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Consumptive Use of Water in the Irrigated Areas
of the Upper Colorado River Basin

INTRODUCTION

One of the important elements in the cycle of water movement from
the time it falls on the land as rain or snow until it reaches the
ocean, is evaro-transpiration or consumptive use of water, This subject
18 increasingly significant, particularly in the irrigated regions of
the West. It involves problems of the water supply, both surface and
underz-ound, as well as those of the management and general economics
of irrigaticn projects, It has become a highly important factor in
the aroutralion of contreversies over major stream systems where the
public velfare cf valleys, 3tates, Federal projects, and even nations
is involveds One such stream is the Colorado River, which drains
parts of soven western states and flows into Lower California, Mexico,

Before the available water resources and an cquitable division
of the use of the watars of a drainage basin can bc satisfactorily
ascertained, carcfui consideration must be given to the consumptive-
uso rsjuirements for water i vurious sdb-basinse, At the reoquest of
the Upper Colurado River Lasin Compact Commission, representing the
states of Arizona, Coloraco, New Mexico, Utah and ¥Wyoming and the
Federal government, a brief study was made of water consumption in
the Upper Colorado River Basin., After a ficld inspcction of the
irrigated arcas in the Basin with representatives of the Engincering
Advisory Committce of the Commission, and numerous confercnces with
local lcaders and water users in each arca, a preliminary rcport was
swmitted on consumptive use of water rates (8), Information containcd
in this rcport was uscd in drafting the compact which has been ratified
by the legislaturesof the respeciive states and the U, S. Congress
(20)s The assistance rcndored by this committec, the United States
Bureau of Reclamation, State and other agencies and by individuals
is hereby gratefully acknowlodged.

From a valley-wide standpoint, consumptive usc includes all
transpiration and cvaporation losses from lands on which there is
growth of vegetation of any kind, whether agricultural crops or
native vegetation, plus evaporation from barc land and from water
surfaces (4) (2). The term "consumptive use" is considered
synonymous with the term “evapo-transpiration" and is defined (2)
as: The sum of the volumes of water used by the vegetive growth
of a given arca in transpiration or building of plant tissue and
that evaporated from adjaccnt soil, snow, or intcrcepted precipi-
tation on the arca in any specificd time., If tho unit of time
is small, such as a weck or a month, the consumptive-use rate is
expressed in acre-inches per acro or depth in inches; whereas,
if the unit of time is large, such as a crop-growing scason or a
12-month period, tho consumptive usc rate is usually expressed
as acre-fect per acre or depth in feect. The sourcos of water
to supply consumptive use arc precipitation, surface and ground
water.

The purposo of this rcport is to present the results of
tho study of thae rates of water consumption at sites of use by
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agricultural crops and natural vegetation in varicus irrigated areas
of Arizona, Colorado, New Uexico, Utah and Wyoming in the Upper Basin.
T@G.authors were confronted with the problem of determining, within a
limited time, the unit normal consumptive use of water in valley
areas extending scveral thousand miles along the Upper Colorado River
and its tributaries. Procedures developed in the Pecos River Joint
Investigation (2) and other studies throughout the West were employed.
Because of the Timited measurements of consumptive use in the Upper
Col?rado River Basin, estimates of unit ¢onsumptive use by varicus
agricultural crcps and natural vegetation and evaporation from water
surfoces, are based primarily on studies in cther arcas of the Vlest,
transferred to the Upper Colorado River Basin through relationships
cstablished empirically between measurcd consumptive use and climato-
logical data,(7) (5).

GENERAL CHARACTERISTICS OF UPPER COLORADO RIVER BASIN

The Upper Colorado River Basin is that area tributary to the
Colorado River above Lee Ferry, This area is larger than New York,
Pennsylvania and New Jersey combined, It includes parts of five
Recky Mountain States (Arizona, Colorado, New Mexico, Utah and "Wyo-
ming), as shown in figure 1,

Rimmed by some of the highest mountains in America that are
snowcapped throughout the year, it is the source of the greater part
of the water reaching the Colorado River.

Agziculture

In the Upper Basin livestock farms predominates According to
the Burcau of the Census, in 1939, livestock and livestock products
accounted for 75 percent of the total value of the products sold and
traded in the Upper Basin.

Farming without irrigation is gcnerally unsuccessful in most
arcas of the Upper Basin becausec of the uncertain rainfall., It is
practiced, however, to some extent in the Yampa and Vhite River Basins,
and favcrable climatic ccnditions in the past few years, together with
high prices, have encouraged cxpansion cf dry farming in the Dry Side
arca of the La Plata River Basin and on the upland mcsa between Ccr-
tez, Colorado and Monticello, Utah, In general, at altitudes where
rainfall is sufficient during the summer to grow crops without irri-
gation, the scascn is tco short for crops to maturo,.

According to a report of the Bureau of Reclamation (17) there
aro 70,696,000 acres of land in the Upper Colorado River Basin, of
which 1,325,000 acres are irrigated and 272,000 are farmed without
irrigation. The crops include alfalfa, wild hay, wheat, barley,
corn, oats, deciduous fruits, potatoes, sugar beets, and dry teans.,
The following tabulation shows the area irrigated in the Upper
Basin as reported by the Bureau in 1946,

Division Arizona Colorado New Mexico Utah Wvoming

Acres Acres Acres Acres Acres
Green 105,870 229,120 247,540
Grand 564,670 8,000 .
San Jaan 6,000 132,300 38,000 37,700

Total "G““,o‘ﬁ"o “807,840 - 35,000 T74,830 TE7, 560
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The fellrwing tebulation shews the averege irrigated areas for

EzztgeriOd 1914=45 as determined by representatives of the Upper Basin
L 28 e -

_ H Irripated areas, Upper Coleorado River Basin
Cropa s H t 3 : :
: Arizcna ¢ Colerads ; New Mexice g Utah : Wyoming ¢ Total
Acres Acres Acres Aeres  Acres Acres
Alfelfa 180 309,522 12,681 107,220 17,320 446,923
Grass, hay end ’ ) ' ’
pasture ---  244,05% 6,889 103,430 201,910 556,283
Grain and beans 620 178,047 7,277 69,234 9,470 264,648
Corn and other . : : ' ’
annuals 2,970 33,333 9,521 8,345 --- 54,169
Orchard —- 25,650 2,632 291 --- 28,573
Tatal 3,770 790,606 39,000 288,520, 228,700 1,350,596

Th? ;rrigated areas as determined by the states in 1948 are as follows:
Arizone, 9,840 ecres; Colorade, 790,600 acres; New Mexico, 43,620 acres;
Utah, 303,977 acres end Wyoming, 236,675 acres,

30l1ls

The Burcau of Reclamatien reports (17) thats

"The sentire upper basin is underlain with sandstones, limestones,
end shales composing the perent rock from which the soil forming mater=
ial hes been derived. Feur types of soil are found: (1) elluviel
soils made up from stream-deposited materials; (2) glacial soils in
the form of glacial deposits on out-wash plains derived partly from
grenites and other ignoous material of the higher mountains; (3)
residual soils formed in placo by the weathcring of surface recks
tut altercd in places through deposition from higher residual londss
end (4) eeolian, or wind deposited soils, appearing in a few placas
as sond dunes ond other formations,

"In the upper valleys londs suitable te agricultural develspment
are largely composed of alluvial soils and are confined to the bottem
lands, terraces, and valley fills, These soils are high in organic
matter and are inherently fertiles They are generally of sandy lecom
to loam in texture. Most of these soils have good natural drainage
provided by light textured scil over grovelly subscil end a mcderate
slopss With the excerticn of small localized areas the scils in the
upper valleys ere free frem harmful accumulations of alkali, The
depth of the soil and the amcunt of reck en the surface usually deter-
mine the suitability of the lands for agriculture.

"Mesas, plateaus, htasin-like depressions caused through ercsicn,
and narrow valleys along the varicus streams characterize the leower
seotions of the urper basin, The breader walleys and depressions that
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,have been covered with alluvial soils are more suitable for culti-
vation where soil is of sufficient depth, Vast areas of residual
soils are too shallow or too alkaline for egricultural development.
Extensive drainage is often necessary in the loviervalleys where
irrigation is practiced,

"Wind formed soils are not extensive. Some arc found in
syall areas south of the San Juan River along thc northcastern
sldes of ridges or othcr topographic uplifts which break the winds
and harbor the deposited materials, The largest areas of arable
acolian soil is east of Chaco River on the high benches south of
Farmington, New Mcxico."

Climate

Climatologically, the upper Colorado River Basin has the extremes
of year-round snow cover and heavy precipitation on the high peaks of
the Rockies which are snow-capped eight to 10 months a year, and arid

congitions, with less than six inches of annual rainfall, in the southern
parte

In general, the basin is arid except in the high altitudes of the
headwater areas, Rainfall is insufficient in most valley areass for the
profitable production of crops without irrigation,

Extremes of temperatures range from 50%below zero to 113° above
zero. The northern portion is characterized by short, warm summers and
long, cold winters, many mountain areas being blanketed by deep snow
all winter. The southern portion has hot summers.

The frost-free period varies from about 60 days in the higher
elevations of the northern mountainous sections to almost 200 days in
the lower valleys of the upper Basin,

The annual precipitation on the irrigated areas ranges from above
six inches at Green River, Utah to 24 inches at Pagosa Springs, Colorado
and the summer precipitation ranges from three inches in the lower
valleys to nine inches in the high areas., Preccipitation and temperaturc
records are available from 85 stations in thc arzas. (Sece appendix).

OTHER INVESTIGATIONS

Those responsible for planning irrigation projects or administering
the waters of the West have, for many yecars, been attempting to define
more clearly tho amounts of water rcquired to satisfy crop needs. It
has becn recognized that in addition to the water consumed through
transpiration by the plants and evaporation from the watcr and soil
surfaces during and after an irrigation, an allowance must be made for
rcasonable and necessary losscs incident to irrigation. However, from
an overall project standpoint or on a complecte drainage basin, these
conveyance and application losses may be rclatively unimportant be-
cause surface waste and percolation losscs can frequently be picked
up and rcused lower down on the project or stream,

Because of this return flow phenomenon, therse have bcen some
conccentrated studies to determine the amounts of water consumptively
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used by agricultural crops and the native vegetation found in the Vest,
Additional work is necessary to determine s0ilj the use in the various
areas taking into consideration climatological, water supply, soil,
topographic and other data,

Studies in Other Areas

Various methods have been used throughout the Test to determine
the amount of water consumed by agricultural crops and native vege-
tation (6)s Regardless of the method, the problems encountered are
murerous and considerable time is required to make satisfactory
measurements of consuptive use, The source of water used by plant
life, whether from precipitation alore, irrigation plus rainfall,
ground water plus precipitation, or irrigation plus ground water plus
rainfall, is a factor influencing the selection of a method, Unit
values of consumptive use may be determined for different kinds of
nativa vegetation and agricultural crops by soil moisture studies,
lysimeter or tank mecasurcments, analysis of irrigation data, analysis
of climatological data, and other methods (2), For irrigated crops,
data on depth of irrigation water applied, nuzber of irrigations
per year, irrigation efficiency, water-holding capacity (ficld cap-
acity) of soil and length of growing scason my be used in estimating
unit values of consumptive use (3)s Unit values obscrved in one area
may be usced in estimating consumptive usc for other areas having some-
what similar climatic condit ions, provided toamperature and precipi-
tation records arc availabloe for both areas (2).

The cffeet of sunshine and heat in stimulating transpiration was
studied (8) as carly as 1691, according to a revicw of the literature
by Abbe (I)e Mocasurcmcnts of transpiration of various kinds of plants
by Briggs and Shantz indicate a close correlation between transpiration
and evaparation from free-water surfaces, air temperature, solar radia-
tion, and wet-bulb depression readings (9).

Many formmulas have been developed in the past for determining
evaporation from meteorological observations, Formulas for estimating
consumptive use are not so numerous. A few suggested methods of
determining consumptive use, based on climatic factors, have been found
to give reasonable results, For many years irrigation engineers have
used temperature data in estimating annual valley consumptive use of
water in arid and semi-arid areas of the West (4). Hedke developed
the effective heat method on the Rio Grande (15). By this method,
consumptive use is estimated from a study of the hcat units availatle
to the crops of a particular valley (14). It assumes that there is a
linear relation between the amount of water consured and the quantity
of available heat, From studies of thc Bureau of Reclamation, conduc-
ted intermittently from 1937 to 1940 by Lowry and Johnson (16), a
similar method was suggested which has been adopted quite generally
by the Bureau of Reclamation in making its cstimates of valley con-
surptive use. This m:thod also assumes a dircet rclationship between
temperatures and consumpt ive uses It assumes a lincar relation be-
tween consumptive use and accumulated daily maximum tormperatures
abova 32° Fahrenheit during the growing scason.

Studics conducted by the Pivision of Irrigation, Soil Conscerva-
tion Service, in 1939-41, in conncction with the Fecos River Joirt
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Investigation of the National Resources FPlanning Board, indicated that
evaporation, evapo~transpiration, mean monthly texperature, monthly
percent of daytime hours, growing season, monthly precipitation and
effl?lency of irrigation data could be used to estimate irrigation
requirements (2)s Later Blaney and Yorin (5) developed ecpirical
formulas from the Pecos River studies for estimating unit annual
valtnxes of evaporation from free-water surfaces and consurptive use ty
n%tlve vegetation subsisting on ground water, This method gives con-
sideration to temperature, daytime hours, and humidity records and is
applicable to those areas in which there is ample water to take care of
evaporation and transpiration, Blaney and Morin also show how the
formulas might be applied in estimating consurptive use by irrigated
Crops having access to an ample water supply. Various methods of de-
termining consumptive use of water have been described by Blaney (f’_)-
In 1945 Blaney and Criddle simplified the Pecos formulas by eliminat-
ing the humidity factor (7).

