




















the decline was caused by pumping, but the below-normal precipitation
since 1953 also has been a factor. The decline of water levels is an
unavoidable effect of water development, and it actually leads to more
efficient use of water by reducing waste.

Ground water inthe project area is of the calcium magnesium bicarbon-
ate, sodium bicarbonate, and sodium chloride types. Each type gen-
erally is found in fairly well-defined areas. Most of the wells period-
ically sampled -show little change in quality of water, and the changes
observed in a few wells are not obviously related to ground-water de-
velopment.



INTRODUCTION
Location and Extent of the Area

The East Shore area is in north-central Utah between the west face of
the Wasatch Range and the east shore of Great Salt Lake, and itincludes
parts of Davis, Weber, and Box Elder Counties. Thomas and Nelson
(1948, p. 63) defined the East Shore ground-water area as lying between
the lake and the mountains fromthe Davis County-Salt Lake County line
to the lower Bear River Valley. They divided the area into three dis-
tricts: the Bountiful district, which is in the southern part of the area
in Townships 1 and 2 North, in Davis County; the Weber Delta district,
which is in the central part of the area in Townships 3 through 7 North,
in Davis, Weber, and Box Elder Counties; and the Brigham district,
which is in the northern part of the area extending north from Bear River
Bay to the lower Bear River Valley in Box Elder County. The boundaries
of these districts are shownon plates 1 and 2. The northernlimit of the
area included in this study (fig. 1) is the section line north of the town
of Willard, and the southern limitis the Davis County-Salt Lake County
line. (See pl. 1.) The project area includes the Bountiful and Weber
Delta ground-water districts and the southernmost part of the Brigham
ground-water district of the East Shore area. The area is generally flat,
buttheelevationand relief increase eastward from the salt flats adjacent
to the lake to the foothills of the Wasatch.

Purpose and Scope of the Investigation

In February 1957 the U.S. Geological Survey, in cooperation with the
Utah State Engineer, began a study of ground-water conditions in the
project area. Fieldwork was completed in July 1961.

This investigationwas not a comprehensive areal study of ground water
in the southern and central East Shore area, but a study of water-level
and quality —of -water data collected during the period 1953-61. Two more
comprehensive studies of ground water have been made in the Bountiful
district (Thomas and Nelson, 1948) and in the Weber Delta district
(Feth and others, written communication, 1961) of the East Shore area.
The latter report is being readied for publication.

The East Shore is an area of rapidly increasing population and growing
industry, and the use of water in thearea alsois increasing. The limits
of futuredevelopment of the area depend to alarge extent on the amount
of water available, and continuing evaluations of the water supply are
needed to insure that the maximum amount of water is obtained without
overdevelopment.



























aquifers, and under confined (or artesian) conditions in several deeper
aquifers. The artesian aquifers, which contain most of the ground water
in the area, are permeable beds between fine-grained beds of lower
permeability. The fine-grained beds confine the water under pressure
in the permeable beds. Although the various artesianaquifers generally
are separated by fine-grained beds, enough hydraulic connection exists
between them so that in many aspects they can be studied as a single
system.

According to Feth and others (written communication, 1961), the ar-
tesian aquifers in the Weber Delta district are recharged in a zone of
coarse material as wide as 1 1/2 miles just west of the mountain front.

Feth and others (written communication, 1961) estimated that almost
half the recharge to the ground-water reservoir in the Weber Delta dis -
trict is seepage from the bedrock of the Wasatch Range, slightly less
than one-quarter of the recharge is infiltration from the Weber River,
and the remainder includes infiltration from precipitation, infiltration
from irrigation, infiltration from the short streams draining the mountain
front, and infiltration from the Ogden River.

Thomas and Nelson (1948) do not discuss therecharge area of the Boun-
tiful district in detail, but from their geologic map and discussion of
recharge it can be determined that therecharge area atthe mountain front
in the southern East Shore area ranges from 3/4 to 2 miles in width.
Most of therecharge probably is seppage from the bedrock of the moun -
tain front, and the remainder includes infiltration from the mountain -
front streams, infiltration from irrigation, and perhaps a minor amount
from infiltration of precipitation in the recharge area.

