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OONVERSION FACl'ORS AND RELATED INFORMATION

For use of readers who prefer to use metric units, conversion factors for
terms used in this report are listed below:

Multiply
acre

acre-foot (acre-ft)

cubic foot per day
cubic foot per second (ft3/s)

foot (ft)
foot per day
foot squared per day (ft2/d)

gallon per minute (gal/min)
inch (in.)

mile (mi)
square mile (mi2)

1&
0.4047

4,047
0.001233

1,233
0.02832
0.02832

0.3048
0.3048
0.0929

0.06308
25.40
2.54
1.609
2.590

To obtain
square hectoreter
square meter
cubic hectometer
cubic meter
cubic meter per day
cubic meter per

second
reter
meter per day
reter squared per

day
liter per second
milliIreter
centimeter
kilometer
square kilaneter

Chemical concentration is given in milligrams per liter (mg/L) or
micrograms per liter (/lg/L). Milligrams per liter is a unit expressing the
concentration of chemical constituents in solution as weight (milligrams) of
solute per unit volume (liter) of water. One thousand micrograms per liter is
equivalent to 1 milligram per liter. For concentrations less than 7,000
milligrams per liter, the numerical value is about the same as for
concentrations in parts per million.

Water temperature is given in degrees Celsius (0 C), which can be
converted to degrees Fahernheit (0 F) bv the following equation:

o F = 1.8 (0 C) + 32.

v



vi



WATER RESaJRCES OF PARK CITY AREA, UTAH, WI'IH EMmASIS ON

GRCXJND WATER

i:¥ Walter F. Holmes, Kendall R. '!hompson, and Michael Enright

ABSTRACI'

'!he Park City area, al:x:>ut 140 &Iuare miles in northern Utah, oontains the
headwaters of East carwon, Silver, and Drain Tunnel Creeks, and also includes
a reach of the PrOl7o River. Cbnsolidated rocks of Pennsylvanian to Tertiary
age crop out over most of the area except along the major stream channels
where unconsolidated valley fill of Quaternary age is exposed at the surface.

'!he two major streams that originate within the study area are East
Oirwon and Silver Creeks. '!he estimated long-term average flow of East Oirwon
Creek near Park City is 55 cubic feet per second, and the estimated long-term
average flow of Silver Creek near Wanship is 8.55 cubic feet per seoond Some
streamflow yields from individual basins are smaller than expected when
oomp:1red to streamflow yields from 45 other sites in the mountains of northern
Utah.

Ground water in the Park City area occurs in l::oth unoonsolidated valley
fill and oonsolidated rocks. Recharge to the unoonsolidated valley fill from
precipitation, uncomsuned irrigation water, leakage from consolidated rocks,
and seep:1ge from streams is estimated to be 15,400 acre-feet per year.
Recharge to the oonsolidated rocks from precipitation, stream infiltration and
sutsurface inflow is estimated to be 46,000 acr~feet per year.

Discharge from the unconsolidated valley fill by evapotranspiration,
seepage to streams, and wells is estimated to be 15,500 acre-feet per year.
Discharge from consolidated rocks from springs, drain tunnels, leakage to
unoonsolidated valley fill, and wells is estimated to be 46,000 acr~feet per
year.

Water in the unoonsolidated valley fill generally follows the slope and
direction of the major streams. Water in the consolidated rocks generally
mOl7es from recharge areas at high altitudes toward discharge areas at lower
al titudes, except in areas affected i:¥ drain tunnels where water mOlTes toward
and discharges to the tunnels and associated mine workings.

'!he quality of both surface and ground water in the Park City area
generally is sui table for all uses, al though some of the water had
ooncentrations of dissolved solids, trace metals, chloride, or sulfate that
exceeded reoommended standards or 1imits. 8elTeral water sources had Iii valLES
that were less than or exceeded recommended limits.

'!he '!Win Creek Limestone and '!haynes Formation have the ~st potential
for yielding large quantities of water to individual wells. Increasing
withdrawals from consolidated rocks may cause a decrease in the flow of
springs and streams, water-level declines in wells, and downward mO\Tement of
poor quality water to aquifers containing freshwater.
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The construction of the proposed Jordanelle reservoir may cause an
increase in the pumping necessary to dewater mines that are below the altitude
of the reservoir. Data are not available to ootermine the magnitude of the
increased pump:lge required to dewater the mines.

INTROrocrION

'll1e Park City area is a rapidly growing resioontial and recreational area
about 30 miles east of Sal t Lake City (fig. 1). The area of study is about
140 &;Iuare miles in which the princiPal industries are agriculture, skiing,
and other recreational activities. The area once was a major lead- and
silver-mining district, but no mines were active in 1984. A resumption in
mining activ ity, however, could take place with an increase in the pr ice of
metals.

'!he poPulation of the Park City area is expected to increase rapidly in
the near future; and the prOlTision of an adeqlBte water supply for the growing
population, while avoiding harmful affects of delJ'elopnent, is a major concern
for local municiPalities, de.rel.0t:ers, and the Utah Division of Water Rights.
In addition, agricul tural interests in and l::elow the area are concerned about
the effects of increased ground-water withdrawals on streamflow, which is
fully appropriated 1:¥ Cbwnstream users. '!he area also contains the profX)sed
site for the Jordanel.le dam, a part of the Bonne.rille unit of the central utah
Project. '!he damsi te is near an historic mining area; and mining COInp:lnies
are concerned that if mining is resumed, the reservoir may create some
addi tional oowatering problems in the mines.

Purpose and Scope

In order to address the concerns listed above, the u.S. Geological
Survey, in mot:eration with the Utah Department of Natural Resources, Division
of Water Rights, made a study of the water resources of the area f rom July
1982 to June 1985. This report descril::es the results of that study. It
provides information on the availability of water for future needs and the
potential 1¥drologic effects that might result from increased withdrawals of
ground water. '!he report also addresses the possible 1¥drologic effects of
the profX)sed Jordanelle reservoir on mining activities in the area.

Previous Investigations

Pre.rious hydrologic studies in the area include a water-resources study
by Baker (1970) and reconnaissances of the quality of surface water by
Mundorff (1974) and 'Ihompson (1983). Other available data incluoo streamflow
records collected by the u.S. Geological Survey, Weber River Commissioner,
Provo River Commissioner, u.S. Bureau of Reclama tion, and consul tants.
Streamflow records halJe l::een published annua.lly by the u.s. Geological. Survey
(1985) for Silver Creek near the northern boundary of the study area (1941­
46), Threemile Creek, a tributary to East canyon Creek (1963-74), and the
Provo River near Hailstone (1949-present). Additional streamflow data are
available from the Provo and Weber River Commissioners, and f rom the U.S.
Bureau of Reclamation for the proposed Jordanel.le dam site. Information for
wells and springs was obtained from the files of the Utah Division of Water
Rights and the u.s. Bureau of Reclamation. Information for municipal water
use was obtained f rom the Park City Municipal Corp., Summit Park Water

2
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Distribution Co., Summit Park Water Co., and other small developments.
Discharge data from mines and drain tunnels is available from mining comI;8ny
records.

Baker (1970) reported on ground-water lEVels, and additional lEVels are
reported in drillers' logs on file with the utah Division of Water Rights.
Baker (1970) also presented data concerning ground-water storage in the
unoonsolidated valley fill, discharge of ground water 1:¥ EVapotranspiration,
general direction of ground-water movement, hydraulic properties of the
unoonsolidated deI;X>sits, and the water quality and water lEVels for selected
wells. Thompson (1983) reported on the quality of flow in Silver and East
canyon Creeks, and Mundorff (1974) described the quality of flow in Drain
Tunnel Creek and the Provo River.

