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DISCLAIMER

These data are furnished by the government are accepted and used by
the recipient upon the express understanding that the United States
Government makes no warranties, express or implied, concerning the
accuracy, completeness, reliability, usability, or suitability for any
particular purpose of the information and data contained or furnished
herewith, and the United States shall be under no liability whatsover
to any person by reason of any use made thereof.

These data herein belong to the Government. Therefore, the recipient
further agrees not to assert any proprietary rights therein or to
represent this to anyone as ofther than Government data.
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UPPER COLORADO REGION

I. Introduction

The Colorado River Simulation System (CRSS) is a simulation model of the Colorado
River System and is designed to help project future conditions relating to both water
supply and water quality under varying assumptions and levels of development.
The CRSS consists of four major components: |

1. Hydrology Data Base

2. Demand Data Base

3. System logic model (CRSM)

4. TAPEDIT program (output utility)
Natural flow and salinity data provide the basis for hydrologic input to CRSM. This

volume documents these data which are pertinent to the Upper Basin.

II. Methods

The following section is a general discussion of the methods used to derive the
natural flows and the natural salt at various points in the Upper Colorado River

Basin. Details of these derivations will be handled in later sections.

The Upper Colorado River Basin was divided into 19 reaches which are listed in Table

1 and indicated in figure 1. Each reach is identified by the USGS station number at

its downstream boundary. Natural flow and salt were derived for each station for the l

Natural flows for each station were determined for the period 1906 to 1978. I'

period 1906 through 1978.

A. Natural Flow Derivations

This was done by adjusting historical flow data as collected by the USGS for consump- I
tive uses, reservoir regulation, exports from the basin, municipal and industrial

uses, incidental depletions (including stockpond evaporation, livestock use, fish and I

wildlife uses, etc.), and imports to the basin. Only six of the 19 USGS gaging
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stations have records back to 1906. A1l recorded flows were first adjusted to
natural flows and the remaining missing periods obtained directly by regression

analysis.

Further details of this analysis are discussed in Section III with details of natural
flow derivation for each station shown in Appendix A.

B. Natural Salt Derivations

The monthly natural salt load in units of 1000 tons was computed for the period

1906 to 1978 for the 19 stations above and including Lees Ferry, Arizona. This was
done by first plotting on log-log paper historic salt loads against recorded flows.

A curve of best fit in the form TDS=AQB was then determined for eéch month at each
station. On a log-log plot this curve is a straight 1ine with B equal to the slope
of the Tine and A equal to a constant. Theoretical values of TDS were determined
from the curves and compared to the recorded values. It was assumed that ifrigated
acreage could be used as an index of man-caused salinity and that most of the
deviation of the points from the best fif line could be accounted for by changes in

irrigated acreage from year to year.

These deviations (in terms of log cycles) were plotted against their fespective irri-
gated acreage and the deviation corresponding to zero irrigated acreage was then
determined by a projection of the resulting straight-line curve of best fit. These
values or "zero-acreage factors" were determined for each month at each station. They
were then plotted against time and were adjusted or smoothed by a corresponding curve

(generally a sine curve) of best fit determined by tqajl.'

Using these adjusted zero-areage factors, the zero-acreage curves of salt vs. flow
for each month could be determined: Natural TDS=A'QB, where A' equals the A constant

adjusted by the zero-acreage factor and B equals the slope (same as before). With
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these relationships it would have been possible to determine thé monthly and annual
natural salt loading, given the average monthly virgin flows. However, it was felt
that the relationships were not sttggg enough to do this with a high degree of
reliability and €hat the method would be better used to provide a way to distribute
an independent annual estimate of man-caused salt loading on a monthly basis. The

,
independent estimate used was that of Von Irons described in USGS Professional Paper

441.

Data presented in P.P. 441 include the 1914-57 average annual discharge adjusted to
1957 conditions and the natural annual salt load for 1957 conditions for various sub-
basins. The historic mean monthly values of runoff and salt load were determined for
these basins from the water supply records. A monthly distribution of the P.P. 441
discharge.data was then made using the monthly pattern of the historical record.
Using these monthly flows thus determined, a first estimate of monthly natural salt
Jjoading was made using the eguation TDS=A'QB as derived earlier. The monthly salt
values were further adjusted by a constant factor such that the sum or annual salt
Joad agreed with that in P.P. 441,

It was assumed that the nétura] salinity ]oad follows some kind of regular pattern

with time, so that adjusted monthly salt value were plotted versus their respective

‘months on arithmetic plot and a smoothed curve fit through the data such that month-

to-month variations were lessened while at the same time maintaining the annual total.

The zero acreage factors were recomputed and adjusted and the A' coefficient was
revised (Ag) so that the equations computed the monthly natural salinity as deter-
mined by the distribution of annual P.P. 441 flow values.

Equations were then developed for man-caused salinity, or the difference of histori-
cal and natural salinity, in terms of flow and irrigated acreage. With this, a

general equation for monthly salt loading was derived. As a check, the equations
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were used to reconstruct the historical salt flow using the historical runoff and

estimated annual irrigated acreage. Further details of natural salt derivation for
the data base are discussed in Sections III, IV and Appendix B.
ITI. Analyses
Development of the natural streamflow records and the natural salinity records for
the CRSS data base required the analysis of a considerable amount of data. The
following section is a discussion of these data and their analyses.

A. Streamflow

Six of the 19 stations used in the Upper Basin data base have historical
records back to 1906. These stations are Colorado River at Glenwood Springs,
Colorado; Gunnison River below Blue Mesa Dam, Colorado; Gunnison River at Crystal

Dam, Colorado, Colorado River near Cisco, Utah; Green River below Fontenelle Dam,

A}
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Wyoming; and Green River at Green River, Utah. Table 1 indicates the period of
record of historic flow used in data analysis at each station. To obtain natural
flows, the historic f]owi were adjusted by the following factors:

1. Consumptive use - Moﬁth]y crop consumptive use was calculated by the
Blaney-Criddle method. The Upper Colorado River Basin was broken into many small
areas and the consumptive use was calculated for each area based on crop distribution
patterns, growing seasons, and climate from 1906 to 1978. Consumptive use values for
all areas within a reach were added to arrive at a monthly total consumptive use
'value for the reach.

2. Reservoir regulation - Reservoir regulation was analyzed in three parts; monthly
change in surface storage, monthly change in bénk storage and evaporation. The
monthly change in surface storage was calculated by subtracting the previous month's
_l' contents from the current month's (the month being evaluted) content. The monthly

' change in bank storage was‘assumed to be 10 percent of the change in surface storage.
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Evaporation was computed by multiplying the monthly average water surface area for
each reservoir by their respective monthly rate of evaporation. For some small
reservoirs the evaporation was assumed to be neg]igib]é. The changes in surface
storage, bank storage and evaporation were added algebraically for each reservoir on
a monthly basis. Monthly reservoir regulation values for all reservoirs in a reach
were then totaled to compute the reservoir regulation factor for the reach.
3. Exports - Monthly flows for out-of-basin exports were obtained from the U.S.
Geological Survey and irrigation districts. the export factor of a reach is the
monthly sum of all export flows out of the reach.
4. Municipal and Industrial Use - MUnicipal and Industrial or M&I use was determined
from tabulated values of annual consumptive powerplant uses. The monthly values were
calculated by dividing the annual values by twelve. Refinements afe being investi-
gated that would more realistically relate the monthly values to actual use patterns.
5. Imports - Monthly flows for into-basin imports were obtained from the U.S.
Geological Survey and irrigation districts. The import factor of a reach is the
monthly sum of all import flows into the reach.
6. Incidental depletions - Incidental depletions or miscellaneous adjustments

account for such uses as stock pond evaporation, fish and wildlife uses, etc.

