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CHAPTER 1

INTRODUCTION

Without question, the most difficult to analyze of all water g1

budget components in a lake is the subsurface flow. Some of the factors

which give rise to this difficulty include:
1. The flow is "invisible", so to épeak.

2. The water storage capacity (porosity) and transmissibility ]

properties (permeability) vary widely among aquifers and within individual

aquifers.

3. The volume of recharge to an aquifer is extremely difficult, g‘

and most often impossible, to accurately assess. %

i; it 4. MWater levels, and hence pressures, in graund-water reservoirs é )
; i, fluctuate in response to corresponding fluctuations in rates of recharge i
; r 1? and withdrawal. However, because the velocity of ground-water movement %
] - is a function of aquifer permeability, the time/areal distribution

i of such fluctuations may show considerable variation.

5. Water quality may be appreciably altered by the geochemical

4 nature of the formation through which the aground-water must pass.
6. Diffuse seepage losses may occur over broad areas as a
result cof upward migration caused by artesian pressures.

7. Where water levels are in close proximity to the land surface,

substantial amounts of water may be lost to evapotranspiration. This

e o~ >

situation is especially true for arid regions.
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2
8. Subsurface discharges generally do not occur as large volume

or high rate point discharges (though exceptions do exist for special

i
|
l

geologic formations).

9. Subsurface inflows are rapidly diluted by the receiving
w waters due to the volume and current-induced agitation.

] 10. Oftentimes the characteristics of the ground-waters and
the receiving waters are so similar as to be indistinguishable at field
measurement sensitivities.

The preceding list is not necessarily complete hut it is sufficient
to provide the reader with an appreciation for the complexity of the
problan. Because of this camplexity, the traditional approach to subsuface
flow estimating has been to measure all the other budget parameters
as acarately as possible, sum them algebraically, and assign the reminder
to ground-water. Under most circumstances, that is about the bést
that could be done. However, if errors are made in the measurements 5

of the other parameters or if the geohydrology of the study area is

:-'.n.-.;:

not fully understood, errors of considerable magnitude may result for

subsurface flow estimates.

PR
' et '

In the arid regions typical of the western and southwestern

portions of the U.S., the problem is ccmpounded in that orographic

influences cause large variations in precipitation over relatively

i e

& small distances; wide-spread irrigation results in seasonal and regional
d .- changes with respect to consumptive use, return flow, and channel

joss/ground-water recharge; phreatophytes flourish in these regions;

T

and finally, and perhaps most significantly, evaporation rates may

A

show large fluctuaticns with time and distance--being affected by such

factors as radiation, wind, pressure (atmospheric and vapor), water
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temperature, and other characteristics of the evaporating body (the

shallower the body, the greater the evaporation).

Background
By definition, arid regions receive relatively little precipitation

and the major portion of that which they do receive falls during the
winter months. Hence, water is very precious resource and efforts
to entrap it, store it, conserve and preserve it receive great emphasis-
-and accurate water budgets assume increased importance in efficiently

managing the water resource.

Central Utah Project

The U.S. Bureau of Reclamation (USBR) Central Utah Project
(CUP) is a major water conservation and management effort. Basically,
the project calls for transportation of Utah's portion of Colorado
River water from high-mountain headwatér areas to Tower-lying arable
lands of central Utah. The primary use of the water will be for irrigation,
hydroelectric power generation, and municipal and industrial uses.
The Bonneville Unit of the CUP is concerned with storage and release
of water along the westermmost edge of the Wasatch Front. Releases
from Strawberry Reservoir and the proposed Jordanelle Reservoir (via
Deer Crrek Reservoir) will be routed through Spanish Fork and Provo
Canyons, respectively. That water destined for use beyond Utah Valley
will be directed through Utah Lake. Figure 1 is a false-color infrared
image of this area as recorded by "LANDSAT" sensors on 23 May 19765.

