\ June
!-1957 July
\ Aug.
Sept.
Oct.
Tov.
Dec.
Total
Jan.
— -
Feb.
itarch
April | 1,580
\ tay 3,900
June 3,763
| l1gss  July o3
\ Aug. 337
Sept. 379
— Oct. 346
Mov. 385
! Dec. 388
Total 12,41
L___.___.ﬂ ———

Presant Modifiec
e —
Conceni=

Historic

Concen-
tration T.2.5. Tlow tration T.D.5.
(T./P.F.) (Tons) (T./5.F.) (Tons)

83
a6 8Tk ——
e LB | — T
3]
.87 __2;;%2\\,_._ _
.92 1
—2— —2“%1352\——' —
_1;3%__ _eb | —— ——
1.03 .EQE \
82 __,LHEL\____ —
_ .10 13,263 _ I
- ,:Lo..zaa\__,_ [

182 Q
ll

sk

Present

Concen=
tration

Todified




Table 13
Colorado River Basin
Flow and Quality of Water Data

Colorado River below Hoover Dam, Arizona-Nevada

Units - 1000
Historical Present Modified Historical Present Modified
Concen= Concen= 1 Concen~ Concen-
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
(Year Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons) [Yeaxr Month (A.F.) (T./A.F.) {Tons) (A.F.) (T./A.F.) (Tons
Jan. 589 1,08 636 Jan. % 0.90 886
Feb. 1.1 555 Feb. oL 80D
March %% 1.10 607
= = .
Y 1 1,08 __1,5%0
June 1,810 1,07 1,93
- 1941 July 51 1.060 1,00 = 1947
gus; 1,h26 .ZZ _:#
ept . 1 . L, 481
Oct. 1 &1 .95 1,559
g:v 1517 ? L6
c. 2,0 .85 L
Total ik, ég 99 1k, %72 Total
Jan. 2,011 .87 1,749
Feb. 1,550 89 1,380
March 1,425 93 1,325
April 1,301 95 1,235
May 1,343 Lol 1,263
June 1.56) 9% 1,457
-1942  July 1,285 .91 1,169 - 1948
Aug. 8Lé .92 778
m\‘-- _1.025 91 933 !
. 1,163 Lol 1,0
Nov 1,095 .93 _1"% 01
Dec. 1,157 .9 1,089
Total 15,762 .92 14,481 Total
Jan. 1,10 1.00 1,10
Feb. | B23 .99 1
March 7] 1.00 n
April 915 1.00 215
May 1,029 1,00 _ 1,020 1,020
June h_J.0b0 __1.QL. __1.05Q 986 .87 ¢
-1gh3  July T 1,000 .99 1,008 -ygng July || 2020 .8 897
Aug. I .ok .99 1,032 g, [“3062 B0 ___830
Sept. ||_l.042 __ .97 _L.QI0 Sept. {_ a4 _ .78 __ BN
oct. 11,079 .90 106l Oct. H_ 1,176 882
Nov. | Tia7e .86 _.Qb o e YA}
Dec. 1,277 86 1,008 Dec 1,238 .87 __L.OTT
Total 12,715 .96 12,203 Total 13,566 .83 11,250
Jan. 1 L88 1,147 Jan 1.277 8 1,060
Feb. 1,2%9 .97 1,?5%_ Feb. 1,132 81 Q1T
March 1,307 .96 1,25! March 1,246 8 1,099
April 1,170 97 1,135 April 1,089 926
May 1,216 .98 1,192 May 1,320 8l oLl
June 097 .95 1,042 June 960 [ 797
- 194 July o111 .93 033 -1950 July 82 N 176
Aug. L2011 gg — 1,13 Aug. 3 2 .82 %-:Z
Sept. 1,132 .89 2007 Sept. 82h . 21
Oct, ||~ 1,22 I7.ok 152 Oct. [___ B8 . 2 755
Nov. 1,1 17 Nov. |___ 815 . AT
Dec. 1,199 . L1127 Dec B51 .06 132 e —
Total 14, k27 Lok 13,607 Total 12,01 B 10,0 :
Jan. || 1,239 ____ . 1,152 Jan. 928 .87 80
Feb. 1,100 3 1,096 Feb. EE BT €5
March 1,250 _ & 1,200 March L91 163
April 1,042 3 990 April 796 93 740
May 1,068 __ 2 961 May 898 2 826
o guui; 1,01k 91 923 June €91 9. 629
- 1945 8 ~1g51 Jwy | 783 .92 _ 7120
Aug. 88 __Egg % Aug. .07 .93 . Ok
Sept. 869 2 782 Sept. %) A 780 ! R —
Oct. 1,080 p 9? Oct %6 .93 T03
Nov. 1,0h2 __J Nov. 818 .93 et ——
Dec. 1,062 é g% S Dec, B: 91 5%
Total 12,512 .92 11,512 Total 9,870 91 9,005
Jan. 1,116 .8 971 Jan. 1,070 .90 963
Feb. 1,0 . gh Feb. 1,212 .93 1,127 [ —
Merch 1,00 . March 1,371 oh 3280 | e —
April | A X:] 7% April 1,389 Ok T2 | o —
May pY 867 May 1,5%2 ol 1,440 ——t ————
June 31 2 June 1.4%2 .91 1,303 | — —— —
1946 July ZE% Tk 1952 July | l.ou __.9» 08| ——— ———— —
ag, s L9 683 Aug. 07 .79 0% | e ——— —
Sept. 759 __2[.91 6% Sept. 2,259 — .13 — R ——— T —
Oct. 857 ¢ oct. 1,201 69 8 | ——
Nov. 762 __& 69% Nov. 1,215 L6 - —
Dec 859 _ & T73%. Dec. 21,338 .88 LT | e ——— T
Total 10,605 91 9,6uk Total 15,816 .85 13,L01

