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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 or 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. This
is particularly essential since the inventory data will also
be used later for testing various water management
possibilities. The general outline for the land use and
water resources inventories follows.

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

2. 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.

3. 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 collected and analyzed by various local, state,
and federal agencies have been used extensively through-
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out this report. The cooperation and assistance given by
these agencies has been helpful.

The only new data collected for this study arc the
land use surveys conducted during the summers of 1966
and 1968 by the Utah Water Rescarch Laboratory and the
Utah Division of Water Resources.

Numerous streamflow gaging stations arc main-
tained by the U.S. Geological Survey (USGS) within the
Weber River drainage area. The runoff records for these
stations are reported in the water supply papers covering
the Great Basin. Additional records were obtained from
Ogden City and from the Weber River Water Users
Assocation. Diversion Records were obtained from Weber
River and Ogden River commissioner reports filed in the
State Engineer’s Office and from private canal company
records.

Most temperature and precipitation data acquired
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 reports
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 accomplished.

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 records
of meteorological and hydrologic measuring stations
within the study unit. Inflow items that are usually
measured consist principally of precipitation, river inflow,
and canal inflow, while the measured outflow items
usually available are river and canal outflows.

In 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
estimate this budget item is the third phase of developing

a water budget. The largest single item in this category is
cvapotranspiration, which is water returned to the atmos-
phere by cvaporation from either open bodies of water,
soils, or vegetative cover. Evapotranspiration is most
commonly estimated by equations which include various
climatic factors such as temperature and length of growing
scason. Other indirect methods for estimating evapo-
transpiration rates includes correlation with parameters
and soil moisture available to the plants.

Changes in storage in any given watershed usually
are small when compared to the total budget, and over a
period of several years the credits and debits to changes in
storage tend to balance. However, when preparing budgets
that extend over one year or only one month, it is usually
necessary to account for the change in storage occurring
between the beginning and the end of the period.

The usefulness 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
storage within the watershed to augment supplies during
periods of deficiency in natural flows. As with mean
annual budgets, 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 relative
importance of each subarea to the total hydrologic system
of the basin is then examined.

As increments of time and/or area are diminished,
the inherent errors in measurement result in greater error
in computing the water budget. Also, storage changes
become more important since there is a greater likelihood
of storage changes not balancing. Thus, it must be
recognized when preparing water budgets that the advan-
tages of smaller increments of time and area in delincating
the occurrence and variation of hydrologic cevents, 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 was subdivided into
nine smaller units or subareas. The hydrologic subareas
were determined by location of river gaging stations,
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 station at
Gateway and below the measuring station at
Devils Slide.

8.  Ogden River above the measuring station 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 stations

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
lake plain formed by the alluvial deposits of ancient Lake
Bonneville. Several terraced benches mark the different
lake levels while near the mouth of Weber Canyon lies the
Weber River delta.

Rising abruptly from the valley floor are the rugged
Wasatch Mountains which extend in a nearly north-south
direction separating the flat valley lands from the rolling
hills and mountain valleys on the interior of the hydro-
logic unit. The interior of the unit consists of narrow
valleys between low rolling hills. The southeast corner of
the unit rises again to mect 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 is 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 system. For example, increased eleva-
tions usually result in increased precipitation and lower
temperatures, thereby resulting in increased snowfall and
lower potential consumptive use rates. Thus, the percent
of precipitation occurring as runoff is increased. Since
temperature is a limiting factor in the types of agricultural
crops that can be grown in an area, elevation is oftimes
the cause for the type of agriculture in an area. The effect
of elevation on the combination of precipitation and
temperature results in dramatic effects on the type of
native vegetation found on mountain watersheds.



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 technique 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 slope determined. The slope of
the land for each subarea is shown in Fig. 6. The areal
distribution of land slope is shown by comparing slope-
area curves for each subarea.

Geology

Geology has a significant effect on runoff. The
disposition of precipitation falling on the area is partly
determined by the absorptive character of the mantle

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-Cambrian 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-Cambrian, 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 of each type
of mantle covering was then determined for each of the 9
subareas 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
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covering, (Fig. 7b). This chart will reveal at a glance those
areas which contain the greatest amount of absorptive
mantle rock. Area 1, which 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 mountain
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 exodus 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 and more industry. By 1940
Ogden ranked high as a center for railroading, grain
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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. Livestock 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 agricultural 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 East 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 1. Classification of population in study area.

1960 % % %
County Population Density Urban Non-farm rural Farm !'ural

Weber 110,744 201.7 86.8 10.3 29
Davis 64,760 2416 80.0 16.4 3.6
Morgan 2,837 47 — 62.2 37.8
Summit 5,673 3.1 — 79.9 20.1
Total 184,014 747 804 154 4.2
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The average non-agricultural labor classification is
shown in Table 2. The federal 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 20913 2,353 35 1,000 382 1,856 148 677 14,351
Morgan 532 e - 58 e 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 8.1 423
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Table 3. Assessed values, by class, of property within the Weber River study unit - 1962.

Property Class Total Weber Davis Morgan Summit
1,000 dollars
Residential real estate 13,429 8,314 4771 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 e 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 15319 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 8,717 2,131 3,067 779 2,740
Power companies 5,306 3,223 1,344 280 459
Railroad companies 15,206 8,293 1,903 1,606 3,394
Telegraph companies 39 27 10 1 1
Telephone companies 6,051 3,075 2,066 282 628
Water companies 15 seamamm i 1 RN P et 15
Mining companies 1,946 el — 1,430 516
Total 191,346 110,660 59,854 7,257 13,575
Table 4. Value of farm products produced in 1959.
County
Crop Weber Davis Morgan SummitTotal
Field crops 1,334 1.234 212 203 2,983
Vegetables 374 436 31 841
Fruit and nuts 556 382 1 939
Hortic B, 2 59
orticulture spec 10 0 1.000 doTiars 1 693
Dairy products 2,420 631 270 1.430 4,751
Poultry 2,530 736 15 1,639 4919
Livestock 2,619 3415 859 1.536 8.429
9,935 7.424 1,387 4,809 23,555




DATA ASSEMBLY AND EVALUATION

Climate

Data network

Perhaps the two most important meteorologic
elements forming the climate of any region are tempera-
ture and precipitation. Neither could be looked upon as
independent variables since both are dependent upon solar
radiation, topography, elevation, position upon the carth,
and perhaps other undefined phenomena. Because of the
complex system of interdependence, most meteorologic
elements are treated as random variables and an under-
standing of the phenomena is derived by studying the
historical occurrence of the variables.

The location of temperature and precipitation
stations within and adjoining the Weber River study unit
is shown in Fig. 10. A listing of these stations, including
the periods of record, is given in Tables S 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 missing 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 stations having consistent records were
primarily used. There are a number of good weather
stations located in the agricultural valleys of the Weber
River study unit.

Temperature

Temperature is important in a hydrologic study for
several reasons. First, temperature is a measure of molecu-
lar activity and hence a measure of the rate at which water
is changed from a liquid phase to a gaseous phase. In the
gaseous phase water is less manageable and is free to exit
from the hydrologic area. (It is also in this state that water
enters the hydrologic area and precipitates to form the
source of all liquid water within the hydrologic unit.)
Secondly, the growth processes of both plants and animals
are highly dependent upon temperature, and life can exist
only within a very narrow temperature range. To prevent
this temperature from exceeding a lethal value, both
plants and animals depend upon the cooling effect of
evaporating water. At the lower extreme most plants die
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upon freezing or cease to grow and become dormant.
Thus, temperature limits the growing season of plants and
determines the consumptive use of water by plants.
Temperature also stimulates growth in plants and deter-
mines the type of plants that can survive within an arca.

Temperature is dependent upon intensity of solar
radiation and hence varies with terrestrial latitude.
Temperature also varies with the absorption characteristic
of the earth’s surface and the intervening atmosphere. In
general, this means a change in temperature with eleva-
tion. For each 1,000 foot increase in elevation the mean
annual temperature will decrease about 3°F. In the Weber:
River study area the high mountain valleys are thus cooler
and have shorter growing seasons 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
shown in Fig. 11 for the Weber River study unit. The
records from the temperature stations shown in Fig. 10
formed the base in preparing the map of isotherms.
Temperatures in adjoining areas were obtained by using a
temperature lapse rate of -3” per 1,000 feet, which was
used in preparing Fig. 11. The isothermal map gives a
general portrayal of temperature variation in the Weber
River study unit. As would be expected, the low
isotherms of 20°F and 25°F occur near the peaks of the
Wasatch Mountains. The high isotherms of 50° F occur in
the lake shore areas of the Weber Delta.

Knowing where temperature occurs is important,
but knowing when temperature occurs is also important.
Because temperature is dependent upon solar radiation, it
can be expected that temperature will vary daily as the
intensity of radiation varies from zero during the night to
some maximum 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 5. Precipitation and temperature measurement stations located in the Weber River study unit.

Stati Period of Record
tation
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 1954-68
7924 Snow Basin 6420 1958-62
8031 Stillwater Camp 8550 1955-68
8838 Trial Lake 9800 1952-68
8885 Uinta 4830 1940-60
9165 Wanship 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 Elevation Period of Record
11H14 Beaver Cr. - Skunk Cr. 7150 1952-1968
11H8 Ben Lomond Peak 8000 1951-1968
11H9 Ben Lomond (lower) 5850 1954-1968
11H13 Dry Bread Pond 8230 1936-1968
11H12 Monte Cristo R. S. 8960 1930-1933, 1936-1968
11H10 Mt. Ogden 8600 1948-1968
11H1S Sagebrush Flat 6300 1953-1968
11H11 Snow Basin 6420 1942-1968
11J24 Beaver Cr. R. S. 7500 1931-1968
11J 1 Chalk Cr. No. 1 9100 1951-1968
112 Chalk Cr. No. 2 8000 1951-1968
11J3 Chalk Cr. No. 3 7500 1952-1968
11J12 Farmington Canyon (lower) 6950 1951-1968
11J11 Farmington Canyon (upper) 8000 1951-1968
11J14 Lamb’s Canyon 6600 1935-1968
11J15 Parley’s Canyon Summit 7600 1934-1968
11J 6 Redden Mine (lower) 8500 1930-1968
1115 Redden Mine (upper) 9000 1930-1968
11J16 Silver Lake Brighton 8725 1931-1968
11J 4 Smith and Morehouse 7600 1929-1968
10J 8 Trial Lake 9800 1931-1968

values, labeled 2.5, are the probable 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 is 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 shown in Fig.
13 along with the associated frequency of occurrence
distribution. The stations have been graphically ranked
from left to right in order of increasing altitude, showing
the inverse relationship of temperature and elevation.

Precipitation

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

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 into the hydrologic area and is cooled so that
condensation 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 mass upward to cooler elevations, the
greater mean annual precipitation would occur near the
mountain peaks. In the Weber River study unit the mean
annual precipitation ranges from 12 inches to near 50
inches with only 20 lateral miles separating these
extremes.

The U.S. Weather Bureau (now the Environmental
Sciences Service Administration, ESSA) has prepared
isohyetal maps which portray the areal distribution of
precipitation in the State of Utah. Isohyetal maps 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 falling on each hydrologic subarea
was determined. These values are shown in Table 7 for
each subarea.

To display the variation of precipitation 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 21.77 210,540 14.73 100,620 7.04
3 253 282,150 2091 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 2437 296,280 17.92 106,640 6.45
9 505 525,200 19.50 370,870 13.77 154,330 S8
TOTAL 2,462 2963470 22.57 2,062,970 15.71 900,500 6.86
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Figure 12. Mean monthly temperature frequency distribution for selected stations in the Weber River study unit.
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Figure 13. Mean annual temperature frequency distribution for selected stations in the Weber River study unit.
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Monthly precipitation, inches
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Figure 16. Annual precipitation frequency distribution for selected stations in the Weber River study unit.