Generally, only annual totals were estimated with monthly values being determined by
a fixed percentage distribution. Not everyone of the above factors were used in the I'
streamflow adjustments of each station. The specific adjustment factors used at each '
station are shown in Appendix A._ S
T ed, o
/ / '“‘"'-7‘01.}‘! ¢ l
B. Salinity

Considerable analysis was required to determine the natural salt load at each l

station. The general equation used to model natural salt load is:
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DS = AOQB
where TDS = Total dissolved solids (1,000 tons)
Ao = Zero acreage factor
Q = Natural f]ow'(l,OOO acre-feet)
B = Slope of best fit line on a log-log plot of historical

salt Toad versus historical. flow.
As explained in II-B above, the relationship was -developed for each station by
determining the equation coefficients A0 and B. A0 was computed as described in IT-B
and its was‘assumed that the B coefficient has the same value for both historical and

natural salt-flow relationships. The equation coefficients used at each station are

shown in Appendix B.

IV. Synthesis of Data Base

When the analyses as discussed above was complete, a data base of natural streamflow
and natural salt loads was synthesized as explained in the following discussion.

A. Natural Streamflow

Natural streamflow was determined at each station for the respective period of

record by the following equation.

Natural streamflow = HF+CU+REG+EX+INCHMI-IM

where: HF = Historical or recorded flow

cu

Consumptive use of plants

REG = Reservoir regulation (changes in surface and bank storage and
evaporation)

EX = Transmountain exports out of the drainage area

INC = Incidental depletions including evaporation from stockponds, livestock
use, fish and wildlife uses, etc.

MI = Municipal and industrial depletions

IM = Transmountain imports into the drainage area
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A system of computer programs and files were used to calculate the natural flow. Il
Although the equation as shown above for the computations of natural flow and, hence,

the mathematics for the programs are simple, the number of computations made is extrell
mely large. A separate program was used to determine natural flow for each station. '
Although they are all similar, each program was designed specifically for its respec-

tive reach and the terms of the equation or factors needed for that reach. The indi-ll

vidual items used to determine each factor for each station are shown in Appendixﬁéi
[ g

Data pertinent to the computer programs and files are given in Appendix C. ‘”‘fl|
Natural flow was computed at each station for its respective period of record and II
then extended by multiple regression analyses to the 1906-1978 period of record. |l

Table 2 indicates those stations or records used in the correlations and the correla-
tion coefficient for each analysis. The regression equations for each station for I'

the respective periods of correlation are also shown in Appendix A. Natural

streamflows for each station are shown in Appendix D.

B. Natural Salt

Natural salt ldad or total dissolved solids in 1000 tons were computed from
1906 to 1978 for the 19 Upper Basin stations. These data are shown in Appendix D.
As indicated earlier, the natural salt load was computed using the equation
TDS=AOQB. OdE the A and B coefficients were determined for each month at each sta-
tion, the monthly natural salt loads were computed by using the natural flows deter-

mined by the water budgets and correlations.

-
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TABLE 1 - Stations for Natural Flow and

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Natural Salinity, Upper Colorado River Basin

Station Number

090725
090955
091246
091278
091525
091800
091805
092112
092170
092345
092510
092600
093020
093065
093150
093285
093555
093795
093800

Station Name

Colorado River at Glenwood Spring, Colo.
Colorado River near Cameo, Coloa
Gunnison River bﬁigé—sfﬁéﬁqué‘ﬁza, Colo.
Gunnison River at Crystal Dam, Colo.
Gunnison River near Grand Junction. Colo.
Dolores River near Cisco, Utah

Colorado River near Cisco, Utah

Green River below Fontenelle Dam, Wyoming
Green River near Green River, Wyoming
Green River near Greendale, Utah

Yampa River near Maybell, Colo.

Little Snake River near Lily, Colo.
Duchesne River near Randlett, Utah

White River near Watson, Utah

Green River at Green River, Utah

San Rafael River near Green River, Utah

- San Juan River near Arcbglﬁta, N.M.

San_Juan River near Bluff, Utah

Colorado River at Lees Ferry, Arizona

Records

1906-78
1934-78
1906-78 __
1906-78 —
1917-78"
1937-78
1906-78
1906-78 —
1952-78 -
1915-45
1951-78
1917-78
1921-78
1943-78
1924-78
1906-78
1941-78
1910-18
1928-78
1907-10
1915-78

1912-78
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APPENDIX A

Natural Flow Computation Adjustment Factors
Regresssion Equations used for Data Extensions
Consumptive Use Study
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ASSIGNMENT FACTORS FOR INDIVIDUAL STATIONS

090725 Colorado River at Glenwood Springs, Colorado

Reservoir Regulation Consumptive Use for Irrigation
Shadow Mountain Lake

Lake Granby

Willow Creek Reservoir

William Fork Reservoir Incidental Losses

Dillon Reservoir

Green Mountain Reservoir

Homestake Lake

Trans basin Diversion - Exports
Grand River Ditch
Eureka Ditch

Alva Adams Tunnel
Berthoud Pass Ditch —
Jones Pass Tunnel
Moffat Tunnel

West Hoosier Ditch
East Hoosier Ditch
Hoosier Pass Tunnel
Boreas Pass Ditch
Vidler Tunnel
Freemont Pass Ditch
Roberts Tunnel
Columbine Ditch

Ewing Ditch

Wurtz Ditch

Homestake Tunnel

090955 Colorado River near Cameo, Colorado

Reservoir Regulation
Reudi Reservoir

Trans basin Diversions - Exports
Twin Lakes Tunnel

Boustead Tunnel

B. Ivanhoe Tunnel

Trans basin Imports
Highland Feeder

Consumptive Use for Irrigation

Incidental losses

(Glenwood Springs Adjustments)




091246 Gunnison River betow Blue Mesa Dam, Colorado
© o CdesT ABoNVE CAKE S

Reservoir Regulation

Taylor Park ;757

!
P—&&n—ﬁ.a J ‘Lg o i
S+3ver—dack o don't 110

Blue Mesa- E;mA_uf¢5 o
-Morrow Point

Fruattgrowers

Trans basin Diversion - Exports

Larkspur Ditch

Tarbell Ditch

Tabor Ditch
——Highland-Feeder- -

Consumptive Use for Irrigation

Incidental Losses

091278 Gunnison River at Crystal Dam site

Reservoir Regulation
Taylor Park

Paonia—

$ilver Jdack

Blue Mesa

Morrow Point

Fruttgrowers

Trans basin Diversions - Exports
Larkspur Ditch

Tarbell Ditch

Tabor Ditch

‘Hightand-feedar

Consumptive Use for Ifrigation

Incidental Losses

091525 Gunnison River near Grand Junction, Colorado

Reservoir Regulation
Taylor Park

Paonia

Silver Jack

Blue Mesa

Morrow Point
Fruitgrowers

Crystal

Trans basin Diversions - Exports
Larkspur Ditch

Tarbell Ditch

Tabor Ditch

Highland Feeder

Consumptive Use for Irrigation

Incidental Losses

voludl -

-.---------ﬁ‘
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091800 Dolores River near Cisco, Utah

Trans basin Diversions - Exports
SICD Diversions
MVIC Diversions

Consumptive Use for Irrigation

Incidental Adjustments

091805 Colorado River near Cisco, Utah

Reservoir Regulation
Vega Reservoir

Trans basin Diversions - Exports
SICD Diversions
MVIC Diversions

Consumptive Use for Irrigation

Incidental Adjustments

(Colorado River at Cameo adjustments)

(Gunnison River near Grand Junction adjustments)

092112 Green River at Fontenelle Dam; Wyoming

Reservoir Regulation
Fontenelle Reservoir

Consumptive Use for Irrigation

Incidental Losses

092170 Green River near Green River, Wyoming

Reservoir Regulation
Fontenelle Reservoir

M&] Uses
Juan Bridge Powerplant

Consumptive Use for Irrigation

Incidental Losses




092345 Green River near Greendale, Utah

Reservoir Regulation
Meeks Cabin Reservoir
Flaming Gorge Reservoir
Naughton Reservoir

M&I Uses
Naughton Powerplant

Consumptive Use for Irrigation

Misc. Adjustments

Green River near Green River, Wyoming adjustments

092510 Yampa River near Maybell, Colorado

M&I Uses
Hayden Powerplant

Consumptive Use for Irrigation

Incidental Losses

092600 Little Snake River near Lily, Colorado

Additional work remains to be done to derive satisfactory natural streamflows
and natural salt at this station. The data presently (May 1983) in the data
base were derived as follows:

1906 through 1974 period - Streamflow

Historic flow 1921-1974 416.6

Consumptive use above station

estimated as 29% of all above

Yampa River at confluence : 24.0
Approximate natural flow 440.6
Natural flow in reach above Green River, Utah 861

(based on 5/26/78 computations - since revised)

Ratio for natural flow in Little §ghke near Lily
441/861 = 0.512

1975-1978 period
Historic flow used without adjustment

1906-1974 period - Salt

conductivity at Lily 1968-75 225 micromhos
conversion to mg/1 (1974) 0.63

mg/1 = 0.63 x 225 = 142 mg/1

. Ny



092600 (cont'd)
Historic Tons 1968-74 at Lily

Approximate Historic Tons in reach above G n Ri
NBZural Tons 1968-74 ve Green River,

Ratio Lily to reach above G Ri 1/
067884 = 0.1% ve Green River, Utah

1675-78 period
Historic tons used without adjustment -

1/ Based on computations of 5/26/78 since revised.
093020 Duchesne River near Randlett, Utah

Reservoir Requlation
Strawberry Reservoir
Moon Lake Reservoir
Starvation Reservoir

Trans basin Diversion - Exports
Duchesne Tunnel

Strawberry Tunnel

Willow Creek Ditch

Hobble Creek Ditch

Consumptive Use for Irrigation

Incidental Losses

093065 White River near Watson, Utah

Consumptive Use for Irrigation

. N\

Incidental Losses

093150 Green River near Green River, Utah

Reservoir Requlation
Steinaker Reservoir
Scofield Reservoir

Trans basin Diversions - Export
Fairview Tunnel

M&I Uses
Carbon Powerplant

Consumptive Use for Irrigation

. (Green River near Greendale, Utah adjustments)

Misc. adjustments

Historic flow 1968-74 = 495 TAF
Historic tons at Lily (142:735)495 = 9 TTons

1975 level man-made tons 1968-74 229 TTons
Approximate historic tons 884 TTons



093285 San Rafael River near Green River, Utah

Reservoir Regulation
Joes Valley

Trans basin Diversions - Export
Ephraim Tunnel
Spring City Tunnel
Candland Ditch
Horseshoe Tunnel
Larson Tunnel

Coal Fork Tunnel
Twin Creek Tunnel
Black Canyon Ditch
Cedar Creek Tunnel
Reeder Ditch

J. August Ditch
Madsen Ditch

M&I Uses
Huntington Powerplant

Consumptive Use for Irrigation

Incidental Losses

093555 San Juan River near Archuleta, New Mexico

Reservoir Regulation
Vallecito Reservoir
Navajo Reservoir

Trans basin Diversion

Treasure Pass Ditch

Piedra Pass Ditch (Den 22 Forvhy
Squaw Pass Ditch [ woivwwe ceee <.
Fuchs Ditch (Pt o 00T
Raber-Lohr Ditch (Wwésa 7 ety
San Juan Chama (£zovsi TINL T

_Consumptive Use for Irrigation

Incidental Losses

093795 San Juan River near Bluff, Utah

Reservoir Regulation
Lemon Reservoir
Jackson Gulch Reservoir

Trans basin Imports
Montezuma Irrigation District
Summit Irrigation District

M&I Uses
Four Corners Powerplant

Consumptive Use for Irrigation

Misc. Adjustments



093800 Colorado River at Lees Ferry, Arizona

Reservoir Requlation
Lake Powell

M&I Uses

Cameo Powerplant

Nucla Powerplant
Navajo Powerplant -

Consumptive Use for Irrigation

Misc. Adjustments

(Colorado River at Cisco, Utah Adjustments)

(Green River near Green River, Utah Adjustments)

(San Rafael River Adjustments)

(San Juan River near Bluff, Utah Adjustments)




- CORRELATION EQUATIONS: Independent Variables are listed in order - in Table 2z

09 0955 Colorado River near Cameo Colorado:

1906-1933 y=1.36768 x7 + 0.0851343 xp + 5.676520

09 1525 Gunnison River near Grand Junction, Colorado:

1906-1916 y=0.489783 x1 - 0.455222 x5 - 1.441157

09 18090 Dolores River near Cisco, Utah:

1906-1912 y=

1913-1936 y=0.0716506 x1 + 0.376460 x» - 0.799753 x3 - 8.691399
09 2170 Green River near Green River, Wyoming: :

1946 y=0.441965 x7 + 0.396892 x» 0.159542 x; + 0.005155
1947-1951 y=0.539394 x1 + 0.144419 x5 0.0801881 3 0.225409 x4 0.125571
1907-1914 y=0.619664 x; + 0.255285 x» 0.099028

09 2345 Green River near Greendale, Utah

1906-1914 y=0.404193 x1 - 1.03094 xo + 4.211779

1915-1928 y=0.955703 x7 + 0.161188 x» - 1.00553 x3 - 8.261191
1929-1950 y=0.920195 x1 + 0.140735 x» - 0.896382 x3 + 1.76910 x4 - 9.004250
09 2510 Yampa River near Maybell, Colorado:

1906-1917 y=0.110316 x3 + 0.138665 x» - 21.251103

09 3020  Duchesne River near Randlett, Utah:

1906-1942 y=0.821670 x1 0.082461 xp + 0.241304 x3 + 0.193364

09 3065 White River near Watson, Utah:

1906-1923 y=0.0408469 x1 + 0.0129857 x» + 0.0203325 x3 + 12.487709
09 3285 San Rafael River near Green River, Utah

1906-1909 y=0.0389775 x1 - 1.842472

1919-1921 y=1.53609 x3 + 0.873910 x» + 0.00547026 x3 + 0.908203
1922-1927 &

1933-1945 y=1.14135 x1 + 0.712769 x» + 0.00839308 x3 + 0.276133
1928-1932 y=1.74556 x7 + 0.0130105 xp - 2.102451]

09 3800 Colorado River at Lees Ferry, Arizona:

1906-1911 y=

09 3555 San Juan River near Archuleta

1906 y=21.1286 x1 + 0.0446354 x» 7.739882

1907 y=0.419108 x7 + 0.0261598 x» - 0.837487 x3 - 7.284336
1910 y=2.01318 x7 0.0383715 x» 0.824476

1911-1912 y=1.16756 x7 + 0.437488 x» + 0.0024429 x3 + 0.577535
1913-1927 y=1.]4776 x] - 0.0999249 x, + 0.156055

09 3795 San Juan River at Bluff:

1906 y=27.5720 x1 + 0.105552 x» 25.5545906

1907 y=1.02634 x7 - 0.0388708 X2 - 0.372043 x3 0.013137
1908-1909 y=1.36890 x7 + 0.0708512 x» - 0.0488247 x3 16.955891
1910 ¥=3.32065 x7 - 0.0777701 x, + 20.668927

1911-1912 y=1.42872 x1 + 1.23598 xp 0.0307399 x3 17.706602
1913-1914 ¥=0.941817 x; + 0.0156674 x2 0.005960

. - .
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UNITED STATES GOVERNMENT
Memorandum

Chief, Water Resources Branch DATE: May 16, 1978
Head, Special Studies Section

John E. Redlinger

Upper Colorado Consumptive Use Study for the Colorado River
Simulation System Data Base

One of the major sources of stream depletion in the Upper Colorado River Basin
is the consumptive use of water by irrigated crops. Consumptive use or evapo-
transpiration is defined as the sum of thé volumes of water used by the
vegetative growth of a given area in transpiration or building of plant tissue
and that evaporated from adjacent soil, snow, or intercepted precipitation on
the area in any specified time. If the unit of time is small, such as a week
or a month, the consumptive use rate is expressed in acre-inches per acre or .
depth in inches; whereas, if the unit of time is large such as crop growing P
season or a l2-month period the consumptive use rate is usually expressed as
acre-foot per acre or depth in feet. The sources of water to supply consumptive
use are precipitation, surface, and ground water.