GROUND - WATER CONDITIONS
Discharge from Wells in 1955 and 1959

Wells in the project area can be classified into three types based on
well diameter and type of water use; flowing wells used principally for
domestic needs, stock, and irrigation; small-diameter (generally less
than 6 inches) wells pumped for domestic use; and large-diameter wells
pumped for municipal, industrial, military, or irrigation supply.

The amount of water discharged by wells of the first twotypes was virt-
ually the samein 1959 as in 1955 (F. M. Warnick, U.S. Bureau of Rec-
lamation, oral communication, September 1960), when it was estimated
that flowing wells and wells pumped for domestic use produced 13 billion
gallons, or about 40,000 acre-feet, of water.
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The quantity of water produced by large-diameter pumped wells in the
project area during 1955 and 1959 is shown in table 2, and the wells
that produced significant amounts of water and the estimated amount of
water each producedin 1959 are shown on plate 2. The main centers of
use of water from large-diameter wells are the Bountiful district and the
area around Hill Air Force Base. The accuracy of the pumpage estimates
from the varions wells used to prepare table 2 differs considerably. The
estimates from some of the wells were accurate to three significant fig-
ures, whereas other estimates were notaccurate to one significant fig-
ure and only indicate an order of magnitude. Totals for the two years
are given for each county (Davis, Weber, and Box Elder) and for each
type of water use. The totals for each year and the subtotals for each
county and type of use did not change significantly from 1955 to 1959.

Table 2. Summary of estimated pumpage from large-diameter wells in the

project area in 1955 and 1959.

Pumpage in millions of gallons,
acre-feet in parentheses;
(totals rounded to degree of accuracy)

1955 1959
Totals by counties
Davis County 3,130 ( 9,600) 3,860 (11,800)
Weber County 920 ( 2,800) 300 ( 900)
Box Elder County 60 ( 200) 60 (  200)
Total for project area 4,110 (12,600) 4,220 (12,900)

Totals by use

Public supply (includes any
water for industrial use
that is supplied by munici-

palities) 1,840 ( 5,600) 2,090 ( 6,400)
Industry 1,330 ( 4,100) 1,260 ( 3,900)
Military 900 ( 2,800) 830 ( 2,500)
Irrigation 40 ( 100) 40 ( 100)
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Althoughthe annual discharge from wells in the projectarea showed little
change from 1955 to 1959, starting in 1957 the total water use in the area
increased considerably because an additional supply of surface water
was brought in from reservoirs of the Weber Basin Water Conservancy
District in the mountains to the east. The use of ground water will in-
crease if the local use of water ever exceeds the surface supply avail-
able to the Conservancy District. Furthermore, F. T. Mayo of the State
Engineer's Office (oral communication, Oct. 18, 1962) stated thatin
areas where water of good quality is available; pumpage from wells for
public and industrial supply will probably increase as long as the cost
of developing and producing ground wateris less than the cost of treated
Weber Basin Project water.

Changes in amounts of water produced from large-diameter wells around
the main centers of use from 1955 to 1959 do not show up in table 2.
In the Bountiful districtannual pumpageincreased about 560 million gal-
lons (1,700 acre-feet), whereas in the area around Hill Air Force Base
annual pumpage decreased about 470 million gallons (1,400 acre-feet).
More water from the Weber Basin Water Conservancy District was sub-
stituted for well water by owners of large-diameter wells in the Hill Air
Force Base area than by owners of wells in the Bountiful district. The
city of Ogden, for example, began using Weber Basin Project water in
1957 and by 1959 had reduced the annual use of ground water by about
430 million gallons (1,300 acre-feet).

Complete and accurate data for the discharge of ground water will be
needed infuture evaluations of the ground-water supply of the East Shore
area. Withdrawals from large-diameter wells should be measured by
meters or by some other relatively accurate method.

