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INTRODUCTION 

Purpose and Scope of Study 

The 1963 Utah State Legislature authorized the 
Utah Water and Power Board (now the Utah Division of 
Water Resources) to develop a state water plan in order to 
give coordination and direction to the activities of all state 
and federal agencies concerned with Utah's water re
sources. To facilitate the development of this plan, a 
proposal was submitted through the State Planning 
Coordinator in the Governor's Office to the Urban 
Renewal Administration of the Housing and Home 
Finance Agency. Funding was approved effective May 19, 
1966, under the Urban Planning Assistance Program 
authorized by Section 701 of the Housing Act of 1954, as 
amended. Matching funds for the necessary land use and 
hydrologic investigations have been provided by the Utah 
Division of Water Resources and the Utah Water Research 
Laboratory. 

A better understanding of the state's water re
sources, the way in which the water resources are being 
used, and the opportunities for further water conservation 
is an essential foundation in the development of a water 
plan. This understanding can be obtained only by careful 
study of each stream basin using recognized hydrologic 
techniques. Such a study must be designed to account for 
the water which appears as runoff, to isolate opportunities 
for improvement in water management, and to indicate 
opportunities for increasing the effective supply by 
eliminating nonproductive uses. Water planning must be 
based upon a reasonably good appraisal of the water 
supply and its quality at points within the system. In 
addition, since any proposed change in the place o r type 
of water use will have an effect upon the total hydrologic 
system this effect must be appraised before any possible 
development plan can be recommended . 

The effort required to inventory the land and water 
resources throughout the state has necessitated a division 
of the workload. This division among numerous agencies 
and individuals has required that certain gUidelines be 
prepared to insure compatability in the end products. Thi 
is particularly essential since the inventory data will al 0 

be used later for testing various wat er management 
possibilities. The general outline for the land u e and 
water resources inventories follows. 

1. 

2. 

3. 

Review existing land use data for each hydro
logic area and determine its adequacy for 
meeting the needs of the water planning 
program. 

Conduct field land-use surveys for those areas 
where inadequate information is available in 
order to delineate the various land use cate
gories for each hydrologic area and subarea. 
Summarize the acreage data for use in the 
water budget studies. 

For each subarea , determine the quantity and 
quality of runoff. Also, assemble and prepare 
for computer processing relevant available 
data regarding the hydrology and climate of 
each area , together with appropriate maps and 
charts. 

4. Investigate relationships between precipitation 
and runoff with respect to both time and 
space . In this regard, factors influencing run
off, such as physiography, geology, vegetative 
cover slope elevation, and aspects are eval
uated. 

5. Estimate all major depletions from the flow 
system of the area. 

6. Prepare water budgets which account for the 
time and spatial distribution of the total water 
resources within each hydrologic subarea. 

The work reported herein was conducted as a 
portion of the contractual agreement between the Utah 
Division of Water Resources and the Utah Water Research 
Laboratory . The hydrologic basin described in this report 
is the Weber River study unit shown in Fig. 1. A map of 
the basin depicting the drainage net along with cities and 
major highways is presented in Fig. 2. The Weber study 
unit is the drainage area in Utah tributary to the Weber 
River . 

Sources of Data 

Data co llected and analyzed by various local , state, 
and federal agencie have been used extensively through-



1 
! 
i-

Pork Va N. , 

I-I 

Great Salt Lake o... rl 

Sna*. 
Volley 

/ - J 

/ - Z 

! VI' gln 

! 9 - 7 

! 
! L __ _ _ _ ___ __ _ __ _______ _ _ ___ __ _ __ _ __ _ __ __ __ __ _ _ 

- -- --2-- - -- - -0--- '--

Figure 1. Location map of Weber River study unit. 

2 

~ 
I 

iz 

STATE OF UTAH 

HYDROLOGIC STUDY AREAS 

. a Ii! fa . 11 .. 

yO " IN - G ----- ------ ·---- --------- -- - ----- --- --- --l 

U i n t alt Bell i" 

7 - J 

SOft Juan 

9 - J 

! 
! 
i 
l 
l 
! 
! 
i 

! 
! 
i 

""1 
! 
i 
! 
l 
! 
! 
i 
! 
1 
i 

_ .• _ . _ . _ . . _ , _ , - _. _ .. _ .. _ 0' _ " -
_ . ___ _ .. ___ -__ -__ -________ i 

A 



+ 

+ 

WEST WARREN 

G> 

~~ ~~.'''~~ 
~ \," 

~ 

+ 

~ 

"?< 
~ 

~ 

? 

~ 

t=rJ 

1-

\ 
) 
'- ! '\ 1/" 

~ 1\ :I t'l / -... 

~\ ( 

- .. " ~ \ "
.~:.; ",--- '\. ", 

ARNINGTQ"""'- '?, " ..... . . ~ \ \ 

. ~! \ ~ .. -;;y .. -;.,"" ~j 
...--.... .. ~ _ 0·' 

D""il c~- c-
/ ... - .,./ 

.' .,..--

r-

+ ".-) .. , 
",,:? \ 

+ 

1 

T 

\ 

e " f l""wo"c/ 

+ 

/ 
./ '" 

ENTEj"'SE / 

~ 
~ 

<:"> 
\).. 

~ 

4 

+ 



\. 
... ..-/ 

) 

y 

\ 

Il 

~ 
) 

~. 
\ 

1// 

/ ) 
... '- .. +------ \ 

I 
f} 

( 

+ ",r 
r..l 

-~ 

'--.. 

/ 

'" / .. ''''-..''' /~ I ) 
~ ". . 

( ;\ ".~ \\ ) ~ ", 

{ : 

/ \. "'-'" \ '" 
'", \ \ 

~"'\ 
RV ILL E " ,--

.r- ., 
' -...-/ 

"--

~ 

\ "'." 

" 
)" ( ./ '. : 

""-~ \ " 

I ': " 
... I 
\. .. 

... { " / 

/ 

~~ 

WEBER 

---. 

I 
v 

f' ... 
: ) 
:) 

----"\r, / 
'-.- .. ' \ 

/ ( 
/ ~ 

/ '\ .. , 
/ . '\ 

.\ ': + 

I 

RIVER DRAINAGE 

BASIN 
~ IiIIiI ~ 10 

STATUE MILES 

+ 

/ : 

;' " /+ ... 
rf '" .J 

---
c>c 

o ) '" 
~ 

o 

+ 



out this report. The cooper;}tion and <.Issistance givcn by 
these agencies has been hclpful. 

The only new data collectcd for this sludy ;}rc Ihe 
land use surveys conducted during thc slImmcrs or 196() 
and 1968 by the Utah Water Resc;}rch Laboralory and I he 
Utah Division of Water Resource. 

Numerous streamflow gaging stat ions arc main
tained by the U.S. Geological Survey (USGS) wilhin Ihe 
Weber River drainage area. The runoff record ' ror I hcse 
stations are reported in the water supply p<.lpcrs covcring 
the Great Basin. Additional records were oblaincd rrom 
Ogden City and from the Weber River Walcr Users 
Assocation. Diversion Records were obtained frolll Webcr 
River and Ogden River commissioner reports filed in the 
State Engineer's Office and from private canal company 
records. 

Most temperature and precipitation data Llcquired 
for the study are reported in publications of the Environ
mental Science Service Administration (ESSA). Addition
al precipitation data were obtained from the snow survey 
reports of the Soil Conservation Service (SCS). 

Physiographic information was obtained from 
topographic maps prepared by the USGS. USGS report 
and the geologic map prepared by the Utah Geological 
and Meteorological Survey (Utah State Land Board , 1963, 
1964) indicate geologic data. 

Hydrologic Study Area 

Theoretically, a hydrologic budget can be prepared 
for any area regardless of shape or size, but the accuracy 
in evaluating the inflow and outflow items in a water 
budget can be improved if the area chosen is bounded by 
natural drainage divides. If the budget is being prepared to 
aid planners and developers, the most appropriate geo
graphic unit is the river basin. Within such a system the 
surface and subsurface water supplies are connected and 
continuous. Every upstream use has some effect on the 
quality and quantity of water available farther down
stream. Surface and underground waters can be studied 
together so that optimum utilization can be accompli hed. 

After selecting the proper geographic unit for which 
a water budget is to be prepared, the next step is to 
itemize all inflow - outflow items that can be measured 
directly. This involves an analysis of the existing record 
of meteorological and hydrologic measuring ta tion 
within the study unit. I nflow items that are usually 
measured consist principally of precipitation , river inflow, 
and canal inflow, while the measured outnow item 
usually available are river and canal outflow. 

[n every watershed there is usually a significant 
portion of the flow into or out of the area that cannot be 
measured directly. The use of various techniques to 
estima te this budget item is the third phase of developing 
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a W£l ter budget. The I£lrgest single item in this category is 
eV<.lpotranspiration, which is water returned to the atmos
phere by cvaporation from either open bodies of water, 
soils, or vcget<.ltive cover. Evapotranspiration is most 
comlllonly estimated by equLltions which include various 
c1imat ic ractors . uch <.IS temperature and length of growing 
sea on. Other indirect methods for estimating evapo
transpiration rLlles includes correlation with parameters 
and soil moislurc aVLlilablc to the plants. 

Change in storLlge in Llny given watershed usually 
are smLlII when compared to the total budget, and over a 
period of severLlI years the credits and debits to changes in 
storage tend to b£llance. However, when preparing budgets 
that extend over one ye£lr or only one month, it is usually 
necessary to Llccount for the change in storage occurring 
between the beginning and the end of the period. 

The usefulnt!ss of a water budget or hydrologiC 
inventory depends upon the accuracy with which each of 
the individual components can be measured. Admittedly, 
the data are limited, and this permits the separate 
evaluation of each of the items of supply and disposal. 
The problem of determining precipitation amounts in 
regions of appreciable variation in elevation, cover, 
geologic, and climatic factors is self-evident. Likewise, 
filling in data gaps in surface runoff measurements in 
order to estimate these quantities has inherent limitations. 
The estimation of evapotranspiration quantities requires a 
knowledge of acreage of each water-consuming cultural 
class together with an appropriate unit value of annual 
use. 

Although any increment of time can be used in 
preparing water budgets, mean annual data are most 
commonly used in preparing water budgets. In this 
budget, long-time averages are used to determine the 
water balance on a yearly basis. This is a useful tool to 
indicate the deficiencies or surpluses within an area and to 
establish estimates of the relative magnitudes of the 
various items in the budget. The mean annual water 
budget readily can be supplemented with frequency of 
occurrence information. The frequency analysis can reveal 
the probability of occurrence of such factors as precipita
tion, runoff, and temperatures, thereby expanding the 
utility of the water budget, particularly for planning 
purposes. This information enables planners to anticipate, 
or specify, risks involved in the projects they propose. 

Mean monthly data provide another time increment 
for which water budgets can be prepared. Since a year is a 
true cyclic period, it is possible, by dividing the year into 
smaller time increments, such as months, and analyzing 
each time increment to determine those periods during 
the year when surpluses and deficiencies occur. A mean 
annual surplus may have little meaning if there is no 
torage within the watershed to augment supplies during 

period of deficiency in natural flows. As with mean 
annual budget , a frequency of occurrence study is a 
helpful adjunct to the monthly budget. 



In addition to time distribution studies of water, it 
is also necessary to study space or geographic distribution 
of water. This can be done in a gross manner by 
subdividing the study unit into smaller hydrologic sub
areas and preparing budgets for each subarea. The relat ivc 
importance of each subarea to the total hydrologic system 
of the basin is then examined. 

As increments of time and/or area ,He diminished, 
the inherent errors in measurement re lilt in grcater error 
in computing the water budget. Also, storagc change' 
become more important since there is a grcater likelihood 
of storage changes not balancing. Thll, it must bc 
recognized ~hen preparing water budgets that the advan
tages of smaller increments of time and arca in delincating 
the occurrence and variation of hydrologic events, also 
result in greater chances of error in the computed 
magnitude of such events. 

Budgets for Weber River study unit 

The Weber River study unit wa subdivided into 
nine smaller units or subareas. The hydrologic subareas 
were determined by location of river gtlging tat ions, 
which provided good measurement of significant inflow 
and outflow items. Hydrologic budgets, both mean annual 
and mean monthly, were prepared for each subarea for 
the time base 1931 to 1960. 

Hydrologic subareas 

River gaging stations of runoff were used as division 
points to subdivide the total area into smaller sub-water 
sheds. Nine subdivisions, as shown on Fig. 3 have been 
made to represent the following areas: 

1. Weber River above the measuring station at 
Oakley, Utah. 

2. Weber River above the measuring station at 
Coalville and below the measuring station at 
Oakley. 

3. Chalk Creek above the gaging station at 
Coalville. 

4. Weber River above the measuring station at 
Devils Slide and below the measuring station 
at Coalville. 

5. Lost Creek above the measuring station at 
Croyden. 

6. East Canyon Creek above the measuring 
station at East Canyon Dam. 

7. Weber River above the measuring stati n at 
Gateway and below the measuring station at 
Devils Slide. 

8. Ogden River above the measuring stati n in 
Ogden Canyon immediately below Pineview 
Dam. 

9. All the area between the shore lines of Great 
Salt Lake (4205 elevation) the top of the 
Wasatch Range and below the gaging tat ion 
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in Ogden and Weber Canyons and between the 
county boundaries which separate Davis and 
Salt Lake County on the south and Weber and 
Box Elder Counties on the north. 

Topography 

Proceeding eastward from the shore of Great Salt 
Lake toward the Wasatch Mountains lies that flat fertile 
lakc plain formed by the alluvial deposits of ancient Lake 
l3onncvillc. Several tcrraced benches mark the different 
lake levels while ncar the mouth of Weber Canyon lies the 
Weber River dclta. 

Ri sing abruptly from the valley floor are the rugged 
Wasatch Mountains which extend in a nearly north-south 
direction scpartlting the flat valley lands from thc rolling 
hill s and mountain vtllleys on thc intcrior of the hydro
logic unit. The interior of the unit consists of narrow 
vallcys betwecn low rolling hills. The southeast corner of 
the unit rises again to meet the high mountain peaks 
marking the beginning of the Uintah Mountains and 
dividing the surface drainage into the Bear River, Weber 
River, Jordan River, and Colorado River systems. 

The major tributaries to the Weber River are Beaver 
Creek, Chalk Creek, Lost Creek, East Canyon Creek, and 
Ogden River. Ogden River is the largest tributary and jOins 
the Weber River in the valley area just before the rivers 
terminate in the Great Salt Lake. The Ogden River drains 
what was once an arm of the old Lake Bonneville and is 
now made up of three branches which traverse the Ogden 
Valley and meet at the head of narrow Ogden Canyon. 
The canyon is short and the river soon emerges onto the 
valley floor where it meets the Weber River. 

The water resources of an area are affected by the 
topography. The altitude of the mountains is related to 
the extraction of water from moving air masses and the 
steepness and aspect of the slopes are related to the 
runoff. The topography of the Weber River study unit is 
indicated by shaded contours in Fig. 4a. 

Elevation i one of the most significant physio
graphic factors affecting the hydrology of an area. Since 
elevation has a very significant effect on both temperature 
and precipitation elevation plays an important role in 
defining the water ystem. For example, increased eleva
tion u ually re ult in increased precipitation and lower 
temperat ures, thereby resulting in increased snowfall and 
lower potential consumptive use rates. Thus , the percent 
of precipitation occurring a runoff is increased. Since 
temperature i a limiting factor in the types of agricultural 
crop that can be grown in an area elevation is of times 
the cau e for the type f agriculture in an area. The effect 
of elevati n on the combination of precipitation and 
temperature re ult in dramatic effect on the type of 
native vegetation found on mountain watershed . 



Figure 3. Hydrologic subareas in the Weber River drainage area. 



Within the Weber River drainage area, the elevation 
varies from 4100 feet above mean sea level at the Great 
Salt Lake to 11,200 feet at the high Uintah peaks. The 
mean elevation for this area is 6,700 feet. From the 
area-elevation curves shown in Fig. 4b. The quartiles show 
that 50 percent of the area ranges from 5,900 feet to 
7,450 feet. Only 16 percent of the total area is less than 
5,000 feet; it is in this area, however, that most of the 
cultural pursuits take place. The areal distribution of 
elevation. is shown in the figure by comparing area
elevation curves for each subarea. 

Stream bed profIles are an important physiographic 
factor in evaluating runoff characteristics. The slope of a 
stream bed affects the time distribution of runoff, which 
is of particular importance during floods. A profIle of the 
Weber River system is shown in Fig. 5. From the divide in 
the Uintah Mountains until the river reaches Great Salt 
Lake the river drops from 11,000 feet to 4,200 feet, a 
vertical drop of 6,800 feet in 140 miles or a slope of 48 
feet per mile. The part of Weber River in subarea No.1 
has a mean slope of 125 feet per mile while the slope in 
subarea No. 7 is 23 feet per mile. From the mouth of 
Weber Canyon to Great Salt Lake the river slope averages 
10 feet per mile. 

The areal distribution of the land-surface slope 
within a watershed is an index of the steepness of the 
drainage area, which affects the rate of runoff. The land 
surface slope represents the ratio of the vertical rise in a 
unit horizontal direction expressed as a percent. 

The distribution of slope with area was obtained for 
each hydrologic subarea by a simple techniq ue which 
consisted of placing a square grid over a topographic map 
and counting the number of times the grid lines were 
crossed by the contour lines. The average land slope 
within each square was similarly determined by counting 
the number of times the contour lines crossed the vertical 
and horizontal center lines of the square. The slope was 
computed from the relationship: 
Land slope 1.571 DN/L where, 

D = Contour interval 
N Number of crossings 
L = Total length of all grid lines 

Each grid square represents an area on the ground of 
approximately 3.6 square miles. The individual values for 
each square were then ranked in order of increasing 
magnitude and the percent area having slopes equal to or 
greater than the indicated Jope determined. The slope of 
the land for each subarea i shown in Fig. 6. The areal 
distribution of land slope is shown' by comparing slope
area curves for each subarea. 

Geology 

Geology h~s a significant effect on runoff. The 
disposition of precipitation falling on the area is partly 
determined by the absorptive character of the man tie 
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rock or regolith. Nonabsorptive coverings result in rapid 
runoff and high flood flows. Absorptive coverings produce 
late season flows. The basal structure is also important if 
it is highly fractured and conducive to water storage ·and 
movement, which would result in perennial springs and 
late season streams. 

The Weber River study unit is composed principally 
of sedimentary deposits. The oldest (paleozoic) forma
tions which form the basal complex consist chiefly of 
massive limestone, dolomite, and shale with various 
mixtures of quartzite, sandstones, and chert. The 
Mesozoic rocks within the study unit are composed 
principally of sandstone, siltstone, and shale. In the 
Wasatch front region there are some Pre~ambrian de
posits consisting mainly of metamorphosed rock of schist, 
gneiss, and quartzite. Some igneous rocks occur in the 
Park City area near the southern boundary of the drainage 
area and extend westward into the Little Cottonwood 
Canyon area. These formations are generally of a later 
origin being classed as Tertiary granitoid rocks. 

The later Cenozoic formations (Tertiary and 
Quaternary) composing the mantle are generally weather
ed expressions of the basal unit. Because of this, these 
deposits do not generally occur as massive cemented rocks 
but rather as broken fragments, porous conglomerates, or 
fine textured sands and gravels. 

The principle Tertiary deposit within the Weber 
River study unit is a formation known as Knight 
conglomerate which contains minor amounts of sand and 
silt. There are also extensive tuffaceous and limey beds of 
Tertiary deposits. The Quaternary deposits consist chiefly 
of alluvial deposits along the stream beds, lacustrine 
deposits within the valley once occupied by Lake Bonne
ville, and glacial deposits in the areas of highest elevation. 
The Quaternary deposits are generally fine textured sands, 
silts, clays, and gravels. . 

In a broad sense the absorptive nature of the mantle 
rock correspondswith its geologic age. In general the older 
Pre~ambrian, Paleozoic, and Mesozoic rocks are the least 
absorptive because of their massive, solid structure. The 
only source of water storage within these formations is 
within cracks and seams, along fault lines or other 
fractured areas and within solution caverns. The most 
absorptive mantle would be the Cenozoic group which 
includes the Quaternary alluvial and glacial deposits and 
the older Tertiary deposits which are generally un
cemented or unconsolidated. 

From a geologic map of the State of Utah the area 
forming the Weber River study unit was traced and the 
four major undifferentiated geologic age groups were 
outlined as illustrated in Fig .. 7a. The area ')f each type 
of man tie covering was then determined for each of the 9 
subarea within the study unit. The percentage of area 
covered by each of the geologic types was arranged in a 
bar graph to show the areal distribution of mantle 



II 000-

10 

10.000- 25 
_I 

9.000 -
50 

10 
10 

c 75 25 0 .- 8 .000 ., 25 10 - 90 10 25 0 

11.000 
> 50 25 50 I,., cal - 1.000 50 

LtJ 75 50 75 
-.......... S, 

r> 11"" 
90 75 90 ........ ~I.I 

'""" I""'I~ 6000 - 75 90 I 90 

II,oe 

I~OOO 5000 _ lo.O( 
... 2 3 5 

$1.16 
4 .000 _ ~ Sub Area No. .. .... ~o 

"" -1'0 - 1 ~ 

'" .. - S(J ...... AI,., ) 
J~. of . ... 
~ 

~oOO • a,oo 
... ~ ' .4 

I ... . 
f""'I 

::"''Il00 

I-
.......... 

I"" 

1,000 1,O( 
- . 

l- i-- f-. 

- Sub Areo ~ 0 ~ -
'POO 

r- I -~ .... 
I- Ia :.""! ....... 

~- SUb .4 ... I""" 
.... - .1"0 No - .. r- • • 5 

l"'1t. 

SPOO ..... 5,0( 

4,000 4PC 

O.Of 0.05 0.1 0.2 0.5 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99 





10,500 

10,000 

9500 

9000 

8500 

8000 8000 
135 

~~-+~~-+~7500 

130 

75 8S000 



W 

0.. 

0.5 

0. 4 . .. 
0 

Q3 

0; 

Q2 

01 

10 20 30 40 50 60 70 

Percent 01 Total .r.o 
05 

04 

03 

0; Q2 

01 

10 20 30 40 50 60 70 

""CI "t 01 Totol .r.a 
0.5 

0 4 

03 

0; Q2 

0.1 

10 20 30 4 0 50 60 70 

Pl rC l nl 0' Tota l Arl O 

0 6 

05 

04 

0- 0.3 0 

in 

02 

01 

80 90 100 

80 '0 100 

8 0 '0 100 

10 

10 20 30 4 0 50 60 70 80 110 100 

Perce nt 0' Totol A" a 

0.5 r----,--.---,-..,.--..-----,---,.---.-..,.---, 

0-
o 

0 .4 

03 

0; 02 

0. 1 

Sub Aroo 5 

10 20 30 40 50 10 TO 80 90 100 

Pl tC I ",t at Total A'io 

:·:~Sub Areo 6 

: 0.2 
in 

QI 

o ~~~_L _ _L_~_~~~~_~ __ ~~ 
10 20 30 40 50 10 TO 10 90 100 

Perct nt at Total Ar. a 

TOlol Area - Weber Ri ver DroinQo 

20 30 40 50 60 TO 

Perc. ", 0' Toto I ArlO 

80 

Figure 6. Area-slo pe distribution for hydrologic subareas in the Weber River drainage area. 

0.4 

Q3 
0-

0; Q2 

01 

10 20 30 40 50 60 70 80 90 100 

Per ••• t 01 Tota l Ar . a 

10 20 30 40 50 60 TO 10 90 100 
P, rc l nt 0' Tota I Ali a 

~ 02 

01 

10 20 30 4 0 5 0 10 TO 10 to 100 

petc . "' of Tota l .f l a 

90 100 



covering, (Fig. 7b). This chart will reveal at a glance those 
areas which contain the greatest amount of absorptive 
mantle rock. Area 1, ~hich is located in the high 
mountains near the headwaters of Weber River, contains 
extensive deposits of Quaternary glacial material. Area 1 is 
in a region of high rainfall or snowpack and the absorptive 
character of the Quaternary material retains water from 
the snowmelt to sustain the late summer flow in Weber 
River. The Quaternary material which occurs along the 
stream channels and in the lake plain area supports all of 
the agricultural and most of the other cultural pursuits 
within the area. Practically all of the usable groundwater 
also occurs in these formations. 