The figure is oriented with north at the top of the page. iatershed

areas tributary to the lake basin are clearly recognizable.
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Figure 1. False-color Infrared Image of Utah Lake and Sur-
rounding Area (courtesy EROS Data Center).
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Utah Lake

Utah Lake is a shallow, hyper-eutropic fresh-water lake occupying
some 95,000 arces (38,446 hectares) in the central portion of Utah
County, Utah, approximately 40 miles (64 kilometers) south-southeast
of the Great Salt Lake. When at "compromise level", Utah Lake is ap-
proximately 20 miles (32 kilometers) long and 10 miles (16 kilometers)
wide at its maximum points while averag jng only 9.5 feet (2.9 meters)
in depth. "Compromise level" is curr:ntly established at elevation

4489.34 feet (1368.35 meters). It is so termed because it represents

a compromise agreement as to the maximum level at which the lake should

“be allowed to rise before allowing free discharge into the Jordan River,

the only outflow. The agreement was reached as a result of a court
suit in 1885 between Salt Lake Valley irrigators, who view the lake
as a storage reservoir, and Utah Valley farms .with land bordering
the 1&ke shore, who viewed the lake as samewhat of a nuisance. Hostilities
between the two groups have wanted over the years, but vested rights
associated with Utah Lake water continue to be a matter of major concern
in any project affecting the 1lake.

The quality of the waters of Utah Lake are generally perceived
as poor due to its eutrophic state, turbidity and fairly high dissolved
solids content. Based on results of several detailed scientific in-
vestigations which will be discussed in later sections, it appears
that anthropogenic influences have much less impact on the quality
than do physical characteristics of the lake itself. Of these
characteristics, evaporation seems to have the greatest single impact.
According to Fuhrima, et al. (1975:4), approximately one third of the

total lake capacity and one half of the average annual inflow is lost
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to evaporation. Thus evaporation not only has a significant impact

on quality via concentration of salts in the remaining waters, it is

also responsible for a large quantity loss.

Diking Proposal

The undesirable effects of evaporation from Utah Lake have
long been recognized and proposals for ways to reduce these effects
date to at least as early as 1902 (Swendsen, 1903:280-281). The preposal
to route high quality CUP water through Utah Lake has intensified evapor-
ation reduction efforts. Of the various options available, the most
cost-efficient and viable plan seems to be reduction of overall surface
area of the lake by diking off the Provo Bay and Goshen Bay regions
of the lake. In so doing, the surface area would be reduced by 35.5
percent. The prediction is that 220,000 to 270,000 acre feet (271
to 331 x 108 cubic meters) would be saved over a "typical" three year
period. In addition, dissolved solids (TDS) concentrations would be
reduced significantly. For example, total dissovled solids from 960
to 80C mg/1; sodium from 122 to 95 mg/1; and chloride from 189 to 138
mg/1 (Fuhriman, et al., 1975:39).

Prcblem Statement

In view of the plans to dike off over cne third of the lake
surface; a much more detailed understanding of the subsurface flow
situation is requirec than has previously been available. Beside
the obvious environmental and hydrologic implications, less obvious
vested rights issues could possibly arise if previous assumptions of

both quantity and quality of subsurface inflows ¢ 2 in error.
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This investigation is aimed at providing a comprehensive view
of the geohydrology of Utah Lake and surrounding area. In particular,
the following questions are acdressed:

1. Is it possible that subsurface inflow is substantially

greater than previously estimated? Estimates vary from a low of 20,000

4 to over 100,000 acre feet annually, with most ranging from 26,00C-
50,000 acre feet,

& 2. If inﬂqw is larger than previous estimates, where does

it enter the 1ake?THave all inflow areas been identified or are that

e L

locations which have previously escaped recognition?
: 3. What are the major sources and recharge areas of the incoming
ground-water?
4. What is the quality of these ground-water inflows?

i 5. Can the subsurface inflows be segregated and quantified?

i P - 6. Will subsurface inflows affect the viability or locations
' I of proposed dikes in Utah Lake?
E Framework and Delimitations
; I The physical boundaries of the study area are depicted in Figure ’l
I 2. As a base of reference, this area will be referred to as the "Utah
i ? Lake Basin" throughout the remainder of the discussion. Cther subareas
= I (e.g., Cedar Valley, Genola Gap, etc.) receiving specific attention

are also shown.