Well-, Spring-, Tunnel-, and Stream-Site Numbering Systems

'!he system of numbering wells, springs, and tunnels in utah is based on
the cadastral land-survey system of the u.S. Government. The number, in
addition to designating the well, spring, or tunnel, describes its I;X>sition in
the land net. By the land-survey system, the State is divided into four
quadrants by the Sal t Lake base line and meridian, and these quadrants are
designa ted by the uppercase letters A, B, C, D, indicating the northeast,
northwest, southwest, and southeast quadrants, respectively. Numbers
designating the township and range (in that order) follow the quadrant letter,
and all three are inclosed in rarentheses. '!he number after the rarentheses
indica tes the section, and it is followed by three letters indicating the
quarter section, the quarter-quarter section, and the quarter-quarter-quarter
section--generally 10 acresl ; the letters a, b, c, and d indicate,
respectively, the northeast, northwest, southwest, and southeast quarters of
each subdivision.

A number after the letters is the serial number of a well or spring
within the 10-acre tract; the letter "s" preceding the serial number denotes a
spring, and the absence of an "s" and a serial number denotes a tunnel. '!hus,
(D- 1- 4)22cba- 1 designates the first well constructed or visited in the
NEI/4 NWI/4 SWI/4 sec. 22, T.IS., R.4E.; (D- 1- 4)30bbb-SI designates a
spring in the NWI/4 NW1/4 NW1/4 sec. 30, T.1S., R.4E.i and (D- 2- 4) 8dbd
designates a tunnel in the SEl/4 NWI/4 SEI/4 sec. a, T.2S., R.4E. The
numbering system is illustrated in figure 2.

Streamflow sites where data were oollected are mnnbered in a sEqu:ntial
downstream order for this report. In addi tion, an a-digit number has been
assigned to gaging stations operated t¥ the u.S. Geological Survey, and data
from these stations and an explanation of the numbering system can be found in
the annual water-resources-data reports for utah (u.S. Geological Survey,
1985) •

lAlthough the basic land uni t, the section, is theoretically 1 square mile,
many sections are irregular. Such sections are subdivided into 10-acre
tracts, generally beginning at the southeast corner, and the surplus or
shortage is taken up in the tracts along the north and west sides of the
section.
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HYDRa..CX; IC ENVIRONMENT

PhYsiography

'!he Park City area lies within the Middle Rocky Mountains Fhysiograplic
province (Fenneman, 1931). Altitudes range from about 5,880 feet at the
southern border of the study area on the Provo River, to about 10,100 feet
near the southwest corner at Scott Hill in the wasatch Range.

'!he northern :P=lrt of the study area consists of two valleys sep:1rated by
a relatively low topographic divide, and the southern part of the area
v irtually consists of one valley, which incl udes the proposed si te of the
Jordanelle dam. '!he northern part of the area is drained by tributaries of
the Weber River and the southern :P=lrt by the Prwo River. (See plate 1.)

GeolQgy

Rocks in the Park City area range in age from Pennsylvanian tQ HQlocene
(pI. 1). In the nQrthern, central, and sQuthwestern parts Qf the area, the
principal cQnsolidated formations cropping out are sedimentary deposits,
primarily sandstQne, limestone, quartzite, and shale. In the sQutheastern
part Qf the area, the principal cQnsQl ida ted formatiQns cropping out are
extursive volcanic deposits, primarily andesitic pyroclastics and some
intrusive rocks. '!he princi:P=ll unconsol idated deposi ts in the area are stream
and glacial dep:>sits.

'!he entire study area has been structurally deformed by folding and
faul ting. Much of the deforma tiQn is related tQ high-angIe-thrust faults,
al though in the southeastern part of the area most of the deformation was
prQrebly was the result of intrusive volcanic rocks displacing sedimentary
rQcks. '!be structural deformation has resul ted in a complex geologic
framewQrk. Most of the consolidated rocks are extensively fractured, and some
of the fractures in 1 imestone have been enlarged by sol ution. Al though
numerous localized fracture pitterns can be identified on the surface and in
underground mine workings, no regional fracture patterns are apP:uent.
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Climate

The normal annual precipi tation (1931-60) in the Park Ci ty area ranged
from 16 indles at low altitudes to more than 40 inches in the Wasatch Range on
the western oorder of the study area (U.s. Weather Bureau, 1963). Most of the
precipitation falls during October-April. '!he normal annual precipitation
(1931-60) in the Park City area is shown in figure 3; and the annual
precipitation for 1900-83 at Heber, which is about 6 miles south of the
southern boundary of the study area, is shown in figure 4. The 1982-83
average annual precipitation at Heber was 24.17 indles (National Oceanic and
AtmosJ;heric Administration, 1984) or 8.17 inches more than the 1900-83 average
annual precipitation of 16.00 indles.

The Park City area has mild summers and cold winters when compared to
other p:>pulated areas in utah. Winter temperatures in the lower valleys in
the area rommonly are less than 0 0 Fahrenheit, and summer temperatures rarely
exceed 90 0 Fahrenheit. 'nle normal annual air temperature (1951-80) at Heber
is 44.1 0 Fahernhei t (National Oceanic and AtmosJ;heric Administration, 1984).
'!he annual evaporation from Wanship Reservoir, about 3 miles east of the
northeast oorner of the study area, is estimated to be 35 inches (Waddell and
Fields, FIn, table 12).

vegetation

'nle native plants in the Park City area generally can be divided into two
oommunities: plants growing in low-altitude meaoows and plants growing in
mountainous areas. '!he dominant plants in the meadows consist of grasses
(primarily Phleum pratense.~ pratensis. Hordeum brachyantherum. Bromus
inermis, and Dactylis glomerata) , sedges (primarily C'arex nebrascensis), and
rushes (Juocus spp.). Other woody plants along stream oourses inc! ude willow
(salix spp.), elderberry (sambucus spp.), chokecherry (Prunus virginiaoa) and
cottonwood (Populus spp.).

'!he oominant plants in the mountainous areas include sagebrush (Artemisia
spp.), juniper (Juniperus spp.), and Gambel oak (Ouercus gambelii) on the
lower slopes, and quaking aspen (Populus ~muloides), Douglas fir
(Pseudotsuga menziesii), and smooth maple (AQ.e.r. glabrum), on the upper slopes.
Some areas above 9,000 feet are splrsely vegetated.

Plants in the Park City area listed as J;hreatopl¥tes 1:¥ Robinson (195 8,
table 1) include JunCUS arcticus. salix spp., sambucus spp., and Populus spp.
Phreatophytes are plants that obtain their water supply from the zone of
saturation, either directly from or through the capillary fringe.

WATER RESaJRCES

Most of the water in the Park City area originates from precipitation
directly on the area or inflow from the PrOlTo River. Some sutsurface inflow
through oonsolidated rocks occurs along the southwestern oorder of the study
area. Most of the precipitation tha t fall s on the area is cons umed by
evap:>transpiration or flows from the area in East canyon and Silver Creeks and
the PrO\TO River.
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Figure 4.-Annual precipitation at Heber, 1900-83.

Surface water

'Ihe streamflow in the Park City area either origimtes from the Wasatch
Range on the western border or enters the area f rom the east in the Provo
River at the southeastern border. Some of the streamflow is diverted near the
mountain fronts and used for irrigation at lower altitudes, and some of the
original stream channels have been altered during mining or construction.