Area 9 is covered with extremely deep Quaternary 
material deposited by ancient Lake Bonneville. The depth 
can be visualized by reference to Fig. 8 which shows a 
cross section of the valley fill and adjacent mount,!in 
range. The Wasatch fault area is shown as a vertical 
displacement of several thousand feet, placing this basal 
rock below the alluvium of the valley. 

Economy 

Historical background 

The first permanent settlements in the Weber River 
study unit were established by the Mormon pioneers who 
began their eX0aus into Great Salt Lake Valley in the 
latter part of July 1847. By late September, a company of 
pioneers had settled on the site now called Bountiful; and 
in the next six years Mormon immigrants established some 
20 communities within the area which stretches along the 

. mountain front from Bountiful to Brigham City and 
includes most of the fertile land known as the Weber 
River delta. The mountain valleys began to receive settlers 
in 1859 and by 1863 about 28 new communities had 
sprung up along the flood plains of the Weber and Ogden 
Rivers. Thus in less than 20 years nearly 50 new towns 
and cities had been planted within the boundaries of the 
Weber River study unit (Fig. 9) . 

Growth within the area was stimulated with the 
coming of the Union Pacific Railroad which followed the 
immigrant trail down Echo Canyon made new trails along 
the Weber River into the Salt Lake Valley , and then 
proceeded northwestward to unite with the Central 
Pacific Railroad at Promontory. Ogden City was selected 
as the western terminal for the railroad and grew rapidly 
under its stimulating influence. The railroad made migra
tion easier and many of the new immigrants stayed to 
make their homes in or near Ogden. 

The railroad and favorable climatic conditions 
contributed to the growth potential in the East Shore 
area. Fertile soil and an adequate water supply produced a 
wide variety of crops and the export industry provided by 
the railroad produced money anrl more industry. By 1940 
Ogden ranked high as a center for railroading grain 

14 

handling, food manufacturing, jobbing, and financing. 
Natural industries included textile factories, meat pack
ing businesses, canning factories, sugar factories, and 
others. 

Pioneer farmers in the mountain valleys soon 
learned that the agriculture in this area was limited 
principally to small grains and forage crops. Live~tock and 
dairying have flourished in this region, however, and 
mining has enjoyed success in places like Coalville and 
Park City. 

The establishment of national defense industries 
during World War II brought a new influx of workers into 
the area and much of the agricul tural land succumbed to 
the residential needs. Hill Air Force Base, the Utah 
General Depot, the Ogden Arsenal , and the Naval Supply 
Depot were among the leading employers during this time. 
Many other non-military federal agencies have established 
offices in the Ogden area to make the federal government 
the largest employer in the area today. 

Water has always been plentiful in the study area, 
and the mountain valleys have provided several adequate 
storage sites to provide water during low river flows in the 
late summer periods. The first storage projects included 
East Canyon Dam, and Echo Dam on the Weber River, 
and Pine View Dam on the Ogden River. Many small 
reservoirs were built at an early date near the headwaters 
of the Weber River and of Chalk Creek. A comprehensive 
river basin plan was initiated in 1949 by the United States 
Bureau of Reclamation and has since built dams at 
Wanship, Lost Creek, Causey, and Willard Bay; and 
enlarged the dams at East Canyon and Pine View. 

Present day situation 

Nearly 20 percent of the total population of the 
State of Utah resides within the boundaries of the Weber 
River study unit and 95 percent of the population of the 
study unit resides in the East Shore area along the 
Wasatch Front. Less than 3 percent of the population of 
the Ea t Shore area is rural farm, the bulk of the 
population lives in urban type residential areas. The 
population classification is shown in Table 1. 

Table l. Classification of population in study area. 

1960 % % % 

County Population Den ity Urban Non-farm rural Farm rural 

Weber ) 10 ,744 201.7 86.8 10.3 2.9 

Davi 64 ,760 241 .6 80.0 16.4 3.6 

Morgan 2837 4.7 62.2 37.8 

Summit 5z673 ----1.l 79.9 .2ll 

Total 184 ,014 74.7 80.4 15.4 4.2 
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The average non-agricultural labor classification is 
sJ:town in Table 2. The fe.deral government employs nearly 
43 percent ,of the total labor force in Davis and Weber 
Counties and these counties, which constitute the East 
Shore area, employ 97 percent of the total labor force in 
the study unit. 

The total assessed value of property within the 
study unit in 1962 was $191,346,000. This is broken 
down into property class by counties in Table 3. 

Although the percentage of population living on 
farms in the East Shore area is small, the value of 

agriculture to the area is not to be underestimated. Each 
year in the East Shore area approximately 74,000 acres 
are farmed and a variety of crops are harvested. Crops of 
significant importance include: hay, corn, small grains 
(wheat, barley, and oats), peas, potatoes, sugar beets, 
tomatoes, onions, strawberries, peaches, pears, apples, 
apricots, and cherries. The cropland also includes a 
significant amount of pasture land which contributes to 
the dairying industry in the area. The total value of all 
farm products produced within the study unit in 1959 
was $23,555,000. The value of products in each county 
is summarized in Table 4. 

Table 2. Average non-agricultural employment in study area - 1961. 

County Total Mfg. Mining Construction Transp. Trade Ins. Misc. Govt. 

Weber 31,214 5,847 22 1,654 4,239 6,982 1,001 3,603 7,866 
Davis 20,913 2,353 35 1,000 382 1,856 148 677 14,351 
Morgan 532 58 76 18 130 
Summit 981 171 32 72 88 178 24 66 350 

Total 53,640 8,371 89 2,784 4,709 9,092 1,173 4,364 22,697 

% of Total 100.0 5.2 17.0 8.1 42.3 
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Table 3. Assessed values, by class, of property within the Weber River study unit - 1962. 

ProEerty Class Total Weber Davis Morgan Summit 
11000 dollars 

Residential real estate 13,429 8,314 4,771 32 312 
Commercial & industrial real est. 6,168 5,477 636 11 44 
Agricultural real estate 10,583 3,924 3,252 1,239 2,168 
Unclassified real estate 115 8 19 88 
Residential buildings 64,618 36 ,930 25,809 686 1,193 
Commercial and industrial bldg. 18 ,625 13 ,237 5,026 115 247 
Agricultural bUildings 2,265 1,639 257 139 230 

Motor vehicles 15 ,3 19 9,176 5,190 323 630 
Merchandise and fixtures 10,674 8,196 2,339 47 92 
Commerical & industrial machinery 8 ,781 5,435 3,238 47 61 
Agricultural machinery 582 289 182 32 79 
Other personal property 896 571 278 8 39 

Range cattle 297 122 60 43 72 
Other cattle 748 402 148 56 142 
Horses and mules 83 28 28 9 18 
Sheep 50 9 7 9 25 
Other animals 63 6 6 25 26 
Poultry 9 4 5 

Air lines 411 15 85 29 282 
Bus, car, and express companies 359 129 131 30 69 
Gas and pipe line companies 8717 2,131 3,067 779 2,740 
Power compan ies 5 ,306 3 223 1,344 280 459 
Railroad companies 15206 8,293 1,903 1,606 3,394 
Telegraph companies 39 27 10 1 1 
Telephone companies 6,051 3075 2,066 282 628 
Water companies 15 15 
Mining companies 1,946 1,430 516 

Total 191 346 110,660 59 ,854 7,257 13 ,575 

Table 4. Value of farm product produced in 1959. 

County 

Crop Weber Davis Morgan SummitTotal 

Field crop 1,334 1,_34 212 203 2,983 
Vegetables 374 436 31 841 
Fruit and nut 556 3 2 I 939 
Horticulture pec. 102 590 

1,000 d lIar 
693 

Dairy products 24_0 63 1 270 1,430 4751 
Poultry 2,530 736 15 I 639 4919 
Live tock _,6 19 3,4 15 59 1.536 8.429 

91935 7,4_4 113 7 41 09 23 1555 
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DATA ASSEMULY AND EVALUATION 

Climate 

Data network 

Perhaps the two most important met eoro logic 
element forming the climate of any region arc tempera
ture and precipitation. Neither could be looked upon a. 
independent variables ince both arc dependent upon sobr 
radiation, tnpography , elevation position upon the earth, 
and perhap other undefined phenomena. Because of th e 
complex system of interdependence, most meteo rologic 
element arc treated as random variables and an under-
tanding or the phenomena is derived by tudying the 

hi~lorical occurrence of the variables. 

The location of temperature and precipitation 
talion within and adjoining the Weber River tudy unit 

is shown in Fig. 10. A listing of these stations including 
the periods of record, is given in Tables 5 and 6. The data 
used in this report consisted of monthly temperature and 
precipitation data. In cases where data for particular 
months were missing, correlation procedures were used to 
estimate the mis ing data and to test the consistency of 
the data , particularly for the stations having long periods 
of record. In preparing water budgets the temperature 
and precipitation station having consistent record were 
primarily used. There are a number of good weather 
stations located in the agricultural valleys of the Weber 
River study uni t. 

Temperature 

Temperature i important in a hydrologic stud y for 
several reasons. First temperature is a mea ure of molecu
lar activity and hence a measure of the rate at which water 
is changed from a liquid pha e to a ga eo u pha e. In the 
gaseous pha e water is Ie manageable and i free to exit 
from the hydrologic area. (It i also in thi tate that \I :.It r 
enter the hydrologic area and precipit ate to form the 
sourct' of all liquid water within the hydr logic unit.) 
Secondly the gr wth proce e of both plant and ani mals 
are highly dependent upon temperature, and life can e i t 
only within a very narrow temperature range. To pre ent 
this temperature from exceeding a lethal value, both 
plant and animal depend upon the coo ling efrect or 
evaporating wate~. At the lower extreme mo t plant die 
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upon freezing or cease to grow and become dormant. 
Thu , temperature limits the growing season or plants and 
determines the con umptive use of water by plant.. 
Temperature also stimulates growth in plants and deter
mines the type of plants that can urvive within an area. 

Temperature is depend en t upon in tensity of so lar 
radiation and hence varies with terrestr ial latitude . 
Temperature also varies with the absorption characteristic 
of the earth's surface and the intervening atmo phere . In 
general, this means a change in temperature with eleva
tion . For each 1,000 foot increa e in elevation the mean 
annual temperature will decrease about 3°F. I n the Weber ' 
River study area the high mountain valleys are thus cooler 
and have shorter growing season than the East Shore lake 
areas. The upper mountain valleys, for example, have an 
average growing season of about 95 days which is about 
60 days shorter than the growing season in the lake shore 
area west of the Wasatch Mountains. The average summer 
temperature is about 6 ° cooler in the mountain valleys 
than in the lake shore area. The cropping pattern is, 
therefore, much different in the two areas, the mountain 
valleys being used primarily for forage crops and small 
grains while the East Shore valley area produces a wide 
variety of crops including truck vegetables and orchards. 

Isotherms representing mean annual temperature are 
hown in Fig. II for the Weber River study unit. The 

record from the temperature stations shown in Fig. 10 
formed the base in preparing the map of isotherms. 
Temperature in adjoining areas were obtained by using a 
temperat ure lap e rate of _3° per 1,000 feet, which was 
u ed in preparing Fig. II. The i othermal map gives a 
general portraya l of temperature variation in the Weber 
River tudy unit. A would be expected, the low 
i ot herm of 20°F and _5° F occur near the peaks of the 
Wa atch 10untains. The high i otherms of 5Cf F occur in 
the lake hore area of the Weber Delta. 

Kn owing where temperature occurs is important 
but knowing when temperature occurs is also important. 
Becau e temperature i dependen t upon solar radiation, it 
can be expected that temperature will vary daily as the 
inten it of radiation varie from zero during the night to 
ome rna imum value during the daylight period. This 



variation will exhibit a periodic pattern except as altered 
by cloud cover or convection currents. Temperature will 
also vary seasonally as the angle of radiation changes with 
the earth's solar orbit. This variation will also exhibit 
some type of periodic pattern. No other true cycles of 
temperature change have been identified, although long
time changes in mean temperatures may occur as a result 
of man's activity upon the earth. 

The seasonal or yearly change in temperature can be 
seen in the plots of mean monthly temperatures shown in 
Fig. 12. The curves are plotted from data collected at 13 
stations within or near the study area. One can note that 
the curves are partly skewed with the minimum temper
ature occurring in January and the maximum in July or 
August. Shown also on the figure is the frequency with 
which temperatures will probably occur. The upper 

Table S. Precipitation and temperature measurement stations located in the Weber River study unit. 

Station 
Period of Record 

No. Name of Stations Elevation Precipitation Temperature 

0072 Alta 8760 1960-61 
0497 Bear River Hyde Fork 10500 1947-63 
0603 Ben Lomond Power 5850 1955-68 
1222 Castle Rock 6445 1956-61 
1383 Chalk Creek 2 6335 1954-68 

1588 Coalville 5550 1908-68 1911-68 
2243 Dry Breed Pond 8230 1955-68 
2294 East Canyon 5680 1955-68 
2385 Echo Dam 5500 1940-68 1943-68 
2558 Enterprise 5330 1943-61 

2721 Farmington 1889-94 
1900-68 1900-68 

2722 Farmington R. S. 7450 1951-68 
2725 Farmington Rice 6800 1939-68 
4467 Kamas 6495 1951-68 1952-68 

5115 Little Bear Upper 6550 1956-68 
5663 Mill Creek Ranger Station 8975 1955-68 
5826 Morgan 5070 1902-68 1915-68 
6404 Ogden Pioneer P. H. 5564 1910-68 1892-68 
6414 Ogden Sugar Factory 4280 1924-68 1930-68 

6648 Park City 6970 1939-68 
6669 Parleys 7590 1952-68 
6869 Pineview Dam 4940 1913-68 1936-68 
7318 Riverdale P. H. 4390 1914-68 1923-68 
7499 Sagebrush Flat 6300 1956-68 

7846 Silver Lake 8740 1916-68 1937-68 
7878 Smith & Morehouse 7600 J 954-68 
7924 Snow Basin 6420 1958-62 
8031 Stillwater Camp 8550 1955-68 
8838 Trial Lake 9800 1952-68 

8885 Uinta 4830 1940-60 
9165 Wan ship Dam 5950 1955-68 1955-68 
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Table 6. Snow measurement stations located in or near to the Weber River study unit. 

Station 
No. Name of Snow Course 

I1H14 Beaver Cr. - Skunk Cr. 
IIH 8 Ben Lomond Peak 
I1H 9 Ben Lomond (lower) 
I1H13 Dry Bread Pond 
I1H12 Monte Cristo R. S. 

I1HI0 Mt. Ogden 
I1H 15 Sagebrush Flat 
I1H 11 Snow Basin 
11124 Beaver Cr. R. S. 
111 1 Chalk Cr. No.1 

111 2 Chalk Cr. No.2 
111 3 Chalk Cr. No.3 
11112 Farmington Canyon (lower) 
11111 Farmington Canyon (upper) 
11114 Lamb's Canyon 

11115 Parley's Canyon Summit 
111 6 Redden Mine (lower) 
1115 Redden Mine (upper) 
11116 Silver Lake Brighton 
111 4 Smith and Morehouse 

1018 Trial Lake 

values, labeled 2.5, are the probab le mean monthly 
temperatures, which will reoccur or be exceeded five 
times in every 200-year period. The lower values labeled 
97.5, are the probable temperatures which will reoccur or 
be exceeded 195 times in every 200-year period. It i to 
be noted that the variation in probable monthly temper
atures is smallest for the month of July and largest for the 
month of January . 

Mean annual temperatures for the 13 meteorological 
stations within or near the study unit are hown in Fig. 
13 along with the as~ociated fre quency of occurrence 
distribution. The stations have been graphi all y ranked 
from left to right in order of increasing altitude, showing 
the inverse relationship of temperature and elevation . 

Precipitation 

Precipitation i the only ource of water to replenish 
the supply on a given watershed. It is therefore important 

29 

Elevation Period of Record 

7150 1952-1968 
8000 1951-1968 
5850 1954-1968 
8230 1936-1968 
8960 1930-1933 , 1936-1968 

8600 1948-1968 
6300 1953-1968 
6420 1942-1968 
7500 1931-1968 
9100 1951-1968 

8000 1951-1968 
7500 1952-1968 
6950 1951-1968 
8000 1951-1968 
6600 1935-1968 

7600 1934-1968 
8500 1930-1968 
9000 1930-1968 
8725 1931-1968 
7600 1929-1968 

9800 1931-1968 

to know how this supply is distributed geographically 
throughout the watershed. It is also important to under
stand variations that occur with time and the probability 
factors associated with these variations. 

Precipitation occurs when a saturated air mass 
moves in to the hydrologic area and is cooled so that 
conden ation can occur. Since the air at high elevations is 
generally cooler than the air near the land surface, it is to 
be expected that when the high mountain ranges deflect 
the moving air mas upward to cooler elevations, the 
greater mean annual precipitation would occur near the 
mountain peaks. I n the Weber River study unit the mean 
annua l preci pitation range from 12 inches to near 50 
inche with on ly 20 latera l miles separating these 
extreme. 

The .S. Weather Bureau (now the Environmental 
Science Service Administration , ESSA) has prepared 
i ohyetal map which portray the area l di stribut ion of 
precipi :~llioll ill the State of Utah . I ohyet al map have 



been developed for normal annual precipitation, normal 
October-April precipitation, and normal May-September 
precipitation. The time base used in computing normals 
was 1931-1960, which corresponds with the time base 
presently being used by the World Meteorological Organi
zation (WMO). From the isohyetal maps for the State of 
Utah, normal annual precipitation maps have been pre
pared for the Weber River study unit as shown in Fig. 14. 
The mean annual precipitation on the Weber River study 
unit amounts to 2,960,000 acre feet. Of this amount, less 
than 10 percent falls on . the area below 5,000 feet 
elevation and only 16 percent falls on the area which 
drains into Ogden River. Nearly 75 percent of all the 
precipitation within the study area falls on land drained 
by the Weber River above the gaging station at Gateway 
near the mouth of Weber Canyon. From the published 
annual, October-April, and May-September isohyetal 
maps, the precipitation falHng on each hydrologic subarea 
was determined. These values are shown in Table 7 for 
each subarea. 

To display the variation of precipi~ation with time, 
the rainfall records from 10 weather stations in or near 
the Weber River study unit were analyzed. Fig. 15 illus
trates the variation that occurs throughout the year and 
also the probable variation for each month of the year. 
The heavy line (50 percent probability) near the center of 
each of the series of bars represents the amount of 
precipitation occurring for that month one-half of the 
time, i.e., half of the years will have less than this amount 
of precipitation. The 5 percent bar indicates the amount 
of precipitation which will be exceeded 5 years (on the 
average) in a 100 year period. The 10,25,75,90, and 95 
percent bars also represent the amounts of precipitation 
that will probably be equaled or exceeded in the time 
period represented by the indicated level of probability. 

Fig. 16 shows the frequency distribution of mean 
annual precipitation for the 10 weather stations. It should 
be noted that the annual precipitation at any level of 
probability shown on the figure bears no relationship to 
the sum of the mean monthly precipitation at the same 
probability level shown on the previous tables. 

Before estimates of probable occurrence of any 
event can be obtained, it is necessary to determine the 
nature or kind of mathematical function which best fits 
the frequency distribution of the data. Often, because the 
data available are insufficient to determine the precise 
nature of the frequency distribution function, a "nor
malcy" must be assumed. In this study the monthly 
precipitation values of several stations were plotted on 
normal probability paper. The plots showed clearly that 
another distribution function which more nearly fits the 
data should be used. The incomplete gamma distribution 
function was selected because it characterizes a distribu
tion function which contains zero values, as rainfall does 
on a weekly or monthly basis. To check the validity of 
fitting the precipitation data to the incomplete gamma 
distribution function, the rainfall was ranked and the 
results were compared to the results obtained from the 
assumed distribution. In almost all cases the results were 
very nearly alike. 

The monthly distribution of precipitation as shown 
in Table8 was obtained by proportioning the total precipi
tation as determined by the isohyetal maps on the basis of 
monthly precipitation records available in each subarea. 
Precipitation stations were chosen and weighted so as to 
give, in the judgment of the writers, a good representation 
of the area. Any change in the isohyetal maps would have 
to be reflected in similar changes in the table. 

Table 7. Average precipitation falling on subareas within the Weber River study unit. 

Subarea Size Mean Annual Prec. October to April May to Sept. 
No. Sq. Miles Ac-ft. Inches Ac-ft. Inches Ac-ft. Inches 

1 163 280,970 32.32 187,520 21.57 93,450 10.75 
2 268 311,160 21)7 210,540 14.73 100,620 7.04 
3 253 282,150 20.91 188,370 13.96 93,780 6.95 
4 280 280 ,750 18.80 182,630 12.23 98,120 6.57 
5 228 240,890 19.81 157,710 12.97 83,180 6.84 
6 155 217 ,990 26.37 158,970 19.23 59,020 7.14 
7 300 421 ,440 26.34 310,080 19.38 111,360 6.96 
8 310 402,920 24.37 296,280 17.92 106,640 6.45 
9 505 525,200 19.50 370

1
870 13.77 154,330 5.73 

TOTAL 2,462 2,963,470 22.57 2,062,970 15.71 900,500 6.86 
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Figure 13. Mean annual temperature frequency distribution for selected stations in the Weber River study unit. 
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Figure 16. Annual precipitation frequency distribution for selected stations in the Weber River study unit. 
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Table 8. Monthly distribution of total precipitation on Weber River study unit. 

inches 
Area 
No. Total Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1 32.32 3.42 3.59 3.70 3.33 2.70 2.10 1.41 2.37 2.17 2.06 2.85 2.62 
2 21.77 2.16 2.28 2.44 1.91 1.99 1.46 0.95 1.39 1.25 1.53 2.05 2.36 
3 20.91 1.82 2.29 2.51 2.43 1.96 1.62 0.87 1.22 1.28 1.39 1.82 1.70 
4 18.80 1.66 1.98 2.23 1.85 1.75 1.37 1.02 1.16 1.27 1.36 1.62 1.53 
5 19.79 1.93 2.03 2.37 2.09 2.07 1.35 0.87 1.14 1.41 1.27 1.56 1.72 
6 26.37 2.94 3.10 3.32 2.85 2.17 1.47 0.90 1.33 1.27 1.73 2.43 2.86 
7 26.34 2.72 3.01 3.27 2.88 2.29 1.67 0.59 1.13 1.28 2.05 2.67 2.78 
8 24.31 2.76 2.83 3.29 2.69 2.09 1.37 0.47 0.94 1.58 1.57 2.31 2.47 
9 19.50 2.01 2.01 2.17 2.22 1.92 1.35 0.46 0.90 1.10 1.55 1.90 1.91 

acre-ft 

1 29,700 31,240 32220 28,950 23,440 18,230 12,230 20610 18,890 17,930 24 ,760 22 ,760 
2 31,730 33520 35900 28200 29310 21,420 13890 20,480 18,380 22,380 30,180 34,730 
3 26,660 33 ,770 36,950 35,700 28,880 23,940 12,830 17,910 18,880 20430 26,770 24,950 
4 25,930 30,870 35020 29,050 27350 21,430 15940 18,070 19,800 21,330 25,470 23,830 
5 24,500 25,650 29,990 26330 26 ,120 17,100 11,090 14,460 17,920 16,100 19,730 21,710 
6 24,920 26,330 28080 24 170 18370 12510 7580 11,210 ] 0,730 14,670 20,560 24,230 
7 43610 48 ,280 52540 46220 36,880 26,880 9380 18 130 20,400 32,820 42,900 44,680 
8 50 ,410 51 ,760 60 ,090 49,300 38 150 25,180 8,660 17,260 27,790 28,740 42,210 45,280 
9 55 ,480 55440 59 ,960 61 ,500 53 ,030 37,200 12 ,650 24',770 30510 42750 52860 52,760 

Snow. In the higher areas of the Weber River study 
unit approximately 65 percent of the total annual 
precipitation occurs in the form of snow and accumulates 
in the snow pack to melt in the spring and feed the 
streams and rivers of the study area. The depth of snow 
and its water content is currently (1964) being mea ured 
at 21 snow course during the winter and early pring 
month. While the e snow courses were not established to 
give representative sample of snow depth over large area 
of the basin, the data from the snow courses in and 
adjacent to the study unit have been u ed to develop map 
showing the water accumulation in snow pack near the 
first of each of several month. Fig. 17 shows the average 
water content of the snow in the Weber River study unit 
on April 1. A depth area analysis from thi map indicates 
that 1,271,000 acre feet of water are tored a now 
during the average year on April I. Table 9 sh w the 
amount of water in torage a snow on April I for each 
subarea within the study unit. 