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 3232 342 359 3.700 - 333 2.70 2.10 1.41 2.37 2.17 ° 206 ' 2859 2ia)
2 2197 206 2.28 244 191 1.99 146 095 1.39 1.25 1.53 2.05° 236
3 2091 182 229 251 243 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 1L75 1.37 1.02 1.16 1.27 1.36 162 1353
5 19.79 193 203 2377 2109 " T2:107 1.35 0.87 1.14 1.41 1.27 1.56. L 172
6 2637 294 3.10 332 285 217 1.47 090 1.33 127 1.73 24388286
7 2634 272 301 3.27 - 2.88 | [2.29 1.67 059 1.13 1.28 + 2.05 2.67 | 1278
8 2431 276 283 329 269 2.09 1.37 047 0.94 1.58 1.57 2317 24
9 19.50 2.01 201 217 | 2.22 1.92 1.35 0.46 0.90 1.10 1.55 190 191

acre-ft

1 29,700 31,240 32,220 28950 23440 18,230 12,230 20,610 18,890 17930 24,760 22,760
2 31,730 33,520 35900 28200 29,310 21,420 13890 20480 18,380 22,380 30,180 34,730
3 26,660 33,770 36950 35,700 28880 23,940 12,830 17910 18,880 20430 26,770 24,950
4 25930 30870 35,020 29,050 27,350 21,430 15940 18,070 19,800 21,330 25470 23,830
5 24500 25,650 29990 26330 26,120 17,100 11,090 14460 17,920 16,100 19,730 21,710
6 24920 26,330 28,080 24,170 18370 12,510 7,580 11,210 10,730 14,670 20,560 24,230
7 43610 48280 52,540 46,220 36,880 26,880 9,380 18,130 20,400 32,820 42,900 44,680
8 50410 51,760 60,090 49300 38,150 25,180 8,660 17,260 27,790 28,740 42,210 45,280
9 55480 55440 59960 61500 53,030 37,200 12,650 24,770 30,510 42,750 52,860 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 measured
at 21 snow courses during the winter and early spring
months. While these snow courses were not established to
give representative samples of snow depth over large areas
of the basin, the data from the snow courses in and
adjacent to the study unit have been used to develop maps
showing the water accumulation in snow pack near the
first of each of several months. Fig. 17 shows the average
water content of the snow in the Weber River study unit
on April 1. A depth area analysis from this map indicates
that 1,271,000 acre feet of water are stored as snow
during the average year on April 1. Table 9 shows the
amount of water in storage as snow on April 1 for each
subarea within the study unit.

To investigate further how snow accumulates during
the winter and early spring months, the water content of
the snow in relation to the percent area within a
watershed was analyzed. Fig. 18 shows this relationship
for a small watershed within subarea 8 which drains the
land area above the gaging station on the south fork of
Ogden River near Huntsville. Fig. 19 shows a similar set of
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Table 9. Average amount of water in storage as snow on
April 1, Weber River study unit.

Subarea Size Water Content of Snow  Equivalent
No. Square Miles ac. - ft. Depth Inches
1 163 189,320 219
2 268 147,160 10.3
3 253 131,140 9l
4 280 71,350 4.8
S 228 119,420 9.8
6 155 115,500 13.9
7 300 171,420 10:7
8 310 199,700 1224
9 505 125612 4.7
TOTAL 2,462 1,270,600 9.7

curves for subarea No. 1. By comparing these curves for
consecutive months the manner in which the snow
accumulates can be seen. For January 1 and February 1
the water content shows a linear relation with the percent
of the watershed area below the point. By the first of
March some snow has melted at the lower areas, and is
accumulating rapidly in the higher areas.
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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 of the snow pack Irom year (o year
for two snow courses is given in Fig. 20. These bar graphs
were developed assuming that the water content ol the
snow for the months given followed a normal distribution.
While this assumption is not completely valid, a plot of
the data from both these snow courses revealed that
assumption of normalcy was not greatly in crror.

Classification of climate

The climate of a region is determined by a complex
combination of meteorological elements including temper-
ature, precipitation, humidity, sunshine, cloudiness and
wind. Climate is generally classed as arid, semi-arid,
sub-humid, humid, or wet, depending upon the effective-
ness of the precipitation. This effectiveness has been
determined by Thorthwaite on the basis of an index
computed from the following relationship:

i=12
1152( E, 10/9
i=1 \T, -10)

1

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:

P.E. index =

PE index Humidity province
0-16 Arid

16-32 Semi-arid

32-64 Sub-humid

64-128 Humid

over 128 Wet

From iso-maps of precipitation and temperature the
PE index was computed and the humidity provinces with-
in the study area were isolated as shown in Fig. 21. Since
the PE index is directly proportional to precipitation and
inversely proportional to temperature, the magnitude of
the PE index increases rapidly with increased elevation.

Consumptive use

The bulk of the water which exits from a hydrologic
unit is through the processes of evapotranspiration and
evaporation. Accounting for this water is one of the major
problems associated with a water budget. One of the more
useful methods used to estimate the amount of
evapotranspiration, U, from an hydrologic area is the one
developed by Blaney and Criddle. The Blaney-Criddle
formula, which is used throughout the world. can be used
in areas for which little data are available, or it can be
used in areas for which considerable data are available.
More accurate estimates of evapotranspiration can be
made for the areas having the better basic data. The

Blancy-Criddle formula is represented by the following
simple cquations.

u = kf
u = » fk =KF
where,
u = Consumptive use of the crop in inches

for the growing season,

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,
is

f = (tp)/100
where
t = Mean monthly air temperature in
degrees Fahrenheit.
p = Monthly percentage of daylight hours in

the year.
For the water budgets in this report, the empirical
monthly consumptive use crop coefficient has been
computed from the equation
k = k k.
where

a climatic coefficient which is related to
the mean air temperature, t, and

a coefficient reflecting the growth stage
of the crop.



¥9

LAMB'S CANYON

22+
204 10%
18}
=
= 10
S 164
s 10% 10%
e 14}
=
o
._E_ 10%
s 124
>
° 25 %)
3 10¢ 90
@ 90%
.Z 8: 10% 50%
o
S 6 5%
- /4
5 50% 90 %
o
z 41 75% 75 %
9 0%
24
‘BO%I 90%
Jan Feb Mar April May June

Water content of snow cover (inches of depth)

SILVER LAKE, BRIGHTON

w-i—
35+
10%
10%
30+
25T
10% 50%
20+
90% 75%
|
15+ —
25% 90%
90%
10+ S50 %
75% [90%)|
54 90%
Jan Feb Mar April May

Figure 20. Frequency distribution of April 1 water content at various snow courses in the Weber River study unit.



“Salt Flatsf
-
S l u r







The climatic coefficient, k . is computed from the
equation

k, = 0.0173t-0.314
Crop growth stage curves have been developed by the Soil
Conservation Service (1964) for a varicty ol crops and
phreatophytes. These curves were used in obtaining
monthly values of k .

Since the seasonal consumptive use factor, F| is a
function of meteorology and geography, and is indepen-
dent of the crop, a map of iso-F values is valuable in
showing the climatic potential for agriculture. Such a map
is shown in Fig. 22a for the Weber River study unit, where
the season used in computing F was taken as the time
period between the 50 percent probability of obtaining a
temperature of 32°F in the spring and in the fall. The
minimum seasonal consumptive use factor, F, for a
number of crops is listed in Table 10. A comparison of
Fig. 22 with Table 10 indicates the climatic potential for
growing the various crops in any particular subarca.

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

Crops F
alfalfa full season
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 30-40
tomatoes 30-35
orchards full season

Fig. 22b shows how the average seasonal “F” factor
is distributed by subareas within the study unit. It can
readily be seen that area No. 9, the East Shore area west
of the Wasatch Mountains, is the only area capable of
producing a variety of agricultural crops. With the
exception of a small amount of corn silage produced in
areas 7 and 8, the only crops produced in the rest of the
study unit are pastures, grasses. alfalfa, and small grians.

The crop coefficients, “k,” for the various crops
grown in the study unit are shown in Table 11. Also
shown are the potential unit use of water in inches for the
same crops. Actual crop water use will vary through the
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Table 1'1. Crop coefficients and potential unit water use
value in the Weber River study unit.

Crop Crop CocelTicient “°k™ Unit Use--Inches
alfalfa 0.85 8SF
beans 0.70 175
corn 0.80 28.0
corn silage 0.80 16.0 - 28.0
grain, fall 0.80 24.0-28.0
grain, spring 0.80 20.0
pastures 0.80 080F
peas 0.80 16.0
potatoes 0.70 140-22.4
small truck 0.65 13.0
sugar bects 0.70 21.0-28.0
tomatoes 0.70 21.0-245
orchards 0.65 0.65F

area as the length of growing season and availability of
water varies.

Monthly “F” values have been computed for each
subarea using the daytime hours shown in Table 12 and
the average temperature shown in Table 13. These “F”
values are shown in Table 15. Crop coefficients, k, have
been estimated for each subarea from data presented by
Criddle, et al. (1962) in Technical 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
use for the various crops grown in each subarea is shown
in Table 16.

Evaporation from open bodies of fresh water such
as lakes and rivers is difficult to measure. Estimates are
sometimes made using the measured evaporation from a
Weather Bureau evaporation pan, but the correction
factor to apply to each month’s total pan evaporation is
often not known. One of the few inflow-outflow studies
conducted to determine lake evaporation in the Weber
River study unit was that of Christiansen (1964) and Lee
(1964). These studies were made in the Howard Slough
area west of Ogden, Utah. Lee’s determinations of
monthly evaporation were compared with computed “F”
values at the Ogden Sugar Factory, extrapolated to
include the missing winter months, and a coefficient “k”
computed. These coefficients, shown in Table 17 were
used to compute the unit monthly evaporation from open
fresh water in each subarea throughout the study unit as
shown in Table 18.

In nearly every hydrologic area water is consumed
by non-commercial native vegetation which grows beside
or in the water courses and uses water in excess 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 1027 957 839 7.73 6.68 6.47
2 6.71 670 7.25 8.97 10.06 10.12 1027 957 8.39 773 6.68 647
3 669 669 832 898 10.08 10.14 1029 958 839 772 6.67 6.45
4 669 669 832 898 10.08 10.14 1029 958  8.39 7.72  6.67 6.45
5 6.69 669 832 898 10.08 10.14 1029 958  8.39 7.72 . 6.67 6.45
6 670 6.70 832 897 10.07 10.13 10.28 957  8.39 7.73 6.68 6.39
7 6.68 669 832 898 10.09 10.15 1030 9.58 8.39 7.72 6.67 645
8 6.67 668 832 899 10.10 10.16 10.31 959 839 7.71 6.66 6.43
9 669 669 832 898 10.08 10.14 1029  9.58 8.39 772 6.67 645

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

rea No.
@3\123456789

January  21.2 23.2 22.4 22.1 22.4 23.0 224 19.125.9
February 239 27.3 27.5 275 27.6 28.2 27.6 26.8 31.6

March 27.5 32.0 34.1 36.9 35.3 33.3 353324 39.8
April 36.4 409 42.7 43.5 459 41.0 459 45.4 50.1
May 444 498 51.8 52.3 53.7 50.8 53.8 55.0 58.7
June 52.4 58.5 579 589 60.9 59.1 60.9 62.3 66.6
July 60.0 65.0 66.4 67.4 68.8 63.6 68.871.575.2
August  57.8 64.2 64.1 65.1 66.8 64.2 66.8 68.3 74.8

September 50.9 55.7 56.2 57.2 58.0 55.2 58.0 60.4 64.0
October 41.8 46.3 46.8 47.2 48.0 46.1 48.049.252.7
November 27.1 31.1 33.1 33.1 34.2 32.2 34.232.6 38.5
December 23.8 26.7 26.5 26.7 27.3 27.5 27.3 24.8 30.7

Table 14. Mean monthly F values for cultivated portion
of subareas within the Weber River study unit.