Maj or Streams

'Ihe two major streams that origimte within the Park City area, collect
tributary discharge, and flow out of the area, are East canyon and Silver
Creeks. 'Ihe Provo River flows into and across the southeastern corner of the
study area, and collects tributary discharge f rom Drain Tunnel Creek, which
also originates within the area. Several smaller tributaries contribute
discharge to the Provo River in the southeastern p:.l.rt of the area.

East C'.al1YOn Creek.--Fast canyon Creek originates in 'Ihaynes canyon on the
eastern side of the Wasatch Range near the southwest corner of the study area.
'Ihe creek flows northwest and leaves the area near its northwest corner after
draining an area of about 70 square miles. The location of continuous­
recording gaging stations, p:l.rtial-record stations, and miscellaneous stations
where data were collected are shown on pl. 2.
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Gaging station 10133900, East canyon Creek near Park City, was
oonstructed and o:r;erated from July 1982 through September 1984 as part of this
study. The average flow fol' the 1983-84 water years (October 1982 through
september 1984) was about 86 cubic feet per second (U.S. Geological Survey,
1984 and 1985).

Gaging station 10133700, '!hreemile Creek near Park City, was reactivated
and o:r;erated during the 1983-84 water years as part of this study. 'Ihe average
discharge for the 2 years of record was 3.7 cubic feet per second (U.S.
Geological Survey, 1984 and 1985).

Seven partial-record stations were constructed on tributaries to East
canyon Creek as part of this study and discharge measurements were made at
approximately monthly intervals. '!he measurements of discharge at the sE.'ITen
stations (sites 1, 3 and 4, 5, 8, 22, 27, and 28) are shown in table 1 •

A hydrograph-matching procedure (Crutf, 1975, p. 4) was used to estimate
the annual mean flow at the partial-record stations. 'Ihe measurements at a
p:irtial-record station were plotted on a daily hydrograph sheet which then was
overlain on the daily hydrographs of nearby gaging stations. A daily
hydrograph for the partial-record station then was constructed using the
hydrographs of the near1:¥ gaging stations as a guide to estimate daily flows
between measurements at the partial-record station. '!he estimated daily flows
then were summed to obtain monthly mean flows, and the monthly mean flows were
sunmed to obtain the annual mean flow.

'Ihe 2 years of discharge records collected at the two gaging stations and
the sE.'ITen p:irtial-record stations were adj usted for long-term average flow
using the 13 water years of discharge record (1964-74, 1983-84) available for
gaging station 10133700 on 'U1reemile Creek. 'U1e 1983-84 average discharge of
Threemile Creek of 3.7 cubic feet per second was 1.56 times the 13-year
average of 237 cubic feet per seoond. 'U1us, the 1983-84 average discharges
at the gaging stations and p:irtial-record stations were multiplied 1:¥ a factor
of 0.64 (reciprocal of 1.56) to obtain the estimated long-term average flow.
'!he estimated long-term average flow of East canyon Creek at gaging station
10133900 is 55 cubic feet per second. '!he estimated average flow for the
1983-84 water years and the estimated long-term average flow at seven p:lrtial.­
record stations are shown in table 2.

Silver Creek.--Silver Creek heads in the southern pa rt of the study area,
flows north, and leaves the area near the northeast corner. 'U1e creek drains
an area of aOOut 26 square miles.

Streamflow-gaging station 10130000, Silver Creek near Wanship, was
constructed and operated during the 1983-84 water years at about the same
location as a prE.'ITious gage operated during the 1941-46 water years. '!be
average discharge during the 1983-84 water years was 13.2 cubic feet per
second '!he 2-year record was combined with the 1941-46 record to estimate a
long-term average flow of 8.55 cubic feet per seoond
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In the upstream part of the Silver Creek drainage south of Park City,
several perennial and intermittent streams--including Ontario and Empire
canyons and Deer Valley--have a total estimated average annual flow of 0.8
cubic foot per sea:md (James Midgett, Park City Municipal Corp., oral commun.,
1984) •

Proyo Riyer.--The Provo River heads in the Uinta Mountains east of the
study area, flows into the area at the southeastern corner, and leaves the
area at the southern ooundary. '!he river drains aoout 40 Equare miles of the
study area. '!he profX)sed station of the Jordanelle dam is on the Provo River
downstream from the junction with Drain Tunnel Creek, the only major tributary
to the PrOlTo River within the area.

streamflow-gaging station 10155000, Provo River near Hailstone, has teen
operated in the study area by the U.s. Geological Survey since 1949. '!he
average flow for 31 water years (1954-84) was 285 cubic feet per second

A gaging station on Drain Tunnel Creek, a tributary to the Provo River,
has been operated by the U.S. Bureau of Reclamation since 1978. The average
flow for 5 water years (1979-83) was 17.5 cubic feet per second.

Discharge from Individual Basins

'!he annual streamflow from individual basins within the study area is
dependent on basin size, precipitation, vegetation, air temperature, exposure,
geology (which is related to infiltration), and other factors. K. L.
Lindskov and B. E. Thomas (U.S. Geological Survey, written commun., 1984)
developed an equation to calculate annual flow based on drainage area and
precipitation. The equation was used to compare flow estimated from
measurements at streamflow stations and sites and in the study area which had
similar characteristics, with the exception of geology, with 45 other
streamflow stations and sites in drainage basins in the mountains of northern
Utah. The equation had a standard error of estimate of 28 percent. The
estimated annual flow at selected streamflow stations and sites in the study
area compared with the annual flow calculated from the equation is shown in
figure 5.

Most of the annual flows estimated from measurements compare favorably
with those calculated using the equation. Some of the estimated flows
howe.ver, are considerably smaller than the calculated flows. '!he most likely
explanation for the largest differences is that the geology varies between
basins, thus, the infiltration characteristics of the individual basins
differ. In basins where fractured rock underlies the stream channels, or
where underlying drain tunnels and mines have lowered water levels in the
fractured rock below the stream channel, some of the streamflow infiltrates
into the ground-water reservoi rs. 1nf il tration of surface water into ground­
water reservoirs is discussed in greater detail in the section of this report
entitled, "Water in COnsolidated Rocks."
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Ground water

Ground water in the study area occurs in unconsolidated valley fill and
in oonsolidated rocks. The unconsolidated valley fill COlTers about one-third
of the study area (pI. 1), and it is confined mainly to the lCMer parts of the
area. The consolidated rocks underlie most of the high mountain areas
bounding the valleys. Records of selected wells are given in table 3,
drillers' logs of selected wells are given in table 4, water levels in
selected observation wells are given in table 5, results of cquifer tests are
given in table 6, and records of selected springs and tunnels are given in
table 7.

Water in Unconsolidated Valley Fill

Major deposits of water-bearing unconsolidated valley fill (those
deposi ts that halJe a large areal extent and an estimated thickness of greater
than 50 feet) occupy about 5,000 acres in Parleys Park and the Silver Creek
drainage, about 2,200 acres in the Drain Tunnel Creek drainage, and about
1,000 acres along the flood plain of the Provo River. Minor deposits (those
deposi ts that have a small areal extent and an estimated thickness of less
than 50 feet) occur along Fast canyon Creek dCMnstream from Parleys Park and
along major tributaries such as Red Pine and White Pine canyons. Because of
the few data available for the minor deposits and their slight effect on the
CNerall 1¥drologic system, only the major deposits will re addressed in this
report.