25
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Table 13
Colorado River Basin
Flow and Quality of Water Data

Colorado River below Hoover Dam, Arizona-Nevada

Units - 1000
Historical Present Modified Historicel Present Modified
Concen= Concen- 1 Concen= Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tratfon T.D.S. Flow tration T.D.S.
[Year  Month A.F. T./A.F. Tons ) (AF.) (T./A.F.) (Tons [Year  Month (A.F.) (T./A.F.) (Tong) (a.F.) (T./A.F.) (Tons)
Jan. ) N Jan. 8 1.09 35
Fedb. 1 oE "'9121 L lh:é Feb. 222 1.10 51&2
March 1 oﬂé N 973 March 769 1.12 1
April ,5 13 April 840 1.1h 958
May j% 8; May 748 1,15 860
June 19 B% 7% June | 76h 1,17 917
I- 1953 July 97 . __&3 -1956 July f 782 __ 1,19 __?J,i_
hug, | 5 BT Aug. | 696 .17 1
Sept. %5 .86 B32 Sept. | 610 1.15 702
Tt _—go—a N: €0 Oct. — Loo .16 gs&
fov. T 7h9 ,1_6_ [N Nov. Eih 1.12
Dec. | E;LE s Dec. 1,10 50,
Total 11,302 .89 10,093 Total 7,812 1.14 5.9%
Jan. 836 .88 3 Jan. | Eﬁ 1.05 STL
Feb. | 721 = Z%a Feb. 70 1.0 508
March 91l ] March 729 1.11 820
April 975 :% 912 April || 80 1.09 970
May 1,101 593 1,02% May 760 __.1.07 823
June 9p9 -9 873 Jwe T BoE 106 18
- 1956 July  —— 72 K 65 -1957 Wy _%6_ _1.05 2
Aug. 9T 61 Aug. i 786 __ 1.03 10
Sept. .07 905 Sept. 785 1,02 8o1
Oct. 'né .94 729 Oct. 60% 1.02 L
o 516'13,] & a2 RO 5 2t 1oz
Co q1 719 Ce X . 2
Total 10,51k .o 9,013 Total 9,325 1.00 ~ 9,681
Jan. 125 78 Jan. 1,24 . 1,120
Feb, 705 '.:?';_ 1% Feb. BL6 g 795
varch | € L, 9 March 1,435 .90 __;,__%
gru % .1 979 Aygrn ][.1;}"‘ .gg 1,20
Yy |, 12 1,022 Y 1,115 .
June % 1,12 i June 1 Nl %O_
- 1955 July 8! _5111 1,11 ____% 1958 July ___9__8% .85 7
= 3 = o
Sept. 22 1,1 39 . [
Oct. Ezg 1,12 589 Oct. I%E 02 221
Nov 7 2 cho Nov. é .82 12
Dec. 492 1,09 556 Dec. 73 B3 725
Total 8,589 1.09 9,393 Total 11,877 .86 10,243
y Estimated from data taken near intake towers of Lake Mead.
2/ Average of adjacent values
Annual Summary
Historical Present Modifjed
Concen- Concen-
Flow tration T.D.S. Fliow tration T.D.S,
Year (A.F.) (T./#.F.)  (Toms) (A.F.) (T./A.F.) (Tons)
1941 1k,889 .99 14,6
1942 1§:E2 .92 15,5%
19u3 12,715 .% 12,203
10uu 14,427 .9l 13,607
4S | 12,512 .92 _M,512
1346 10,605 .91 9,6l
1947 10,959 9k 10,283
1ou8 | 33,061 _ .90 = _11L,73
1949 13,566 _ .83 11,250
1950 12,016 8 10,046
1951 9,870 .91 9,005
}2;5 15,816 .8 13,401
19 11,302 .8 10,093
1954 10,51 .9k 9,913
1955 25 1.09 9,393
195€ 1,812 1.1k 8,218
1357 9 323 _1.0!} 9,
1958 11,877 .86 10,243
Total | 215,605 200,058
Av:raze | 71,078 .93 1,1k
56




