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CHAPTER 1

a.  INTRODUCTION

Without question , the most difficult to analyze of all water

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

wh ich give rise to this difficulty include:

J 1. The flow is “invisible ” , so to speak.

-• 
2. The water storage capacity (porosity) and transmissibilit y

properties (permeability) vary widely among aquifers and within individual

~
• r • aquifers.

3. The volume of recharge to an aquifer is extremely diffiajit ,

I and most often impossible, to accurately assess.

• • 
4. Water l evels, and hence pressures, in ground—water reservoirs

F 
• fl uctuate in response to correspondi ng fl uctuations in rates of recharge

r and withdrawal. However, because the velocity of ground-water movement

is a function of aquifer permeabilit y, the time/areal distribution
• - of such fluctuations may show considerable variation.

- 
5. Water qual ity may be appreciably altered by the geochemi cal

nature of the formation through which the ground—water niist pass.

6. Diffuse seepage losses may occur ove r broad areas as a

result of upward migration caused by artesian pressures.

7. ~*iere water levels are in close proximity to the land surface,

substantial amounts of water may be lost to evapotransp iration. This

situation is especial ly true for arid regi ons.

U

•

~~~ 

1 
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1 8. Subsurface discharges general ly do not occur as large volume

or high rate point di scharges (though exceptions do exist for special

1 geologic formations).

9. Su bsurface inflows are rapidly diluted by the receiving

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 i ndistinguishable at field

measurement sensitivities.
• 

- 
The preceding list is not necessarily complete bit it is sufficient

• I: to provide the reader with an appreciation for the compl exity of the

• problem. Because of this canpi exity, the traditional approach to subsuface

fl ow estimat i ng has been to measure all the other budget parameters

as acourately as possible, sum them algebraically, and assign the remainder

to ground—water. Under most circu mstances , that is about the best

• that coul d- be done. However , if errors are made in the measurements

of the other pa rameters or if the geohydro l ogy of the study area is

La not fully understood , errors of considerable magnitude may resul t for

H subsurface flow estimates.

In the ari d regi ons typical of the western and southwestern

r po rtions of the U.S. , the problem is ccmpounded in that orographic

infl uences cause large var iat ions in precipi tat ion over relatively

small distances ; wide—spread i rrigation results in seasonal and regi onal

change s with respect to consum ptive use , ret urn fl ow , and channel
1. loss/ground—water recharge ; phreatophytes flourish in these regions ;

and finally, and perhaps mos t significantly, eva poration rates may

show large fluctuations with time and distance——being affected by such

fac tors as radi ati on, wi nd, pressure (atmospheri c and vapor) , water

- - •-‘-. 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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I tem perature, and other characteri stics of the evapo rat i ng body (the

shal lower the body, the greater the evaporation).
-î

Bac kground

L By definition, arid regions receive relatively littl e precipitation

and the major portion of that which they do receive falls during the

L wi nter months. Hence, wa ter i s very p rec i ous 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 ) Cent ra l Utah Project

(CUP) is a major water conservation and management effort. Basically ,

the project calls for transportation of Utah ’s portion of Colorado

• Rive r water from high—mountain headwater areas to lower-lying arable

lands of central Utah. The primary use of the ~ater wi l l  be for irrigation,

hydroelectri c powe r generation , and municipal and industrial uses.

The Bonneville Unit of the CUP is concerned with storage and release

of water along the westernmost edge of the Wasatch Front. Releases

from Straw berry Reservoir and the proposed Jordane lle Reservoir (via

Deer C rrek Reservoir) will be routed throu gh Spanish F ork and Provo

Canyons , respectively . That water destined for use beyond Utah Valley

will be di rected through Utah Lake. Fi gure 1 is a false—col or i nfrared

• ima ge of this area as recorded by “LANDSAT ” sensors on 23 May 1975.

The figure is orient ed with north at the top of the page. ~atershed

areas tributary to the lake basin are clearly recognizable.

~ --I

_ _  
_ _ _ _ _  _ _ _  
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Figure 1. False-color Infrared Image of Utah Lake and Sur-
round ing Area (courtesy EROS Data Center).
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I Utah Lake

I Utah Lake i s a shallow , hyper—eutropic fresh—water l ake occupying

some 95,000 arces (38,446 hectares ) in the central portion of Utah

I County , Utah , approximately 40 miles (64 kilometers ) south—southeast

of the Great Salt Lake. When at “comp romi se level ” , Utah Lake is ap—

• I proximately 20 mi l es (32 kilometers) l ong and 10 mi l es (16 kilometers)

I 
wide at its maximum points while averag ing only 9.5 feet (2.9 meters)

in depth. “Compromise level” is currently established at el evation

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

a compromise agreement as to the maximum l evel at which the lake should

I be al l owed to rise before allowing free di scharge into the Jordan River ,

the only outflow. The agreement was reached as a result of a court

1 suit in 1885 between Salt L ake Valley i rrigators , who view the l ake

as a stora ge reservo i r, and Utah Val l ey farms with land bordering

the l~ e shore, who viewed the lake as soi~what of a nuisance. Hostilities

I between the two groups have wa nted over the years, but vested rights

associated with Utah Lake water continue to be a matter of major concern

• 
I 

in any project affecting the lake.

The quality of the waters of Utah Lake are generally perceived

1 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 sect i ons, it appears

that anthropogenic i nfluences have muc h less impact on the quality

than do physical characteristics of the lake itself. Of these

characteristics , evaporation seems to have the greatest single impact.

Accord i ng to Fuhrima , et al . (1975:4), approximately one third of the

total lake capacity and one half of the average annual infl ow Is lost 

- - -  • — - •———~-..—•—..—.-— ‘— • - - . 
~~~~~~~~~~~~~~~~~ ‘
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—
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I to eva poration. Thus ev aporation not only has a significant impact

on qual ity v i a concen trati on of sal ts i n the rema i ni ng waters , it ‘is

also responsible for a large quant ity loss.

1. . Diking Proposal

i The un desirabl e effects of eva po ration from Utah Lake have
4 long been recognized and proposal s for ways to reduce these effects

J date to at least as early as 1902 (Swendsen, 1903:280—281). The proposal

to route high quality CUP water through Utah Lake has i ntensified evapor—

ation reduction efforts. Of the various options available , the most

- -  
- cost—efficient and viable plan seems to be reduction of overall surface

1. area of the lake by diking off the Provo Bay and Goshen Bay regions

of the lake. In so doing, the surface area woul d be reduced by 35.5

percent. The prediction is that 220,000 to 270,000 acre feet (271

F; to 331 x 10 cubic meters) would be saved over a “typical ” three year

peri od. In addition , dissol ved solids (lOS) concentrations would be

Li reduced significantly. For exampl e, total dissovled solids from 960

to 800 mg/l ; sodium from 122 to 95 mg/l ; and chl oride from 189 to 138

- mg/l (Fuhriman , et al. , 1975:39).

Problem Statement
F In view of the plans to di ke off ove r one third of the l ake

s-ur-face.~ a muc h more detailed understanding of the subsurface flow

situat i on is requi red than has previ ously been avai~ab1e. Beside
- 

the obvious env i ronmental and hydrologi c impl ications , l ess obvi ous

H vested rights issues could possibly arise if previ ous assumptions of

- 
- 

both quant ity and quality of subsurface inflows ~ in error.

- -a~~~•.-
. - ~~~-
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This Investigation is aimed at providing a comprehensive vi ew

of the geohydrology of Utah Lake and surrounding area. in particular ,

the following questions are addressed :
• 1. Is it~possible that subsurface i nfl ow is substantially

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

to ove r 100,000 acre feet annual ly , with mos t ra ng i ng from 36,000—

j -~~ 50,000 acre feet~
2. If i nfl ow is larger than previou s estimates, where does

- it enter the laké? T Have all infl ow areas been identified or are that

l ocations which have previously escaped recognition?

~F 
~ 3. What are the major sources and recharge areas of the i ncomi ng

- 

ground—water?

4. What is the quality of these ground—water infl ows~
5~ Can the subsurface infl ows be segregated and quantified?

6. Will subsurface infl ows affect the viability or locations

of proposed dikes in Utah Lake’?

I Framework and Del imitations

The physical boundaries of the study area are depicted in Figure

1 2. As a base of reference, this area will be referred to as the “Utah

Lake Bas i n” throughout the remai nder of the discussion. Cther subareas

• 
• 

(e.g., Cedar Valley , Genola Gap, etc.) receiving specific attention

are also shown.

L The primary focu s of this study is g round water. The extent

- - to which other water budget parameters are di scussed wi ll vary in prcportion

to their beari ng and/or effect on subsurface fl ow. Subsurface fl ow,

for purposes of this investigation , a l so i nc ludes s horel i ne seeps and
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F • springs. The single exception to the latter statement is Powell Slough

which has been historicall y measured as a surface tributary . The major

components of the i nvestigation will include:

1. A revi ew and discussion of resul ts and observations of

previous Utah Lake investigators ;

2. An exami nation of the geol ogy and geohydrology of the Utah

- 
Lake Basin;

3. The advancement of a format to be used for the systematic

-- evalua ti on of subs urface i nfl ow , followed by a discussion of results

obtained ; and,

4. Conclusions and recommendations.

The forma t mentioned in item 3 is developed in Chapter 3.

f ::

I;
I

I
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CHAP TE R 2

1
PREVIOUS INVESTIGATION S

It is difficult to say whether scientific curiosity or economic

I considerations have provided the greater impetus for prev i ous ground-

water studies in the Utah L ake Basin; but in view of the hi gh value

I placed on water suppi ies in the area , the latter st imulus is likely

domi nant. Regardl ess of the reason, the efforts of several researchers

have shed considerable ligh t on the geohydrology of this region. The

following discussion is organized t~’ topics. These topics cover general

observa ti ons, springs and seeps , previ ous inflow estimates, a chemical

I quality summary , and a review of selected statistical distri butions.

More detailed treatment of the information rel at i ng to ground-water

I conditions is found in the chapter which deal s with the geol ogy and

geohydrology of the basin.

General Observations

I In 1906 Richardson compl eted the first “comprehensive ” ground-

water survey in this area. In his report (Richardson , 1906) he made

several observations. Among these are:

1. Artesian conditions are the rul e rather than the exception

throughout northern and southern Utah Valley.

F; 2. Fl owing wells in and near Lehi cease to flow in the summer

when fiel d wells between the town and l ake are used for i rrigation.
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11
The wells begi n fl owing again shortly after field wells are capped

for the wi nter (:48—49).

3. Artesian flow in Goshen Valley is limited primarily to

the Currant Creek basin and the near—vicinity of the l akeshore (:55).

4. Slight artesian 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 Thoma s (1953) note that ground—w ater levels

show seasonal and long—term fl uctuations in response to runoff, aquifer

- withdrawals , drought cycles, etc. (1953:77). In compari ng piez ometric
- . data from selected poi nts in northern Utah Val l ey, they found that

a pronounced hyd raulic gradient towa rd the lak e 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 increase with depth , l ead the authors to the conclusion

L that the confining layers are not absolutely imperv i ou s and that it

[ is probable that large quantities of water move upward fran the underlying

aquifers to discharge into Utah Lake by seepage (:84—85). This condition

appears to have been first postulated by f’arding (April 1941:2) when

-- he noted that wells around the east shore of the lake showed fairly

high pressures fran relatively shallow depths. As a resul t, he concluded

that a large part of the l ake bed appeared to be under artesian pressure

t “ and that inflow occurs via “general artesian sweating” (di ffuse seepage)

through confining clay s and via “ar tes i an lea kage” (springs ) through

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

[
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(1970) noted similar piezometric conditions in southern Utah and Goshen

Valleys.

The above evidence would tend to suppo rt rather substantial

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

estimates tuade by each of the previous researchers seem to be quite

conservative . The concensus of opinion of these earlier researchers

also seems to be that infl ow along the west side of the l ake and in

the Goshen Bay area are neglig ible to non— exi stent. A more detailed

treatment of inflow estimates will be gi ven later in this chapter.
a.

• Springs and Seeps

Many spri ngs and several shoreline seeps have been identified

and documented by Swendsen (1905), Richardson (1906), Harding (April

1941), Viers (1964), Mil l iga n, et al. (1966), and Brimha ll , et al.

(1976a). To reduce confusion and facilitate ease of discussion , these

seeps and spri ngs will be divided into general groupings accordi ng

to location. Figure 3 depicts these groupings .

- • 
- 

Northwest Springs

Spri ngs in this grouping are the largest , deepest, warmest,
- 

- and best docume nted spri ngs of the entire Utah L ake Basin. Swendsen

(1905) provi ded the first published scientific documentation of these

spri ngs and noted that a two— inch pipe dri ve n near them “...brings

a fl ow of water to the surface...” In some cases the water was hot

and others, cold. In two cases the artesian pressure was “ ...sufflcient

to force the water 12 to 15 feet abo ve the surface...” (:497). The

mos t comp lete and comprehensive work s on these spri ngs are provided

-1 i.~i ____- _ _ _ _ _
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• by Harding (April 1941) and Viers (1964), although Viers draws heavily

upon Hardi ng for much of his background i nformation.

In this grouping of springs there are at least six distinct

springs and severa l other smal l groups of springs. Their locations

• are shown in Figure 4 and descriptive i nfo rmation on the major  ones

- - 
is listed in Table 1.

TABLE 1

MAJOR NORTHWEST SPRINGS (Adapted fromViers , 1964)

• Maximum depth below
• Number Size, feet compromise, feet Also known as

1 500 x 250 75 Big Spring

- - 2 diameter 20 27

3 lOO x lOO 77

• 4 700 x 100 62 Kidney Spring

5 350 x 200 54 S nyder or Crater Spring

6 diameter 40 —- — Unnumbered Spring

Fi gu res 5 and 6 are reproductions of USBR phctos of Kidney

and Snyder ( Crater) Spri ngs respectively. Both pictures were taken

duri ng September 1961 when the lake l evel was over nine feet (2.7 meters)

below compromise. Not e 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 close to shore and

• just east of the Saratoga boat harbor during 1961. He found two large

• - —--—--.—•,~~.—-— ~~~~~~~-——.--— - - - - • —  
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spri ngs and numerous small springs and seeps——a ll of which were thermal

- (V iers , 1964:47). He describes these springs as follows:

Some of the spr i ngs emerged as sand boils 6 to 10 feet across
into which a &-foOt pole could be thrust wi thout 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,
an d were a light blue-gree n color with no suspended sediments.

Various attempts have been made to measure the fl ows from the

springs in this Northwest grouping. The best figures available for

the large r springs are contained in the Hardi ng 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 cummul ative flow

- 

fran some 65 seeps and other inflows in the area just east of the present

I Sara toga boat har bor was “approximately 3.90 second feet” in October
~~

- of 1935 (April 1941:4—14). This last area appears to be the same area
14 surveyed and described by Viers above. However, when Viers determi ned

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

- - j  quite a discrepancy between the two sets of figu res, but it should

1 
be pointed out that the 1935 figures are a results of measured fl ows

‘~ 1 wh ereas Vi ers ’ figures represent estimates . An important point to

recognize in both cases is that these fl ows were determi ned at times
- • 

when the lake level was extremely low as a result of draught conditions.

Besides the fact that artesian pressures fluctuate with drought cycles,

a s i zea b le amoun t of the water from th ese see p s an d s pr i ngs was mos t

h likel y bei ng transpired by the heavy growth of tü~es and cattails pr~ alent

- - at the time. Such be i ng the case, thes e estimates are probably not

• representative and so shoul d likely be considered as minimums .

•
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- 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 littl e variat i on in quality from one s~np1 e point

to another. Based on the data compiled by Milligan, et al. (1966:Table

6) ,  the mean concent ration of total dissol ved solids (TDS) is 1483

£ mg/l with a standard deviation of only 54 mg/l. Similarly , temperatures

va ry from 101°F (38.3°C) to 111°F (43.9~t) with- a mean of 108°F (42.2°C)
1 and a standard deviation of 3°F (1.7°C).

I North Shore Spri ngs

This area extends from an arbitrary point between the Jordan

• 
• River and Dry Creek eastwa rd to the American Fork boat harbor and from

the shoreline out for a distance of ap~r-o,dmately one mile (1.6 kilometers). 
-•

Inso far as c an be determined , all the spri ngs in this area produce

1 high quality fresh water flows. Hardi ng (Apri l 1941) referenced these

spri ngs with respect to thei r proximity to the “Wo rlton Ranch” and

I the “Bu ll Pas tu re Dra i n” . He described one of these springs located

• approximately one half mile (0.8 kilometers ) off shore as “...a cold

spri ng having a clear fl ow suitable for drink i ng...” (:12).

I Viers has provided the most complete i nformation on this grouping

and Figure 7 is a reproduct i on of a photograph he took in September

I of 1961. Three springs are evident in the photo. Two of these appear

to be joined and are located along the l eft ed ge 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 likely the one Harding was referring to. Viers described 
•

the smallest spring as being about 10 yards (9 meters) in di ameter

- —••u.q—~~~S—- -.-- . ‘~~ - - • • •-••- ‘ -
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1. 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 seri es of boils , causing the fine sand sediments

to mound around the edges of the pools. The combined flow was estimated
• 

- I - 
at about 0.5 cfs (0.01 m3/s). The third spring was reported to be

about 20 yards (18 meters) In di ameter and 26 feet (7.9 meters) deep

wi th a flow of approximately 0.5 cfs (0.01 m3/s). All three pools

were filled wi th suspended sediment and the electroconductivity (EC)

at 25Ct was 517 microi~,os/cm in the tv~ shore sprin~ and 482 micrcn*Ios/cc

in the offshore pool. Temperatures were 63 °F (17.2°C) and 68°F (20°C)

respectively (Viers, 1964:42).
4-

t
Geneva Springs

The spri ngs in this area also produce cool water of fairly

high quality and appear to be associated with the ~Shal l ow Pleistocen&’

ar tes i an aqu ifer (Fuhr iman , et al. , 1975:24). The main grouping of

spri ngs lies in a roughly north-south line from one fourth to one half

• I I mile offshore in Section 7 , Township 6 South , Ran ge 2 East. Another

spri ng is locat ed further nort h and near the shore. Figu re 8, a l so

I reproduced from a USBR f i le  photo by V i e r s , show s the effect of these

springs on wi nter ice.