Table 9. Average amount of water in storage as snow on 

To inve tigate further how snow accumulate during 
the winter and early spring months , the water con tent of 
the now in relation t the percent area within a 
water hed wa ana lyzed. Fig. I h w thi relation hip 
for a mal l water hed within ubarea which drain the 
land area above the gaging tat ion on the outh fork f 
Ogden River near Hunt ville. Fig. 19 how a imilar et of 
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April 1, Weber River study unit. 

Subarea Size Water Content of Snow Equivalent 
No. Square Mile ac.-ft. Depth Inches 

I 163 189,320 21.7 
2 268 147,160 10.3 
3 253 131,140 9.7 
4 280 71 ,3 50 4.8 
5 228 119,420 9.8 
6 l55 115500 13.9 
7 300 171 ,420 10.7 
8 310 199,7 00 12.1 
9 505 125 ,612 4.7 

TOTAL 2,462 1,270,600 9.7 

curve for ubarea No. I . By comparing the e curves for 
con ecutive month the manner in which the snow 
a cumulate can be een. For January I and February ) 
the water con tent how a linear relation with the percent 

f the wate r hed area below the point. By the first of 
Mar .... h ome now ha melted at the lower area and is 
accum ulating rapidly in the higher area. 
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Figure 18. The distribution of water content of snow within the South Fork of the Ogden River near Huntsville watershed. 
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Figure 19. The distribution of water content of snow within the area of the South Fork of the Weber River above Oakley watershed. 



The variability or the snow pack from car to year 
for two snow course is (liven in Fig. _0. These har graphs 
were developed assuming that the w~lter conlcnt of the 
now for the month given followed a nOl"ll1al distribution . 

While thi a umption i not completely valid , a plot or 
the data from both the e now courses revealed (hat 
a sumption of normalcy was not greatly in error. 

Classification of climate 

The climate of a region i determined by a complc 
combination of meteorological elements including temper
ature, precipitation, humidity sunshine , cloudines and 
wind . Climate i generally classed as arid, emi-arid , 
sub-humid humid or wet , depending upon th e ffective
ness of the precipitation. This effectivenes has been 
determined by Thorthwaite on the basis of an index 
computed from the following relation hip : 

P.E. index 
i=12 
115 L( P. \ 10/9 

i=1 T. ~ H)) 
l 

where P = mean monthly precipitation in inches , and T = 
mean monthly temperature in degrees Fahrenheit. Be
cause a precise determination of climatic classification has 
little practical value , mean annual values of precipitation 
and temperature were used to compute the PE index in 
the Weber River study unit. Climate was classified on the 
basis of the following PE index values : 

PE index 

0-]6 
16-32 
32-64 
64-128 
over 128 

Humidity province 

Arid 
Semi-arid 
Sub-humid 
Humid 
Wet 

From iso-maps of precipitation and temperatur the 
PE index was computed and the humidity province with
in the study area were isolated as hown in Fig. _ I. Since 
the PE index is directly proport ional to preci pitat ion and 
inversely proportional to temperature , the magnitude of 
the PE index increa e rapidly with increa ed elevat ion. 

Consumptive u e 

The bulk of the water which exi t from a hydro log ic 
unit is through the proce se of apotran pirati on and 
evaporation . Accounting for thi water i one of the major 
problem a ociated with a water budget. On 01" the morc 
u eful method u ed to e timate the amou nt or 
evapotranspiration, , from an hyd rologic area i the une 
developed by Blaney and Criddle. The I3lancy- riddle 
formula, which i u ed throughout thc \ m id. can bc lI:-.ed 
in area for which littl e data are a ai lab le. or it Gin be 
u ed in area for which con iderable data are ~lvail~lb l c . 
More accurate e timate of e apotran piration Gin bc 
made for the 'Hea havin(J th bctlcr beL ic data . The 
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I3lancy·(,riddle formula 
simple equat ions. 

represe nted by the following 

II kf 

LJ L fk = KF 

where, 

u 

K 

F 

u 

k 

f 

onsumptive use of the crop in inches 
for the growing eason , 

Empirical consumptive use crop co
efficient for the growing season. This 
coefficient varies with the different 
crops being irrigated, 

Sum of the monthly consumptive use 
factors for the growing season (sum of 
the products of mean monthly tempera
ture and monthly percentage of daylight 
hours of the year) , 

Monthly consumptive use of the crop in 
inches , 

Empirical consumptive use crop co
efficient for a month (also varies by 
crops), and 

Monthly use factor (product of mean 
monthly temperature and monthly per
centage of daylight hours of the year), 

The equation for the monthly consumptive use factor , f 

f 

where 

p 

(tp)/IOO 

Mean monthly air temperature in 
degrees Fahrenheit. 

Monthly percentage of daylight hours in 
th e yea r. 

For the water budget in thi report the empirical 
monthl y con umptive u e crop coeffic ient has been 
computed from th e equation 

where 

k 

k( a climatic coefficie nt which i related to 
the mean air temperature , t, and 

k 
I: 

a coefficien t renecting the growth tage 
of th crop. 
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The climatic coelTicicnt, k
l

, is computed rrom the 
equation 

0.0 17~t - 0.314 

Crop gro.wt h stage curves have been developed by t he Soil 
Conservation Service (1964) ror a varie ty or crops alld 
phreatophytes. These curve were lIsed in obtaining 
monthly value of k

c
' 

Since the seasonal consumptive usc factor , F , is a 

function of meteo rology and geography, and is indepcn 
dent of the crop, a map of iso-F values i valuable in 
showing the climatic potential for agriculture. Such a map 
is shown in Fig. 22a for the Weber F.iver study unit , where 
the season used in computing F was taken a. the time 
period between the 50 percent probability of obt~lining ~I 
temperature of 32°F in the spring and in the I"all. The 
minimum seasona l consumptive use factor, F, ror a 
number of crops is li sted in Table 10. A compari 'on or 
Fig. 22 with Table 10 indicates the climat ic pot ent ial ror 
growing the various crops in any particular subarea. 

Table 10. Minimum F values required to mature crops 
within the Weber River study unit. 

Crops F 

alfalfa full eason 
beans 25 
corn 35 
corn silage 20-35 
grain , fall 30-35 
grain spring 25 
pastures full season 
peas 20 
potatoes 20-32 
small truck 20 
sugar beets 3040 
tomatoes 30-35 
orchards fu ll eason 

Fig. 22b shows how the ave rage ea ona l "F" factor 
is distributed by subareas with in the t udy un it. I t ca n 
readily be seen that area No . 9, th e a t Shore area we t 
of the Wasatch Mountains, i the on ly area capab le of 
producing a variety of agricultural crop. With the 
exception of a small amo unt of corn . ilage produced ill 
areas 7 and 8, the on l_ crops produced ill th re. t or the 
study unit are pastures, gras ·c . . alfalra . alld small gri~llls. 

The crop coefficien t , "k:' for the variou crop 
grown in the st udy unit are hO\ 11 ill Table I I. I () 
shown are the poten tial unit u e of water in illche for th e 
sa me crop. Act ual cro p wat er u e will ar through the 
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Tahle II. Crop coefficient s and potential ullit water use 
value in the Weher River study Ullit. 

rop Crop Cocllicicnl "k" Unit Usc--Inches 

alfalfa 0 .H5 .X5 F 
beans 0.70 17.5 
co rII O.HO 2~LO 

corn silage O.HO 16.0 - 28 .0 
grain , rail 0 .80 24.0 - 28 .0 
grain, spring 0 .80 20.0 
pa . tures 0.80 0.80 F 
peas 0.80 16.0 
po ta toes 0 .70 14.0 - 22.4 
small truck 0.65 13.0 
suga r beets 0.70 21.0 - 28.0 
tomatoes 0 .70 21.0 - 24.5 
orchard 0.65 0.65 F 

area as the length of growing season and avai lability of 
water varies . 

Monthly ' F" values have been computed for each 
ubarea using the daytime hours shown in Table 12 anci 

the average temperature shown in Table 13 . These " F" 
va lues are hown in Table 15 . Crop coefficients, k, have 
been estimated for each subarea from data presented by 
Criddle, et al. (1962) in Technic~l Publication No.8 of 
the State Engineer's Office and are shown in Table 15. 
The product of "F" and "K" or the monthly unit water 
u e for the various crops grown in each subarea is shown 
in Tabl e 16. 

Evaporat ion from open bodies of fresh water such 
a lakes and river i difficult to measure. Estimates are 
omet imes made using the measured evaporation from a 

Weather Burea u eva poration pan , but the correction 
fac tor to apply to each month 's total pan evaporation is 
often no t known. One of the few inflow-outflow studies 
cond ucted to determine lake evaporation in the Weber 
Rive r tudy unit wa that of Christiansen (1964) and Lee 
( 1964). The e tudies were made in the Howa rd Slough 
area we t of Ogden, Utah . Lee's determinations of 
monthly evaporation were compared with computed "F" 
value al the Ogden Sugar Factory, extra polated to 
include the mi ing winter month s, and a coefficient " k" 
comput ed. The e coefficient , hown in Table 17 were 
u ed to comput the unit monthly evaporat ion from open 
frc h water in each ubarea throughout the study unit as 
show ll ill Table I 

In nearl y eery hydrologic area water is consumed 
b non-commercial native vegetation which grows beside 
or in fhe water cour e and u es water in exces of the 



.Table 12. Monthly percentage of daytime hours in the Weber River study unit. 

Subarea 
No. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1 6.71 6.70 7.25 8.97 10.06 10.12 10.27 9.57 8.39 7.73 6.68 6.47 
2 6.71 6.70 7.25 8.97 10.06 10.12 10.27 9.57 8.39 7.73 6.68 6.47 
3 6.69 6.69 8.32 8.98 10.08 10.14 10.29 9.58 8.39 7.72 6.67 6.45 
4 6.69 6.69 8.32 8 .98 10.08 10.14 10.29 9.58 8.39 7.72 6.67 6.45 
5 6.69 6.69 8.32 8.98 10.08 10.14 10.29 9.58 8.39 7.72 6.67 6.45 
6 6.70 6.70 8.32 8.97 10.07 10.13 10.28 9.57 8.39 7.73 6.68 6.39 
7 6.6-8 6.69 8.32 8.98 10.09 10.15 10.30 9.58 8.39 7.72 6.67 6.45 
8 6.67 6.68 8.32 8.99 10.10 10.16 10.31 9.59 8.39 7.71 6.66 6.43 
9 6.69 6.69 8.32 8.98 10.08 10.14 10.29 9.58 8.39 7.72 6.67 6.45 

Table 13. Mean monthly temperature for cultivated por- Table 14. Mean monthly F values for cultivated portion 
tion of subareas within the Weber River study of subareas within the Weber River study unit . 
unit. 

*NO. I 

2 3 4 5 6 7 8 9 
2 3 4 5 6 7 8 9 Mont 

Oct. 3.23 3.58 3.62 3.65 3.71 3.57 3.71 3.80 4.07 

January 21.2 23.2 22.4 22.1 22.4 23.0 22.4 19.1 25.9 Nov. 1.81 2.08 2.21 2.21 2.28 2.15 2.28 2.18 2.57 

February 23.9 27.3 27.5 27.5 27.6 28 .2 27.626.831.6 Dec. 1.54 1.73 1.71 1.72 1.76 1.76 1.76 1.60 1.98 

March 27.5 32.0 34.1 36.9 35.3 33.3 35.3 32.4 39.8 Jan. 1.42 1.56 1.50 1.48 1.50 1.54 1.50 1.28 1.74 

April 36.4 40.9 42.7 43.5 45.9 41.0 45.9 45.4 50.1 Feb. 1.60 1.83 1.84 1.84 1.85 1.89 1.85 1.59 2.12 

May 44.4 49.8 51.8 52.3 53.7 50.8 53.8 55.0 58.7 Mar. 2.29 2.66 2.84 2.82 2.94 2.77 2.94 2.70 3.31 

June 52.4 58.5 57.9 58.9 60.9 59.1 60.962.3 66.6 
July 60.0 65.0 66.4 67.4 68.8 63.6 68.871.5 75.2 April 3.27 3.67 3.84 3.88 4.12 3.67 4.12 4.09 4.50 

August 57.8 64.2 64.1 65.1 66.8 64.2 66.868.3 74.8 May 4.47 5.01 5.22 5.27 5.42 5.11 5.42 5.55 5.92 

September 50.9 55.7 56.2 57.2 58.0 55.2 58.060.464.0 June 5.30 5.92 5.88 5.98 6.18 5.98 6.18 6.33 6.75 

October 41.8 46.3 46.8 47.2 48.0 46.1 48.049.252.7 July 6.16 6.68 6.84 6.94 7.08 6.53 7.08 7.37 7.74 

November 27.1 31.1 33.1 33.1 34.2 32.2 34.2 32.6 38.5 Aug. 5.53 6.14 6.14 6.24 6.40 6.14 6.40 6.55 7.17 
December 23.8 26.7 26.5 26.7 27.3 27.5 27.3 24.8 30.7 Sept. 4.27 4.67 4.72 4.80 4.87 4.63 4.87 5.07 5.37 

Annual 40.89 45.53 46.36 46.83 48.11 45.74 48.11 48.11 53.24 

Table 15. Estimated Blaney-Criddle coefficient, K, for various use categories within the Weber River study unit. 

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

Area 1 

Pasture 0.07 0.11 0.14 0.16 0.25 0.76 0.84 0.73 0.42 0.14 0.10 0.06 
Phreatophytes 0.48 0.71 0.94 l.15 1.30 l.35 1.40 1.35 l.30 l.20 0.85 0.44 
Water 0.28 0.50 0.74 0.94 1.10 1.18 1.25 1.17 0.94 0.68 0.34 0.24 

Area 2 

Alfalfa 0.09 0.14 0.20 0.26 0.39 0.86 0.93 0.81 0.52 0.23 0.10 0.07 
Pasture 0.10 0.14 0.20 0.25 0.38 0.81 0.87 0.76 0.49 0.23 0.11 0.08 
Grain 0.08 0.13 0.19 0.37 0.55 0.89 0.98 0.49 0.28 0.18 0.09 0.06 
Phreatophytes 0.48 0.71 0.94 1.15 1.30 1.35 1.40 .135 1.30 l.20 0.85 0.44 
Water 0.38 0.50 0.74 0.94 l.10 1.18 1.25 l.17 0.94 0.68 0.34 0.24 

Area 3 

Alfalfa 0.09 0.l5 0.20 0.27 0.42 0.86 0.94 0.82 0.54 0.24 0.10 0.07 
Pasture 0.l0 0.15 0.20 0.26 0.40 0.81 0.88 0.77 0.51 0.24 0.10 0.08 
Grain 0.08 0.l4 0.20 0.37 0.44 0.89 0.98 0.57 0.30 0.20 0.09 0.06 
Phreatophytes 0.48 0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 l.20 0.85 0.44 
Water 0.28 0.50 0.74 0.94 1.10 1.18 1.25 1.17 0.94 0.68 0.34 0.24 
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Table 15. Continued. 

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

Area 4 

Alfalfa 0.10 0.16 0.23 0.30 0.50 0.88 0.95 0.83 0.57 0.28 0.12 0.07 
Pasture 0.09 0.16 0 .23 0.29 0.48 0.83 0.89 0.78 0.54 0.27 0.13 0.08 
Grain 0.09 0.l5 0.28 0.42 0.63 0.97 0.95 0.50 0.28 0.19 0.11 0.06 
Phreatophytes 0.48 0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 0.85 0.44 
Water 0.28 0.50 0.74 0 .94 1.10 1.18 1.25 1.17 0.94 0.68 0.34 0.24 

Area 5 

Alfalfa 0.09 0.14 0.20 0.26 0.39 0.86 0.93 0.81 0.52 0.23 0.10 0.07 
Pasture 0.l0 0.14 0.20 0.25 0.38 0.81 0.87 0.76 0.49 0.23 0.11 0.08 
Grain 0.08 0.13 0.19 0.37 0.55 0.89 0.98 0.34 0.30 0.19 0.09 0.06 
Phrea tophytes 0.48 0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 0.85 0.44 
Water 0.28 0.50 0.74 0.94 1.10 1.18 1.25 1.17 0.94 0.68 0.34 0.24 

Area 6 

Alfalfa 0.08 0.13 0.18 0.23 0.31 0.84 0.92 0.80 0.49 0.19 0.08 0.06 
Pasture 0.09 0.14 0.18 0.23 0.30 0.79 0.86 0.75 0.47 0.19 0.09 0.07 
Grain 0.07 0.12 0.17 0.36 0.55 0.89 0.98 0.33 0.28 0.17 0.07 0.05 
Phreatophytes 0.48 0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 0.85 0.44 
Water 0.28 0.50 0 .74 0.94 1.10 1.18 1.25 1.17 0.94 0.68 0.34 0.24 

Area 7 

Alfalfa 0.l1 0.l8 0.24 0.33 0.56 0.89 0.96 0.84 0.59 0.30 0.14 0.08 
Pasture 0.l2 0.18 0 .24 0.32 0.53 0.83 0.90 0.79 0.56 0.29 0.14 0.09 
Orchard 0.24 0.28 0.31 0.36 0.49 0.67 0.71 0.65 0.51 0.35 0.26 0.22 
Grain 0.10 0 .17 0.23 0.43 0.61 0.86 0.96 0.65 0.24 0.18 0.13 0.07 
Corn 0.l0 0.17 0.23 0.42 0.51 0.79 0.97 0.95 0.25 0.19 0.13 0.07 
Phreatophytes 0.48 0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 0.85 0.44 
Water 0.28 0.50 0.74 0 .94 1.10 1.18 1.25 1.17 0.94 0.68 0.34 0.24 

Area 8 

Alfalfa 0.12 0.19 0.26 0.35 0.63 0.91 0.97 0.85 0.62 0.34 0.16 0.08 
Pasture 0.13 0.19 0 .25 0.34 0.60 0.85 0.91 0.80 0.59 0.33 0.16 0.09 
Orchard 0.25 0 .29 0.32 0.37 0.53 0.69 0.72 0.65 0.52 0.37 0.27 0.22 
Grain 0.11 0.18 0.25 0.46 0.67 0.97 0.92 0.72 0.33 0.24 0.15 0.07 
Corn 0.11 0.18 0.25 0.45 0.6 1 0.92 1.00 0.92 0.65 0.24 0.15 0.07 
Phreatophytes 0.48 0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 0 .85 0.44 
Water 0.28 0.50 0 .74 0 .94 1.10 1.1 1.25 1.17 0.94 0.68 0.34 0.24 

Area 9 

Alfalfa 0.20 0.26 0 .35 0.55 0.80 0.97 1.02 0.9 1 0 .72 0.47 0.26 0.16 
Pasture 0.20 0.26 0.34 0.52 0.75 0.91 0.96 0.85 0.68 0.45 0.26 0.16 
Orchard 0.29 0.32 0.37 0.48 0.62 0.72 0.75 0.69 0.58 0.44 0.32 0.27 
Grain 0 .19 0.25 0.33 0.53 0.84 0.98 0.79 0.13 0.21 0.39 0.24 0.15 
Corn 0 .19 0.25 0.33 0.45 0.61 0.92 1.00 0.92 0.65 0.39 0.24 0.15 
Beans 0.19 0.25 0 .33 0.37 0.41 0.53 0.70 O. I 0.2 1 0.39 0.24 0.15 
Peas 0 .19 0.25 0.33 0.53 0.70 0.9_ 0.9 0.13 0.21 0.39 0.24 0.15 
Potatoes 0.19 0.25 0.33 0.43 0.54 0.76 O. 4 0.77 0.63 0.39 0.24 0.15 
Sm. Truck 0.19 0.25 0.33 0.39 0.45 0.59 0.69 O. 0 0.21 0.39 0.24 0.15 
Sugar Beets 0.19 0 ._5 0.33 0.43 0.57 O. I 0.90 O. 0 0.59 0.41 0.24 0.15 
Tomatoes 0.19 0.25 0.33 0.46 0.5 O. 2 O. 6 0.77 0.59 0.39 0.24 0.15 
Phreatophytes 0.4 0.71 0.94 1.15 1.30 1."35 1.40 1.35 1.30 1.20 0.85 0.44 
High WT Gras es 0.20 0.35 0.5 1 0.65 0.77 0.90 1.00 0.95 0.75 0.55 0.31 0.18 
Water 0.2 0.5 0 0 .74 0.94 1.10 1.18 1._5 1.17 0.94 0.68 0.47 0.24 
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Table 16. Unit water use, U, for irrigated crops in Weber River study unit . 

Crop Avg. Growing Season April May June July Aug Sept Oct Total ---Area No.1 

Pasture June 13 to Sept 5 1.62 5.05 4.70 0.57 11.9 

Area No.2 

Alfalfa May 23 to Sept 13 0.59 4.20 6.21 5.83 1.74 18.6 
Pasture May 23 to Sept 13 0.58 4.08 5.81 5.46 1.66 17.6 
Grain May 1 to Aug 18 2.76 5.27 6.55 2.99 17.6 

Area No.3 

Alfalfa May 18 to Sept 7 1.52 4.53 6.57 5.78 0.94 19.3 
Pasture May 18 to Sept 7 1.45 4.35 6.16 5.46 0.90 18.3 
Grain May _1 to Aug 20 2.87 5.23 6.70 3.48 18.3 

Area No.4 

Alfalfa May 12 to Sept 20 1.74 4_90 6.66 5.68 2.53 21.5 
Pasture May 12 to Sept 20 1.68 4.60 6.25 5.37 2.40 20.3 
Grain Apr 22 to Aug 22 1.20 3.32 5.80 6.59 3.09 20.0 

Area No.5 

Alfalfa May 27 to Sept 10 0.30 4.08 . 6.44 6.02 1.44 18.3 
Pasture May 27 to Sept 10 0.30 3.96 6.02 5.70 1.36 17.3 
Grain May 1 to Aug 12 2.98 5.50 6.94 2.18 17.6 

Area No.6 

Alfalfa May 28 to Sept 5 0.20 3.83 5.88 5.83 0.71 16.5 
Pasture May 28 to Sept 5 0.20 3.65 5.55 5.46 0.68 15.5 
Grain May 1 to Aug 5 2.81 5.32 6.40 1.12 15.6 

Area No . 7 

Alfalfa April 23 to Sept 9 0.43 3.69 5.62 6_58 5.18 0.96 22.5 
Pasture April 23 to Sept 9 0.42 3.52 5.25 6.23 4.86 0.92 21.2 
Grain April 13 to Aug 26 1.00 3.31 5.31 6.09 4.33 20.0 
Corn April 23 to Sept 9 0.40 2B2 4.88 6.87 6.08 1.24 22.3 
Orchard April 23 to Sept 9 0.41 3.Q4 4.20 4.96 4 .03 0.80 17.4 

Area No.8 

Alfalfa April 18 to Sept 13 1.04 4.27 6.01 7.15 5.57 1.45 25.5 
Pasture April 18 to Sept 13 0.98 4.05 5.70 6.71 5.24 1.36 24.0 
Grain April 18 to Aug 16 0.94 3.72 6.14 6.78 2.43 20.0 
Corn April 26 to Sept 13 0.29 3.11 5.32 7.37 6.22 1.73 24.0 
Orchard April 18 to Sept 13 0.86 3.22 4.37 5.09 4.00 1.10 18.6 

Area No.9 

Alfalfa April 11 to Oct 19 1.57 4.85 6.62 7.97 6.60 3.97 1.28 32.8 
Pasture A prjl 11 to Oct 19 1.51 4.62 6.28 7.35 6.31 3.81 1.25 31.1 
Grain April 1 to Aug I 2_15 4.97 6.62 6.11 0.15 20.0 
Corn April II to Sept 22 1.28 3.61 6.21 7.74 6.60 2.56 28.0 
Orchard April 11 to Oct 19 1.31 3.73 4.93 5_73 4.95 3.11 1.12 24.9 
Beans May 21 to Aug 17 0.78 3.58 5.42 3.18 13.0 
Peas Apr 29 to July 22 0.16 4.14 6.21 5.49 16.0 
Potatoes May 2 to Sept 8 2.99 5.13 6.50 5.52 0.90 21.0 
Small Truck May 5 to Aug 29 2.23 3.98 3.32 3.47 13.0 
Sugar Beets April 11 to Oct 19 1.23 3.37 5.54 6.97 5.74 3.17 0.81 26.8 
Tomatoes April 22 to Sept 27 0.49 3.43 5 .54 6.66 5.52 2.85 24.5 .. 
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normal precipitation. In thc Weber Rivcr study unit th sc 
"water-loving" plants (phrcatophytes) COil ist mainly ()r 
cottonwoods, willows, salt grass, and marshy plants such 
as cattails, tule, rushes, etc. To dctcrminc thc illllucllcc ()r 

thesc plants on thc watcr budget for the study unit , unit 
mo nthly watcr usc has becn dctermined as shown in Table 
19 from " k" valucs suggcsted hy Blaney and Muckel 
(1955) and uscd hy Lec ( 1964). 