Upper Colorado River Basin Studies

Studies of consumptive use in the Upper Colorado River area in
the past have been limited. Soms estimates have been made over the
years for various purposes, but these estimates have been based lar—
gely on unmeasured observations, However, several careful studies
have been made on existing irrigation projects or small areas which
give results applicable to limited portions of the basin,

In connection with water-supply investigations made by the
United States Reclamation Service in 1920-21, Conkling (10) estimated
that future consumption of water for irrigation would vary from one
foot in depth for wild hay in the higher areas to probably two to
2,5 fect in the warmer climate of the southern portion of the Upper
Colorado River Basin, Estimates were made of duty of water and con-
sumptive use in the Green River, Grand (Colorado) River, Uinta and
San Juan basins and other areas. The average annual water consurp-
tion in the Upper Basin for the years 1902, 1903 and 1904 was esti-
mated as 1,54 acre-foet per acre., This was a period of low run-off.

During & four year investigation, 1938-1941, Erickson (13)
measured the consumptive use of watcer in the Lower Uncompahgre
Project in tho Upper Colorado River Basin by tha inflow-outflow
mothod (4), for the Colorado VWatcr Conservation Board.

Annual consumptive use was determined by the Burcau of Recla-
ration by inflow-outflow and tho cffective heat methods in New Fork
Valley, Wyoming in the Upper Colorado River Basin and in the Michigan-
Illinois arca, Colorado (1l6)adjacent to tha basin,

The 1946 report on the Colorado River preparcd bty the Fureau
of Reclamation presents the results of a study of present irrigaticn
devaloprents and estimates of stream depletions (ll). Consideration
was given to the amounts of water being used for irrigation in cach
of the irrigable areas of the Fasin, This report gives an estimated
total present average annual strcam depletion or water consumed in
the Upper Basin of 2,016,000 acre-fect,
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Current Studies in Utah

. In 1948, detailed studies of consumptive use were begun for two
drainages of the Upper Colorado River area in Utah., This investiga-
tion is being conducted cooperatively by the Utah State Engineer, the
Utah Agricultural Expecriment Station and the Division of Irrigation
and Water Conscrvation, Soil Conservation Service. Measurements of
consumptive use are being made by the inflow-outflow and integration
methods in the Ashlsy Valley and in the Ferron Creek Area, Rates
of consumptive use of water by the more important crops are being
determined by soil moisture depletion studies and with evapo-trans-
piration tanks, Preliminary data are presented in a 1948 progress
report of the studies. (11)

GENERAL FROCEDURE

Because of the limited measurements of consumptive use in the
Upper Colorado River Basin, estimates of unit use by the various agri-
cultural crops and native vegetation in this Basin are based largely
on studies in other areas of the West, transfcrred to the Upper Colorado
River Basin by the method suggested by Blaney and Criddle (7). Briefly,
the procedure is to correlate existing consumptive use data with monthly
temperature, percent of daytime hours and precipitation for the frost-
free period or irrigation season and for the entire year. The coeffic-
ients so developed for different crops are used to transfer consumptive
use data from one section to other areas where only climatological data
are available,

Neglecting the unmeasured factors, consumptive use varies with
the temperature and the daytime hours, and available moisture (precipi-
tation, irrigation and/or ground-water), By multiplying the mean
monthly temperature (t) by the monthly percent of daytime hours of the
year (p), there is obtained a monthly consumptive use factor (f). Then
it is assumed that the consumptive use varies directly as this factor
when an ample water supply is available, Expressed mathematically,

U = KF = sum of kf where

U = Consumptive use of crop (or cvaporation) in inches for any period.
F = Sum of the monthly consumptive use factors for the period
(sun of the products of mean monthly temperaturc and monthly
percont of annual daytime hours) (t x p).
K = Empirical coefficient (annual or irrigation scason)e.
t = Mean monthly tcmperature in degrees Fahrenheit,
p = Monthly pecrcent of daytime hours of the year.
f =%t x p= Monthly consumptive use factor.
100
k = Monthly coefficicnt,
u = kf = monthly consumptive use¢ in inches.

By knowing the consumptive rcquirement of water by a particular
crop in some locality an astimate of the use by tho same crop in some
othm avea may ba mada hy applieation of the formula U = KF,
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Consumptive Use Coefficients

The consumptive use coefficients (K) for the more importent
irrigated crops grown in the Upper Colorado River area and native
vegetation and evaporation are shown in table 1. These coefficients
were developed from actual measurcments of consurptive use in tark
and soil moisture field studies and inflow-outflow measurements
rade throughout the West over a period of years by the Livision of
Irrigation and Water Conservation and other agencies. These coeffic-
ients are based on the assumption that the crops receive a full water
supply throughout the growing season or frost-free period (7)e If the
water supply is short during the latter part of the irrigation period
some correction should be made,

Climatological Data

For many ycars climatological data, such as temperature, precipi-
tation and frost-free period (growing scason) have been kept by the
U, S. eather Bureau in the Upper Colorado River Basin and other areas
throughout the United States (12)s The 1941 "Yearbook of Agriculture:
Climate and Man" states:

"The growing season of crops susceptible to frost damage -the
so-called warm weather crops - is restricted by the number of
days between the last killing frost in the spring and the
first in the fall."
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Table 1 - Coefficients used in conputing consumptive use of water in
the Upper Colorado River Basin.

Classification Growing sceason Consumptive use
or coefficicnt (K) 1/
‘period Crowing pcriod: annua.
TRRIGATED LAND

Alfalfa Frost-free period 0.85

Afalfa Pre-frost free period «70

Grass, hay and pasture Frost-free period 75

Grass, hay and pasture Pre-frost free period «60

Beans and sm2ll graing 3 months 75

Corn and other annuals 4 months 75

Orchard (deciduous) Frost-free period 65

INCIDENTAL AREAS

Water surfaces? Frost-free period 0495 0.85

Native vegetation Frost-free period
Very dznsa 3/ " “ = 1.35 1.10
Densc -4/ L] " 1,20 1.00
Medium § " " . 1.00 «90
Light » " " <80 b5
Sparse 1/ " " " (Precipitation only)
Seeped areas 8/ " " - «90 75

1/ K = U = Consumptive use

2/

74

= Consumptive use cocfficient,

Consumptive use factor
2/ Based on four-year rccord at lontrose, Colorado (13).

Large cottonwood trees, willows and grass.

Adequate moisture

available from high water table (or ground water).
4/ Willows, tamarisk, or small cottonwood trees, Adequate moisture
available from high water table (or ground water),

Small willows or tamariske.

table (or ground water),
_6/ Salt grass, brush or weeds., loisture available from ground water.

Sage brush, grass and weeds,

cnlye.

Moisture availzble from high water

Uoisture availablo from preeipitaticn
(R2infall during the growing season plus 50 percent of

winter precipitaticn stored in the root zone, not to exceed 3 inches.)
_8_/ Loist areas causced by secpare from canals, over-ireigation, greund
water, or poor drainage.
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The average annual precipitation, mean annual temperature, and ]
frost-free period for various stations in the Upper Colorado River Basin
are shown in table 2, These data were compiled or estimated from U. S.
Weather Bureau records by the Engineering Advisory Committee to the
Upper Coloredo River Basin Compact Commission for the period 1914 to
1945 (18). Mean monthly temperature and precipitation at stations in
the Upper Basin are shown for the period 1914 to 1945 in the Appendix.

IRRIGATION PRACTICES

The discussion thus far has assumed an adequate irrigation water
supply properly distributed throughout the irrigation season and applied
under normal irrigation practices, However, it was realized that these
coniitions do not exist in every irrigated area within the Upper Color-
ado River Basin, A field study was therefore made to determine the
adequacy of the supply and the irrigation practices in each area before
the estimates were applied to actual field conditions,

Some of the factors considered as influencing the rate of consump-
tive use and on which data were obtained are: The beginning date and
lensth of irrigation season, number of irrigations applied cach year,
amounts of water applied each year, planting and harvesting dates,
averags yields, soil textures and root zone depths, rates at which
water morcolates into the soil, and several others considered of lesser
imporv.ance, First-hand knowledge was obtgined on as many of these
faclors as possible in the limited time allotted to the field investi-
gations,
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Teble 2, - Average annual precipitation, mean annual tempcrature and
frost-free period at "eather Bureau stations used in

computing consumptive use in the Upper Colorado
River Basin,

(Based on Weather Bureau records from 1914-1945, exccpt as noted.)

Avcrage Mean Avcrage frost-irce period
Station annual | annual Eleva-
precipi- | temper-] tion ears of | rrom- | lo- |lotal
No.| Location tation | ature record
Inches CF, Feet D2vs
ARTZONA - ~
1 “Chinle 9.50 51,3 5,538 22 May 16 Cct. 7 144
4 Kayenta 8.35 52,9 5,640 21 Apr.28  oct.13 168
COLORADO
5 Aspen 19,11 39.8 7,913 17 June 10 Sep.l5 97
7 Collbran 15,90 45.6 - 6,200 31  Uay 26 Sep.29 126
8 Cortez 1 13.34 48.1 6,177 28 Moy 26  Sep.29 2
11 Delta 1/ 8.45 50.4 5,115 32 May 5 Oct, 6 .54
13 Durango 1 19.70 45,5 6,554 32 June l Sep.26 1.7
New Eagle 2 14,44 42,0 6,598 8 June 19 Sep. 6 79
16 Fruita 9.75 50,9 4,525 32 May 6  Oct.l0 157
17 Glenwood Sprgs. 18.37 47.3 5,823 30 May 17 Sep.29 135
18 Grand Junction 9,07 52,8 4,668 32 Apr.13 Oct.26 196
19 Gunnison 1l 10,52 37.4 7,683 28 June 18 Scp. 2 7o
20 Hayden 15,62 42,2 6,337 24 June 11 Sep.l3 ¢4
21 Ignacio 1/ 16,36 45,7 6,425 32 June 5 Sep.23 10
25 Montrose 9.76 48,9 5,830 32 May 6 Oct. 6 153
27 Norwood 17.94 a5,2 1,017 14 June 8 Sep.,26 110
. 28 Pagosa Sprgs. 1/ 24,22 41,1 7,108 15 June 23 Sep.l3 2
30 Paonia 16,04 48,4 6,200 321 May S Cct.12 160
31 Rifle 1f 11,00 47.9 5,300 28 May 15 Oct. 3 141
33 Stcamboat Springs 24,07 38.4 6,770 31  June 27 Aug.25 59
NEW MEXICO
37 Bloomfield %.11 50.9 5,794 28 May 7 Oct.11 157
41 Dulce 18,83 43,6 6,767 26 June 11 Sep.20 101
47 Shiprock 7.96 53.1 4,945 14 May 3 Oct.15 165
UTAH
50 Blaading 13,46 49,4 6,035 32 lay 11 Oct.l3 155
52 Castledale 8.63 45.2 5,500 27 May 22 Sep.27 28
§3 Duchesno 9.66 44,0 5,520 32 lay 26 Sep.23 12¢C
55 Escalante 12.56 47.5 5,258 24 lay 15 Oct. 1 139
56 Ft. Duchesne 7.01 44,3 4,941 28 May 23 Sep.24 124
58 Green River 6445 52,3 4,087 31 May 2 Oct, 9 160
59 Hanksville ‘5,16 52.4 4,200 29 lay 2 Cct, 4 155
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Table 2 (continued), - Average annual precipitation, mean annual termperature

and frost-free pcriod at Weather Bureau stations used in
computing consumptive use in the Upper Colorado River Basine

(Based on Veather Burcau records from 1914-1945, except as noted. )

average | Mean Lverage frost-free period
Station f annual | annual | Eleva~

precipi-| temper< tion Tears ofjjrrom { To - Totas
Nol Location tation | ature record

Inches 92} Fect, Days .

UTAH (Cont.) .