I Gene ral l y, these spr i ngs can only be found by sounding or by

the use of sonar gear, owing to the turbidi ty 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 sona r i s not al l that useful

in that the sediments trigger “false bottom” reflec tions (V iers , 1964:18).

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

• Li _ 
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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 cl ay embankments (Viers, 1964:39) but the information

- 

supplied to Harding L~i various old—time trappers and fishermen indicates

that f lows are genera l ly quite small (the largest being approximately

• 
1 

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

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

1 East Shore Springs

The area covered by this grouping extends roughly from the

I 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 vici nity of Powell Slough . Another infl ow area
- 

- I 
was spotted approximately 600 yards (550 meters) offshore just south

-

• 

•
~ of the Provo airport. There are also nume rous shorel i ne seeps located

I from Powell Slough north to the Lake Bottom Canal drain.

Figu re 9 is another of the photographs taken in Sept ember of

T 1961 (Viers , 1974:36 ,38). A fairly large crater —l ike hole is clearly

visibl e in the lower center area of the picture. Viers stated that

this spring is approximately 40 feet (12 meters) across and is l ocated

nort h of the Powel l Sl ou gh i nflow (:36). Two days after the photo

~~
- was ta ken , an unsuccessful attempt was made to l ocate the hole from

a boat. The party did locate two other smaller springs submerged in

the la ke and one ons hore , 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 (25~~). They were filled with a very fi ne suspended

sedime nt which varied in color from gray at the surface to black at

depth. Viers fixed their l ocation at one quarter mi le (0.4 kilometers )

~ north of the mouth of Powel l Slough—— just south of the hole in Figure

1 9 (Viers , 1964:39).

The spri ng area southwest of the Provo airpo rt was evidenced

t duri ng a wi nter fli~~t by a thinnir~ of the overlying ice (Vie r ~, 1964:36).

I Insofar as has been determined , this spring has never been l ocated

‘ 
or sampled from a boat.

Bird Island Spri ngs

I Bird Island (or Rock Island in the older literature) is composed

entirely of tufa deposits, thus i ndicating considerable spring activity—

I -at least at one time. As one can see from Fi gu re 10, springs are

I 
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

I rising above the “then elevation of the lake” (—6.25 feet or —1.9 meters

below compromise), but he did observe some old spring outlets in the

• I 
travertine format i on. However , Viers (1964:56,61) not ed that there

is at least one large therma l spring located on the east bank of the

north bay (north is at the top of the picture ) which has sufficient

fl ow to keep the bay fairly clea r of suspended sediments (the flow

was not sufficient to keep ice from forming however). The EC and ten—

perature of the water In thi s area were measured at 14,800 micron~os/cm

and 86°F (30°C) respectively . While no actual spr i ngs could be located

In the west bay, a conductivity of 5,900 and a temperature of 75°F
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• 
Ii (23.9~~) were measured here--both values much hi~~er than lake readin~~.

The other strings showed l ittle or no evidence of inflow. It is interestfr~

to note that while the pool locat ed between the west and north bays

L showed no evidence of infl ow, it did remain open through the wi nter.

There are two other springs nea r, but not necessari ly associated

j with , Bird Island. One of these is reported as “...a deep spring 1/4

mile west of Rock Island... ” (Harding, April 1941:18). This l ocation

appears to correspond with the deepest part of the lake. The other

I spri ng is reportedly l ocated “ ...about halfway from Bird Island to

the west shore....” (Viers, 1964:61). This spring was l ocated by Viers

1 as a hole in the ice on the same fl i ght in which the “Pro vo airport

spring ” was spotted.

Lincol n Point Springs

I These spri ngs are the second best documented springs associated

with Utah Lake. ~‘umerous springs and seeps exi st on and around Lincol n

Poi nt , but they can be general ly grouped into six s pri ng areas. By

I convention , they have been numbered in order proced i ng from east to

west. Figure 11 is a wi nter shot of the first fou r springs taken in

1 1961. As a base of reference, the old stone building located on the

east side of Lincol n Point is shown just above and to the l eft of spring

I number 1 and the old swi mmi ng pooi is slightl y above and to the right

i of spring number 3. Spring number 5 is located on the south shore

I of the boat harbor and spring 6 is just south of the harbor along the

F shoreline.

• Harding investigated these springs and noted that the much

higher concentrations of calcium and magnesium i ndicates that these
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waters move through different formations than the warm springs in the

northwestern part of the lake (Apri l 1941:25). In his sampling, however ,
he made an error in assuming that a sample from one spring was repre—

- 

sentative of the whole groi4. As Viers points out (1964:86), the ag~’egate

quality is markedly different than that of the Saratoga springs , but

he failed to reco~~ize that constituent concentrations vary significantly

J between the springs on the east side of Lincoln Point and those on

I the west side. Table 2 sumarizes Viers ’ (1964:36) flow and temperature

1 measurements and selected quality data fran Mi lligan , et al , (1966:Table

6) for these spr ings.

me TABLE 2

LINCOLN POINT SPRING FLOW S AND QUAL I TY
-.4

Spring Average Flow Temperature Mean EC @ 25°C Mean Cl
number (cfs ) (°F) (micromhos /cc) (mg/ i)

2* 0.5 90 (32.2°C) 7288 1891

• • 

~ I 1 1.0 80 (26.7°C) 5588 1348

• 

3* 90 (32.2°C)

4 0.6 90 (32.2°C) 9684 2557

~
.. 1 5 --- 85 (29.4°C)

6 0.7 100 (37.8°C)

*f lows from 2 and 3 where channeled together and measured.

The data in Table 6 of Milligan , et al. shows an interesting

1 correlatIon for Lincoln Point spring number 4 and the Bird Island springs .

For instance , the mean lOS concentration in mg/i for spring 4 is 6393

with a stand ard deviation of 138. For the south Bird Island spring
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I
I it is 6598 with a standard dev iation of 65. Similar correlations :re

I noted between spring 4 and the north Bird Island spring for calcium,

magnesium , potassium , and boron.

I Eas t Goshen Bay, Goshen Bay and
Pelcian Point Springs

I These groupings are combined for discussion because previous

investigators h ave found very little evidence of spring activity in

1 any of these areas. Viers (1964) and Fuhriman (1978) observed numerous

1 shoreline seeps in the East Goshen Bay area but none appeared to have

significant flow . Brimhall (1976a:10) believes that these warm springs

I associate with faulting along the west side of West Mountain.

It has been the ap pa rent con sensus that subs urface inflows

to the Goshen Bay area, if they exist , are so smal l as to be negligible.

-
• 

Mundorff (1978) feels any such inf lows 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

J 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 detai led maps show no evidence of seeps or springs near shore.

Howe ver , acoustical profiling wo rk by Br imhal l , 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 groupi ng and even his treatmen t is somewhat cursory.

- 
He simply states that “seep—springs ” are abundant from Leh i to Pelican

Po i nt on the shore line near wa ter leve l and th at there are a l so a few
“.. .2-3 miles beyond Pel ican Point where their presence Is marked by 
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I low , marshy areas... ” One of these lat te r springs was used at that

I time to irrigate “a few acres ” of alfalfa (:56).

• “Deep..Water” Springs

I During the suniner of 1975, Brimhal l, 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-

1 trlbutlon and char acter of the und erlying sediments. FIgure 12 is

an example of the reflection patterns produced . This particular segment

I happens to be at the eastern end of a transect in Goshen Bay. Note

I 
the very obvious “r ise ” of the sediment l ayers to meet the shoreline. - 

-

Figure 13 is a typical undisturbed profile and Figures 14, 15, and

1 16 represent what Brimhall termed “weak ” , “moderate” and “strong” spring

areas , res pectively. Based on these profI les , 38 suspected spring

j areas were identified. Most of these are depict ed (along with all

the other spring inflow areas previously discussed ) in Figure 17. It

1 is estimated that approximately 20 percent of the lake floor more than

I 1 ki lome ter offshore is spiked with springs or seeps (Brimhall , et

al. 1976a:17).

- Subsurface Inf low Estimates

I As was indicat ed earlier in this chapter , most pas t inflow

estimates have tended toward the conservative side . With the exceptions

I of Fuhriman, et al. (1975) and Brinihall , et al . (1976a), these estimates

hav e been based on the “missing part” of the water budget , t empered

by the kn owl edge that observation s and measurements of kn own spring

Inflows indicate that individual flow rates are very small. By using

an entirely differen t appr oach (I.e., a mass bal ance type of model
t.
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Figure 13. Typical Undisturbed Bottom Profile (Brlmhall , et
al., l976a) .
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for both water and salt balances in the lake), Fuhr iman ’s group arrived

at a ground water inf low estimate from two to five times that of other

investigators . The Brimhal l estimate is based on the Fuhriman figures

and the acoustical profiling results and ~ es not represen t any independent

- 

calculations. Table 3 provides a comparison of several of these estimates .

Note that an attempt to establish a comon bas e of reference for the

earlier estimate s has been mad e by f ix ing the to ta l average annual

— inf low at 660,000 acre feet (811,800 m3) (V iers , 1974:17).

Disparity Miong Estimates

- The major reason for the disparity between Fuhriman ’s fi gures
I and earlier estimates is that in the traditional water budget approach,
- evaporation and subsurface inf low are fixed quantities controlled l argely 3 

-

by the val ues of the other par ameters. Quality is not considered . 
- -

Errors associated with such an approach are discussed in the next section.

In the sal t balanc e approac h , both eva pora ti on and subsurface infl ow

I. are treated as var iables wh ile the other budget par ameters (surface

inflow , surface outfl ow , preci pitation , and ch ange in storage) are

fairly well fixed—— and quality becomes a major factor . The procedure

is to adjust the evaporation rates and subsurface inflow volume s until
S a•

- - 

agreement is reached between predicted and measured salt concentrations .

The resul t i s an upwar d rev is i on of both eva pora tion and sub surface

• . 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 to~~rd a furth~ incre ase in the subsurface inflow estimates.

At the present time , it appears subsurface Inflow (based on the salt

_ _  
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TABLE 3

- - 
- Comparison of Previous Subsurface Infl ow Estlmates*

— 
- Estimate in

- Investigator acre feet /year Remarks

Harding (April 1941) 29-45 ,000 Investigator considers this
estimate to be very liberal

Thomas (Hunt , et al., 1953) “negligible”

- .  Viers (1964) “3%” (20 ,000) InvestIgator admits this
is very conservative

- 
Cordova (1965) 30,000 Represents only the dis-• charge In Northern Utah

- .. Valley

Riley (1972) 52 ,800

~ 
L Lovelace (1972) 55,000

Fuhriman, et al. (1975) 96,880 May yet be further revised
f ~. upward—-see following dis-

cussion

- j  Brimhall , et al. (l976a ) 16% (105,000 ) Based on Fuhriman , et al.

*Where precentages are given , figures in parentheses are based
H on an assumed total average annual i nflOw 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 wate r budget of Utah

I Lake p r i o r  to V i e r s  was to measure the outf low at the Jordan River

I outlet , compute the ev aporat ion by multiplying the average surface

area of the lake each month by 0.80 times the pan data at Lehi; and

I then compute the inflow as the algebraic sun of evaporation , measure d

outf low , and c hange in lak e storage (Hun t, et al., 1953:69). This

J approach is subject to numerous errors. For exanpie, for every percentile

the pan coefficient is different than the actual , an error of from

1 3000 to 5000 acre feet (3,690,000 to 6,150,000 m3) results (:71). In

— 
addition , sizeable seiches are not uncoimion on the lake and stage recorder

— readings may vary considerably fr om one end of the lake to another.

J At compromise elevation a one inch (2.54 cm) difference in water level

represents a change in storage of nearly 8000 acre feet (9,840,000

I m3) (Fuhriman, et al., 1975:23— 24). Another error results from neg lecting

evapotranspiration losses due to marginal flooding during seiches and

,, T the consumptive use of p hreatophytes along the shoreline and in the

shallow areas of the l ake.
— As more compl e te d ata became ava i lab le , attempts were made

to incor pora te inf low me asuremen t s and eva pot ran spi rati on es timates

In to the com putations. However , some of th ese parame ters cannot be
I directly measured and some flows may be overlooked. Small errors quickly

- compound and have a cumulative effect totally out of proportion with

their Individual sizes . For Instance , Loveles s (1972:41) points out

- - ~~~• - •~~~~~~~•~~ •~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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that if ground—water is assigned the residual value in the water budget

resu lt s, a fi ve percen t error in measu red inflow w ill resu lt in a 30

percent error in ground-water flow . Similarly, a fi ve percent error

in evaporation or outflow results in a 20 percen t error in ground—

water. While the salt balance model is still subject to some of these

~~

* 
same errors, the accounting of quality in addition to quantity represents

a significant refinement In budgeting the hydrologic cycle of the l ake.

Chemical Quality Sumary

- .  Ov eral l water quality has been a major item of interest in

nearly every hydrologic study performed on Utah Lake. The high total

dissolved solids (TDS) content has been the source of greatest curios ity-

-particularly in light of the relatively low TDS concentrations in

the rneasurea b le inflows . The high concentrati ons h ave generally been

attributed to the influence of the Lincoln Point and Bird Island springs,

highly mineralized inflow from Goshen Valley , salt transport via wind

and rain , and the res idues from eva poration (V iers , 1964). As a result

of the work by Fuhriman , et al., it is now known that evaporation has

the greatest single effect , followed closely by mineralized spring

inflows .

Data rel ating to the chemical quality of Utah Lake waters is

presen ted in Table 4. FIgur e 18 is a comp anion to Table 4 in that

the locat i on s of the variou s sample sites are shown . Values listed

in Tab le 4 for lake samp les are the mean values for se ver a l sampl es

taken at different times over an eight year period (1970— 1978) at the

particular location by Brigham Young University Environmental Analysis
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• 
- - Laboratory. The data on spring inflows comes from Viers (1964) and

Milligan , et al. (1966).

General Trends

From the data it would appear that on the whole , the ma in body
- of the lake is of fairly un iform quality. As one moves further south

in Gos hen Bay, h owever , the quality begins to decrease markedly as

. 
- 

1 TDS, Mg, ~a, K , Cl , and SO4 concen trati ons show a defi nite i ncrease.

The slight variation in quality in the vicinity of PB—li may well be

- - due to the influence of the spring which Viers noted in that area as

well as the outflow from Provo Bay.

- 
Statistical Distributions

In rev iewi ng the work done by Jensen (1972) with respect to

- -  conputer—assiste d stat ist ical trend mapping of various qual ity constituents,

some extremely interesting patterns were noted in the southern portion

I of Utah Lake . These maps were based on data collected during June and

October of 1970. Through the courtesy of the BYU Department of Geography,

T the “SYMAP ” dec k used by Jensen w as sec ure d and se l ected “mappings ”

were reproduced. The maps for sodium, magnes ium, potassium, and chloride

— are included in this text as Figures 19 through 22 respectively. The

particularly noteworthy aspect of the first three maps is the similarity

of the pat tern s along the southwes tern shoreline of the lake. The

interesting anomaly in the chloride map is the seemingly inexplicable

-
~~ “island ” of lower chloride concentration in the middle of Goshen Bay.

The smaller “isl and within the Island” has an even lower level of chloride.

If the reader will refer back to the three preceed ing map s, he will

note this same Island exists for each of the other ions . Jensen makes 

•. -• _ _
-
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Figure 21. Potassium Dis t ribut ion June 1970 (Jensen , 1972).
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- -S ~ -*  — -~~~~~~ J -~~~ ~~~~~~~~~~~~ 
- -

- - - — - ~~~~~~~~ -~~~~~ — -—- - -- ~~~~~~~~~ -— - - I -—-  ~~~~— - -~~~~~~~~~~~ -— I~~-S— --~ - — 

I 

- - -



49

no attempt to explain these patterns as they have no real bearing on

the objectives of his st udy. Ho we ve r , the author feels that these

are definite indications of ground-water inf low in mid—Goshen Bay and

along the western shoreline just north of the mid-bay .
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I
CHAPTER 3

I
DESIGN OF INVESTIGATION

Because of the number and interdependence of the vari abl es,

1 unknowns and indeterminables associated with any geohydrologic study ,

subsurface i nvestigations must be tailored to the a rea and employ a

variety of analytical “tools”. In every case, the value of the i nforn~tion

must be weighed against the cost 0f obtaining it. Oftent ime s, time

and budget constraints pro ve to be overriding factors in designing

the investigation. This study is no exception. Wh ile fi ndi ngs may

- 

- - - have a significant impact on the diking proposal , the aforementioned

contra i nts dictated that the I nformation be obtained as rapi dly and

- 
economically as possible.

Li Fol lowing a thorou gh rev iew of the previ ou s investigators ’
findings as well as the tools and tech nology avai lab le , the author

decided upon the followi ng research format:

j 1. Perform a detai led rev iew and eval uation of literature
- 

addressing the geology and hydrogeology of the Utah Lake Basin insofar

as it is known in order to obtain as compl ete an understandi ng of the

- 
subsurface environment as possible.

- 2. Inasmuch as Utah Lake is a remnant of the old Lake eonneville,

review and study literatur e dealing with the ground —water situation

t n  some of the “sister basins ” for possibl e clues as to common char—

I acteristics.
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1 . 3. Through the use of thermal ima gery (infrared), attempt

to identify thermal gradients over the lake surface.

4. Using the therma l imagery as a guide , complete an aerial

- 
reconnaissance of the lake in an attempt to pinpo i nt infl ow locations.

5. Once suspected infl ow areas are identified , obtain repre—

sentative sampl es and establish piezometric profiles.