Table 17. Coefficients, k , for e ·timating wnter li se hy open hodies of water and phreatophytes in the Weber River study 
unit . 

Item Jan . eb. Mar. July ug . 

Open fresh wa ter a 0.28 0.50 0.74 1.25 1.17 

Marshy plants, tu les 
cottonwoods, willows b 0.48 0.71 0.94 1.15 1.30 1.35 1.40 1.35 

Salt grass 1 foot WT b 0.20 0.35 0.51 O .()) 0.70 0.90 1.00 0.95 

a Adapted from Lee, 1964. 

bAfter Blaney-Muckel. 1955. 

Table 18. Unit water loss from open fresh water in the Weber River tudy unit. 

Area No. Jan. Feb. Mar. Apr. May Junc July Aug. Sept. 

1 0 .40 0 .80 1.69 3.07 4.9_ 6.25 7.70 6.47 4.0 1 
2 0.44 0.92 1.97 3.45 5.51 6.99 .35 7. 18 4.39 

3 0.42 0.92 2.10 3.61 5.74 6.94 8 .55 7.18 4.44 
4 0.41 0.92 2.09 3.65 5.80 7 .06 8.68 7 .30 4.5 1 
5 0 .42 0.93 2 .1 8 3. 7 5.96 7 .29 8 .85 7.49 4 .58 
6 0.43 0.95 2.05 3.45 5.62 7.06 8. 16 7.1 4.35 
7 0 .42 0 .93 2.18 3.86 5.96 7.29 .85 7.49 4.58 
8 0.36 0.80 2.00 3.84 6.1 1 7.47 9.21 7.66 4.76 
9 0.49 1.06 2.45 4.23 6.51 7.97 9.68 .39 5.05 

Table 19. Unit water los from natural phreatic vegetation where water upply exceed 

Area 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 <1 
9 b 

study unit. 

Jan. Feb. Mar. AQr. . b\' 

1.52 
2.63 
4.19 
0.92 
0 .64 

1.11 7.05 
7.2_ 

3._ 7.70 
1.( 5 4 .14 

<1 co tt o n\\'oods. \\'illo \\',. Il1:Hshy plant-;. tuk, 
b sa lt gra ss I a ~turc . shall \\' \\'atcr luk, 

( Inches) 
Jun e J ul:t Aug. SeQt. 

7.99 9.35 2.63 
7.94 9.58 1.43 

,07 9.72 4.16 
.34 9.9 1 1.90 
.07 9, 14 1.00 
.34 9.9 1 1.90 
.5 ~ 10.3 _ 2. 6 

9,1 1 10. 4 6.9 
6.0 7.74 4 .03 
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Sept. Ocl. Nov. Dec. 

0.94 0 .68 0.34 0.24 

1.30 1.20 0.85 0.44 

0.75 0.65 0.31 0.18 

Oct. Nov. Dec. Total 

2 .20 0.62 0.37 38.50 
2.43 0.71 0.42 42.76 

2.46 0.75 0.42 43.53 
2.48 0.75 0.41 44.06 
2.52 0.78 0.42 45.29 
2.43 0 .73 0.42 42.83 
2.52 0.78 0.42 45.28 
2 .58 0 .74 0.38 45.91 
2.77 0 .87 0.48 49.95 

precipitation in the Weber River 

Oct . Nov. Dec. Total 

29.79 
29. 7 
34.56 
29.71 
27.14 
36.95 
39 .67 

2.99 50.5 
1,62 32.27 



Streamflow 

Data network 

Streamflow measurements have been collected for 
most of the rivers and creeks in the Weber River study 
unit. Although some of these measurements only cover a 
year or two, they are valuable in assessing the water 
resources within the area. The location of stream gaging 
stations is shown in Fig. 10. A listing of these stations, 
including the period of time for which measurements were 
collected, is given in Table 20. Those stations which 
reflect near natural flow conditions not affected by man's 
works, are flagged with an asterisk. Out of a total of 33 
gaged stations, 15 are classed as "resource" stations and 
reflect natural flow conditions. Some of the streamflow 
records in the Weber River study unit have been extended 
by correlation with adjacent stations. 

The mean (1931-60) monthly and annual runoff for 
the gaging stations in this study unit is listed in Table 21. 

Geographic distribution 

The mean annual runoff, or water yield map for the 
Weber River study unit, is shown in Fig. 23. The physical 
characteristics of many small watersheds within the study 
unit were used in accordance with the correlation tech
niques reported by Bagley, Jeppson , and Milligan (1964) 
in developing the water yield map. By measuring the area 
between adjacent water yield lines, and multiplying by the 
average depth for each area, the surface runoff can be 
determined for any watershed. Any value of surface 
runoff developed from. Fig. 23 represents the mean annual 
flow for the 1931-1960 time base. The water yield map 
has been used to determine the distribut ion of yield with 
land area for each subarea as shown in Fig. 24. 

For the entire Weber River study unit the total 
mean annual yield is approximately 7 inches. Mean annual 
precipitation for the same period amounts to approxi
mately 23 inches. This means that about 16 inches of 
water or m~arly 72 percent of the total precipitation is 
consumed on the watershed without producing measur
able runoff. Mean annual yield figures for each subarea are 
shown in Table 22. Monthly distribution of yield is show n 
in Table 23. 

Not all of the runoff tha t occurs naturally on a 
watershed is easily manageable. Water yield from low 
lying areas may be poradic and occur only in the pring 
after heavy rain or excessive snow melt and thus not be 
readily retained in reservoir for later summer use. 
Fortunately , most of the yield comes from the higher 
elevation areas above 7,000 feet. This means that a 
relatively small part of the watershed produce the water 
used on the entire watershed. From Fig. 24 it can be seen 
that 10 percent of the land area in the Weber River st udy 
unit ha a yield value in exces of 19 inche and that 50 
percent of the land area produce over 2 percen t of the 
total yield. 
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Time variation 

Time variation of streamflow can be expressed in a 
number of ways. The long-time changes which occur over 
a period of many years can be sensed by a plot of running 
averages of annual streamflow. A probabilistic format is 
more useful in expressing time variations of annual or 
monthly flows. Frequency distributions, similar to those 
prepared for temperature and precipitation have been 
developed to evaluate the probability of occurrence of 
runoff at a stream gaging station. Daily variations in flow 
can be utilized in developing flow duration curves or high
and low-flow sequence curves. 

Running averages 

A long cyclic period of runoff is difficult to detect 
because the available historical record of the event is too 
short. It is doubtful, with present knowledge, if true 
long-time cycles actually exist. An analysis of the histori
cal record may, however, be of some value in indicating 
present trends. By plotting 5-year running averages of 
runoff for several resource gaging stations within the 
Weber River study unit the trends indicated in Fig. 25 are 
noted. It would appear that in subarea 1 the tiow of 
Weber River at Oakley is in a downward trend, while the 
other stations reveal no trend, or as in the case of Chalk 
Creek, a slightly upward trend. In as much as management 
practice on the watershed has a marked effect on the 
amount of runoff it would be difficult to place a meaning 
on "long-time" trends which may appear with such 
short-time records. It may be noted that the plot of 
average precipitation, which is the source of runoff, does 
not indicate a downward trend. 

Frequency distributions 

There is value in knowing the probability that 
certain annual flows could recur in a given year. This 
would not in any way be a prediction that the flow would 
occur but only a way of assessing the risk involved in 
making decisions based on certain design flows. This type 
of information is even of greater use when applied to 
mean monthly flows. Runoff frequency distributions for 
annual flows at several gaging stations within the Weber 
River study unit are shown in Fig. 26. Frequency 
distributions on a monthly basis for the several gaging 
tations are shown in Fig. 27. The probabilities represent 

the volume of runoff that would be equaled or exceeded. 
Frequencies of 5, 10, 25,50, 75,90, and 95 percent were 
computed by ranking the data. The 1 and 99 percent 
frequencies were obtained by extrapolation using a 
quadratic equation based upon Lagrange's formula. Since 
the e extreme frequencies were obtained by extrapola
tion considerable inaccuracy may exist. The upper value 
in each frequency distribution , which is 1 percent, is the 
runoff which will be exceeded , on the average, once in a 
100 year period. The lower value, which represents 99 
percent i the runoff which would probably be exceeded 
99 times in a 100 year period . 



Table 20. Stream gaging stations located in the Weber River study unit. 

Station 
No. 

1275 * 

1280 * 
1285 * 
1293 
1295 

1305 
1310 * 
1320 
1325 * 
1330 
1335 
1345 * 
1350 * 
1355 

1360 
1365 

1370 
1375 * 
1376 

1377 * 
1378 
1379 
1393 * 
1395 

1400 

1410 
1415 * 
1420 * 
1425 * 

1430 * 
1435 * 

1440 * 
1450 

Name of Stream Gage 

Weber River above Smith & Morehouse 
Creek , near Oakley, Utah 

Smith and Morehouse Creek near Oakley Utah 
Weber River near Oakley , Utah 
Weber River near Peoa, Utah 
Weber River near Wanship, Utah 

Silver Creek near Wanship , Utah 
Weber River near Coalville , Utah 
Chalk Creek at Coalville , Utah 
Weber River at Echo, Utah 
Lost Creek near Croydon, Utah 

Lost Creek at Devils Slide, Utah 
Weber River at Devils Slide, Utah 
East Canyon Creek near Morgan, Utah 
Hardscrabble Creek near Porterville, Utah 
East Canyon Creek below diversions, near 

Morgan , Utah 

Weber River near Morgan , Utah 
Weber River at Gateway, Utah 

Weber River at Ogden , Utah 
South Fork Ogden River near Huntsville , Utah 
South Fork Ogden River at Huntsville , Utah 

North Fork Ogden River near Huntsville , Utah 
Middle Fork Ogden River near Huntsville , Utah 
Spring Creek at Huntsville , Utah 
Wheeler Creek near Huntsville , Utah 
Ogden River near Ogden, Utah 

Ogden River below Pine View Dam, near 
Ogden , Utah 

Ogden River at powder mill near Ogden, Utah 
Weber River near Plain City , Utah 
Holmes Creek near Kaysville, Utah 
Farmington Creek above diversions, near 

Farmington, Utah 
Ricks Creek above diver ion, nea r 

Centerville, Utah 
Parrish Creek above diversion, nea r 

CentervilJ e Utah 
Centerville Creek above diver ion, near 

Centervill e, Utah 
Stone Creek above diver ion . near 

Bounti fu l, Utah 
Mill Creek at Mueller Park. nea r 

Bounti fu l, Utah 
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Period of Record 

1947 
1947 
1905-1968 
1958-1968 
1951-1955,1958-1960 

1942-1946 
1928-1968 
1928-1968 
1928-1960 
1922, 1923 , 1942-1968 

1922-1933 
1906-1955 
1932-1968 
1942-1968 

1952-1955 

1951 -1955 
1891 , 1892, 1895 , 1896-1899 
1921-1968 
1952-1958 
1922-1968 
1960-1968 

1960-1968 
1959-1968 
1959-1968 
1959-1968 
1905-1912, 1932-1959 

1938-1960 
1890, 1898 
1905-1968 
1950-1968 

1950-1968 

1950-1968 

1950-1968 

195 0-1 968 

195 0-1968 

1950-1968 



Flow-duration 

The flow-duration curve is a cumulative frequency 
curve (integral of the frequency diagram) that shows the 
percent of time during which specified discharges were 
equaled or exceeded in a given period (Searcy, 1959). The 
flow-duration curve does not represent the chronological 
sequence of flows. Consequently , it is not possible to 
determine from the curve whether the lowest or highest 
flows occurred in consecutive periods or were scattered 
throughout the record. 

Flow-duration curves are useful for determining the 
probability of future streamflows. Also, the shape of the 
curve can be used in evaluating general watershed charac
teristics. If the curve has been developed from a suffi
ciently long period of record, the flow-duration curve may 
be considered a probability curve and used to estimate the 
percent of time that a specified discharge will be equaled 
or exceeded in the future. 

A streamflow record integrates the effects of 
clima te, topography, and geology. The flow-dura tion 

Table 21. Mean annual runoff for stream in the Weber River study unit. 

Gaging Station 

Weber R. abo Smith & Morehouse Cr. nr. Oakley 
Smith and Morehouse Cr. nr. Oakley 
Weber River nr. Oakley 
Weber River Ilr. Peoa 
Weber River nr. Wanship 

Silver Creek near Wanship 
Weber River near Coalville 
Chalk Creek near Coalville 
Weber River at Echo 
Lost Cr. near Croydon 

Lo t Cr. near Devils Slide 
Weber R. at Devils Slide 
East Canyon Cr. nr. Morgan 
Hardscrabble Cr. Ilr. Porterville 
East Canyon Cr. bel. div. nr. Morgan 

Weber River near Morgan 
Weber River at Gateway 
Weber River at Ogden 
South Fork Ogden River nr. Huntsville 
South Fork Ogden River at Huntsville 

North Fork Ogden River nr. Huntsville 
Middle Fork Ogden Rrver-at Huntsville 
Spring Cr. at Huntsville 
Wheeler Cr. nr. Huntsville 
Ogden River nr. Ogden 

Ogden R. below Pine View Dam nr. Ogden 
Ogden R. at Powder Mill nr. Ogden 
Weber River near Plain City 

yrs. of 
record 

76 

Mean Annual 
Runoff 

( 1932-1963) 

ac-ft 

69,360 
37,160 

140,320 

130,630 

4,590 
136,060 
40,310 

190,640 
' 19,890 

36,270 
241 ,370 

35,130 
20,510 
43,160 

290,540 
359,520 
205,200 

76,300 
62,820 

33,330 
27 ,650 

7,500 
6,090 

.160,820 

55,140 

351 ,940 

Mean Annual 
Runoff 

(1931-1960) 

140,430 

136,750 
40,750 

37,970 

371,610 

77,330 

367,870 
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Table 22. Water yield by subareas in the Weber River 
study unit. 

Subarea 

I 
2 
3 
4 
5 
6 
7 
8 
9 

Total 

60 

50 

40 

inches 

16.48 
4.45 
3.13 
2.39 
3.36 
4.77 
7.23 

12.99 
6.44 
6.65 

Yield 
ac-ft. 

138,689 
54,821 
41,448 
36860 
40,527 
39,240 

107,527 
196,958 

68,628 
724,698 

100 

80 

:' 30 60 

· ,. 
'" 

20 4 0 

10 20 

o ~----______________________________ ~ o 

o 20 40 60 80 100 

AREA (Percent) 

Figure 24. Distribution of yield with land area for the 
Weber River study unit. 
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curve, which is obtained from the distribution of stream
flow both in time and magnitude , is affected by the 
hydrologic and geologic characteristics of the drainage 
area. Consequently such a curve can be used to study the 
characteristics of a drainage basin or to compare one basin 
with another. A flow-duration curve having a continual 
steep slope denotes a highly variable stream whose flow is 
largely from direct runoff, whereas a curve with a flat 
slope reveals either surface or groundwater storage, which 
tends to equalize the flow. The slope of the lower end of 
the duration curve represents the characteristics of the 
perennial storage in the drainage basin ; a flat slope at the 
lower end indicates a large amount of storage; and a steep 
slope indicates a negligible amount. Streams whose high 
flows come largely from snowmelt tend to have a flat 
slope at the upper end (Searcy, 1959). 

Daily discharge records were used in developing 
flow-duration data and curves. The flow-duration curves 
for some of the gaging stations are shown in Fig. 28. 

High- and low-flow sequence 

In the preceding section, flow-duration curves were 
described which illustrated the percent of time that flow 
rates of a given magnitude can be expected to occur at a 
station. 

Analysis of high- and low-flow sequence portrays 
streamflow records in such a manner that frequency and 
magnitude of flow for consecutive days is obtained. The 
analysis yields high-flow and low-flow frequency data 
using the high and low flows respectively , averaged over 
specified intervals of time. The high and low flows 
converge as the time period is increased and coincide at 
365 days where the variations represent the frequency 
distribution of annual runoff. 

High- and low-flow sequence curves have been 
prepared for some gaging stations using frequencies of 3, 
10, 25, 50, 75, 90, and 97 percent. The high- and 
low-flow sequence curves for these stations are shown in 
Figs. 29 and 30. Under the assumption that the historic 
record is a good indication of future streamflows, the 
curves provide an estimate of the average high and low 
flows that might be expected for any particular time 
period and probability level. 

Relationship to precipitation 

Relationships between precipitation and runoff are 
extremely important. The greatest use of such relation
ships in the intermountain region is forecasting the 
summer water supply from snow survey measurements in 
the mountains. The forecasts are of tremendous economic 
importance particularly to agriculturists. The forecasting 
process i usually complicated by the control works 
constructed by man and the many diversions from the 
ystem. Thus predictions of spring and ummer runoff 

along a major tream requires considera ble analysis. The 
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80 



Table 23. Distribution of mean annual and mean monthly yield for subar~as in the Weber River study unit. 

Area 

o 
o 
o 

• • -
CJ 
'-

2 
3 

4 
5 

6 
7 

8 
9 

Yield 

138,689 

54,821 
41 ,448 

36,860 
40,527 

39,240 
107 527 

196958 
68628 

z 40 

2 20 

2 00 

80 

60 

40 

12 0 

u 10 
c( 0 

80 

so. 

40 

20 

Oct. 

4188 

1,215 
926 

1,398 
826 

1,353 
3504 

3,450 
1,242 

Nov. Dec. Jan. Feb. Mar. Apr. May June July 

3,733 3,402 2,881 3,245 3,596 8072 39,996 46,149 12466 

4,322 4,327 4,160 3,986 8,567 9366 8,903 4,145 1,991 
1,114 1 068 1 059 1 050 1 613 5.944 14,729 8,627 2,712 

1,700 2,218 2,293 2260 3,834 8,841 7637 5,010 625 
1,207 1 007 1,017 1,152 1,927 7854 18,237 4,003 ] ,463 

1,755 1 655 1 692 1,735 3,214 6,322 9,124 6,687 2,211 
3,435 3,753 3257 4,197 10,080 24421 26 ,767 13,572 5713 

2,806 4,068 4,779 6,052 17698 54 ,935 60,728 21,430 9,520 
1,366 3,418 3,802 2,313 3967 15,167 23821 8,908 24 16 

10 

2~ 

~O 

7~ 

10 

25 90 

50 
10 

25 
15 

10 50 90 
10 
25 25 

15 
50 50 
15 75 90 
90 90 

Hardscrabble Los' Creek Chalk Creek S.Fork Weber Rr. 

Aug. 

6,702 

2,0 16 
1,541 

166 
1,022 

1,970 
5 ,022 

6,471 
1,139 

nr. Porterv ille nr.Croydon nr. Coalville O;den nr. nr . Oakley 
Huntlville 

Figure 26. Mean annual runoff freq uency di tributio n fo r selected ta tio n in the Weber River tudy unit. 
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Sept. 

4,259 

1 823 
1,065 

878 
812 

1,522 
3,806 

5 ,021 
1,057 
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Figure 28 . Flow duration curves for selected stations in the Weber River study unit. 
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Figure 29. High-flow sequence curves for selected stations in the Weber River study unit. 
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analy i is constantly being improved, thereby resulting in 
more accurate predictions. 

The runoff-precipitation relationship for a drainage 
area erve as another indicator of water hed charac
teristics. Also·, by comparing such relationship as the ratio 
of runoff (R) to precipitation (P) and the difference 
between the e quantities (P-R) between water heds pro
vides some in ight into the "reasonableness" of these 
quantitie . The difference between runoff (R) and precip
itation (P) reflects the amount of evaporation and 
evapotranspiration occurring on the watershed. The ratio 
of these two parameters (RIP) reflects the effects of 
watershed elevation temperature, and possible storm 
activity. For example a very high elevation (relatively 
speaking) watershed would be expected to catch consider
able snowfall. Because of the high elevation the expected 
temperatures would be low, thereby allowing a den e 
snowpack (provided considerable snowfall did occur) and 
the expected evapotranspiration rates would be Ie s than 
for nearby lower watersheds. As a consequence a high 
ratio of runoff to precipitation would be expected. 

In studying relationships between precipitation and 
runoff, it must be borne in mind that both quantities are 
susceptible to large error. The areal di tribution of 
precipitation (isohyetal map) is normally established for 
mountain watersheds with only a few stations being 
available. The limited amount of data is supplanted with 
relationships developed between the available records and 
elevation aspect type of storm activity, and po sibly 
other variables if the data warrant. The runoff records are 
a measure of the surface outflow from a watershed . The 
accuracy of runoff records is expected to be roughly 5 
percent. Usually there are no data available regarding the 
amount of subsurface outflow from a watershed. The 
ratio of subsurface outflow to surface outflow may, in 
some cases be nearly zero yet for some watersheds the 
subsurface outflow may exceed the surface outflow. 
Consequently , if two watershed which might be expected 
to have imilar ratio of runoff t precipitation hould 
vary considerably, then the amount of subsurface outflow 
might first be suspected. 

The ratio of runoff to precipitation (RIP) i hown 
in Fig. 31, on a probability basi for two water hed 
within the Weber River study unit- subarea o. I and a 
part of subarea No. (South Fork of Ogden Ri er). The 
mean elevation of ubarea o. I i nearly _,000 feet 
higher than the mean elevation f the other water h d. 
From the curve it an be een that 50 percent of the time 
55 percent of the precipitation falling on area . I 
result in runoff wherea in the South Fork water hed 
only 30 percent of the precipitation re ults in run ff. 

The ratio f runoff to precipita ti n tend 
increase with the "wetnes " of the year a indicated by 
the upward slope of the urve. For example , n the uth 
Fork of Ogden River the ratio f runoff to precipitati 11 

in the dry year occurring once every 10 years is 0.265 (90 
percent probability) while in the wet year which occurs 
once every 10 years (10 .percent probability) the ratio is 
0.47. 

Frequency of floods 

A flood is defined as a relatively high-flow which 
may endanger life and property if it overtops the banks of 
the stream. Determining the magnitude and frequency of 
large flow rates is one of the first steps in designing works 
to minimize the risks and damage due to flooding. The 
maximum flow rate for which a hydraulic structure is 
designed is called the design flood. Proper selection of the 
design flood requires careful evaluation of the economic 
and human con equences of failure combined with a 
knowledge of frequencies and magnitudes of floods. An 
economic design is one for which the cost of flood 
protection does not exceed the probable damage. 