The primary focus of this study is ground water. The extent

-l e gy

to which other water budget parameters are discussed will vary in proporticn

to their bearing and/or effect on subsurface flow. Subsurface flow,

for purposes of this investigation, also includes shoreline seeps and
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springs. The single exception to the latter statement is Powell Slough
which has been historically measured as a surface tributary. The major
components of the investigation will include:

1. A review and discussion of results and observations of

previous Utah Lake investigators;

2. An examination of the geclogy and geohydrology cf the Utah
Lake Basin;

3. The advancement of a format to be used for the systematic
evaluation of subsurface inflow, followed by a discussion of results
obtained; and,

4. Conclusions and recommendations.

The format mentioned in item 3 is developed in Chapter 3.
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CHAPTER 2

PREVIOUS INVESTIGATIONS

It is difficult to say whether scientific curiosity or economic
considerations have provided the greater impetus for previous ground-
water studies in the Utah Lake Basin; but in view of the high value
placed on water supplies in the area, the latter stimulus is likely
dominant. Regardless of the_reason, the efforts of several researchers
have shed considerable light on the geohydrolcgy of this region. The
following discussion is organized by topics. These topics cover general
observations, springs and seeps, previous inflow estimates, a chemical
quality summary, and a review of selected statistical distributions.
More detailed treatment of the information relating to ground-water
conditions is found in the chapter which deals with the geology and

ceohydrology of the basin.

General Cbservations

In 1906 Richardson completed the first "comprehensive" grounc-
water survey in this area. In his report (Richardson, 1906) he made
several observations. Among these are:

1. Artesian conditions are the rule rather than the exception
throughout northern and southern Utah Valley.

2. Flowing wells in and near Lehi cease to flow in the summer

when field wells between the town and lake are used for irrigation.

10
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The wells begin flowing again shortly after field wells are capped

for the winter (:48-49).

3. Artesian flow in Goshen Valley is limited primarily to
the Currant Creek basin and the near-vicinity of the lakeshore (:55).

4. Slight arteésian pressures are evidenced near Pelican Point
by two "feebly" flowing wells (:56).

5. The bulk of underground water in Utah Valley is provided
by channel losses (:28).

Hunt, Varnes and Thomas (1953) note that ground-water levels

e

E E il show seasonal and long-term fluctuations in response to runoff, aquifer
( withdrawals, drought cycles, etc. (1953:77). In comparing piezometric
data from selected points in northern Utah Valley, they found that
a prenounced hydraulic gradient toward the lake is evident both in
the artesian and the water table aquifer(s) (:82-83). These gradients,

combined with the observation that both artesian pressures and general

water quality ircrease with depth, 1ead the authors to the conclusion
that the confining layers are not absolutely impervious and that it
is probable that large quantities of water move upward from the underlying
aquifers to discharge into Utah Lake by seepage (:84-85). This condition

appears to have been first postulated by Harding (April 1941:2) when

he noted that wells arcund the east shore of the lake showed fairly

H E il high pressures from relatively shallow depths. As a result, he concluded

- T that a large part of the lake bed appeared to be under artesian pressure
g P and that inflow occurs via "general artesian sweating" (diffuse seepage)
through confining clays and via "artesian leakage" (springs) through

the breaks which occur in the clay strata. Bissell (1963) and Cordova

1
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(1970) noted similar piezometric conditions in southern Utah and Goshen
Valleys.

The above evidence would tend to support rather substantial

inflow estimates and yet, with the exception of Fuhriman, et al. (1975),

estimates made by each of the previous researchers seem to be quite
conservative. The concensus of opinion of these earlier researchers
also seems to be that inflow along the west side of the lake and in
the Goshen Bay area are negligible to non-existent. A more detailed

treatment of inflcw estimates will be given later in this chapter.

Springs and Seeps

Many springs and several shoreline seeps have been identified
and documented by Swendsen (1205), Richardson (1906), Harding (April
1941), Viers (1964), Milligan, et al. (1966), and Brimhall, et al.
(1976a). To reduce confusicn and facilitate ease of discussion, these
seeps and springs will be divided into general groupings according

to location. Figure 2 depicts these groupings.

Northwest Springs

Springs in this grouping are the largest, deepest, warmest,
and best cocumented springs of the entire Utah Lake Basin. Swendsen
(1905) provided the first published scientific documentation of these
springs and noted that a two-inch pipe driven near them "...brings

a flow of water to the surface..." In some cases the water was hot
and others, cold. In two cases the artesian pressure was "...sufficient

to force the water 12 to 15 feet above the surface..." (:497). The

most complete and comprehensive works on these springs are provided

OO TN 50 A1 O D A L 5 SN 5 M2
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by Harding (April 1941) and Viers (1964), although Viers draws heavily

upon Harding for much of his background information.

In this grouping of springs there are at least six distinct
springs and several other small groups of springs. Their locations
are shown in Figure 4 and descriptive information on the major ones

is listed in Table 1.