Table 14
Colorado River Basin
Flow and Quality of Water Data

Colorado River at Parker Dam, Arizona-California

o7

Units - 1000
historical Present Modified Historical Present Modified
Concene- Concen- Concen- Concen=
Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S. Flow tration T.D.S.
Year Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons) [Year Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons
Jan. 550 Jan. 253
Feb. Feb.
voren e 39
April g 0, T3k April |
May __&_ o 662 May gi 1.15 IE
1951 g:nle "ol __27__-25 E@ e ﬁ
-~195. 7 ¥ -195T7 July
ug. Qlgly R Aug.
gezt- 723 293 372 Sept. 2.3 T
ct. 09 Oct.
e | AR R e iﬂs
Total 8,671 Total 1,99
Jan. 1,20! 2,06 Jan. 1,285
Feb. | ’l'%l?_ Feb.
AN [P - B Ve Yeon 565
AMgril 1,300 .93 1,209 April {30333 B8 14T
Y 1.3 .93 _l..iﬁ_ May 1,013 . .9k _ 952
Jure 1,419 R 1 June __B5h  _ .86 T3
-1952 AJ“u‘lzy 3.263 ;é 1 -1958 iuly 930
. 1,296 L ug. 96T
Sept. || 1,321 g 1,;%5 Sept. nh  _ .8 58
Oct. ja.23b .76 93 Oct. 610
g:v. 1,172 K 2 Nov. 623 _ 18 536
c. .E 1, Dec. 753 __
Total 15 ,3:3 .68 3,570 Total 10,892
Jan. 1,198 Jan.
Feb. 1,020 Feb.
March March
April || 808 April
My fos3 .96 _ _9ls Hay
une 956 June
-1953  July || 1,003 N July
s |- —— — Sent
ept. Sept.
Qct. 63k - Oct.
Xov. |__ 527 Nov.
Dec. 634 Dec.
Total 10,659 Total
Jan.
Feb. 21
March g
April
zav 1,015 .93 obh
une 3
-1954  July 1,000
Aug,
Sept. Tob 291 686
Oct. 36 -
Nov. 38
Dec. 9
Total 9,67
Jan. T34
Feb.
March —526—732
April 58
My Ol _ T2 .00 863
June 866
=1955 July 963
Aug. 89
Sept. | ol
Oct. 1.1) 55k
Nov.
Dec.
Total 8,1
Jan.
Feb.
March 8
April
May 3:5% 1.15 T2
June
-1956 iuly 5
ug.
Sept. —éhi__a
?CY-- 1.20 583
Nov. 21
Dec. 288
LTotal 6,870