1 2 3 4 5 6 7 8 9
Oct. 3.23 3.58 3.62 3.65 3.71 3.57 3.71 3.80 4.07
Nov. 1.81 2.08 2.21 2.21 2.28 2.15 2.28 2.18 2.57
Dec. 1.54 1.73 1.71 172 176 1.76 1.76 1.60 1.98
Jan. 142 156 1.50 148 150 1.54 1.50 1.28 1.74
Feb. 160 1.83 1.84 1.84 1.85 1.89 1.85 1.59 2.12
Mar. 229 266 2.84 282 294 277 294 2.70 3.31
April 327 3.67 3.84 3.88 4.12 3.67 4.12 4.09 4.50
May 447 501 522 527 542 511 542 5.55 592
June 530 592 5.88 598 6.18 598 6.18 6.33 6.75
July 6.16 6.68 6.84 694 7.08 6.53 7.08 7.37 7.74
Aug. 5.53 6.14 6.14 6.24 640 6.14 640 6.55 7.17
Sept.  4.27 4.67 4.72 480 487 463 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 0.76 084 0.73 042 0.14 0.10 0.06
Phreatophytes 048  0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 085 044
Water 0.28 0.50 0.74 094 1.10 1.18 1.25 1.17 094 068 034 0.24
Area 2
Alfalfa 009 0.14 020 026 0.39 0.86 093 0.81 0.52 0.23 0.10 0.07
Pasture 0.10 0.14 020 025 038 0.81 0.87 0.76 049 0.23 0.11  0.08
Grain 0.08 0.13 0.19 037 0.55 0.89 098 0.49 0.28 0.18 0.09 0.06
Phreatophytes 048  0.71 094 1.15 1.30 1.35 1.40 135 1.30 120 085 044
Water 0.38 050 074 094 1.10 1.18 1.25 1.17 094 0.68 0.34 0.24
Area3
Alfalfa 009 0.15 020 027 042 086 094 0.82 054 024 0.10 0.07
Pasture 0.10 0.15 020 026 040 0381 0.88 0.77 0.51 024 0.10 0.08
Grain 0.08 0.14 020 037 044 0.89 098 0.57 030 020 0.09 0.06
Phreatophytes 048  0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 085 044
Water 028 0.50 0.74 094 1.10 1.18 1.25 1.17 094  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.
L
Alfalfa 0.10 0.16 023 030 050 088 095 0.83 0.57 0.28 0.12 0.07
Pasture 0.09 0.16 023 029 048 083 0.89 0.78 0.54 0.27 0.13 0.08
Grain 0.09 0.15 028 042 0.63 097 095 0.50 028 0.19 0.11 0.06
Phreatophytes 048  0.71 0.94 115 1.30 1.35 1.40 1.35 1.30 1.20 085 044
Water 028 0.50 0.74 094 1.10 1.18 1.25 1.17 094  0.68 034 0.24
Area 5
Alfalfa 0.09 0.14 020 026 039 086 093 0.81 0.52 0.23 0.10 0.07
Pasture 0.10 0.14 020 025 0.38 0.81 0.87 0.76 049 0.23 0.11 0.08
Grain 0.08 0.13 0.19 037 055 0.89 098 0.34 030 0.19 0.09 0.06
Phreatophytes 048  0.71 0.94 1:15 1.30 1.35 1.40 1.35 1.30 1.20 085 044
Water 028 0.50 0.74 094 1.10 1.18 1.25 1.17 094 0.68 034 024
Area 6
Alfalfa 0.08 0.13 0.18 0.23 0.31 0.84 092 0.80 049 0.19 0.08 0.06
Pasture 009 0.14 0.18 023 030 0.79 086 0.5 047 0.19 009 0.07
Grain 0.07 0.12 0.17 036 0.5 0.89 098 0.33 0.28 0.17 0.07 0.05
Phreatophytes 048  0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 085 044
Water 028 0.0 0.74 094 1.10 1.18 1.25 1.17 094 0.68 0.34 0.24
Jzea
Alfalfa 0.11 0.18 024 033 056 089 096 084 0.59 030 0.14 0.08
Pasture 0.12 0.18 024 032 053 0.83 090 0.79 0.56 029 0.14 0.09
Orchard 024 0.28 031 036 049 0.67 0.71 0.65 0.51 0.35 026 0.22
Grain 0.10 0.17 0.23 043 0.61 0.86 0.96 0.65 0.24 0.18 0.13 0.07
Corn 0.10 0.17 023 042 051 0.79 097 0.95 025 0.19 0.13 0.07
Phreatophytes 048  0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 085 044
Water 0.28 0.50 0.74 094 1.10 1.18 1.25 1.17 094 0.68 034 0.24
Area 8
Alfalfa 0.12 0.19 026 035 0.63 091 097 085 0.62 034 0.16 0.08
Pasture 0.13 0.19 025 034 0.60 0.85 091 0.80 0.59 033 0.16 0.09
Orchard 025+ 029 032~ -037 ' 0.53 0.69 0.72 0.65 052 037 027 0.22
Grain 0.11 0.18 025 046 0.67 097 092 0.72 033 024 0.15 0.07
Corn 0.11 0.18 025 045 0.6l 0.92 1.00 092 0.65 024 0.15 0.07
Phreatophytes 048  0.71 0.94 1.15 1.30 1.35 1.40 1535 1.30 1.20 085 044
Water 0.28 0.0 0.74 094 1.10 1.18 1.25 1.17 094  0.68 0.34 0.24
Area 9
Alfalfa 0.20 0.26 035 055 0.80 0.97 1.02 091 0.72 047 0.26 0.16
Pasture 0.20 0.26 0.34 052 0.75 091 0.96 0.85 0.68 0.45 0.26 0.16
Orchard 029 032 0.37 048 0.62 07202075 0.69 0.58 044 032 0.27
Grain 0.19:  0.25 0.33 053 084 098 0.79 0.13 0.21 039 024 0.15
Corn 0.19 0.25 033 045 0.61 0.92 1.00 092 0.65 039 024 0.15
Beans 0.19 0.25 0.33 0.37 0.41 0.53 0.70 0.81 0.21 0.39 0.24 0.15
Peas 0.19 0.25 0.33 053 0.70 0.92 0.98 0.13 0.21 0.39 0.24 0315
Potatoes 0.19 0.25 033 043 054 0.76 084 0.77 0.63 039 024 0.15
Sm. Truck 0.19 0.25 033 039 045 0.59  0.69 0.80 0.21 0.39 0.24 0.15
Sugar Beets 0.19 0.25 033 043 057 0.81 0.90 0.80 0.59 041 0.24 0.15
Tomatoes 0.19 0.25 033 046 058 0.82 086 0.77 059 0.39 0.24 0.15
Phreatophytes 048  0.71 0.94 L.15 1.30 1.35 1.40 1.35 1.30 1.20 0.85 044
High WT Grasses 0.20  0.35 051 0.65 0.77 0.90 1.00 0.95 0.75 : 055 0.31 0.18
Water 0.28 0.0 0.74 094 1.10 1.18 1.25 1. 17 094 0.68 047 0.24




Table 16. Unit water use, U, for irrigated crops in Weber River study unit.

Crop

Pasture

Alfalfa
Pasture
Grain

Alfalfa
Pasture
Grain

Alfalfa
Pasture
Grain

Alfalfa
Pasture
Grain

Alfalfa
Pasture
Grain

Alfalfa
Pasture
Grain
Corn
Orchard

Alfalfa
Pasture
Grain
Corn
Orchard

Alfalfa
Pasture
Grain

Corn
Orchard
Beans

Peas
Potatoes
Small Truck
Sugar Beets
Tomatoes

Avg. Growing Season April May June July Aug Sept
AreaNo. 1
June 13 to Sept 5 e 1.62 5.05 4.70 0.57
AreaNo.2
May 23 to Sept 13 0.59 4.20 6.21 5.83 1.74
May 23 to Sept 13 - 0.58 4.08 5.81 5.46 1.66
May 1 to Aug 18 - 2.76 5.27 6.55 299 -
Area No. 3
May 18 to Sept 7 1.52 453 6.57 5.78 0.94
May 18 to Sept 7 - 1.45 435 6.16 5.46 0.90
May 1 to Aug 20 - 2.87 5.23 6.70 3.48
Area No. 4
May 12 to Sept 20 1.74 4.90 6.66 5.68 253
May 12 to Sept 20 1.68 4.60 6.25 5.37 2.40
Apr 22 to Aug 22 1.20 332 5.80 6.59 3.09 -
Area No. 5
May 27 to Sept 10 - 0.30 4.08 6.44 6.02 1.44
May 27 to Sept 10 0.30 3.96 6.02 5.70 1.36
May 1 to Aug 12 298 5.50 6.94 2.18
Area No. 6
May 28 to Sept § - 0.20 3.83 5.88 5.83 0.71
May 28 to Sept 5 - 0.20 3.65 559 5.46 0.68
May 1 to Aug S 2.81 3:32 6.40 1.12
AreaNo.7
April 23 to Sept 9 043 3.69 5.62 6.58 5.18 0.96
April 23 to Sept 9 042 352 5.25 6.23 4.86 0.92
April 13 to Aug 26 1.00 3131 5.31 6.09 4.33 e
April 23 to Sept 9 0.40 2.82 4.88 6.87 6.08 1.24
April 23 to Sept 9 041 3.04 4.20 4.96 4.03 0.80
Area No. 8
April 18 to Sept 13 1.04 4.27 6.01 7.15 5.57 1.45
April 18 to Sept 13 0.98 4.05 5.70 6.71 5.24 1.3
April 18 to Aug 16 0.94 3.72 6.14 6.78 243 e
April 26 to Sept 13 0.29 3.11 5.32 7.37 6.22 1.7
April 18 to Sept 13 0.86 322 4.37 5.09 4.00
Area No.9
April 11 to Oct 19 157 4.85 6.62 7.97 6.60 3.97
April 11 to Oct 19 I'51 4.62 6.28 7.35 6.31 3.81
April 1 to Aug 1 215 497 6.62 6.11 0.15
April 11 to Sept 22 1.28 3.61 6.21 7.74 6.60 2.56
April 11 to Oct 19 1.31 3.73 493 5.73 4.95 3.11
May 21 to Aug 17 0.78 3.58 5.42 3.18
Apr 29 to July 22 0.16 4.14 6.21 5.49
May 2 to Sept 8 2.99 5.13 6.50 5.52 0.90
May S to Aug 29 2.23 3.98 3.32 3.47
April 11 to Oct 19 1.23 3.37 5.54 6.97 5.74 3.17
April 22 to Sept 27 0.49 343 5.54 6.66 552 2.85

Oct

1.28
1.25

1.12

0.81

Total

e

11.9

18.6
17.6
17.6

19.3
18.3
18.3

2155
20.3
20.0

18.3
17.3
17.6

16.5
15.5
15.6

225
21.2
20.0
22.3
17.4

259
24.0
20.0
24.0
18.6

32.8
311
20.0
28.0
249
13.0
16.0
21.0
13.0
26.8
24.5
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Blaney-Criddle “‘F” values
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normal precipitation. In the Weber River study unit these
“water-loving” plants (phreatophytes) consist mainly of
cottonwoods, willows, salt grass, and marshy plants such
as cattails, tule, rushes, etc. To determine the influence of

these plants on the water budget for the study unit, unit

monthly water use has been determined as shown in Table
19 from “k”

(1955) and used by Lee (1964).

values suggested by Blaney and Muckel

Table 17. Coefficients, k, for estimating water use by open bodies of water and phreatophytes in the Weber River study

unit.
Item Jan. Feb. Mar. Apr.  May June  July Aug. Sept. Oct. Nov. Dec.
Open fresh water 028 050 074 094 1.0 1.8 1.25 1.17 094 0.68 034 0.24
Marshy plants, tules,
cottonwoods, willows b 048 0.71 0.94 1.15 1.30 1.35 1.40 1.35 1.30 1.20 085 044
Salt grass, 1 foot WT® 020 035 051 065 070 090 100 095 075 065 031 0.18
aAdapted from Lee, 1964.
hAfter Blaney-Muckel, 1955.
Table 18. Unit water loss from open fresh water in the Weber River study unit.
AreaNo.  Jan. Feb. Mar. Apr. May June  July  Aug.  Sept. Oct. Nov. Dec. Total
1 040 0.80 169 307 492 625 7770 647 401 2.20 0.62 0.37 38.50
2 044 092 197 345 551 699 8.35 7.18 439 243 0.71 042 4276
3 042 092 210 3.6l 574 694 855 7.18 444 246 0.75 042 4353
-+ 041 092 209 365 580 7.06 8.68 7.30 451 248 0.75 041 44.06
5 042 093 218 387 596 729 885 7.49 458 252 0.78 042 4529
6 043 095 205 345 562 706 8.16 7.18 435 243 0.73 042 4283
7 042 093 218 386 596 729 8.85 7.49 458 252 0.78 042 45.28
8 036 080 200 384 6.11 747  9.21 7.66 476  2.58 0.74 038 45091
9 0.49 1.06 245 423 651 797 9.68 8.39 305 ., 297 0.87 048 49095

Table 19. Unit water loss from natural phreatic vegetation where water supply exceeds precipitation in the Weber River

study unit.