There are two approaches to obtaining flood infor
mation. The first approach is used in obtaining flow 
magnitude for structures and projects demanding recur
rence intervals much longer than available records. For 
this case, two types of extreme floods may be used in 
selecting the de ign flood. They are the maximum 
probable flood, which is defined as the greatest flood that 
may reasonably be expected considering the pertinent 
physiographic and climatic factors, and the maximum 
possible flood, which is the greate t flood to be expected 
assuming complete coincidence of all factors that would 
produce maximum runoff (Chow 1964). Evaluation of 
the maximum possible flood requires detailed considera
tion of the particular watershed. 

Jepp on, et al. (1968) have developed an envelope 
curve for recorded floods in Utah. The equation of the 
envelope curve covering these recorded flood events is 

Q =3140A°.435 
P 

where Q i the momentary peak di charge in cfs and A is 
the drain~ge area of the watershed in square miles. 

Additional valuable flood information can be 
obtained by analyzing the recorded peak flows in order to 
determine their hi torical frequency distributions. These 
result may then be used to estimate floods with 
recurrence interval of 50 year or Ie s. Frequency 
di tributi n of nearly 300 gaging stat ions in Utah were 
evaluated by Jepp on , et aI. , (1968) to develop a 50 year 

- i o-flo d map and flood frequency curves for various 
portion of Utah. The .fl od frequency curve along with 
the c nfidence interval for the Great Salt Lake Division 
(Fig. 32) were developed by linear and semi-Iog-arithmic 
orthogonal regre i n analy e (Jeppson and Huber , 1966) 
t relate the _, 5, 10 and 25 year fl ood with the 
corre ponding 50 ear flood for the study unit. The 
re ulting equation wa tran formed to el iminate their 
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intercepts and to make their dependent argument be 
Q/Q so' The confidence interval was calculated about the 
equation, depicting the relation between floods for 
various return periods, T, and the 50 year flood, Q so' 
Confidence intervals for floods of greater than a 50 year 
return period were obtained by extrapolation. However 
since few data were available for periods longer than 50 
year, or for areas draining less than 10 square miles, 
extrapolation beyond these limits is not encouraged 
(Jeppson et aI. , 1968). The iso-flood map for the Weber 
River study unit is shown in Fig. 33. 

Groundwater 

Because groundwater is hidden from view , man 
generally has not utilized it as completely as urface 
supplies. Early man mystified groundwater, and not until 
the 19th century is there substantial evidence that man 
based his conclusion about groundwater movement and 
recharge on observational data , thus beginning the science 
of groundwater hydrology. Only recently have advances in 
the methods of field investigation and interpretation of 
groundwater data taken place. But even today Ie s is 
known about our groundwater reservoirs and their water 
supplies than i known about surface supplies. Existing 
knowledge at least clearly indicates that the basic meteor
ologic and hydrologic factors influencing groundwater are 
complex and that much more needs to be learned in the 
future to fully develop and utilize groundwater basins. 

The study of groundwater can involve many differ
ent phases of the hydrologic cycle, all of which take place 
below the ground surface. One pha e deals with how 
water enters the groundwater basin and this phase is 
termed recharge , another phase i concerned with the 
movement of water through the ground, and deals with 
permeabiJjties or transmissibilitie of the groundwater 
formations. The final or storage pha e is concerned with 
volumes of water which may be withdrawn from the 
aquifer. All of these pha es are somewhat analogou to 
that which happens on the surface, but groundwater 
phenomena cannot be observed as readily. The problem 
of managing groundwaters are much the same however, as 
the problems of surface management. In both ca e it is 
necessary to have a continuing inventory on items of 
inflow outflow and change in reservoir t rage. Future 
need hould also be an ticipated so that operation of 
reservoir storage could be governed wisely. In th er words 
the basic data needed for efficient reservoir management 
are those which permit computation of rates of recharge 
reservoir capacity, usable storage in the re ervoir at all 
times outflow or discharge fr m the re erv ir , and 
probability factors as ociated with the occurrenc of u h 
variables. Unfortunately pre ent knowledge of the ground
water in the Weber Basin i not uffic ient t c mpletely 
ati fy these need . 
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Groundwater aquifers at the East Shore area 

The deep deposits in the valley area which extends 
east from the shore of Great Salt Lake to the Wasatch 
Mountains were formed during Pleistocene time by Lake 
Bonneville. During the Lake Bonneville period, precipita
tion was high, stream flow large, and erosion of the 
adjacent precipitous slopes rapid. This combination 
caused large deltas and wide fans containing deposits of 
old gravels , ands , and clays to be formed along the shore 
line (now the East Shore valley). According to Feth et al. 
1952) these unconsolidated to weakly consolidated 

sediments have thicknesses of 6,000 to perhaps as much as 
9,000 feet, and were laid down in alternate layers of sand, 
gravels, and clays depending on the particular weather 
cycle. The large particles of material were the first to 
ettle from the water of Lake Bonneville, and, therefore, 

today the coarser materials are found nearer the mountain 
slopes. The fine textured materials are found near the 
pre ent hore-line of the Great SaJt Lake. The alluvial 
strata are not entirely horizontal but conform to the 
general slope of the valley from the lake upward toward 
the mountains. The water that finds its way into the 
gravelly higher layers travels slowly toward lower eleva
tions of the valley sometimes becoming confined below 
clay beds and accumulating back toward the mountains to 
cau e artesian pressures. 

At present the following specific aquifers have been 
identified. The Delta aquifer is probably 50 to 150 feet 
thick and its top is 500 to 100 feet below the surface. 
Thi aquifer has hjgh permeability (transmissibilities of 
well tapping the Delta aquifer in general range from 
25 000 to 190000 gpd/ft of thickne s) and furnishes 
water to many of the high yielding pumped wells. The 
water i chemically suited for most Lises, but is hard, with 
a high content of calcium and magnesium. Goefficients of 
storage determined from te ts in this aquifer averaged 6.9 
x 10-4 Feth). The coefficient of storage is defined as the 
volume of water that a unit decline in head releases from 
storage in a vertical column of the aquifer of unit cross 
section area . The Sunset aquifer, which i 50 to 250 feet 
thick and 250 to 400 feet below the surface, has less 
permeabi lity than the Delta aquifer and therefore supplies 
mall yielding wells. Both of the e aquifers are beneath 

the Delta area of the Weber River nd extend westward in 
a fan-like manner over an area of about 130 square miles . 
To the outh in the Kaysville-Farmington area there is an 
arte ian aqu ifer ystem partly eparated from those in 
adja ent area. Here pres ure are generally low. The water 
i f good chemical quality near the mountain front but 
undergoe cation exchange i it m ve we tward toward 
the lake. To the north in the area f North Ogden another 
eparate arte ian y tern e i t which has the highest 

pre ure in the Ea t Shore area . Recharge i from the 
mountain front and the water i f excellent chemical 
hara t r f r a l1 u e . The area e tending from Ogden to 

Plain i underlain b pred minant ly fine-grained 
Yield are mall and water are of variable 
hara ter. The len e defining eparate aquifers 







are extremely complex, and recharge appears to be small. 
Further to the west and north is another area where yields 
are low, and waters are too high in sodium for irrigation . 

Feth et a1. (1966) estimated the amount of water 
stored in all aquifers to total 28,600,000 acre feet (Table 
24). This amount, of course, does not represent the yield 
which can safely be withdrawn every year on the average 
without depleting the storage in the aquifers. A contin
uous safe yield, after lowering to minimum storage, must 
depend upon recharge. Through water budget computa
tion and other means Feth estimated the annual recharge 
to the entire area to be 67,000 acre feet. Table 25 
subdivides this water according to its origin. 

It s~lOuld be pointed out that evidence from four 
wells which penetrated the fills in the East Shore area to 
depths greater than 1,000 feet indicates that water below 
about 1,300 feet is highly mineralized with high sodium 
content and is, therefore, unsuitable for most purposes. 
There is also danger that this brackish water may encroach 
upon the existing fresh water aquifers if too much water is 
withdrawn lowering the pressure below some minimum 
value. Since, however, present pumpage (in 1954 the 
discharge from wells was about 25,000 acre feet) (Feth et 
aI., 1966) has shown little or no effect on water levels, 
(the decrease in water levels can be accounted for by 
below normal precipitation) more water can be developed 
from the groundwater aquifer. 

Table 24. Groundwater resources of the East Shore area. (Taken from Feth et aI., 1966.) 

- . 
Water obtainable 

Water obtainable Water stored by lowering artesian 
Area in zone 1,100 pressure 150 ft. by dewatering 

Location (sq-mi) ft. thick (ac-ft) (ac-ft) (ac-ft) 

Weber River Delta area (Delta 
& Sunset aquifers) 130 12,400,000 75,000 to 200,000 250,000-500,000 

Kaysville-Farmington area 34 2,600,000 est. not computed 90,000.b 
North Ogden area 11 800,000 est. not computed 36,000 b 

Subtotal 175 15,800,000 376,000 

Ogden to Plain City area a 55 4600,000 est. not computed 210000 
Western and northwestern 

areas a having cation 
exchanged waters 89 8,200,000 est. not computed 370,000 

Total 319 28,600,000 956,000 

a Chemical quality of water in this area , and dominance of fine-grain ed materials would materia lly 

strict development of water in storage. 
b 

These calculations have been made by using 25 % as th e specific yie ld of coarse-grained materials, 

ence they should be considered as maximum values. 

Table 25. Annual quantities of water recharged to the 
acquifer of the East Shore area of the Weber 
River study unit. 

Source of recharge wa ter 

Weber River 

Ogden River 

Mountain Front Streams 

Subsurface front from the Mountain front 

Infiltration of direct precipitation 

below 5,00 ft. 

Irrigation eepage and canal 10 es 

Total 

Annual recharge 

16 ,000 

2,000 

3,000 

30,000 

10000 

6.000 

67 ,000 
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Groundwater recharge possibilities 

The principal recharge area for the aquifers in the 
East Shore area i along the Wasatch Mountain front 
where a belt of and and gravel a few feet to a few 
thou and feet wide in a zone of complex faulting provides 
favorable areas where water may penetrate into the 
aquifers. The capacity of this zone to recharge the 
aquifers is evident west of the mouth of the Weber River 
where in a distance of I ] /2 miles 14000 to ] 6,000 acre 
feet ann ually go into groundwater storage. The capacity 
of thi zone to recharge the aquifer was demonstrated in a 
te t c nducted by the U.S. Bureau of Reclamation. In this 
te t 2,170 acre feet of river water infiltrated through a 3 
1/2 acre preading ba in in a 7 week period. This is an 
infiltration rate of 6.4 cf per acre. At this rate the highest 
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WATER BUDGETS 

Water Related Land Use 

In order to estimate the amount of water being 
returned to the atmosphere through the process of 
evaporation, the land-use pattern within the study area 
must be known. Some areas use more water than is 
supplied naturally from rainfall. These areas include 
irrigated farm lands, open water bodies vegetated areas 
with high water table, and urban, municiple, or industrial 
areas. Sufficient knowledge about water use rates is 
available to reasonably estimate the amount of water 
evaporated when adequate water is available to the user. 

The land within the Weber River study unit was 
mapped during the period 1963-1968 and the acreage 
determined for the following land-use classifications: 

1. Irrigated cropland 
2. Phreatophytes 
3. Open, fresh water 
4. Urban, municiple, and industrial including 

yards roads, etc. 
5. All other which includes dry native vegetation 

and barren wastes 

Table 26 shows the acres of each class by ubarea 
within this study unit. 

Each major crop within the irrigated cropland was 
distinguished and measured by subareas as 'shown in Table 
27. Non-agricultural vegetation was classed as native 
vegetation and separated into a wet or dry category 
depending upon the depth to water table. The amount of 
land in each of these two categories is shown by subarea 
in Table 28 and Table 29. 

A detailed description of the method used to obtain 
the land use data as well as copies of the land use maps is 
contained in the publication, "Water Related Land Use in 
the Weber River Drainage Area," Haws (1970). 

Water Budget Program 

As has been previously stated a water budget is an 
attempt to obtain a balance between all incoming water 
supplies and all outgoing water supplies. When a monthly 
budget is desired and an attempt is made to trace some of 
the internal wanderings of the flow system such as surface 
and groundwater storage, snow melt , and canal diversions, 
the computations become numerous and complex. 

Because of this complexity , a digital computer program 
has been developed to facilitate computations. The flow 
chart illustrating the computational procedure is shown in 
Fig. 35. 

Table 26. Distribution of water related land use within the Weber River study unit. 

Barren 
Dry-crop 

Area Irrigated Open Urban yards , Native 
No. cropland Phreatophytes fresh water roads etc. Vegetation Total 

1 3,000 360 100,960 104320 
2 21 500 1010 1,340 2.240 145,430 171 ,520 
3 2,700 250 10 240 15 ,720 161 ,920 
4 3 100 360 I 160 3 0 174 ,200 179200 
5 650 460 10 1_0 144680 145920 
6 5060 510 370 _10 93,050 99,200 
7 11 ,760 1.5 0 _60 40 177 ,560 192,000 

12050 _ 2 0 _,_00 950 I 0,920 198,400 
9 100290 53.390 9,020 32,650 1_7 . 50 3_3,200 

1-9 160,110 59 40 14.730 37.630 1.303 ,370 1.575 680 
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Table 27. Acres of irrigated cropland within the Weber River study unit. 

Area Other 
No. Alfalfa Pasture Grain Corn Peas Potatoes Sugar beets Tomatoes Truck Orchard Total 

1 3,000 
2 4,610 15,460 1 360 
3 1,230 1,160 310 
4 470 2,020 470 
5· 130 280 180 
6 1,560 2,890 610 
7 5,940 1,250 4 170 190 
8 5,400 3500 2740 180 
9 24,750 33,450 13 ,960 8 ,120 20 610 

1-9 44,090 63,010 23800 8 ,490 20 610 

Table 28. Acres of wetland vegetation within the Weber 
River study unit. 

Area 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Cottonwoods, 
willows , etc. 

980 
250 
360 
460 
510 

1,580 
2280 

14,490 

Marsh land Wet pastures 
tules rushes , etc. salt gras , high 

cattails water table 

30 

10000 304 0 

3000 
70 21,500 

2,700 
140 J 100 
60 650 

5,060 
200 10 11 760 
200 30 12 ,050 

5660 860 9,820 3,040 100,290 

5660 860 10,490 3080 160,110 

In this particular computer program the area which 
is being modeled is the irrigated agricultural and wet land 
area within the subbasin. The inflow into the model 
includes the gaged river inflow, ungaged inflow (yield) 
from the nonmodeled part of the subbasin , measured 
import to the modeled area groundwater recharge to the 
modeled area, and precipitation on the modeled area. The 
outflow from the model includes the gaged river outflow ' 
the depletions due to agricultural transpiration, 
phreatophyte use municiple and industrial use; plus 
exports from the area and any ungaged surface or 
underground outflow needed to balance the system. The 
computer program written in Fortran IV language for use 
on the Univac 1108 Computer is described by Hendricks 
et a1. (1970) . 

Monthly budgets must con ider the change in 
storage tha t occurs within the modeled area in order to 

Table 29. Acres of dry land vegetation within the Weber River tudy unit. 

Area Mud, salt Trees Trees 
No. flats coniferous broad leaf Sagebrush Bru hland Saltbu h De ert hrub Total 

1 100,960 
2 7,930 4 160 54,940 3 670 149700 
3 5,650 51 l30 40240 61 ,550 158,570 
4 7410 110690 3 160 15 520 171 780 
5 5 320 9,640 46770 470 0 31 370 4 ,320 144,500 
6 44470 12,980 35 290 92,740 
7 3610 3,610 27 160 65820 790_0 179220 
8 2310 3,410 3 , 00 17,230 1209 0 182750 
9 50910 24750 76090 I 000 169750 
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I READ OUTP UT LABEL CARDS, PARAMETER I 
INITIALIZATION CARDS AND INPUT DATA 

CALCULA TE POTENTIAL EVAPOTRANSPIRATION BY 
THE MODIFIED BLANEY-CRIDDLE METHOD FOR 
RESERVOIRS , CROPLAND AND WETLAND 

ACCUMULATE SNOW STOR AGE AND CALCULATE SNOW 
MELT ON THE CROPLAND AND WETLAND (USE RILEY 
SNOW MELT MODEL) 

ROUTE CROPLAND DIVERSIONS THR OUGH ROOT ZONE 
SOI L MOISTURE MODEL TO OBTAIN AC TUAL CROP-
LAND CONSUMPTI VE USE , SUR FACE AND GROUNDWATER 
RETURN FLOW AND DEEP PERCO LATION 

ROUTE DEEP PERCOLATION , CROPLAND GROUNDWATER 
RETURN FL OW AND GROUNDWA TE R I NFLOW TH ROUGH 
I TERFLOW STORAGE WHICH HA S OPTIONALLY SPEC-
IFIED FIXED DELAYS SUPERIMPO SED UPON AN EXPON-
ENTIAL DECAY STORAGE FUNCTION TO YIELD INTERFLOW 
ADDITION TO GROUNDWATER AND INTERFLOW ADDITION 
TO SUR FACE WATER 

CALCULA TE AND ROUTE WETLAND SUPPLY THROUGH 
WETLAND SOIL MOI STURE MODEL TO YIELD ACTUAL 
WETLAND CONSUMPTI VE USE AND SUR FACE AND 
GROUNDWATER RESID UA LS 

CALCULATE TOTAL USEA BLE WATER BY SUMMING ALL 
SURFACE INPUTS AND RE TURN FLOWS; SURFACE OUT-
FLOW BY SUB RACTING ALL DIVERSIONS FROM TOTAL 
USEABLE WATER AND TOTAL OUTF LOW AS THE RE SIDUAL 
OF THE MAS S BALANCE COMPUTATIONS 

CALCULATE GROUNDWATER OUTFLOW AND CHANGE IN 
GROUNDWA TER STORAGE BY APPLYING THE CONTINUITY 
EQUATION TO TOTAL OUTFLOW , SURFACE OUTFLOW 
AND ADDI TI ON TO GROUNDWATE R 

, 
SELECT DE SIRED OUTPUT OPr I ON AND LI ST ACCORDINGLY 
MONTHLY VALUE S OF: 

1. DETAILED MAS S BALA CE WATER BUDGET I ACRE-FT OR 
2 . SUMMARY OF OUTF LOW ITEMS I ACR E-FT OR 
3. SUM OF SQ UARED DE VIAT! O S BETWEE ODEL A 0 

OBSER VED HYD ROGRAPH--

Figure 35. Flow chart of computational procedure in 
water budget program for Weber River study 
unit. 

I II 

match the calculated outflow with the measured outflow. 
On a long time yearly basis the change in storage is 
generally zero and can be ignored. The storage facilities to 
be considered on a monthly basis include surface reser
voirs, water stored temporarily as snow, water stored 
within the root zone soil, and water stored in under
ground reservoirs. 

Actual records of water in storage at the beginning 
and end of the month are used to calculate change in 
storage in surface reservoirs. Water stored as snow is 
determined by assuming that all precipitation that occurs 
when the average temperature is at or below a given value 
is retained on the basin in the form of snow. The snow 
melt is assumed to occur when the temperature is at or 
exceeds a given value. These limiting temperatures are 
selected on the basis of judgment and are assigned to the 
subbasin before the computer program is run. The rate of 
snow melt is temperature dependent but is also dependent 
upon a coefficient pre-assigned by judgment. The formula 
for calculating snowmelt is as follows: 

where 

Sm + k (Tav. - 32) Ss 

Sm 
k 
Tav 

snowmelt during the month in acre feet 
coefficien t determined by j udgmen t 
average monthly temperature 
snow in storage at beginning of the 
month in acre feet 

Water that goes into the root zone soil in excess of 
that needed for plant transpiration is temporarily stored 
and later released either to deep groundwater, under
ground outflow from the subbasin, or surface flow 
available for wet land use. In this program water enters 
this temporary storage area when the root zone is 
saturated . Outflow from the temporary storage area 
occurs at a rate given by the following: 

F 

where 

F outflow from temporary root zone stor
age 

If total amount of water in storage 
K f coefficient determined by judgment 

The program also provides that if the computed 
groundwater outflow is less than a given amount, the 
groundwater outflow will occur at a fixed minimum rate. 

Water lost to the area through the process of 
evapotran piration is calculated by the computer using the 
Blaney-Criddle formula and techniques reported earlier. 
The average mon thly temperatures. the percentage of 
dayligh t hours and the crop coefficients are all read-in 
initially to the computer. 



Water Budget Analy es 

Summing all the inputs and outputs f reach 
subarea gives the overall mean annual water budget as 
shown in Table 30. Using these figures and mean nnual 
figures for water depletions the flow diagram in Fig. 36 
was drawn. The figure shows a sizable flow an nually 
discharged into Great Salt Lake and that on-site u es 'lI1d 
nonbeneficial uses account for almo t 70 percent of the 
total water resource. 

A flow diagram of a mean monthly budget is 
illustrated in Fig. 37. Thi diagram is u ed t indicate the 
"budgets within budgets" needed to balance the inflow
outflow items. Precipitation that occur during the winter 
months does not immediately result in runoff. Wat r i 
held in storage on the watershed until the snowmelt 
period begins in early pring. Also water that i dive rted 
for agricultural u e in exces of that depleted by th 
plants does not reappear in the streams until ufficient 
travel time has elapsed. Such change in torage mu t be 
accounted for in any monthly budget. 

Subarea No. 1- Weber River above Oakley. This area 
is principally a mountainous watershed with ver little 
cultural activity taking place' however indicator point t 
a summer home complex developing in the fu ture. This 
may alter the pre ent water balance. Pre ent agricultural 
use is limited to pasture gra ses in the canyon bottom. 
Water may be diverted onto these pasture area but in 
general the precipitation on a mean monthly ba is i 
sufficient to meet the consumptive demand. Becau e f 
the geologic tructure at the gaging station, the under
flow past the measuring device is assumed to be in ignif
icant. The mean m nthJy budget for ubarea 1 i hown in 
Table 31. 

Subarea No.2- Kamas Valley. Input to Kamas 
Valley include the Weber River which i gaged at Oakley 
and the ungaged inflow coming principalJy from Beaver 
Creek and Silver Creek. There is al 0 orne import into the 
area from Shingle Creek and Provo River through the 
Kamas-Washington canal. The oil moisture re ervoir j 

generally considered to be full and overflowing. Water 
tables within inche of the ground urface exist over about 
11 000 acres of the total 2] 000 acr making up the 
valley floor. Depletion i therefore, higher than would 
normally be expected for pasture land in the same 
climatic environment without drainage problems. 

Outflow from the valley in addition to vegetation 
depletion consi t of water exp rted from the Weber 
River into the Weber-Provo canal and an undetermined 
amount of groundwater eeping to the Provo River and 
the flow of Ontario tunnel which is pre umed t take 
water which would normally flow in the Silver re k 
system. I n addition there may be an underflow pa ing 
the gaging tation below the Rockport Re ervoir into 
subarea o. 4. The mean monthly budget i own in 
Table 32. 

112 

SlIharea (). 3 Chalk Creek. ubarea 3 encompa e 
all of tit drail1l.lg area of Chulk reek above the gaging 
stalion al Coalville. The gaging tation is located just 
above the conlluence with Weber River at Echo Re. ervoir. 
ome underflow ould bypa the measuring device , but 

th amount is· as umed to be small. Agricultural and 
domesl ic LIS S oceur in the bottom of the canyon and 
e I nd upstream orne di tance beyo nd the sma ll 
community of pt n. The soil are genera lly well drained 
and the w~t r supply u ually adequate. Several small 
re rvoir exi t in the higher elevation but were not 
consid red in the budget. The mean month ly budget is 
hown in Table 3. 

Subarea No. 4- Echo to D vii's Slide. The agri
cultural area within thi ection i limited to the river 
bottom . nd is n t extensive. The river b ttoms widen 
near Henefer but cut ff harply a the river ente rs the 
narrow r ck-walled canyon above the gaging tation at 
Devil' Slide . Input to the area include the flow of Chalk 

reek Lo t reek and the fI w fr m area 2. Depleti ns 
are small and a fairly large outflow runs in to area 7. The 
gaging tation was di c ntinued in 1955 making it 
nece sary to extend the record by correlation. Underflow 
past the mea uring device was as umed t be in ignificant. 
The mean monthly budget appears in Table 34. 