Table 15

Colorado River Basin

I: Flow and Quality of Water Data
Colorado River at Imperial Dam, Arizona-California

I - .mly

Units - 1000
Historical Present Modified
Concen~- Concen=
Flow tration T.D.S. Flow tration T.D.S.
[Year  Month (A.F.) (T./A.F.) (Tons) (A.F.) (T./A.F.) (Tons
Jan. $58
Feb. 498
March 635
April Tuy 1,13 BUL
May 606 1.13 685
June 702 1.03 723
- 1951 July 820 .98 804
Aug. 853 .99 [T
Sept. 97 . 683
Oct. 82 1. 702
Nov. 59 1. 626
Dec. 598 1,13 789
Total 8,052
Jan, f_1,058 1,11 1,174
Feb. 1,107 1,00 1,107
March 1,424 1,310
April 1,279 . 1,228
May 234 . 1,305
June N £ 96 1,257
-1952 July 1,1 .93 1,099
Aug. 1,178 3} 1,072
Sept. f 3,209 __ .89 _ 1,085
Oct. |} 1,240 .83 _ 1,029
Fovo Nl 3376 .87 _ 1,023
Dec. § 1,298 .83 _ 1,077
Total 14,820 .93 13,766
Jan.
Feb.
March
April
May
June
Aug.
Sept.
Oct.
Nov.
Dec.
Total
58




olot 5, ¢ A M £ - 11 6€€9 2ely SOl  9l8% G80€E €801 90¢l T830L
vt oLy 19 0oce A} 8oY SLL ¥6 6€l 9 €09 -qdag
ov 28Y ¥L 9t 29l 8Ly Z2 8ol 24! 44 2L ‘Bny
62 SYe 14 891 et Le syl G8 1481 oy ] A1np
S 599 28 $12 60€E +39 12 9Gl 22 221 8212 sunp
8ol 6621 031 olg 629 G621 6SY 282 655 G82 2e9¥ L8y
Lt 9oyl L6l oL S05 28El  GtS £te 6 vLL 1262 - ady
oel 8tG! G02 1.8 Ly sl ov9 £0¥ 28¥ €el - ssle - TBW
g2t rA: 141 681 8 6ty 6S¥L L6S €6€ oLy 61l 6vie ‘qad
it 82¢cl 2Ll 6cL Ly 2eel GES 0Le 747 ool 9l “usp
§— I8
86 181 4+ 169 ¥se 09ll 2Ly Lle 1L 98 26el "o3q
¥6 12t 1} 0€9 £€e gttl oLY S0€E e 88 98Pl " AON
€L €18 oct 96 Lie ¥.8 €l£ 0€e2 12 9. 22t *390
Ge6l 196€2  SvSe Lybll  ¥966 yoov2  22€8 6¥09 2996 ¥ese T®30L
8L €6 1 741 9tS ¥32 126 9.£ 1e2 Gle 08 cel -3dag
18 6€01 oel 295 217 #201 cov 9c2 G9e 8ol 2sLt -Sny
08t cvie L2 8901 168 2sle 2L 6t 0e6 14> R2ys Ltnp
16€ 414 62¢ os¥L Sloe £e6d el 1 744! 2l oLe! 0e0e2 aunp
1€€ 6.0V 8Se 1741 vi6l 660V ¥8eEL £eol 289l 299 oLLo!L Lo
€22 2992 Le uvt v.8 £92 Leot ¥89 =6 892 COSY - xdy
181 ot2e ¥.12 8621 8£9 1 r.7] ol6 ¥6S LiL o6l G60€ * T8
G8 9eol 144 62S €9€ 2eol 06€ 9L2 29¢ €6 8.9l ‘qad
28 6001 oct 80S GoEe . 600l 29¢ L2 y.£ 68 (2 71 -usp
) €e6l 183
98 {=]} oel 2ls eve LvOL eov 882 Ise 8L G2l - 29
£el 88G! G61 6.8 vis a8sl 619 (5154 7 €€S Gel Gl22 - AON
9ll 8l 6t 08L ey vl v.S ¥9€ St Ll 8681 490
(su03) Hmtsm 0 fos  foon  eN +  (®N) (3W) () _(-3:8) (S3°)
sSpT10O8 +t0DH 9pTI 918J ajvuo0q 3BW+B) UNTPOS UNEsS3U unygo a8a8vyosIp
paATOS8 1830L -OTud -Tng  -J801d  TBIO0L -3en -Ted usay
-81Q 7199J-9108 U] MOTJ SoW[]} UOTTITW Iod Ssjue[BATNDS uy S8peOT DTUOL
yel ‘Iealy usd1) e JIBATH ulain JO SpBOT JUaN3TISUO) PRATOBST( (832 3 d30X® — “mﬁ”nbv