The unconsolidated valley fill primarily is of alluvial or glacial
origin, and it consists of clay, silt, sand, gravel, cobbles, and boulders.
The deposi ts generally are poorly sorted, al though some local deposi ts are
well sorted. The alluvium primarily is in the low areas, along stream
channels, whereas the glacial deposi ts are in the high parts of the Wasatch
Fange along the western side of the stuc¥ area.

'!he unconsolidated valley fill ranges in thickness from a few feet near
the mountain fronts to about 450 feet in the southern part of the area in the
Drain Tunnel Creek drainage. The average thickness of the fill in Parleys
Park is about 200 feet, in Silver Creek drainage about 100 feet, in Drain
Tunnel Creek drainage about 250 feet, and along the Provo River about 60 feet.
The thickness of the f ill in the northern part of the area is diff icul t to
determine because its description in drillers' logs is similar to that of
semioonsolidated to oonsolidated volcanic and conglomera tic rocks.

Recharge.--Recharge to the uncx:msolidated valley fill from precipitation,
unoonsurned irrigation water, leakage from oonsolidated rocks, and see:tage from
streams is estimated to be 15,400 acre-feet per year. Recharge from
sutsurface inflow from outside the study area along the Provo River prol:ably
is small; and for the purposes of this report, it is assumed to equal the
sutsurface outflow along the Provo River, Fast canyon, and Silver Creeks. A
summary of the estimated recharge to the unconsolidated valley fill is
presented in table 8.
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Precipitation and unconsumed irrigation water.--Recharge to the
unamsolidated valley fill from precipitation and unconstmled irrigation water
occurs primarily on irrigated croplands and p:lsture along and adjacent to the
major stream channels. 'Ihe irrigated lands in the East canyon and Silver
Creek drainages and along the Provo River approximately cover the entire
surface outcrop of the major delX)sits of unconsolidated valley fill. In the
Drain Tunnel Creek drainage, about one-third of the major deposi ts of
unconsolidated valley fill are COV'ered l:¥ irrigated lands.

Haws and others (1970, tables 26 and 36, area no. 6) estimated the
Precipitation on aoout 5,100 acres of irrigated cropland and wetlands in East
canyon and Silver Creek drainages to ~ aoout 10,400 acre-feet p:r year, and
they further estimated the diversions from streams to the cropland to be aoout
19,300 acre-feet p:r year. '!he constmlptive use on the cropland is estimated
to be about 11,300 acre-feet p;!r year and the return flow about 13,200 acre­
feet p:r year. Based on these estimates, and asstmling no change in storage in
the unconsolidated valley f ill, the recharge to the f ill in East canyon and
Silver Creek drainages from precipitation and unconsumed irrigation water is
aoout 5,200 acre-feet F€r year, or aoout 1 acre-foot p:r acre p:r year.

'!he recharge from precipitation and unconsumed irrigation water on aoout
700 acres of irrigated cropland and wetlands in Drain Tunnel Creek drainage
and 1,000 acres on the flood plain of the PrOlJo River (estimated f rom aerial
photographs), assuming the same recharge rate of 1 acre-foot per acre per
year, is about 1,700 acre-feet per year. In addi tion, about 1,500 acres of
unconsolidated valley fill in Drain Tunnel Creek drainage, was not classified
as i rriga ted cropland or wetland but does receive some recharge from
precipitation. That recharge was calculated as follows: precipitation
represents about 35 percent of the total supply of water to irrigated
croplands and wetlands in East canyon and Silver Creek drainages. '!he average
annual consumptive-use requirements must ~ exceeded before excess water from
precipitation is available for recharge; thus, the value of 35 percent
probably is too large for the 1,500 acres of nonirrigated land in Drain 'runnel
Creek drainage. Assuming a value of 20 percent (0.2 acre-foot per acre per
year) it is estimated that recharge from precipitation on the 1,500 acres of
nonirrigated land is about 300 acre-feet p:r year. '!hus, the total estimated
recharge to the unconsolidated valley fill from precipitation and unconsumed
irrigation water in the study area is 7,200 acre-feet fer year.

Leakage from consolidated rocks.--Recharge to the unconsolidated valley
f ill from leakage from contigoous and underlying consolidated rocks in Parleys
Park and Silver and Drain Tunnel Creek drainages primarily estimated from
seepage studies conducted during the late summer and fall of 1983, is 6,400
acre-feet per year. Seepage studies on the Provo River were not attempted
because high-flow conditions resulting from greater-than-normal precipitation
during this study made it virtually impossible to identify any gains or
losses. The measurements stations and gaging stations are shown on pI. 2,
and measurements from seep:l.ge studies are shown in table 1.

'!he seep:l.ge studies were conducted during the late summer and fall when
recharge to the unconsolidated Valley fill from unconsumed irrigation water,
precipitation, discharge from wells, and evapotranspiration was minimal.
Measurements were corrected for tributary inflow and inflow from springs
discharging from consolidated rocks directly to streams. Using the corrected
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measurements for streamflow and assuming no changes in storage in the
unconsolidated valley fill, the following conclusions are: Increases in
streamflow represent recharge to the f ill from consol ida ted rocks and
discharge from the fill to streams, and decreases in streamflow represent
recharge to the fill from seep:lge from streams and discharge from the fill to
exmsolidated rocks.

Tributary inflow into Parleys Park was measured where stream channels
cross utah Highway 224 between Kimball Junction and Quarry Mountain (pI. 2,
stations 2-5, 9, and 11-13), and stream outflow was measured where streams
cross Interstate Highway 80 (pI. 2, stations 7, 10, and 14) and where flow
f rom the northern part of Parleys Park enters East canyon Creek (pI. 2, site
6). 'D1e area between the inflow and outflow-measurement stations represents
the one major deposit of unconsolidated valley fill in the East canyon Creek
drainage. 'D1e consolidated rock underlying most of the unoonsolidated valley
f ill in Parleys Park is the Nugget sandstone. '!he average gain in streamflow,
measured during three seeI=8ge runs, was 1.67 cubic feet per seoond (11 per~nt

of the average inflow), or aOOut 1,200 acre-feet per year.

Silver Creek obtains its base flow from springs in the Park Meadows area
southeast of Quarry Mountain. On NOI7ember 3, 19lB, the streamflow from the
Park Meadows area, measured at site 32 (pl. 2), was 5.96 cubic feet per seoond
(table 1). An estimated 1.2 cubic feet per second was flow from Dority
Spring, (D- 2- 4) 4dca-Sl, which is the only major spring identified that
discharges water to Silver Creek directly from consolidated rocks. After
subtracting the flow of Dority Spring, the gain in streamflow from the
unconsolidated valley fill was 4.76 cubic feet per second. An additional gain
in streamflow from the f ill of 3.03 cubic feet per second was measured in the
downstream part of Silver Creek between stations 32 and 35 (pI. 2), for a
total gain in streamflow from the fill of 7.79 cubic feet per second or aoout
5,600 acre-feet per year. The consolidated rocks that underly the
unconsolidated valley fill near Silver Creek are the '!haynes and Ankareh
Formations, Woodside Shale, and the Park City Formation, in the Park MeaCbws
area; and primarily Tertiary volcanic rocks in the downstream p:lrt of Silver
Creek.

Seepage studies on Drain Tunnel Creek conducted during September and
october 1983 show an average gain of 2.1 cubic feet per seoond, or 1,500 acre­
feet per year, from unconsolidated Valley fill upstream from station 55. '!he
gain was computed by subtracting the flow of the Ontario No.2 Drain Tunnel
(station 40) from the flow at station 55. The gain of 2.1 cubic feet per
seoond is assLnlled to be leakage from oonsolidated rocks to the unoonsolidated
valley fill. The consolidated rocks underlying the unconsolidated valley
fill near this reach of Drain Tunnel Creek primarily are Tertiary volcanic
rocks.