Area (Inches)

No. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total
1
2 - 152 7.99 9.35 8.29 2.63 29.79
3 2.63 7.94 9.58 8.29 1.43 29.87
4 4.19 8.07 9.72 8.42 4.16 34.56
5 092 8.34 991 8.64 1.90 29.71
6 0.64 8.07 9.14 8.29 1.00 27.14
7 1.4 7.05 8.34 991 8.64 1.90 36.95
8 88 7.22 8.55 10.32 8.84 2.86 39.67
9a 3.28 7.70 9.11 10.84 9.68 6.98 2.99 50.58
9b 185 414 608 774 681 403 162 32.27

4 cottonwoods, willows, marshy plants, tules

b

salt grass pasture, shallow water tules
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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 distribution 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 nearly 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 shown
in Table 23.

Not all of the runoff that occurs naturally on a
watershed is easily manageable. Water yield from low
lying areas may be sporadic and occur only in the spring
after heavy rain or excessive snow melt, and thus not be
readily retained in reservoirs 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 produces 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 study
unit has a yield value in excess of 19 inches and that 50
percent of the land area produces over 82 percent 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 flow of
Weber River at Qakley 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
stations 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
these 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, is 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. Name of Stream Gage Period of Record
1275 * Weber River above Smith & Morehouse
Creek, near Oakley, Utah 1947
1280 * Smith and Morehouse Creek near Oakley, Utah 1947
1285 * Weber River near Oakley, Utah 1905-1968
1293 Weber River near Peoa, Utah 1958-1968
1295 Weber River near Wanship, Utah 1951-1955, 1958-1960
Silver Creek near Wanship, Utah 1942-1946
1305 Weber River near Coalville, Utah 1928-1968
1310 * Chalk Creek at Coalville, Utah 1928-1968
1320 Weber River at Echo, Utah 1928-1960
1325 * Lost Creek near Croydon, Utah 1922, 1923, 1942-1968
1330 Lost Creek at Devils Slide, Utah 1922-1933
1335 Weber River at Devils Slide, Utah 1906-1955
1345 * East Canyon Creek near Morgan, Utah 1932-1968
1350 % Hardscrabble Creek near Porterville, Utah 1942-1968
1355 East Canyon Creek below diversions, near
Morgan, Utah 1952-1955
1360 Weber River near Morgan, Utah 1951-1955
1365 Weber River at Gateway, Utah 1891, 1892, 1895, 1896-1899
1921-1968
1370 Weber River at Ogden, Utah 1952-1958
1375 % South Fork Ogden River near Huntsville, Utah 1922-1968
1376 South Fork Ogden River at Huntsville, Utah 1960-1968
1377 * North Fork Ogden River near Huntsville, Utah 1960-1968
1378 Middle Fork Ogden River near Huntsville, Utah 1959-1968
1379 Spring Creek at Huntsville, Utah 1959-1968
1393 * Wheeler Creek near Huntsville, Utah 1959-1968
1395 Ogden River near Ogden, Utah 1905-1912, 1932-1959
1400 Ogden River below Pine View Dam, near
Ogden, Utah 1938-1960
Ogden River at powder mill near Ogden, Utah 1890, 1898
1410 Weber River near Plain City, Utah 1905-1968
1415 * Holmes Creek near Kaysville, Utah 1950-1968
1420 * Farmington Creek above diversions, near
Farmington, Utah 1950-1968
1425 * Ricks Creek above diversions, near
Centerville, Utah 1950-1968
1430 * Parrish Creek above diversions, near
Centerville, Utah 1950-1968
1435 Centerville Creek above diversions, near
Centerville, Utah 1950-1968
1440 * Stone Creek above diversions, near
Bountiful, Utah 1950-1968
1450 Mill Creek at Mueller Park, near
Bountiful, Utah 1950-1968
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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
climate, topography, and geology. The flow-duration

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

Gaging Station

Mean Annual
Runoff

(1931-1960)

Mean Annual
Runoff
(1932-1963)

yrs. of
record

Weber R. ab. Smith & Morehouse Cr. nr. Oakley
Smith and Morehouse Cr. nr. Oakley

Weber River nr. Oakley

Weber River nr. 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

Lost Cr. near Devils Slide

Weber R. at Devils Slide

East Canyon Cr. nr. Morgan
Hardscrabble Cr. nr. 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 River-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

ac-ft

69,360

37,160
140,320 140,430
130,630

4,590
136,060
40,310
190,640
19,890

136,750
40,750

36,270
241,370
35,130
20,510
43,160

37,970

290,540
359,520
205,200
76,300
62,820

371,610

77,330

33,330
27,650
7,500
6,090
160,820

55,140

351,940 367,870










Average Yield (Inches)

Table 22. Water yield by subareas in the Weber River

study unit.
Subarea Yield
inches ac-ft.
1 16.48 138,689
2 4.45 54,821
3 3.13 41,448
4 2.39 36,860
5 3.36 40,527
6 4.77 39,240
T 7.23 107,527
8 12.99 196,958
9 6.44 68,628
Total 6.65 724,698
60
50 e 100
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20 40 "
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Figure 24. Distribution of yield with land area for the
Weber River study unit.

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 runoft.

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 is usually complicated by the control works
constructed by man and the many diversions from the
system. Thus, predictions of spring and summer runoff
along a major stream requires considerable analysis. The
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Figure 25. Running averages of runoff for selected gaging stations in the Weber River study unit.
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Table 23. Distribution of mean annual and mean monthly yield for subareas in the Weber River study unit.

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

1 138,689 4,188 3,733 3,402 2881 3,245 3,596 8,072 39,996 46,149 12,466 6,702 4,259

2 54,821 1,215 4,322 4327 4,160 3,986 8,567 9,366 8,903 4,145 1,991 2,016 1,823

3 41,448 926 1,114 1,068 1,059 1,050 1,613 5.944 14,729 8,627 2,712 1,541 1,065
4 36,860 1,398 1,700 2,218 2,293 2,260 3,834 8,841 7,637 5,010 625 166 878
5 40,527 826 1,207 1,007 1,017 1,152 1,927 7,854 18,237 4,003 1463 1,022 812
6 39,240 1,353 1,755 1,655 1,692 1,735 3,214 6,322 9,124 6,687 2,211 1970 1,522
7 107,527 3,504 3435 3,753 3,257 4,197 10,080 24421 26,767 13,572 5713 5022 3,806
8 196,958 3,450 2,806 4,068 4,779 6,052 17,698 54935 60,728 21430 9,520 6471 5,021
9 68,628 1,242 1366 3418 3,802 2313 3,967 15,167 23,821 8,908 2416 1,139 1,057
240
|
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Figure 26. Mean annual runoff frequency distribution for selected stations in the Weber River study unit.
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Figure 27. Mean mozihly runoff frequency distribution for selected stations in the Weber River study unit.
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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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Figure 30. Low-flow sequence curves for selected stations in the Weber River study unit.
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analysis is constantly being improved, thereby resulting in
more accurate predictions.

The runoff-precipitation relationship for a drainage
area serves as another indicator of watershed charac-
teristics. Also, by comparing such relationship as the ratio
of runoff (R) to precipitation (P) and the difference
between these quantities (P-R) between watersheds pro-
vides some insight into the ‘“reasonableness” of these
quantities. 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 (R/P) 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 dense
snowpack (provided considerable snowfall did occur) and
the expected evapotranspiration rates would be less 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 distribution 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 possibly
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 watersheds which might be expected
to have similar ratios of runoff to precipitation should
vary considerably, then the amount of subsurface outflow
might first be suspected.

The ratio of runoff to precipitation (R/P) is shown
in Fig. 31, on a probability basis for two watersheds
within the Weber River study unit—subarea No. 1 and a
part of subarea No. 8 (South Fork of Ogden River). The
mean elevation of subarea No. 1 is nearly 2,000 feet
higher than the mean elevation of the other watershed.
From the curve it can be seen that SO percent of the time
55 percent of the precipitation falling on area No. 1
results in runoff whereas in the South Fork watershed
only 30 percent of the precipitation results in runoff.

The ratio of runoff to precipitation tends to
increase with the “wetness” of the year as indicated by
the upward slope of the curve. For example, on the South
Fork of Ogden River the ratio of runoff to precipitation
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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 consequences 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 design 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 greatest 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.

Jeppson, 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,=3140 A"

where Q is the momentary peak discharge in cfs and A is
the drainage 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 historical frequency distributions. These
results may then be used to estimate floods with
recurrence intervals of 50 years or less. Frequency
distributions of nearly 300 gaging stations in Utah were
evaluated by Jeppson, et al., (1968) to develop a 50 year
iso-flood map and flood frequency curves for various
portions of Utah. The flood frequency curve, along with
the confidence intervals, for the Great Salt Lake Division
(Fig. 32) were developed by linear and semi-log-arithmic
orthogonal regression analyses (Jeppson and Huber, 1966)
to relate the 2, 5, 10, and 25 year floods with the
corresponding 50 year flood for the study unit. The
resulting equation was transformed to eliminate their
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Figure 31. Ratio of runoff to precipitation at different probability levels for selected stations in the Weber River study unit.
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intercepts and to make their dependent argument be
Q/Q,- The confidence interval was calculated about the
equation, depicting the relation between floods for
various return periods, T, and the 50 year flood, Qq-
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
years, or for areas draining less than 10 square miles,
extrapolation beyond these limits is not encouraged
(Jeppson et al., 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 surface
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 less is
known about our groundwater reservoirs and their water
supplies than is 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 phase deals with how
water enters the groundwater basin and this phase is
termed recharge, another phase is concerned with the
movement of water through the ground, and deals with
permeabilities or transmissibilities of the groundwater
formations. The final or storage phase is concerned with
volumes of water which may be withdrawn from the
aquifer. All of these phases are somewhat analogous to
that which happens on the surface, but groundwater
phenomena cannot be observed as readily. The problems
of managing groundwaters are much the same, however, as
the problems of surface management. In both cases it is
necessary to have a continuing inventory on items of
inflow, outflow and change in reservoir storage. Future
needs should also be anticipated so that operation of
reservoir storage could be governed wisely. In other words
the basic data needed for efficient reservoir management
are those which permit computations of rates of recharge,
reservoir capacity, usable storage in the reservoir at all
times, outflow or discharge from the reservoirs, and
probability factors associated with the occurrence of such
variables. Unfortunately present knowledge of the ground-
water in the Weber Basin is not sufficient to completely
satisfy these needs.
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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, sands, 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
settle 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
present shore-line of the Great Salt 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
cause 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.
This aquifer has high permeability (transmissibilities of
wells tapping the Delta aquifer in general range from
25,000 to 190,000 gpd/ft of thickness) and furnishes
water to many of the high yielding pumped wells. The
water is chemically suited for most uses, but is hard, with
a high content of calcium and magnesium. Coefficients of
storage determined from tests in this aquifer averaged 6.9
x 104 (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 is 50 to 250 feet
thick and 250 to 400 feet below the surface, has less
permeability than the Delta aquifer and therefore supplies
small yielding wells. Both of these aquifers are beneath
the Delta area of the Weber River, and extend westward in
a fan-like manner over an area of about 130 square miles.
To the south in the Kaysville-Farmington area there is an
artesian aquifer system partly separated from those in
adjacent areas. Here pressures are generally low. The water
is of good chemical quality near the mountain front but
undergoes cation exchange is it moves westward toward
the lake. To the north in the area of North Ogden another
separate artesian system exists which has the highest
pressure in the East Shore area. Recharge is from the
mountain front and the water is of excellent chemical
character for all uses. The area extending from Ogden to
Plain City is underlain by predominantly fine-grained
materials. Yields are small and waters are of variable
chemical character. The lenses defining separate aquifers
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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 al. (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 should 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
al., 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 al., 1966.)