9l 3Iqol

t

59

-y



i
+

Table 17
PROJECTS DEPLETING COLOFADC RIVER WATER

Increment No. 1
Storage Units of the Colorado River Storage Prcject

Depleticns

Storage unit

(Reservoir losses--ac.ft.)

Zien Cznvon 556,000
Flaming Gorge 56,000
Navajo 35,000
Curecanti 15,000
Subtotal 663,000
Depletions New irrig. land
Project and state (Acre-feet) (Acres)

Increment No. 2
Participating projects and other miscellanecus projects

Lyman, Wyoming 0 0
Silt, Colorado £,000 2,120
Paonia, Colorado 10,000 2,230
Emery County, Utah 17,000 770
Flerida, Colorado 14,000 5,730
Hamnond, New Mexico 9,000 3,000
Seedskadee, ‘lyoming 128,000 43,420
Smith Fork, Colcrado 6,000 1,420
Central Utah, Utah
Bonneville Unit 167,000 1/
Jensen Unit C o0
Upzalco ' 0 0
Vernal Unit 12,000 C
Denver, Colo. Springs, and Englewood
diversions, Colorado 131,000 i/
Ccllbran, Colorado 7,060 27,460
Potash Development, Utab 8,000 -~
Utah Constructicn Co., New Mexico 39,000 -
Utzh Power & Light Co., Wyoming 17,000 -
Subtotal 631,000 £1,150
Increment No. 3
San Juan-Chama and Navajo Indian Irrigation Projects
San Juan-Chama, Colorado-New Mexico 104,000 1/
Navaio Indian Irrigation, New lexico 2/259,000 110,000
Subtotal 363,000 110,000
ncrement lo. &
Fryinpoan-Arkansas Frolect
Fryingpan-Arkansas, Colorads 68,000 1/
Subtotal 66,070 -
Total (all devalopments) 1,725,000 171,150

1/ Transrourntain Diversion.
%/ Also includes uses by miscellaneous areas in San Juan