In summary, streams flow ing across major deposi ts of unconsolidated
valley f ill in Parleys Park and in the drainage basins of Silver and Drain
Tunnel Creeks during the late SLnllmer and fall of 1983 showed gains equivalent
to about 8,300 acre-feet per year. '!he gains in streamflow are assumed to
represent recharge to the fill from leakage from oonsolidated rocks.
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The estimated leakage from consolidated rocks to the unconsolidated
valley fill in Parleys Park and in the drainage basins of Silver and Drain
Tunnel Creeks during the sunmer and fall of 1983 protably is somewhat larger
than might be expected during periods of normal precipitation. Discharge
records for the Spiro Tunnel, supplied by the Park City Mines Co., were used
to correct the estimated leakage from consolidated rocks to the unconsolidated
valley fill in order to obtain a long-term estimate. The estimated long-term
average discharge of the Spiro Tunnel, when not affected by dewatering
o~rations in workings below the tunnel (1950-84), is atout 8.0 cubic feet ~r
second '!he estimated average discharge from the tunnel during 1983 was 10.4
cubic feet per second. Thus, the 8,300 acre-feet per year of estimated
recharge to the unconsolidated valley fill f rom leakage from consol idated
rocks measured during seepage studies in 1983 was mul tipl ied by 0.77 (8.0
divided by 10.4) to estimate a long-term annual recharge from leakage from
consolidated rocks of 6,400 acre-feet ~r year. The correction factor of 0.77
is similar to the correction factor of 0.64 that was used to adjust short-term
streamflow records to obtain long-term average flows, as described above in
the section on East canyon Creek.

Seepage from streams.--seepage studies on Drain Tunnel Creek show an average
loss of about 2.45 cubic feet per second, or 1,000 acre-feet per year, between
stations 55 and 56 (table 1). Seepage studies on East canyon and Silver
Creeks did not show any areas of significant losses. 8eeFElge studies on the
Provo River were not attempted because high-flow conditions resulting from
greater than normal precipitation made it virtually imIX>ssible to identify any
gains or losses.

Moyement.--Water in the unconsolidated valley fill moves with the same
general slope and direction as roes water in the major streams, such as East
Canyon, Silver, and Drain Tunnel Creeks. In upland bench areas, where
redlarge is from precipitation and unconsunmed irrigation water, the general
di rection of ground-water movement is toward the maj or streams. This is
evident in parleys Park (fig. 6), the only area with sufficient water-level
measurements for which a IX>tentiometric-surfa~ map could be preFElred.

Discharge.--Discharge from the unconsolidated valley f ill in the study
area 1:¥ evaJX)transpiration, seepage to streams, and wells is estimated to be
15,500 acre-feet per year. Sub3urface outflow where the Prwo River and East
canyon and Silver Creeks leaves the study area protably is small; and for the
purJX)ses of this report, it is assmned to be e:Jual to sub3urface inflow where
the Provo River enters the area. A smnmary of the estimated discharge from
the unconsolidated valley f ill is presented in table 9.

Evapotranspiration.--Discharge from the unconsolidated valley fill 1:¥
evaJX)transpiration is estimated to be 2,600 acre-feet ~r year. '!he estimate
is based on about 500 acres of phreatophytes on the flood plains of East
canyon and Silver Creeks (Haws and others, 1970, table 26), which consume
about 1,300 acre-feet per year (Haws and others, 1970, table 36). Assmning
the same consumptive use rate (about 2.6 acre-feet per acre per year) on about
500 acres of phreatophytes in Drain Tunnel Creek drainage and on the flood
plain of the Provo River (area estimated from aerial photographs), the
estimated consumptive use 1:¥ fhreatoIflytes in Drain Tunnel Creek drainage and
the Prwo River drainage also is 1,300 acre-feet per year.

16



T.
1
S.

(

ct _c

\

\

\
\--

'- ,
- ...-

,

I :

I
\
I
\

R.4 E.R. 3 E.

EXPLANATION

,
(------

o 1 MIL~
I I I :
o 1 KILOMETER:

h
i ~-Al
II 1/.'_--

Base from U. S. Geological Survey ~,/

Park City West, 1975 PR, Park City:'-- ---'-_--"'""
East, 1955

6400-WATER-LEVEL CONTOUR­
Shows approximate altitude "
of the potentiometric surface.,
Contour InterYal 50 and 100 :,
feet. National Geodetic i
Vertical Datum of 1929 i \ ~

:- ---~-----------~-~~~~:-.f¥"~-lF-r-----\H--~_--':::"~L--+---4-~~-----,""--':
'\ / f' • I

• OBSERVATION WELL 'i I '~c'~
J 1 ••••• ~

"TTT TTTAPPROXIMATE BOUNDARY i /
OF VALLEY FILL t / as

Figure 5.-Approximate potentiometric surface in the unconsolidated valley
fill in Parleys Park, June 1984.

17



Seepage to streams.--Discharge f rom the unconsol ida ted valley f ill by
seerage to streams is estimated to be 12,000 acre-feet per year. '!he estimate
is based on the assumption that gains in streamflCM measured during seerage
studies are not only a reflection of recharge to the f ill from leakage from
consolidated rocks but also can be used to estimate discharge from the
unronsolidated valley fill from seerage to streams. '!he estimate assumes that
discharge I:¥ €lTapotranspi ration and wells is small, and there are no changes
in storage in the unronsolidated valley fill. '!herefore, the estimated 10nCj
term discharge from the unronsolidated valley fill l:y seerage to streams as
estimated from seefBge studies ronducted in the late summer and fall of 1983
on East canyon and Silver Creeks and adjusted for greater-than-normal
precipitation during this study is 6,400 acre-feet per year as previously
described. In addition, Haws and others (1970, table 36) report that about
3,900 acre-feet per year (recharge from precipitation and unconsumed
irrigation water minus wetland consumptive use) discharges from the fill to
streams in the Fast caI'¥on and Silver Creek drainages tetween March and June.
Their estimate assumed no change in ground-water storage.

Discharge from the valley f ill in Drain Tunnel Creek and the Provo River
drainages between March and June was determined to I:e 700 acre-feet Fer year
by applying the same assumptions and values used by Haws and others in East
GaI'¥on and Silver Creek drainages (recharge from precipitation and unronsumed
irrigation water minus wetland ronsumptive use). In addition, a large marsqy
area south and west of Hailstone discharges water to the Provo River. Data
collected in the area (Reed Mower, ronsulting engineer, oral commun., 1J'~rch

1985) indicate that the source of most of the water probably is from
sul:surface inflow through unconsolidated deposits in the Drain Tunnel Creek
drainage. Therefore, the streamflCM loss of 1,800 acre-feet per year in the
Drain Tunnel Creek drainage, as described in the section water in
unronsol idated f ill, Recharge, is assumed to I:e discharged to the Provo River
in this area.

Wells.--Discharge from the unconsolidated valley fill from wells in the
park City area is small. Most of the wells are in Parleys Park and are used
primarily for domestic purposes or stock watering. probably fewer than 100
active wells discharge from the unconsolidated valley f ill. Assuming an
average use of 1 acre-foot per year from domestic and stock wells (Bill smart,
Utah Division of water Rights, oral commun., April 1984), the annual discharge
from the unconsolidated valley fill from wells is about 100 acre-feet per
year, some of which may return to the unronsolidated valley fill.