Water obtainable W btainabl
Water stored by lowering artesian £IEL D taln? ¥
Area in zone 1,100 pressure 150 ft. by dew:}termg
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
North Ogden area 11 800,000 est. not computed 36,000
Subtotal 175 15,800,000 376,000
Ogden to Plain City area? 55 4,600,000 est. not computed 210,000
Western and northwestern
areas @ having cation
exchanged waters 89 8,200,000 est. not computed 370,000
Total 319 28,600,000 956,000

3 Chemical quality of water in this area, and dominance of fine-grained materials would materially

strict development of water in storage.

These calculations have been made by using 25% as the specific yield 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 water Annual recharge

Weber River 16,000
Ogden River 2,000
Mountain Front Streams 3,000
Subsurface front from the Mountain front 30,000
Infiltration of direct precipitation

below 5,00 ft. 10,000
Irrigation seepage and canal losses 6,000
Total 67,000

Groundwater recharge possibilities

The principal recharge area for the aquifers in the
East Shore area is along the Wasatch Mountain front
where a belt of sand and gravel a few feet to a few
thousand 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 1 1/2 miles, 14,000 to 16,000 acre
feet annually go into groundwater storage. The capacity
of this zone to recharge the aquifer was demonstrated in a
test conducted by the U.S. Bureau of Reclamation. In this
test 2,170 acre feet of river water infiltrated through a 3
1/2 acre spreading basin in a 7 week period. This is an
infiltration rate of 6.4 cfs 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:

Irrigated cropland

Phreatophytes

Open, fresh water

Urban, municiple, and industrial including
yards, roads, etc.

5. All other which includes dry native vegetation
and barren wastes

-aiad il

Table 26 shows the acres of each class by subarea
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 3,000 360 100,960 104,320
2 21,500 1,010 1,340 2.240 145,430 171,520
3 2,700 250 10 240 158,720 161,920
i 3,100 360 1,160 380 174,200 179,200
5 650 460 10 120 144,680 145920
6 5,060 510 370 210 93,050 99,200
7 11,760 1,580 260 840 177,560 192,000
8 12,050 2,280 2,200 950 180,920 198.400
9 100,290 53.390 9,020 32,650 127 850 323,200
1-9 160,110 59,840 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 - e e - e 3,000
2 4,610 15,460 1,360 - - e - 70 21,500
3 1,230 1,160 310 .- e 2,700
4 470 2,020 470 - - - 140 3,100
S 130 280 180 - - 60 - 650
6 1,560 2,890 610 - - - e 5,060
7 5,940 1,250 4,170 190 - - - 200 10 11,760
8 5,400 3,500 2,740 180 - 200 30 12,050
9 24,750 33450 13960 8,120 20 610 5,660 860 9,820 3,040 100,290

199 44,090 63,010 23,800 8,490 20 610 5,660 860 10,490 3,080 160,110

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

Marsh land Wet pastures

Area  Cottonwoods, tules, rushes, etc. salt grass, high
No. willows, etc. cattails water table

] ahd | V=, -

2 980 30

3 250 - -

4 360 - -

5 460 -

6 510 -

7 1,580 - =

8 2,280

9 14,490 10,000 30,480

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
imports 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,
phreatophytes 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 al. (1970).

Monthly budgets must consider the change in
storage that occurs within the modeled area in order to

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

Area Mud, salt Trees Trees

No. flats coniferous  broad leaf  Sagebrush Brushlands Saltbush  Desert shrub Total
1 100,960
2 7,930 48,160 54,940 38,670 149,700
3 5,650 51,130 40,240 61,550 158,570
4 7410 110,690 38,160 15,520 171,780
5 5,320 9,640 46,770 47,080 31,370 4320 144,500
6 44470 12,980 35,290 92,740
7 3,610 3,610 27,160 65,820 79,020 179,220
8 2310 3410 38,800 17,230 120,980 182,750
9 50910 24750 76,090 - 18,000 169,750
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READ OUTPUT LABEL CARDS, PARAMETER
INITIALIZATION CARDS AND INPUT DATA

|

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

)

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

ROUTE CROPLAND DIVERSIONS THROUGH ROOT ZONE
SOIL MOISTURE MODEL TO OBTAIN ACTUAL CROP-
LAND CONSUMPTIVE USE, SURFACE AND GROUNDWATER
RETURN FLOW AND DEEP PERCOLATION

3

ROUTE DEEP PERCOLATION, CROPLAND GROUNDWATER
RETURN FLOW AND GROUNDWATER INFLOW THROUGH
INTERFLOW STORAGE WHICH HAS OPTIONALLY SPEC-
IFIED FIXED DELAYS SUPERIMPOSED UPON AN EXPON-
ENTIAL DECAY STORAGE FUNCTION TO YIELD INTERFLOW
ADDITION TO GROUNDWATER AND INTERFLOW ADDITION
TO SURFACE WATER

CALCULATE AND ROUTE WETLAND SUPPLY THROUGH
WETLAND SOIL MOISTURE MODEL TO YIELD ACTUAL
WETLAND CONSUMPTIVE USE AND SURFACE AND
GROUNDWATER RESIDUALS

CALCULATE TOTAL USEABLE WATER BY SUMMING ALL
SURFACE INPUTS AND RETURN FLOWS; SURFACE OUT-
FLOW BY SUBRACTING ALL DIVERSIONS FROM TOTAL
USEABLE WATER AND TOTAL OUTFLOW AS THE RESIDUAL
OF THE MASS BALANCE COMPUTATIONS

I

CALCULATE GROUNDWATER OUTFLOW AND CHANGE IN
GROUNDWATER STORAGE BY APPLYING THE CONTINUITY
EQUATION TO TOTAL OUTFLOW, SURFACE OUTFLOW
AND ADDITION TO GROUNDWATER

SELECT DESIRED OUTPUT OPTION AND LIST ACCORDINGLY
MONTHLY VALUES OF:
1. DETAILED MASS BALANCE WATER BUDGET IN ACRE-FT OR
2. SUMMARY OF OUTFLOW ITEMS IN ACRE-FT OR
3. SUM OF SQUARED DEVIATIONS BETWEEN MODEL AND
OBSERVED HYDROGRAPH- -

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

S+ k (Tav. - 32) S,

where
Snm =  snowmelt during the month in acre feet
k = coefficient determined by judgment
Tav = average monthly temperature
S, = 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 = I (Ky)
where
F = outflow from temporary root zone stor-
age
I¢ total amount of water in storage
Ki = 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
evapotranspiration is calculated by the computer using the
Blaney-Criddle formula and techniques reported earlier.
The average monthly temperatures, the percentage of
daylight hours and the crop coefficients are all read-in
initially to the computer.



Water Budget Analyses

Summing all the inputs and outputs for each
subarea gives the overall mean annual water budget as
shown in Table 30. Using these figures and mean annual
figures for water depletions, the flow diagram in Fig. 36
was drawn. The figure shows a sizable flow annually
discharged into Great Salt Lake and that on-site uses and
nonbeneficial uses account for almost 70 percent of the
total water resource.

A flow diagram of a mean monthly budget is
illustrated in Fig. 37. This diagram is used to indicate the
“budgets within budgets” needed to balance the inflow-
outflow items. Precipitation that occurs during the winter
months does not immediately result in runoff. Water is
held in storage on the watershed until the snowmelt
period begins in early spring. Also, water that is diverted
for agricultural use in excess of that depleted by the
plants does not reappear in the streams until sufficient
travel time has elapsed. Such changes in storage must be
accounted for in any monthly budget.

Subarea No. 1—Weber River above Oakley. This area
is principally a mountainous watershed with very little
cultural activity taking place; however, indicators point to
a summer home complex developing in the future. This
may alter the present water balance. Present agricultural
use is limited to pasture grasses in the canyon bottoms.
Water may be diverted onto these pasture areas, but in
general the precipitation on a mean monthly basis is
sufficient to meet the consumptive demands. Because of
the geologic structures at the gaging station, the under-
flow past the measuring device is assumed to be insignif-
icant. The mean monthly budget for subarea 1 is shown in
Table 31.

Subarea No. 2—Kamas Valley. Inputs to Kamas
Valley include the Weber River which is gaged at Oakley
and the ungaged inflow coming principally from Beaver
Creek and Silver Creek. There is also some import into the
area from Shingle Creek and Provo River through the
Kamas-Washington canal. The soil moisture reservoir is
generally considered to be full and overflowing. Water
tables within inches of the ground surface exist over about
11,000 acres of the total 21,000 acres making up the
valley floor. Depletion is, therefore, higher than would
normally be expected for pasture lands in the same
climatic environment without drainage problems.

Outflow from the valley in addition to vegetation
depletion consists of water exported from the Weber
River into the Weber-Provo canal, and an undetermined
amount of groundwater seeping to the Provo River, and
the flow of Ontario tunnel which is presumed to take
water which would normally flow in the Silver Creek
system. In addition, there may be an underflow passing
the gaging station below the Rockport Reservoir into
subarea No. 4. The mean monthly budget is shown in
Table 32.
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Subarca No. 3—Chalk Creck. Subarea 3 encompasses
all of the drainage area of Chalk Creek above the gaging
station at Coalville. The gaging station is located just
above the confluence with Weber River at Echo Reservoir.
Some underflow could bypass the measuring device, but
the amount is assumed to be small. Agricultural and
domestic uses occur in the bottoms of the canyon and
extend upstream some distance beyond the small
communily of Upton. The soils are generally well drained
and the water supply usually adequate. Several small
reservoirs exist in the higher elevations but were not
considered in the budget. The mean monthly budget is
shown in Table 33.

Subarca No. 4—-Echo to Devil’s Slide. The agri-
cultural area within this section is limited to the river
bottoms and is not extensive. The river bottoms widen
near Henefer but cut off sharply as the river enters the
narrow rock-walled canyon above the gaging station at
Devil’s Slide. Inputs to the area include the flow of Chalk
Creek, Lost Creek, and the flow from area 2. Depletions
are small and a fairly large outflow runs into area 7. The
gaging station was discontinued in 1955 making it
necessary to extend the record by correlation. Underflow
past the measuring device was assumed to be insignificant.
The mean monthly budget appears in Table 34.

Subarea 5—Lost Creek. Subarea No. S includes all of
the drainage area of Lost Creek. The gaging station is near
the mouth of the canyon above the confluence with
Weber River. The agricultural area is limited to an area in
the canyon mouth including the town of Croyden and
small strips of river bottom land upstream from Croyden.
Depletions are not great and underflow past the gaging
station is assumed to be insignificant. The soils are
generally well drained and do not support extensive
phreatophyte growth. A new reservoir has been built since
1960 and is not accounted for in the budget. The mean
monthly budget appears in Table 35.

Subarea 6—FEast Canyon. Subarea 6 is a complete
drainage system ending at the gaging station below East
Canyon Dam. There may, however, be some dispute as to
the precise location of this drainage boundary in the
upper area near Park City and the Silver Creek drainage.
For purposes of this study, it has been assumed that no
water is imported or exported from the drainage area
through the system of underground mine workings at Park
City. Depletion occurs mainly in the Parley’s Park and
Synder’s meadow area north of Park City. Narrow strips
of agricultural land also exist along the bottom of East
Canyon downstream from the meadows to the reservoir.
East Canyon Dam is built upon rock abutments and is
assumed to block all underflow from the area. The mean
monthly budget is shown in Table 36,

Subarea 7-Morgan. Subarea 7 is approaching the
5,000 foot elevation and consequently has higher mean
temperatures than the previously described subareas.
Inputs to the area include the outflow from area 4 and
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Figure 37. “Plumbing Diagram” of monthly water budget com[;utational procedure.
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Table 30. Summary of mean annual water budget for the Weber River study unit.