River Basin.
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Table 18

Summary of anticipated effects of additional developments on quality

of water at eleven stations

Units--1,000 except concentrations

Effects of developments - Tncrement No, 3

vIfects ol cevelopments -

Present modified Tffects of storage unit operations - Effects of developments - Increment No. 2 ] o
condition Increment No. 1 Zero pickup T.D.S. pickup at 2T/ A Zero pickup T.D.S. pickup at mmm} Zero pickup a.m.m pickup at mam.»
Concen- Flow Concen- T.D.S. Flow Concen- T.D.S. T.D.S. Concen- Flow Concen- T.D.S. T,L.S. Concen- Flow Concen- T.D.S. T.L.S - Concen-
tra- adjust- tra- adjust- adjust- tra- adjust- adjust- tra- adjust- tra- adjust- adjust- tra- adjust tra- adjust- !.C_.Emu tra-
Flow tion T.D.S. ment Flow tion ment T.D.S. ment Flow tion ment T.D.S. ment tion T.D.S. ment Flow tion ment T.D.S. ment tion T.D.S. ment Flow tion ment T.D.S. ment tion T.D.S.
Station (4F) (7/:F)  (T) (4F) (4F) (v/oF) (1) (1) (AF) (AF) _ (7/AF) (T) (1) () (/%) (1) (aF)  (aF)  (1/AF) (T) (T) (1) Gﬁ (1) (aF) (aF)  (1/aF) (T) (1) (T)  (1/aR) _ (T)
1 2 3 L 5 6 T 8 9 10 11 12 13 1L 15 16 17 18 19 20 21 22 23 2! 25 26 27 2 29 30 3 32
Green River near Seedskadee and Utah Power and Light T 3
Greendale, Utah 1,719 0.52 901 =57 898 -145 1,517 0.59 0 598 87 0.65 985 ,
Duchesne River near Central Utah - Bonneville Unit
Randlett, Utah 4hs 1.00 443 =167 278 159 28 115
Green River near Flaming Gorge Unit Seedskadee, Vernal Unit, Bonmeville Unit, and Utah Power & Light C
Ouray, Utah 4,333 0.53 2,302 =57 4,276 o.wm -3 2,299 -32! 3,952 0. T 0.60 2,35
Green River at F. Gorge Unit Seedskadee, Verpal Unit, Bonneville Unit, and Utah Power rmmalommmm&
Green River, Utah 4,380  0.62 2,698 -57 4,323 0.62 -3 2,695 |7 -3 3,999  0.87 =28 2,867 BT 0.65 2,1
-mwn Rafael River Emery County Project
near Green River, Utah 108 2.20 232 -17 91 2.60 0 232 2 2.60 23k
Colorado River near
Cameo, Colorado 2,735 0.57 1,567 -68 2,470 o 0.63 1,548
Gunnison River near Curecanti Unit
Grand Junction, Colorado 1,852 0.83 1,543 -2k 1,828 0.8k -8 1,235
Colorado River near Curecanti Unit an-Arkansas Project
- Cisco, Utah 5,151 0.86 4,411 -2k 5,127 0.86 -8 L,.403 -68 4,839 0.91 3 0 0.91 4,396
San Juan River near Navajo Unit 3an Juan-Chama and Navajo Indian Irrigation Projects
Archuleta, New Mexico 1,02k 0.21 213 -51 973 0.22 1 21k -612
San Juan River npear Eﬁk Hammond, Florida, and Utah Construction C
Bluff, Utah 1,819 0.56 1,016 =51 1,768 0.5 1 1,017 -62 1,7 0.60 [¢] 1,017 7 0.61 1,034 -363 1,237
Colorado River at Total - Increment No. 1 Total - Increment No. 2 Total - Increment No. &
lees Ferry, Arizona 11,801 0.75 8,89 -1,15h 10,737 0.76 -156 8,143 -631 10,106 0.80 L7 8,006 122 0.81 8,218 -363 9,743 g,u21 -68 9,675 o8B & B,075 0 0.8] 8,517
- Note.--Flow adjustment in column 5 includes the net effect of

water impoundment in the reservoirs as well as reservoir losses.
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Colorado River Basin

Flow and Quality of Water Records
1941—58

1940 1945 1950 1955 1960

Colorado River near Cameo, Colo.

Gunnison River near Grand Junction, Colo.

Colorado River near Cisco,Utah

Green River near Greendale, Utah

Duchesne River near Randlett, Utah

Green River near Ouray, Utah.

Green River at Green River, Utah

San Rafael River near Green River, Utah

-
\ |
% San Juan River near Archuleta, N. Mex.

San Juan River near Bluff, Utah

\
Colorado River ot Lees Ferry, Ariz.
Colorado River near Grand Canyon, Ariz.
Colorado River below Hoover Dam,Ariz-Nev.
Colorado River below Parker Dam, Ariz -Calif.

Colorado River at Imperial Dam, Ariz -Calif.

_ Sampled quality record
Measured flow record

1 Correlated quality record
— 1 Correlated flow record

1]

»* October 1945 to November 1954, adjusted quality and flow ‘record for station near Blanco.
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QUALITY OF WATER STUDY
COMPARISON OF QUALITY OF WATER
ABOVE AND BELOW LAKE MEAD
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AUGUST 3, 1962
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