Storage.--The quanti ty of recoverable water in storage in the maj or
deposits of unconsolidated valley fill in the study area is about 190,000
acre-feet. The estimate is based on an area of 3,500 acres in Parleys Park,
1,500 acres in Silver Creek drainage, 2,200 acres in Drain Tunnel Creek
drainage, and 1,000 acres along the PrOlJo River; a saturated thickness of 180
feet in Parleys Park, 220 feet in Drain Tunnel Creek drainage, 80 feet in
Silver Creek drainage, and 50 feet along the Provo River; and an estimated
specific yield of 0.15 (Baker, 1970, p.44). To recover all this water, the
aquifer would have to I:e completely dewatered, which is not practical.
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Water-level fluctuations.--Water-level fluctuations in the unoonsolidated
valley fill in the study area resul t from seasonal changes in recharge and
discharge. The degree of fluctuation generally is related to the distance
from sources of recharge and discharge and to the rates of recharge and
discharge. Hydrographs of four representative wells completed in the
unoonsolidated valley f ill are shown in figure 7, and water-level measurements
are listed in table 5.

The water level in well (D- 1- 4) 29ccc-l, in Parleys Park, ranged from
1.3 feet below land surface in May 1983 to 23.3 feet below land surface in
March 1984 (fig. 7). '!he rapid water-level rise during March and April 1984
oorresIX>nds to the spring thaw, when inf iltration from the mel ting snowIack
was maximum. '!he water level in well (D- 1- 4)29dcc-2 shows the same general
trend (fig. 7), except that the lowest water levels are during the summer when
pumping for outooor use probably is at a maximum.

'!he water level in well (D- 2 -4)25abc-l, in Drain Tunnel Creek drainage,
ranged from 21.1 feet below land surface in March 1983 to atout 102 feet below
land surface in January 1983 (fig. 7). water levels in the well rose 57
between Narch 10 and March 15, 1983. An even larger rise in water levels
occurred in the spring of 1984, but data are not available to establ ish the
exact time and magni tude of that rise. The water level in well (D- 2­
5)31aac-l reached high and low points at atout the same time as in well (D- 2­
4)25abc-l (fig. 7), but it did not show the rapid rise in water level that was
observed in the latter well during March 1983. Well (D- 2- 5)31aac-l is near
McHenry Creek, and the water level in the well probably is oontrolled by the
al tltude of the creek surface.

Hydraulic properties.--Hydraulic pro~rties of the unoonsolidated valley
fill were estimated from specific capacities obtained from drillers' logs,
results of field permeability tests conducted by the u.s. Bureau of
Reclamation, descriptions of materials reported in drillers' logs, and
aquifer tests. The specific capacity of 12 wells completed in the
unconsolidated valley fill in Parleys Park, obtained from drillers' logs,
ranges f rom about 0.2 to 3.5 gallons per minute per foot of drawdown. The
transmissivity, based on specific capacity (Walton, 1970, p. 314) and
assuming well loss is negligible, ranges from atout 13 to 350 feet 9:}uared per
day; and the l¥draulic oonductivity, based on the ~rforated interval, ranges
from atout 0.1 to 18 feet ~r day, with an average of atout 7 feet ~r day.

'!he specific capacity of well (D- 2- 4) 4dcc-l in the Silver Creek
drainage was about 9 gallons ~r minute Fer foot of drawoown. '!his equates to
a transmissivity of about 1,500 feet squared per day and a hydraulic
conductivity of about 60 feet per day. Data for specific capacity were not
available for other wells in the Silver Creek drainage or for wells in Drain
Tunnel Creek drainage or the unoonsolidated deposits along the Provo River.

Field-permeability tests were conducted by the u.S. Bureau of
Reclamation in the unoonsolidated valley fill in Drain Tunnel Creek drainage
and along the flood plain of the Provo River. 'll1e mean horizontal l¥draulic
conductivity of the unoonsolidated valley fill in Drain Tunnel Creek drainage
was atout 0.2 foot fer day, and the mean vertical hydraulic conductivity was
about 0.02 foot per day (UINTEX Corp., 1984, p. 13). The mean horizontal
hydraulic oonductivity of the unoonsolidated valley fill along the Provo River
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was about 42 feet per day, and the mean vertical hydraul ic conductiv ity was
about 28 feet per day. An aquifer test at well (D-1-4)31aac-l conducted in
the unoonsolidated valley fill in Parleys Park yielded a transmissivity of 20
feet fquared per day (table 6).

'!be average specific yield of the unoonsolidated valley fill in the study
area, based on descriptions of materials reported in drillers' logs, is
estimated to be about 0.15 (Johnson, 1967, table 29). In parts of Drain
Tunnel Creek drainage, the water in the fill is under artesian conditions, but
data were not available to determine the storage ooefficient

Wate r in Consol idated Rocks

Consolidated rocks crop out or are buried by less than 50 feet of
unconsolidated valley f ill throughout almost all the high parts of the study
area and in a large percentage of the low areas (pI. 1). The consolidated
rocks are the most important source of water in the area because of their
large areal extent, the large vol ume of water that they contain in storage,
and their ability to yield large quantities of water to springs and wells.
'!be consolidated rocks also supply the base flow of streams originating in the
higtraltitude areas surrounding the mountain valleys.

'!be oonsolidated rocks oonsist of sedimentary and extrusive and intrusive
igneous dep:>sits. '!he sedimentary rocks primarily are sandstone, limestone,
quartzite, and shale, and the igneous rocks primarily are breccia, tuff, and
flows. Some intrusive stocks are present in the southern part of the study
area in Drain Tunnel Creek drainage. Most of the consolidated rocks are
greatly fractured, and the mCN'ement of water primarily is along fractures, or
in the case of limestone, along fractures that have been enlarged I::¥ solution.

'!he thickness of individual oonsolidated-rock formations may vary from
less than 100 feet for some of the extrusive igneous rock units to more than
2,000 feet for sedimentary formations such as the Twin Creeks Limestone
(Baker, 1970, table 1). The intrusive igneous rocks in the southern part of
the area are present at the surface; but they have been enoountered in mine
workings at depths of 3,000 feet, and they probably extend to much greater
depths.

Recharge.--Recharge to the oonsol idated rocks in the study area is from
precipitation, stream infiltration, and subsurface inflow from adjoining
areas. It is estimated to average aoout 46,000 acre-feet per year (table 10).

Precipitation and stream infiltration.--Recharge to consolidated rocks
from precipitation and stream inf il tration primarily occurs in the high­
altitude areas oordering the western and southwestern part of the study area.
The normal annual precipitation (1931-60) exceeds 40 inches in parts of the
high bordering areas, and most of the precipitation falls as snow during
winter and spring. Recharge from the melting snowpack infiltrates the
consolidated rocks in the spring when temperatures are sufficiently high to
thaw the soil crust and soil moisture reaches saturation.

seepage studies and streamflow records collected during this study did
not detect any signif icant streamflow losses to consol ida ted rocks in the
lower altitudes, but losses probably occur in the higtraltitude areas
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surrounding the major valleys. Such losses can be inferred when the
streamflow from a basin is significantly smaller than the streamflow estimated
from equations based on drainage area and precipitation. (See the section
"Discharge from individual basins" and fig. 5). Areas of probable recharge
incl ude Red and Whi te Pine Canyons, Thaynes Canyon, and the uppe r pa rt of
Silver Creek drainage (including Ontario Canyon, Empire Canyon, and Deer
VallE¥) •

The maj or consol ida ted- rock uni ts cropping out in Red and White Pine
canyons are the Twin Creek Limestone, Nugget Sandstone, and the Ankareh and
Thaynes Formations. In most of the area, these formations are covered by a
thin veneer of unoonsolidated vallE¥ f ill, primarily glacial dep:>sits, which
facilitates streamflow losses to the consolidated rocks. The Twin Creek
Limestone and the '!haynes Forma tion discharge large quanti ties of water to
springs, and thE¥ probably are the principli formations being recharged in Red
and White Pine cal'¥ons.