TABLE 1
MAJOR NORTHWEST SPRINGS (Adapted fromViers, 1964)

Maximum depth be1a~>

Number Size, feet compromise, feet Also known as
1 500 x 250 75 Big Spring
2 diameter 20 27 -
3 100 x 100 77 -—-
4 700 x 10C 62 Kidney Spring
5 350 x 200 54 Snyder or Crater Spring ]
6 diameter 40 --- Unnumbered Spring i
4
Figures 5 and 6 are reproductions of USBR phctos of Kidney i
1 and Snyder (Crater) Springs respectively. Both pictures were taken

during September 1961 when the lake level was over nine feet (2.7 meters)
below compromise. MNote the nearly continuous shoreline seeps in both
photos indicating the sort of diffuse upward flow or "artesian sweating”

phenomenon mentioned earlier. Attempts to channelize these seeps for

flow measurement have been futile in most cases.
Viers made a thorough survey of the area cleose to shore and

just east of the Saratoga boat harbor during 1961. He found two large
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springs and numerous small springs and seeps--all of which were thermal
(Viers, 1964:47). He describes these springs as follows:

Some of the springs emerged as sand boils 6 to 10 feet across
into which a 6-foot pole could be thrust withaut touching bottom...these
springs gushed violently at times, rolling the sand about a foot
in the air. The big pools appeared to be quite deep and craterlike,
and were a light blue-green color with no suspended sediments.

Various attempts have been made to measure the flows from the

springs in this Northwest grouping. The best figures available for
the larger springs are contained in the Harding report of April 1941,
which shows discharges of "0.46 second feet" from Big Spring, "0.3
second feet" from Kidney Spring, and "0.43 second feet" from Snyder
(Crater) Spring. In addition, he reports that the cummulative flow
fran some 65 seeps and other inflows in the area just east of the present
Saratoga becat harbor was "approximately 3.90 second feet" in October
of 1935 (April 1941:4-14). This last area appears to be the same area
surveyed and described by Viers above. However, when Viers determined
the flows, he arrived at a figure of 5.95 to 7.95 cubic feet per second
(cfs) (0.17 to 0.22 cubic meters per second) (1964:52). This represents
quite a discrepancy between the two sets of figures, but it should
be pointed out that the 1935 figures are a results of measured flows
whereas Viers' figures represent estimates. An important point to
recognize in both cases is that these flows were determined at times
when the lake level was extremely low as a result of drought conditions.
Besides the fact that artesian pressures fluctuate with drought cycles,
a sizeable amount of the water from these seeps and springs was most
likely being transpired by the heavy growth of tules and cattails prevalent

at the time. Such being the case, these estimates are probably not

representative and so should 1ikely be considered as minimums.

T AR AR A e A AR




19

The waters flowing from each of the springs and seeps in this
northwest corner of the lake appear to be eminating from a common source
inasmuch as there is little variation in quality from one sample point
to another. Based on the data compiled by Milligan, et al. (1966:Table
6), the mean concentration of total dissolved solidsA(TDS)is 1483
mg/1 with a standard deviation of only 54 mg/1. Similarly, temperatures
vary from 101°F (28.3°C) to 111°F (43.9%C) with a mean of 108°F (42.2°C)
and a standard deviation of 3% (1.7°C).

North Shore Springs

This area extends from an arbitrary point between the Jordan
River and Dry Creek eastward to the American Fork boat harbor and from
the shoreline aut for a distance of approximately one mile (1.6 kilometers).
Insofar as can be determined, all the springs in this area produce
high quality fresh water flows. Harding (April 1941) referenced these
springs with respect to their proximity to the "Worlton Ranch" and
the "Bull Pasture Drain". He described one of these springs located
approximately one half mile (0.8 kilometers) off shore as "...a cold
spring having a clear flow suitable for drinking..." (:12).

Viers has provided the most complete information on this grouping
and Figure 7 is a reproduction of a photcgraph he took in September
of 1961. Three springs are evident in the photo. Twc of these appear
to be joined and are located along the left edge approximately one
third of the way up from the bottom corner. The other is centered
about one inch (2.54 centimeters) from the bottom edge. This third
spring is most 1ikely the one Harding was referring to. Viers described

the smallest spring as being about 10 yards (9 meters) in diameter
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and its larger companion as roughly 20 by 30 yards (18 by 27 meters).
The depth of both was approximately 10 feet (3 meters) and the water
tended to rise in a series of boils, causing the fine sand sediments
to mound around the edges of the pools. The combined flow was estimated
at about 0.5 cfs (0.01 m3/s). The third spring was reported to be
about 20 yards (18 meters) in diameter and 26 feet (7.9 meters) deep
with a flow of approximately 0.5 cfs (0.Cl m3/s). A11 three pools
were filled with suspended sediment and the electroconductivity (EC)
at 25T was 517 micromhos/cm in the two shore springs and 482 micromhos/cc
in the offshore pool. Temperatures were 63°F (17.2°C) and 68°F (20°C)

respectively (Viers, 1964:42).