INFLOWS
Subarea Watershed Watershed on Yield to River Inflows Surface Precipitation on
Precipitation Site Use Valley Area Imports Valley Area
(inches) (acre-feet) (inches) (acre-feet) (inches) (acre-feet) (acre-feet) (acre-feet) Oct-Sept May-Sept

(acre-feet) (acre-feet)

01 32.48 273,280 16.00 134,590 16.48 138,689 0 0 7.691 2,558

02 22.00 270,770 17.55 215,950 4.45 54821° 140,378 4.698 40.394 13,074

03 20.97 277,770 17.84 236,320 3.13 41,448 0 1,182 4.376 1,453

04 18.93 275,400 16.54 238,540 239 36,860 220,417 1,177 5.354 1,955

05 19.83 239,300 16.47 198,770 3.36 40,527 0 0 1,587 548

06 26.62 206,860 21.85 167,620 4.77 39,240 0 0 11,133 3,226

07 27.23 404,800 20.00 297,270 T:23 107,527 288,490 0 16,643 4931

08 24.68 374,100 11.69 177,150 12.99 196,958 0 0 28,813 7,631

09 18.89 201,240 12.45 132,610 6.44 68,628 559,879 0 323956 96,535

lTotal 23.15 2,523,530 16.50 1,798,820 6.65 724,698 439,947 131,911

OUTFLOWS
Subarea Cropland Cropland Net Wetland Municiple and Total Net Exports Outflow
Consumptive Consumptive Consumptive Industrial Depletions Depletions Surface
Use Use Use Use
Oct-Sept May-Sept Oct-Sept May-Sept Oct-Sept May-Sept Oct-Sept May-Sept Oct-Sept May-Sept

(acre-feet)  (acre-feet) | (acre-feet)  (acre-feet) | (acre-feet) (acre-feet) (acre-feet) (acre-feet) (acre-feet) (acre-feet)  (acre-feet) | (acre-feet) | (acre-feet)

01 4,846 4,246 -2,021 1,962 1158 881 0 6.001 5.127 -1.690 2,569 0 140,378
02 45,240 39,150 4,999 27,363 8,250 6,208 150 53,640 45.466 13.246 32,392 33.577 153.076 ®

03 5,398 4,657 1,400 3,329 809 615 50 6.257 5.306 1.881 3.853 0 40,748

04 6,413 5,465 2,830 4,153 5,313 4,028 0 11,726 9493 6.372 7.538 0 252,081

05 1,209 1,024 281 704 1,343 1,047 0 2,952 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 24910 20,867 10,524 16,605 5,511 4,375 120 30.541 25.328 13.898 20.397 9.889 372.229

08 30,049 25412 9,039 19,847 16,133 12,526 50 46.232 37,972 17419 30.341 16,703 162819

09 264,277 204,520 97,971 154,496 234,805 176,793 27,588 526,670 402,454 202.714 305919 18,662 407,069

Total 396,680 315,120 126,817 235,471 275,947 208,490 27,958 697,585 545.013 257.638 413.202 — -

4 Ground water yield from Park City Mines - 9,977

b Groundwater from mines at Park City and ground water flow to Provo River from Beaver Creek - 12,970
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Table 31. Mean monthly water budget for subarea no. 1 Weber River study unit.

ITERATION O
ITEM- -YEAR MEAN

MEASURED INFLOW I
MEASURED IMPORTS I
UNMEASURED INFLOW I

UNMEASURED SURFACE 1IN
GROUNDWATER INFLOW
RESERVO IR STORAGE

RESERVOIR PRECIPITATION I
RESERVO IR EVAPORATION 0
CHANGE IN RES STORAGE 0

PUMPED WATER

SURFACE RETURN FLOW
GROUNDWATER TO SURFACE
M AND I RETURN FLOW
USEABLE SURFACE WATER

EXPORTS 0
M AND I DIVERSION
M AND I NET USE 0

CROPLAND DIVERSIONS
AMOUNT TO ROOT ZONE
CROPL AND RETURN FLOW
CROPLAND PRECIPITATION
SNOW STORAGE ADDED
ACCUM SNOW STORAGE
SNOW MELT I
ROOT ZONE SUPPLY
CROPLAND P.C.U.
RZ SUPPLY-P.C.U.
ACCUM SOIL MOISTURE I~0
CONS. USE DEFICITV
ACTUAL CROPLAND C.U. 0
INTERFLOW ADDED
GW RETURN FLOW
ACCUM INTERFLOW I-0
INTERFLOW TO SURFACE
INTERFLOW SUPPLY TO WL
WETLAND PRECIPITATION I

(=]

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

TOTAL SUPPLY T0 WL
POTENTI AL WETLAND CU
TSWL-wWL PCU

ACCUM WL SOIL MOIST I-0
WETLAND DEFICIT

ACTUAL WETLAND C.U. 0
WETLAND SURFACE OUTFLOW
WETLAND ADDITION TCO GW
INTERFLOW TO GW
TOTAL GW ADDED

OUTFLOW ¢« CHANGE IN Gw PR
GW OUTFLOW
CHANGE IN GW STORAGE
SURFACE OUTFLOW
GAGED SURFACE OUTFLOW
DIFFERENCE (COMP-GAGED)

117.
18.

0.
Q.

3733.
0.

37133.
3733.
D.

DEC

JAN
O.
0.
2881 .
2881.
O.
0.
O.
0.

WATER BUDGET -SUBAREA 1-WEBER BASIN

MAR
O.

0.
3596.
3596.
0.
-0

APR
0.

0.
8072.
8072.
0.

0.

0.

10544,
0.
0.
10544,
10544,
O«

MAY

0.

0.
39996.
3999%.
0.

0.

0.

40773.
0.

0.

0.

0.

O.

0.
575«
0.

4n773.
0.
0.
40773.
40773,
O.

JUN

0.

D.
46149.
461489.
0.

0.

O.

O.

0.

0.

0.

0.

0.
96149.
0.

O.

D.

0.

46149.
0.
De.
46149.
46149.
0.

12466.
124€66.
0.

30.
36.

11751.
0.
0.
11751.
11751.
0.

0.
0.
4259.

4126.
0.
0.
4126.
4126.
O.

ANNUAL

140379.
0.
U.
140379.
140378.
1.
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Table 32. Mean monthly water budget for subarea no. 2 Weber River study unit.

ITERATION O
ITEM- -YEAR MEAN

MEASURED INFLOW I
MEASURED IMPORTS I
UNMEASURED INFLOW I

UNMEA SURED SURFACE 1IN
GROUNDWATER INFLOW
RESERVOIR STORAGE
RESERVOIR PRECIPITATION
RESERVOIR EVAPORATION
CHANGE IN RES STORAGE
PUMPED WATER
SURFACE RETURN FLOW
GROUNDWATER TO SURFACE
M AND I RETURN FLOW
USEABLE SURFACE WATER

O O =

EXPORTS 0
M AND T DIVERSION
M AND I NET USE 0

CROPL AND DIVERSIONS
AMOUNT TO ROOT ZONE
CROPLAND RETURN FLOW
CROPLAND PRECIPITATION I
SNOW STORAGE ADDED
ACCUM SNOW STORAGE
SNOW MELT I
ROOT ZONE SUPPLY
CROPL AND P.C.U.
RZ SUPPLY-P.C.U.
ACCUM SOTL MOISTURE I-0
CONS. USE DEFICTY
ACTUAL CROPLAND C.U. 0
INTERFLOW ADDED
GWw RETURN FLOW
ACCUM INTERFLOW I-0
INTERFLOW TO SURFACE
INTERFLOW SUPPLY TO WL
WETLAND PRECIPITATION &

(=]

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

TOTAL SUPPLY TO WL
POTENTI AL WETLAND CU
TSWL-WL PCU

ACCUM WL SOIL MOIST I-0
WETLAND DEFICIT

ACTUAL WE TLAND C.U. 0
WETLAND SURFACE OUTFLOW
WETLAND ADDITION TO GW
INTERFLOW TO GW
TOTAL GW ADDED

OUTFLOW ¢ CHANGE IN GW PR
GW OUTFLOW
CHANGE IN GW STORAGE
SURFACE OUTFLOW
GAGED SURFACE OUTFL OW
DIFFERENCE (COMP-GAGE D)

ocr
4188.
0.
1215.
994.
221.
2207.
106.
181.
-278.
0.

0.

O

9.
7601.
100.

NOV
3733.

4322.
3535.
787.
2392.
142.

185.

DEC
3unN2.
0.
4327.
3539.
788.
2145.
163.
31.
-287
O.

O.

O.

6.

FEB
3245.
0.
3986.
3261.
725.
2347.
158.
68.
235.
0.

0.

0.

4.

MAR
3596.
O.
8567
7008.
1559.
2216.
169.
146.
=131
0.

O.

0.
10.
12984.
400.
18.
8.

0.

0.

D.
4084.
4084.
13736.
7128.
7128.
1032.
6096.
413.
0.
1032.
0.

0.
5489.
0.

O.
277.
277.
930.
483.
483.
220.
262.
105.
0.
220.
D.

0.
737.
737.
11087.
1127.
-390.
10350.
103S51.
-1l.

APR
10544 .
0.
9366.
7661.
1705.
1991.
132.
256.
-225.
D.
153
3364.
12.
23826«
2800.
24.
12.
223.
70.
153.
3189.
O.
10693.
10693.
139S1.
1845.
12106.
6509.
O
1845.
6846 .

MAY
40773,
§35.
8903.
7283.
1620.
3306.
138.
409.
1315.
O
7859.
710.
19.
59298.
11214
38.
19.
11471
3612.
7859.
3332.
O.

0.

O«
6944,
4114,
28 30.
11770.
D.
4114.
2830.

3362.
36631.
1148.
2214.
33269.
33269.
0.

WATER BUDGET -SUBAREA 2-WEBER BASIN

JUN
46149,
1640.
4145,
3391.
754.
4725.
101.
518.
1419.
0.
13726.
0.

23.
67817.
13095.
46.
23.
20035.
6309.
13726.
2436.
D.

11770.
D.
9501.
O.

167.
B26.
-658.
3166«
0.
826.
0.

0.
752.
752.
20668.
1106.
-354.
29916.
29916.
D.

ANNUAL
140378
4698 .
54821.
44844,
9977.
24 85.
1508.
3171.

12970.
-2.
140107.
140106.
1.
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Table 33. Mean monthly water budget for subarea no. 3 Weber River study unit.

ITERATION O
ITEM- -YEAR MEAN

MEASURED INFLOW I
MEASURED IMPORTS I
UNMEASURED INFLOW I

UNMEASURED SURFACE IN
GROUNDWATER INFLOW
RESERVO IR STORAGE
RESERVOIR PRECIPITATION
RESERVOIR EVAPORATION
CHANGE IN RES STORAGE
PUMPED WATER
SURFACE RETURN FLOW
GROUNDWATER TO SURFACE
M AND I RETURN FLOW
USEABLE SURFACE WATER

OO m™

EXPORTS 0
M AND I DIVERSION
M AND I NET USE 0

CROPL AND DIVERSTIONS
AMOUNT TO ROOT ZONE
CROPLAND RETURN FLOW
CROPLAND PRECIPITATION
SNOW STORAGE ADOED
ACCUM SNOW STORAGE
SNOW MELT I
ROOT ZONE SUPPLY
CROPL AND P.C.U.
RZ SUPPLY-P.C.U.
ACCUM SOIL MOISTURE I-0
CONS. USE DEFICIT
ACTUAL CROPLAND C.U. 0
INTERFLOW ADDED
GW RETURN FLOW
ACCUM INTERFLOW I-0
INTERFLOW TO SURFACE
INTERFLOW SUPPLY TO WL
WETLAND PRECIPITATION I

D -

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

TOTAL SUPPLY TO WL
POTENTIAL WETLAND CuU
TSWL-WL PCU

ACCUM WL SOIL MOIST 1=0
WETLAND DEFICIT

ACTUAL WETLAND C.U. 0
WETLAND SURFACE OUTFLOW
WETLAND ADDITION TO GW
INTERFLOW TO GW
TOTAL GwW ADDED

OUTFLOW + CHANGE IN GW P
GW OUTFLOW
CHANGE IN GW STORAGE
SURFACE OUTFLOW
GAGED SURFACE OUTFL OW
DIFFERENCE (COMP-GAGED)

WATER BUDGET -SUBAREA 3-WEBER BASIN

FEB

MAR -

APR
D«
0.
S944.
5944 .
D.
D.

6697.
0.

MAY

O
214,
14729.
14729.
O«

0.

14750
D.

0.
14750
14750.
-0.

JUN
O.
395.
8627.
8627.
O.

D.

AUG

186.
1541.
1541.

SEP
0.
159.
1065.
1065.
0.

0.

0.

0.

ANNUAL
0
1182.
41448,
4 1448,
0.

0.

0.

0.

0.

0.
4011.
5046.
48.
51734.
0.