61 "La Sal 12,82  46.6 6,715 21 l=y 25 Octe 1 129
62 Loa 7.85 43,3 7,000 19 Junel2 Sep. 9 89
63 Manila 10,35 43.5 6,225 15 Junel3 Sep.l4 93
64 Moab 9.94 54,6 4,000 31 Apr.18 Oct.1l7 182
67 Myton 6,90 46,2 5,030 28 May 17 Sep.30 136
68 Price 10,39 48,8 5,500 24 May 18 Oct. 1 136
71 Tropic 12,69 47.7 6,296 15 May 25 Oct. 6 134
72 Vernal 877 44.3 5,335 25 June 1 Sepl.l8 109
75 Dixon 3 12,00 41,2 6,359 24 June 4 Sep.,ll 99
76 Fden 4 7.34 37,9 6,665 27 Junell Sep.ll 92
79 Kemuerer 5/ Te94 39,4 6,954 June 7 Sep.l5 100
81 Llyman 11.49 40,7 6,800 16 Juhe 9 Sep.l?7 100
82 Pincdale 11,42  35.7 17,180 20 Junc22 Aug.29 68
New Big Piney 9.25 34.8 10 June22 Aug.29 68

6,820

1/ Based on some unpublished data.
2/ Average for period of record, 1905-1910 and 1944-45,
Year 1932 cwtimated from tcmperature data,
Year 1931 and 1932 estimated from temperaturc data.
Estimated 32-ycar average for the period 1914-1945,

2/

4
5

!
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Method of Obtaining Data:

_Through the courtesy of the various state representatives of the
Engincering Advisory Committee to the Upper Colorado River Basin Com-
pact Commission, interviews were arranged with representative farmers,
water masters, state river commissioners, United Statcs Bureau of
Reclamation Enginecrs, County Extension Agents, Soil Conscrvation
§cryice technicians and others acquainted with water supplics and
1rf1gation practices in cach arca., In addition, information was ob-
tained by the authors from personal observation of the areas and a
study of various published and unpublished recports. All the data
obtained through interviews, personal obscrvation, or otherwise
were systematically recorded. Numerous pictures were taken to rccord
conditions found to exist in the basin., Photographs were made of
natural vegetation as well as agricultural crops and irrigation prac-
tices, Figures 2 to 17 show typical areas inspected by the authors
in May 1948,

As indicated in Figures 2 to 4, the beginning of the growing season
varies widely within the Upper Colorado River Basin, Near Big Piney,
Wyoming, alfalfa had hardly shown any signs of growth by the middle of
May 1948. Irrigation had not yet started in that area, At Lake Fork,
Utah, alfalfa had "greened up" and the new shoots were approximately
four inches high, Irrigation here was just beginning. At Rogers
Yesa, Colorado, alfalfa was knee high and the irrigation season was
well advanced,

Low lying pastures and meadow hay land naturally overflowed be-
cause of swollen rivers are shown in Figures 5, 6, 7 and 9. This
overflow is an annual occurrence and usually lasts from 4 to 8 wecks.
After the streams subside, diversion dams are thrown across the channels
and the lands receive irrigation water almost until haying time when
they are allowed to dry sufficicntly to support the harvesting equip~
ment, Figures 10 to 17 in the series show river channels, native
vegetation and irrigated crops at various locations throughout the
basin,

General Description of Practices

In some studies of water use in arcas of the West, thc growing
season has been considered as the time between killing frosts, and the
irrigation period has generally coincided fairly well with this grow-
ing period, However, for most perennial crops, growth starts as soon
as the maximum temperature stays well above the freezing point for any
extended period of days and continues so throughout the season in spite
of later freezes., Sometimes growth persists even after the first so-
called killing frost. Grasses may mature even though summer temperatures
drop below freezing repeatedly.

In the Upper Colorado River Basin it was found that in the higher
areas irrigation water is applied early in the spring, in some instan-
ces even before growth begins but certainly before the beginning of
the frost-frece period, Irrigation water is thus consumed through
evaporation and some transpiration before the beginning of the frost-
free period.



FICIFE 6

FIGIRE 2 Yampa River overflowing bottom lands about
Alfalfe field, near Big Piney, Wyoming, eight miles below Steamboat Springs, Colo.
May 22, 1948, May 19, 15L8.

FIGWFE 2 FIGIRE 7
Alfalfs growing on bench lands two milea Flood irrigation of pasture about four
eagt of lake Fork, Utah, May 13, 1548. miles from Bayfield, Colorado, on Pine

River, Moy 10, 19+8.

FICWRE A FITFE 8
Alfai?a groving ca Rogers Mesm, Colormdc Poach orchmrd growing along Colored Piver
May 15, 19L&, rear Palipades, Colarado, May 17, 1yeo.

YIZFE S YSFE S
Tlocied river bottom, irrigated mmeture, Srein fleld, flacded pmsture, oottorwond
and very dec.se vegetation below Siater, u ‘n bacrgrowd alorg Coloredo River

wymizg, May 20, 1wd, Moat, Thak, May 12, ivec.



FIGURE 10
Farm in Green River Valley, Wyoming, near
Junction of Eaet Fork and Green River.
Sparse mtive vegetation in foreground,
irrigated paeture and dense mative veg-
etation in background, May 22, 1948.

FIGURE 11
Sage bruuh groving between Farson and
Pinedale, Wyaming, May 21, 1948.

FIGIRE 1k
Very dense mtive vegetation (cottomwoods)
(villows) groving along Green River above
irrigated lands Green River, Utwah.
My 12, 1948

FILRE 15
Dense Tamarisk (salt-cedar) groving along
Colorado River near Moab, Utab, May 12,
¥

FIGIRE 12

Little Snake River at high stage, Wyaming-~
Colorado. Cottonwood trees and villows

are typical and very dense riparian
vegetation, May 20, 1348.

FIGIRE 13
White River walley about 10 miles above
Rangeley, Colorado. MNedium native
vegetatlion groving in river channel.
MNay 14, 1948,

FIGIRE 16 .
Dense villows growing along Animse River
two miles above Durango, Colorsdo.
May 11, 19L8.

FICWRF 17
San Juan River Va.ley about five milee
below Blanco, New Meaico. Willowe,
Tarnrisk and Ccttonvnod trees groving
along river. Msy v. |8,
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As between States, irrigation practices do not differ materially
from.p}ace to place under conditions of similar water supply, climatic
conditions and elevation, Total water supply as well as its distribution
?hrougbou? t@e irrigation season is probably the major rcason for var-
lance 1in arrigation practices applying to any one crop. It was found
quite gene?ally that those areas having the shortest late season water
supply begin irrigation earliest in the spring in an attempt to supple-
ment the soil moisturc supply while water is available,

Following is a general discussion of the irrigation practices in
each state of the Upper Colorado River Basin:

MArizona,- A large portion of the Arizona irrigated land within
the Upper Colorado River Basin is located in the vieinity of Chinle and
Kayenta and is farmed by Indians, Reports indicate that in recent
years between 3,800 and 9,800 acres have been irrigated, the area vary-
ing with the seasonal water supply. Some lands have an adequate water
supply, while other areas are irrigated only when flood waters are avail-
ables (18) The crops consist of corn, small ceredls, beans, and alfalfa.
The frost-free period varies from about 140 days to over 200 days.

Colorado.~ The characteristics of irrigated areas in the Colorado
River Arca of Colorado are widely variant, The elevation of the irri-
gated lands ranges from about 4,600 fect ncar Grand Junction to almost
8,000 fecet in areas such as Aspen. The Weather Bureau frost-free per-
ied varies from zbout 60 days to almost 200 days., The mean annual tem-
peraturc varies from about 35 degreces to 53 degrecs. Water supplics
are also extremely variable, . Some areas, such as the Florida project
near Durango, have extremely short water supplies and a medium-long
growing szason. Ags-iculture varies from a highly diversified and or-
chard type of farming in the vicinity of Grand Junction to a wild hay
and pasture typz tcuward the head of many of the streams., Some areas
_which are used for grewing wild hay are naturally flooded each year
and the irrigaticn period extends through only a month or less. See
figures 6 and 7. This is particularly true on the Upper Yampa River,
White River, the Upper lain Colorado, Blue River and the Upper Gunni-
son areas, This natural flooding causes a considerable lowering in the
irrigation water demand,

In the Grand Valley, which has a large percentage of its irri-
gated area in orchard, ircigation of alfalfa begins about the middle
of April and continucs until the first pawt of October, Orchards are
irrigated aprroximately eight times cach year, the first irrigation
occurring aboat ilay 5 and the last one Ccueher 25, It is the common
practice to plant grain as a nurse erop far aifalfa in this valley,
The grain and alifalfs conbined roguire five irrigations or more each
year and the irrigatioa seasou oxtends Ivem about April § until well
toward fall, A lerge nart of the ivriguted area in Colorado depend-
ing upen the flew of the main strcams, scems to have a full water
suppiye. However, some of the smaller tributarics of the main rivers
do not furnish an adeguate latc-scason water supply for numerous
small arcas,
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w Moxico.- The greater part of the New Mexico irrigated land
) pper Colorado River Basin is irrigated from the San Juan
Pit Animos Rivers and has a water supply adequate to mature crops.
Elevabion of this area is slightly over 5,000 feet and the frost-free
rowing period about 160 days., Alfalfa is irrigatcd at least four or
ive times a year and the hay yields vary between four and five tons
per acre, Irrigation ordinarily begins by April 10 and continues
until the middle of September, Small grains receive two or more
irrigations per year, the first one the middle of May and the second
toward the end of June. Orchards receive five or more irrigations
each year beginning the middle of May and extending pretty well
through Septembei, with some farmers irrigating even later. The only
other two areas in New Mexico considered were the lLa Plata and the
Dulce, in each of which the irrigation supply is extremely short in
the latter part of the summer. This shortage tends to move the begin-
ning date of irrigation ahead and to increase the amount of water
applied per application while the high flows are still in the rivers.

Utah.- Elevations of irrigated areas in the Utah part of the
Colorado River Basin vary from 4,000 feet to nearly 7,000 feet. The
Weather Bureau frost-free growing period for these areas varies from
about 90 to 182 days. However, the majority of the irrigated areas
have a growing season of about 125 days. Mean annual temperatures
vary from 43 to 52 degrees. In most of the irrigated areas alfalfa,
small grgins and grass hay and pasture are the important irrigated
crops. In a few small local areas, such as Green River and Moab, a
large proportion of the irrigated land is in orchard, melons, potatoes,
etc, A considerable acrsage of sugar bebts is grown in the Price area.
There is a relatively small percentage of the irrigated land in Utah
that has an adequate water supply for full crop production. However,
it is believed that for most of the land the shortage is not serious,
although for some of the smaller areas, such as Blanding, the supplies
are extremely deficient., In most cases inadcquacy applies to late-
season water, In Ashley Valley, one of the large mntiguous irrigated
areas in this State, alfalfa is ordinarily irrigated five times, the
first application being made about the middle of May and the last one
the latter part of August. Small grains receive two or more irrigations
each year.between the period May 15 and Junc 5. In the Blanding area
there are seldom more than two irrigations cach year for alfalfa, the
first one being about March 1 and the last later than the middle of
June, Grains and beans get by with one irrigation,

Wyoming,~- Most of the irrigated land in the Colorado River Area of
Wyoming is used in growing grass hay and pasture, The growing season is
relatively short, Elevation of practically all the land is above 6,000
fect, According to Weathur Bureau rccords, the frost-free period varies
from about 100 days at the south end to 1033'than 70 days in the v1cln1ty
of Pincdale, Mcan annual temperatures vary from about 35° to 41°F, The
harvesting of the wild hay usually begins between the first and 15th of
August and irrigation water must be taken off the meadows ecarly enough
to allow harvesting operations. Irrigation begins from May 5 at the lower
end of the area to June 1 at the upper end. The major streams hcad high
in the wonntains, so that the irrdgation period corresponds fairly well



16~

with the period of high strcamflow. As a result, most of the ranchers
manage fairly well with very little reservoir storage water, especially
at the upper end of the basin,

Considerable arecasthat are classed as irrigated land rececive
patu?al overflow water when the rivers and streams are high as shown
in figure 5. After the streamflow drops, these areas receive irri-
gation water until such time as they must be prepared for harvesting.
Apparcntly, these areas have always been naturally flooded, and man
in his farming operations has merely lengthened the period during which
adequate water is available for good plant growth, The larger areas
of the naturally overflowed lands are found inthe vicinity of Fine-
dale and Big Piney and on Ham's Fork and Black's Fork,

The only major variation from the above described irrigation
practices and crop distribution is the Eden Valley Irrigation Project
located approximately 40 miles north of Rock Springs, About one-half
of the irrigated area of this project is in alfalfa, an additional
third is in small grains amd the balance is in pasture and grass hay.
The farmers on the Eden Project are able to make two cuttings of
alfalfa each year with average yields of between 1.5 and 2,0 tons
per acre. An adequate supply of storage water is available and the
farmers apply an average of four irrigations per year to their alfalfa
the first application being mades betwcen May 25 and 31 and the last
one August 15, Small grains are irrigated two to threc times, the
ézi;gation period beginning the middle of June and extending through

[ ]

ESTIMATES OF RATES OF CONSUMPTIVE USE

: In computing rates of consumptive use of watcr, the Blaney-
Criddle method and formula U = KF are used {7)s The values of coef-
ficient (K) are shown in table 1, A consumptive use factor (F) for

the growing, frost-free or irrigation period is used, lMean monthly

temperature and precipitation records are shown in the appendix.

Irrigated Crops

Rates of consumptive use of water by alfalfa and grass hay are
established for three types of irrigation practice, which are different
because of the character of the water supply; thns onc or mére is applicable
to each area. These thres types of irrigation practice are: (1) A
wgter supply adequate to satisfy the requirements of crops and acreages
now irrigateds (2) A definitely short late-scason irrigation water
supply, usually found on the smaller unregulatcd strcams., It is assumed
that the period of use of irrigation water is from the date of first
irrigation to the date of last irrigation, plus two weeks for grass hay
and pasture and three wecks for alfalfa, Thcse periods after the last
irrigation are added to take care of residual soil moisture which is
used by the crops. However, in no case has the period been extended
beyond the end of the frod-free periods (3) Irrigation of crop lands
normally flooded during the period of high run-off each ycar. This
practice gencrally applies only to grass hay or pasture land, Aftcr
the flow in the rivers declines, irrigation water is applicd throughout
the remainder of the season. Man-made consumption of irrigation water
occurs only after the high water rccedes and irrigation bcgins,

The irrigated aruvas, Weather Bureau stations and irrigation
periods for alfalfa and gyass hay used in computing water consunption
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rates are shown in table 3, It is assumed that the growing scasons
for'orchard and native vegetation are the same as the frost-free
periods, that small grains and beans will grow for threc months begin-
ning at the last frost in the spring and that corn and other annuzls
will grow for four months, For an area having a growing season longer

than that shown as its average frost-froe period, it is essumed that "
the crop will not always mature.

n A sample of computations for rates of water consumption by
irrigated crops in the Upper Yampa and Elk River arcas, Colorado is
shown in tables 4 and 5. The results of similar computations for
nor@al water consumption rates for irrigated crops during the growing
period for areas in the entire Upper Colorado River Basin arc summar-
ized in table 6. Thuse estimates are based on the assumption that a
water supply ample to satisfy the water requirement of the plants is
available from precipitation and irrigation.