Geneva Springs

The springs in this area also produce cool water of fairly
high quality and appear to be associated with the “Shallow Pleistocene”
artesian aquifer (Fuhriman, et al., 1975:24). The main grouping of
springs lies in a roughly north-south 1ine from one fourth to cne half
mile offshore in Section 7, Township 6 South, Range 2 East. Another
spring is located further north and near the shore. Figure 8, also
reproduced from a USBR file photo by Viers, shows the effect of these
springs on winter ice.

Generally, these springs can only be found by sounding or by
fhe use of sonar gear, owing to the turbidity and depth of the overlying
lake water. In the case of springs with a strong enough discharge to
keep the fine sediments in suspension, even sonar is not all that useful
in that the sediments trigger "false bottom" reflections (Viers, 1964:18).

The sizes of the springs vary from 20 to 50 yards (18 to 46 meters)




e

22

*(¥asn Asajuno)) (u43jutM) sbuiudg eAausg - g aunbyiy ; :

S WS A OEE O R O e e e




.

.

}

I
I
I
|
l
l
l
I

23
in diameter and from 9 to 15 feet (2.7 to 4.6 meters) deep (Viers,
1964:39); however, Harding (April 1941:22) describes a spring 23 feet
(7 meters) deep and another 37 feet (11 meters) deep. The springs
are rimmed with clay embankments (Viers, 1964:39) but the information
supplied to Harding by various old-time trappers and fishermen indicates
that flows are generally quite small (the largest being approximately
0.5 cfs or 0.01 m3/s) (Harding, April 1941:21-23). The electroconductivity
of these springs varies from 678 to 735 micromhos/cm at 25°C and the

temperature from 68 to 76 F (20 to 24.4°C) (Viers, 1964:42).

East Shore Springs

The area covered by this grouping extends roughly from the
Lake Bottom Canal drain just south of the U.S. Steel Geneva plant to
the Provo Bay area. The major area of offshore spring activity is
concentrated in the vicinity of Powell Slough. Another inflow area
was spotted approximately 600 yards (550 meters) offshore just south
of the Provo airport. There are also numerous shoreline seeps located
from Pcwell Slough north to the Lake Bottom Canal drain.

Figure 9 is another of the photographs taken in September of
1961 (Viers, 1974:36,38). A fairly large crater-like hole is clearly
visible in the lower center area of the picture. Viers stated that
this spring is approximately 40 feet (12 meters) across and is located
north of the Powell Slough inflow (:36). Two days after the photo
was taken, an unsuccessful attempt was made to locate the hole from
a boat. The party did locate two other smaller springs submerged in

the lake and one onshore, however. These springs were less than 10

yards (9 meters) in diameter and from 10 to 15 feet (3 to 4.6 meters)
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deep with an EC of'635 micromhos/cm at 25°C and a temperature of ap-
proximately 77°F (ZS;C). They were filled with a very fine suspended
sediment which varied in color from gray at the surface to black at
depth. Viers fixed their location at one quarter mile (0.4 kilometers)
north of the mouth of Powell Slough--just south of the hole in Figure
9 (Viers, 1964:39).

The spring area southwest of the Provo airport was evidenced
during a winter flight by a thinning of the overlying ice (Viers, 1964:36).
Insofar as has been determined, this spring has never been located

or sampled from a boat.