9.
50.
10888.
3429,
7459.
3998.
1459.
0.
1459.
T426.
5398.
2028.
473.
0.
5398.
2028.
3449,
4000.
0.
5477.
378.
138.
0.
138.
23471,
809.
5046 .
258.
0.
809.
5046.
0.

0.

0.
40748,



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

ITERATION O
ITEM- -YEAR ME AN

MEASURED INFLOW I
MEASURED IMPORTS I
UNMEASURED INFLOW I

UNMEASURED SURFACE IN
GROUNDWATER INFLOW
RESERVOIR STORAGE
RESERVOIR PRECIPITATION
RESERVO IR EVAPORATI ON
CHANGE IN RES STORAGE
PUMPED WATER
SURFACE RETURN FLOW
GROUNDWATER TO SURFACE
M AND I RETURN FLOW

OOm™

USEABLE SURFACE WATER
EXPORTS 0
M AND I DIVERSION
M AND I NET USE 0

CROPL AND DIVERSIONS
AMOUNT TO ROOT ZONE
CROPLAND RETURN FLOW
CROPLAND PRECIPITATION
SNOW STORAGE ADDED
ACCUM SNOW STORAGE
SNOW MELT I
ROOT ZONE SUPPLY
CROPLAND P.C.U.
RZ SUPPLY-P.C.U.
ACCUM SOIL MOTSTURE I-0
CONS. USE DEFICIT
ACTUAL CROPLAND C.U. 0
INTERFLOW ADDED
GW RETURN FLOW
ACCUM INTERFLOW I-0
INTERFLOW TO SURF ACE
INTERFLOW SUPPLY TO WL
WETLAND PRECIPITATION I

O -

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

TOTAL SUPPLY TO WL
POTENTIAL WETLAND CU
TSWL-WL PCU

ACCUM WL SOIL MOIST I-0
WETLAND DEFICIY

ACTUAL WE TL AND C.U. 0
WETLAND SURFACE OUTFLOW
WETLAND ADDITION TO GW
INTERFLOW TO GW
TOTAL GW ADDED

OUTFLOW ¢« CHANGE IN GW R
Gw OUTFLOW
CHANGE TN GW STORAGE
SURFACE OUTFLOW
GAGED SURFACE OUTFL OW
DIFFERENCE (COMP-GAGE D)

ocCrT
7025.
O.
1398.
1398.
O.
15600.
103.
223.
-u68.
0.

0.

0.

NOV
9089.
O.
1700.
1700.
0.
17249.
113.
67.
1649.
0.

0.

0.

0.

264 35,
0.

DEC
8892.
0.
2218.
2218.
0.
19828.
107.
37.
2579.
0.

JAN
8107.
0.
2293.
2293
0.
21754,
113.
37.
1926 .
0.

WATER BUDGET -SUBAREA 4-WEBER BASIN

FEB
8357.
O.
2260.
2260.
0.
24261.
111.
83.
2507.
0.

D.

0.

O«
32400.
J.

0.

D.

0.

t4 J18

0.
318.
318.
788.
0.

0.

MAR
14556.
0.
3834,
3834,
0.
32598.
138.
204.
8337.
0.

0.

D.

0.
42585.
D.

APR
33474,
0.
8841.
8841.
0.
49328.
111.
330.
16730.
Oe

0.

O

25366«
25366«
0.

MAY
66154 .
214.
7637.
7637.
0.
63504.
122.
521.
14176.

JUN
41631.
395.
S010.
5010.
0.
b22u5.
94.
634.
-1259.
0.
786
0.

0.
110787.
0.

46975.
0.

0.
46975.
46975.
=D

JuL
10153.
228.
625.
625.
0.
43301.
76«
780.
-1894as4,
0.
763.
0.

0.
73311.

23490.
0.

O.
23490.
28490.
-0.

AUG
7155.
186.
166.
166.
O.
25596.
100.
656.
-17705.
O.
505.
O.

0.
50757.
O.

24154,
-0.

15607,
J.

0.
15607.
15607,
-0.

ANNUAL
220417.
1177.
36860.
3e860.
0.
16068.
1254,
3978.

O.
651469.
0.

0.

0.
8056.
2861.
5195.
3583.
1271.
o.
1271.

252082.
=)e
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Table 35. Mean monthly water budget for subarea no. 5 Weber River study unit.

ITERATION O
ITEM--YEAR MEAN

MEASURED INFLOW I
MEASURED IMPORTS 4
UNMEASURED INFLOW I

UNMEASURED SURFACE IN
GROUNDWATER INFLOW
RESERVO IR STORAGE
RESERVOIR PRECIPITATION
RESERVO IR EVAPORATION
CHANGE IN RES STORAGE 0
PUMPED WATER
SURFACE RETURN FLOW
GROUNDWATER TO SURFACE
M AND I RETURN FLOW
USEABLE SURFACE WATER

(=]

EXPOR TS 0
M AND T DIVERSION
M AND I NET USE 0

CROPLAND DIVERSIONS
AMOUNT TO ROOT ZONE
CROPLAND RETURN FLOW
CROPLAND PRECIPITATION
SNOW STORAGE ADDED
ACCUM SNOW STORAGE
SNOW MELT I
ROOT ZONE SUPPLY
CROPLAND P.C.U.
RZ SUPPLY-P.C.U.
ACCUM SOIL MOISTURE I-0
CONS. USE DEFICIT
ACTUAL CROPLAND C.U. 0
INTERFLOW ADDED
GW RE TURN FLOW
ACCUM INTFRFLOW I1-0
INTERFLOW TO SURFACE
INTERFLOW SUPPLY TO WL
WETLAND PRECIPITATION I

o ™

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

TOTAL SUPPLY TO WL
POTENTIAL WETLAND CU
TSWL-W PCU

ACCUM WL SOIL MOIST I-0
WETLAND DEFICIT

ACTUAL WE TLAND C.U. 0
WETLAND SURFACE OUTFL OW
WETLAND ADDITION 7O GW
INTERFLOW TO GW
TOTAL GW ADDED

OUTFLOW « CHANGE IN GW R
GW OUTFLOW
CHANGE IN GW STORAGE
SURFACE OUTFLOW
GAGED SURFACE OUTFL OW
DIFFERENCE (COMP-GAGED)

DEC
0.

O.
1007.
1007.
0.
0.
0.
0.

JAN
0.

i
1017.
1017.
0.

0.

0

0.

0.

9.
0.
Os

9.
1017.
0.

0.

0.

0.

0.

0%
90.
90.
81.
0.

0.

8.
-8.

WATER BUDGET -SUBAREA S-WEBER BASIN

FEB
O
D.
1152.
1152.
O
0.
0.
0.
0.
0.
D«
0.
D.
1152.
0.
0.
0.
0.
O.
0.
95.
95.
173a
0.
0.
14,
-14.
188.
D.
14.
0.
0.
700.
0.
0.
67.

67.

MAR
0.

D.
1927.
1927.
0.

0.

APR
0.

0.
7854 .
7854.
0.

O.

0.

223.

MAY
0.
0.
182 37.
138237.
O.
D.
O.

19298.
0.

0.

0.
1164.
267.
797.
97.

0.

18135.
D.
0.
18135.
18135.
D.

JUN
0.

0.
4003.
4003.
O.

O.

ANNUAL
0.
0.
“0527.
40527.
0.
0.
0.
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Table 36. Mean monthly water budget for subarea no. 6 Weber River study unit.

ITERATION O
ITEM- -YEAR MEAN

MEASURED INFLOW I
MEASURED IMPORTS I
UNMEASURED INFLOW I

UNMEASURED SURFACE 1IN
GROUNDWATER INFLOW
RESERVO IR STORAGE
RESERVOIR PRECIPITATION
RESERVO IR EVAPORATION
CHANGE IN RES STORAGE
PUMPED WATER
SURFACE RETURN FLOW
GROUNDWATER TO SURFACE
M AND I RETURN FLOW
USEABLE SURFACE WATER

Som™

EXPORTS 0
M AND T DIVERSION
M AND I NET USE 0

CROPL AND DIVERSTONS
AMOUNT TO ROOT ZONE
CROPLAND RETURN FLOW
CROPLAND PRECIPITATION I
SNOW STORAGE ADDED
ACCUM SNOW STORAGE
SNOW MELT I
ROOT ZONE SUPPLY
CROPL AND P.C.U.
RZ SUPPLY-P.C.U.
ACCUM SOIL MOISTURFE I-0
CONS. USE DEFICIT
ACTUAL CROPLAND C.U. 0
INTERFLOW ADDED
GW RE TURN FLOW
ACCUM INTERFLOW 1-0
INTERFLOW TO SURF ACE
INTERFLOW SUPPLY T0 WL
WETLAND PRECIPITATION I

o

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

TOTAL SUPPLY TO WL
POTENTIAL WETLAND CU
TSWL-WL PCuU .

ACCUM WL SOIL MOIST -0
WETLAND DEFICIT

ACTUAL WE TLAND C.U. 0
WETLAND SURFACE OUTFLOW
WETLAND ADDITION TO GW
INTERFLOW TO GW
TOTAL GW ADDED

OUTFLOW ¢« CHANGE IN GW R
GW OUTFLOW
CHANGE IN GW STORAGE
SURFACE OUTFLOW
GAGED SURFACE OUTFL OW
DIFFERENCE (COMP-GAGED)

10195.
45.
75.

-418.
0.

NOV

0.

N.
1755.
1755.
0.
11303.
63.
23.
1108.
O.

0.

O.

0.
11990.
0.

JAN

0.

0.
1692.
1692.
0.
13366.
76 .«
13.
1092.
O.

0.

0.

0.
14028.
0.

WATER BUDGET -SUBAREA 6-WEBER BASIN

FEB
0.

0.
1735.
1735.
0.
14321.
80.
29.
955.
D.

0.

0.

0.
15152.
0.

0.

D«

0.

0.

0.
1093.

MAR
0.

O.
3214.
3214.
0.
16239.
86.
63.
1918.
0.

APR

0.

0.
6322.
6322.
0.
21766.
T4.
107.
5527.
0.

0.
2988.
O.
25515.
0.

MAY

0.

0.
9124.
9124.
0.
2u977.
S6 .
174.
3211.
0.
2266.
655.
0.
33692.
0.

JUN

0.

0.
6687.
6687.
0.
24676
38.
218.
-301.
0.
4890.
172.
0.
36546.
0.

ANNUAL
0.

O.
39240.
39240.
0.
10613.
699.
1325.
0.

0.
13195.
3938.
0.

24 8906 .
0.

3e408.
0.

0.
36408,
Jeuls.
-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—0Ogden 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

underground basin is piped directly into area 9. The mean
monthly budget for the subarea 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 budgets for each subarea areshown in Fig. 38.
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Table 37. Mean monthly water budget for subarea no. 7 Weber River study unit.

ITERATION O
ITEM- -YEAR MEAN

MEASURED INFLOW I
MEASURED IMPORTS I
UNMEASURED INFLOW I

UNMEASURED SURFACE 1IN
GROUNDWATER INFLOW
RESERVO IR STORAGE
RESERVOIR PRECIPITATION
RESERVO IR EVAPORATION
CHANGE IN RES STORAGE
PUMPED WATER
SURFACE RETURN FL OW
GROUNDWATER TO SURF ACE
M AND I RETURN FLOW
USEABLE SURFACE WATER

(==

EXPORTS 0
M AND T DIVERSION
M AND I NET USE 0

CROPLAND DIVERS IONS
AMOUNT TO ROOT ZONE
CROPL AND RETURN FLOW
CROPLAND PRECIPITATION

—

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

ROOT Z0NE SUPPLY
CROPLAND P.C.U.
RZ SUPPLY-P.C.U.
ACCUM SOIL MOISTURE I-0
CONS. USE DEFICIT
ACTUAL CROPLAND C.U. 0
INTERFLOW ADDED
GW RETURN FLOW
ACCUM INTERFLOW I-0
INTERFLOW TO SURFACE
INTERFLOW SUPPLY T0 WL
WETLAND PRECIPITATION |

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

TOTAL SUPPLY TO WL
POTENTIAL WETLAND CuU
TSWL-WL PCU

ACCUM WL SOIL MOISTY I-0
WETLAND DEFICIT

ACTUAL WE TLAND C.U. 0
WETLAND SURFACE OUTFLOW
WETLAND ADDITION 7O GW
INTERFLOW TO GW
TOTAL Gw ADDED

OUTFLOW ¢« CHANGE IN GW R
Gw OUTFLOW
CHANGE IN GW STORAGE
SURFACE OUTFLOW
GAGED SURFACE OUTFL OW
DIFFERENCE (COMP-GAGE D)

ocr
10393.
0.
350u.
3504.
0.