The purpose of this phase of the study was to determine the net man-caused monthly
consumptive use by irrigated areas and other related developments during the
time 1906-1974. This was assumed to be equal to the total consumptive use of
irrigated crops minus the consumptive use which could normally be expected under R
natural conditions. .

Numerous problems were encountered in developing the methodology. . Initially the
various methods used to compute consumptive use were surveyed. These include i
the Lowey Johnson method (1940), Jensen-Haise (1963), Blaney Criddle (1962). ’
Also investigated were the Erickson studies (1938-41), the ASCE Bulletin,
"Consumptive Use of Water and Irrigation Water Requirements, and the Soil
Conservation Service's Technical Release No. 21 Irrigation Water Requirements,"
etc. -

The primary factors considered were the availability of required data, the esta-
blished acceptance of the final results, and the amount of expertise judgment
required to interpret and adjust the variables.

e peeie ncwwoee tan e ceage s

Using these criteria the Blaney Criddle method, as modified in the Soil Conserva-
tion Service's Technical Release No. 21, was adopted. This expresses the consump-
tive use as 'a function of temperature,.crop éoefficient, and monthly percent of

daylight.

LTP)

S e Yy e s g

c.u. — Consumptive use in inches, for the growing season

eseras 4
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Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan

e v pie



- CEAEY Sl . e el Stk LT
R T LAy NN N e e R T PE TR SR PTG S L0 2i.m Tvces a A\

gy ey

T = Mean monthly temperature in degrees fahrenheit

P = Monthly percentage of daylight hours in the year :
K = Crop coefficient, which reflects the growth stage ;
Temperature

Temperature data was collected from all weather stations in and around the

Upper Colorado River Basin. These were inspected for length of record and appli-
cability to the local irrigated areas. Forty stations were selected for use.
However, in most cases these stations were still not in the most representative
location. A monthly temperature correction of & degrees per 1,000 feet difference
in elevation was generally applied to more closely approximate the temperature -
conditions of the irrigated areas. P

Daylight Percentages Lol

- arm v

The monthly daylight percentage values, which vary depending on the latitude,
were obtained from tables in the technical release. These percentages were
linearly adjusted for the short months falling at the ends of the growing season.

Crop Coefficients

Values for K, a coefficient reflecting the growth stage of a particular crop,
were obtained from the curves supplied in the publication. Local irrigated crop
percentages were estimated using county census data.

O TRL T TR LT PNTIV I SRR

Due to handling problems associated with the large amount of data, the number of
crops considered was limited to 10. They were alfalfa, pasture grass, spring
grain, potatoes, small vegetables, spring wheat, corn, dry beans, orchard without
cover, and sugar beets.

Effective Rainfall

Effective rainfall is defined as precipitation occurring during the growing season
that is available to meet the consumptive water requirements. It does not in-
clude such precipitation as is lost to deep percolation below the root zone nor -
to surface runoff.

Since most of the irrigated crops are located in arid to semi-arid valley areas,
which produce little actual runoff, the consumptive use of the displaced natural
vegetation was assumed to be equal to the effective rainfall. Therefore, the
consumptive use actually caused by irrigation was considered equal to the crop
consumptive use minus the effective precipitation.

The effective precipitation was determined using formulas provided in the
SCS TR 21 manual and assuming a 3-inch net depth of application.

Growing Season

The growing season limits, except for alfalfa, grass, and grain, agree with the
limits recommended from the SCS manual. -

B e S aisand canle o A8
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The growing season for small grain was started at 50° rather than the recom- v
mended 45° producing average consumptive use estimates more in line with the ¢
1965 Type I figures. The small grain growing season was ended at the recom-
mended 32° frost.

Alfalfa and grass were initially started at the recommended 50° and 45°
temperature dates. However, these starting temperatures were adjusted so that
the average consumptive use estimates were in general agreement with the 65
Type I and 48 Report estimates.

The end of the growing season for both crops was set at the recommended SCS
values.

Frost Data

Since, in most cases, only limited frost data existed, mean frost temperatures
were calculated and used as limits for those years of either nonexisting or non-
computer recorded data. These temperatures were sometimes altered if the average
consumptive use rate or the average growing season length was not in general i
agreement with the 48 and 65 reports. b

The following limits fot growing season were used:

Planting date Maturing date Growing
(mean (mean season
Crop temperature) temperature) (days)
Alfalfa - 50° or 28° frost 28°-frost Variable
Grasses 45o or 28° frost 452 Variable
Orchards 50 45 Variable
Beans, dry 602 322-frost 90-100
Corn .55o ' 32°-frost 140-max
Grain, spring 50o 32°-frost 130-max
Potatoes 60° 32°-frost 130-max
Sugar beets 28°-frost 28 -frost 180-max
Wheat, spring 450 o 90-max
Vegetables, small 60 32"-frost 120-max

Short Growing Seasons

Much of the farmland in the Upper Colorado River Basin is dependent upon the
high spring streamflow for its irrigation water. These areas which produce
primarily grass, hay, and alfalfa, have a limited momentary water supply which
dictates a shorter growing season. As expected, this shortened season will
vary considerably throughout the basin depending upon the local irrigation
practices and streamflow conditioms. Both the Engineering Advisory Committee's
Report in 1948 and the 1965 Type I study addressed this irrigation character-
istic in their estimates of consumptive use. Their primary means for estimating
the short supply crop's consumptive use was to establish a cutoff date which

would prematurely end the growing season two to three weeks after the estimated
date of final irrigation.
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Using these two reports as a guide, this study attempted to consider the yearly
fluctuation in local streamflow for determining the length of the short growing
season.

The annual streamflow values were rated in order of magnitude from 1.2 to 0.5,
with 1.0 representing the mean. It was assumed that in general the irrigation
efficiency during high streamflow years would be less than that found during

low flow years. This characteristic was taken into account by disproportionately
emphasizing the lower rating values.

The average short growing season length, based on estimates from the '48 and '65
reports, was then adjusted yearly by the streamflow rating. '

As the census data did not provide estimates of short supply irrigated crops,
it was necessary to divide the grass and alfalfa acreages into short and full
supply crops. The percentages used were again based primarily on the '48 and
'65 reports.

Incidental Losses

The total depletion attributed to irrigation includes not only the direct use
from irrigated crops but also other uses incidental to the irrigated crops,
seeped areas, and phreatophytes. These losses, which were estimated in the
'65 Type I study, were assumed to vary directly with irrigated acreage. The
'65 depletions were used to estimate yearly incidental losses by comparing the
yearly acreage to that of 1965.

Winter Carryover

During the winter, when the perenmnial crops are dormant, water is stored in the
soil within the root zone. This water is then available for consumptive use
needs in the spring and is an indication of natural use which would exist, re-
gardless of irrigation.

A brief analysis of this water supply was made to determine its magnitude in
relation to the overall consumptive use requirements. It was assumed that the
upper mountain valleys, possessing the greater winter precipitation, were the
most critical. The net consumptive use of pasture grass was calculated using
average temperature and precipitation data for the months September through May.

Resulting from investigating 16 upper elevation irrigated areas yielded only 3
stations which produced more effective precipitation than consumptive use. These
were areas around Frazer (1.18 in/acre), Steamboat (3.61 in/acre), and Aspen
(3.07 in/acre). :

For the purpose of this study the affects of winter carryover were considered
negligable and no attempt was made to further evaluate its effects.

Groundwater

Groundwater is a natural water supply and in areas where it is available to
vegetation it will increase the amount of natural use. However, little

IR n A . . . ‘. v .
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data exists for estimating how much and .on which areas groundwater would be e
naturally used. The ability to estimate the amount of groundwater use was bl
considered beyond the scope of this analysis.

Data Considered

The irrigated acreage was arrived at through considering estimates from several 8 k
sources. These include: 3

State engineer reports, census data, the 1948 Engineering Advisory
Commission's Report, 1965 Type I Study, 1948 Colorado River Storage
Project's estimates, 1937 Jacobs-Stevens "Surplus Waters of the s
Colorado River System," report, 1946 Bureau of Reclamation Colorado ‘ Bl
River Comprehensive Development report, State Agricultural Statistiecs, P
Colorado Water Comservation Board reports, Colorado Needs Inventory
reports and others.