Bird Island Springs

Bird Island (or Rock Island in the older literature) is composed
entirely of tufa deposité, thus indicating considerable spring activity-
-at least at one time. As one car see from Figure 10, springs are
present but none is of any great size. Harding (April 1941:15) reported
that on a July, 1937 boat trip to the island no springs could be found
rising above the "then elevation of the lake" (-6.25 feet or -1.9 meters
below compromise), but he did observe scme cld spring outlets in the
travertine formation. However, Viers (1964:56,61) noted that there
is at least one large thermal spring located on the east bank of the
north bay (north is at the top of the picture) which has sufficient
flow to keep the bay fairly clear of suspended sediments (the flow
was not sufficient to keep ice from forming however). The EC and tem-
perature of the water in this area were measured at 14,800 micromhos/cm
and 86°F (30°C) respectively. While no actual springs could be located
in the west bay, a conductivity of 5,900 and a temperature of 75°F
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(23.9°C) were measured here--both values much higher than lake readings.
The other springs shawed little or no evidence of inflow. It is interesting
to note that while the pool located between the west and north bays
showed no evidence of inflow, it did remain open through the winter.

There are two other springs near, but not necessarily associated
with, Bird Island. One of these is reported as "...a deep spring 1/4
mile west of Rock Is]and:.." (Harding, April 1941:18). This location
appears to correspond with the deepest part of the lake. The other
spring is reportedly located "...about halfway from Bird Island to
the west shore...." (Viers, 1964:61). This spring was located by Viers
as a hole in the ice on the same flight in which the "Provo airport

spring” was spotted.

Lincoln Point Springs

These springs are the second best documented springs associated
with Utah Lake. MNumerous springs and seeps exist on and around Lincoln
Point, but they can be generally grouped into six spring areas. By
convention, they have been numbered in order prcceding from east to
west. Figure 11 is a winter shot of the first four springs taken in
1961. As a base of reference, the old stone building located on the
east side of Lincoln Point is shown just above and to the left of spring
number 1 and the old swimming pool is slightly above and tc the right
of spring number 3. Spring number 5 is located on the scuth shore
cf the boat harbor and spring 6 is just south of the harbor along the
shoreline.

Harding investigated these springs and noted that the much

higher concentrations of calcium and magnesium indicates that these
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waters move through different formations than the warm springs in the
northwestern part of the lake (April 1941:25). In his sampling, however,
he made an error in assuming that a sample from one spring was repre-
sentative of the whole group. As Viers points out (1964:86), the aggregate
quality is markedly different than that of the Saratoga springs, but
he failed to recognize that constituent concentrations vary significantly
between the springs on the east side of Lincoln Point and those on
the west side. Table 2 summarizes Viers' (1964:36) flow and temperature
measurements and selected quality data from Milligan, et al, (1966:Table

6) for these springs.

TABLE 2
LINCOLN POINT SPRING FLOWS AND QUALITY

Spring Average Flow Temperature Mean EC @ 25°C Mean C1°
number (cfs) (°F) (micromhos/cc) (mg/1)
1 1.0 80 (26.7°C) 5588 1348
2* 0.5 90 (22.2°C) 7288 1891

3 90 (32.2°C)

4 0.6 90 (32.2°C) 9684 2567
5 --- 85 (29.4°C) --- ---
6 0.7 100 (37.8°C) --- ---

*flows from 2 and 3 where channeled together and measured.

The data in Table 6 of Milligan, et al. shows an interesting
correlation for Lincoln Point spring number 4 and the Bird Island springs.
For instance, the mean TDS concentration in mg/1 for spring 4 is 6393

with a standard deviation of 138. For the south Bird Island spring
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it is 6598 with a standard deviation of 65. Similar correlations are
noted between spring 4 and the north Bird Island spring for calcium,

magnesium, potassium, and boron.

East Goshen Bay, Goshen Bay and

Pelcian Point Springs

These groupings are combined for discussion because previous
investigators have found very little evidence of spring activity in
any of these areas. Viers (1964) and Fuhriman (1978) observed numerous
shoreline seeps in the East Goshen Bay area but none appeared to have
significant flow. Brimhall (1976a:10) believes that these warm springs
associate with faulting along the west side of West Mountain.

It has been the apparent consensus that subsurface inflows
to the Goshen Bay area, if they exist, are so small as to be negligible.
Mundorff (1978) feels any such inflows would be the result of irrigation
return flow from cultivated areas on the west side of the bay. Harding
walked the major part of the southern end of Goshen Bay in September
of 1940 (lake elevation was -9.76 feet) and failed to note any evidence
of inflow (Harding, May 1941:4). The USBR completed an extensive shoreline
mapping project during the low water period of the early 1960's. These
highly detailed maps show no evidence of seeps or springs near shore.
However, acoustical profiling work by Brimhall, et al. (1976a) did
indicate some activity in the deeper water of the bay.