Water-Level Fluctuations

Water levels in wells fluctuate principally in response to changes in re-
charge to or discharge from the ground-water reservoir, When recharge
exceeds discharge, the ground water in storage increases and water
levels rise, When discharge exceeds recharge, storage decreases and
water levels decline. In addition, minor fluctuations are causedin arte-
sian wells by changes in atmospheric pressure, temporary aquifer loading,
or by earthquakes. In the East Shore area, the water-level fluctuations
useful for interpretation of the changes produced by recharge and dis-
charge of ground water can be classified as either annual or long-term
fluctuations.

Annual Changes

Water levels in both artesian and water-table wells in the East Shore
area generally fluctuate through a yearly cycle. The fluctuations can be
caused mostly by changes in recharge, mostly by changes in discharge,
or by both. 18



Water levels in most artesian wells, the most numerous type of well in
the area, are highestin the spring or early summer. They decline during
the summer, reaching their lowest point in the early fall before starting
to rise to the nextspring maximum, Levels are highest in the spring be-
cause at that time recharge is greatest and because the discharge from
wells has been at a minimum during the winter and early spring. During
the summer water levels decline because of diminishing recharge and
increased discharge., Near the mountain front variations in recharge are
the major cause of fluctuations of water levels, whereas farther from the
mountains variations in discharge probably are the main cause.

Water levels are highest in most water-table wells in irrigated areas in
the late summer because during the irrigation season the shallow uncon-
fined aquifers are recharged by irrigation water. In water-table wells
along stream channels, however, the highest water levels correspond
with the greatestrunoff of the stream, usually during the spring or early
summer,

Figure 4 shows hydrographs of three wells in the East Shore area in
which water-level fluctuations are caused by recharge. Figure 4Ais a
hydrograph of an artesian well, (B-8-2)23cdb-1, which is close to the
mountain front in the town of Willard. The water level reaches a yearly
high inthe early summer, at thetime of greatestrecharge from the moun-
tain front, and is lowest just before recharge begins. Thus, the fluc-
tuations are caused largely by recharge. Figure 4B is a hydrograph of
well (B-7-1)30abb-1, which is a water-table well in an irrigated area
west of North Ogden. The yearly high water level is in the late sum-
mer at the end of theirrigation season, and the lowisin the winter when
the land is not irrigated. Recharge to the shallow aquifer by irrigation
is themajor cause of the water-level fluctuations in this well. Figure 4C
is a hydrograph of well (B-5-1)27abd-1, which is a water-table well 75
feet deep and less than a mile north of the Weber River. The yearly
high water level coincides with ‘the yearly peak discharge of the river,
indicating that the flucuations are caused by recharge to shallow aqui—
fers from the river.

Figure 5 shows the hydrographs of three artesian wells in which water-
level fluctuations result partly or mostly from variations in discharge
and the hydrograph of an artesian well in which fluctuations are only
minor. Water levels that are influenced by discharge fluctuate more
irregularly than those influenced mostly by recharge. (Compare the
hydrographs of figs. 4 and 5.) Flowing wells are often closed at various
times of the year, most commonly in the winter, and pumped wells are
often used only part of a day. The consequentirregularities in discharge
are the major cause of the large irreqgularities in water-level changes.
Figure 5A is a hydrograph of well (B-2-1)34ada-3, which is west of
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Water levels declined more in the earlier partof the 1953~59 period than
in the later part (figs. 5C and 7A). The water level in well (B-2-1)
26dda-2, as an additional example, - declined 14.4 feet from December
1953 to December 1955 and only 6.3 feet from December 1955 to Decem-
ber 1959. Few pumpage data are available for the Bountiful district
during the earlier part of the 1953-59 period, and there areno data avail-
able on vields of flowing wells during the whole period. Withdrawals
from pumped wells probably increased significantly during 1953-55,
thereby causing the water-level decline for that period. Available data
indicate that annual pumpage from large-diameter wells increased by
about 560 million gallons (1,700 acre-feet) during the period 1955-59.
This rate of increase may have been considerably less than that during
the period 1953-55. Moreover, the decline in artesianpressurein flow-
ing wells during the 1953-59 period probably resulted in a decrease in
the discharge of these wells. This decrease in discharge may have
helped to lessen the rate of decline of water levels during the latter part
of the period.