1 6. Formul ate conclusions and recomendations in accordance

with the stated problem objectives.
— 

- ~~

‘ Mathematical model i ng of the Utah Lake Basin water budget and the use

of dyes and tracers ~*re also given serious considerat ion. The modeling

approach was discarded primari ly because of the lack of accurate data,

the complex interrelationships previ ously mentioned , and the absence

:. of clearly defined boundary conditions. Use of dyes and tracers was

considered impractical because of distances involved between convenient

injection points and suspected inflow areas. Not only ~~u l d  it be

ext remely difficul t to pred ict the arri val time , the chances of the
!~~~~~ 

.
~
.

concentrations remaining at detectable l evels ~ uld be stal l ——part icularly

in light of the tremendous dilution potential in the infl ow area of

. the lake. —

J.
Geology and Hydrogeol ogy

• L Difficulty is encountered comprehending the nature of the problem

and reach i ng val id conclus ions unti l one unders tands and apprec i ates

the nature of the Utah Lake Basin geology. Hence, any worthwhile in—

F vesti -gation of subsurface fl ow begins with a strong geologic and

hydrogeologi c foundation. Inasmuch as the surface rocks in most of

Utah Lake Basin consists of sedimentary valley fill , the stratigraphy

L - --—a- 
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- and geoinorphology of the basin provi de the best clues as to ground—

wa ter occurrence a nd move m ent; however , the structural geology may

— 

- 
hav e c o n s i d e r a b l e  impact on the routing of such flows. The primary

sources of geologi c -and hydrogeologi c data include previ ous geologi c

and ground—water studies conducted in the area, w e l l  d r i l l e r s ’ logs ,

compiled well data, resul ts of geol ogi c cor ing, a nd var i ous observa b l e

T 

phenomenon. Information from each of these sources was compared and

correl ated to obtain a single basin—wide picture rather than a series

— 
- of l ocalized pictures of the subsurface envi ronment.

- Sister Basins
.. 

- 
Lake Bonneville was a huge lake which , at one time , covered

•1 a large part of the state of Utah and even extended into parts of Nevada
- 

and Idaho. While terrain and cl imate may have va r i ed  considerably

L over such a broa d area , conditions were li !~ely quite homogeneous within

specific smaller regions. Hence similar depositional patterns might

- J be found in “sister basins ” abutt i ng the Wasatch Range . Geographical

r proximity and structural similarity exist in these basins , and it seems

reasonable to assure correl ation exists in relation to pre—Lake Bonneville

:- sedime nts. Based on these suppostions , hydrogeo logi c envi ronments

shoul d have many common features. A review of the findings and phenomena

in some of these other basins for clues and/or support of hypotheses

relative to the subsurface flows in the Utah Lake Basin coul d prove

most beneficial.

Thermal Imagery

Refinements made in airborne therma l sensors during the Vietnam
1. Confl ict hav e resulted in the emergence of thermal image ry as one of

I ,
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- the most beneficial tool s availabl e to the environmental researcher.

Because of vast differences in the unclassified state-of—the—art since
- - 

1968 when the l ast low altitud e therma l scan was made over Utah Lake,

the author felt that  the resul ts  of a new aerial thermal survey coul d

t prove invaluable -—especial ly in view of the shallowness of the l ake.

~. Airborne thenmi ~nagery differs somawhat from infrared photography.

— With photography, infrared—sensitive film is used in a conve ntional

camera consistent with the film size. For the most part, images obtained

in this manner lack sufficient detail and clarity to be used in any

- 

study requiri ng high resolution and detailed levels of detection. Thermal

ima gery, on the other hand , empl oys an ext remely sensitive scanning

- “radiometer” device mounted on the underside of the airborne pl atform

(ai rcraft). When activi ated , this sensor continuously “sweeps” the

area below and electronical ly transmits reflected radi ation data to

a processor unit which convert s this data to a photographic image.

1. Si nce a scanni ng process is used, the image is reproduced on a conti nuous

roll of film as opposed to single frames. Temperature variations are

I depict ed by variat ions In cont rast. On the image negatives , areas

T 

of higher temperature appear as areas of darker contrast.

In order to obtain the best thermal imagery results , fl i ghts

T should be made during the early morning hours just prior to sunrise,

to prevent i nterference from refl ected solar radiation ; following a

prolonged period of calm wind conditions , to allow thermal gradients

-- to stabilize within the lake ; and at a time when temperatures are as

close as possible to maximu m dens ity tempe rature (4°C). Un der tPese

j - conditions any inflows should rise quickly to the surface as they will

I be wa rmer and hence “ligher ” than the main lake water. In addition ,
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at the time the mission Is f lown , we ather condition s should be such

as to preclude turbulence and cloud obscuration . The flight altitudes

— should be low enough to give maximuli temperature resolution with minlnum

.. image distortion .

T Aerial Reconnaissance
- Although considerable effort has been made to identify inflow

areas v isually via aerial reconnaissance by other researchers (notably

Viers and Fuhriman), none of these efforts represent a corre lated and

systematic search scheme . That is not to imply they were not planned

or advan tageousl y emp loyed , but rather these efforts did not fu l ly

utilize the potential of aerial observation. These earlier flights

did provide an inval uable info rmation base for additional flights ,

- 

- 

however.

The objective of recon noitering the lake was not to confirm

E the existence of previously identified inflows , but to possibly identify

1 points and/or areas rendered favorable by the results of geologic studies

t 1 
and thermal imagery flights. In order to accomplish such an objective,

special conditions are required :

1 1. The l ake must be calm and the water relatively “settled” .

2. Algal growth must be at a minimum.

3. The “lighting ” must be right , i.e. , water surface glare
must be at a minimum.

1.. 4. If Ice is present , It must be transparent enough to allow
• for the i dentification of variations in underlyi ng water colorations.
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5. More than one flig ht over each of the areas should be made

I (preferably under slightly different conditions) for positive identification

and location.

1 6. Once an inflow loc ation has been identified , provisions

must be made to allow for iimied i ate surface marking so that such points

1 may be reached by boat for sampling and further study.

I Saniples and Piezometric Profiles

Temporary installation of piezometer s provides a degree of

I refinement to ground-water investigat ionsin that pressures, water leve ls

and hydr aulic gr adient s may be determined. In addition , undiluted

ground—water samples may possibly be extracted and results of the analyses

used to more ~ curately assess inflow quality. Where possible, piezaneters

should be installed directly in , or as close as poss ib le to, positively

j identified “springs”. Additional efforts should also be made to establish

1 a line of at least two more piezometers in a direction from the inflow

1. point toward the suspected source.

I In suspected inflow areas wh ere positive thermal or visual

identificat i on cannot be made due to low volume and/or highly diffuse

i n f l o w , piezoinetric data may provide the only tangible evidence to

support a postulated influx. In such cases, a line should be established

parallel to the suspec ted direction of flow and piezometers placed

- -  so as to minimize effects of any local influences .
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CHAPTER 4

GEOLOGY AND HYDROGEOLOGY OF UTAH LAr~E BAS IN

The importance of a comprehensive understanding of the geologi c

I and h~drogeologic character of the Utah Lake Basin cannot be overemphasized.

Such an understanding forms the basic framework for the ent ire in—

I ves-t igation. This chapter is devoted to establishin g this framework.

The geologic di scussion wi l l  incl ude history , basin fill , structure
3. of the Lake Mountains and Mosida Hills , and lake bottom geology. The

hydrogeologi c portion will deal with aquifers , piezometric contours ,

sources of recharge, and a discussion of the ultimate destination of

the Basin ’s ground—waters.

Basin Formation

According to Gilbert (1890) , the Utah Lake Basin was probably
— formed as a res ult of two major geol ogical fo rces: the fo rmation of

I
- 

the Basin and Range Provi nce during wh ich Utah , Goshen and Cedar Vall~ ’s

were formed anr1 the formation of Lake B onnevil le Cf which Utah Lake
• ‘-I

is a remn a nt . The fo ldi ng of mountain structures was the resul t of

the Laramide Orogeny.

More specifically , Hun t, et al. (1953) points out that evidence

strongly indicates that Utah Va l ley  was fo rme d as a resul t of block

faulting , or the raising of adjacent mountain blocks relative to valley

blocks. The same is considered true for Goshen and Cedar Valleys. Thus

these valleys are basically structural grabens which have evol ved over

56
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I
I ma ny years . From all indications , the faulting which initiated the

I valley developme nt may be continui ng as vigorously today as in the

past (Hu nt, et al. 1953:40). Brimha ll , et al . (1976b:4) suggest that

I a “dynamic equilibrium ” seems to have been established over the last

I 15 million ~ears be~ een the uplifting/downdrcpping and the erosion/ infilling

processes.

I The exact beginnings of this faulting activity have yet to

be determined , but it is generally accepted that the basi n began to

I develop as a structural entity about mid—Tertia ry time and had obtained

appreciabl e size by late Tertiary time . By early Pleistocene , the

I proportions we recognize today had been obtained. A simplified geologi c

map of the area is shown in Figure 23.

Basin Fill

I Sedime nt s comprising the valley fill in the basin exi st in

I fairly distinct layers , each associat in g wi th a particular geologi c

peri od . These l ayers are at their thinnest in the northern end of

I the basin and gradually thicken as one move s in a southeasterly direction.

For the most pa rt , the valley sedime nts appea r to have been derived

‘- I from the rocks of the surrounding mountains.

I Depth of Fill

Measurements obtained by the U.S. Geol ogical Survey in 1947

1! using an airborne rnagntometer indicated that the fill in Utah Valle y

was ve ry unifo rm (no anomalies to indi cate buried hills containing

. dense rocks) to a depth “ ...of at l east a few thousand feet... ” (Hunt ,

I et al., 1953:37—38). Later, Cook and Berg (1961) repo rted that gravimetric
— tests over the basin Implied a depth of several thousand feet. Based

t 
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on the results of this gravity survey , it has been assumed until only

very recently that the dept h of fill approached a probabl e l imit of

some 8000 to 10,000 feet (2400 to 3000 meters). However, information

from the drilling of a wildcat well about one mile (1.6 kilometers)

• west of the city of Spanish Fork by the Gulf Oil Company during the

fall of 1977 proved that limit very conservative. While much of the

information is still confidential , a company spokesman did say that

drilling was abandoned without reaching bedrock at a depth of 13,000

feet (3962 meters). He went on to say that their geologists now estimate

that Paleozoic formations may not be reached for another 5000 to 7000

feet (1500 to 2100 meters) (Mann, 1978).

~~. 
Pre—Lake Bonneville Sediments

Working upwa rd from the ol der, deepe r sedime nts , the first
-

- - ~ L identifiable formation is the Salt Lake Formation. This is a considerabl e

r 
thickness of well stratified vol canic and other debris wh i ch appears

to have been deposited in quiescent water, such as in lake or pl aya

I conditions , sometime in lat e Tertiary t ime . Reworked ash , probably

washed in from pyroclastic deposits which  fel l on surrounding highlands ,

I and congl ome rates, from the erosion of bed rock and lava formations ,

1 

are interstratified with this vol canic debris. Since the valley was

-
~ pretty well formed by this time and since there is no evidence of any

shorel i nes a bove the Bonnev il le shorel ine, it is assumed that this

lake(s) and/or playa(s) corresponded rou ghly to the present valley

L areas and never exceeded the size of Lake Bonneville (Hunt , et al. ,

-- 1953). Based on wel l lo~~, the depth to the top of these Tertia ry deposits

-- varies from approximately 175 to 200 feet (50 to 60 meters) in the

- 
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north end of Utah Valley to 450 to 500 feet (135 to 150 meters) in

I the south end.

As th e per iod of vulcan i sm wane d , the last of these Tertiary j

I lakes receded and perhaps even disappeared ; and pre —Lake Bonneville

Pleistocene time was ushered in. This phase of sedimentation history

I appears to be characterized by periods when huge alluvial fans extended

far into the valleys. These, i n  turn , were separated by at least three

periods when l akes, presumably glacial , were formed. The fangl omerate

I deposits most likely were the result of mudfl ows and other flood deposits

(Hunt, et al., 1953). Depth to these l ayers vari es from less than 50

1 feet (15 meters) near Lehi in the north to nearly 300 feet (90 meters)

south of Elberta.

Lake Bonneville Sedimentation

‘ 
1 Conclusion 0f the Pleistocene time was marked by the formation

of Lake Bonneville. At its maxi mu m size , the lake covered an area

of some 20,000 square miles (50,800 sq ua re kilometers), see Figure

1 24, and obtained a maximum depth of about 1000 feet (305 meters) (Bissel l ,

1968).

I Duri ng its mul t ip le —l i fe  span , Lake Bonnevi l le experienced

at least three major substages (Figu re 25) : the Alpine , B o n n e v i l l e ,

I and Provo. Of the three , the Alpine substage contributed the most

— sedime nt to the Lake Bonnevi l le group. These Al pi ne sediments are

characterized by vast quantities of fine—grained materials , with over

I half being silt size or finer. It was during the Bonneville substage

that the lake rose to its maximum elevation , eventually breaching Red

Rock Pass near Preston, I daho, and flowi ng into the Snake River drainage.
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However , when compared to the Alpine deposits , the volume of Bonneville

sedi ment s is insignificant —— indi cating the Bonneville substage was

relatively short lived (Hunt, et al., 1953:40).

Once Lake Bonneville overfl owed Red Rock Pass into the Snake

River Valley , there was a rapid and permanent drop in the water l evel

(nearly 300 feet or 90 meters in Utah Valley ) and the Provo substage

was initiated (Gil bert, 1890:260). During this stage, large l ake deltas

SC - were built at the mouths of the principal streams draini ng the Wasatch

- [ -- Range. Types and proportions of coarse and fine—grained deposits of

that period are very similar to that being transported into the valley

I today and are mark edly different than those of the Alpine formation

deposits previously described (Hunt, et al., 1953:41).

From here, Lake Bonneville gradually receded l eaving Utah Lake,

- 
calt Lake and Sevier Lake as surviving remnants. Sediments have continued

to accumul ate in the val ley but at such a slow rate as to have had

an insignificant impact (Brimhal l, et al. , 1976b:24).

The thickening of sedime nt layers from north to south seems

I to indicate a t i lt ing of the valley gra bens to the southeast. This

condition is probably caused by a greater movement along the Wasatch

Range than along the western side of the basin.

I Cedar Valley Fill

While Cedar Valley has a common geologi c history and structure,

it does differ sl ightly from Utah and Goshen Valleys to the east. For

- one thing , the floor of Cedar Valley averages some 300 feet (90 meters)

higher than the level of Utah Valley although it does still slope from

northwest to southeast as does Utah Valley. Due to its higher elevation ,
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Cedar Valley has not likely accumulated as much depth of fill as the

L I other two valleys in the basin. Cedar Valley fill is composed primarily

of al l uv i al fans ; lacus tri ne clay, silt , san d , and gravel ; and eolian

1 sand and silt. Because of the rather sheltered nature of the valley,

which would tend to minimize lake currents, and absence of large perennial

— I streams , which could carry coarse debris , the lacustri ne deposits tend

I to be rather impermeable, well sorted beds of silt and clay intermi xed

with a few permeable beds of shoreline sand and gravel . Few large

I deposits of sand and gravel are found in the valley interior (Feltis ,

1967:10).

us Structure of the Lake Mountains and The Mosida Hills

- 

Lake Mountain and the Mosida Hil ls separate Cedar Valley on

the west from Goshen and Utah Valleys on the east. Fi gure 26 is an

enlarged view of this area. Since Feltis (1967:12—13) has suggested

that some Cedar Valley ground-water may be l eaving the valley “...al ong

the bedding pl anes and through fractures and solution channels in the

rocks...” , attent i on needs to be given to the structure of this area.

Feltis ’ theory is given further di scussion in the hydrogeologi c section.

• Geol ogy of Lake Mountain

~~. Lake Mountain is basical ly a syncline comprised of faulted

and joint ed sedimentary formations. Syncl i na l axes are depicted in

Figure 26. The major syncline has been offset approximately one third

of a mile (0.54 kilometers ) to the west at Its southern end , due to

tear faul ti ng ( Bul lock , 1951:25). The geologic sections A—A ’, B—B ’

and C—C ’ depicted in Figu re 26 are reproduced in Figure 27. The following
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descriptions of the various constituent formations is based on Bullock ’s

I field work (1951:11—16).

The Oquirrh Formation consists of alternating beds of sandstone,

I l imestone and orthoquartzites. Underlying this formation is the Manning

I 
Canyon Shale, predominantly a black variegated shale with ort hoquartzite

beds common in  the l ower part and limestone beds in the upper. Below

I this is Great Blue Limestone which is a massive to thin—bedded blue

limestone wi th shale nea r the base and an abundance of chert in the

I upper I~rizons. The Humbug Formation is composed of i nterbedded sanc~tone,

orthoquartzite , dolomites , and limestone. Pine Canyon Limestone is

I the next major Formation. It is characterized by alternating l ayers

I 
of chert and limestone. The upper layers tend to be cherty and dolomitic

while the lower layers have zones of fine—grained to coarsely crystalline

I limestone . Beneath the Pine Canyon is Gardne r Dolomite. The basal

member of this format i on consists of sugary dolomites while the upper

I layers are primarily fossiliferou s l imestone. The final level of the

section is Pinyon Peak Limestone, which grades from l imestone to dolomite

as one moves northward. There appear to be three distinct l ayers within

this formation: the basal , consisting of madium to coarse—grained dola-nites - 

-

- and limestone which tend to weather to a sandy texture; the mid—laye r,

I comprised of irregularly mottl ed dol omites ; and the upper l ayer of

cal careou s and sugary dolomite. The water beari ng and transmitting

I capabilities of the constituents of these variou s formations will be

covered in the hydrogeol ogic section.

1. Bul l ock (1951) made two observations which are of pa rticular

— interest to this study. The first Is that the ent ire Lake Mountain

bl ock Is tilted southward (apparently happening during the Basin—Range

I
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orogeny ) (:37). This tilting is emphasized by the southwa rd tilt of

the summi t as well as the southwa rd drainage of the two major canyons,

~-j Mercer and Long Canyons. The second interesting observation is that

I the synclinal axes, faults , joints, and stratigraphic horizons “...are

important controls of drainage lines...” (:39).