Because of the inconsistencies involved in comparing the reports, primary em-
phasis was given to the census data, the '48 Engineering Advisory's report and
the '65 Type I study. Curves were drawn and adjusted to estimate the acreage
between census years and reflect the '48 and '65 estimates.

Drainage Areas

To analyze irrigation depletions in detail, the Upper Colorado River Basin
was broken down as shown below. The major drainage areas were defined by the
12 stream guage locations, then each basin was subdivided based on the
irrigation characteristics and available data.

Irrigated Acreage in Upper Colorado River Basin above Lee Ferry
I. Colorado River above Glenwood Springs

A. Muddy River

B. Blue River

C. Eagle River

D. Frazier River

E. Intervening areas

II. Colorado River above Cameo——below Glenwood Springs

A. Roaring Forks River
B. Intervening areas

III. Gunnison River

A. Lower Uncompahgre below Ouray County line
B. TUpper Uncompahgre—Ouray County

C. TUpper Gunnison above Gunnison County line
D. North and Smith Forks

E. Intervening areas

= ===
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IV. Colorado River, above Cisco--below Cameo, not including the Gunnison

A. Plateau Creek
B. Dolores River
C. Grand Valley and intervening areas

V. Green River above Green River, Wyoming

A. Above Fontenelle
B. Big Sandy

VI. Green River above Linwood-—-below Green River, Wyoming

A. Henrys Fork
B. Blacks Fork

VII. Duchesne River above Randlett

A. TUpper Benches
B. Lower Valleys

VIII. Green River above Green River, Utah, below Linwood, not including Duchesne

A. Yampa River
B. White River
C. Price River
D. 1Intervening areas

IX. San Rafael River
X. San Juan above Archuletta

A. Pine River
B. 1Intervening areas

XI. San Juan above Bluff, below Archuletta
A. McElmo Creek

B. Animas River
C. Intervening areas

XII. Colorado River above Lee Ferry--below Cisco, not including the San Juan,

Green, or San Rafael Rivers

The input and output of .a typical run are included. Also included is a copy of

the program used in this study.

Enclosures 6
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APPENDIX B
NATURAL SALT DERIVATION DISCUSSION AND EXAMPLE



DEVELOPING MONTHLY STREAMFLOW-SALT LOADING RELATIONSHIPS

1.. Plot monthly TDS, 1000 tons (Y) against monthly runoff, 1000 AF (X) on log-
log plot. Use a homogeneous period of time, e.g. period of no significant
upstreém storage, exclude early historical data.
2. Compute best fit power curve

TDS=A(Q)B
3. Compute monthly TDS from equation and compare with recorded TDS. Determine

difference, Del, in terms of log cycles rather than absolute.

4. Assume that irrigated acreage can be used as an index of man-caused salinity

and that most of the deviation of the points from the best fit line can be
accounted for by changes in irrigated acreage from year to year. Plot each Del
(Y) agaihst the estimate of irrigated acreage from that particular year (x) on N
arithmetic plot. Include early historical data if available. (Using same-year
irrigated acreage data isn't logical for correlations with the early months of
thé year. However, year-to-year changes of irrigated acreage are small, so the
error is negligible).
5. Compute best fit straight 1ine curve of above

Del=2gp + 27 (Acreage)
6. Determine zero-acreage factor, which is log-l (20). If factor turns out to
be greater than 1.0, use 1.0.
7. Plot the zero acreage factors (Y) against the month of the year (X) on
arithmetic plot. Points will usually fall into a rough sinusoidal pattern with
a log around August and a high around Feburary.
8. Compute the 12 month average zero acreage factor.
9. By trial determine the best fit sine curve

y=a Sin (b x + ¢)

where
y=+ distance about the mean
x=month of the year from 1 to 12

a,b,c,=Constants to be determined

&

-\k,



If a relationship other than a sine curve is apparent, use it. If there is con-
siderable scatter and no pattern evident, use the mean as the best fit curve.
Note: The curve should never have a value greater than one.
10. Use the curve derived above to compute new monthly zero acreage factors,
hereafter called adjusted zero acreage factors. (It is recognized that there
couid be considerable error in any of the originally computed zero acreage fac-
tors. The Tast few steps are an attempt to make the computer month-to-month
values of man-made salinity more consistent and, hopefully, make them more
correct.) If the computations have been made correctly, the average of the
adjusted zero-acreage factors should equal the average of the original zero
acreage factors.
11. Determine zero-acreage curves of salt vs. flow for each month and plot on
original plots.

Natural TDS = AlQB

where

Al = (A) (Adjusted zero-acreage factor)

B = Same as before
12. Theoretically, it should now be possible to compute the average annual
natural salt loading if the average monthly virgin flows were known. However,
the relationships are not strong enough to provide this value with any
reliability.
The major use of the procedure described above is that it provides a mechanism
for distributing an independent estimate of man-caused salt loading on a monthly

and yearly basis. Such an independent estimate is that of Von Irons in P.P. 441].

)



SALINITY-RUNOFF RELATIONSHIPS USING THE
VON IRONS ESTIMATES OF NATURAL SALINITY

1. In P.P. 441 there are given for various basins: (1) the 1914-57 average
annual discharge, adjusted to 1957 conditions, (2) the natural salt load for
1957 conditions. Extract these data for the basin under study. These data will
hereafter be called ¥I data.
2. Go to the records for that basin and determine the mean monthly values of
runoff and salt load for the period of record. These data will hereafter be
called historical data.
3. Distribute the VI average annual flow according to the monthly pattern of
the historical avefage flow.
4. Make the first estimate of monthly natural salt loading by entering the
monthly equations )

TDS, natural = AlQB
WITH THE VI monthly flows derived in Step 3.
5. Adjust the above monthly values by a constant factor so that the total
agrees with the VI values of average annual natural salt loading.
6. Plot the adjusted monthly values (Y) versus month (X) on arithmetic plot.
It is assumed that the natﬁra] salinity load follows some kind of regular pat-

tern with time. So, fit a smoothed curved through the data that will lessen

month-to-month variations, and at the same time achieve the desired annual total.

7. Recompute the zero acreage factors and p]ot. Fit a smooth curve and recom-
pute monthly values of salinity.

8. Repeat steps 6 and 7 until the two curves are reasonably smooth and the
correct annual value is achieved.

9. Revise the Al so that the equations will compute the VI values of monthly
natural salinity determined abéve. Call the revised coefficients Ao.

~10. Compute the man-caused salinity for each month in terms of log cycles.

Call this C.
C = Log (Hist. TDS)--Log (AoQB)



O
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11. In absolute terms, the per irrigated acre contribution of salt is

Log -1 [Log(RoQB)+C] -AcQB
D

where D = Average irrigated acreage during the historical period, 1,000 acres.
12.  The general equation for monthly salt loading becomes

DS = AoQE + (Log -1 [Log(A0QB)+C] -A0QB) (E)
( ) (D)

where E = Irrigated acreage for the particular year under study, 1,000 acres.
Q=Depleted flow for month of year under study

13. For the 12 Upper Basin stations the computed constants are shown on Table

4, ’

14. As a check, use the equations to reconstruct the historical salt f]ow using

the historical runoff and estimated annual irrigated acreage. Further adjﬁst-

ment of constants may be required.