Subarea 5- Lost Creek. Subarea No.5 includes all of 
the drainage area of Lo t reek. The gaging sta tion i near 
the mouth of the cany n ab ve the confluence with 
Weber River. The agricultural area is limited to an area in 
the canyon mouth including the t wn of Croyden and 
small trip of river b tt m land upstream from royden. 
Depleti n are n t great and underflow past the gaging 
tation i a umed to be insignifi ant. The oil are 

generally welJ drained and do not upport extensive 
phreatophyte growth. A new re ervoir ha ' been built since 
1960 and is not accounted for in the budget. The mean 
monthly budget appe r in Table 35. 

Subarea - East Canyon. Subarea 6 i a complete 
drainage y tem ending at the gaging tati n below East 
Canyon Dam. There may, however be some dispute as to 
the preci e locat ion of thi drainage boundary in the 
upper area near Park ity and the Silver reek drainage. 
For purp e f thi tudy, it ha een a sumed tha t no 
water is imported r exported from the drainage area 
through the ystem of underground mine workings at Park 
City. Depletion occurs mainly in the Parley' Park and 
Synder' meadow area north of Park City. Narrow strips 
of agricu ltural land a1 0 exist along the bottom of East 

anyon down tream from the mead w to the re ervoir. 
Ea t anyon Dam i built up n r ck abutmen t and is 
a umed t block all underflow from the area. The mean 
m nthly budget i h wn in Table 3 . 

ubar a 7- M rgall. Subarea 7 i approaching the 
5,000 f ot levati nand c n quently ha higher mean 
temp ra ture than the previously de cribed ubareas. 
Inpu t to the r a include th utflow fr m area 4 and 
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Figure 37. "Plumbing Diagram" of monthly water budget computational proced~e. 
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Table 30. Summary of mean annual water budget for the Weber River study unit. 

INFLOWS 

Subarea Watershed Wa tershed on Yield to Rive r I n fl ows Surface Precip itation on 
Precipitation Site Use Valley Area Import s \ 'a ll ey Area 

( inches) (acre-feet) ( inches) (acre-feet) (inches) (acre-feet) (acre-feet) (acre-fee t) Oct-Sept ~1 ay-Sep t 

(acre-fee t) (acre-fee t) 

0 1 32.48 273,280 16.00 134,590 16.48 138 ,689 0 0 7.691 2,558 
02 22.00 270,770 17.55 2 15,950 4.45 54,82 1 a 140,378 -L698 40,394 13 ,074 
03 20.97 277,770 17 .84 236,3 20 3. 13 4 1,448 0 1.182 4 .3 76 1 ,4 53 
04 18.93 275 ,400 16 .54 238,540 2.39 36 ,860 220.4 17 1.177 5 .354 1,955 
05 19.83 239,300 16.4 7 198 ,7 70 3.36 40 ,527 0 0 1.587 548 
06 26.62 206,860 2 1.85 167 ,6 20 4 .77 39 ,240 0 0 11.13 3 3,226 
07 27.23 404 ,800 20.00 297,270 7.23 107,527 288,490 0 16 ,643 4 ,931 
08 24 .68 374 ,100 11.69 177 , 150 12.99 196,958 0 0 28,813 7,631 
09 18.89 20 1,240 12.45 132,6 10 6.44 68,628 559.879 0 323,956 96 ,535 

Total 23. 15 2,523,530 16.50 1,798,820 6.6 5 724,698 439 ,947 131 ,911 

a-.. 

OUTFLOWS 

Subarea Cropland Cropland Net Wetland :-'I uniciple and Total Net Ex ports Outflow 
Consu mptive Consumptive Consumptive Indust rial Dep letions Dep letion s Surface 

Usc U~e Use Use 
Oc t-Se pt ~Iay-Scpt Oct-Sept ~I ay-Sept Ol:t-Seot ~I ay-Sept Oct-S ep t ~I:ly-Sept Oct-Sept ;"l ay-Sept 
(acre-fee t) (acre-feet) (acre-feet) (acre-feet) (acre-feet) (acre-fee t) (acre-feet) (ac re-fee t) (acre-fee t ) (acre-fee t) (acre-feet) (acre-feet) (acre-feet) 

0 1 4,846 4 ,246 -2,021 1,962 1.155 88 1 0 6.001 5.127 -1.690 2.569 0 140 ,378 
02 45,240 39, 150 4,999 27,363 8,250 6,208 L50 53.6'+0 .+ 5.466 13.2'+ 6 32.392 33.577 153 .076 b 

03 5,398 4 ,657 1,400 3.329 809 615 50 6.257 5.306 1.88 1 3.853 0 40 ,748 
04 6,41 3 5,465 2,830 4, 153 5,3 13 4 ,028 0 11. 726 9 .-+ 93 6.372 7.538 0 252.081 
05 1,209 1,024 281 704 1,343 1,047 0 2.552 2.071 965 1.623 0 39.562 
06 11 ,338 9,779 1,794 7,012 2,628 2,017 0 13 .966 11.796 2.833 8.570 0 36.408 
07 24 ,9 10 20,867 10,524 16,605 5,5 11 4 ,3 75 120 30.5'+1 25.328 13.898 20 .397 9 .889 372.229 
08 30,049 25,4 12 9,039 19 ,847 16 ,133 12,526 50 46 .232 37 .972 17.-+ 19 30.3'+ 1 16.703 162.8 19 
09 264 ,277 204,520 97,971 J 54,496 234 ,805 176,793 27,588 526 .670 .+ 02 '-+5'+ 202.71'+ 305.9 19 18.661 407.069 

Total 396 ,680 3 15,120 126 ,8 17 235 ,47 1 275 ,947 208,490 27 ,958 697.585 5.+5.013 257.6 38 .+ 13.202 - -

a Ground wa ter yield from Park Cit y Mines - 9,977 

h Groundwater from mines at Park City and ground water flow to Provo River from Beaver Creek - 12 ,970 



Table 31. Mean monthly water budget for subarea no. 1 Weber River study unit. 

I TERA TI ON 0 WATER BUDGET -SUBAREA I-WEBER BASIN 
ITEM- -YEAR MEAN OCT NOV DEC JAN FEB MAR APR MAY JUN JUl. AUG SEP A NH UAL 
MEASURED INfLOW I o. o. o. o. o. o. o. o. o. o. O. o. o. 
HEA SURE 0 IMPORT 5 I o. o. o. o. o. o. o. o. O. o. o. O. o. 
UNMEA SU RE 0 INFL OW I 4188. 3133. 34 Ole 2881. 3245. 3596. 8012. 39996. 46149. 12 .. 66. 6102. 4259. B 8689. 

UNMEASURED SURFACE IN 4188. 3133. 3402. 2881 • 3245. 3596. 8072. 39996. '+61"9. 12 .. 66. 6702. 4259. 13 86 89. 
GROUNDW ATER INFLOW O. O. o. O. o. O. O. O. O. O. O. O. o. 
RESERVOIR STORAGE o. O. O. O. O. · 0. O. O. O. O. O. D. O. 

RESER VO IR PRE CI PI TA TI ON o. o. o. o. o. o. o. o. o. o. o. o. O. 
RESER VO IR E VAPORA TI ON 0 O. O. O. o. O. O. O. o. o. O. O. O. O. 
CHANG[ IN RES STORAGE 0 o. o. o. o. O. o. o. O. O. O. O. ,0. O. 

P UH P£ 0 WA TE R o. o. o. o. o. O. O. o. o. O. O. O. O. 
5 UR FACE RET UR N FL OW O. O. O. O. o. o. O. o. O. 1460. 981. O. 2447. 
G RO UN OW AT ER TO SU Rf AC E o. O. o. o. O. o. 2472. 711. O. O. O. O. 32'+9. 
M A NO IRE T UR N fL OW o. o. o. o. o. o. o. o. o. O. O. O. O. 
USE AS LE SUR FACE W AT [R 4188. 37 H. 3402. 2881. 3245. 3596. 10544. 40713 • "6149. 13926. 7689. 4259. 14 q3 86. 

EXPORTS 0 o. o. o. a. o. o. o. o. o. o. o. O. o. 
M A~O I DIVERSION o. o. O. O. o. o. O. O. O. O. D. D. O. 

M A NO I N [T USE 0 o. o. O. o. o. O. o. O. o. O. O. O. O. 
CROPLAND OIVERSIONS o. O. O. o. o. o. O. o. O. 2175. 1699. 133. '+007. 
A MO UN T TO ROO T 10 r£ O. O. O. O. o. O. o. O. O. 685. 535. 42. 1262. 
C RO PL AN 0 RE TU RN FLO W o. O. O. O. O. O. O. O. O. 1490. 1164. 91. 2745. 

CROPLAND PRECIPITATION I 438. 605. 557. 725. 762. 787. 707. 575. '+ 47. 300. 502. 460. 6867. 
SNOW STORAGE ADDED 0 O. 605. 557. 725. 762. 787. O. o. O. O. o. o. 3'+ 37. 

A CC UM S NO W 5 TOR AG E O. o. 605. 1162. 1887. 2G50. 3'+ 37. S 50. O. O. o. O. O. 
S NO W HE LT o. o. O. o. O. O. 2881. S 50. O. o. O. O. 3437. 
ROO T 10 NE 5 UP PL Y q38. o. o. :J • o. o. 3595. 1125. q'+7. 985. 1038. 502. 8129. 
CROPLAND P.C.U. 153. 41 • 27. 32. 5G. 103. 188. 1 35. 1047. 1325. 1037. 502. 4846. 

-...J R Z sU PP L Y -P .C .U • 2814. - 41. -27. -32. -56. -103. 3407. 790. -600. - 3 40. O. O. 3283. 
A CC UM SOl L MO IS 1 U RE 1-0 o. 284. 243. 21G. 184. 128. 25. 940. 940. 31f0. o. 1. 1 • 

CONS. USE OEF IC IT o. o. o. o. o. o. o. o. o. O. O. O. O. 
ACT UA L CR OP L A NO C.U. 0 153. 41. 27. 32. 56. 103. 188. 335. 1047. 1325. 1031. 502. 4846. 

I NT ER FL OW A 00[0 o. O. o. o. O. o. 21t93. 190. o. o. o. o. 3282. 
G W RE TU RN flO W O. O. O. o. o. o. o. o. O. 30. 171. 91. 298. 

ACCUM INTERFLOW I - 0 2062. 2062. 2062. 206l. 2062. 206l. 2062. 206l. 2062. 2062. 2062. 2062. 2062. 
INT[RFLOW TO SURFACE o. O. O. O. O. O. o. o. O. o. o. O. o. 
INT[IHl.OW SUPPLY TO W L o. O. o. O. o. o. 2493. 790. O. 30. 177. 91. 3580. 

WE TL A NO P R[ C I PIT A TI ON I 52. 13. 67. 87. 91. 94. 85. 69. 54. 36. 60. 55. 824. 
SNOW sT OR AGE ADOE 0 0 o. 13. 67. 87. 91. 94. o. o. o. o. o. o. 1f12. 

ACCUI'! s"40W STORAGE O. o. 13. 139. 226. 318. 412. 66. n. o. O. o. o. 
SNOW ME LT o. O. O. :J • O. o. 346. 66. o. O. O. O. 412. 

TOT AL S UP PL Y TO Wl 52. O. o. o. o. o. 2924. 925. 54. 66. 237. 146. 4 .. 0 ... 
POTEN TI AL WETlAND C U 66. 18. 11. 12. 24. 51. 91 • 148. 188. 231. 194. 12 o. 1155. 
TsWL-Wl PCU -13. -18. -11. -12. -24. -51. 2832. 771. -134. -165. 43. 26. 3249. 

A C C UM W l SO I L M a I C; T 1 - 0 130. 1 17. 98. 81. 15. 51. o. 360. 360. 226. 61. 104. 130. 
WETLAND D[fICIT o. o. o. o. o. o. o. o. O. o. O. o. o. 

ACT UA l WETLAND C.U. 0 66. 18. B. 12. 24. 51. q2. 148. 188. 231. lCJ4. 120. 1155. 
WETLAND SURFACE OUT ROW o. o. o. a. o. o. 2472. 717. o. o. o. o. 32'+9. 
WET LA NO A 00 IT ION TO G W o. o. O. a. o. O. o. o. O. o. o. O. o. 
INTERF1..0W TO GW o. o. o. O. O. o. O. o. o. o. O. o. o. 
TOT AL GW ADDEO o. o. o. o. o. o. o. o. O. o. O. O. o. 

OUTFLOW. CHANGE TN G W R 4188. 37 33. 34 n2. 2881 • 3245. 3596. 10544. '+n113. 46149. 11751. 5990. 4126. 140379. 
GW OU Tf LO W o. o. o. D. o. o. o. o. O. o. o. o. o. 
CHANGE TN GW STORAGE o. o. o. O. O. o. o. o. o. o. O. o. o. 
SURFACE OUTFLOW 4188. 3133. 34 n2. 2881 • 3245. 3596. 10544. 40713 • 46149. 11751. 5990. 4126. 140319. 
GAGED S UqFACE OUT FL OW 4188. 37 H. 34 n2. 2881 • 3245. 3596. 1 nS44. 40173. 46149. 11751. 5990. '+ 126. 140378. 
o IF FE RE NC E fCOMP- GA GE 01 o. n. o. o. O. o. o. o. o. o. o. O. 1 • 



Table 32. Mean monthly water budget for subarea no. 2 Weber River study unit. 

I TE RA TI ON 0 WATER BUDGET -SUBAREA 2-WEBER BASIN 
ITEM--YfAR MEAN OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG S[P ANNUAL 
MEA SU RE 0 IN FLO W 4188. 37 :n. 3402. 2881 • 3245. 359~. 10544. 4 0773 . 4~149. 11751. 5990. 4 12~. 14 03 78 • 
MEASURED IMPORTS O. n. o. Q . o. o. o. 935. 1640. 1057. f,48. 418. 4698. 
UNMEASURE 0 INFLOW 1215. 4322 . 4327. 4 J f;Q. 39 8f,. 85~7. 9366. 8903. 4145. 1991. 201b. 1823. 54821. 

UNMEASURED SURFACE IN 994. 3535. 3539. 3403. 3261. 7008. 7661. 1283. 3391. 1629. 1649. 1491. 44844. 
G RO UN ow AT ER I NF LO W 221. 787. 788. 757. 725. 1559. 1705. 1620. 754. 362. 367. 332. 9977. 
RESER VOIR STORAGE 2207. 2192 . 2145. 21 12 • 2347. 2216. 1991. 3306. 4725. 4257. 3214. 2485. 2485. 

RESERVOIR PRECIPlTAT[ON I 106. J 42. 163. 1 50 . 158. 169. 132. 1 38. 101. 66. 96. 87. 1508. 
RESER VO IR E VAPORA TI ON 0 181. 52. 31. 32. 68. 146. 256. 409. 518. 619. 533. 326. 3171. 
CHANGE IN RES S TOR A GE 0 - 278. 1 85. - 2 47. - 33. 235. -131. -225 . 1315. 1419. -468. -1043. - 729. o. 

PUMPE 0 WA TER o. o. o. n. o. o. D. o. o. O. o. o. o. 
SUR FACE R (T UR ~ FL OW o. o . O. o . o. o. 153. 1859. 13126. 9036. 5819. 3650. 40241. 
GRO UN"DW AT ER TO 5U RF AC E o. n. o. o. o . o. 3364. 710. o. o. o. o. 4074. 
M A NO IRE T UR N FL OW 9. 6. ~. 3. 4. 10. 12. 19. 23. 27. 24. 15. 158. 
USE ABLE ') UR FACE 'oJ AT ER 7601. qs 71 • 9472 . 8549. 8712. 12984. 23826. 59298. 6 71H 7. 27672. 17950. 12675. £60127 . 

E XPOR TS 0 100. 4 no. 500 . 4 on. 200. 4 no . 2800. 11214. 13095. 3128. 886. 454. 33577. 
M A NO I o IV E R 5 ION 18. 9. 9. 6. 8. 18. 24. 38. 46. 54. 48. 3D. 308. 

M AND I NET UC;E 0 9. 3. 3. 3. 4. 8 . 12. 19. 23. 27. 24. 15. 150. 
CROPLAND DIVERSIONS o . o. o. o. o. D. 223. 11471. 20n 35. 13189. 8493. 5327. 50138. 
A 110 UN T TO ROO T ZO NE o. 0. o. o . o. o. 70. 3612. 6309. 4153. 2674. 1677. 1 84 97 • 
CROPlAND RETURN FLOW o. o. o. o. D. O. 153. 7P. 59. 137 26. 9036. 5819. 3650. 4 0241 • 

CROPLAND PRECIPITaTION 2562. 3422. 3941. 3619 . 3816. 40811 • 3189. 3332. 2436 . 1594. 2329. 2096. 36419. 
SNOW STOR AG[ ADDE O 0 o. 3422. 394 J • ~619 • 3816. 4034. o. o . o. o. o. o. 1 8882. 

A CC UM S NO '01 S TOR AG E [!. n. 23 F, 1. 6302. 9921. 13136. 1 0693. o. o. o. o. o. o. 
<iNOW ME LT o. n 61 . o. n. o. 712 8 . 1 no 93. o. o. O. o. o. 1 8882. 
ROO T ZO NE SUP PL Y 2562. 1061. o. o. o. 7128. 13951. 0944. 8745. 5748. 5003. 3773. 54916 . - C R 0 PL AN 0 P. C. U. 1718. 446. 290. 307. 452. 1032. 1845. 41 14 • 9501. 11563. 9185. 4787. 45240. - RZ SUPPLY - P.C.U. 844. 015. - 2 90. - 307 . - 4 52. 0096. 12106. 2830. -755 . - 5816. -4181 . -1014 . 9G 70. 

ACCUM SOIL MOISTUI?E I -0 3. 847. 1462. 11 72 • 805 . 413 • 6509. 1 1770. 11 7 70. 11 014 . 5198. 1017. J. 
CONS. USE OfFIcn o. o. O. o. o. O. O . o . o. O. o. o. o. 

ACT U A L CR OP LAN 0 C. U • 0 1718. It 40. 290. 307- 452. 1032. 1845. 41 14. 9501. 11563. 9185. 4787. 45240. 
INTERFLOW AOo(o o. o. o. o. o. o. 6846. 2830 . o. O. o. o. 9G 70. 
GW RE Tu RN FLO W o. o. o. o. o. o. o. o. o. O. o. o. o. 

ACCUM INT[RFLOW I -0 5184 . 5236. 5560 . 5607. 5583. 5489. h 311 • 7063. 7063. 7063. 6571. 5908. 5184. 
I N TE R FL 0 W T 0 SURF AC E o. o. O. o. o. o. O. o. O. o. u. o. O. 
INT(RF10W SUPPLY TO '01 L o. o. o. o. o. o. 7048. 3695. 2. o. o. o. 10745. 

'01 E TL A NO P RE C I PIT A TI ON I 174. ? 32. 267 . 245. l 58. 277. 2I~. 226. 165. 108. 158. 142. 24 () 7. 
SNOW STORAG[ AOO[O 0 o. 2 32. 267 . 245. 258 . l77. o. o. o. O. o. O. 1279. 

A CC UM S NO W S T OR AG E o. o. 160. 427. 672. 930. 724. o. o. o. o. O. o. 
SNOW P1E LT o. 72. o. o. o. 483. 724. o. o. o. o. O. 1279. 

TOT AL ') UP PL Y TO 'oJ l 171t. n. o. o. o. '+ 83. 7989. 3'321. J 67. 108. 158. 142. 1 7610. 
PO TEN TI Al '01 [ TL A ~o C U 339. 1 74. 54. Sq. J08. 220. 372. 605. ~26. 977. 844. 551. 5079. 
T SWL- 'oiL P CU -166. - 52 . - 5". -59 . - 108. 26l. 7616. 13 16. - 658. -869 . -686. - 409. 813'+. 

ACCUM 'oil SOIL MOI~T 1-0 544. 378. 326. 272 • 213. 105. 368. 316& • 3166. 2508. 1638. 952. 5 .. ". 
'01 E T l A NO 0 EF I C 1T o. o. o. o. o. o. o. o. o. o. o. o. o. 

ACT UA l '-f: TL AN n c. U. 0 339. 1 24. 5" • 59. 108. 220. 372. I) 05. e2~. 'H7. 8 ..... 551. 5019. 
WETLAND 'iUfHlCf: OUT flOW o. o. o. o. o. o. 3364. 710. o. o. u. o. "074. 
W [T LA ~ l 00 1T 10 N TO G W ,1 o. n. o. o. o. O. lit 51t. 2606. o. o. O. O. ct060. 
INTERFLOW TO GW 169. .. 63. 680. '''11 . 819. 737. 750. 756. 752. 85' • 103 O. 1056. 8909. 
TOT AL G W AD DE 0 16'3. 463. 680. 8"1 • 819. 7}7. 220ct • J3 62. 152. 8 5ct. 1010. 1056. 12968 • 

OUTflOW. CHANGE IN G W R 5445. 7233. 7 .. 98. 6872 • 6q76. 110~7. 20993. 36631. ~0668. 7897. 6339. sct35. 151076. 
GW au TF LO W 1081. 1088. 10'0. 10«12. 1090. 1127. 1050. 11 48. It 06. 976. 1072. 1 Oct 8. 12910. 
C Hl NG E IN G W S T OR l6 E - 9111. -675. - .. 10. - 251. -271. - 390. 11 5ct. 221'+. - 35ct. -122. -ct 2. 8. -2. 
'iURFACE OUTFLOW 5276. 0770. 6818. 6031. 6157. 10350. 18788. 33209. 2q916. 10 ..... 5309. 4379. lit 01 07 • 
GAGED SURFACE OUTFLOW 5276. 6710. 6818. 6032. 6157. 10351. 18787. 33269. 29916. 7043. 5309. .. 37 8. 140106. 
o IF FE RE NC E (COMP- GA G£ OJ o. -0. -0. -1 • - o. -1. 1. o. o. 1. - o. 1. 1 • 



Table 33. Mean monthly water budget for subarea no. 3 Weber River study unit. 

I TERA TI ON 0 WATER BUDGET-SUBAREA 3-WEBER BAS IN 
ITEI1--Y[AR MEAN OCT NOV DEC JAN FEB MAR ' APR HAY JUN JUl AUG SEP 1 NNUAl 
MEASURED INflOW O. o. o. o. o. o. O. o. O. O. O. O. O. 
MEASURED IfolPORTS O. O. O. 0 .. o. O. O. ZH. 395. 228. 18G. 159. 1182. 
UNMEASURE 0 INn ow 926. 11 lit. 1068. 1059. 1050. 1613. 5941t. 14129. 8621. 2712. 1541. 1065. 4 1448. 

UNMEA SURED SURF AC [ IN 926. 11 lit. !n68. 1059. 1050. 1613 • 5q44. 14729. 867.7. 2712. 1541. 1065. 4 1448. 
G RO UN Ow AT [R I NF lO W o. o. o. o. o. o. o. O. o. o. O. O. O. 
RESERVOIR STORAGE o. O. O. O. o. o. O. o. O. O. O. O. O. 

RESERVOIR PRECIPITATION I o. o. O. D. o. o. o. O. o. o. O. O. o. 
RESERVOIR EVAPORAtION 0 o. o. O. o. o. o. o. o. o. o. O. O. O. 
CHANGE IN RES STORAGE 0 O. o. O. o. o. o. o. o. o. o. O. .0. o. 

PUMP[ D lolA TER o. o. o. o. o. O. O. O. o. o. o. o. O. 
S UR FACE R [J UR N flOW o. o. O. o. o. O. o. 1386. 2625. O. o. O. ~O 11. 
G RO UN ow • T ER TO SU RF AC E o. o. O. o. o. 421. 751. It 50. ZQ1. 1450. 992. 619. 5046. 
H A NO I R [T UR N flOW 3. 2. ) . ) . 2. 3. 4. 8. ll. 5. 3. 5. &18. 
USE A8 LE SUR FACE W AT [R 929. 11 16. 1069. 1060. 1052. 2043. 6705. 16781. l1q49. 4395. 2122. 1908. 5 11 3&1. 