The estimates of rates of consumptive use shown in table 6 include
moisture supplicd by both irrigation and rainfall, By subtracting the
growing-period rainfall from the rates of use, the rates of consumption
at the point of use, as the result of irrigation, may bc obtained
provided this land was not naturally irrizated,under-virgin-conditions;
For example, thc consumptive use for alfalfw in the Montezuma Arca,
Colorado is computed as 24,5 inches during ths irrigation scason with
a full water suppiye. The normal rainfall during this pcriod is 5.6
inches, Then 24,5 - 5,6 = 18,9 inches, or 1l.58 feet (acre-fect per
acre), which is the consumption of irrigation water at point of use for
alfclfa land during the irrigation season, Table 7 summarizes the
results of computations of rates of sonsumptive use minus rainfall dur-
ing the grewing cor irrigation scason.

Undor=—virgin-econditions~esome—of—thie-tend-may-heve—received

high water table or it may have receivedwaler from
precipitation onlys so, land which forme have had a high
water table may now ba inged. I deTEcessary to meke allowances for
such circumstances in eac i en ectirmating the consumption of
irrigation water 7t may be assuird.thst average consumptive use
iter period under present cendtéigns has not changed

. J . itIons,
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Table 3.~ Irrigated areas, Weather Bureau stations, and irrigation
periods utilized in computing consumptive use of irrigation
water in Arizona, Colorado, New Mexico, Utah and "yoming

Unit Weather Bureau Water'l/ Frost-frquf Alfalfqé/
No. Area station supply period irrigation
season
ARIZONA
1 ~ Chinle Chinle F s/16 - 10/7 5/1 - 10/7
S /1 - 7/15
2  Kayenta Kayenta F 4/28 - 10/13 4/10 - 1043
4/10 - 7/15
COLORADO
1l Upper Yampa and
Elk River Steamboat Springs F 6/27 - 8/5  5/10 - 8/25
S 5/10 - 7/31
N.O. : 7/8 - 1/31
2 Lower Yampa and
tributaries Hayden s 6/11 - 9/13 5/5 - 1/31
3  little Snake River  Dixon S 6/4 - 9/11 5/15 - 8/20
4 White River direct Meeker F 6/10 = 9/11 5/15 - 9/11
N.O, 7/12 - 9/11
5§ ' White River s 6/10 - 9/11  5/15 - 7/20
tributaries Meeker N.O. 7/12 - 1/13
6  Colorado River Green Mt, Dam F 6/15 - 9/6  5/20 - 9/6
above Glenwood & Blus Valley
Ranch
_6a Muddy Troublesome Green Mt, Dam s 6/15 - 9/6 5/10 - 8/10
& Blue Valley N.O. 7/18 - 8/3
Ranch
7 Blue River Green Mt. Dam
& Blue Valley Ranch F 6/15 - 9/6 5/20 - 9/6
N.O. 7/18 - 9/6
8 Eagle River and
Upper Eagle
River Eagle F 6/19 - 9/6  5/5 - 9/6
N.O. 7/18 - 9/6
9  Gypsum Creek Eagle S s5/1 - 17/21
10  Roaring Fork Aspen F 6/10 - 9/15 6/1 - 9/15
above Basalt S 6/1 - 9/1
11 Roaring Fork -
Glenwood Sprgse to
Basalt Glenwcod Sprgse F 5/17 - 9/29 5/10 - 9/29
S $/10 - 8/1s
12  Rifle (Silt to
Glenwood Springs Rifle S 5/15 - 10/3 5/25 - 8/1
18 Tlatoaun (eok Collbran s 5/26 - 9/29 S/1 - 1/1¢
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Table 3 (eont'd).~ Irrigated areas, Weather Bureau stations, and irrigation
‘ periods utilized in ¢omputing consumptive use of irrigation
water in Arizona, Colorado;, New Mexico, Utah and “Iyoming

A e

&

2/
Unit Weather Bureau | Water 1/ | Frost-free2/ Alfalfa
S Area station supply period irrigation
season
COLORADO (cont'd)
13 “Grand Valley Fruita and Grand F 4/24 - 10/18 4/15 - 10/18
Junction
14 Upper Gunnison Gunnison F 6/18 - 9/2 5/20 - 9/2
N.O. 7/1 - 9/2
15 Tomichi and
Cochetopa Gunnison S 6/18 - 9/2  5/20 - 8/10
N.O. /1 - 1/26
16 North Fork Gunnison Paonia s s/5 - 10/12 4/20 - 7/15
17 Upper Uncompahgre Montrose and F s/28 - 9/19 5/15 - 9/20
Cimarron and Gunnison
Dallas
18 Uncompahgre Project Montrose and
Dclta F s/s -10/6 5/1 -~ 10/6
19 Little Dolores Grand Junction s 4/13 - 10/26 4/15 - 9/1
19a Lower Dolores Fruita and Grand
Junction F 4/24 - 10/18 4/15 - 10/18
20 Dolores River Cortez s 5/26 - 9/29 6/10 - 9/1
21 San Miquel, Tilly
lands,
Disappointment Norwood s 6/8 - 9/26 5/8 =8/1
22 lMontezuma Arca Cortez F 5/26 = 9/29 S5/5 - 9/29
23 Upper San Juan
szlley Pagosa Springs F 6/23 - 9/13 5/15 - 9/13
24  Pine River and
Podra Arca Ignacio F 6/5 - 9/23 5/5 - 9/23
25 Animas River Durango F 6/1 - 9/26 S5/1 - 9/26
26 Florida A?ca Durango ) 6/1 - 9/26 S5/1 -1/
27 La Plata (Colorado Cortez and
Arca) Lewis S 5/30 - 9/26 5/15 - 8/8
28  Mancos Area Cortez S 5/26 - 9/29 s/1 - 1/21
NEY MEXICO-
1 cc - Upper
Navajo P Dulce S 6/11 - 9/20 5/15 - 9/13
2 La Plata Ft. Lewis and
Bloomficld S s/21 - 10/1 5/15 - 8/8
3 Bloomfield -~ Bloomfield and
Shiprock Shiprock F 5/5 - 10/13 4/10 - 10/13
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~ Table 3 (conF‘d).— Irrigated areas, "eather Bureau stations, and irrigation
periods ?tillged in computing consumptive use of irrigation
water in Arizona, Colorado, New Mexico, Utah and Wyoming

: Unit Woather Bureau | Waterl/ | Frost-free2/] AlfaI%éﬁ
R Area station supply pcriod Irrigation
season
UTAH
1 Henry's Fork Manila '3 — 9/1. -
2 Ashley Valley and 8 6/13 = 9/14 5/15.- 8/20
; ogrr:;h Creek Vernal F 6/1 - 9/18 5/10 - 9/18
on s - 4/10 - 7/21
4 Valley lands - wt 541 - 9/30 4/ K4
Uinta Basin Myton)
Ft. Dushesne S 20 - 9/27 4/15 -
5 Bench lands - ) 5/ 21 415 - 915
Uinta Basin Duchesne) s 5/26 - 9/23 4/20 - 9/15
6  Price River Price F 5/18 - 10/1 5/1 - 10/1
7 Green River Green River F 5/2 - 10/9 4/10 - 10/9
8 Moab Moab S 4/18 - 10/17 4/1 - 8/31
9 La Sal La Sal S 5/25 - 10/1 4/15 - 7/25
10  Monticallo La Sal ] 5/25 - 10/1 4/15 - 7/31
1 Huntington, Castle
Dale, Ferron Castle Dale S 5/22 - 9/21 4/15 - 8/21
12  Emery - Hanksville Emery S S/24 - 9/27 4/15 - 8/31
13 Loa Loa s 6/12 - 9/9 5/1 - 8/15
14  Escalante Escalante S 5/15 - 10/1 4/15 - 8/15
15  Blanding Blanding s $/11 - 10/13 4/15 - 7/31
16  Paria River Tropic S 5/25 - 10/6 4/15 - 8/15
WYOUING
1 T Eden Valley Eden F 6/11 - 9/11 /25 - 9/11
2  Pinedale Pinedale F 6/22 - 8/29 5/20 - 8/29
N.O. 6/22 - 8/29
3  Big Piney Big Piney s 6/22 - 8/29 5/10 - 8/15
N.O. 6/22 - 8/15
4  Ham's Fork Kemmerer F 6/7 - 9/15 5/15 - 9/15
NoO. 6/20 - 9/15
5  Black's Fork Lyman s 6/9 - 9/171 5/10 - 8/15
N.O, 6/20 - 8/15
6 Little Snake Dixon S 6/4 - 9/11 s/5s - 8/15
7 Henry's Fork Manilla S 6/13 - 9/14 5/15 - 8/20

A/ F = Full water supply for all crops.

S = Short water supply for alfalfa, grass hay and pasture.

" N.O.= Natural overflow on grass hay meadows and pasture during flood stage
of river or stream provides moisture before irrigation begins.

2/ From U, S, "leather Bureau recordss.
2/ From interviews with farmers, county agents, water masters, river
The end of the irrigation season is

commissioners, &nd others,

assumed to be the end of the frost-free period in areas of full
water supply.
alfal fa would continue to use residual moisture in the soil for
three wecks after the last irrigation.

g§gumed to_us

er the last irriga e

Where the water supply is short it is assumcd that

Grass hay and pasturse are
residug} irrigation water from tho soil two weeks
(o]
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Table 4.- Example of observed monthly temperatures, precipitation, percernt
of daytime hours and calculated consumptive use factor in the
Upper Yampa and Elk River areas of the Upper Colorado River

Basin,
W B. Station Steamboat Springs County Routt State Colorado
Sta. No, 33 Elevation 6,770 Ft, Latitude  40° 30 'N,
Month Full 1/ Short 2/ [latural Over-Fiow
or Water Supply 5/10 - 8725 |5/10 — 7/3ﬂ 3/ 1/8 - 1/31
Period | 1 p ] £ | R f |R f R T | R
~F, Percent Inches Inches Inches nches
January 13,9 - 6072 0,93 2,31
February 18.6 6,71 1,25 2.43
March 26.2 8.3} 2.18 2.}9
May 48,2 10,05 4,84 2,23 3023 1,49 3.23 1.49
June 55.2 10.15 5060 1038 - - - -l 5060 1038
1-27 mcc e c e mcc e -~ 5.04 1,24
B-30 cmmcccmccan-- 0.56 0.14
July 61,6 10,26 6432 1,58 6,32 1,58 8,32 1,58 4,74 1.18
August 59.4 9,56 5,68 1.76 4,58 1,42
September 52.1 8.38 4.37 1.78
QOctober 41.7 7073 3-22 1099
November 28,7 671 1.93 1.69
Decomber 16,9 6,48 1,10 2,26
Total 38,4 100,00 40,84 24,07 w== = = ==1515 4,45 4,74 1.18
5/10-6/27 = = = = = = = = = = = =~ 8,27 2,73
6/28-8/25 = = = = = = = = --== 11,46 3,24
t = Mean monthly temperature in degrees.

0

Monthly percent of daytime hours.
t x p = Monthly consumptive use factor
100

R = Prcecipitation in inches.
1/Full water supply for all crops.

2/Short water supply for alfalfa, grass hay, and pasture.