EXAMPLE OF PROCEDURE
GREEN RIVER NEAR GREEN RIVER, WYOMING

1. The monthly salinity records for Green River near Green River extend from
May 1951 through December 1974. There are also monthly records for May through
October 1905. Fontenelle Reservoir, upstream of the station, began storing in
April 1964. 1Initial plotting of data indicated that the reservoir was not
causing a change in runoff-salt load relationship at the gage. Therefore, the
total recent period of 1951-74 was used to develop relationships.
Plots of runoff, 1000 acre-feet versus salt load, 1000 tons were made for each
month. The plot for May is shown as Figure 1. Basic data is shown in Table 1.
2. A power curve of best fit was computed for the data. (The 1905 point was
excluded from the fitting). The equation is

DS.= 1.8276 (Flow) 0.709]

with RZ = 0.8971
3. Using the equation the TDS for each year was computed. The difference, Del,
between computed and recorded TDS was computed for each year in terms of log
cycles. (The Del for 1905 was also computed). Computations shown in Table 1.
Also shown in Table 1 is the yearly estimate of irrigated acreage which will be
used as the index of man-caused salinity. '
4. A plot of irrigated acreage verus Del was made as shown on Figure 2.
5. A straight line curve of best fit was computed for the data. It was

Del = 0.2350+0.001336 (Acreage) with RZ = 0.2375
6. The zero acreage factor is the interception of the curve with the zero
acreage axis which is -0.2350 cycles, or in absolute terms

Log -1 [-.2350] = 58%
7. The zero acreage factors for each month were plotted against time as shown
in figure 3. Values are presented in Table 2.

8. The average zero acreage factor is 0.7325.



' the data. By trial the approximate best fit curve was found to be

9. The data exhibits a rough sinusiodal pattern, so a sine curve was fitted to

Factor = 0.7325 + 0.09 Sine (0.5236X + .70854)
' where X = Month of the year, from 1 to 12 and
Sine function is in Radians
(Note: An interpretation that can be made of this particular curve
is that in January and February when the factors are the highest, the
historical salinity load of the river isn't too much greater than it
was under natural conditions. The period when the factor is lowest,
July and August, reflect the effects of heavy salinity contribution
from return flows.)
10.  The new zero acreage factors were computed from the curve and are shown in
Table 2.
11. The adjusted natural curve coefficients, Al, were computed and are shown in
Table 2. The estimated natural salinity relationship for May is shown on Figure
1.
12. At this point, the indepedent estimate of natural salinity values are
introduced. According to the Von Irons Study (P.P. 441), the natural salinity
load of the Green River neér Green River, Wyoming for 1957 modified conditions
is 319,300 tons per year and the average (1914-57) annual flow for 1957 con-
ditions is 1,305,000 acre-feet.
13. Distribute the above annual flow according to the pattern of historical
runoff. Computations shown in Table 3. For example, in May, Q=180 x %%g% =
185 x 1000 AF. |
14. Make an estimate of monthly natural salinity by using the equations
DS = AlgB
and the adjusted monthly discharges. For example, in May, TDS - 1.298 (185)

0.71
= 53x1000 tons.



15. Adjust these estimates of natural monthly by a constant factor to achieve

the estimate of annual natural salinity.
31

For example, in May, TDS = 53 x398 = 42
16. Compute the new A constants for the runoff equation. Call them Ao.

For example, in May, Ao = 1.298 x %%% = 1.04
17. Plot the monthly estimates of natural salinity versus time. Graphically
adjust the values to achieve a smooth pattern. Check to see that correct annual
total is achieved.
18. Recompute Ao and the zero acreage factors, AO/A. Plot the zero acreage
factors versus time and graphically adjust for consistent pattern.
19. Repeat steps 17 and 18 until reasonably consistent patterns in the monthly
natural salinity and zero acreage factor curves are obtained and the correct
annual total is achieved. Also, at this time natural monthly salinity values
are compared against others on the stream system in order to insure consistency
by location as well as time. (For this particular station, Green River near
Green River, Wyoming, very little of this type of adjustments was required. The
May value of Ao remained at 1.04).
20. Compute C from the equation

C=Log [Hist. TDSJ-Log[Ao (Hist. Q)B]
Example for May,

C=Log [681-Logl (1.04) (180) 0-713

= 0.214
21. Final Salinity-Runoff relationship for May is

TDS=A0QB + (Log~1[Log(AoQB)+CI-A0QB) (E)

)
=1.0400-71+(Log=1[Log 1.04Q0-71+,2143-1.04Q0-71)( E )
(177)

where 177=average irrigated acreage during the period of

record, 1000 acres

m
n

Irrigated acreage for year under study

0
L]

May depleted flow for year under study, 1000 AF



22. Check values by reconstructing historical records.

Irrigated Historical Computed Recorded Computed
Acreage Flow TDS TDS -Recorded
Date (1000 acres) (1000 AF) (1000 Tons) (1000 Tons) %
May 1948 157 187 67 80 84
May 1954 153 282 90 79 114
May 1957 155 176 , 64 81 79
May 1961 170 60 31 26 119
| Avg. =99%
S.D. =20%

Recomputed annual salt loads for these same years were as follows:

Computed Recorded Compute
] DS TDS -Recorded
Date (1000 Tons) (1000 Tons) %

i
I
i
i
i
|
|
|
. 1948 445 510 87
(. 1954 454 462 98"
' 1957 542 594 91

1961 289 243 119
l Avg.=99%
l S.D.=14%

This limited analysis indicated (1) no particular bias in over- or under- esti-

I' mating salt load, and (2) the monthly errors in the same year are compensating
i
1
|
I
|
i

and the computgd annual total is more accurate than the computed monthlies (?)
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Table 1

Salt-Runoff Relationships for May
Green River near Green River, Wyoming

Ly

Recorded Computed Irrigated
Flow TDS TDS Del Acreage
Year (1,000 AF) (1,000 Tons) (1,000 Tons) (Cycles) (1,000 Acres)
1905 97 37.5 47.0 -.0981 109
1951 317 m 108.5 .0099 154
52 348 11 115.9 -.0188 154
53 74 42 38.7 .0356 153
54 282 79 99.9 -.1019 153
55 127 50 56.7 -.0546 153
56 310 115 106.8 .0321 154
57 176 81 71.5 .0542 155
58 291 90 102.1 -.0548 158
59 79 40 40.5 -.0054 161
60 66 32 35.7 -.0475 165
61 60 26 33.3 -.1075 170
62 256 92 93.2 -.0056 175
63 100 45 47.9 -.0271 180
64 138 44 60.2 -.1361 184
65 94 56 45.8 .0873 187
66 160 62 66.8 -.0324 191
67 138 66 60.2 .0399 193
68 56 38 31.7 .0787 195
69 207 75 80.2 -.0291 197
70 84 49 42.3 .0639 199
71 280 116 99.3 .0675 200
72 294 118 102.8 .0599 201
73 171 78 70.0 .0470 202
74 207 89 80.2 .0452 202
TDS=1.8276 (Flow) 0.7091=pqB RZ = 0.8971 (w/o 1905)
Del=-0.2350+0.00133 (Acreage) R2

Zero Acreage Factor=Log -1 (-0.2350) = 0.58

= 0.2375 (w/o 1905)



Table 2

Salt Runoff Relationships for

Green River near Green River, Wyoming

TN

SN SN BN NG GSE OGN NN UNE OGN NI GNE GNO 0N oan NN e e A

Computed Adjusted First Est. of
Historical TDS Curve Zero-Acreage Zero-Acreage Natural TDS Curve
Month A B - Factor Factor AL B

Jan 1.6087 0.7588 0.80 : 0.82 1.322 0.7588
Feb 1.9095 0.7027 0.80 0.82 1.566 0.7027
Mar 1.4306 0.7976 0.85 0.80 1.144  0.7976
Apr 2.5364 0.6692 0.75 : 0.76 1.928 0.6692
May 1.8276  0.7091 0.58 0.71 1.298 0.7091
Jun 0.5835 0.8837 0.71 0.67 0.391 0.8837
Jul 1.6358 0.6846 0.70 0.65 1.063 0.6846
Aug 1.1117  0.7763 0.59 0.65 0.723 0.7763
Sep 1.0726  0.8172 0.62 0.67 . 0.719 0.8172
Oct 2.3376°  0.6553 0.61 0.71 1.660 0.6553
Nov 2.1477 0.6845 0.96 0.76 1.632 0.6845
Dec 2.5816 0.6411 0.82 0.80 2.065 0.6411
Avg 0732 0.735
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Natural Salinity Equation Coefficients - October through September

TDS AoQB

Station

9072500

9095500

TDS=1000 tons salt-monthly

Q=1000 acre-feet-monthly runoff

Ao=Zero acreage (natural conditions) coefficient

B=Power coefficient

Ao
7.93
11.92
17.67
12.39
9.53
6.69
2.98
1.83
3.68
6.26
3.48
3.75

11.36

16.70

17.94
20.74
14.57
12.50
7.20
2.39

3.46

B
.350
. 240
.140
. 240
.290
.390
.570
.620
.490
.400
.520

.500

.430
.340
.320
.300
.370
.410
.510

.660

.560

Station

9127800

9152500

3.88
6.39
2.68
1.79

.68

.86
3.50
2.72

3.18

|oo

.970
.280
.550
.660
.730
.910
.880
.820
.770
.780
.780
.840

.540
.380
.630
.730
.970
.970
.560
.580

.460

. '



9124600

9180500

10.
24.
14,
13.
.63

12.
11.