Geology of the Mosida Hills 
-

I The Mosida Hills lie immediately south of and adjacent to the

Lake Mou ntains , as may be seen in Figure 26. A series of low passes

through this area connect Cedar and Goshen Val l~ ’s. According to Hoffman

1 (1951), the sedimentary formations as depicted in the geologi c section

in Figure 28 all have a genera l ly northerly to nort hwesterly strike

I and a northeasterly dip averaging 45 to 50 degrees and d i sappear  in to

Cedar Valley alluvium. Structurally, these hills tend to be characterized

I by generally north— south antic lines with high angle faults striking

normal to the structural trend and by thrust faults.

Geol ogy of the Floor of Utah Lake

1 Duri ng the field season of 1904, a team from the U.S. Reclamation

Service performed a seri es of “washed bori ngs ” at vari ous locations

in the floor of Utah Lake. While littl e specific i nfonTation wes obtained,

1 it was determi ned that the sed iments wel l away from the shore were

characterize d by a very soft “ ...very fine , smooth , slick clay , light

colored on top, and changi ng...to a bluish color under the surface...”.

The clay was somewhat stiffer toward the shore and was mi xed with sand.

Along the north and east shores they found mostly sand extending some

di stance out from shore where it merge d into clay. In some cases,

the sand was quicksand. Al ong the western shore a strata of hard n-aterial

- - ---—--5..- - - .~~~~ ..—.-— - - - . 5 .  
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I (presume d to be hardpan or cemented sand , gravel and boulders) was

I overlain by “2 or 3 feet ” (approximately 0 .75 meters ) of sandy clay .

Equipment limited penetrations to a depth of 108 feet (32.9 meters)

I (Horton, 1905:490—494).

Later, in 1962, the USBR conducted a reconnaissance study of

I the proposed Goshen Bay dike. Fi gure 29 shows both the dike alignment

i and locations of the 28 bore holes associated wi th the study. Fi gure

I 30 dep i cts the profile obtained from the bori ngs al ong the proposed

dike axis to a depth of approximately 90 feet (27 meters). The report

describes the sediment as consist ing of “ ...low plasticity silts and

very lean cl ays havi ng a very uniform texture and compactness down

to a maximum depth of 76 feet... ” at the center of the dike (U.S. Bureau

of Recl amation , 1963:5). This silt and clay l ayer thins progressiveley

to a thickness of approximately 19 feet (5.8 meters) near the shorel ine.

The silt is further described as being ve ry homogeneous with the compl ete

uniformi ty in compactness and physical chara cteristics sug gesting an

eolian rather than a fluvial origin ( :6) .

Under this si l t  and cl ay layer is a thin layer of moderate

to high pl ast ic i ty , highly compacted red clay ; and under the clay ,

interbedded and lensed sands and s i l ts ranging f rom coars e silts to

fine to medium clean sands . The boring party found that the cleaner

sands were “...ful l of water showi ng some artesian pressure...”. Large

- 

quantities of marsh gas (principl y methane and nitrogen gas with some

- -  carbon di oxi de) under considerabl e pressure were encountered in the

holes designated by “PRG— 7” and “PRG-lO” at a depth of approximately

75 feet (22.9 meters) below the water surface (:6).
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The logs of holes 25, 26 and 27 indicate that the safle character

and l ayering of sediments is present at mid -lake . The dark gray clay

layer of Figure 30 was very obvious in the acoustical profiles done

by Brimhall , et al . (1976a) and persisted over the ent ire lake bed.

This Is further evidence that it is reasonable to assume that the l ake

bed has a fairly homogeneous character in its upper layers.

Distribution Patterns and Nature
of the Upper Sediments

Sonerhoim (1974) and Bingham (1975) have done computer-assisted

statistical trend mappi ngs of the mineral and particle size distributions ,

respectively, in Utah Lake sediments. As would be expected , the coarser

grained materials tend to have their highest values along the eastern

edge of the lake , corresponding to the major tributary inflows . The

very fine grained materials tend to accumulate in the deeper water

furtherest from these major inflows . Brimhal l and Merritt (1976b:15)

note that the predominan t mineral in this upper region of sediments

is calcite with impurities of magnes ium , s trontium and others. The

next mos t ab undant is qu artz and oth er forms of silica followe d by

- clay minerals of ill ite , montm orillonite and mixed layers types. The

\ reason for the higher calcite concentrat ions in the deeper calmer waters

is that the calcium coming into the lak e via surfac e and subsurface

waters combines wi th car bonate into tiny silt/clay size particles .

These particles are so small as to be kept in suspension by the wave

action in shallowe r water--thu s most of the precipitation occurs in

deeper waters (:17-20).
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Lake Bed Faulting

Acoustical profiling wor k done by Brimahi l , et al. (1976a)

has provided a rather detailed picture of recent faulting wi thin the

bed of Utah Lake. Observat i ons were possible to a depth of about 25

meters with the equipment used. Figure 31 is adapted from that work.

It has long been theorized that a major fault also extends in a rough

north-south arc from Lincoln Point , through Bird Island , and on up

to Saratoga Springs. This theory is based on the presence of thermal

springs at each of these location s (suggesting deep-se ated geologic

processes) and is supported by the gravimetric work of Cook and Berg

(1961).

The Bird Island Fault in Figur e 31 is displaced from 6.5 feet

(2 meters) to less than 1.5 feet (0.5 meters) while displacements along

the East Goshen Bay Fault range from 3.3 feet (1 meter) to less than

1.5 feet (0.5 meters). The East and West Jumbers Point Faults , on the

the other hand , show the greatest displacements of any in the lake-

-from approximately 3 to 16 feet ( 1 to 5 meters). The Pelican Point

Graben represents the lowest structural point in the basin and corresponds

quite closely wi th the lowes t topogr aphic point as well (Brimhall ,

~
. et al., 1976b:27-33).

Travertine Deposits at Lincoln
Point and Bird Island

The best des cription of the nature of the spring deposits at

- - 

Lincoln Po int and Bird Island Is found in the USBR reconnaissance report

of the propo sed Goshen Bay dike. The following quote Is taken from

that report. 
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• The traverti ne (an d tufa ) are hot spring deposits composed
:- of calc ium carbonate. They vary from very hard rock to very

earthy deposits. ..and ex te nd for about 1 mile arou nd thej east side of the point and for about 3 miles along the west
side. Bird Island is composed entirely of travertine. . .the

- channel ways which the hot waters have followed are probably
quite large , perhaps even cavernous. The lime material-. (travertine) was und oubtedly derived from the solution of
the limestone as the hot waters have flowed through. (U.S.
Bureau of Reclam ation, 1953:4).

Hydrogeology

The occurren ce and movemen t of ground-water within the Utah

Lake Basin is directly controlled by the geology just discussed inasmuch

as aquifers are co—located with porous strata and movement is controlled

by the presence of hydraulic gradients and permeability. In the following

-- 
discussion the author provides support for this theory——that the hydro—

geology of the basin affords considerably more opportunity for subsurface

— inflow to Utah Lake than has been previously supposed .
4

1 
Basin Aquifers

I The aquifers within the Utah Lake Basin clearly associate with

I the major sedimentary deposits. The four major fresh water aquifers

In the Utah Valley/Goshen Valley are a which have been developed to

I any significant exten t are known as: 1) the W ater Table aquifer; 2)

the Shallow Pleistocene aquifer; 3) the Deep Pleistocene aquifer; and

1 4) the Tertiary aquifer. The nature of the valley fill in Cedar Valley

make positive Identification of these same aquifers a bit more difficult ,
I but some correlation does exist through at least Pleistocene .

I In gen eral , sand and grave l layers of these major deposits

are the principa l wa te r- be aring layers . The san d and gravel tends

1 to be more coarse , more permeable, and more extensive near the mountains ,
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becoming progressively finer and less permeable toward the center of

the val leys. The geologic processes described in the section on basin
- fill produced a complex sequence of interbedded and interfingered clay,

I silt , sand , and gravel . Groun d—water moving away from the mountains

and toward the val ley is confined beneat h the clay and silt layers

p r o d u c i n g  a r t e s i an  pressures  in  areas of all three valleys . These

artesian pressures are prevalent throughout all of northern Utah Valley

and southern Utah Valley north of a line through Payson.

Cordova (1970:13—14) points out that in Goshen Valley artesian

conditions are confined mainly to the eastern part of the valley between

Goshen and Utah Lake and generally flow on ly occurs below an e levation

of 4520 feet (1378 meters). The lac k of artesian conditions on the

1. west side of the val ley may be attributed to the absence of extensive

— 
~~

- confining beds . Himebaugh (1977:4—6) presents a fairly good argument

that reduced artesian pressures may be the result of head loss as the

water moves horizontally from the recharge area.

-- 
Feltis (1967:12) reports that artesian condition s exist in

- 

- 

I J~~ 
Cedar Valley eas t of the Oquirrh Mou ntains . Fairfield has flowing

-. wells from aquifers at depths of 100 to 824 feet (30 to 251 meters).

Indications are that these aqu ifers may extend all the way across the

r valley , but pres sures are not sufficient to cause wells to flow in

the centra l and topogr aphically low parts of the valley. He feels

this reduction In pressure may possibly be due to the discharge of

water Into the bedrock on the east edge of the valley . While he theories

that artesian conditions may occ ur at depths greater than 200 feet

(61 meters) in the southern p~~t of the valley, they cannot be subst~~tlated

w ith d ata because no wells In the area penetrate b elow that level .
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Each of the four major aquifers will now be discussed in greater

I detail. Figures 32 throu gh 41 hav e been prepared to faci l i tate this

portion of the discussion . Figure 32 shows the locations of the various

I geologic sections depicted in Figures 33 through 41 These sections

are based on selected well logs. See Appendix A for the well numbering

system.

I Water Table aquife r. This is the up permost of the aquifers

and associated with the Lake Bonneville Group. Water in this aquifer

I is unconfined , fairly close to the ground surf ace, exce pt in areas

of Cedar Valley, and generally of poorer quality than the deeper aquifers .

I Throughout most of Utah Valle y and Goshen Valley , the water table is

within 25 feet (7.6 meters) of the surf ace. In m any low lying areas

• of souther n Utah Val ley and Goshen Valley the wate r table is at or

I above ground leve l . This is in sharp contrast to Cedar Val ley where

the depth to water ranges from 30 feet (9.1 meters) in the northwestern

I part to 200 feet (61 meters) in the southeast . However the hydraulic

gradient is still toward the eas t and southeas t since the floor of

L Cedar Valley is some 300 feet (91 meters) higher than Utah and Goshen

— Valleys .

Shallow Plei stocene. The next d eeper aquife r is the Shallow
- 

Pleistocene. Depths to this aquifer range from about 38 feet (12 meters)

near Amer ican Fork to some 300 feet (91 meters) near Goshen . Aquifer

thickness varies from about 40 feet (12 meters) near Lehi to nearly

200 feet (61 meters) in parts of southern Utah Valley. Artesi~i conditions

- prevail from the Payson area northward but appear to be absent or greatly

- diminished south of that point and in Goshen Valley. The artesian

pressure s In Ced ar Val ley associat e primarily wi th the Pleistocene

- ----—— - r.~~~~~~-— ’~-

— S C —



r—
----- - ~~~~~~~~~~~~~~~~~~~ - 

-- -- _ . _ :_ SC__ — —SC- 
~ ~~~~~~~~~~~~ 

SC— - SC -- - --- ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
SC

~~~~~~~~~~~~~~~~~~~~~ ~~~~

~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~- •- ;~J (
1 0 Am•ricon 

~~~~~~~~~~~~~~~ .~
:t4.4 -5

L Y ~~~~ ~ ~
Fs~rftsId ~~~~~ 

—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ t::
:

0 

~~~~~~~~~~~~ -5) 1 ~~~~~~~~~~~~~~~~~~~~~~

i

I
: S C~~~~~~ , .:--~:~1 ~~~~~~~~ 

I
- 

SC

~~~ 
~~~~~~~~~~~~~ ~~~ ~~~~ ~r~

40 
~, 

..

-~~ £... ~~~~~~~~ 
~ -SC

~~~~~~~~~ ~~~~~~~LJT ~ L A K E
-~

- -
~t~

/ J - -

-~ - 
-

~~~~~~~~~ ;=~~~~ 
~~~~ \- 

- 1•\ j~~~~f ~~~
- ~~~~~~~~~~~ ,

- - -  __:7
?I

~ 
YIIII

- 

~~~~ 

‘

~~~~~~~~~~~
- 

- 

~~~ 
/ 

Sc~nisI~I ‘.
~ - 

/_~~~~
•
;~
.; Fork

\ ~~~~~~~

‘ 

~~~~~~~~~\ ‘c~— ’t ’~~~ t
I. ~~~~~~~~~~~ -‘ W I  ~~~~~I ~~~~••\ ~~~~~~~~~~~~~~~~~~~ ç~~~\ \:-

I - - - I ‘~~~~ -~1 ~~~~~ •, -.1 5 -  ~~~~~~~~~~~~ 
—
~

I I ~~~~~
‘ 

~~S~~- i  -

I 
- 

°
~ :~ ~~~~~~ ~~~~~~~ 

..
‘ ~~~~~~~~~~~~~~ —~~~~ ~~~~~~~~~

-

~~~~~~~~~~ 
/

1~~~ - ) 
~~~~~~~~~~~~~ 

5. -

I 
~~~~~~~~~~~~

1 4r ~ 

- 
— $on?aQgul~~ — — - ._ ~~ 

‘
~~

- _5.
j

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S C .  — . - ,  t . • .~ •

I a - ’-”~~ Elo er?. 
Goshen $J 44 LEGEND

,
~~~
1
t~~P~~~U 1~€f?~~~~~~~ 

p

~~~~~~~~~~~~~~ ‘~ 3~h rj g~
•... •_ ~ ~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~

~~G 
~~~~~ ~f ~~~~ / ~~~~~~~~-r _ ~~~~~~~~~~ ~~~~ - ..~ ~~~~~ r ~~~~~~~ Scale
f,.~~+ .~~ __________________

~~~~~~~~ “1 t~~ 
.•5.~Ad~• • -

‘ SC ‘~P -~~~ ~~~r~-~~~1 ~~~~~~~ -~~ 0 5 3 4 5
~‘s. ,’ ~~~~~~~ - 

~~~~~~~~~~~~~~~~~~~ 
Milis

Figure 32. Location s of Geologic Sections for Figures 32-40.

---5 SC-SC--- -5SC~~~~~~~~~~~~ SM s~~~~~~~~~~~~~~~~~ - -— -



~T 
- -5 . - -_ _-— _ _ _ _ _

~ 
I 

~~

- - - -

~~~ 

-- - - - - -SC- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— 

I
1 Sw 

80

~ I ~~~

_ _ _ _ _  

A
l

- I 
47C0 

I

-~t I

/ /~~~~/ / / f /

1 

-

4400 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~, / 
,
/
/ 

/ ~~/ ~/ 3~/ ~, / / ~~ 

- 
- 
-,

,, / / ///// / / / / ~~ , 
/ // — 7 — ~~~ — ~ 

— — — //

I I 
-

/ 

/ ~~/ /~ 
~~~~~~~~~~~~~~~~~~~

- -~~
z - 

/ ///,//, - -,,

~

oo 
___________________________________________

~sstflc1inq Lay er

I
1~ 

I — — 
HOrfi ositol Scale

H 
-

(Scc1/

~~ 

/.c.W ca ~~ PF~ ~2)

(Ada pted ~~~~~~ ~~~~~~~~~~ 

Utah Lake to Highl and Bench 

-~~~~~~~~~~~~~~ _- S C-  
SC _ _ _ _  _ _ _ _

- 

- - - S C. ”  -



7 -- - -5 - - -

~~~~~~~

- --

~~~~~~~~~~~ 

-
_

-

-
_ _
I - 5 

81

- (~mooIs*Id)sN~~~~g •~01••~d Aa$la~L

~~~~~~~~~~ 
__________________

I 1 r ~I -..: - i :
~~

~~~~~~~~~~ t\~ ~
~- t~~~ :~ I 5.

’
U O~~OJd --- - . ~ .-~L~-~-1 ~~

- 
~~~ ~ 

- - ~~~I ~~~~~~~~~~ ‘~~~~ I - I’,
I .~~-~ . : ~- - :.1 ~~~

‘ \
~~‘l t - - - .~~~

~~~~~~~~~~~~~~~ 
p~~- ’~~ ~ 

- ¼_ _

‘ /~~
\\ : ~ ~~~ ~.

- I ~~~.~~-
_
-

_
-

_
- _

__
_ (  ;~

- ‘ ~:; 1 ~~ -~~

4.,

~ 
.e

.. ...$ ~‘-\~ -1 t~-’ --
~-~

~ IS -
~ 

-
~~I ~~ ‘~‘~ °— : . ~

-J - -  I

I -
- - - - -

- ..-:~:~~-~-J ~~ ~~~~ —

-.. ‘.-~. - . :.J ~~~~ - \ • \ ‘. E
- 0

• :~~- -:-
~~ :.

;.-~ ~~ < I -~~I I -
~~ 4-

• 
- -::--~~~ : I ~~~~ , -I —
~~~~~~~~~~~~~ 4 / - - ’  :a t  - 

I~~~~~~’

~1 u

O*SU.~ _ _ _ _ _ _ _ _ _ _ _ _ _l..$S Sn~~~ 
- 

• ~~I I~ 4.)
• ~~~~~~~~~ ~~~~s~~I

? 1L1 I =

0

1

7) ) I;)
- -  :~~. ~~~~~~~~~‘-- - ‘1’ (/1

— — - -::-:f ~~ - 
-

I O!AW~ -‘~~~~ 
-

I “/S. 