Q/Natural overflow on grass hay, mcadows and pasture during flood stage of

river or strcams,
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Table 5. Example of computations of rates of consumptive usc of water in the
Upper Yampa and Elk River arcas of the Upper Colorado River Basin,

.assification Wate; K F U R U minus R
| SUPPLY (total f)
Inchcs Inches Inches
Irrisated crops
Alfalfa Filll/ 0,70 8,27 5.9 2.73) 9166
Alfalfa Shert 2 0.85 15,15 12,88 4,45 8.43
Grass hay Full 1 0,60 8.27 4,96 2.73) 7'6§
Full I/ 0,75  11.46 8.60  3,14) )
Short 3/ 0,75 15.15 11,326 4.45 6491
N. O._é/ 075 4,74 3.56 ° 1,18 2,38
Incidental areas
“Jater surfaces 0.95 11.46 10.89 3.14 775
Native vegetation
Very dense 1.35 11,46 15.47 3,14 12,33
Dense 1,20 11,46 13.75 3,14 10,61
Medium 1,00 11,46 11,46 3,14 8.32
Sparse (Precipitat ion only)
Seeped areas 0.90 11,46 10,31 3,14 7.17
K =-% = Empirical consumptive use coefficient determined experimentally
F = Sum of tho monthly consumptive use ‘factors for the peried.
U = KF = consumptive use, in inches.
R = Precipitation, in inchcs,
1/ Full water supply for all crops.
2/ Short watcr supply for alfalfa, grass hay, and pasture,
2/ Natural overflow on grass hay, meadows and pasture during flood stage

of river or strcams,
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Table 6.- Summa?y of cstimtes of normal unit consumptive use of water ratcs
for irrigated crops during the irrigation period for arcas in the
Upper Colorado River Basin,

) Normal rate consumptive use
Unit Grasg Corn
Water | Alfalf Hay | Grains and Crchard
supply] and | and other
No. Area asture] beans | annuals
Irc-es 1.°hes Inches Inches  Inches
ARIZOFA ===

1 Chkinle F 28,3 24,2 15,4 20,1 -

2 Kayenta F 32.5 2847 15.2 20.5 -
Kayzuta s 16,9 13.5 15,2 20.5 -

COLGHADO ‘

1 Upper Yampa and Elk River F 15.5 13.6 8.6 8.6 -
Urper Yampa and Elk River S 12,9 11.4 8.6 8.6 -
Upper Yampa and Elk River N.C. - 3.6 - - -

2 Lower Yampa and Tributaries S 14,6 11.7 1l4.0 - -

3 Little Snake River S 16.9 13.8  13.9 - -
Little Snake River : N.O. - 4.9 - -

4 Uhite River, direct F 18.9 13.9 13.8 - -
"hite River, direct N.O. - 8.9 - - -

5 White River tributaries s 11,2 849 - - -
White River tributaries N.O. - 0,0 - - -

6 Colorado River above Glenwood F 16,3 14,3 11.7 - -

.6a Kremmling, Muddy, Troublesome S 14.4 11.6 11,7 11.7 -
Kremmling, Muddy, Troublesome N.O. - 2.4 - - -

7 Blue River F 16.3 14,3 11.7 - -
Blue River N.O. - 7.0 - - -

8 Eagle River and Upper Eagle R, F 18.5 16,2 11.6 11.6 -
Eagle River and Upper Eagle R. N - - 1.1 - - -

9 Gypsum Creek S 12,7 lo.4 11,6 11.6 -

10 Roaring Fork, above Basalt. F 16.3 4.4 12,7 13.3 -
Roaring Fork, above Basalt S 14.7 13.0 12,7 13.3 -
11 Roaring Fork Glemwood Springs F 24,2 214 14,6 19.0 17.8
to Basalt S 17.5 14,2 14,6 19.0 17.8
12 Rifle-Silt to Glenwood Springs S 12.8 9.9 15.0 19.4 18.7
12a Plateau Creek S 12,8 11.3 14,5 18.5 16.3
13 Grand Valley F 32.4 28.6 15.2 20.6 24,0
14 U@per Guanison (excluding F 15.8 13,8 10.9 10,9 -
omichi and Cochetopa) N.O. - 9.2 - - -
15 Tomichi and Cochetopa S 13.0 9.9 10,9 10.9 -
Tomichi and Cochetopa N.O, - 3.9 - - -
16 North Fork Gunnison S 14,5 11.5 14,6 19.3 20,5
17 Upper Uncompahgre, Cimarron F 21,2 18,7 14,9 19.7 20,2
and Dallas
18 Uncompahgre Project F 27.9 24,6 15,2 20,0 20,6
19 Little Dolores S 26,3 21,8 14,6 20,3 26,2
19a Lower Dolores ) ) 32.4 28.6 15,2 20,6 24,0
20 Dolores River S 1%.1 11,9 14,8 18.9 16.7
21 Han Miguecl, Lilylands,
Disappointment S ¥.3 11,1 14,1 - -
22 lMonteczuma Arca F 24.5 21.5 14.8 18,9 16,7
23 Upper San Juan Valley F 17.8 15.6 - - -



Table 6 (cont'd)

Y

- Summary o? estimates of normal unit consumptive use of
water rates for irrigated crops during the irrigation period for

areas in the Upper Colorado River Rasin,

. Hormal rate consutptive use I/
Unit Grzss 5 Corn
Water | 41falfal hay Graing and [Orcharc
supply and and | other
No, Aren nasture| beans lannualg
COLORAQQ (Continued) Inches  Inches Inches Inches Inche
24 Pine River and Piedra Area F 22,4 19.6 14,2 18,6 14,2
25 Animas River F 22.9 20,1 14,0 17.1 14.8
26 Florida Ares S 13,2 10.8 14,0 17,1 14.8
27 La Platz (Cclorado portion) S 14,4 11.6 14,2 17,2  15.1
28 Mancos Ares S 14,0 11.5 14,8 18,9 16.7
HET 1EICO
1 Dulcc S 20,1 16.8 13,8 - -
2 La Fleta S 15.0 12,0 12,0 - -
7 Blocmfield-Ghiprock F 32.1 28 .4 15.3 20,4 21.¢
UTA4H
1 FHenry's Fork S 16.8 14,0 14.0 - -
2 Ashley Valley and Brush Creek F 21,8 19.2 4.9 - -
3 Ourey S 17.1 14,2 - - -
4 Benchlands - Uinta Basin S 22,4 20.6 14,6 18.2 15."
5 Valleylands - Uinta Basin S 25.0 22,1 15.1  19.3 17.¢
6 Price River F 26,7 23.5 15.4 19,9 18.°
7 OGreen River F 22.5 B.6 16,2 21.7 23,
8 Moab S 28 .8 24,2 15.3 2049 25..
9 La Sal S 16.4 13,32 14.7 18,7 16,¢
10 lonticello S 17.6 14.3 4.7 18.7 164
11 Huntington, Castle Dale FerronS 23,1 19.3 14,6 18,7 16,
12 Emery-Hanksville S 22.5 18.8 14,2 18,2 18,
13 Loa S 17.7 14.5 13.3 - -
14 Escalante S 20.3 16,8 14.4 18,7 17.
15 Blanding S 1€.2 14,8 14,8  19.4 20,
16 Paria River S 20,1 1646 4.5 18,5 17.
YYOMING
1 Pinedale F 14,8 3.0 - - -
Pinedale NeOo - 9.8 - - -
2 Big Piney S 14,7 11.9 - - -
Big Piney WeO, - 6.8 - - -
3 Eden Valley F 17.2 5.1 13 .4 - -
4 Ham's Fork F 18.6 16,3 13.2 - -
Ham's Fork N.O. - 12,2 - - -
5 Black's Fork S 16,2 13,0 13,6 - -
Black's Fork N.O. - Te5 - - -
6 Henry's Fork S 16.8 14,0 14,0 - .
7 Little Snake S 16.9 13.8 13.9 - .
Little Snake N.C. - 4,9 - - -

Includes irrigation water plus precipitation,

= Full water supply for all crops.
S = Short, water supply for al falfa, grass hay, and pasture,
N.Os=Natural over-flow on grass hay, meadows and pasture during flood stage
of river or streams, provides moisture for crops before irrigation

period begins consumpt ive use rate is for irrigation period only,
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Table 7.~ Summary of estimatcs of normal unit consumptive use of water rates
minus precipitation by irrigated crops through the irrigation period
for areas in the Upper Colorado River Basin

Normal ratc consumptive usc 1/
Unit Grass Corn Orchard
Water |Alfalfal] hay |CGrains] and
supply and and | othcer
No., Areca pasture| bcans|annuals
inches  Inches Inch:s Inches  inches
ARIZONA
1 Chinle F 23,0 19,2 12,5 15.8 -
Chinle s 12,3 9.7 12,5  15.8 -
2 Kayenta F 27.5 23.6 13,3 17,0 -
Kayenta s 15.3 12,2 13.3 17.0 -
_COLORADO
1l Upper Yampa and Elk River F 9.7 77 5.5 5¢5 -
Upper Yampa and Elk River S 8.4 6.9 5.5 5.5 -
Upper Yampa and Elk River N.O, - 2.4 - - -
2 Lower Yampa and Tributaries S 11,0 8.4 10,1 - -
3 Little Snake River S 13,8 10,9 10.7 - -
4 Vhite River - Direct F 13.2 10,9 942 - T.4
Vhite River - Direct N.O, - 5.6 - - -
5 VWhite River Tributaries S 8.4 6.4 9.2 - T.4
6 Colorado River above GlenwoodF 11.8 9.8 8.1 - -
6a Kremmling, Muddy, TroublesomeS 10,6 8.2 8.1 8.1 -
Kremmling, Muddy, TroublcsomeN,O. - 1.7 - - -
7 Blue River F 1.8 9.8 8.1 - -
Blue River N.O. - 4.7 - -
8 Eagle River and Upper EaglekoF 1%.3 11,0 8.2 8.2 -
Eagle Ri.va‘ ad ‘bmr mle Ro N.Oo - 4.8 - - -
9 Gypsum Creek S 9.4 7.3 8.2 8.2 -
10 Roaring Fork above Basalt F 11,5 9.6 8.5 8.5 -
Roaring Fork above Basalt S 10.7 9.0 8.5 - -
11 Roaring Fork Glenwood Springs '
to Basalt F 17.1 14.3 10,4 12,9 . llol
Roaring Fork Glenwood Springs
to Basalt 13.0 10,1 10,4 10.4 -
12 Rifle-Silt to Glenwood Springs S 11,0 Be4 12,4 15.7 14.3
12a Plateau Creck S 10,0 8.5 1.1 13,4 11,0
13 Grand Vallcy F 28.3 24,5 13.2 17.6 19.2
14 Upper Gunnison (excluding F 1,7 947 7.5 745 -
Tomichi and Cochctopa) NoOw - 6.1 - - -
15 Tomichi and Cochectopa S 10.1 7.4 7.5 - -
Tomichi and Cochetopa N.O. - 2.6 - - -
16 North Fork Gunnison S 11,3 8.5 1l.4 14.8 14,2
17 Upper Compahgre Cimarron F 16.8 14,3 12,5 16,0 15.5
and Dallas
18 Uncompahgre Projcct F 23.2 20,0 13,0 16.6 16,2
19 Little Dolores S 22,8 18,6 12,6 17.5 21,0
19a Lower Dolores F 28,3 24,5 13,2 17.6 19.2
20 Dolores River S 11.9 9.2 11.6 1309 11.6
21 San Miguel - Lily Lands -
Disappointment S 10.5 8.0 8.8 - -
22 Montczuma Arca F 18.9 16,0 11, 13.9 11,6
23 Upper San Juan Valley F 11,0 8.8 - - -
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Table 7 (COntfd).- Summary of estimates of normal unit consumptive use of water
rates minus precipitation by irrigated crops through the irrigation period
for areas in the Upper Colorado River Basin

. Norm2l rate consumptive use 1/
Unit Grass Corn
Water |Alfalfa] hay | Graind and Crchard
supply and | and ] other
No. Arca asture beans fnnuals
EQEQE&QQ (Continucd) Inches Inches Inches Inches  Inches
24 Pine River and Piedra Area F 15.5 1207 90} 12.6 8.3
25  Animas River F 14,9 12,1 8.8 10,2 7e9
27 la Plata - (Colorado Portion) S 1,2 8.8 9.9 11.4 9.2
28  Mantos Area S 12,0 9.7 1l.6 13.9 11,6
NEY MEXICO
1 Dulce S 13,1 10,3 7.9 = -
2 La Plata S 11.8 9.3 10.5 - -
3 Ugigpmfield Shiprock F 27,0 23,2 13.4 17.2 17,2
1 Henry's Fork . S 13.9 11,3 11,3 - -
2  Ashley Valley and Brush Creek F 18.7 16,1 13.1 - -
3 Ouray S 15.1 12,3 13.2 - -
4 Eenchlands-Uinta Basin S 19,0 15,7 11.6 14,2 11,7
5 Valleylands-Uinta Basin S 21.9 18,9 13.2 1645 14,6
6 Price River F 21.7 18,5 12.7 15,8 14,1
7 Green River F 28,8 25,0 14,7 19,3 19.7
9 La Sal S 13,0 10,3 1.l - -
10 lMonticello S 13.9 11,0 1,1 - -
11 Huntington-Castlc Dale-Ferron S 19.6 16,1 12,1 15.1 13.0
12 Emery-Hanksville S 19.1 15.6 11.8 14,7 14,2
13 Loa S 15,0 12,9 10,3 - -
14 Escalante S 16.3 13,3 11.0 12,6 12,1
16 Paria River S 16,4 13,3 11.1 13.5 12.0
WYOHING
1 " Fincdale F 11,4 9.6 - - -
" Pinedale N.O. - Te5 - - -
2 Big Pincy 11.9 9¢3 - - -
Big Piney N.O, - 51 - - -
3 Eden Valley F 14,5 12,4 11.1 - -
4 Hom's Fork F 15.6 13,4 11,0 - -
Bam's Fork N.O, - 10,2 - - -
5 Black's Fork S 12.9 9.9 10.9 - -
Black's Fork Ne.Oe - 5.8 - - -
6 Henry's Fork S 13.8 10,9 11.3 - -
7 Little Snake S 13.3 10,5 10.7 - -
Little Snalke N,O. - 3.8 - - -

1/ Incledca avi.gotion water only (consumptive use minus réiniedl)

F = Full watcr supply for all crops,

S = Short water supply for alfalfa, grass hay and pasture

¥.0. = Nntural over-flow on grass hay, mecadews and pasturc during flood stage of
river or strenms,
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Native Vegetation and Incidental Areas

Native or natural vegdation generally has first use of the water
of a region, The consumption of water by native vegetation thus be-
comes of increasing importance as greater land areas are irrigated,
and during periods of drought. Careful consideration must be given
to the consumptive water requirements of native vegetation before a

complete inventory can be made of the water resources of the Upper
Colorado River Basin (2),

Consumptive use of water by native vegetation varies according

' to the quantity of moisture available (19). Flants adapted to an
extreme economy of water do not continue the same low rate of use
during periods of more abundant supply. Precipitation, varying widely
from year to year, produces a more vigorous growth that has a greater
consumptive use in wet years than in dry. Drought periods are seldom
so severe that there is a widespread destruction of vegetation from
lack of moisture,

Adaptation of plants to natural moisture conditions has distri-
buted vegetation in more or less dominant communities which may be -
roughly classified as drought-resistant plants, ground-water plants, and
plants that grow with roots submerged. HNeither group is confinecd to
any particular gecographical area but is governed by local conditions.
Therc are no fixed boundary lines betwocn groups, for as ground-water
conditions changs with increased or decreased precipitation, the dom-
inant communities advance or recede according to moisture available
in the soil,

Much of the arid region has ground water only at depths beyond
reach of plant roots, and in these areas plants depend entirely upon
the scanty rainfall and the moisture that is held in the upper soil
horizon, Desert sage, sage brush, crecosote bush, desert grass, and
cacti are a fuw desert growths which subsist upon a meager rainfall.
(Sce figures 10 and 11),

Ground-water plants arc those sending their roots to the water
table or into the adjoining roegion of capillary moisture. Thus they
erec a middle group betwecen desert growth that has no conncction with
ground water and plants that grow with their roots submerged. These
comprise a great variecty, ranging from small ground plants to large
treces, Salt grass, scepweced, salt bush and some species of sacaton
arc in this group.