E XPOR T5 0 o. ~. o. o. o. O. O. o. o. o. o. D. D. 
M A NO I 0 I V E R S I ON 6. 4. 2. 2. ,. . 6. 8. lit • 18. 1&1. 10. 10. 98. 

M A NO I NET USE 0 3. 2. 1 • 1 • 2. 3. It. 6. 7. 9. 7. 5. 50. 
CROPLAND DIVERSIONS D. O. o. o. o. O. o. 2023. 3831. 2333. 1615. 1086. 10888. 
A MO UN T TO ROO T ZO NE O. O. o. O. o. O. o. 637. 1206. 135. 509. 342. 3429. 
CROPLAND RETURN FLOW O. o. O. o. o. D. o. 1386. 2625. 1598. 1106. 744. 7459. 

CROPLAND PRECIPIT AT ION 266. 3 &18. 326. 348. "J7 • " 80. 464. 316. 310. 166. 232. 21t 4. 1998. 
SNOW STORAGE ADDED 0 o. 348. 326. 348. It 31. o. O. o. o. O. O. o. 1459. 

1 CC UM S NO W S TOR AG E o. O. 111. 496 • 8 itS. 1282. 500. o. O. o. O. O. O. 
SNO W ME LT O. 1 18. O. o. o. 182. 500. o. O. O. O. O. 1459. 
ROO T ZO NE SUP PL Y 266. ) 18. o. o. o. 1262. 96/t • 1013. 1516. 901. 741. 586. 71t 26. - CROPLAND P.C.U. 194. 5(1. 29. 32. 63. 130. 243. 506. 1120. 1"22. 1012. 531. 5398. 

\0 R l SU PP l Y -P .C .U • 12. 1 27. -29. -32. -63. 1132. 721. 506. 396. -521. - 332. 49. 2P28. 
ACCUM SOIL MOISTURE 1-0 473. 545. 673. 644 . 612. 549. 1217. 1277. 1217. 1217 • 75G. 424. 473. 

CONS. USE DEFICIT o. o. O. o. o. o. O. O. O. O. O. O. O. 
ACTUAL CROPLAND C.U. 0 194. 50. 29. 32. 63. 130. 243. 506. 1120. 1422. 1072. 537. 5398. 

INTERfLOW ADDED o. o. O. o. o. 405. 121. 506. 3%. O. O. O. 2028. 
G 101 R£ TU RN FLO W o. o. o. o. o. O. O. O. O. 1598. 1106. 14 ". 3449. 

ACCUM INTERFlOW 1-0 4000. 4000. 4000. 4000. 4000. 4000. 4000. 4000. 4000. 4000. 4000. 4000. 4000. 
INT[RFLOW TO SURFACE O. O. O. o. o. O. O. O. o. O. O. O. o. 
INTERfLOW SUPPLY TO lolL O. o. O. O. o. Ii 05. 121. 506. 396. 1598. 1106. 144. 5471. 

101 ET LA NO PRE C I PITA TI ON I 25. 33. 31. B. 41. 45. 44. 35. 29. 16. 22. 23. 318. 
5 NOW S T OR AG E AOOE 0 0 o. H. 31. H. 41 • o. o. o. o. O. O. O. 138. 

A CC UM <.) NO 101 S TOR AG E o. o. 16. 47. 80. 121. 41. o. O. O. O. O. o. 
SNOW MELT O. 11. O. o. o. 14. 41. O. O. O. O. O. 138. 

TOT Al S UP PL Y TO loll 25. 17. o. O. o. 52 ... 812. 542. 425. 161'4. 1 128. 761. 23411. 
POT EN TI Al 101 fT l A NO C U 52. 21 • 8. 9. 16. B. 55. 92. 13 It • 164. 131. 88. 809. 
TSWl- 1o/l PCU -21 . -4 . -8 . -9 . -16. 490. 157. It 50. 2ql. 1450. 992. 679. 50'46. 

ACCUM loll SOIL MOlq 1 -0 258. 231. 221. 219. 210. 194. 258. 258. 258. 2S8. 258. 258. 258. 
101 ET l A NO 0 EF I C IT o. n. o. o. o. o. O. o. O. O. O. O. O. 

ACTUAL WE Tl AND C. U. 0 52. 21 • 8. 9. 16. B. 55. 92. 1316 • 16_ • 131. 88. 809. 
WETlA~ SURFACE OUTfLOW o. O. O. O. o. 427. 751. .. 50. 2 cH. 1'450. 992. 619. 50 '46. 
101 ET lA NO A 00 IT 10 N TO G 101 D. o. O. O. o. O. O. O. O • . C. O. O. O. 
INfERFlOW TO GW o. D. O. o. o. O. O. o. O. O. O. O. O. 
TOT Al G 101 AD DE 0 O. o. O. !). o. o. O. o. o. O. O. O. O. 

OUTFLOW + CHANGE IN G 101 P 923. 11 12. 1067. 1058. 1048. 2031. 6697. 14750. 8100. 2048. 1097. 812. 40748. 
G W OU TF LO W o. o. O. o. o. o. o. O. o. O. o. O. o. 
CHANGE IN GW STORAGE o. o. O. o. o. O. o. o. O. O. O. O. o. 
SUR fA CE 0 UT fl ow 923. 11 12. 1061. 1058. 1048. 2031. 6fi97. 14750. 1\100. 2048. 1091. 812. 407 '48. 
GAGED SURFACE OUTFLOW 923. 11 12. 1061. 1058. 1048. 2031. 6691. 14750. al00. 2048. 1097. 812. II 01 169. 
o IF FE RE NC E (COMP- GA GE 0) o. n. o. o. o. - o. o. -0. O. - O. -0. O. -1. 



Table 34. Mean monthly water budget for subarea no. 4 Weber River study unit. 

I TERA TI ON 0 WATER BUDGET-SUBAREA 4-WEBER BASIN 
ITEM--YEAR MEAN OCT NOV DEC .JAN FEB MAR APR MAY .JUN .JUL AUG SEP ANNUAL 
MEASURED INfLOW 7025. 9!J 89. 8892. 8101 . 8351. 14556. 33414. 6615". 1t1631. 10153. 1155. 5824. 220417. 
I1EA SURE 0 IMPORT S o. o. O. O. D. O. O. 21" • 395. 228. 186. 154. 1111. 
UNHEA SU RE 0 INFLOW 1398. 1700. 2218. 22 133. 2260. 3834. 8841. 7631. 5010. 625. 16&. 878. 36860. 

UNMEA SURED SURf AC E IN 1398. 1700. 2218. 22 131 • 2260. 3834. 8841. 1631. 5010. 625. 16&. 818. 3 '860. 
GROUNDWATER INFLOW O. D. O. O. O. O. O. O. O. O. O. o. O. 
RESERVOIR STORAGE 15600. 11249. 1 9828. 21154. 24261. 32598 . 49328. 63504. 62245. 43301. 25596. 16068. 16068. 

RE5ERVO IR PRECIPITA TI ON I 103. 1 13. 107. 113 • Ill. 138. Ill. 122. 94. 16 • 10 O. 63. 1254. 
RESERVOIR EVAPORATION 0 223. 61. 31. 31. 83. 204. 330 . 521. 634. 180. 65&. 406. 3918. 
CHANGE IN PE5 S TORA GE 0 - 468. 1649. 2579. 1976. 2507. 83H. 16730. 141 16. - 1259. -18944 . - 17705. -9528 . o. 

P Uf'1 PE 0 WA TE R O. o. O. o. O. O. o. O. o. o. O. O. O. 
SUR FA CE RET UR N FL ow O. o. o. a. O. o. o. 1915. 186. 163. 505. 438. 4401. 
GRO UN OW AT ER TO ,)U RF AC E o. O. o. o. O. o. o. O. O. o. o . o. o. 
M A NO I RET UR N FL ow o. o. o. O. o. o. o. O. o. o. o. o. o. 
USE AB LE SUR fACE WATER 24372. 264 35. 28429. 30304 • 32400. 42585. 14694. 124849. 110787. 13311. 50151. 32541. 651 .. 69. 

EXPORTS 0 o. o. o. o. o. o. o. o. o. o. o . o. o. 
M A NO I OIVERSIO"l o. o. o. o . o. o. o . o. o. o. o. o. o. 

M A NO I N [T USE 0 o . o. o. ~ . o. o. o. o. o. o. o. o. o. 
CROPLAND OIVER5IONS 120. o. o. o. o. o. o. 2970. 1561. 152 o. 1007. 872. 8056. 
A MO UN T TO ROOT 70NE 43. o. o. o. ::I. o. o. 1055. 556 . 540. 358 . 310. 2861. 
CROPLAND RETURN FLOW 71. o. o. o. o. o. o. 1915. 1011. 980. 649. 562. 5195. 

CROPL ANO PRECI PITATION 295. 324 . 306. 324. 318. 396. 318. 349. 270. 218. 285. 180. 3583. 
SNOW ST OR AGE AODE 0 0 O. 324. 306. 324 . 318. o. O. O. o. o. O. O. 1271. 

A CC UI1 S NO W ') TOR AG E O. o. 159. 464. 788. 1106. 122 • O. o. o. o. o. o. 
S NO W ME L T o . 1 65. o. o . o. 985 . 122 • o. o. o. u. o. 121L • 
ROO T lO NE S UPPL Y 338. t 65. o. o. o. 1380. 440. 1" 04. R26. 158. 643 . 489. &444. 

N CROPLAND P.C.U. 251. 12. 34. 35. 75. 183. 291. 662. 1293. 1606. 1245. 659. 6'+ 13. 
C RZ SU PPLY -P.C.U. 81. cB. - 3'+. - 35. - 75. 1191. 143. 742. -1467 . -848 . -602 . -17 o. 30. 

ACCUM SOIL P10 J 5 T U RE I -0 366. ~ 53. 545. 511. I! 76. If 01. 1598. 1741. 2453. 1986. 1 138. 536. 366. 
CON S. U 5E 0 [F I CIT o. o. o. o. o. o. o. o. o. o. o. o. o. 

ACTUAL CROPLAND C.U. 0 251. 72. 34. 35. 75. 183. 791. 662. 1293. 1606. 12'+ 5. 659. 6413. 
INT ER FL OW ADDEO o. o. o. o. o. o. o. 30. o. o. o. o. 30. 
G\oI RE TU RN FLOW 77. o. o. O. o. o. o. O. 224. 218. 1414. 125. 788. 

A CC UM INTEqFLOW I -0 4000. 40 no. 40 no. 4000. 40no. 4000," 4000. 40 00. 4000. ,+000. 400 o. 4000 . 4000. 
INTERFLO\ol TO ')U PF AC E o. o. o. ~ . o. o. o. o. o. o. o . o. o. 
INTERfLOw SUPPLY TO W L 77. o. o. O . o. o. o. 30. 224. 218. 14'+. 12 s. 818. 

W E TL A NO P RE C I PITA TI ON I 43. 47. 4'+ • 14 7. 46. 57 . 46. 50. 39. 32. 14 1. 26. 517. 
SNOW ST OR AGE ADOE 0 0 O. 47. 44. 41. 46. o. O. o. O. o. O. O. 184. 

A CC UI1 S NO W 5 TOR AG [ o. o. 23. f.1. 1 14 • 160. 18. o. o. o. O. o. o. 
S NO \oj ME L T o. 24. o. a. o. 142. 18. o. o. o. o. o. 184. 

TOT AL SUP PL Y TO \oj L 120. 24 . o. o. o. 199. 6'+ • 81. 263. 249. 185. 15 1. 24801. 
POTENTIAL \01 E T L A NO C U 79. ?9. 12. 13. 25. 51. IJO. 1 SI • 221. 279. 231. 143. 1335. 
T S\oI L- lolL PCU 41 • - 5. - 12. - 13 . - 25. 142. -26 . -71. 36. -30 . -46. 8. 1 • 

ACCUM \oiL 50lL MOl C; T 1-0 316. 357. 3 S3. 341 • 328. 303. 445. ~ 19. 348 . 385. 354. 309. 317. 
\oIETLANO o EF I CIT O. o. o. o. o. o. o. O . O. o. o. o. o. 

ACTUAL WE T L AN 0 C. U. 0 79. 29. 12. 13. 2S. 57. 90. 1 51 • 227. 279. 231 . 143. 1335. 
wETLAND SURFACE OUTFLOW O. o. O. o . o. o. o. o. O. O. o. o . o. 
\01 E T LA NO A 00 IT ION TO G W o. o. O. O . o. o. o. O. o. o. u. o. O . 
IN r [R FL OW TO G\oI o . O. o. o . o. O. O. O. O . O. o. o. o. 
TOT AL G 101 AOOE 0 o. o. O. :J • o. o. o. O. O. o. O. o. o. 

OUTFLOW. C HA NG E IN G \oj R 8652. 91 86. 8001. ~5 50. 8 1 39. 9987. 2531;6. 58315. 46975. 2d490. 24154 . 15601. 252081 • 
GW OUTfLOW o. o. o. o . o. o. o. o . o. o. o. G. o. 
C HA NG E TN G W 5 T OR AG E o. o. o. O. o. O. o. o. o. o. o. o. o. 
SUR FACE OUTfLOW 8652. 91 86. 8601. 8550. 81 39. 9981 . 25366. 58375. 46975. 28490 . 24 154. 15601. 252081. 
GAGED 5URFACE OUT FL ow 8652. 91 A6. 8601. AS 5::1 • 8139. 9987. 25366. 58 :n5. 46975. 28'+ 90. 24154 . 15 bO 7. 25 2082 • 
o IF FE RE NC [ (C OM P- GA r£ 0 I - o . -0 . - O. o . - o. o. O. O. -0 . - o . - o. - o. -1 • 



Table 35. Mean monthly water budget for subarea no . 5 Weber River study unit. 

I TERA TI ON 0 W ATE R BU~ G [T -S U BAR EA 5-WEBER BASIN 
ITEM- -Y EA R ME AN OCT NOV DEC JAN FEB HAR APR MAY JUN JUL AUG SEP ANNUAL 
MEASURED INflOW o. o. o. n. O. o. o. o. O. O. O. O. O. 
MEASURE 0 IMPORTS O. O. o. Q. o. o. O. o. o. O. O. O. o. 
UN H E A SU RE 0 IN FLO W 826. 1207. 1007. 1017. 1152. 1927. 7854. 1 82 H. 4003. 1463. 1022. 812. If 0527. 

UNMEASURED SURFACE IN 826. 1207. 1007. 1017. 1152. 1927. 7854. 182 J7 • 4003. 1463. 1022. 812. 40527. 
GROUNDWATER INFLOW o. O. o. O. o. o. o. o. o. o. o. O. O. 
RESER VO IR STORAGE o. O. O. o. o. O. o. o. O. O. O. o. O. 

RESERVO IR PRE CI PI TA TI ON o. o. o. o. o. O. O. O. O. O. O. o. o. 
RESER VO JR E VAPORA TI ON 0 o. O. o. O. o. o. O. o. O. o. o. o. o. 
CHANGE J N RES '5 TOP A GE 0 O. O. O. o. o. O. o. O. o. o. O. O. O. 

PUMPED WATEQ o. o. o. a. o. o. o. o. o. O. o. o. o. 
'5 UR FACE RET UR N FL OW o. o. o. o. o. o. o. o. o. o. o. o. o. 
GROUNOWATER TO SURF~E o. o. o. o. o. 241. 136. 1062. 527. 59. O. 45. 2070. 
M A NO IRE T UR N FL OW o. o. o. a. o. o. o. o. o. o. o. o. o. 
USEABLE ~ UR FACE W AT ER 82G. 1207. 1007. 1017. 1152. 2168. 7g90. 19299. 4530. 1522. 1022. 857. .. 2597. 

E XP OR TS 0 o. o. o. o. o. o. o. o. o. o. O. o. o. 
M A NO I 0 I V (R S [ ON o. o. o. o. o. o. o. o. o. o. O. o. o. 

,., A NO I N [T USE 0 o. o. o. o. o. o. o. O. o. o. o. o. o. 
C RO PI.. AN 0 01 VE R'5 10 NS o. o. o. o. o. o. o. 1164. 915. 460. 273. 223. 3035. 
AMOUNT TO ROOT ZONE o. o. o. O. o. o. o. 361. 288. 145. 8G. 7 o. 950. 
CROPlAND RETURN FLOW o. o. o. o. o. o. o. 791- (;27. 315. 187. 153. 2079. 

C R 0 PL AN 0 PRE C I P IT A T ION 59 . 73. 81. 90. 95. Ill. 98. 91. 63. 41. 53. 66. 928. 
S NO W ST OR AG E AD DE 0 0 o. Q. 81. 90. 95. o. o. o. o. O. o. O. 26G. 

ACCUM SNOW STORAGE o. o. O. 81 • 1 11. 2GG. 72. o. O. O. O. o. O. 
S NO W ME If o. o. O. o. o. 194. 12. o. o. o. o. O. 266. 
ROO T 20 HE SUP PL Y 59. 73. o. o. O. 305. 169. 464. 351. 186. 139. 136. 1884. - CROPL ANO P. C. U. 43. 13. 7. 8. 14. 32. 67. 122. 261. 324. 207. 11 O. 1209. IV 
R Z SU PP L Y - P • C • U • IG. 60. - 7. -8 . - 14. 213. 103. 342. 90. - 139. -67. 26. 675. 

ACCUM SOIL HOISTURE 1 -0 126. 1 42. 202. 195. 188. 174. 306. 306. 306. 306. 168. 10 o. 126. 
CON 5. US[ OEFICIT o. o. o. o. o. o. o. o. O. o. o. O. o. 

ACTUAL CROPLAN!) C.U. 0 43. 13. 7. 8. 14. 12. 61. 122. 261. 324. 207. 11 o. 1209. 
I NT (R FL 0 WAD 0 £ 0 o. o. o. o. o. 140. 103. 34·2. 90. o. o. o. 615. 
G W RE lU RN FLO W o. o. o. n. o. o. o. 797. 627. 315. 187. 153. 2019. 

ACCUM INTrRFLOw 1-0 100. 700. 7 no. 700. 100. 100. 700. 100. 700. 100. 700. 100. 100. 
I NT fR FL OW TO 5U Pf" AC f o. o. o. o. o. o. o. o. o. o. o. O. o. 
INTERfLOW SUPPLY TO W L o. o. o. o. o. 140. 103. 11 J9. 711. 315. 181. 153. 2754. 

W [ TL A NO P RE C I PITA TI ON I 142. 52. 51. 64. 61. 19. 69. 69. 45. 29. 38. 41. 659. 
S NOW S T OR AG E ADDEO 0 o. D. 57. 61t • 61. o. o. o. o. O. o. O. 189. 

A CC UM '5 NO W S T OR AG E o. o. o. 57. 121. 189. 51. o. o. o. o. O. o. 
SNOW HE IT o. o. o. o. o. 138. 51. o. O. o. o. o. 189. 

TOT AL SUPPL Y TO WL 42. 52. o. o. o. 357. 22J. 1208. 762. 3_4. 225. 200. 28220. 
POTENTIAL WETLAND CU 80. 1 J • 12. 13. 23. 51. 87. 146. 235. 286. 236. 144. 1343. 
TSWl-Wl PCU - 31. 21. -12. -13. -23. 306. 136. 1062. 527. 59. -11. 56. 2010. 

A(CUM Wl SOIL HOIST I -{) 465. 428. 449. 431. It 24. q 00. 465. "65. 4 65. 465. 465. 454. 465. 
WET LA NO OfF IC IT o. o. o. o. o. O. o. o. o. o. o. o. o. 

ACTUAL WETLAND C.U. 0 80. 11. 12. 13. 23. 51. 81. 146. 235. 286. 236. 14 ... 1343. 
WET LA fo.l) SUR FACE 0 ur FL OW o. o. o. o. o. 241. 116. 1062. S21. 59. o. .. 5. 2010 • 
WET LA NO A 00 IT ION TO G W o. o. o. O. o. o. o. O. o. o. o. o. o. 
INT[RFLOW TO GW o. o. o. o. o. o. o. o. o. o. O. O. o. 
TOT AL G W ADOE 0 o. o. O. o. o. o. O. o. o. O. o. o. o. 

OUTFLOW. CHANGf IN GW R 826. 1207. 1007. 1017. 1152. 2168. 7990. 18135. 3615. 1062. 749. 634. 39562. 
GW OUTFLOW o. o. o. o. o. O. o. o. o. O. o. o. o. 
CHANG E IN GW ST OR AG E o. o. o. o. o. o. o. o. o. o. o. o. o. 
SURfACE OUTFLOW 826. 1207. 1001. 1017. 1152. 2168. 7990. 18135. 3615. 1062. 149. 63 q. 39562. 
GAG £0 SUR FACE 0 UT Fl... OW 826. 1201. 1007. 1011. 1152. 2168. 7990. 18115. 3615. 1062. 149. 634. 1 9'562. 
OIF FE RE NCE I C OM P- GA G£ at o. o. o. o. o. o. -0. o. O. -0. O. -0. -0. 



Table 36. Mean monthly water budget for subarea no. 6 Weber River study unit. 

I TERA TI ON 0 WATER BUOGET -SUBAREA 6-WEBER BASIN 
lTEH--YEAR MEAN OCT NOY DEC JAN FEB I1AR APR tolAY JUN JUL AUG SEP ANNUAL 
HEA SU RE 0 INFL OW o. O. o. O. o. o. o. O. O. o. O. O. O. 
MEA SURE D IMPORT S I o. o. o. o. o. o. o. o. o. o. O. O. O. 
UN 11 [A SU RE 0 IN FLO W r 1353. 1755. 1655. 1692. 1735. 3214. 6322. 91214 • 6687. 2211. 1970. 1522. 39240. 

UNMEASUREO SURFACE IN 1353. 1755. 1655. 1692. 1735. 321'+. 6322. 912'+ • 6681. 2211. 1910. 1522. 39240. 
GROUNDWATER INFLOW o. o. o. [) . o. o. O. o. o. o. O. O. O. 
RESERYOIR STORAGE 10195. 1 1303. 12214. 1 J3 66. 14321. 16239. 21166. 24917. 2'+616. 19201. 14221. 10613. 10613. 

RESERVOIR PRECIPITATION I 1+5. 63. 14. 16. 80. 86. 1/t • 56. 38. 23. 34. 51. 699. 
RESERVOIR [VAPORATION 0 15. 23. 13. 13. 29. 63. 101. 174. 218. 252. 222. 13 5. 1325. 
CHANGE IN IHS S TORA GE 0 - '+ 18. 11 08. 911. 1092. 955 . 1918. 5521. 3211. - 301. -51169. -4986. -360 8. o. 

PUMPEO WATER o. o. o. [) . o. o. o. o. o. O. O. O. O. 
SUR rACE RET UR N FL OW O. o. O. o. o. o. O. 2266. 4890 . 2955. 1906. 1119. 1 3195. 
GROUNOW UER TO SURF Ie. E o. o. o. o. o. 124. 2988. 655. 112 • O. O. O. 3938. 
11 ANO I R [l UR N FL OW o. O. o. o. o. O. o. o. O. o. O. O. o. 
USE AB LE SUP FACE W AT (R 1 1936. 1 1.990. 13019. 14028. 15152. 1 7681. 25515. 33692. 36546. 29613. 22895. 16839. 2!4 8906. 

EXPORTS 0 o. o. O. o. o. o. O. o. O. O. O. O. o. 
11 AND I DIVERSION O. o. o. ~ . o. O. o. O. O. O. O. O. o. 

M A NO I NET U S[ 0 o. o. o. O. D. O. O. O. O. o. o. o. o. 
CROPLANO OIVERSIONS o. o . o. O . D. O. o. 3307. 71 37. 4313. 2862. 1 721. 1 93 II 0 • 
A 110 UN T TO ROO T lO NE O. o. o. O. D. O. o. 1 Q 41 • 22'+7. 13 58. 901. 542. GoD 90. 
C R 0 PL AN 0 RE T URN FLO W O. O. o. [] . O. O. O. 22 66. 4890. 2955. 1961. I 179. 1 1250. 