I ~~~~ ~mv
-:~‘ ‘ 

\ ‘ ‘-v a a)-. t ’ - -, ,
‘~~~~~~~~

- - -~~~~~H / i  /~~/III., 
~J 

~t ~~~~~~~~~~~~~~~ 

a

~~~ 1~v~ / Li ‘31
r

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -- -SC ~~~~~~~~~~~~~~~~~~~~~~~ 
- - -____________ A



P11 — - 
-- —-—------.-- ‘— .• - - - __ _

~~~~~~
_

~~

- 82

£

I ,~~~~~~~~
-

£.~: : : - ~~
-
~~~.~~~~. : L  a

1 ~ °°

I NI

I I
4eoo~~~ ~ /

-

o f
2/’ L~~e Bonnev il le Group

4400

Shallow Pleistocen e Aquifer

.T

.11. ~~~~~
_ 

~~~— — — - 
2

7 - - - 34300 - - r -
~ 

.- -
~~~~ 

. 
-

T .~~~~£ . . ; -

~~~

‘

~~~~~~~~

_ .._ - /- - 
- - - Deep P’eesto c.ne Aquife r

5
’

-”. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

‘
I

RsstñctIn ~ Layer

- Horizonto l Scale
I 0 I 2 3 4
I — — — — — I I

Miles

(S.c/ion iccu Won o~t p7g. ~2)

FIgure 35. Section C-C’ : Pel ican Po int to Orem (Adapted
from Hun t, et al. , 1953).

--5- - - - ___ SC.SC~~~.S.-SC.SC. - - - -

L~~
—
~
-
~ 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~- 
_

~~~~~~i S C .: - — £ -  SC-5-5SCSC~ -5SC~ - SC_SC ~~~~~~~~~~~~ p



83

1 .1 1  ~~~1It $  

-

~~~ 

! I
\ ~~~~~

I
I

t
~~~~

-. \ \ \\ i~
SC OAOJd 

____ \ \ :\~:b~ .¼
% .

~ 
C’

\ ~ 
~~~~~~~~ —

% ‘ - I
I I 9-

~
. t ° I I —

I- H
- ~~~~~~~ i. -~~ 

a. r t .I
g~~
.

• ~: •:.- -~ a
- ~~~~~~~~~~~~ l~

. -~ I t: ))1 ;:~~
H 

~ ~~1 
ç’~:

’ 
- 

( \~

-

~~ 

I

~~~ 

.

~~ 

.

~~ 

.

~~ 

.

~~~ 

.

~~

- --SC-— —-5 - ~~~~~~~~~~~~~~~~ 

~~lIiIIs... ~~~ ~~~~~~~~~~~ 
SC SC 

_ _ _ _ _ _ _  - SC



— - -SC
84

0~~~~0
I-.

_ _ _ _ _  

4 - ~ if ~J, NI

I-Pqpll(2-L41) 
.~~~~~~~~~~~~~~~~ : 

- 
-
, 

~~~~~
-1

- -SC :~~:-:- ~
-
~~ - -.- -. ~~~~~~~

- 
- -/ t /

~~~~~ \ _ I /
:- - - - : - - - - -:- - ‘-‘ \ - ,  5- / a

~~
‘ - !  / /

: - - - -
~~:.: I I — 2

- - I- ~7 F I C a,
- -

~~~
- ~:- ~ -- I I I / -~~ 4-)

-SC — -- -~~~
-
~~ - - I ~~~ - II I •.? 1 -

.- 0

I- 

. : . . .:~~~~ - 

~ /~~~~I /
- : - . 1’ - !  ~~- £ / — SC—

I- I ~‘ t - ,  0
SC - -~ - 5 : - I ; # S - >: - - ! - - - i  I- I ~~~~ - ,  0

~~~~~~~~~~~ ~~~~~~~~~~ 
-, S.-

- - -: - J~~~ I~~~~~~~~- - - /
~~~~~~~~~ ~~~~~~~ 

-
fl - I  5.

’- --:.! . • I I .  I ~~ - - - I  r%a 4.~

~~~~~~~ 1 ~~~~J-s\ . . :,
: : - :- . I I ~ 1 • t’- -, -~ 0
.- . : : C~~ -:I~~~~ i O ~~~~ i~ 

1/)
.. . C .

~~ lI\ - J  ~~‘ 
- .~ 3:~~. J f  / f:—’~~- -~~/ ~- ~

- .  
- I ~~ t

- - - - -
- - -~~~~‘‘ V ~ - . -~~ =l~~~’~~~ %-

-
~~~~~

- - - ‘SC

t V V ~ -~~ to.. - :. :. : : ~~.\ \-~~\ ‘- - 
-

— 
.
~~ ~~~

-- • - - : - . - - - - -~~ ~~~~~~~~~ ~ - \

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
‘-a

: - - - - - ~~-~~~~ - • -~~ a - - ‘I - 
~‘I 

-I.)

I PO9~~~( l  ~O)L ~~~\ \ \ \\

.

~~ 

.
~~ 

.

~~ 

•
~~~~r;~~

— —__ —--SC—--.- - - - SC 

~~~~~~~~~~~~~~~~~~~~~~~~~ SC
. 5 .  —

L _—.~~~
. _ _

~~~
_
~

_ 
- -

SC. ~~~~~~~~~~~~~~~~ - -SC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
SC~ —-- -—-SC - SC~---SC-—~~ -



flOo5 !e
MR~~~~~CC INST OF TEcH WR!;PATTERSON AFB oHIO F/e s/a

UNCLASSIFICO

A~~ 5~ P ______________________________________________

_ _  _  

0 
_ _I !0U

_
UUII!lE 

B I l E
I UI U--I

END
Dan

Il u___________ ‘It—p

-c



I
.

)
~654i8

1.0 ~ ~~ ~~
_______ 

L L~ 2.2
=
—-

~~ 2.0
11 1.1 L
H_____ 

1.8

11 1 .25 1.4 Uht .o
Ii __

____ = IIIII~~~

4

MICROCOPY RESOLUTION TEST CH~~T
NAT~ NAL BUREAU OF ST~~DAROB.I963-



85

‘ 1 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _

II. ~~~ ~~i~/
~ 11 ~~~~~c r~’~ ~~

~~~~~~~~~~~~~~~ I ~Ii~t I!) ~
I ~ t

-. 
~~~~~~~~~~~~~~~~~~~~~~~~ .

~~ 
)

2 ~~~~~ ~~~~~~~~~~~~ / / .‘ ~~~.t ._ .‘,
~
. ~~~~~~

~~~~~~~~~~~~~~~~~~ / ./ ‘ ,
‘ 

,‘~~‘ 
~~~~ ; i

f ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ a
~~~~~~~~~~~~~~~~~~~~ ~

. %  
~~~~~~~~

,
“ 

“ ~~wnbosuo5 
~~~~~~~ ~ 4 u 

~~ 
vi

~~~~ i~~~~~

I ~ ~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Lie~ê~sj ~~VS ~~~~~~~~~~~~~~~

•

1!~ 11.. 
‘ .~~ ‘ ~~.

\i ~~~~~~

~~ I •i I I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •i I

-



_ _ _ _ _ _ _ _ _ _ _ _ _  

-
~~~~ :L:~~~~~~~

- -—
~~~~J:--

-- 86

S.

a.

4

1 1  z !  ! ! I 1~~~~~~~~~J !  ~I~3qs~ft.g.o)~~~~~~~~ .~~~ ~~~~~~~~~~ 
V ~~~~~~~~~~~~~

I. ~ ~ • “

1 \ \~~~~~~‘ 
~~~~~~~~~~~~~~~~

. 3  ‘~~ %\ ‘~~ t eu ••~~~\ •
I:: :::~:.:~~~

; .:~~~% ~~~~~~~~~ ~~ ~3• O’\: :: ~~~~
. ..‘-:“. .•0* *~. u

\ \\\ ~.\_ jq~u~~ ~ ~~ øBr Jo
1 ~~~ ~~~~~~~~~~~~~ ~.

.5 L —

~ ~~~~~~~~~~~~~~~~ ‘
. . S ’ ~

1 3/

• 
I PPPOZ(1634 

~~~~ 
t~%~ \ \ ‘S

_ _ _ _ _ _ _  

H
-- 

I — -  I 

~ 
~S~\ 2

I •... Ii., / ‘ ~a- I ~ ‘4-
f -J ~~~~~~~~~~~~~ 

g i’  ‘ ‘— 0
I / ~~% f  I~~~

- F J~~~~J ~~~~~~~ ‘s
\ 4J

I
~~

4.cla
~

OI 3)/ — 1 1— / ‘
/ 1 / /~~ 

I,,

.

~

.fI I. ‘ ‘.1 ~~~~‘~~
‘‘ ‘ .

~.

- -  ~~ 
I.’, . ~ ~~~~~~~~~~~~~~~~~~~~~ CD

- t•i . ~~~~~~~~~~ F. t i ’.  ‘~~~~~ .

I I 2 ~~ ~~ “ I c~-. 
~~~~~~~~~~~~~~~ •1 J S ‘ 

.. ‘ .~~ 
.2

1 i I 0
I J I’ I-- r~:•’.•::~~ 

•.• :•i ~~ i. \ . s’~~’ . ’ 2
1 1 1 ~ “

‘   . S ‘ . ‘‘ .~~‘. .  
~~~~~~~~~~~~~~~~~~~~~~~~ I.. 5~ s’.\. .  ~~~~~~~~~~~• I~~3cccI_cI.~;~ r r  ~ ~~ “ 

‘S t \  “ “
- ~~ t.— -.. \ - .

H 
-

~~ 

-

~~ I I

L~ _ _ _ _  _ _ _  _ _ _- - . —. —.. - . —__ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - - ‘‘ .5 ,—i.• •-

~~
-— - — v ~~~~~_--5_ .

~~~~~ ~~~TT~~~ 1~~~~-~-~



I
87

~ I 
t~
H w £

4H 
. 

•1 j  H’

~~~ : Ad
H: ::~~~~~~~~~~~~

—
~
-“ :

~ 

4100” 

- 

4100’

a

3900’

I 
. 

~j J  ~sst’*ctinq

a - H.,j io~t.I ScsI.
F I 0 I 2 3 4 5

(sscls ., ISCDW S 32)

Figure 40. Section H-H : Utah Lake to Mapleton (Adapted from
Cordova, 1970).

11 
_ _ _ _ _  

_ _ _

--.-

~~~~~~~~~~~~~~~~~~~~~

- 
_ _ _ _ _

_ _ _  _ _



NW 

88

4700’ 4100’

I 4600 1 / 460d

1. 4500’ ,_,_, __,~
__ __ 1J ’~~~~~ 4500

Lalte Bonneville Gr up

—
4400’ 

.&a~~~~~~ 

— 
~ 

— “ .—..‘.— -. 4400

— — — //• /4
• _$to’s

4300’~

~~~~~~~~~~
4200. 

~~ 4~~ 
“

~~~~~ 
“ “4200

• ‘IP

1.
4100” 4100

4000” 40~~

3900” •390d

I. 4sizontM ScsI.

~..tvidnq Leper —

MIMe

(S.chMe ioc~~
- P7ç. 32)

Figure 41. Section I-I’ : Benjamin Slough to Sal~n (Adapted
from Cordova, 1970).

-

~

—..- S ..

L. ~~~~~~~
‘ • — - . ——

~~~~ 

. 

~:_ ~~~~~~~~~~~~~~~~~ 
—S

.
— .- — - .- ~~~~— ~~~~-S 5- ~~~ ~~~~~~~~~~~~ S-~_ -S. — •=-~~~~~~•~~



I 

-
-
~

• -. . .- .
~~
-

~~
-—- S 

~~~~~~

! ~—

89

aquifers, bu t some of the deep flowing wells along the western side

of the valley appe ar to penetrate Tertiary formations . The quality

of the water in the Shallow Pleistocene aquifer Is generally of better

quality th an that of the Water Table aquifer throu ghout the entire

basin. This las t char acteri stic was noted by Hunt , et al. (1953),

Cordova (1970), and Feltis (1967); and is readily apparent as one reviews

- the data contained In Cordova (1969), Subitzky (1962) and Feltls (1967).

Deep Pleistocene. A 50 to 90 foot (15 to 27 meter) thick layer

of fine—texture d m aterial composed primari ly of a calcium carbonate

roc k f lour ( Hun t, et al , 1953:83) forms the confining layer between

the Shallow Pleistocene and the Deep Pleistocene aquifers. This deeper

aquife r has the same areal exten t as the Shallow , but the pressure

head Is from 15 to 20 feet higher . As may be observed in Figures 33

th rough 41, depth to the Deep Pleistoc ene vari es from about 100 to

near ly 400 feet (30 to 122 mete rs ) ;  an d the thi c kness from some 25

to 175 feet (8 to 53 meters). Once again an Improv ement in quality

is noted in moving to a deeper aquifer.

TertIary. The highest quality ground-water is found in the

deepest of the developed aquifers--the Tertiary aquifer. This water-
• • bearing stratum is encountered from 200 to over 500 feet (61 to 152

meters) below the ground surface throughout the basin and the thickness

has never been adequately established. Besides the quality being highest

in this aquife r, so are th e ar tes i an p ressu res (Hu nt, et al., 1953

and Cordova, 1970).

Deep Tertiary aquifers. Until Gulf Oil drilling In late 1977,

no one had drilled deep enou gh to reach the bottom of the Tertiary

aquife r so nothing was know n relative to water bearing strat a below

__________ __________ __________- 5--- —— 5 -  — — 5..~ I.. ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
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t !, the main Tertiary. Electric logs from the Gulf Oil TMBanks No. 1” well

show that additional fresh water strata are located between depths ”

of 870 and 900 feet (265 to 274 meters), 1125 and 1140 feet (343 and

348 meters), 1190 and 1225 feet (363 and 373 meters), 1415 and 1455

feet (431 and 44 meters), 1510 and 1570 feet (460 and 478 meters),

1630 and 1645 feet (497 and 501 meters); and 1720 and 1750 feet (524

and 533 meters). At this l ast level the waters begin to get highly

sal ine , and at 5000 feet (1524 meters) the fill material begins to

-- be characterized by shal y deposits mixed with sand (Mann, 1978).

Coefficients of storage and transmissibility . Considerable

work was done by Hun t, Varnes and Thomas (1953), Cor dova and Mower

(1967) , and Feltis (1967) to determine the storage and transmissibility

coefficients for northern Utah Valley, southern Utah and Goshen Valleys ,

and Cedar Valley, respectively. In general, it was noted that the values

decreased as one moved from the mountains toward the valleys--an obvious

reflection of the corresponding gradation of particle sizes from coarse

to fine.

P iezometr ic Contours
• The piezanetric contours for the Water Table, Shallow P leistocene

and Deep Pleistocene aquifers are plotted on Figures 42, 43, and 44,

respectively. Three important observations may be made upon examining

these contours :

1 1. All aquifers have coninon sources of recharge.

2. The hydraulic gradients tend toward the lowest topography

(Utah Lake) from all directions.
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H
3. The grad ient indicated in Cedar Valley implies that water

may be flowing around and through the Lake Mountain and Mosida Hills

area (Fel tis , 1967).

Contours for the deepe r aquife rs were not plotted in Cedar

• 
. - 

Valle y because of the sparcity of data or in Goshen Valley because

all the aquifers appear to be interconnected . Combined data show the

- -  same general gradient depicted for the Water Table aquifer. The Tertiary

aquifer contours were not plotted because they follow the same general

I trend as the overlyi ng aquifer contours with perhaps a slightly more

westward trend and at pressure heads of 5 to 10 feet higher than the

I ‘ Deep Pleistocene.

Hunt, Varnes and Thomas (1953:82-83) noted that the piezometric

surfaces appear to be unaltered by large well withdrawals thus indicating

this gradient Is a product of natural conditions “...under which there

has been discharge from the aquifer in the central and lower part of

L the valley for a long period of time.” Utah Lake occupies this “central

and lower” part of the valley .

Sources of Rec har ge

Figures 42 throu gh 44 indicate that most recharge occurs

near the major tri butary canyons and al ong a narrow band around the

base of the mountains--the Wasatch Range for Utah Valley and the Oquirrh

p 

Mountains for Cedar Valley . Contours in Goshen Valley suggest recharge

is from the southeast and from the west to northwest.

Richardson (1906:28) points out that the bulk of the underground

water is supplied by seepage from streams and canals (channel losses),

but other sources include:
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I 1. Underf low of streams at the canyon mouths,

1 2. SprIngs from bedrock,

3. Seepage at the mountain base/aquifer interface, and

1 4. Infiltration and deep percolatlcn of precipitation and

overland flow over the valley floor.

I In relation to Richmdson ’s observation , Feint, Varnes and Thomas deta’mined

I 
that only 70 percent of the measured inflow to northern Utah Valley

reached the lake as surface flow. This implies that a considerable

I amount of water becomes recharge water.

Recharges figures reported by Cordov a and Subitzky (1965) for

1 northern Utah Val ley, Cordova (1970) for southern Utah and Goshen Valleys , j
and Feltis (1967) for Cedar Valley all represent conservative minimum

•. values . However, it appears that the determination of more accurate

-- estimates would require extensive additional data collection and analysis.

Ref i neme nts may resu lt f rom a muc h more deta i le d water budget, but

the volume of sub terran i an rec harge issu in g from frac ture d bedroc k

along the mountain base/aquifer interface cannot presently be and may

never be accur atel y de term ined . Howev er , Mr. Cordova (1978) feels

r that the amount could be comparatively large considering the bedrock

• 
litho logy (highly fractured limestone). The sparcity of vegetation

- -  along the mountain front even though the area recei ves considerable

precipitation (Figure 45) indicates that the ability of the rock to

absorb and tran smi t water may be substantial. If a “reas ona b le TM 10

to 15 percent error is introduced by disregarding this bedrock discharge,

the difference in the volume of recharge would be some 30,000 to 45,000

acre feet (396 ,000,000 to 553,000,000 m3) per year in Utah and Goshen

Valle ys alone. The effect of this additional supply on subsurface

IL
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• inflow estimates to Utah Lake would be a 70 to 80 percent increase

over more previous estimates (assuming it all entered the lake).

While the hori zontal perme ability through the basin fill is

much greater than the vertical permeability, the Increase in ar tes ian

-- pressures and water quality with increasing depth noted by previous

investigators indicates that the ~ nfining layers are not totally impervious .

r ‘ Head losses occur as the water seeps upward through the less permeable

silt and clay l ayers. Increased concentrations of dissolved solids

probably occur as a result of solution of minerals contained in these

• 1 - -  

silt and clay layers. Cordova and Subitzky (1965:32) noted that the

j TDS concen trations in Tertiary aquifer waters are strikingly similar

- to those found in the surface and non—thermal spring waters tributary
• . 