Weber Delta district.

Hill Air Force Base area--The Hill Air Force Base area includes more than
30 squaremiles around Hill Air Force Base and the towns of Sunset, West
Point, and Clearfield (pl. 1). This area includes much of the Weber Delta
subdistrict of the Weber Delta district, as defined by Feth and others
(written communication, 1961). Water levels declined 15-27 feet in
this area during the period 1953-59, with centers of greatest decline at
the Air Force Base and West Point. The Hill Air Force Baseareais about
in the center of a larger area, bounded roughly by Ogden on the north-
east, Hooper on the northwest, and Kaysville on the southeast, in which
the decline of water levels exceeded 5 feet. The area in which the de-
cline of water level exceeds 15 feet coincides roughly with one of the
two areas in which large-diameter pumped wells are concentrated (pl. 2),
and most of the decline is probably caused by pumping.

The largest part of the decline in many of the wells was from 1953 to
1955, and the rate of decline decreased, or water levels rose, from 1955
to 1959 (figs. 7B and 7D). Few pumpage data are available for the per-
iod 1953-55, but during the period 1955-59, the annual pumpage around
Hill Air Force Base decreased by about 470 million gallons. A signifi—
cant increasein pumpage during the period 1953-55 probably caused the
decline of water levels during that period.

North Ogden-Plain City area--The North Ogden-Plain City area includes
more than 10 square miles from North Ogden to Plain City (pl. 1). This
area includes parts of the North Ogden and Ogden-Plain City subdistricts
of the Weber Delta district, as defined by Feth and others (written com-
munication, 1961). Water levels declined from 5 to 14 feet in this area,
with centers of greatest decline at North Ogden, southwest of North

28




Ogden, and south of Plain City. Differences in rates of decline during
the early and late parts of the 1953-59 period are not great, although
water levels declined mostin some wells southwest of North Ogden dur-
ing 1953-56 (fig. 7C).

No large-diameter, heavily pumped wells were in the North Ogden-Plain
City area during the 1953-59 period. Many flowing wells are scattered
throughout the area, however, and a concentration of flowing wells is
in North Ogden. Discharge of water from the flowing wells drilled prior
to 1953 probably was not the major cause of decline of water levels in
the area. However, any new wells drilled during the 1953-59 period
lowered the artesian pressure and contributed to the decline in water
levels. Estimating the amount of decline caused by new wells is diffi-
cult, but the decline probably is from 5 to 10 feet. Below-average re-
charge resulting from deficiency in precipitation probably caused the
remainder of the decline.

CHEMICAL QUALITY OF GROUND WATER

Precipitation in the mountains to the east is the source of most of the
ground water in the East Shore area, and precipitation on inland moun-
tainous areas generally contains only minor amounts of dissolved mineral
matter. The mineral matter in ground water is dissolved from the rocks
and soil with which the water has been in contact. The amountand kind
of mineral matter in ground water depends on the composition and solu-
bility of the material through which the water passes, the temperature,
pressure, amount of time spent in transit, and the minerals already in
solution in the recharge water. Study of chemical analyses of ground-
water samples indicates sources of the water and types of rock through
which the water has moved.

Suitability of water for various uses can be determined from chemical
analysis. In general, water containing less than about 500 ppm (parts
per million) dissolved solids is satisfactory for most uses unless it has
more than 200 ppm hardness. Water containing from 500 to 1,000 ppm
dissolved solids is commonly usable, but water with more than about
1,000 ppm is likely to be unsuitable for domestic uses because of taste,
hardness, corrosiveness, or other reasons.

The chemical analyses of water from the 41 wells in table 3 of Smith
(1961) are considered to be typical of ground-water quality in the East
Shore area. Of these 41 wells, 30 yield water containing less than 500
ppm dissolved solids, 9 yield water containing 500-1,000 ppmdissolved
solids, and 23 yield water with less than 200 ppm hardness.