CROPLANO PRECIPITATION 612. 856 . 10 08. 101'+ • 1093. 1169. 1004. 7611 • 5 19. 316. 4G8. 70 o. 9544 . 
SNOW ST OR AGE AOOE 0 0 o. 856 . In 08. 103'+ • 1093. 1169. o. o. o. O. o. O. 51 GO. 

A CC UI1 S NO W S TOR AG E o. o. 497. 1505. 2539 . 3559. 2222. o. o. O. o. o . o. 
S NO W ME LT o. 3 6n. o. o. 73. 2506. 2222. O. o. O. o. o. 5160. 
P 00 T 10 NE SUP PL Y 612. 3 f,O . o. o. 73 • 2506 . 322G. 1805. 276G . 1 G 75. 1 370 . 1242. 1 5G 34 • 

I..J CROPLAND P.C.U. 411. 1 21 . 77 • 76. 129. 266. 460. 1 J 81 • 2410. 2831 . 22611. I 193. 1 13 38 • N 
R Z SU PP L Y -P .C .U • 181. l39. -11 . - 16. -50. 2240. 2767. 724. 357- -1156 . - 8 <35 . 5 o . 429G • 

ACCUI1 SOIL 110lSTURf I -0 631. 812. 105 1. 974 . 897. 841. 2633. ?O 33. 2633 . 2633 . 1476. 581 . 631 • 
CON S . U SE 0 E F I C IT O. o. O. O. O. O. O. O. o. o . o. O. O. 

ACTUAL CROPLAND C.U. 0 431. 1 21 • 77. 76. 129. 266. '+60. 1081 • 2" 10. 2831 . 22614 • 1 193. 1 1338. 
INT£Rflow ADDEO o. o. o. J. o. 448. 2767. 724. 357. o. o . o. 4296. 
G w R£ TU RN FLO W o. o. O. o. o. o. o . o. O. o. 55. o . 55. 

ACCUI1 INTERFLOW 1 - 0 30 0 0. 30 no . 3000 . 1000. 3000. 3000. 3000. 3000 . 3000 . 300 o . 300 o . 300 O. 30 00 . 
INTER FlOW TO SU RF AC E o. o. o. o. o. o. o. o. o. o . O. o. o. 
IN T [R FL 0 W SUP PL Y TO W L O. o. o. o . O. 448. 2767. 724. 357 . o . 55. o . 4351 • 

WET l A NO P RE C I PIT A TI ON I 57. 80. 94. 9G • 102. 109. 9'+. 71. 48. 29. 4'4. 65. 890. 
SNOW STORAGE AoOE 0 0 O. 80. <)4. %. 102. 109. o. O. o. o. o . O. 481 • 

A CC UI1 S NO W S TOR AG E o. o. 46. 140. 237 . 332. 207- O. o. o. o . o. o. 
SNOW MELT O. 34. o. o. 7. 23 4. 207 . O. O. o. o. o. 481 • 

TOT AL S UP PL Y TO W L 57. H. o. :1 • 7. 682 . 3067. 796. 405. 29. 99. 65 . 3 3460. 
POTENTIAL WETLAND CU 18. 30. 13. 13. 25. 49. 80 . 1 41 • 7. H. 270. 23 2. 14 o. 13 03 . 
T sw L- WL P CU -21. '+ • - 13. -13 • -18. 633 . 2988 . 655. 1 72. - 240. - 13 3. -75. 1938. 

A C C UH W L SO I L 11 0 1ST r -0 62. '+ 1 • 44. 32. 19. 1. 510. 510 . 510. 510. 270. 13 b. 61 • 
WETLAND OEF lcn D. o. o. D. o. O. o. D. O. o. O. o. O. 

ACTUAL WETLAND C.U. 0 78. 3D. 13. 13. 25. 4~. 90. 1 41 • 233. 270. 232 . 14 o. 1303. 
W ET L A NO S UR F A C [ 0 U T fL 0 W D. o. o. D. o. 124. 2988. 655. 172. o. o. O. 3938 . 
wETLAND AODITION TO GW o. o. o. o. O . D. o . o. o. o . o. o. O . 
INTERFLOw TO GW o. o. O. O . o . o. O. o. o. O. o. o . o. 
TOT AL GW ADDEO o. o. o. o . O. O. o . O . o. o. o. G. o . 

OUTFLOW. CHANGE IN G W R 17'+ 1 • 687 . 745. 662. 831 • 1442. 3149. SII 08 . 47 H. 6093. 5812. 4505 . 3 640 d • 
GW OU TF LOW o. o. o. o . o. o. o. o. O. O. o. o . o. 
C HANG E IN G W S r OR AG E o. o. o. o. o. o . o. o. o. o. o. o. o. 
SURFACE OUTFLOW 1141. 687. 7'+5. 662. 811 • 1442. 3749. 5_ 08. 4733. b093. 5A12. 4505. 3 6408. 
GAGED SURFACE OUT FL OW 1741. 681. 745. 662. 811. 1442. 3749. 54 08. 4133. 6093. 5812. 4505. 36408. 
o IF FE RE NC E «C OM P- GA G£ 0 I - o. o. - o. Q. - o. -0. O. o. -0. - o. - o. - O. -0. 

- - ~ -



area 6. The agricultural and domestic uses center princi
pally in the Morgan Valley. Depletions are not high , 
however, being only 10 percent of the total available 
supply. The outflow is gaged at the Gateway station and is 
assumed to include all flow with no underflow bypassing. 
In addition, at the gaged outflow at Gateway additional 
water is exported through the Gateway tunnel at the 
Stoddard diversion. This export is a recent event involving 
only the last three years of the mean period. The mean 
monthly budget is shown in Table 37. 

Subarea 8- 0gden Valley. Subarea 8 includes all of 
the drainage area above the gaging station at Pine View 
Reservoir. The high elevation mountains enclosing the 
valley yield a sizable amount of water to the area. Part of 
the valley floor is below 5,000 feet elevation but 
depletions are not high. An artesian aquifer exists under 
the valley floor. This underground basin is recharged by 
sources in the subarea and most of the yield from the 
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underground basin is piped directly into area 9. The mean 
~onthly budget for the subar~a is shown in Table 38. 

Subarea 9- East Shore area. Subarea 9 contains 
most of the cultural water consuming activities within the 
entire Weber River drainage system. Mean temperatures 
are highest, growing season is longest and the water 
demand, the greatest. Inputs to the area include the flow 
of Weber River at Gateway and the flow of Ogden River 
at Pine View Reservoir. In addition, there is an ungaged 
flow from the mountain front streams and precipitation 
on the cropped areas. Depletions from the area are high 
and include sizable amounts to nonbeneficial vegetation. 
Numerous wells tap the large underground reservoir 
although the amount of water withdrawn is not large. 
Some water is exported to the Bear River System and 
municiple and industrial uses are heavy. All other outflow 
from the subarea goes into Great Salt Lake and is lost to 
the atmosphere by evaporation. The mean monthly 
budget is shown in Table 39. Flow diagrams of mean 
annual water budRets for each subarea are shown in Fig. 38. 



Table 37. Mean monthly water budget for subarea no. 7 Weber River study unit. 

I TE RA TI ON 0 101 A TE R BU OGET -S UBAR[A 1 -W EBER BASIN 
ITEM--T[AR MEAN OCT NOV DE C JAN FEB MAR APR MAY JUN JUL AUG SEP ANN UAL 
MEA S URED IN FL ow 1 03'33. '3813. '33/46. 9212 . 8910. 11/429. 29 115. 63183. 51108. 3/4583. 29966. 20112. 288/4 90. 
MEA SURE 0 IMPORTS o. O. O. O. o. O. o. o. O. O. O. O. O. 
UNM E ASURED INFLOW 35 04 . 3435 . 3153. 3251. 41 on • 10080. 74471. 26161. 13572. 5113. 5022. 3806. 10 1527. 

UNMEASURED SURF~E IN 35 04. H 35. 3153. 3257. 41')1. 1 00 80. 24421. 26161. 13572. 5713. 5022. 3806. 10 1527. 
G R 0 UN OW AT [R I NF LO 101 o. O . O. O . o. o. O. O. o. o. o. o. O. 
R ( S ER VO IR S TOR AGE O . o. O. :J • o. o. o. o. o. O. O. o. O. 

RESERVOIR PRECIPITATION I o. o. o. o. o. o. o. o. O. o. o. o. O. 
RESERVOIR EVAPORATION 0 o. n. o. O . o. o. o. O. o. o. O. o. o. 
CHAN GE IN RES S TORA GE 0 o. n. o. o. o. O. o. o. o. o. O. O. O. 

PU MPED WATER o. o. o. o. O. O. O. o. O. O. O. O. o. 
SUR FA C[ R (T UR N FL ow o. O. o. O. o. O. 147. 4155. 5005. 4326. 3210. 273 D. 19640. 
GRO UN OW AT ER r 0 5U Rf" AC E o. o. o. o. o. O. o. o. o. o. o. u. o. 
1'1 AND I R [T UR N FL ow 1. 3. 2. 2. .. . 6. 10. 15. 12. 22. 19. 12 • 114 • 
USE AS LE SUR FACE 101 AT EP 1390 4. 13311. 13101. 1 21t 71 • 1 31 11 • 21515. 536 93. ql41 20. 102 q1. 1t4644. 38283. 26660. 41517l. 

E XPORTS 0 27 3 . 3 48. 316. 284. 191. 444. 350. 169 . 1541. 1973. 2062. 1332. 9889. 
M A NO I o IV ER 51 ON 14. 6. It • It • 8. 12. 20. 30. 30. It 4 • 38. 24. 234. 

'" A NO I NET U SE 0 1. 3. 2 . 2. 1+ • 6. 10. 15. 18. 22. 19. 1 2. 120. 
CROPL AN D DIVERSI O NS o. o. o . o. o . o. 214 . 1220 . 8920. 7563. 5516. 3985. 3 ]4 18 • 
A 1'10 UN T TO ROO T ZO N[ o. o. o. o. o. n. 67. 2214. 2809. 2382. 173 7. 1 255. 1 0523. 
C RO Pl AN I) RE 1 U RN FLO 101 o. o . o. o. o. o. 147. 494 6 . 6111. 5181. 3179. 2130. 22895. 

C ROPLAND PRECIPITATI O N 11 %. 13 <)2 . 1 5 19. 1558 . 1 4 '39 . 16 01 . 1352 . 1 3 4 3 . 1009. 410. 813 . 621. 1 q 3 8E. • 
S NOW S T OR AG E AOOE 0 0 o. o . 1 5 19. 1558. 149 13 • o. O . o. O. o. o . o. 4517. 

A CC UM S NO 101 ST OR AG E o. o. o. 4 10 . 14 %. 119. o. o. o. o. u. o. O . 
S NOW HELT o. o. 11 09. 472. 2216. 119. O . o. o. o. o. o. 4511 • 
ROO T ZO NE SU P PL Y 11 %. 13132. 11 09. 41 2 . 221 6 . 2326 . 14 20 . 3D 1 6 . 3818. 2852. 2550 . 1882. 24910 . 

N CROPL AN D P. C. U. 9113. 308. 138. 162. 32 5. E.92. 1498. 27. 4 8 . 5701 . 6541. 4761. 215 O. 2 '1955. 
~ RZ SUPPlY - P.C.U. 276. 1084. 910. 310. 19 52 . 1634. -18 • 13 68 . -1388. - 3695. -2 21 0 . - 268. - '15. 

ACCUM SOIL MOI S TURE 1 - 0 o . 216. 1360. 2331 . 2641 . 4592 . 6226. F; 1 48. 1516. 6128. 2433. 22 2. O. 
CON S. USE orF I CIT o . o. o. o. o . o. o . o. o . o. o. -45. -45. 

ACTUAL CROPLAND C.U. 0 9 19. J 08. 1 38. 162 . 325. 692 . 1498. 22 4 8 . 52 0 1. 6541. 4761. 2104 . 21+910. 
INT£RFlOW Ao Df o o. o . O. O . o . D. o. o . o. o. o. o. o. 
GW RE TU RN FLO 101 o. o. O. o . o . o. o . 191. 1106. 855. 503. o. 3255. 

A CC U/1 INTERFLOW 1 -0 6350. 6350 . 6350 . 6 350. 63 50 . 6 350. 6350 . 6350 . 6350. 635 0 . 635 O. 635 O. ~3 50 . 
INT(RfLOW TO SURFACE o . n. o. o . o. o. o . o. o . o . o. o. o. 
INTERfLOW SUPPLY TO 101 L o. o. o . o. o. o . o. 791 • 1106. 855. 503. o. 3255. 

WE TL A NO PRE C I PITA TI ON I 188. 2 18. 238. 244. 235. 252 . 212 . 211. 158. 14. 128. 98. 2251. 
5N O W ST OR AG E AO oE 0 0 o. o . 238. 244. 235. o . o . o . o. o. o. O. 718. 

A CC UM S NO 101 ST OR AG [ o. o. n. 64. 235 . 113. o . o. o. o. O. O. o . 
SNO 101 ME l T o. o . 1 1 4. 1IJ • 351- 113 • o. o. o. o. o. o. 118. 

Tor AL SUP PL Y TO 101 L 188. 1 18. 1 14 • 14. 351. 365 . 212. 10 0 2. 12 6 4. 929. 63 o . 98. 3 891 2 • 
POT EN TI AL 101 [ T L A NO C U 335. 1 25. 52. 54 . 102. 226 . 390 . 640. 912. 1 181. 981. 6 0 1. 56 59 . 
T s w L- lolL PCU - 148. 93. 1 22. 20 . 255 . 1 39 . -118 . 362. 2133. - 2 52. - 35 O. - 503. - 14 7 . 

ACC UM WL SO IL 1101 S T I -0 o. o. 93. 215. 235 . 490. 629 . 451. 813 . I 106. 8511. 5 0 II. 1 • 
101 E TL A NO 0 [f I C IT - 148. o. o. o. o . o. o. o. o. o. O. o. -148. 

ACTU AL WE TL AN D c. U. 0 1 88. 1 25. 52 . 54 . 1 02 . 226. 3<)0. 6 40. 912. 1181. 981. 60 1. 5511 • 
WE T LA NO SURFAC E OUTFLOW o. o. o. 1. o. O. o . o. o. O. o. O. o . 
WETLANO ADDITIO N TO G 101 o. o. O. o . o. o . o. o . o. o. O. o. O . 
INT[RFLOW TO GW o . o. o. J . Q. o. o. o. o. O. o. o. O . 
TOT AL GW ADDED o. o. o. o . J . o. o . o . o. O. o. o. o. 

OUTFLOIol . C HA NG [ IN G W R 1 361 7 • 1 29 51. 1 27 81. 12183. 1 2966. 2 105 9 . 53109. 86 1 0 1. 59 806. 35064. 30667. 21319. 3722 30 . 
GW OUTFLOW o . o. o. o. !J . o. o. o. o. O. o. o. O. 
C HA NG E IN G 101 S TOR AG E o . o. o. o. o . o . o. o. o. o. o. o. O. 
5 UR FA CE OUTFLOW 1 3f>l 7. 1 2957. 12781. 12183. 1296£.. 21059 . 531 0 9. 86101 • 59806. 35064. 30667. 21319. 37 2230. 
GAG EO SUR F ACE 0 U T FL ow 1 361 1 • 1 2CJ 51. 1 2181 . 12183. 12966. 21059. 531 0 9. 66101. 59806. 35064. 30661. 21319. 31 2229. 
DIFFERENCE (COMP- GA G[ 0) o. o. o. o. o . o. -0 . -0. -0 . D. o. o. 1 • 



Table 38. Mean monthly water budget for subarea no. 8 Weber River study unit. 

I TE RA TI ON 0 W ATE R BU 0 GET -S U BAR EA 8 -W [ B E RBI. SIN 
ITEM--YEAR MEAN OCT NOV D[C JAN FEB MAR APR MAY JUN JUl AUG SEP ANNUAL 
MEASURED INFLOW O. o. O. O. 3. o. O. O. O. O. O. O. O. 
MEASURED IMPORTS O. O. O. O. O. O. O. O. O. O. O. o. O. 
UN MEA SU RE 0 IN FLO W 3450. 2806. 4 :1 68. 4779. 6052. 17698. 54~35. 60728. 21430. 9520. 6471. 5021. 196958. 

UNMEASURED SURFACE IN 3450. 2806. 4368. 4779. 6052. 17698. 54~35. f.0728. 21430. 952 O. 6471. 5021. 1~ 6958. 
GROUNOWAT[R I NF LO W O. o. O. O. O. O. O. O. O. O. o. O. o. 
RESERVOIR STORAGE 10270. 9365. 8539. 7169. 7966. 113 26. 31158. 447 q8. 40569. 29897. 1'3365. 12382. 1 2382. 

RES [R VO IR PRE CI PI TA TI ()4 Z46. 362. 387. 4 n. 444. 515. 422. 327. 215. 73. 148. 248. 3820. 
RES [R VO IRE V A PO R A TI ON 0 501. I 43. 74. 69. 174. 388. 73'3. 1187. 1451. 1788. 1487. 9211. 8926. 
CHANG[ IN IHS STORAGE 0 -2 112. -905. - A 26. -770. 197. 3360. 19832. 13140. -3729. -10672. - 10532. -6983. O. 

PUMPEO WATER 1262. 11 23. 11 57. 1142. 1013. 1091. 1062. 1270. 1363. 1568. 1535. 1356. 1 4t9112. 
SUR fAC[ IHTURN FLOW 1875. 330. 473. 430. 431. 3984. 11423. 13020. 10752. 6~7. 195. O. 43560. 
GROUNDWATER TO SU RF AC [ O. O. o. O. o. 576. 1 ~96. 2981. O. O. o. o. 5552. 
M AND I R [T UR N FL OW O. 2. 1 • 1 • 2. 3. 4. 6. 7. 10. 7. 5. 48. 
USE ABLE SURFACE WAT [T? 18715. 14749. 15377. 15254 • 15537. 311145. 80429. 108302. 76614. 50598. 36766. 25071. 488858. 

EXPORTS 0 1262. 11 23. 11 57. 11 42 • 1013. 1091. 1062. 13 63. 2092. 2184. 1826. 1388. 1 6103. 
M A NO I a I v [ R S I ON 3. 4. 2. 2. 4. 6. 8. 12. 14. 19. 14. 10. 98. 

M A NO I N [T USE 0 3. 2. 1. 1 • 2. 3. 4. 6. 7. 9. 7. 5. 50. 
CROPLAND DIVERSIONS 2 737. 482. 691. 627. 629. 5815. 166711. 19004. 15694. 5 .. 55. 4745. 3780. 16333. 
A MO UN T TO ROOT 10~ 862. I 52. 218. 1 en. 198. 1831. 5251. 5984. 4942. 1718. 1494. 1190. 24037. 
C RO Pl AN 0 RE TURN FLO W 1875. 330. 413. 430. 431. 3984. 11423. 13020. 10752. 3737. 3251. 2590. 522 96. 

CROPLAND PRECIPITATION 1356. 1989. 2129. 2380. 2441. 2832. 2320. 1798. 1185. 402. 8 111. 1366. 2 1011 • 
SNOW ST OR AGE ADOE 0 0 O. o. 2129. 13 80. 2441 • O. o. O. O. O. O. O. 6950. 

A CC UM S NO W S TOR AG E O. O. o. 2129. 4509. 6602. 2311 • O. o. O. O. O. O. 
SNO W ME LT O. o. o. O. 347. 4292. 2311 • o. O. o. o. O. £>950. 
ROO T ZO N£ S UP PL Y 2218. 21 40. 218. 197. 546. 8955. 9882. 7782. 6127. 212 O. 2308. 2556. 45048. 

Iv C R 0 PL AN 0 P. C. U. 1256. 365. 1 38. 164. 359. 735. 1620. 3699. 6042. 7295. 5553. 2912. 30138. 
Vl R Z SU PP L Y - P • C • U • 962. 1715. 80. 34. 186. 8220. 8262. 4 a 83. 85. -5175. -3 246. - 356. 1.4910. 

ACCUM SOIL MOISTURE 1 - 0 O. 962. 27 37. 2R 17. 2851. 3037. 8687. 8687. 8F; 81. 8687. 3512. 267. o. 
CONS. USE OEFICIT O. O. o. O. O. O. O. O. O. O. O. -89. - 89. 

ACTUAL CROPLAND C.U. 0 1256. 365. 1 38. 16'1. 359. 735. 1620. 3699. 6042. 7295. 5553. 2823. 30049. 
INT[RflOW ADDED O. O. o. O. o. 2569. 8262. 4083. 85. o. O. O. 1 4999. 
G W RE TU RN fLO W O. O. O. O. O. O. o. O. O. 3091. 3056. 2590. 8.136. 

A CC UM I NT [IHL OW 1 - 0 9900. 71 41. 5159. 3725. 268' • 1941. 397}. 9900. 9900. 9782. 9900. 9900. 9900. 
IN T [R fL OW TO SU PF AC E O. o. O. O. O. o. O. o. O. O. O. O. O. 
INT[RflOW SUPPLY TO W L o. O. O. O. o. o. 1943. 3801. O. 2469. 1456. 517. IIH 86 • 

WET L A NO P RE C I PITA TI ON I 257. 377. 404. 451. II 63. 537. 440. 341. 225. 76. 154. 259. 3982. 
SNOW STORAGE ADDEO 0 o. O. 404. 451. 463. O. O. O. O. O. O. O. 1317. 

ACCUM SNOW STORAGE O. O. O. 404. 855. 1251. 438. O. o. O. O. O. o. 
SNOW ME LT O. O. O. O. 66. 813. 438. O. O. O. O. O. 1317. 

TOT AL S UP PL Y TO W L 257. 377. O. o. 66. 1350. 2820. 41112. 225. 2545. 1610. 77 6. S 31 40. 
POT EN 1I Al WE Tl A NO C U 430. 154. 58. 57. 120. 246. 452. 789. 1210. 1567. 1273. no. n07. 
TSWL- Wl PCU - 173. 223. -58. -51. -511 • 11 Oq. 2369. 3353. -104£>. 978. 337. -1" • &961. 

ACCUM WL SOIL MOIST 1-0 2286. 21 13. 23 00. 2242. 2185. 2131. 2300. 23 no. 2300. 1254. 2232. 2300. 2286. 
WET LA NO O[F IC IT O. O. O • . o. O. O. O. D. O. O. O. O. -148. 

ACT UA L WE TL AN 0 C. U. 0 430. 154. 58. 57. 120. 246. 452. 789. 1270. 1567. 1273. 790. 1207. 
WET LA NO SUR fACE 0 UT Fl OW o. O. O. O. O. 576. 1996 • 2981. o. O. O. O. 5552. 
WET LA MJ A DO IT 10 N TO G W O. 36. O. O. o. 359. 373. 373. O. O. 269. O. 1_ 09. 
INTERFLOW TO GW 2753. 1987. 1435. 1036. 748. 540. 390. 281. 203. 504. 1600. 2073. 13549. 
TOT AL G W AD DE 0 2753. 2023. 1435. 1036. 748. 899. 762. 654. 203. 504. 1869. 2073. 14958. 

OUTFLOW. CHANGE IN GW R 59314. 4675. 5266. 5608. 56£>0. 1301" • 3 1228. 43009. 11085. 11979. 11149. 8227. J,6 2835. 
GW OUTFLOW o. O. O. o. O. o. o. O. O. O. o. O. O. 
CHI. NG E IN G W S TOR AG E 1491. 900. 278. -106. - 265. -192. - 300. - 616. -1160. -1064. 334. 71 7. 16. 
SUR fA C[ 0 U Tr LOW 4443. 3775. 4988. 5714. 5925. 1 3207. 31527. 43625. 18245. 13043. 10816. 7511. 162820. 
GAGED SURfACE OUTFLOW 4443. 3175. 49 AB. 5714. 5925. 13207. 31527. 43625. 18245. 13043. 10816. 7511. J,6 2819 • 
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