•- to the valley , suggesting the probable source of recharge.

W ith res pect to rechar ge to Gos h en Val le y, investigators do
- 

not agree as to whether most recharge comes from the East Tintic Mountains

to the southwest or the Wasatch Range to the southeast. Wasatch Range

rec harge seems most pl aus ibl e s ince :

L 1. By comparison only limited precipitation falls on the East

-- Tintic Mountains (see Figure 45).

2. Piezometric contours indicate major recharge through Currant

Creek Gap .

- .  
3. The profile of the water table throu gh Goshen and Genola

Gaps (Figure 46) is consistent with such a theory.
• 

. Cordova (1970:46) noted that his water table profiles (Figure
• 46) were based on limited data and were not conclusive proof that water

did pass from southern Utah Valley to Goshen Valley via these paths.

He explained that West Moun tain is possibly a recharge area and water

L. 
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I may flow both east and west th ere. However, when one considers the

j  

topography of the Santaquin/Goshen Gap area (slopes westward as well

as nortP~ard) and the lithology of the Goshen/Genola Gap region (fractured

I l i mestone) , it Is possible that the hydr aulic gradient could carry

some water through to Goshen Valley . Such a flow would be relatively

I smal l comp ared to that caning through Curr an t Creek Gap, however .

I Destination of Basin Ground-Water

As ground—water flows through aquifers, it is subject to several
• I losses . These losses inclu de well di scharges, spring discharges, evapo—

1 ~ transpiration , and even simple ev aporation where the water table is

I at or above the grou nd surface . The remaining water continues its

flow until pressures are equalized and the hydraulic gradient is reduced

-~ to zero. Th is “zero poi nt” occur s w ith in Utah Lake for most of the

subsurface flows . However , ground-water In Cedar Valley may discharge

elsew here , and some l imited north Utah Val ley ground—w ater may flow

out through the Jordan Narrows. Such being the case, further discussion

H of these two topics is warranted.

• Cedar Valley water. According to Feltis (1967:13) water leaves

- -  
Cedar Val ley in four areas (see F igure 42): the low pass on the north

- end of Lake Moun tain , through Lake Mountain-Mosida Hills area, through

1. the bedrock of the East Tintic Mountains , and towar d Rus h Valle y to

the west of Cedar Valley . He conducted aquife r tests through mid-
1. Cedar Valley (north-south) and then calculated the horizontal discharge

through the valley fill. Using transmissibility data, he ar ived at

a figure of approximately 10,000 acre feet (12.3 x io6 m3) per year,
whereas h is water budget calculations indicated closer to 19,000 acre

I 
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feet (23.4 x io6 m3) per year flowing outward from the Oquirrhs (:18—
19). While these two values differ substantially, their relative order

of magnitude is the same. Since the calculated recharge for the valley
• 

~~
- 

was only 24,000 acre feet (29.52 x 1o6 m 3) per year , a significant
~. loss is indicated .

- 
If some of this “lost” water does exit Cedar Valley via natural

• — pathways in Lake Mountain , then it must also exit Lake Mountain at

• I some point or points. A very careful evaluation of the Lake Mountain

geology show s that ground—w ater accumu l ating in Lake Mountain would

- 

hav e a much greater tendency to flow to the south than east or west

• ~: 1 due to the natural drainage line alignment. A more detailed piezometric

study would be required to confirm or disprove this observation .
• •— Lake Moun tain an d the Mos id a Hi lls are composed primar i l y of

• S l imestone and dolomite. These sedimentary rocks have excellent water-

bearing properties. As earth movements produce fractures and crevices,

• water ente rs these openings and slowly dissolves the rocks. These

openings may eventually become sizeable solution channels through which

large quantities of water may pass (Br iggs and Fidler , 1975:30). The

nature of the rock, the alignment of the synclinal axes, and the strike

1. and dip of the bedding planes in Lake Mountain and the Mosida Hills ,

support Feltis ’ theory that some Cedar Valley water leaves the valley

“...along the bedding planes and throu~ fractures and solution channels...”

• 
~~
. 

in the rocks (Feltis , 1967:13). Until this study, however , no one

was able to identify any major discharges into the west side of Utah

Lake. Hence some critics have tended to discount the idea that much

water flows through these mountains.
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Northern Utah Valley water. The natural surface drainage from

‘ 
Utah Val ley is northward via the Jordan River through the Jordan Narrows.

At least some ground-water also follows this path (Hunt, et al., 1953

I and Cordova and Subitzky, 1965). Piezometric contours for this area,

parti cularly for the ar tes ian aqu ifers , support the possibility of

I a northward compon ent of the hydr aul ic gradient. However , owing to

the tremendous volume of recharge available in the Utah Lake Basin,

the narrowness and shallowness of this northern escape route, and the

I more vest-to-southwest than north al ignment of flow direction, as indicated

L by the contours, it appears that a minor proportion of subsurface water

is lost to the north.