Riparian or river-bottom growths, such as salt cedars (tamarisk),
willows, and cottonwoods, consume more water per given arca than irrigated
crops. (Sco figures 12 to 17).

Plants growing in water, such as tulocs, cattails, and scdges, are
uscrs of large quantities of water,

Mctcorological conditions influencing evaporation from watcr
surfaces likcwise affect transpiration from vegetation and evaporatien
from soils, Both cvaporation and transpiration freely respond to
tomperature, wind movement, and humidity (4).
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Seeped lands are moist areas within irrigation projects. These"
areas are the result of high ground water due to seepage from canals,
over-irrigation, or both, and poor drainage. Secped lands arc gecnerally
in greasewood, rabbit-brush, willows, and tules depending on the degree

of mois?ure present, In some areas, where alkali is concentrated, no
vegetation grows,

Evaporation and meteorological observations made from April 1939
to March 1943 at Montrose, Colorado (13) are shown in the appendix.
These are used to cstzblish coefficicnts applicable in estimating

evaporation rates from free water surfaces in the Upper Colorado
River Basin,

The results of computations of normal water consumption rates
for native vegetation, seeped land and water surface during the frost-
free period are summarized in table 8, The estimates for native vege-
tation are based on the assumption that a water supply ample to satisfy
the water requirements of the plants is available.

The estimates of rates of consumptive use shown in table 8 include
moisture supplied from all sources. By subtracting the frost-free period
precipitqtion from these rates of use, the rates of consumption of ground
water at point of use may be estimated, Table 9 summarizes the results
of computations of normal unit consumptive use of water rates minus
precipitation for native vegetation and arcas receiving water incidentally
to irrigation in the Upper Colorado River Basin during the frost-free
period,

APFLICATION OF CONSUMPTIVE USE RATES

Consumptive use rates shown in this report may be used in esti-
mating the amounts of water consumed in an entire valley, on an irri-
gation project, or on an individual farm, when the acreage of differcnt
crops is knowne. By making allowances for application and conveyance
losses, the watcr that must boe delivered to the farm headgate adequately
to irrigate a farm or tract of land may also be cstimated from consump-
tive use rates (7). Methods of application of the rates to valley arcas
and individual farms are presented here,

Valley Arcas

The unit consumptive use rates shown in tables 6, 7, 8 and 9, may
be applicd to large valley areas by the intcgration method (2) (3) to
compute the total amount of water normally consumed for a given area in
acre-feet, Briefly stated, consumptive use for a specified time, as
determined by the integration method, is the summation of the products
of consumptive use for each crop times its area, plus the consumptive
use of native vegetation times its area, plus water surface evaporation
times water surface area, plus evaporation from land times its area,
Before this method can be used it is nccessary to know the arcas of
agricultural erops, native vegetation, water surfaces and other classi-
fications, as well as the unit consumptive use for each classification,



Table 8,~ Summary of estimates of normal unit consumptive use of water
?atgsibr native vegetation and areas receiving water
incidentally to irrigation in the Upper Colorado River Basin.

Normal rate consumptive use 1
Unit later Native vcgetation 2
sur- |Very ledi- Seeped
No. Area face | dense| Dense| um |Light | Spared?/land
Inches Inches Iriches Inches Inochee Inches Incher
ARIZONA
1  Chinle 28,7 40.8 36,2 30,2 24.2 7.2 27.2
2 Kayenta 33,5 47,6 42,3 35,2 28,2 6.6 31.7
COLORADO
1l Upper Ya.mpa and Elk RiverlO.? 1505 13.8 1105 9.2 6.1 10,3
2 Lower Yampa and tributar- :
ies 18,0 25,5 22,7 18.9 15.1 7.0 17.0
3  Little Snake River 18,6 26.4 23,5 19,6 15.6 6.4  17.6
4 White River Direct 17.6 25,0 22,2 18,5 14.8 7.6 16.6
5  White River tributaries 17.6 25.0 22,2 18,5 14.8 7.6 16.6
6 Colo.River above Glerwood 14,9 21,1 18,8 15.6 12.5 - 14.1
6a Kremmling, Muddy, and
Troublesome 14,9 21,1 18,8 15.6 12.5 - 14,1
7 Blue River 14,9 22,1 18,8 15.6 12,5 - 14,1
8 Eagle River and Upper
Eagle River 14.7 20.9 18.5 1504 12.4 604 13.9
9 Gypsum 14,7 20,9 18.5 15.4 12.4 6.4 13.9
10 Roaring River above Basdlt 16,8 23.% 213 17.7 14,2 Te5 15.9
1 Roaring Fork-Glenwood
Springs to Basalt 26.0 3649 32.8 27.3 21,9 9.7 24,6
12 Rifle-Silt to Glenwood
Springs 27.3 38.8 3405 2808 23,0 7.4 25.9
1} Grand Va]ley }5-0 49.8 44,2 3609 2905 7.3 33.2
14 Upper Gunnison 13.8 19,7 17.5 14,6 11.7 6.4 131
15 Tomj.Chi and COChetopa 1}.8 1907 17.5 1406 llo7 604 1}01
16 North Fork Gunnison 30,0 42.6 37.9 3l.6 25.2 9.3 8.4
17 Upper Uncompahgre, Cimmar-
ron and Dallas 21.7 30,8 27.4 22,8 18.3 6.8 20.6
18 Uncompahgre Projcct 30,2 42,9 38,1 31.8 25.4 6.8 28.6
19 Little Dolores 38.4 54.5 48.4 40,4 32-3 7.7 36-3
20  Dolores River 24,4 34,6 30,8 25.6 20,5 8.1 @ 23.1
21 San Miguel, lilylands,
Disappointment 20,6 29,3 26,0 21,7 17.4 9.4 19.5
22 Montezuma Arca 24,4 34,6 30,8 25.6 20,5 8.1 23.1
23 Uppcr San Juan Valley 14,7 20,9 18.7 15.5 12.4 8.5 13.9
24 Pinc River and Piedra
Arca 20.8 29.6 26.3 21,9 17.5 9.0 19.7
25 Animas River 21.6 30,7 2].3 22,7 18,2 9.9 20,°%
26 Florida Arca 21,6 30.7 27.3 22.7 18.2 9.9 20,F
27 La Plata (Colorado Area) 22.1 3l.4 27.9 23.2 18,6 8.8 20.¢
28 Mancos Area 24,4 24,6 30.8 25.6 20,5 8.1 23.1
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Table 8 (cont'd).~ Summary of estimates of normal unit consumptive use of
water rates for native vegetation mnd areas receiving water
incidentally to irrigation in the Upper Colorado River Basin.

) e Normal rate consumptive use 1f
Unit B Water Native vegetation 2
* sur-| Very Med- Seeped
No, Area face| dense| Densae| fum | Light | Sparse 2) land
Inches Inches Inches Inches Inches Inches Inches
NEY MEXICO
1 ce 18,8 26,7 23,8 19.8 15.8 9.5 17.8
2 La Flata Areca 25.3 35,9 3.9 2.6 21,3 843 24,0
3 Bloomfield Shiprock 31.9 45,3 40,3 33,6 26.9 6.5 3062
UTAH
1 Henry's Fork 17,8 25,4 22,6 18,8 15,0 547 16.9
2 Ashley Valley and Brush
Creek 21,5 30,6 27.2 22,1 18,1 5.5 20.4
3 Ouray Area 27.3 38,8 34.5 28,7 23,0 5.1 25.9
4 Benchlands, Uinta Basin23,0 32.7 29.0 24,2 19,4 6.8 21.8
5 Valley lands, Uinta -
Basin 25.7 36,5 32,4 27,0 21.6 5.0 24,3
6 Price River 27.3 8.8 34,4 2847 23.0 7.5 25.8
7 - Green River 33.5 47,7 42,4 35.3 28,2 4,9 31.8
8 Moab 26,9 52,5 46,6 38,9 3.1 745 35.0
9 LaSal 23.7 33.6 29,9 24,9 19.9 8.3 22.4
10 YMonticello 23.1 33.6 29,9 24.9 19.9 8.3 22,4
11 Huntington Castledale
Ferron 24,4 24,7 32069 25.7 20.6 6.2 23,2
12 Enmcry-Hanksville 27.1 38,6 34,3 28,6 22,9 6.0 25.7
13 Loa 16.9 24.0 21.} 17.8 14.2 5.4 16.0
14 Escalante 26,1 37.1 33.0 27.5 22,0 8.8 24,8
15 Blanding 2943 41,7 37,1 30,9 24,7 8.2 27.8
16 Paria River 24,9 35.3 31,4 2642 2049 8.4 23.6
WYOMING .
1 Pinedale 12,4 17.6 15.6 13,0 10.4 5.2 11.7
3 Eden Valley 17.0 24,1 21.4 17.8 14.3 4,8 16.1
4 Ham's Fork 17.8 25.3 22,5 18,8 15.0 5.2 16,9
$ Black's Fork 18,4 26,1 23,2 19,4 15.5 6.0 17.4
6 Henry's Fork 18.6 26,4 23.5 19.6 15.6 5.7 17.6
7 Little Sna-ke 17.8 25.4 22.6 18.8 15.0 6.4 16.9

%/ For frost free period only. JIncludes precipitation,

3/ See table 1 for types of native vegetation.

_/ Precipitation during the frost free peri od plus 50 percent of winter
precipitation not to exceed 3 inches.
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Table 9, ~ Summary of estimates of normal unit consumptive use of water rates
minus precipitation for native vegetation and areas receiving
water incidentally to irrigation in the Upper Colorado River EBasin

Normal rate consumptive use 1/
Unit Native vegetation 2/
“later | Very Seeped
No. Area surfacd Dense|Dense| Medium Light land
Inches Inches Inches 1Inches Inches Inches
ARIZONA
1 “Chinle 23.7 35,7 31,2 25.2 19.1 22.2
2 Kayente 28,7 42,8 37.5  30.5 23.4 27,0
COLORADO
1 “Upper Yampa and Elk River 7.7 2.3 10.6 8.3 6.0 Te2
2 Lower Yampa and Tributariesl4,0 21,6 18,7 15,0 11,2 13.1
3 Little Snake River 15,2 23,0 20,0 16,1 12,2 14.2
4 White River Direct 13.0 20.4 17.6 13.9 10.2 1200
5 White River Tributaries 13,0 20.4 17.6 13.9 10,2 12,0
6 Colo. River above Glenwood 11.2 17.5 15.1  12.0 849 10.4
6éa Kremmling, Muddy, Trouble-
some 11,2 17.5 15.1 12,0 8.9 10.4
7 Blue River 1.2 17.5 151 12,0 8.9 10,4
8 Eagle River and Upper
Eagle River . 11,3 17.4 15.1 12,0 Be9 10,5
9 Gypsum 1.3 17.4 15.1 12,0 849 10.5
10 Roaring River above Basalt 12,3 19.4 16.8 13,2 9.7 11.4
11 Roaring Fork = Glenwood
Springs 19,3 30,2 26,1 20,6 15.2 17.9
12 Rifle-Silt to Glenwood
Springs 22,9 34.4 30,1 24,4 18.6 21.5
13 Grand Valley 20,2 45.0 39,4 32.1 24,17 28.4
14 Upper Gunnison 10.5 160} 14,1 1,2 80} 9.7
15 Tomichi and Cochetopa 10,5 16.3 14,1 11,2 8.3 9.7
16 North Fork Gummison 23,7 3643 31,6 25,3 19,0 22,1
17 Upper Uncompahgrc, Cimarron
and Dallas 17,7 26,8 23.4 18.8 14,2 16,5
18 Uncompahgre Project 2547 3844 33.7 273 21.0 24,1
19 Little Dolores 33,1 49,2 43,2 35.1 217.0 31,0
20 Dolores River 19.3 89,5 25.7 2045 15.4 18.0
21 San Miguel, Lilylands,
Disappointment 14,2 22,9 19.7 15.3 11.0 13.1
22 NMontczuma Area 1903 29-5 2507 2005 ' 1504 1800
23 Upper San Juan Valley 9.2 15.4 13.1 10,0 6e9 8.4
24  Pine River and Piedra Arca 24,8 23,6 20,3 15.9 11,6 13.7
25 Animas River 14,7 2}08 0.4 15.9 11,3 1}06
26 Florida Arca 14,7 23.8 0.4 15,9 11,3 13.6
27 La Plata - (Colorado Arca) 21.2 24,5 21,0 1643 11.7 14,0
28 Mancos Arca ’ 19.3 2945 25.7 2045 15.4 18,0
NEX MEXICO
1 ﬁﬁce 120} 2003 1703 13.3 9.4 11.4
2 la Plata Arca 19.6 30,2 26,2 20.9 15.6 18,3
3 Bloomficld Shiprock 27.4 40,8 35.8 29.0 22,3 25.7
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Table 9 (cont'd),~ Summary of estimatcs of normal unit consumptive use of
water rates minus precipitation for native vegetation and areas
receiving water incidentally to irrigation in the Upper Colorado