The major consolidated rock uni t cropping out in Thaynes Canyon is the
'!haynes Formation, which oonsists of sandstone, siltstone, and limestone. 'D1.e
formation apparently is extremely permeable, based on the large yields of
springs that discharge from the formation throughout the study area (table 7).
Sorne water from the '!haynes Formation also discharges to the Spiro Tunnel (pI.
2), but evidence submitted in a court case (Silver King Consolidated Mining
Co. v. Sutton, 39 P.2d 682, SUP. CT. UTe 1934) involving the owners of the
tunnel and numerous parties with water rights to springs in the area indicated
that the primary source of discharging water from the Spiro Tunnel is the
weber Quartzite. '!he developnent of the tunnel aptBrently had little effect
on the mwement of water through the oonsolidated rocks werlying the Weber
Quartzite. In the vicinity of the tunnel, the Woodside Shale and Park City
Formation are relatively im~rrneable, and thE¥ protably inhibit the chwnward
migration of water from the overlying '!haynes Formation to the underlying
Weber Quartzite.

'!he major oonsolidated-rock unit cropping out in the upper part of Silver
Creek drainage is the weber Quartzite. Mining o~rations that began in 1870
have significantly affected the mwement of water through oonsolidated rocks
in most of the upper part of Silver Creek drainage. Water initially was
encountered near the surface in consolidated rocks, and Boutwell (1912, p.
101) reported a great flow of water at depths less than 100 feet from early
mining o~rations. rrhe oonstruction of drain tunnels and dewatering of the
rocks 1::¥ pumping water into the drain tunnels from dee~r workings has lowered
water levels by thousands of feet. It is estimated that by 1984 there were
more than 1,000 miles of tunnels, shafts, and other workings within the mining
district near Park City, including parts of Drain Tunnel Creek drainage and
Fast canyon Creek drainage (UIN'IEX Corp., 1984, p. 6).

The effects of mining operations on the recharge to the consolidated
rocks (primarily the weber Quartzite) in the upper part of the Silver Creek
drainage is not well understood. It is probable that declining water levels
in the oonsolidated rocks have induced additional infiltration of streamflow,
but historic records are not available to substantiate this contention. In
addition, some water mwing through oonsolidated rocks in the upper part of
Silver Creek drainage now discharges to the Ontario No.2 Tunnel and flows
under the top:>graphic divide into the Drain Tunnel Creek drainage.
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An estimate of the quantity of recharge to consolidated rocks from
precipitation and stream infiltration can be made if the other com~nent of
recharge is known, the total discharge is known, and the ground-water 5)Tstem
is assumed to be in steady-state equilibrium with no change in storag~ The
sutGurface inflow from adjoining areas is estimated to be 15,000 acre-feet per
year (table 10), and the total discharge from consolidated rocks is estimated
to be about 46,000 acre-feet per year (table 11). Thus, the estimated
recharge to consolidated rocks from precipitation and stream infiltration is
about 31,000 acre-feet per year.

SutGurface inflow from adjoining areas.--Recharge to consolidated rocks
from subsurface inflow from adjoining areas occurs primarily along the
southwestern border of the study area. Consolidated rocks crop out from the
study-area boundary to about 2 miles southwest of the study area in Salt Lake
County in the headwater areas of Lambs, Mill Creek, and Big Cottonwood
canyons. These forma tion dip toward the east and crop out in the Park City
area. A court case imolving the owners of the Spiro Tunnel and the Salt Lake
City Corp. (1969 Civil no. 148376) determined that some of the water
discharging from the Spiro Tunnel originated in the headwaters area of Big
Cbttonwood creek. Most of the discharge to the Sprio Tunnel is from fractured
weber Quartzite, but the Thaynes Formation also may transmit substantial
quantities of water through sul:surface inflow along the southwestern border of
the study area. small quantities of water also may be mOlJing through the Park
City and Ankareh Formations and the Woodside Shale.

The recharge from subsurface inflow from adjoining areas through
consolidated rocks was estimated using the Darcy equation in the following
form:

Q = Tn.
where

Q = recharge, in cubic feet per day;
T = transmissivity, in feet equared per day;
I = hydraulic gradient; and
L = length of the contributing formation at the drainage divide

bordering the adj oining area, in feet.

Data were not available near the southwestern bonEr of the study area to
compute the transmissivities or l¥draulic gradients in the consolidated rock
formations. Transmissivities of the Weber Quartzite and Thaynes Formation
were estimated from aquifer tests conducted in other parts of the study area
(table 6). The transmissivity of the Weber Quartzite is assumed to be about
1,000 feet squared per day, based on a test at the Ontario No.2 Tunnel. 'n1e
transmissivity of the 'n1aynes Formation is estimated to be about 7,400 feet
equared per day, based on an aquifer test at well (I)- 1- 3)13abb-l. 'n1at test
was used because it represents a perforated interval of 85 feet as contrasted
to the a::J:uifer test at well (1}-2-4) Saaa-l, where the perforated interval was
30 feet. The combined transmissivity of the Park City and Ankareh Formations
and the Woodside Shale, probably is less than 500 feet squared per day.
Therefore, the transmissivity of the consolidated rocks contributing to
sutsurface inflow is estimated to be about 9,000 feet equared per day.

The hydraulic gradient in the consolidated rocks (primarily the Weber
Quartzite) near the southwestern border of the study area has been altered t¥

23



the construction of the Spiro and Ontario No. 2 Tunnels. The hydraulic
gradient in the consolidated rocks in the area affected by the tunnels is
assumed to be approximately equal to the slope of the tunnels, which is
reported to be about 0.5 percent or 0.005 (Joe McPhie, Park City Mines Co.,
oral commun., 1984). '!hat hydraulic gradient is assumed to be representative
of the gradient throughout the length of the outcrop, which is about 7.5
miles. '!bus, the sutsurface inflow from consolidated rocks is estimated to be
1.8 million cubic feet per day or about 15,000 acr~feet per year.

Movement.--vlater mov ing through consol ida ted rocks in the study area
generally mOl7es from recharge areas at high altitudes toward disd:1arge areas
at lower altitudes. The movement of water primarily is along faults or
fractures as evidenced by reports from the construction of the Ontario No. 2
Tunnel (Boutwell, 1912, P. 25). The construction of drain tunnels has d:1anged
the direction of ground-water movement in widespread areas adjacent to the
tunnels. water in consolidated rocks in these areas now moves toward and
discharges to the drain tunnels and associated mine workings.

Da.ta are insufficient to construct a potentiometric contour map showing
the altitude of the water surface in consolidated rocks. In addition, the
direction of ground-water mOl7ement cannot be extrapolated f rom a contour map
of the land surface because the direction of movement in fractured rocks is
not necessarily perpendicular to the land-surface contours. '!be di rection of
ground water mOlTement also may differ from one consolidated-rock formation to
another.