The collection of water-quality data during this study was essentially
a continuation of work done by Thomas and Nelson (1948) and Feth and
others (written communication, 1961). Feth's study, especially, deter-
mined the broad patterns of occurrence of water of various chemical types
in the report area. 29















exactly with the boundaries in figure 8. Boundaries between water types
probably interfinger to some degree, and changes from one type to an-
other are probablv gradual. Relations are especially complex in the
areas of sodium chloride and mixed waters in the Bountiful-Woods Cross
and Ogden-Plain City areas, and the collection of additional data may
require that some changes of the boundaries be made. In spite of its
limitations, figure 8 is useful for presenting general relations, and it
can be used as a starting point in future quality-of-water studies.

Changes in Quality

Feth and others (written communication, 1961) proposed that a program
of collection of ground-water samples-for chemical analysis be made
permanent and that this program havetwo functions. Samples should be
taken, preferably from new wells, in areas where chemical-quality data
are lacking, to increase the accuracy of location of chemical-type
boundaries. In addition, samples should be collected periodically from
a few wells at or near chemical-type boundaries to observe any bound-
ary migrations that may occur. Changes in pressure in aquifers caused
by water use could cause movements of water-type boundaries that would
be important, If it were discovered that water use in an area of water
of good quality had lowered the water table or artesian pressure enough
to cause movement of water of poor quality into the area, corrective
steps could be taken before the problem became serious.

In general, the study of chemical quality for this report followed the
proposals of Feth and others (written communication, 1961). Selected
analyses of samples of waterfrom 11 of the 32 wells that were sampled
several times during the period 1943-61 are given in table 4, and the
locations of the 11 wells are shown on figure 8. The significance of the
analyses in table 4 is discussed in the following paragraphs.

Well 1, (A-2-1)7aba-4, is north of Centerville in an area yielding cal-
cium magnesium bicarbonate water just east of an area vielding sodium
bicarbonate water. Water-levels did not decline in the immediate vi-
cinity of well 1 during the 1953-59 period. Inthe 12-year period 1947-59,
water from this well changed from calcium-magnesium bicarbonate type
to. a mixed (tending toward sodium) bicarbonate water. The calcium con-
tent of the water decreased 43 per cent, and the sodium and potassium
content increased 37 per cent. Cation exchange in this water, tending
to soften it, probably has caused at least part of the change.

Well 2, (A-2-1)3lada-1, is south of Bountiful in an area yielding cal-
cium magnesium bicarbonate water. The well is on the east edge of an
area in which water levels declined significantly during the period
1953-59 (pl. 1). Water from the well is of calcium bicarbonate type,
and it showed little change in chemical composition during the 1947-60

34



period. This indicates thatdevelopment in the Bountiful district is not
causing any major change in water quality. However, periodic checks
on the quality of water from a well nearer the center of the area of max-
imum water -level decline would give a better indication of any change.

Well 3, (B-2-1)34ada-3, is southwest of Woods Cross near a boundary
between areas vielding sodium chloride water and mixed water, both
of which commonly yield water containing more than 500 ppm of dis-
solved solids. The dissolved solids in the water from this well have
increasedabout 360 ppmduring the 13-year period 1947-60. The quan-
tity of most dissolved constituents increased, and the water changed
from a sodium mixed water to a sodium chloride water. The sodium
content increased about 50 per cent, the chloride content almost tri-
pled, while the bicarbonate content decreased about 20 per cent. This
well is outside a nearby area of water-level decline, and thus the
change in quality of water is not related obviously to any decline in
water level. Thomas and Nelson (1948, p. 139) stated that four wells
and a spring in the southern part of the Bountiful district yield sodium
chloride waters that evidently are derived from deep sources and prob-
ably from the Warm Springs fault that trends north-south east of these
wells. Well 3 is near these wells that yield sodium chloride water
and for unknown reasons evidentlynow is producinga higher proportion
of water from deep sources.