River Basin

Normal rate consumptive use
Unit Wative vogetation e/
Water |Very Sceped
No, Arca surfacec|denselDense| Medium | Light land
Inches Inches Inches Inches Inches Inchcs
UTAH
1 Henry's Fork 15,1 22,6 19,8 16.1 12.3 14,2
2 Ashley Valley and Brush Creck 19,0 28,1 24,7 20.2 15.6 17.9
3 Ouray Area 24,0 34,5 31.2 25,4 19,7 22,5
4 Bernchlands, Uintah Basin 19,0 28,7 25,0 20,2 15.4  17.8
5 Valley lands, Uinta Basin 22,7 33.5 29.4 24,0 18,6 21.3
6 Price River 22617 34.2 29.8 2.1 18.4- 21,2
7 Greenriver 30,3 44,4 39,1 32,0 25.0 2845
8 Moab 21,9 47,5 41,6 33,9 26,1 2040
9 la Sal 18,4 B4 24,6 19.6 14,6 17.1
10 Monticello 18,4 28,4 24,6 19,6 14,6 17.1
11 Huntington Castle-Dale Ferron 20,7 31.0 27,2 22,0 16.9 19.4
12 Emery—Hanksville 22.8 3402 30.0 24,2 1805 21.4
13 Loa- 1}09 21.0 18.3 14.8 1102 1300
14 Escalante 20.3 31,3 27.2 21,7 16.2 18.9
16 Paria River 19,4 30,0 D0 20,8 15.5 18,1
Wyoming
1 "Finedale 10,1 15,3 13,4 10,8 8.2 9.5
2 Big Piney 1004 15.6 1}.6 11.0 8.4 9.7
3 Edin Valley 14,6 21,8 191 15.5 12,0 13.8
4 Ham's Fork 15.4 23.0 20.1 16.4 12.6 14,5
$ PBlack's Fork 15,4 23,1 0.2 16.4 12.5 14,4
6 Henry's Fork 15,2 23,0 20,0 16.1 12,2 14,2
1 Little Snake 15.1 22'6 1908 16.1 12,3 14,2

_1/ For frost-free or growing season. Does not include precipitation.
2/ See table 1 for types of native vegetation.
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After acreages of irrigated crops and other water-consuming areas
have been determined by members of the Engineering Advisory Committee
to. the Upper Colorado River Basin Compact Commission, the normal valley
consumptive use for the areas shown in table 3 may be computed from
these acreages and the unit rates of usc shown in table 6, 7, 8 and 9.
Again it is emphasized that not all use of water by native vcgetation
is the result of man's activities in the Upper Basin and only those
areas using water because of man should be considered in determining
the men-made consumptive use,

Erickson in a four-year (1938-41) study of consumptive use of
irrigation water in the Lower Uncompahgre Valley, made a survey of
water-using areas for the Colorado Water Conservation Board and by
inflow and outflow measurements ealculated the average consumptive
use, exclusive of precipitation at 195,200 acre-feet (13)s Thc average
rates of consumptive use minus precipitation detcrmined for the period
1938-41 by the methods described in this report were applied to the
same arca. The use of water thus determined was 202,187 acre-feet,
as shown in table 10, or 3.6 percent greater than Erickson measured
by the inflow-outflow method, Similar comparisons were made in other
arcas with like results, These comparisons serve to validate the
rates of use computced herein,

Farm Irrigation Requirements

The amounts of water requircd fully to irrigate a farm in the
Upper Colorado River Basin may be cstimated from the consumptive use
rates ostablished in this report. The irrigation water required 1/
to satisfy the consumptive use for each crop growing or to bc grown
on a farm in the area is obtained from table 7, and rates for native
vegetation are drawn from table 9. The net consumptive requirement
of the crop divided by the farm irrigation cfficiency gives the annual
amount of water required at the farm hcadgate for each acre of the
Crope (7 ) .

The summation of the hcadgate requircments for each crop times
its acreage plus other water consumad incidental to the farming
operations produces the total amount of water that must be delivered
to the farm hecadgate for satisfactory crop production. This method
of analysis is illustrated for two typical farms in tables 11 and 12,

1/Consumptive use minus effective rainfall.
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Table 10.- Average consumptive use of water in the Lower Uncompahgre
Valley, Colorado, 1938-41, computed by the integration method

Classification Area 1/

Consumptive use

Consumptive use
minus precipitation

Unit Quantity Unit Quantity
rate rate
Percent  Acres Feet Acre feet Feet Acre feet
Irrigated crops _2/
Alfalfa 30 21,704 2,60 56,430 2.12 46,012
Hay and pasture 15 10,852 2,29 24,851 1,81 19,642
Small grain and beans30 21,703 1,21 26,261 1.07 23,222
Corn 10 7,234  1.65 11,936 1.44 10,417
Potatoes 5 3,617 1.65 5,968 1.44 5,208
Suzar beets 3 2,170 1,65 3,580 1,44 3,125
Orchard and truck 7 5,065 1.93 9,715 1.46 T9395
Total or weighted
average 100 72,345 1.92 128,801 1.59 115,021
Incidental areas
Cropped land
(seeped) 2/ 38,5 14,180 2.67 37,861 2.20 31,196
Seeped land and
moist.g/ 43,0 15,815 2.67 42,226 2.20 34,793
River bottom and
willows 3/ 14.0 5,060 4,40 22,264 3453 17,862
Towns 2/ 3.0 1,020 1,92 1,958 1.59 1,622
Stream surfaces 3/ 1.5 590 3.74 2,207 2,87 1,693
Total or weighted
average - 100.0 36,665 2,91 106,516 2,38 817,166
Total 109,010 2.25 245,317 1.85 202,187

——

l/ Tho area does not include 5,875 acrcs of arable non-cropped land

B4

15,980 acres of non-arablo, non-cropped land and 38,135 acrcs of
dry land. Survey by Erickson (12).
2/ Consumptive usc for irrigation scason only.

Consumptive use for contire ycar.
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Table 11,- Application of results of consumptive use calculations to a
determination of water requirement of a typical farm, Grand
Junction Area, Colorado

Irrigétioh “Farn Héadgate Total
Crop Growing  Area required for  irrigation. , require- water 3
period. . €onsumptive use efficienc ment 2/ recuired
Acres  Ac. ft./ac. Per cent Ac.ft./ac Ac. ft.
Irrigated
Alfalfa  4/15-10/18 50 2.%6 60 3.64 182
Small grain4/24-7/24 20 1.10 55 2,00 40
Pasture 4/15-10/18 25 2,04 60 3,40 85
Potatoes 4/24-8/24 15 1.47 S0 2.95 44
Orchard  4/24-10/18 40 1.60 60 2.67 107
Incidental land use .
Roads and lanes 0%/ 8 ' 0,00 - - 0
Dense native vegetati 2 3.28 - 3.28 7
Total or Average 160 1.72 61 2,90 465

1/ Considered reasonable efficiencies for irrigation in this area.

2/ Amount of water that must be delivered at the farm headgate to
satisfy the crop nceds.

3/ Total water required at farm headgate during normal irrigation
season,

4/ Receives water incidental to irrigation such as low land that
receives surface runoff or secpaga.
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Table 12,- Appl?cation of results of consumptive use calculations to a
determination of water requirement of a typical ranch
Pinedale Area, Wyoming

Crop . Irrigation Farm Headgatc Total
Growing Area required for irrigation require- water 3
period consumptive use efficiency 1/ ment 2/ required
Acres  Ac, ft./ac. Pcr cent Ac.ft./ac  Ac. ft.
Irrigated:
Afalfa  5/20-8/29 40 0.95 40 2.38 95
Wild hay 5/20-8/29 450 0,80 25 3.20 1440
Incidental land use
Roads, lancs, yard 35 0,00 - - 0
Native vcgetation47
Medium dense 20 0,90 - - 18
Light 35 . 0.68 - - 24
Sparsec 80 0.00 - - 0
Total or Average 660 2,39 15717

l/ Considecred reasonable efficicncics for irrigation in this areca.

2/ Amount of water that must be delivered at the farm hcadgate to
satisfy the crop nceds.

2/ Total water required at farm headgate during normal irrigation
scason,

4/ Roceives water incidontal to irrigation such as low land that
receives surface runoff or secpage.
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Table A - Consumptive use coefficients for alfalfa based on measured
consumptive use and temperature records, and percent of
daytime hours and growing season in Western States

Growing Consump=- Consumptive

Location Year season or tive use use factor Coefficiemnt
period (V) (F) (x)
lnches

Afalfa
Carlsbad, New Mexico 1940 4/18 - 11/10 3.6 43,59 0.885
Carlsbad, New Mexico Normal 3/28 - 11/3  36.8 47.39 +778
Fort Stockton, Texas 1940 4/13 - 11/11 40,5 46,28 875
Fort Stockton, Texas Normal 3/31 - 11/12  39.7 48,917 811
San Fernando, Calif. 1939 5/26 = 9/9 19.3 23.35 827
San Fernando, Calif. 1940 4/1 - 10/31 7.4 43,73 855
Bonners Forry, Idsho 1940-44 5/4 - 9/19 22,8 27.18 «839
Scottebluff, Nebr, 1932-35 5/11 - 9/26 2647 29.70 899
Bozeman, Montana " - 5/24 - 9/16 18,9 22,60 »836
Prossoer, Washington 1940-41 4/28 - 10/14 29.65 35.24 .841
Logan, Utah 1902-11 S/12 = 10/9 26.9 31,66 .850
Vale, Orcgon 1941-42 5/17 - 9/18 2.0 26.82 895
Vernal, Utah 1948 5/17 - 10/6  23.6 27.42 .86

Ferron, Uteh 1948 5/9 - 10/6 24,2 28.70 .84




Table B. ~ Examples of consumptive use coefficients for native vegetation and evaporation based on measured
consunptive use and temperature records, and percent of daytime hours and growing season

Denth Consump-, Consump-{ Coeffi-
l to Growing tive use|tive use| cient Annual
Location Classification Year water season factor (v) (K)
| table| . or (F) growing | F ] K
period L season
eet Inches
Carlsbad, New Muxico £alt Cedar 1940 2 ioril to Sept. L0.72 48,61 1.19  63.75 62.9 0.99
Carlsbad, New hexico  Salt Cedar 1940 3 April to Sept. 40.72 43.95 1.08 63,75 57.2 .90
Carlsbad, New wexico Sacaton 1940 2 April to Sept. L4LO.72 37.93 .93 63.75 48.1 .75
Ccrlsbad, New liexico  Sacaton 1940 L April to usept., L40.72 32.32 81 63.75 L1.4 .65
San Luis Rey, Celif., Cotton and willows 1940-43 L April to Sept. 36.27 48.99 1.35 61.38 62.5 1.02
San Luis Ley, C:lif., Tules 19L0-43 O Lpril to Sept. 41.89 47.03 1,12 62,16 58.9 .95
tlontrose, Colorzdo Water surface 1939-43 O 4pr. 23 to Oct.




Table C — Average monthly evaporation and meteorological data,
Yontrose, Colorado 1939 to 1943 (13)

Lvaporation Ccefficient
Mean Percent Consumptive Reservoir
Menth temper- daytime use factor Fan Reservoir evaporation
ature hours (F) (V) (K)
Fo Percent Inches Inches
January 26,8 6.84 1.83 1.30 0.86 0.47
February 32.2 6.78 2.18 1.37 .95 L4
barch 39.5 8.34 3.29 3.32 2.39 .73
April L8.8 8.92 L.35 L.95 3.46 .80
Lay 59.3 9.94 5.89 7.83 5.64 .96
June 67.1 9.98 6.70 10.29 7.51 1.12
July 73.4 10.13 Tkl 10.41 7.60 1.02
August 7.0 9.49 6.7 8.55 6.2 .93
September  62.5 8.38 5.2 5,64 4.23 .81
October 5C.6 7.78 394 3.53 254 64
November 38.2 6.80 2.60 1.84 1.38 «53
December 30.7 6.62 2.03 1.23 .86 L2
Annual 50.0 100.00 52423 60.26 43,66 0.84

= 43,66 = 0.84, annual coefficient.
52.33

33.28 = 0.95, growing season coefficient.
34.93

]
n

o>} [ = o] (=
[}



Table D. -~ Mean monthly temperatures in dezrees Fahrenheit at stations
in the Upper Colorado River Besin, recorded or estimated

from \ieather Bureau records for the period 1914 to 1945.