Sister Bas ins

One of the most intriguing aspects of the basin hydrogeo logy

I is the upward migration of water through the overlying confining layers,

as this is most likel y the key to discharges into Utah Lake. In an

1 effort to learn mo re about such dischar ges, the hydrogeology of the

i Weber Delta District and Cache Valley were investigated for a simi lar

- • ‘
~~~ phenomenon. The condition was found to exist in both places .

L Cache Valle y

-- Cache Valley is located approximately 100 miles (161 ki lometers)

to the north of Utah Lake Basin , just south of the Idaho border. Red

Rock Pass forms its northern limit. The pre—lake Bonneville sediments

here ae very thin compared to the Utah Lake Basin. ~iing to the difference

in eleva ti on between the two areas , it is most likely that there was

drain~~ from Cache Valley ó~r1ng most of Pleistocene time, this accounting

for the thinness of these sediments. As a result, most of the valley

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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fill is l argely made up of Lake Bonneville sediment s of the Alpine ,

Bonnev ille and Provo formations. Well logs indicate two main aquifers

In the valley, one within and one beneath the Lake Bonneville group,
• 

• separated by confining layers of silt and clay . Artesian conditions

- 
are prev al an t over a large par t of the val ley (William s, 1962:131—

152). In short, conditions are not identical but are nonetheless very

simi lar to the Utah Lake Basin.
• 

In 1926, O.W. Isr~~lsen and W.W. McLau~il in conckicted a piezometric

investigation in the val ley to test thei r hypothesis that the clay

layer overlying the aquifer(s) was not totally impervious (Israelsen ,

- ‘  
et al., 1942:11—15). Piezometers were sinultaneaisly installed at different

depths and the water levels were measured in each. It was found that

• - the de~ er the piezmter, the greater the presstre heai. This effectively

- proved their theory that water und er artesian pressure did migrate

upward thr ou gh the clay layer, ex per ienc in g an overa ll decrease in

• head along the way. Preliminary calculations made from their measurements

indicated that “ ...200 to 250 gallons per minute per square mile...”

flow u pwar d “. ..from the water-bearing gravels.. .“ in the valley.

Weber Delta District

This ground—water district is located about 70 miles (113

kilometers) north of Utah Lake and is bounded on the east by the Wasatch

Range and the west by the Great Salt Lake. The setting, geology, and

• - hydrogeology are all very similar to the Utah Lake Basin.

I A hydrologic Investigation revealed that 20,000 acre feet (24.6

x io6 m3) of discharge per year could not be accounted for (Feth, et
al., 1966:56—57). The authors assumed that some part of this discharge

• • - .5—. .5 . 5— .”— .5 -—‘S~~~~~~~——’.——- -,—’.-.5’ ’.5 .5— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •

— .5 -,-—.--p.----- -,~~~~ — ~~~~~~~~~~~~~~~~~~ —S. - 
‘ ---.5-—.-- -_--— ___ ,5 .5 ~~~~~~ ---5 •— - — ____ _



• 
•1 103
I was via direct leakage into the Great Salt Lake, but efforts to identify

any sizeable or measureable springs wi thin the lake wre fruitless.

• A previous study by Peck (1954) indicated about a four year carryover

j effect on changes in lake volume in response to fluctuations in pre-

cipitation in drainage areas tributary to the lake. This carryover

i’ J was attributed to discharge from deep artesian aqu i fers beneath the

lake. Using Peck ’s da ta , Feth ’s team ma de a roug h calcula ti on of the

hypothetical ground-water contribution coming from the Weber District

5- based on an assumption that 20 percent of the peri phery was believed

to contribute most of the underf low and came up with a figure of the

sane order of magnitude as the 20,000 acre feet of unidentified discharge.

Thus , even though discharge points could not be identified or measured,

• the hypothesis appeared sound .

In 1968 a test wel l was drilled on the causeway connecting

Syracuse , Utah, to Antelope Island. The 127 foot (39 meter) well was

loc ated about 0.75 mi les (1.2 kilome ters) northeast of the northern

• tip of the island and produced an artesi an fresh water flow of 10 gpm

(6.31 x i0~~ m
3/s) f rom a depth of 97 feet (30 meters). One year later,

a second well as drilled about 400 yards (370 meters) west of the first

wel l to a depth of 481 feet (147 meters) in which two artesian aquifers

were encountered . The first was from a depth of 150 to 170 feet (46

to 52 meters) and produced an artesian head of approximately 30 feet

(9 meters) above the cau seway. The second one was located between

- 

423 and 475 feet (129 and 145 meters) and produced a flow of 280 gpm

(1.77 x io 2 m3/s) wi th a static head 54 feet (16 meters) above the
- causeway (Bolke and Waddell , 1972:5-6). The chemical analysis of the

water from the first artesian leve l Indicate d a sodium bicarbonate

L 
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type with 330 mg/i TDS. Water from the second level was a sodium chloride

type at 661 to 738 mg/l 105 (:17). When the analysis of the deep aquifer

water was comp ared with the analyses of three springs on the north

end of Antelope Island , it was found that similarities existed for

• .. 
several constituen ts. Sodium chlori de waters are also found in the

• East Shore (Weber District) area aquifers (:18).
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CHAPTER 5

INVESTIGATIONS

As expected, the geology and hydrogeology of the basin point

1 to significant subsurface flow to Ut ah Lake. The strong hydraulic

gradient toward the lake suggests a considerable water discharge into

• 1. the lake, including the west side of the l ake and Goshen Bay, although

previous investigators have viewed such west side and Goshen Bay inf low

- . as negligible—particu larly in the area b~iind the propt~ed dike. Haever,

in order to substanti ate such a cla im, it would be necessary to first

locate the areas vkiere this inf low would occur and then provide conclusive

• evidence that the water was indeed there. The format of the investigation

described in Chapter 3 was designed to accomplish these two objectives.

This chapter presents the results of various Investigations undertaken.

1. Thermal Imagery

The use of aerial therma l imag ery to detect spring inflows

is not without precedent. Perhaps the most successful example of such

an application was the study of fresh—water springs of Hawaii by the

U.S. Geolog ical Survey (USGS) in 1963 (Fischer , et al., 1966). It

had been previously determined that a sizeable portion of the estimated

10 billion gal lons per day (45.5 million m3) average rainfall over

the island of Hawaii was discharging as sea l eve l grou nd-water flow

along rocky shores exposed to waves where detection and meas urement

• 105
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were extremely difficult to impossible By using infrared the researchers

I J were able to postively ident ify some 219 individual spring discharges.

• 

. 

prel iminary USAF Flights

The author contacted the U.S. Air Force (USAF ) to arrange for

• I a series of thermal scans to be make of Utah Lake during the fal l of

19J7. The more sensitive equipment was not available for the project,

-I I but arrangements were made with the Idaho Air National Guard (ANG)

--  
(flying RF-4C aircraft out of Boise, Idaho) to make prel iminary scans

I ~ in conjunction with regularly scheduled training fights. Federal Aviation

- Regulati ons , the inability to control the date or time of the flights,
- and the sensitivity of the therma l sensors (simi lar to that used by

the USGS in 1963) posed definite limitations . However , in spite of

the restrictions, results of these initial flights were very encouraging.

The most striking contrast obtained on any of these flights is shown

- in Figure 47 , in which the thermal effect of the inflow from the “Big

Spring” area near Saratoga is very evident .

Another “successful” scan was flown on the morning of 13 November

• 1977. This run was made from an altitude of 5000 feet (1524 meters)

abov e the surface of the lake. The major therma l areas (including

“Big Spring ”) were clear ly recognizeab le and di stinct thermal gradients

• 1. were evident in several areas of the lake. These areas Included the

north end of the l ake extending outward from the shore In a rough arc

from the Saratoga area to the Mierican Fork Boat Harbor; moving outward

from the Provo Bay outlet; radiating outward from Lincoln Point; and

in a narrow band along the west shore line just south of the west abutment

of the proposed Goshen Bay dike (see Figure 48). The radial pattern

~
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emanating from Lincoln Point is easily explained by the thermal springs

on the point. Similarly, the pattern off the Provo Bay outlet is most

likely the result of the warmer municipal wastewater discharges into

the Bay. Considering that overnight low temperatures for the two week

period preceding the flight were in the mid—20’s to low 30’s and daytime

aver ages in the upper 40’s (Fa hren he it scale) , the discharge of 60

to 70 degree water from the fresh—wate r springs in the north shore

•• area could produce the gradient detected there. If such were the case,

then the narrow band of warmer water along the northwestern shore of

Goshen Bay could also indicate a seepage area. A “hot spot” was detected

at the southern extremity of this band very close to shore, possibly

denoting a smal l spring.

1. Besides showing the gradients just described , the film depicted

• some peculiar anomalies occurring in irregular patterns over the lake

surface. They appear on the fi lm as extremely small (less than 1 mm

i across) spots with ragged edges. Their appearance resembles the sort

of pattern one would find when ice has not completely formed, yet the

contrast i ndi cates these small areas are col der than the surround ing

surface. The lowest recorded Provo temperat ure during the 48—hour

• period immediately preceding this flight was 33°F (0.6°C). If temperatures

• 
T 

were l ower over the lake than over the popul ated areas during this

period of time , It is possible that a thin ice cover could have formed

and been present during the early morning hours. In that case, It

would al so be possible that reflected radiation from the ice could

give a false indication that the temperature was warmer over the ice

• . than over the open water . Unfortunately prior notice of the flight
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was not received so grou nd reference tem peratures and observations

were not obtained and the anomalies remain somewhat a mystery.

USFS Resul ts

The film from the preliminary scans was shown to to the personnel

of the Central Utah Project Office , USBR, and it was decided that the
- 

refinement of imagery detail would be worth the extra cost of a survey

• with more sensitive scanning equipment . It was determined that the

- 
U.S. Fores t Serv ice (USFS) based a Beec hcraft K ing A ir out of Boise ,

Idaho, which was equippe d with a special thermal scanning unit used

- in forest fire detection . The nec essary inter—governmental agency

- coordination was accomplished and arrangements were made to h..~te the

flight crew and equipment available on a 24 hour notice.
- ‘  

13 December 1977. Condition s were approaching near optimum

on 12 Oecember 1977 (lake appr oac hing max imum dens ity, sever al days

• of calm winds and clear skies, etc.) so the USFS was notified and the

crew arri ved that afternoon . The following morning (13 December) the

— crew flew a complete scan of the lak e from an altitude of 3500 feet

(1067 meter) above ground level (AGL). The sensitivity at this altitude
- 

~ I was two degrees Centigrade. The entire scan was accomplished prior

:: to sunr i se in ~ da- to preclude inte’ference fran reflected solar radiation.

• Water temperature readings were obtained from the Saratoga Boat Harbor,

-. the Amer ican Fork Boat Harbor, the Provo Boat Harbor, and Lincoln Point.

Temperatures were 39°F (3.9°C), 38 ’
~ (3.3°C), 37.5°F (3.1°c), and 38.5°F

(3.6°C ) respectively. A light breeze blowing out of the northwest

caused a slight ri ppling of the water surface and is felt to be the

cause of the relatively low temperture reading (considering the thermal

4 ~~~
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sources present) at Lincoln Point . Since maximum density occurs at

approx imately 39CF (4°C) and the lake had been calm for several days,

cond itions were ideal for subs urface inflow to rise to the surface.

The breeze was the only disadvantage in that it could cause some mixin g

and horizontal displacement of thermal gradients . Figures 50 through

‘ 58 are positive prints of the images produced within the areas shown

in Figur e 49. The con trast and resolution of the prints is not as

sharp as in the negatives , but considerable detai l may still be noted.

The reader must keep In mind that these are not photographs but images

produced by infrared rad iation in the 8 to 14 micron wave length band.

Contrast changes represent temperature differentials with lighter shades

representing warmer temperatures and darker shades representing cooler

temperatures. The “tick—marks ” along the film edge are nautical mileage

markers.

In F igur e 50, the shorel ine seeps and thermal spring areas

near Saratoga are quite visible. The influence of the group of the

six major thermal springs in the “Northwest Grouping ” is noted by the

• — relative “bri ghtness” of this corner. The fact that individual springs

• I 
did not show up is probably due to mixing action caused by the breeze.

• I The same gradient “arc ” across the north end of the lake noted in the
4’-

• 13 November USAF film is again evident here, indicating a source of

“warmer” water from the north end of the l ake. Figure 51 is basical ly

an eastern extention of Figure 50 and the light area extending out

and down from the shoreline south of the U.S. Steel cooling pond is

evi dence of the numerous fresh—water shoreline seeps and springs in

that area. Figure 52 shows more of the same sort of influence.

I
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• In F igur e 53 the areas to the west of Bird Island and north

of Lincoln Point appear lighter than the surrounding water, indicating

the influence of the thermal springs in these areas. The area along

the western shore of the lake also appears lighter than the surrounding

water and the lightest contrast is found closest to shore. The width

• of the light area tends to increase toward the souuth. This band of

l ight contrast along the west shoreline may be traced through Figures

54, 55 and 56.

The Lincoln Point springs and their influence are quite obvious

in Figure 54. Two other observations may be made ~ ncerning this particul~
image. The firs t is that Vi ers ’ (1964) spring num ber six does not

show up while all the others do. This is most likely due to submergence.

The other interesting observation is that warmer inflows are indicated

in two other areas close to shore about two thirds to three fourths

- ‘ of the way from Lincoln Point to the mouth of the Spanish Fork River .

- Figures 55 throu gh 58 show that warmer zones exist along the

east shore line of Goshen Bay (most likely due to the seeps noted by

previous investigators). They also indicat e that a warmer area exists

-- in the large bay just east of the old Mosida townsite. Another area

is loc ated about one mile (1.6 kilometers) south of the bay and to

- -  the east of the Church Farm Pump Channel. These areas correlate closely
- .  with several of the “anomaly” sites on the 13 November film (see Figure

• 48). Figure 58 is included primarily to show the springs and seeps

- 

in the extreme southeastern Goshen Bay area.

14 Decembe r 1977. Grad ients depicted over the main body of

• the lake In the 13 December film were pretty much as had been expected,

but the Indications along the western shoreline south of Pelican Point
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and in Goshen Bay aroused enough curiosity to retain the crew for one

I more day in an attempt to get concentrated coverage of the Goshen Bay

area.

I The next day a thorough scan was made of the areas in question .

On this flight the altitude was reduced to 750 feet (229 meters) AGL

I where equipment sensitivity dropped to less than one degree Centigrade

and the scan width decreased from approximately 2.5 miles (4 kilometers)

to less than 1300 feet (396 meters). However, this increased sensitivity

I 
caused difficulties in film interpret ation due to ov er lapping tracks

and minor  surface disturbances.

Both rolls of fi lm are currently maintained in the CUP Office,

USBR , Provo , Uath, and are available for inspection and further study

by interested parties . The author has donated the film from the USAF

flights to the Depart~ient o~ Civil Enginee’ing at Brighan Young Univ~ sity.

1 ~
- Aer ial Reconna issance

The next phase of investigation was a concentrated effort to

identify visually the areas where inflow might be occurring. A prel iminary

flight was made on 14 January 1978 to reconnoiter the lake shore line

and to det ermine what the optimum conditions might be for spotting

- 
subsurface inf l ows in the l ake . Ice was just beginning to form and

• there were many large open leads . Whi le the water was by no means

clear , it appeared well settled and had taken on a dark hue as opposed

to its norma l summertime chalky greenish-brown . The author was able

to spot numerous small sand boils rising from the lake bottom within

a mile (1.6 kilometers) or so from the shore. Most of these were less

than 10 feet (3 meters) across and all had the appearance of billowy

• • ‘- . ‘~~j:;~r ‘ 
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I clouds of gray to brown suspended sediment . An unusually large number

I of these sand boils seemed to be concentrated along the east and north

shorelines in a somewhat random pattern. By the time the Goshen Bay

I area was reached the lighting conditions had deteriorated and the flight

was terminated.

I A peri od of un settled weather ’moved in following this first

flight and it was not unti l 31 January that another flight could be

made. Dr. LaVere B. Merritt of BYU Civi l Engineering Deparbiiervt a conpaiied

I the author this time . The leads in the ice had pr etty well closed

up but the ice itself was extremely thin and transparent and the sand

j  
boils spotted on the previous flight could be seen through the ice.

In some cases ther e we re very smal l holes in the ice directly over

the sand boils.

Only two or three small boils had been spotted between Saratoga

‘I an d Pel i can Po in t, but at Pelican Point the trend began to change.

I 

Two plumes , the largest being approximately 8 feet (2 meters) across,

were spotted in a tight group approximately 500 feet (152 meters ) to
75- 

the north and east of the tip of the point. Another plume was spotted

near the cen te r of the south cove formed by the point , and another
• 

~~
- about 100 feet (30 meters) offshore approximately one half mile (0.8

- 

kilometers) south of the old pumping plant .

Nothing else of inte rest was sight ed until arriving at the

area just south of “The Knolls ” where an irregularity in the ice aroused

some cur iosity . The irr egularity was a large open water area of a

rough triangular shape. The “base ” of the triangle was formed by two

to three miles (3 to 5 kilometers) of beach and the “apex” was roug hly

two miles (3 kilometers) out from the beach In a southeasterly direction .
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Other small open areas had been spotted at various places on the lake

I but none of these were of comparable size.

The flight continued southward to the large cove just east

1 of the old Mosida townsite midway al ong the western side of Goshen

Bay, wh ich the author has dubbed “North Mosida Cove” (see Fi gure 59)

• for ease of discussion. The largest single concentration of sand boils

I 
spotted anywhere in the lake was found here. Between 15 and 20 plumes

ranging in size from 3 feet (1 meter) to 6 feet (2 meters) across were

I located within the confines of this cove.

Continuing around “Mosida Point” , two large plumes were spotted

I about 1200 yards (1097 meters ) out from the tip of the point (see Figure

59). These were within 30 yards (27 meters) of each other and the

1 largest of the two appeared to be 10 to 15 feet (3 to 5 meters) across.

Two more groups of smal l boils were located south of this area in “South

I Mosid a Cove ” and about midway across the southern end of Goshen Bay.

1 The boils in these two areas resembled those in “No rth Mos id a Cove ”

but were not quite as numerous or closely spaced.

From this point , the flight turn ed nor thward and a grouping

of three large plumes was located j ust north of a line between “Mosida

~ 1 Point” and the large metal sheep barn on the east shore of Goshen Bay.

The group was located in fairly deep water approximately one mile (.16

ki lome ters ) out from the eas t shore (Figur e 59) and the largest of

I the plumes appeared to be 15 to 20 feet (5 to 6 meters) across.

On the return flight to the airport , a pass was made over the

- area b etween Lincoln Point and the mouth of the Spanish Fork River.

Two more sand boils were spotted here in shallow water about 100 yards

(91 meters ) off shore. They were loc ated approximately 1.5 and 2.5

- -~~~ ~~~: -
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m iles (2.4 and 4.0 kilometers) east of Lincoln Point , respectively,

I and comp ared in size to those foun d along the northern and eastern

shores of the lake.

1 On 23 February 1978, buoys were dropped from a helicopter on

the plumes off Mosida Point , those off the sheep b arns on the east

side of Goshen Bay , and the plume 1.5 miles (2.4 kilometers) east of

i Lincoln Point. Pictures were also tak en on this flight and two of

I them are Included as Figures 60 and 61. Figure 60 is a photo of the

large plumes off “Mosida Point” with the orange float visible at the

• ‘ lower left edge of the main p lume. Figure 61 is one of the small sand

boils in shallow water in “lbrth Mosida Cove” and is included to illustrate

the effect of even a slight breeze on the turbidity of the lake water.

The bo i l  is barely visible slightly left of center and one third of

the distance down from the top of the picture. Figure 61 also illustrates

why these sand boils had escaped previous detection and why it would

be impossible to spot them from a boat.

• Nume rous san d boils arou nd the eastern and northern shores

indicate that inflow is occurring over a very broad area in this end

of the lake. The plumes along the west side of the lake and in Goshen

Bay Identify ve ry definite subsurfac e inflows in an area prev iously

thought void of such ground—water. The open area in the ice south

of The Knolls correspond ed very closely wi th the patterns shown in

the trend maps for Na, Mg and K discus sed at the end of Chapter 2,

and with the thermal Imagery indications for that area. The “Islands”

di scusse d in connect ion with Jen se n’s (1972) trend maps correspond

• wi th the loc ation of the lar ge plume s off “Mosdia Point” . Many of

! ‘
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Figure 60. Large Plumes off “Mosida Point”.

•44

• FIgure 61. Effect of Lake Bottom Agitation on the
Visibility of the Sand Boils.
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~-‘ I the “~~oma1ies” meitloned a-i the 13 November USPF film (infrared) correspond
-
~~ closely with many of the sand boil locations.

‘ 

Samples and Piezometric Profiles

I - Due to time cons tra ints, there was only one opportunity to

- I install piezaneters a’td collect data and samples. In order to predetermine

the best locations and alignment for these initial piezometers it was

I first necessary to identify those areas consIdered to be the more probable

“source areas ”. Since most major inflows occur from the Mosida area

north and tend to be loc ated in the western half of Goshen Bay, it

I was decided to concentrate the “source area” searc h in the northwestern
I

part of Goshen Valley. Inf low from a southerly direction was not totally
-.  ruled out, but the topography and piezometric profiles for Goshen Valley

indicate that subsurface inflow fran that direction would have a greater

likelihood of discharging further south than the Mosida area.

• Mosida Inflows

-
‘ 

Irrigation activity was the first possibility investigated

to test the theory of inflows to Goshen Bay being the result of irrgation

t return flow. The author concluded this was probably not a significant

source for two reasons. The first is that sprinkler irrigation , which

-
• 

is a highly efficient application method , Is use d throughout Goshen
• Valley. Water losses due to surface /subsurface return flow are very

minimal. The second reason is that the land is not cultivated any

further north than the “Moslda Point” area , and so return flow, even

If it were a large amount , would probab ly have l ittle impact on the

areas of major inf low activity.

• 
I L! 
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Next the water levels we re check ed in se vera l wells in the

i northwestern part of Goshen Va lley. The numbers in parenthesis following

the well description in Figure 62 represent these water levels in feet

I abo ve mean sea level. The possibility of a hydr aulic gradient away

from the “Fitzgerald 1” well both to the south and to the north is

I indicated suggesting a source may lie to the west. (No te: the water

I 
level in the Chipman well was determined in 1949 while the other levels

were measured ov er 15 year s late r after the grou nd-water reservoir

I had been extensively developed ; thus it is likely that the level in

this abandoned well has dropped below 4502 since 1949). There is also

I 
a significan t differen ce in yields for these wel ls varying all the

way from 15 gpm from the Allen well to nearly 3000 gpm from “Fitzgerald

• 4” (“FI tzgerald 3” produces 1902 gpm wi th only an eight foot drawdown

• after six hours of pumping). The drillers of “FItzgerald 4” reported
* that fractured bedrock being very large cracks f i l led with water was

J 
encountered from 205 fee t (62 meters ) to 300 fee t (91 meters ) where

drilling ceased . This formation is not encountered in any of the deeper

I wells to the east or the south.

Chemical quality dat a was compar ed for water from a southern

t — Ced ar Val ley wel l , the combined flow of “Fitzgerald 3” and “4” , and
• other Goshen Val ley wells south of the Flzgerald wel ls. The general

Indicat ions for several of the constituents are listed below:
• ‘

~ 1. Calc ium: The concentration tends to decrease from south

to north and toward the lake In Goshen Valley and from north to southeast

in Ced ar Val ley. The Fi tzgerald sample conc entr ation was somewhat

higher th an the close st Goshen wells and more th an two times higher

than the Cedar Valley well.

I i
~
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2. Magnesium: The trend is the same as with calcium .

3. Sodium: Fitzgerald wells are slightly higher .

4. Potassium: There is relatively little difference.

j 5. Bicarbonate: Fitzgerald wells have the highest concentration

and the Cedar Valley well the next highest. Both sets are much higher

1 than the other Goshen wells.

6. Sulfate: Concentration s decrease from south to north in

1 Goshen Valley and increase from north to southeast in Ced ar Valley

The Fitzgerald concentration is closer to the Cedar Valley sample than

the other Goshen Valley samples .

1 7. Chloride: The trend is simi lar to the one for sulfate except
• 

S 
that Fitzgerald sample favors the close r Goshen concentrations by a

• 
- considerable margin.

5 8. Disso lved Solids : The trend is similar to chloride except

the Fitzgerald sample only slightly favors the closer Goshen values .

j There Is insufficien t data ava ilable at present to establish
-

• 

the source of the water in the Fitzgerald wells . However , after carefully

evaluating Hoffman ’ s (1951) geologic study of the Mosida Hills , the

author feels th at if Ced ar Val ley gr oun d—w ate r were the source , the

1.. mos t likely pat h wate r would fol low would be as shown in Figure 63.

The fact that the hydraulic gradient is flat ter to the north

and east of the Fitzgeral wells indicates that water in that area would

have a tendency to flow to~ rd “North Mosida Cove”. A line was established

fran the Chipman well to the beach directly below the old Mosida townsite

and from there to the plume s off “Mosida Point” . One hal f inch (1.27

cm) piezometers were then jetted in at the beach and plume locations.

A
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Mosida beach piezometer. The piezotneter at the lake edge was

I 

jetted to a depth of 61 feet (19 meters). The upper 10 feet (3 meters)

was primarily an organic-rich silt mixed with fine clay and sand and

1 
the next 51 feet (16 meters ) consisted of 3 to 5 foot (1 to 1.5 meters)

thick layers of coarse sand (Figure 64) separated by thinner (usually• I less than a foot ) layers of hard , cemented sand. The extremely fine

I 
san d encountered at all levels is shown in Figur e 65. Water in the

pipe s too d at the sam e leve l as the lake , indicating that wa ter was

I 
not co nfined below the uppe r layer of silt and clay . Thus the head

responsible for the sand boils in the l ake appears to come from a deeper

1 level .

• Sand boil piezometer. When the piezometer was installed near

L the plume off ‘~4osida Point” , a total ly different situation was encotntered.
-- The pipe sank rapidly with only a slight amount of pressure to a depth
.5 

of 30.5 feet (9.3 meter s) below the water surface (the water was 6.5

feet or approximately 2 meters deep). When the pressure hose was removed

to add another section of pipe , trapped pressure forced a jet of clear
• 

~ I water approximately 6 to 8 inches (15 to 20 cm) above the top of the

1 pipe, which was 17 inches (43 cm) above the water surface . This flow
I continued for approximately 15 seconds before the water began to bring

I up a very fine black sed iment and the pressure s tarted to dr op off.

The more concentrated the sediment load became , the more the pressure

I decreased. The flow never did completely cease during the 30 minutes

the crew remained on station , but by the end of that period, the water

I had become black wi th si lt and the f low had reduce d to a trickle.

i The pr essure which forced the wate r up the pipe could have
I been attributed to any one or a combination of three things :

1
L i  
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1. The jetting rig could have “pr essurized” the sediments.

1 
2. Water contained in the sediments may have been compressed

by the overburden of lake water and sediments and when the piezometer

was placed, a relief vent was provided .

3. Actua l artesian conditions were encountered.

I The first reason is not considered likely because the punp was in operation

1 less than 15 seconds , in which time less than three gallons of water
1 could have been pumped into the sediments through a depth of 24 feet
• (7 meters). Similarly, the second reason is not considered plausible
- 

because the sediments were too easily penetrated, indicating too “loose”
a structure to provide the type of overburden pressure required . The

third cause is considered the most probable. The head loss observed

was likely the result of “sanding ” ( the washing in of fine sediments)

of the pipe .

A sample was col lect ed from this piezome ter , but there is a

goo d possibil ity that it is not repr esentative due to the fact that

it may have contained some lake water. The sample was collected soon

after sediment started appearing. This may not have allowe d sufficient

• time to flush all the lake water from the pipe . The analysis showe d

226 mg/i total alkalinity (as CaCO 3), 276 mg/ l bicarbonate as HCO3,
52 mg/ l Ca , les s than 1 mg/ l C03, 236 mg/ i Cl , a conductivity of 1685

umhos/cm at 25 °C , a hardness (as CaCO 3 ) of 351 mg/ l , 53 mg/i Mg, 209

mg / i SO4~ and a lOS of 905 mg/ l. Wh en compare d to values for GB—3

in Table 4, it is noted that Ca is about the same while C03, Cl , con-

ductivity , Mg, S04~ and TDS are all higher for GB— 3 . When compared

to the other Utah Lake locati ons though, all the values are comparable.

The chemical dat a Is inconclusive , but it does appear that the water

L L .  
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from the plume area Is of at least as good a quality as the main lake

~ I 
and perhaps somewhat better than that found in the lake waters of Goshen

Bay.

Northwest Goshen Bay.

It was learned in an interview with Mr. Delbert Chipman (1978)

(who has run sheep in the northwestern par t of Goshen Valley for many

i years) that there used to be an old well somewhere just south of The

L 
Knolls which early settlers used as a watering hole on trips between

I 
Lehi and Elberta. He also recalled dipping water from a cold clear

i 
spring “ ...out about 50 yards from the present shoreline... ” near the

heavy growth of tamarac “ . . .about a mile or so south of The Knolls..

1 as a boy.

The author then contacted Mr. Adeibert (Doyle) Smith who owns

1 the property described above. Just a few months prior to our contacting

- him , he had discovered the loc ation of the old well and had excav ated

j  
to a dept h of 12 feet (4 me ters) with a small backhoe--uncovering a

I I couple of old rusty buckets in the process. In describing the excavation

project , he told of encountering a layer of gravel down “
~~~~5 .about eight

feet or so... ” . When the backhoe operator took the first large scoop

of ravel out “ .. .water cane pouring in.. .and the wai l caved in a little...” .

I Once the excavation was complete , perforated 55 gallon oil drums were

I ~ placed in the hole , a six inch (15 cm) diame ter PVC pipe placed in

the center of the drums, and the hole was then backfilled with gravel.

Mr. Smith claims he can pump from 80 to 100 gallons (0.4 to 0.5 m3)

from the pipe in “ ...f Ive or sIx minutes... ” with his portable pump.

I. He then has to wait for the pipe to refill.
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I Mr. Smith also pointed out the location of tiree separate sLtmerged

springs paralleling the beach and lying wi thin 100 fee t (30 meters)

of the shoreline. These extend roughly from the southern to the northern

boundaries of Section 26 , Township 7 South , Range 1 West. This is

the same area in which the large open lead was located on the 31 January

j  flight , and the same are a that Jensen ’s (1972) trend maps indicated 
j

as being high in Na , K , and Mg. Mr. Smith des cribed these springs

as “ ...cold and clear. .. “ . Se vera l ye ar s earlier , he had forced a

55 gallon drum down about three feet (1 meters) over the two northern

most springs , and then encased the apparent throat of each spring with

a short section of six inch (15 cm) diameter PVC pipe. At the time ,

the lake had rec ed ed far enough th at the springs were exposed , and

he said the wate r “...bubbled fr eely... ” over the lip of the pipe,

which was s ix inches higher than the lake bed , and kep t the sand in
.. the bottom “bouncing ” . The au thor wad ed out to these two northern

springs and was able to observe that both the barrels and the PVC pipe

were stlil in place , though wave action had caused them both to tilt

1! shoreward . The sand on the lakebed surrounding the springs was very

clean and compact and bore the author ’ s weight very wel l , whereas the

sand at the bottom of the PVC pipe was very loose and obviously suspended
- by water Issuing from below . The approximate locations of these springs

are shown in the sketch in Figure 66.