Richardson (1906) is the only one to give much mention to the
Pelican Point grouping and even his treatment is somewhat cursory.
He simply states that "seep-springs" are abundant from Lehi to Pelican
Point on the shoreline near water level and that there are also a few

"...2-3 miles beyond Pelican Point where their presence is marked by
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low, marshy areas..." One of these latter springs was used at that

time to irrigate *a few acres" of alfalfa (:56).

"Deep-Water" Springs

During the sumﬁer of 1975, Brimhall, Bassett and Merritt (1976a)
profiled the bottom sediments of Utah Lake using a sonar-like device.
The reflection patterns from this profiler imaged the thickness, dis-
tribution and character of the underlying sediments. Figure 12 is
an example of the reflection patterns produced. This particular segment
happens to be at the eastern end of a transect in Goshen Bay. Note
the very obvious "rise" of the sediment layers to meet the shoreline.
Figure 13 is a typical undisturbed profile and Figures 14, 15, and
16 represent what Brimhall termed "weak", "moderate" and "strong" spring
areas, respectively. Based on these profiles, 38 suspected spring
areas were identified. Most of these are depicted (along with all
the other spring inflow areas previously discussed) in Figure 17. It
is estimated that approximately 20 percent of the lake floor more than
1 kilometer offshore is spiked with springs or seeps (Brimhall, et

al. 1976a:17).

Subsurface Inflow Estimates

As was indicated earlier in this chapter, most past inflow
estimates have tended toward the conservative side. With the exceptions
of Fuhriman, et al. (1975) and Brimhall, et al. (1976a), these estimates
have been based on the "missing part" of the water budget, tempered
by the knowledge that observations and measurements of known spring
inflows indicate that individual flow rates are very small. By using

an entirely different approach (i.e., a mass balance type of model
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Near Shore Acoustical Profile

Figure 12.
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for both water and salt balances in the lake), Fuhriman's group arrived
at a ground water inflow estimate from two to five times that of other
investigators. The Brimhall estimate is based on the Fuhriman figures
and the acoustical profiling results and does not represent any independent
calculations. Table 3 provides a comparison of several of these estimates.
Note that an attempt to establish a common base of reference for the
earlier estimates has been made by fixing the total average annual

inflow at 660,000 acre feet (811,800 m3) (Viers, 1974:17).

Disparity Among Estimates

The major reason for the disparity between Fuhriman's figures
and earlier estimates is that in the traditional water budget approach,
evaporation and subsurface inflow are fixed quantities controlled largely
by the values of the other parameters. Quality is not considered.
Errors associated with such an approach are discussed in the next section.
In the salt balance approach, both evaporation and subsurface inflow
are treated as variables while the other budget parameters (surface
inflow, surface outflow, precipitation, and change in storage) are
fairly well fixed--and quality becomes a major factor. The procedure
is to adjust the evaporation rates and subsurface inflow volumes until
agreement is reached between predicted and measured salt concentrations.
The result is an upward revision of both evaporation and subsurface
inflow. In discussing this revision with Fuhriman (1978) it was learned
that as refinements have been made in the input data (due to more accurate
and complete measurement of flows and climatic/weather factors), the

trend has been toward a further increase in the subsurface inflow estimates.

At the present time, it appears subsurface inflow (based on the salt
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Comparison of Previous Subsurface Inflow Estimates*

: 1 Estimate in
nvestigator acre feet/year

Remarks

Harding (April 1941) 29-45,000

Thomas (Hunt, et al., 1953) ‘"negligible"

Viers (1964) "3%" (20,000)
Cordova (1965) 30,000
Riley (1972) 52,800
Lovelace (1972) 55,000
Fuhriman, et al. (1975) 96,880

Brimhall, et al. (1976a) 16% (105,000)

Investigator considers this
estimate to be very liberal

Investigator admits this
is very conservative

Represents only the dis-
charge in Northern Utah
Valley

May yet be further revised
upward--see following dis-
cussion

Based on Fuhriman, et al.

*Where precentages are given, figures in parentheses are based
on an assumed total average annual inflow of 660,000 acre feet.
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model predictions) could be as high as 123,000 acre feet (151,290,000

m3) per year.

Factors Contributing to Errors in

Water Budget Approach

A conventional approach to computing the water budget of Utah
Lake prior to Viers was to measure the outflow at the Jordan River
outlet, compute the evaporat%on by multiplying the average surface
area of the lake each month by 0.80 times the pan data at <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>