! ! i ‘ ! i ' { i Mean
Station Jan.{ Feb.' Mar,: /iprs May |June ! July | Aug, Sept.! Oct. | Nov. |Dec. | annual

: . !

| ! ARIZONA i
Chinle 28,4 | 34.4 1 K19 ! 49.50 58,9 [69.0 | 74.6172.6 | 64.3 i 9243 39.6 ! 30.1 51.3
Kayenta 27.9 | 37.6 : 441 ! 51.9: 61.5 |70.9 | 76.3 7.5 | 66.0 | 54.2 | 40.7 |30.2 52.9
lees Ferry 35.0 | 42.8 | 52.0 | 60.2° 70.1 [79.4 | 86.2 {83.7 | 75.5 | 61.5 | 46.8 |37.0 60.9

; COLORADO g
Aspen 18.10 2200 l 28‘5 ‘ 38-8 h6.9 5&08 60.8 5905 i 52.8 14206 2908 22-6 39.8
Collbran 21.8 | 27.6 | 36.1 ; L5.6° 53,7 '62.4 | 68.4 '66.5 ! 58.5 ‘ 47.2 135.2 |24.1 L5.6
[Cortez {26.5 { 31.5 i 38.5 ' 46,1 55.0 {64.0 | 70.1 ;68.4 | 60.7 ; 49.9 |37.6 !28.7 L48.1
iCrested Butte 13,1 | 16.5 122,7 32.8: A3.5 (51.9 | 57.0 55.6 ! 47.9 : 37.5 |25.0 '15.3 34.9
.Delta 2L.6 | 32,6 . 11.8 ' 51.0: 59.9 ,68.& 7445 172.3  63.5 ~ 51.5 |37.9 :26.7 1 50.4
{Dillon 13.3 | 6.0 21.0 . 3.7, 4.7 149.1 { 54.8 |53.4 46,8 :36.3 {24.0 ;15.2 : 33.6
Durango 2L.3 1 29,5 « 36.8 LL4.5' 51.9 360.1 66.1 {65.0 57.8 | L7.5 [36.2 i26.3 . L45.5
Fagle 19.5 | 25.1  34.4 41,97 49.1 ;56.3 63.5 162.6 © 55.0 ' 44,0 ,32.2 :20.8 1 L42.0
Fraser 11,7 | 15.2 ;21,3 ° 32.0 40.9 49.1 | 54.1 :52.,6 45.9 ! 35.6 :23.0 ,13.5; 32.9
'Fruita 23.4 | 32.3 - 424 - 5140 60.5 169.4 | 76.3 |Th.O . 4.6 51,7 38.2 '26.7 © 50.9
IGlenwood Springs 23.9 | 29.2 38,1 - 47.1. 56.2 163.1 | 69.5 168.1 60.3 ° L49.6 36,4 26,3 L7.3
‘Grand Junction 25,3 | 33.9 '42.9  52.3: 62,2 |72.1 | 78.5 175.6 66.8 54,3 40.0 29,1 52.8
+Gunnison 7.9 13.9 ! 2600 3907 148.0 5600 ! 6108 6003 5206 . hl‘7 |27-9 1300 ! 37-1#
;Mayden 16‘9 21026 ' 2907 ' z&2.o 5102 5909 ‘ 6606 ‘61¢09 , 55.9 : 1#508 ;3107 ‘2005 ; l+2.2
, Ignacio 22,2 | 28,6 - 36.6 L4.7 53.0 61.5_4 67.6 :66.3 58.8 47.8 i35.8 126.3 | L45.7
‘ Montrose 24.6 1 31,7 :39.8 48.4 57.3 166,57, T72.2 69,8 62,0 i 50,0 :37.6 ‘26.8 i 43.9
| Horwood 22,5 ' 27.7 1 35.3 A43.7 52,5 [6L.7 67.4 165.3 ©58.1 ©L47.8 134.9 125.6: L45.2
Pagosa “prings 17.8 1+ 22.5 . 31.0 4Ll.4 L8.4 i56.7  63.2 ,61.7 54,3 43,5 '31.3 121.6 i L1.1
' Palisade 26,5 + 34.8 @ 43,2 53.,2° 62.4 | 71.8: 78.0 i75.5 67.0 - 54.5 41.4 30,6 7 53.2
lPaonia 25,0 i 31.7 - 38.6 L7.4 56.0 | 64.8 ; 71.0 ’69.0 C60.9 1 50,6 ;38.6 g2].3 i LS.
1Rifle 22.L ' 30.1 33.8 L48.5 57.0 i65.l+ { 72,0 167.6 " 60.6 :49.0 37.1 126.2 1 47.9
' Sapinero 17.0 ! 20.8 23.1 37.1 46.0 !54.6 59.9 |53.6 51.7  ALl.L 29.3 19.4 ‘ 32.7
26,2 33.2 48.2 55.2  6l.6 ‘59.a 52.1  41.7 -28.7 ‘16.9 1 33,

i Steamboat Springs | 13.9 . 1€.6

_{7—



Table D. (cont'd.) - }zan monthly temperatures in degrees Fahrcnheit at stations
in the Upper Colorado River Basin, recorded er estimstcd
from Weather Bureau records for the vneriod 1914 to 1945.

HNo. Station Jan.| Fecbe | lar, Apr. | May | June |July | Aug. [Sept.| Oct. | Nov.
NEV MEXICO .
37 | Bloomfield 26.0 | 34.1 [L1.1 | 49.6 |58.9 ;63.2 |[7h.9 | 72.6 Ph.6 |52.2 |38.9
L1 | Dulce 17.8 | 25.7 {34.5 | 3.7 |51.8 j60.7 [66.6 | 6L.6 [57.2 |45.6 |33.4
47 ! Shiprock 28.6 | 35.4 | 447 | 53.1 |61.7 i 69.6 76.3 | 74.4 [67.0 |55.0 | 41.2
UT4LH
50 | Blanding 26.6 | 32.5139.7 | 4L7.8 }55.9 , 65.8 }71.9 { 70.3 [|62.1 |51.4 |39.1
52 Castledale 18.5 26.2 36 .9 ASCB 5&'3 6303 ()9.2 67.1 58.3 Lé.S 3[4..9
53 | Duchesne 15.6 | 23.4 135.3 | 45.2 |54.0 | 61.7 |68.9 | 66.8 [57.8 [L6.5 | 32.5
54 | Emery 24,.0 1 29.0 136.7 | L4.5 }53.1 | 61.2 |67.3 | 65.6 [57.7 |47.5 36.5
55 | Escalante 25.5 | 31.3 138.8 | 46.2 |5L.L | 63.5 69.1 | 67.2 |59.2 [49.1 |37.5
56 | Ft. Yuchesne 13.2 | 20.5 {35.3 | L6.6 |55.1 | 63.7 |70.3 | 63.2 |59.4 [L6.7 |32.8
53 | Green nIiver 21.8 | 32.6 | 43.2 53,2 62.9 72,0 79.8 | 76.9 [67.0 [53.1 38.1
59 Hanksville 23-9 31400 L}hol 53.2 62.3 71-9 78-1 7I+c7 65-5 53-1 39.!}
61 | La sal 24.7 1 29.3135.7 | 45.2 |53.9 | 63.1 [69.4 ! 67.3 159.5 |43.3 36.8
62 | loa 21.8 | 26.1133.6 | 41.9 |51.2 | 59.8 |66.5 | 64.0 {55.0 [43.8 | 32.7
63 ; lanila 21.3 | 25.8 133.5 | 42.0 (5%.1 59.7 1067.4 6@.8 56.3 {L6.L | 33.5
6L { Koab 29.0 | 36.9 1 16.7 i 55.6 | £L.6 | 72.8 | 79-0 | 76.3 [67.5 |54.0 {41l.6
67 | kyton 15.4 | 24.4 {27.0 ' 47.6 | 57.2 1 85,5 |72.2 | 70.4 |61.5 |L9.h |33.6
68 Price 23.8 30.0 39-1 L707 57oz+ 66.8 73-0 7}'2 6201 51-2 37-2
71 ! Tropic 28.2 | 31.2132.8 | 45.9 |53.7 | 62.6 |68.7 | 66.5 |59.3 49.2 [ 33.7
72 i Vernal 15.6 | 23.0 | 34.9 | 46.4 | 5L.5 | 63.8 [69.4 | 67.1 {57.7 |45.6 |33.9
i | 6 iso 9.9 | 55.9 147.4 |37.9 | 23.0
! Big Pine 8.8 | 10,9 |22.7 ' 36.6 | 4b4.5 | 51.7 | 59.° . . . .
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| & . 1873 | 230313305 . 2. 2.9 | 8124 | 69:9 | 67.2 |57.1 [45.3 | 32.2
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Upper Colorado River Basin, recorded or estimated from
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Weather Bureau records,for the mxeriod 191, to 1945,
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Unper Colorado River Basin, recorded or estimzted from
lJeather Bureau records for the period 1914 to 1945.

Table E (cont'd.) - Mean monthly precipitation, in inches, at staticns in the
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'
Table F. Daytime hours in mean solar time, (Sunrise to Sunset) with percentages Tor each
month of the year for latitudes within the Upper Colorado River Basinl/

M

Latitude in degrees north of Equator

Month  : 34 il 38 20 42 44
¢ Hoyrs :Percent: Hours sPercent: Hours :Percent: Hours :Percent: Hours : Percent: Hours : Percent
February 30748 6,91  305.0 6,86  302,2 6.79 299.7 6,73 296.6 6,65 2936 6.58
March | 37104 8036 371.3 8.35 ,37102 8.34 371.0 8033 37006 8031 370.2 8;36
July 439.2 9.88 444.4 2.99 449,8 10,10 455.2 10,22 461.4 1035  468,2 10,49
August 414,7 %33 418.2  9.40  421.7 9.47 425.1  9.54 428.7 9.62  432,9 9470
September 37TL.4 8.36 372.0 8.36  372.9 8,38 373.5 8.38 374.3 8440 3750 8.41
October 351.3 790 349.2 7485 347.,3 7.80 345.2 775 343.1 TeT0 34046 7463
November 311.9 7.02 30B.0  6.92  303.7 6.82 299.4  6.72 294.9 6.62 289,4 649
December 307.8  6.92 3021  6.79  296.3 6.66 290.6  6.52 2B4.5 6,38 2995 6422
Total 4445,8 100,00 4448,6 100,00 4451.5 100,00 4454,3 100,00 4457.4 100,00 4461,5 100,00
!/Frum "Sunshine Tables" U, S. Weather Bureau Bulletin No., 805, Edition of 1905,
¥or leap year to above percentages add 0.2 percent for February and
subtraet 0.1 percent from March and from April.
Total for
leap year 4457.3 4460,0 4469,2 4465,.6 4468,.6

4472.7
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UPPER CCLORADO RIVER BASIN COMPACT

On October 11, 1948, at Sante Fe, New Mexice, following prelim-
inary meetings at other pcints in the Upper Colorado River Basin, a
compact esmong the five states having territory in the Upper Basin was
executeds These are the four'"upper division" States of Colorado,
New Mexico, Uteh, and Wyoming, plus Arizona, which has a small area
in the Upper Basin, although it is a "lower division" States

Article I of the Compact states:

"(a) The major purposes of this Compect are to provide
for the equitable division and apportiofment of the use of
the waters of the Colorade Rlver System, the use of which
was apportioned in perpetuity to the Upper Basin by the
Colorado River Compact; to establish the obligatisns of
each State of the Upper Division with respect t» the
deliverles of water required to be made at Lee Ferry by
the Colorado River Compact; to premote interestate comity;
to remove causes of present end future controversies; to
secure the expeditious agricultural end industrial develcp=-
ment of the Upper Basin, the storage of water and to protect
life end property from floods.

"(b) It is recognized that the Colorado River Compact is
in full force and effect and all of the provisions hereof are
subject therete,"

Comprising 21 articles in all, the document is written arcund
an epportionment made in Article III therecf, as followss

"(a) Subject to the provisions and limitations contained in
the Colerado River Compact and in this Compact, there is here=-
by epportioned from the Upper Colerado River System in perpetuity
to the States of Arizona, Colarado, New Mexice, Uteh and Wyoming,
respectively, the consumptive use of water as follecwsg

(1) To tho State of Arizena the consumptive use
of 50,000 acre-feet of water per cnnume

(2) To the States of Colorado, New Mexico, Uteh and
Wyoming, respectively, the consumptive use per
annum of the quantities resulting from the applica-
tion of the following percentages to the total
quantity of censumptive use per annum apperticned
in perpetuity to and available for use each year
bty Upper Rasin under the Colorado River Compdct
and remaining after the deduction cf tho use,
not to excecd 50,000 acre-fect per annum, mado
in tho Statec of Arizenae
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State of Colorado 51,75 pereent,
State of Now Mexice - 11.25 percent,
State of Utah 23.00 percent,
State of Wyoming . 14,00 percent.'

The Upper Cealorado River Basin Compact was approved by the iegig-

latures of cach of the signatory States and by Congress early in 1949,