It was further noted that there Is a continuous seep the full

length of this beach, which is characterized by numerous very small

(one eighth inch or less) “upwellings ” of water . The water from this

beach are a does not appear to be therma l, nor does it appear possible

to channelize it for flow meas urement. Mr. Smith said that his beach

I L
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I area stays free of ice throu gh all but the mos t severe winters and

he is able to water his stock from any point along his waterfront by

simply digging a smal l trench--which imediately fills with water even

I when the lake is lower than the bottom of the trench.

Mr. SmIth also pointed out that the low-lying pasture area

1 which borders the waterfront is very marshy during the spring and first

hal f of the summer . Salt gras s grow ing in these pastures was still

ve ry green and appeared to be doing quite well  as late as November

of 1978. An additional evidence of abundant ground—water is that this

stretch of beac h s ports one of the heav ies t, most luxurient growths

of tamarac around the lake.

Piezometers. Piezometers were installed in the four locations

show n in Figur e 66. A very co ar se grave l layer was encountered in

the first three locations and piezometers could only be jetted to 25

feet (8 meters ) at number 1, 41 feet (12 meters ) at number 2, and 10.5

V feet (3.2 meters) at number 3. This layer was not encountered at site

4 (100 yards or 91 meters offshore at a depth of 42 feet or 13 meters )

but water did jet from the pipe in a manner similar to that encountered

at the Mosida offshore site. The flow and pressure here did not appear

as great as that at the Mosida site however .

After allowing water levels to stabilize for three weeks, readings

were taken and elevations established relative to the lake level. At

I the time the elevations were taken , the stage recorder at the Jordan

pun~ ing plant showed the lake was at -2.73 feet (-0.83 meters ) or 4486.61

1 MSL . The level in the old shallow well was measured at 4487.7 (1.1

1 
foot difference); 4487.5 in piezameter 1 (located 13 feet east-northeast

I of the well);  4488.0 in piezometer 2; 4487.7 in 3; and 4487.9 in number

1
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4. These readings show that there is a gradient toward the lake In

I the water table aquifer , and that artesian pressures may exist within

the lakebed off the Smith beach. Further testing and evaluation would

be required to confirm the existance of such pressures and to obtain

sufficient data to estimate the amount of water which is entering the

I lake in this particular area of Goshen Bay.

Chemical quality. Sampl es were col lected and analyzed from

the old shallow well and from the offshore piezometer . These results

were the n comp ared to the chemical analysis of wel l number (C-6-1)

3ldab— 1 located at the extreme eastern edge of Cedar Va lley north and

west of the Smith property and on the opposite side of Lake Mountain.

This compari son is shown in Table 5. The indications are that the

offshore sample was contaminated with lake water and the values shown

are probably not representative.

The sample from the shallow Smith well was not diluted, however

and is a repres entative of unconfined wate r in this area. The high

concentrations of Mg, K and Na correlate with Jensen ’s findings . Note

in Table 6 how the value for each parameter ( except chloride and con-

du ctivity) incre ases slightly going from the wes t side to the east

side of Lake Mountain. These increases are consistent with the theory

of water escaping from Cedar Valley through Lake Mountain in that such

increased concentrations would be ex pected of water passing through

limestone and dolomitic formations. Figure 67 is a photograph of the

- - southeast end of the major Lake Mountain syncline (note the westerly

dip of the east lImb and the easterly dip of the west limb). The Smith

property (trees along shoreline) is in direct line with this synclinal

axis. Wh ether the gr ound—water on the Smith proper ty originates in
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i TABLE 5

I Comparison of the Chemical Quality of Ground-Water on the
Southeastern and Western Sides of Lake Mountain

1 1
Sample Source

-

~~ 

Parameter Offshore Smi th Cedar Valley
1 Piezometer Shallow Well Wel l

T Total Al kalinity (CaCO 3) (mg/2.) 174 362 395

Bicarbonate (HCO3) (mg/L) 212 442 324

.. Calcium (Ca ) (mg/i.) 56 117 82
‘ Carbonate (C03) (mg/i.) 31 21

Chloride (Cl ) (mg/i.) 248 209 355

Conductivi ty (25 C)(umhos/cm) 1631 1739 2060

Hardness as CaCo3 (mg/i.) 391 815 680

Magnesium (mg) (mg/i.) 61 127 116

Potassium (K) (mg/i.) ——- 21.7
179

- Sodium (Na) (mg/i.) --- 205

-
~~~ Sulfate (504) (mg/i.) 253 331 291

TDS (mg/i.) 977 1302 1230

9 

_ _ _ _ _ _ _ _—55— - — -  5•5 5~~ 5~~~~~~• — - - 

5-—_--h-s _— -__
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



143

t

‘-5 -.5—-- ‘~~5~ 
5

Figure 67. Southeast End of Major Lake Mountain
Syncline (Smi th Property in Foreground).
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Cedar Valley or as preciptation over Lake Mountain , it does seem most

- ~: 1 likely th at the syncl inal axes direc t the flow and the flow appears

to be in a southeasterly direction .

~~~ 1
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CHAPTER 6

- 
CONCLUSIONS AND RECOMMENDATIONS

The findings prese~ted in the preceding chapters and the subsequent

discussion of their inplications provide the basis for several conclusions

wi th res pect to subs urface inf low to Utah Lake . These conclusions

are pr esente d as answe rs to the six question s po se d in the problem
- statement section in the introductory chapter.
- .  1. Based on the hydrogeology of the Utah Lake Basin, It is

I possible that the annual volume of subsurface inflow is in excess of

100,000 acre feet (123 x io6 m 3). The author feels th at Fuhriman ’s

• late st estimat e (1978) of 170 cfs (123 ,000 acr e feet /year or 151.4
• 1-

m3/year) is not unreasonable.

2. Considering the nature of the valley fill, the avai lability

I of recharge water , and the piezometric contours; it appears that most

of the subsurface inflow occurs in the eas tern half of the main lake ,

fr om Lincoln Point to the Saratoga area. Howe ver , findings herein:: also establish the presence of sizeable previously unidentified ground—

water inf lows in the Goshen Bay area.

3. The major source of subsurface inflow to Utah Lake appears
- to be the Valley ’s fresh-water aquifers , which receive most of their

rechar ge directly and indirectly from the Wasatch Mountains. Most
- 

of this inf low occurs as diffuse seepag e over much of the lake bed,

induced by artesia n pressures . Additional ground—water Inflow occurs

145
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I as mineral ized thermal water derived from very deep sources. The ground-

I 
water source(s) for the inflows discovered in Goshen Bay have not been

determined conclusively, but there is strong evidence to support the

1 hypothesis that much of this flow may originate as precipitation over

the Oquirrh Mountains and Lake Mountain.

~ : 

~ 
4. The qual ity of the fresh water entering the main lake most

nearly resembles water found in the Shallow Pleistocene aquifer. Thermal

I f lows  in the southern end of the lake are much more mineralized than

- those in the northern end. Analyses of samples from various mineral
- springs (see Appendix B) sampled by the author agree closely with the

-
~ results repo rted by other investigators , indicating a fairly stable

quality from these sources . The quality of the water entering the

lake in Goshen Bay appears to be general ly of equal to lower quality

than the main lake—-lower quality (higher levels) in bicarbonate, calc ium ,

- S conductivity , magnes ium, pot assium , sodi um , sulfate, and dissolved

solids .
- 

5. Precise quantificat i on of these individual inflows would

be economically infeasible when viewed from a cost-benefit perspective

- 
as the inflow is too diffuse. It ap pears that a steady influx over

- - a very broad area contributes most of the volume--not individual flows .

- - The author estimates that roughly 85 percent of the total subsurface

Inf low, approximately 102,000 acre feet (125 x io6 m3) per year , occurs
--  in the main lake ; and th at a maximum of 15 percent , or 18,000 acre

feet (22.1 x io6 m3) per year occurs south of the proposed Goshen Bay

Dike. These figures are based on the assun~tion that Fuhriman ’s subsurface

inflow estimate of 123,000 acre feet per year is reas~~able. The assigrinent

-1 of 15 percent to the Goshen Bay area is based on the author ’s assessment

1 5 1 
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of Brimhall’ s accoustical profiling indications as well as the 10,000

to 19,000 acre foot “unaccounted for ” water which may be leaving Cedar

Valley (Feltls , 1967:18—19).

6. Effects of the results of this investigation on the proposed

Utah Lake dikes are l imited mainly to Goshen Bay. With the discovery
~~

. 
of 5new TM ground-water inflows in the area behind the proposed Goshen

Bay dike alignment , other management alternative s need to be given

consideration. The quality of this ground-water would seem to be the

55 - major factor in determining whether provisions should be made to segregate
.. or integrate these waters with the main l ake water.

Reconinendations

- More ground— water piezonietri c pressure and quality data are

needed from Utah Lake and in the surrounding areas where inter-basin

• ~

- 

ground-water movement is suspected . Since the Goshen Bay area is of

interest due to possible diking from the main Lake, efforts there are

1,. needed . Additional data from southeas tern Ced ar Valley would also

• J 
be of value. Based on the author ’s findings , further investigations

- 

in the following areas are of particular interest.

1. Comprehensive piezometric investigations of the aquifers

in the Lake Mountain and Mosida Hills areas are needed to establish

I conclusively wh ether or not Cedar Valley grou nd-water enters Goshen

-

‘ 
Valley. This study should include the drilling of at least three test

I wells at the southeas tern end of Lake Mountain. One well should be

I 
located between Lake Mountain and the highway at the end of the major

syncllnal ax is in the SE1/4 Section 23, 17S, R1W. It Is further recomuiended

1 that the secon d well be pl aced approximately one half mile east of

~~~I. 
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the first well and the third one hal f mile south of the first well.

Data obtained from well drilling logs, water sampl es, and pumping tests

could be used to determine water-bearing and transfer properties and

hydraulic gradients of the aqu ifers. Simi lar wells should be drilled

in the Mosida Hills area west of the Fitzgerald wells. Specifical ly,

the two most promising locations are the SW1/4 SW1/4 of Section 18,

• T8S, R1W and the SW1/4 NW 1/4 of Section 24, T8S, R2W . If water is

encountered in Section 18, then another well should be drilled in the

W1/2 NE1/4 of Section 13, T8S, R1W . If water is found in Section 24,

then attention should be given to the area northwest of Greeley Pass

along the boundary of Secti ons 14 and 23 , T8S , R 2W. Tracer methods

might possibly be successful in these areas.

2. Severa l piezometers should also be placed in a line from

the highw ay to the lake (1) on the Smith proverty, (2) near the old

I4osida townsite, and (3) in Sections 27 and 28, T8S, R1W , to establish

the hydraulic gradients for these areas. The author found it impossible

to pen etrate beyon d a coarse gravel layer (generally located at ap-

proximately 30 feet) with his light jetting equipment. Alternative

• installation techniques other th an 1/2 inch pi pe jetting should be

investi gated.

3. Additio nal attempts should be made to install piezometers

in Goshen Bay in the “p lume ” are a off “Mosdia Point” in such a way

as to preven t contamination and sanding. Fu rther study of various

techniques would be requ ired , but the driving of smal l diameter, fine-

mesh well points may be a solution provided a stable driving platform

were ava ilable . Personal attempts to drive 1 1/4 inch well points

with a boat—mounte d “over-the—bow ” dr iver assembly were frustrating

5 1
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as boat position could not be maintaIned and off—center blows caused

failure of pipe joints. At least bio and preferthly three such piezolieters

should be instal led at eac h location at varying depths in order to

determine wh ether an upward gradient exists and to obtain data from

which inflow volume calculations might be made . Similar work should

be done in the area offshore from the Smith property at the south end

T of Lake Mountain. Piezometers should also be placed in a representative

number of the areas indicated in Br imha ll ’ s lake bed sonar work as

possible spring activity areas (Brimhall , et al., 1976a) to test his

spring inflow theory and provide additional refinements to it.

4. The possibility of a “inounding effect” of percolating waters

-

‘ 

- over Lake Mountain and Wes t Mountain ought to be investigated so a

more accurate determination of hydraulic gradients might be made for

these areas. Piezometers (wells) used in such a study would need to

be capable of penetrating coarse materials and/or bedrock and extending

to considerbie depths.

5. At least one test well ought to be drilled in southeastern

Cedar Valley to a depth sufficient to test for aquifers which may lie

* below the 200 foot (61 meter) level. Particular attention should be

‘ given to water quality and piezometric data.

6. Attention mi ght also be give n to further thermal imagery

using other wavelength bands , but careful evaluation of cost—benefit

ratios Is needed In such cases since coordination of ecpiipment avail~~ility

and favorable ~ nditions is very “tricky” and expensive. Before isidertaking

an additional therma l scanning study , attention should be given to

a densitometric study of the imagery films obtained in 1977.
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1 1 7. Studies of various diking management alternative s should

cons ider the discovery of these “new ” ground-water inflows in Goshen

L Bay. These alternatives should address alternates such as the effect

of isolating these flows from the main lake, legal implications , pumping

prov isions, and po-iding/cha-ineling a~rangenents behind the dike. Hopefully,

information from further studies as suggested above would firm up water

1 
quantity, quality and inflow areas prior to final decisions on these

1 alternates being made.

~
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CHAPTER 7

A .  
SUMMARY

This investigation was undertaken in response to a need for

a mo re com plet e understanding of the geohydrol ogy of Utah Lake. A

comp rehensive revi ew of the findings of other researchers formed a

base for this study (Chapter 2). The geol ogy and hydrogeology of the

Utah Lake Basin was gi ven detailed attention and thermal imagery , aerial

• reconnaissance, and piezometric i nvestigations were employed to identify

subsurface i nflow areas and possible sources of these i nfl ows.

Results indicate that: available aquifer recharge has been

traditionally, and perhaps significantly, underestimated ; the depth

of valley fill in the basin may be at l east twice that ~ eviously sup~x~sed ;

I the hydrogeology of similar basins suggests that a considerable volume

I 
of water may be forced upward through restricting l ayers by artesian

pressures ; and geologi cally speaking , there is ample opportunity for

I water to pass from Cedar Valley into Goshen Valley . It was concluded

that subsurface infl ow to Utah Lake occurs primarily in the form of

I diffuse seepage over broad areas in the lake bed, total annual subsurface

i nflow may exceed 100,000 acre feet (123 x 106 ii? ), and that precipitation

I over the Oquirrh Mountains may provide an additional source of ground—

water to Utah Lake.

Previously unknow n ground—water i nfl ows were suspected in the

I Goshen Bay area as a result of evid ence from thermal imagery a nd chemical

1 151
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quality trends. Presence of infl ows was verified and some locations

fixed by visual observations from aircraft. Source areas were tentatively

identified based on hydraulic gradients and comparisons of chemical

quality data. The author concluded that thes e i nfl ows contribute a

maximum of 18,000 acre feet (22.1 x ~~ m
3) of relatively low quality

grou nd —water to the Goshen Bay are a and that at least some of this

I water may move through Mosida Hills and Lake Mountain from Cedar Valley.

4 These findings justify the consideration of additional ground—water

i nvestigations and management alternatives with respect to the l ocation

and operation of the proposed Goshen Bay dike of the Bonneville Unit

I
, 

~
, 

‘ of the Cenral Utah Project.
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APPENDIX A

WELL-NUMBER ING SYSTEM USED IN UTAH

The system of numbering wells and springs in Utah is based
on the cadastral land—survey system of the U.S. Government. The number
identifies the wel l and locates its position to the nearest 10—acre

I tract in the lan d net. By thi s system , the State is divided into
four quadrants by the Salt Lake Base Line and Meri dian , and these
quadrants are designated by the uppercase letters A, B, C an d D, thus,

I A, for the northeast quadrant; B, for the northwest; C, for the southwest;
ê and D, for the southeast quadrant. Numbers des i gnated the township

and range , respect ive ly, follow the quadrant letter, and the three
are enclosed in parenthesis. The number after the parentheses designates

- the section , and the l owercase letters g ive the location within the
section. The first l etter indicates the quarter section , wh i ch is
generally a tract of 160 acres; the second letter indicates the 40-
acre tract, and the third Indicates the 10-acre tract. The numbers

- that follow the letters indicate the number of the wel l within the
10—acre tract. Thus, well (0—8—2) 24 bdd— 1, in southern Utah County,

- is in the SE 1/4 SE 1/4 N 1/4 se ct ion  24, Township 8 South, Range
2 East, and is the first wel l constructed in that tract (see Figure
68). (Cordova, 1969:2).
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ON GOSHEN BAY
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/
,‘ ABSTRACT

‘5-’~”This investigation pro vi des a comp rehensive picture of the
hydrogeology of Utah Lake. The results indicate that available aqu ifer
recharge has been trad itionally underestimated ; the depth of valley
fill is probably twi ce that which had been previously supposed ; artesian
pressures force a considerable amount of ground—water upwa rd through
confining l ayers; and there is ampl e op portun itjf,,f~Qr wat,er to pass
from Cedar Valley into Goshen Valley. ~~~~~~~~ 

- . ~~~~ 
-‘-— . 5 - —-’— c --

~
. rhe author concludes that diffuse}seepage accounts for the

majority of subsurface i nfl ow to the lake ;,the total anpual subsurface
i nflow is -in excess of 100,000 acre feet~f—12-3- x 1Oq m~)$)and ground-
water does enter through the bottom of Goshen Bay. The ground—water
flowing into Goshen Bay is ~f a relatively low quality and the maximumvo~u~e is estimated to be on the order of 18,000 acre feetj .1 L~

1
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) ’  ~~~
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-- ‘i-O m’~--rper year. Much of this Goshen Bay water may come Trom Cedar 1 ~
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