0.

0.

0.

13617.

13617.
13617.

NOV
9873.
0.

34 35.
34 35.
0.
O
0.
N.
De.
0.
0.
D.
3.
13311.
348.
6.

12957.
J.

DEC
9346.
0.
3753.
3753.
0.

0.
0.
0.
0.
0.
0.

0.

2.

JAN
9212.
0.
3257.
3257.
J.
J.
0.
0.
0.
0.
0.
0.
2.
12471
284 .

WATER BUDGET -SUBAREA 7-WEBER BASIN

FEB
8970.
O.
4197.
4197.
0.
0.
O«
0.

MAR
11429.
O.
10080
10080.
0.

N.

0.

0.

APR
29115.
O.
24421,
24421.
O

0.

53109.

5$3109.
53109.
-0.

MAY
63783.
0.
26767.
26767
O

0.

0.

0.

D

De.
4155.
0.

15.
Qu720.
769.
30.
15.
7220.
2274,
4946.
1343,

JUN
51708.
D.
13572.
13572.
0.

35064.
0.

30667.
0.

21319.
0.

ANNUAL
28 8490.
0.
107527.
107527,
0.

33418,
10523.
22895.
18386,
4577.
0.
4s77.

3712230.
0.
0.
3712230.
3712229.
l.
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Table 38. Mean monthly water budget for subarea no. 8 Weber River study unit.

ITERATION O
ITEM- -YEAR MEAN

MEASURED INFLOW I
MEASURED IMPORTS I
UNMEASURED INFLOW I

UNMEASURED SURFACE 1IN
GROUNDWATER INFLOW
RESERVOIR STORAGE
RESERVOIR PRECIPITATION
RESERVO IR EVAPORATION
CHANGE IN RES STOPRAGE
PUMPED WATER
SURFACE RETURN FL OW
GROUNDWATER TO SURFACE
M AND T RETURN FLOW
USEABLE SURFACE WATER

OO M

EXPORTS 0
M AND I DIVERSION
M AND I NET USE 0

CROPLAND DIVERSIONS

AMOUNT TO ROOT ZONE

CROPL AND RETURN FLOW
CROPLAND PRECIPITATION

-

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

ROOT ZONE SUPPLY
CROPLAND P.C.U.
RZ SUPPLY-P.C.U.
ACCUM SOIL MOISTURE I-0
CONS. USE DEFICIT
ACTUAL CROPLAND C.U. - O
INTERFLOW ADDED
GW RETURN FLOW
ACCUM INTERFLOW -0
INTERFLOW TO SURFACE
INTERFLOW SUPPLY T0 WL
WETLAND PRECIPITATION

SNOW STORAGE ADDED 0
ACCUM SNOW STORAGE
SNOW MELT I

TOTAL SUPPLY TO WL
POTENTIAL WETLAND CU
TSWL-wWL PCU

ACCUM WL SOIL MOIST I-0
WETLAND DEFICIT

ACTUAL WETLAND C.U. 0
WETLAND SURFACE OUTFLOW
WETLAND ADDITION TO GW
INTERFLOW TO GW
TOTAL GW ADDED

OUTFLOW ¢ CHANGE IN GW R
GWw OUTFLOW
CHANGE IN GW STORAGE
SURFACE OUTFLOW
GAGED SURFACE OUTFL OW
DIFFERENCE (COMP-GAGED)

ocr

0.

0.
3450.
3450.
0.
10270.
246 .
S01.
-2112.
1262.
1875.
0.

0.
18715.
1262.
3.

3.
2737.
862.
1875.
1356.
0.

DEC
0.
0.
4768.
4768.
0.
8539.
387.
74 .
-826.
1157.
473.

JAN
0.

0.
4779.
4779.
0.
7769.
433.
69.
-770.
1142.
430.
0.

1.
15254 .
1142.
2.

1.
627.
197.
430.
2380.
2380.
2129.
0.
197.
164.
34.
2817.
0.
164.
De

0.
3725.
O

0.
451 .
451.
404.
O.

D«

WATER BUDGET -SUBAREA B-WEBER BASIN

FEB
Ds

0.
6052.
6052.
D.
7966«
44y,
174.
197.
1013.
431.
0.

2.
15537.
1013.
4.

2.
629.
198.
431.
2441.
2441 .
4509.
347.
546 .
359.
186.
2851.

5925.
-0.

13207.
13207.
-0.

APR

0.

0.
54935.
54935.
D.
31158.
422.
739.
19832.
1062.
11423,
199%.
4.
80429.
1062.
8.

4.
16674.
5251.
11423,
2320.
O«
2311.
2311.
3882.
1620.
8262.
8687 .
0.
1620.
8262.
0.
3971.
D
1943.
440.
0.
438.
438«
2820.
452.
2369.
2300.
0.
452.
1996.
373.
390.
762.
31228.
0.
-300.
31527.
31527.
D.

MAY

0.

0.
60728.
0728
0.
44298,
327.
1187.
13140.
1270.
13020.
2981.
6
108302.
1363.
12.

6.
19004 .
5984.
13020«
1798.

43009.
D.
-616.
43625.
43625.
0.

JUN
0.
0.
21430«
21430.
0.
40569
215.
1451.
-3729.
1363.
10752.
0.
7.
76614.
2092.
14.
7.
15694.
4942,
10752
1185.
0.
0.
0.
6127.
6042.
85.
8F87.

203.
17085.
0.
-1160.
18245,
18245.
0.

10816.
10816.
-0.

ANNUAL
0.

0.
196958.
196958.
0.
12382.
3820.
8926.
0.
14942,
43560.
5552.
48.

48 8858.
16703.
98.

50.
76333.
24037.
5229%.
21011.
6950.
0.
6950.
45048.
3C0138.
14910.

16 2835.
O.
16 .
16 28 20 .
62819.
l.



Table 39. Mean monthly water budget for subarea no. 9 Weber River study unit.

ITERATION 2
ITEM--YEAR MEAN

MEASURED TMFLOW I
MEASURED TMPORTS I
UNMEASURED INFLOW !

UNMEASURFD SURPFACF [N
GROUNNWATER INFLNJ
RESERVOIR STORAGFE
PRECIP ON URRBAN APFEAS
RESERVOIR EVAPORATTON
CHANGE IN RES STORAGE n
PUMPED WATER
SURFACE RETUPN FLOW
GROUNDWATEP TO SURFACF
M AND T RETURN FLOW

D

USEARLE SURFACE WATLR
EXPORTS n
M AND T DIVFRSICN
M AND I NET USE 0

CROPL AND DIVERSTNNS

AMOUNT TN RNNT 7NNF

CROPLEND RFTURN FLOW
CROPLAND PRECIPITATINN T
SNCW STORAGE ADDEN n

ACCUM SNOW STORARE

SNOW MFLT T

POOT 70NE SUPPLY

CROPLAND P,C.U.

R? SUPPLY-P.CeU.

ACCuM SOTL MOTSTUPRE =0
CONS. USE DEFTICTTY

ACTUAL CROPLAND C.U. 0
INTERFLOW &DNED
GW RETURN FLOW

ACCUM INTFPRPFLOW I=10

INTERFLOW TO SUPFACF
INTERFLNOW SUPPLY TO0 Wl
WETLAND PRECIPITATTON 1

SNOW STORAGE ADNFN n
ACCUM SNOW STCRAGF

SNOW MELT I
TCTAL SUPPLY T9 WL
POTENTIAL WETLAMD r1)

TSWL-WL PCU
ACCUM WL SOIL MOIST
WETLAND DEFICIT
ACTUAL WETLAND C.U. 0
WETLAND SURFACE CUTFLOW
WETLAND ADDITION TO GW
INTERFLOW TN Gw
TOTAL Gw ADNED
OUTFLOW +¢ CHANGE TM CW R
CWw OUTFLOW
CHANGE TM GW STN2AGF
SURFACE CUTFLOW
GAGEN SURFACE QUTFLOW
CIFFEREMCE (COMP-GAGEN)

I-o

i

p——

—

—

——

—

—

cCr
9595 «
Je.
1242 .
1242.

228 .
98,

J.
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ya
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ug
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Fe
143,
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3125 .
1435 .
29702 .
s
325
3%

4R 83 ,
179rm.
Ve
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WATER BUDGET-SUFAREA 9-WFRER BaSIN

2

P - -—

-

—

——

N -

FEB
01C1.
b 1

MAR
35301,
0.
3967,
3367.
0's

N.
5278,
D.

i
1740.
7622,
20822,
356 .
76785,
O’
2700.
1744 .
22252,
7707.
15245,
18351.
S i
28849,
28249,
539307,
92 89,
44)18.
47119.
B

92 go,
26534,
1527,
1300,
2%
33156,
11234.
0%
17954,
17354,
52345,
10208,
52137,
41531
0.
10208,
20822.
10uus,
0.

104 45,
51239,
5.
8700.
52534 .
52534 .
D.

AP R MR Y JUN JuL
BENHE . 1323R5. A09S5. S16u8.
0. a3. 729, 516.
151R7 . 23728, 31 79. 1200.
15167. 23723, 8179. 1800.
Je J. Je. 0.

J. Je 0 O
€13, 5388 . 41 90. 1442,
Je. J. J. O.

Je T Je 0.
1743 . 5, 2579, 2539.
12852. 190R5. 20916 21795,
7123. J. J. 0.
1919. 2543, 4372. 3413,
131163, 18S72). 1718R0. 83253.
7% 1391. 2848 . 54 31.
4rnl. 67M . 97Nn. 9003.
2t . 34 57. 45728 . 5587.
37520. 55555. F1758. 63626«
11215 17526. 19227. 20036.
257M5 . *°129. 41°32. 4359C.
19383, 16547. 12870. 44 29.
J. b J. O.

J. 7. Je D.

Je J. 0. O.
312M3. 248373, 32197. 24465.
19414, 34913. 48)28. 55517.
1179). -3940, -15930, -31152.
556N03. HK55N3. ~u7h3. 48833,
De J. J. O.

1% 14. 34313. 48)28. 5S5517.
11797 . J. J. 0.
12852. 19)65. 20°916. 21795.
13nMmM. 13¥M0. 13%N0. 13000.
d. Je. 0. C.
24542, 19365. ¢1316. 21795,
12066 102°8, 8313. 2757.
J. Je. J. 0.

Je. e Je 0.

J. J. J. 0.
26703. 29363. 28325. 24552.
17043, 27103. 38326. 4o28R.
196656« 226€)e -9401. -21736.
524N). 62400. ©240). 52999.
J. J. J. O
17043, 271N3. 3832. 46288,
7123 . J. Ja 0.
12542 . 22R) . J. O.
Je. Je 7. 0.
12542, 226] . Je C.
100366« 127395. 46434, 2657.
5 Se 5. 5
10797. -2R4. -25u44, -25u44,
8956A4 . 122574. 48973, 5196.
39564 . 1725T4. 48973, 519%.
=J. 7. 0. O.

AUG
45080.
29k,
B48.
3u8.
U.

O.
2639.
O.

U.
2539,
19617.
U
3351.
74366.
5297.
8000.
4649.
57268.
18034,
39234,
Rl0b.
O.

SEP
31518.
32.
1025.
1025.
U.

0.
2476 .
0.

0.
2539.
16225.
0.
2180.
55995,
3126.
5000.
2820.
47364 .
14915,
32449,
7605.
0.

0.

0.
22520.
24706.
-2186.
2565.
0.
24706.
0.
16225.
13000.
0.
16225.
4733.
Ce.

ANNUAL
5594879.
1761.
©6855.
66855,
0.

C.
54150.
O.

C.
25185,
147174,
27946.
21412.
904361.
18662.
4900C.
27588.
~429643.
135295.
234348,
166306.
43725.
0.
49725.
301601.
264277.
37324,
379

0.
264277,
31324,
147174,
13000.
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