.67
.80
11

.46
.26
.69

.22
.51
.34
.32
.33
.39
.54
.50

92

09.

50
28

14
.00
.52
.05

08
29

.31

.410
. 450
.500

.970
.280
.550
.660
.730
.910
.880
.820
.770
.790
.780
.840

.500
.340
.430
.470
.530
.690
.560
.600
.490
.430
.470
.540

9180000

9251000

HwWw w

.07
.67
.25

.32
.26
.92
.68
.22
.44
.93
.50
.70
.82
.56
.85

.97
.83
.60
.16
.36
.24
.83
.15
.88
.21
11
.74

.430
.560
.550

.420
.410
.460
.490
.600
.350
.500
.540
.500
.480
.590
;530

.710
.760
.550
.790
.990
.650
.320
.930
.430
.570
.700
.920



9211200

921700

.61
.77
.82
1.02
1.71
.30
.32
.41
.09
.29
.38
.43

1.25
1.95
1.86
1.34
1.83
.88
1.34
.88
.32
.97
.67
.70

.730
.720
.760
.690
.560
.980
.880
.770
.020
.810
.790
.820

.660
.680
.640
.760
.700
.800
.670
.710
.880
.680
.780
.820

930200

9306500

.03
.94
.36
.89
.88
.82
.78
.06
.99
.33
.93
.75

.68
.02
.41
.79
.84
.47
.62
.36
.52
.85
.49
.53

.660
.730
.610
.780
.760
.810
.600
.590
.580
.500
.660
.670

.740
.620
.590
.640
.930
.040
.930
.910
.750
.680
.830
.820 °

. . ¢
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9234500

9328500

BT ~ T & & T ~ SN S N )

.12
.84
.06
.13
.90
.76
.13
.25
.21
.51
.47
.55

.07
.06
.98
.80
.98
.10
.57

3.91

.91
.51
.18
.37

.760
.900
.830
.920
.040
.680
.800
.720
.970
.830
.950
.990

.790
.770
.670
.580
.830
.710
.580
.560
.640
.770
.960
.870

9315000

.75
77
.61
91
.92
.55
.06
.26
.24
.55
.46
.67

.900
.790
.710
.870
.970
.830
.860
.990
.970
.870
.960
.930



9355500

9379500

-1.89
2.32

.99
.55
.60
.39
.22

.14,

.24
.60
.60
.37

.23
.13
.93
.97
.44
.49
.36
.78
.83
.92
.98
.74

.440
.400
.450
.530
.940
.870
.890
.890
.780
.590
.670

470

.780
.620
.620
.820
.820
.810
.760
.810
.750
.610
.660
.830

B A
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9380000

4,52
6.66

4.49
2.47
5.34
3.31
1.94
3.36
1.57
2.11

.690
.650
.660
.640
.730
.810
.680
.690
.720
.660
.810
.770
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APPENDIX C
COMPUTER FILES AND PROGRAMS



Computer Programs and Files

A system of computer programs and files were used to calculate the natural flow
and natural salt load. Although the mathematics of the programs are simple, the
number of computations made is extremely large. A flow chart of the ﬁomputer
programs and files used in the computation of natural flow and natural salt load
for one reach is shown in figure 1. Each block in the flow chart is labeled by
the name of the corresponding file residing on user No. UCO460A. The four spa-
ces in the file name represent the reach name or USGS station number.

Water Use Computation Files

The WU-F files contain the input data for each reach which include monthly con-
sumptive use values for subreach areas, end of month reservoir contents for both
surface and bank storage, monthly evaporation for individual reservoirs, monthly
exports and imports, and monthly M&I uses. Some reaches, however, do not contain

any reservoirs, transmountain imports or exports, or M&I.

Although the WU-P programs are all similar, they are designed specific to each
reach and already know what terms of the equation and how many are within their

reach.

The water use program, WU-P, takes data from the WU-F file and computes the
monthly reach totals for Cﬁ (consumptive use), REG (reservoir regulation), EX
(transmountain exports), MI (municipal and industrial), and IM (transmountain
import flows). The program writes these monthly totals onto a binary file
called WU-U, which is input for the natural flow computation program, NT-P. The
WU-P program creates a formatted output file called WU-O which details the com-
putations made in the program. The TA-F file is also created by the WU-P
program and is a monthly algebraic total of all water uses above the station or
TA = CU + REG + EX + MI - IM + TAs upstream (where TA = total adjustments.) The
TA-F file, for the station being evaluated, is only used as input for WU-P and

NT-P programs at downstream stations.




Natural Flow Computation Files

The natural flow computation program (NT-P) receives input from the WU-U binary
file and the TA-F files, if any, from upstream stations. The NT-P program then
computes a monthly albegraic total of all water uses above the station and adds

that to the historical flow to compute the natural flow.

The NT-P programs produce th output files per station. The NT-0 file, a.
detailed output of the natural flow computation, and the NT-F file, a listing of
the natural streamflows. The NT-F file is used as an input file for three
separate programs; DBPL1, a plotting program; FLOTAB, a statistics program; and
SALTGEN, the salt load computation program. The NT-F files created by the NT-P
program may not.be completed. Unless the historical record on the HS-F file was
complete from ]ééﬁ~to 1978, the NT-F file will have to be modified by merging
the NFD-file. These NFD-files contain natural flow data that were generated by
regression analysis with other stream gages for the periods in which historical
records did not exist.

Salt Load Computatﬁon Files

The Program which calculates the natural salt load is SALTGEN and it must be run
separately for each reach. The program reads input from two separate files.

The SGCOEFF file, a listing of salt equation coefficients for each reach, and
the NT-F file for the reach being evaluated.

Data Base Basin Configuration

: - : g—
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The network of computer programs and files of the data base were built in a
similiar configuration as that of the Upper Basin (fig. 2). Each reach, or sta-
tion, has associated with it a WU-F, WU-P, WU-S, NT-S, and NT-P file, p]usnan
assortment of output and input files. The TA-F file, an output of the NT-P
program, is used as input for downstream stations in the manner shown in figure

2.



The five stations, 1246, 1278, 1800, 2510, and 3065 are independent of the other
13 stations of the data base. For example, the 3150 station needs input from
only stations 3020 and 2345 to perform computations. The reason is that all of
the input data in the WU-F file for both the 2510 and 3065 stations are also

included in the WU3150F file.

In running the computor programs (WU-P) of the data base one must follow the
sequence illustrated in figure 8. Once all of the WU-P programs are success-
fully run, the NT-P programs may be run an any order. If for any reason, an
error was made in the computation of a WU-P program, it and all other downstream
station programs must be run again in the same sequence as that illustrated in

figure 2.

The command for running the water use programs (WU-P) is "CALL, RUNSUB (A=WU___
S)" in the case of submit files, and "CALL WU____S," in the case of procedure
files. The four spaces are for the USGS station number. See table 4 for a
listing of which stations have procedure files and which have submit files. For
each station there is a procedure file to run the natural flow computation
program, and the command for executing the procedure file and running the

program is "CALL, NT S."

The command for running the natural salt load computation program is "CALL,

SALTER(A=NT F, TEM=NS F)."