Well 4, (B-2-1)36bbc-2, is south of Woods Cross in an area yielding
_ water of mixed type in which water levels declined more than 20 feet
during the 1953-59 period (pl. 1). During the period 1954-60, water
from this well increased about 100 ppm in dissolved solids, with in-
creases in content of sodium and bicarbonate. The water type changed
from calcium magnesium mixed to mixed mixed (no constituent is pre-
dominant in either the cation or anion content). The large decline of
water level in the immediate area may be a factor in the deterioration
of water quality in this well. Although the water still can be used for
most purposes, continuing checks on the quality of water should be
made.

Well 5, (B-5-1)30add-1, is in Hill Air Force Base near the center of a
large area that yields water of calcium magnesium bicarbonate type
which commonly contains less than 400 ppm of dissolved solids. The
well is in anarea in which water levels declined more than 25 feet dur-
ing the period 1953-59 (pl. 1). Smith (1961, table 3) reports 13 anal-
yses of water from well 5 during the period 1943-60. The analyses
show only changes that are due probably to the short-term effects of
pumping rather than representing a long-term trend. Table 4 of this
report includes the oldest and most recent analyses as well as the anal-
yses having the lowest and highest content of dissolved solids. The
difference in dissolved solids between the 1943 and 1960 analyses is
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only about 20 ppm, but the difference between the analyses that are low-
est (1954) and highest (1955) in dissolved solids is about 200 ppm. The
differences result largely from a change in bicarbonate content, which
may have been caused by changes in duration or rate of pumping or in
methods of sampling.

Well 6, (B-6-1)6caa-1, is southwest of North Ogden near the boundary
between an area yielding calcium magnesium bicarbonate water, which
commonly contains less than 300 ppm of dissolved solids, and an area
yielding sodium chloride water, which commonly contains more than 500
ppm of dissolved solids. The well is in an area in which water levels
declined more than 10 feet during the period 1953-59 (pl. 1). During
the period 1943-59 well 6 vielded calcium bicarbonate water of fairly
constant composition. Although this indicates that the present devel-
opment is not causing any movements of the boundary, future checks on
water quality should be made. Extensive development of water north of
the boundary might cause movement of the sodium chloride water into the
water of better quality.

Well 7, (B-6-2)5acb-2, is south of Plain City near a boundary between
areas yielding mixed water and sodium chloride water. The well is in
an area in which water levels declined more than 10 feet during the per-
iod 1953-59 (pl. 1). The water from well 7 is of sodium bicarbonate
type, and the analyses show little change from 1954 to 1959, The de-
velopment of water locally, therefore, has not caused any significant
change in water quality,

Well 8, (B-6-2)27dcd-2, is west of Ogden at the boundary between a
large area yielding water of the calcium magnesium bicarbonate type and
an area yielding mixed water. The mixed water commonly contains more
dissolved solids than the calcium magnesium bicarbonate water. Well 8
is in an area in which water levels declinedfrom 5 to 10 feet during the
period 1953-59 (pl. 1). The water from the well is of the calcium mag-
nesiumbicarbonate type, and it showed little or no change for the 1954-
59 period.

Well 9, (B-6-3)19abc-1, is west of West Warren in anarea yielding pre-
dominantly sodium chloride water, near the boundary between this area
and an area to the east that yields sodium bicarbonate water. The well
is not within any area of significant water-level decline. Water from
the well is of the sodium bicarbonate type, and it changed little in chem-
ical quality during the 1955-60 period.

Well 10, (B-7-2)20daa-1, is north of Plain City in an area yielding
sodium bicarbonate water, just west of an area yielding sodium chloride
water. The December water level in the well declined only 0.1 foot in
the period 1953-59. Water from the well is of the sodium bicarbonate

type, and it changed little in chemical quality during the period 1954-59.
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Well 11, (B-7-3)33cdd, is west of Plain City in anarea yielding sodium
bicarbonate water and is not near any ground-water development, Dur-
ing the period 1954-60 the dissolved solids in the water from this well
decreased about 150 ppm. The water is of the sodium bicarbonate type,
and the change was due chieflyto decreases in sodium and bicarbonate
content. The reason for this decrease is not known.

Most of the analyses for the 41 wells in table 3 of Smith (1961) show
little long -term change in quality of water. Analyses for several of the
11 wells discussed above show changes in water quality, but no apparent
relation exists between development of water and changes in quality.
Future changes in water quality caused by increased water use are pos-
sible, however, and in areas where changes might be expected, the qual-
ity should be checked periodically.

Thomas and Nelson (1948, p. 131-143) discussed the quality of ground
water in the Bountifuldistrict and stated that the upper Bonneville canal,
which trends northeast-southwest from North Salt Lake through the south-
east part of Bountiful, was recharging shallowaquifers to the west. The
canal carried water from the Jordan River that contained more dissolved
solids thanthe water inthe shallow aquifers. Thus the canal water was
contaminating the aquifers. Use of the canal, which had decreased
gradually during the period 1948-56, decreased rapidly during the per-
iod 1957-58 because of the availability of water of better quality from
the Weber Basin Project. The canal has not been used since 1958, and
presumably the quality of waterin the shallowaquifers west of the canal
has improved. The areas of mixed water in the Bountiful district (fig. 8)
probably resulted from mixing of canal water with water in the shallow
aquifers. If or when these areas will be flushed by the more dilute cal-
cium magnesium bicarbonate water to the east or by the irrigation water
of better quality now used is not known.

FUTURE DEVELOPMENT

Feth and others (written communication, 1961) discussed future devel-
~opment of ground water in the Weber Delta districtand a summary of some
of their discussion is presented in this report because of its importance
to water users in the area. They stated that tens of thousands of acre-
feet of water are wasted annually by transpiration from nonbeneficial
vegetation, evaporation from saturated land surfaces and water surfaces,
and leakage from aquifers into Great Salt Lake, They consider it desir-
able to lower the pressure head in the aquifers in the Weber Delta district
to eliminate some of this waste.

These opinions are shared by Marsell (1961, p. 52-53), who stated that
maximum vield from an artesian aquifer is obtained when pumpage ap-
proaches average annual recharge. These conditions can be obtained
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only by eliminating pressure effects and thus eliminating flowing wells,
Marsell estimated that the maximum yield of an artesian reservoir com-
monly is several times as great as the yield during the early stages of
development, when most wells flow,

The decline of water levelsin the project area, although it may be harm-
ful to some water users and may lead to legal problems between water
users, is leading to more efficient overall use of thearea's ground-water

supply.

Feth and others (written communication, 1961) also suggested that arti-
ficial recharge of the ground-water reservoirs in the area be started.
Recharge to the reservoirs from the Weber River will bereduced after full
development of the Weber Basin Project because the flow of the down-
stream part of the river, including that part crossing the recharge area,
will be reduced. This reduction in recharge could at least be partly off-
set by spreading water over the recharge area during times of excess
flow in the river.

The construction of housing developments in theareas of recharge, which
is already extensive in the Bountiful district, may reduce the amount of
water entering the ground-water reservoirs, but the magnitude of such a

reduction is not known.

CONCLUSIONS

;The East Shoreareais growingrapidly in population, and the use of water
‘is increasing. Since 1953 water levels in the project area have trended
downward, with the largest declines in the Bountiful district and in the
Hill Air Force Baseand North Ogden-Plain City areas of the Weber Delta
district, Most of the decline was caused by withdrawals of water, al-
though below-normal precipitation for the period was a significant fac-
tor. The decline of water levels has caused only minor changes in pump-
ing methods or quantities of water produced by wells. No apparent re-
lation exists between development of water and changes in quality of
water.”?
An increase in annual precipitation during a few years might decrease
the rate of water-level decline, but withthe expected continued increase
in water use, no long-term rise in water levels would occur. The rate
of water-level decline probably will increase if at some future date the
pumpage of ground water increases because the supply of water from the
Weber Basin Project is insufficient to meet the needs of the area or if
ground water is used as an alternate source of supply. The decline of
water levels caused problems of interference between wells in 1961 and
will cause additional problems of interference in the future; but it is a
necessary effect of efficient water development.
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