Tables 1 thfough 5 1ist and describe the various computer files and programs
residing on UCO403E. Table 2 1ists the period of record of the HS-F (historical
flow files) and the NFD-files. Table 3 lists the files containing monthly con-
sumptive use, transmountain exports, and reservoir regulation values, which were
extracted from the WU-0 file. Table 4 is a listing of files which contain éccu-
mulated monthly vafues of the various depletions. Table 5 contains a listing of

the plotting programs which plot hydrographs for various categories.
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Table 1 - Listing of Water Use Files and Programs
These files are all associated with the computation of depletions above the

respective USGS stations.

USGS data file program submit file formatted Total Binary

station WU___F WU__ P WU S output file adj file output
No. WU 0 TA F__ W U

1 0725 Submit

2 0955 Submit

3 1246 Submit

4 1278 Submit

5 1525 Submit

6 1800 _ Procedure

7 1805 \ Submit

8 2112 Procedure

9 2170 Procedure

10 2345 Submit

11 2510 Procedure

12 3020 Submit

13 3065 . Procedure

14 3150 Submit

15 3285 Submit

16 3555 . : Procedure

17 3795 Submit

18 3800 ' Proceduré

Insert the four digits of the station number to obtain the file name (e.g.,

WUO725F, WUO725P, WUO725S, NUO7250, TAO725F, WUO725U).



Table 2 - Listing of Natural Flow Files and Programs

These files are all associated with the natural flow computation. The HS F

and TA F files are input and NT 0 and NT F are output files. The

NFD files are inserted, where.appropriate, into the NT___ F files.
Procedure Program to ) Suﬁﬁary Natura]
USGS Historical File compute Output  output flow data
station data file to run natural  files file file (by
No. HS F program flows NT__0 NT___F correlation)
NT S NT P NFD
0725 1906-78 | : No file
0955 1934-78 ' 1906-33
1246 1906-78 No file
1278 1906-78 No file
1525 1917-78 1906-16
1800 1937-78 1906-36
1805 1906-78 No file
2112 1906-78 No file
2170 1952-78 1906-51
2345 1951-78 | 1906-50
2510 1917-78 » : 1906-16
3020 1943-78 1906-42
3065 1924-78 4 1906-23
3150 1906-78 ' No file
3285 1910-18 1906-09
1941-78 ' ' 1919-41
3555 1928-78 . 1906-27
3795 1915-78 . 1906-14
3800 1912-78 1906-11
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Table 3 - Listing of Natural Salt Load Files and Water

Depletions Within the Reaches

These files These files were extracted out of the
were created WU 0 files for the purposes of

by the program plotting.

"SALTGEN"

Reach or Natural salt Consumptive Export Reservoir
USGS load file use summary summary regulation
station NS F file file summary file
number Cu F EX___ F- RG F

0725

0955

1246
‘1278

1525

1800 ~ No file

1805

2112 | No file No file

2170 No file

2345 ' | No file

2510 | No file No file

3020

3065 » No file No file

3150

3285

3555

3795 No file

3800 No file
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Table 4 - Listing of Upper Basin Accumulated Water Depletions

CONUSE1 through CONUSE6 are accumulated consumptive use values for reaches above

and including the following stations:

0955 = CONUSE3
2345 = CONUSE1
1805 = CONUSE4
3150 = CONUSEZ2
3795 = CONUSES
3800 = CONUSE6

RESREG1 through RESREG3, RESREGS5, and RESREG6 are accumulated reservoir regula-
tion files above and including the following stations:

1805 = RESREG]

© 3150 = RESREG2
0955 = RESREG3
3795 = RESREGS
3800 = RESREG6

TRANS2 through TRANS4 and TRANS6 are accumulated transbasin export files above

and including the following stations:

3150 = TRANS2
0955 = TRANS3
1805 = TRANS4
3800 = TRANS6
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Table 5 - Listing of Plotting Programs

These programs plot monthly data from 1906, or a later year, to 1978 and also a

mass curve. Ten years of monthly data, corresponding to decades will be plotted

per page.
Submit File Program Plot File Hydrograph

DBPLS1 DBPL1 RCURVET Natural and historical flow data
DBPLS?2 DBPL2 RCURVE2 Consumptive use

DBPLS3 | DBPL3 RCURVE3 Reservoir regulation

DBPLS4 DBPL4 RCURVE4 Exports

DBPLS5 DBPLS RCURVES ~ Imports

DBPLS6 DBPL6 RCURVE® Incidental depletions

DBPLS7 DBPL7 RCURVE7 Natural salt load



(

°

o (LD e WO Th TR T e mummuwmﬁimmw&

e X
EPR ORI HPRUmIPRTRT WALt T TS, TR RS RESBLIENL, S L 3 i V- ada) CEATY R

R PR Y

ATUBAL FLOW AND SAaL .A-T‘f CoLOULLATICH + L UWCHART

OF COMPUTER PROGHANMD AND ‘sL‘S FOR UL FE ACH

0\?/ .-k';’ v e :'"‘

1

[Sait iesd owpys

r 3 x'r
Hiie ol T337Cm FLOTAS Liznshical output
° S —»—l 3
MG _ .. F T LY ReeteAS aF NS ¥
4 RUNSKLT

lF’C.. 0 ouiegTem
i

|fm°~ [

Sl -

. . T —
[ Totel Adjusiment { ¥ o' s Data Fue *
fiies,it any . WL )
TAc e F W WU F
..\--T}'\uied f"‘"\ @ “\' . .r‘,"(
l__,s.rwm station ? 3!
Sl i -
H —
Progr Iccxﬁ’r Weter use computanion prcq ram Detailed output
compi — - file )
Itsting WU-_ -—P wu o Plotting . )
’ > Wu---C This is run by the wu——_ _s file T Progrom: Hydrograpns
Day Fite Consumptive use o—{0BFL2 =l ]
ROAY_ 4 .
[ [ Reserveir ——{DBPL 3 i ]
5 lgticn
Total cdjust- Binary output requ :
ﬂentfném‘ file YoE Exports D8PS b J
. TA____F WU — _U Imports ——{DBPLS o |
M&I1
LY
- Y Y
Historical
stregm
flow data
HS . F -
+ Y \a ]
Projram Notural flow computation program Detailed j
FLOTAB naturol flow
un by Nl——_P 'Y output
RUNTASB
v 4 This is run by the NT_ __S file NT—— —_0
Stehstical
output of A { .
HSe —ooF Pregram FLOTAB Stehstical output
Natural flow run oy RUNTAB of NT____F
outpul summary
Pigrting | NT F -
progrem | I—— —>—,mcﬁinq prcgram Hycrogroph of inci-
03FLI | 105°L6 dental depleticas
1} 4
Hy:.‘r:g?oon of
h:s:0r:cgi and
nofuro! flow
Scit coeficient Sa!t esicsignon
fiie oGram
SCLCIFF SALTGEN
[gHe] bj SALTER



uoynys juapuadapus UD'SUDAW [ :3LON

8/61 - 8261 |8L61 -~ Giel
. .
S55¢€ G6LE
8L- L6l
I
0081
A
861 -
8L-906l 8161 - L16l £61 - 906l
2t T cza S
> 08|
BL61-906 8.6l - v€61]
)
G2l0 " G6G60

A}

8L61 - 26|

008¢

8161 - 1¥6l
8l61 - 0i6]

G82¢

o 8,61 — 906l
ooz 7| osig
v/ .
Bl6T - veel| 4
o
/ 3
690¢ .
/
/
861-11611  [8161-1g6l
0162 Ghe2
B1- 256l
0L12
A
B 9061
1
N ziie

LYVHOMOT4d 3sSva viva
NISVE Y3AIH 0AVHOTI0Dd H3ddN

8161 - £¥6l
020¢

I .- R Bl B BE B . WIIIR,WII S N I N ) BN I B .




. Ll
B G B A D n G D S B A BN D B B D BEOEaE e
o .‘.‘.'<

APPENDIX D
Natural Flow and Natural Salt Tables

Data Basem
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