Discharge.--Discharge from consolidated rocks in the study area is from
springs, drain tunnels, leakage to unconsolidated valley f ill, and wells. '!he
discharge is estimated to average about 46 ,000 acr~feet per year (table 11).

Springs.--Discharge from consolidated rocks by springs in the lower p;lrts
of the study area (at or below the mouths of major caJ'¥ons) is estimated to be
about 13,000 acre-feet per year. Records of selected springs used for this
estimate are shown in table 7. Most springs only were measured once during
the study, therefore, the total estimate of disdlarge is only approximate. No
attempt was made to adj ust the discharge to a more normal period of
precipitation. '!he largest springs in the area discharge from the '!haynes
Formation and the Twin Creek Limestone, which indicates that the permeability
of those formations may be large.

Discharge by springs from consolidated rocks in the higher p;lrts of the
study area is estimated to be 6,000 acre-feet per year. Springs discharging
from consolidated rocks in the higher areas prOl7ide the base flow of perennial
streams entering the valleys. '!he discharge of the springs in these areas was
estimated by assuming that streamflow measured primarily during winter months
(some small tributaries were not measured during winter months) at the mouths
of the major tributaries is representative of discharge from consolidated
rocks by springs in the higher areas. The estimate was not adjusted to
represent a more normal period of precipitation.
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NLmlerous small springs discharge primarily from the Nugget Sandstone in
the lower p:lrts of the study area. The springs were not measured during this
study, but their discharge is relatively small, about 1,000 acre-feet per
year. Thus, the total discharge from consolidated rocks to springs is
estimated to te aoout 20,000 acre-feet per year.

Drain tunnels.--Long-term (1~0-84) discharge fran oonsolidated rocks by
drain tunnels is about 19,700 acre-feet per year. Most of the discharge is
from the Ontario No.2 and Spiro Tunnels, but some water discharges from the
Judge/Anchor and Alliance Tunnels. Reoords of selected tunnels are in table
7, hydrograFhs showing estimated long-term discharge of the Ontario No. 2 and
Spiro Tunnels are in figure 8, and seasonal fluctuations in the discharge of
the Spiro Tunnel from 1982-84 are shown in figure 9.

The discharge from the Ontario No.2 and Spiro Tunnels has teen affected
at various times by dewatering operations at levels both below and at the
approximate levels of the drain tunnels. '!he history of dewatering operations
in the Ontario No.2 Tunnel is complex, and the details are beyond the scope
of this report. Plmlping at various locations (often at the same time) and at
varying rates occurred tetween about 1916 and the present (1984). '!he only
time when there was no pumping was between April 1982 and January 1984. In
addi tion to the installation of pumps, branch drainage tunnels and other
mining operations were connected with the main tunnel at various times and
places. Pumping into the Spiro Tunnel was during 1929-49 (Ed Higbee, Salt
Lake City Corp., written commun., 1984). Since 1949, the discharge of the
Spiro Tunnel has not teen affected by pumping inside the tunnel.

The discharge of the drain tunnels shown in figure 8 is not di rectly
related to precipitation (fig. 4), probably tecause of the variable discharge
rates from the dewatering operations. The decrease in discharge of the
Ontario No.2 Tunnel tetween 1930 and 1950 may be related to increased pLmlping
in the vicinity of the Spiro Tunnel and decreased pumping into the Ontario No.
2 Tunnel. The drain tunnels, or their related workings, may te oonnected by
fractures. '!he rapid rise each spring in the hydrograph of the discharge fran
the Spiro Tunnel (fig. 9) suggests a rapid movement of water from recharge
areas to the drain tunnel.

Leakage to una:msolidated valley fill.--Discharge from consolidated rocks
by leakage to unconsolidated valley fill is estimated to be 6,400 acre-feet
per year. '!he estimate is based on the resul ts of seepage studies that were
conducted during the summer and fall of 1983, and which were corrected to
represent long-term precipitaion patterns, as descrited in the section, "Water
in Unconsolidated Valley Fill." '!he long-term average annual discharge from
Spi ro Tunnel (1950-84) was compared with the 1983-average discharge to
calculate a ratio between the two values. '!he ratio was used with the
estimated 1983 discharge from consolidated rocks to the unconsolidated valley
fill to compute a long-term average. '!he method assumes that the discharge to
the unconsolidated valley fill from consolidated rocks varies in the same way
that the discharge from oonsolidated rocks into the Spiro Tunnel varies.
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Wells.--Discharge from consolidated rocks by wells during 1983 were
estimated to have been 300 acre-feet. Most of the withdrawals were from the
Thaynes Formation. The largest number of wells completed in consolidated
rocks are completed in the Nugget Sandstone, but most of these wells are of
small diameter, have small yields, and are used pr imarily for domestic and
stock-watering purtx>ses. Almost all the wells are in the Parleys Park area.

storage.--Data are not available to estimate the volume of ground water
in storage in consolidated rocks in the study area with any degree of
certainty. Most of the consolidated rocks have little if any primary
porosity, and most water is stored in fractures and solution cavities. The
thickness of the consolidated-rock formations is unknown and difficult to
determine with the available data. 'Iherefore, no attempt was made to estimate
the volume of water in storage in the consolidated rocks.

water-level fluctuations.--Water-level fluctuations in consolidated rocks
in the study area result from seasonal changes in recharge and discharge. In
addition, changes in the rates of discharge due to mining and dewatering
operations since the early 1870's have caused large fluctuations in water
levels in mine workings and adjacent consolidated rocks. Hydrographs of five
representative wells completed in consolidated rocks are shown in figures 10
and 11, and water-level measurements are listed in table 5.

Water levels in wells (D- 1- 4) 19bbc-l, CD- 1- 4)32daa-l, and CD- 2- 4)
8aaa-l in the East Canyon Creek drainage and {D- 2- 5)31aac-2 in Drain Tunnel
Creek drainage reached their highest levels between April and June and
generally reached their lowest levels during the winter (fig. 10). The
highest water levels occur during periods of maximum recharge, whereas the
lowest water levels occur during periods of minimum recharge. 'Ihe withdrawal
of 300 acre-feet per year from wells completed in consolidated rocks
throughout the study area is not large enough to cause water levels to decline
significantly over large areas.

The water level in well {D- 2- 5)19dcb-2 in Drain Tunnel Creek drainage
seems to respond to dewater ing operations in the Ontar io No. 6 shaft (Reed
Clawson, United Park City Mines Co., oral commun., December 1984), which is
about 14,000 feet inside the Ontario No.2 Tunnel (fig. 11). Dewatering
operations at an altitude of about 5,400 feet in the Q1tario No. 6 shaft were
suspended in April 1982; and in January 1983, the water level in the shaft
reached an altitude of about 6,320 feet and water began to discharge into the
Q1tario No. 2 Tunnel. water levels in well {D- 2- 5)19dcb-2 rose from 205.5
feet below land surface on January 24, 1983, to 112.1 feet below land surface
on October 17, 1983 (fig. 11). In January 1984, dewatering operations were
restarted in the Q1tario No. 6 shaft, and by June 28, 1984, the water level in
the well had declined to 120.25 feet. .Additional measurements (table 5) show
continued declines. On December 12, 1984, the water level in the shaft was at
an altitude of about 6,080 feet. water levels in other wells in the area of
the shaft did not show large fluctuations in response to the dewatering
operations. The most probable explanation is that well (D- 2- 5) 19dcb-2 is
connected through fractures to the Ontario No. 6 shaft, whereas other
observation wells in the area are not.
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Hydraulic properties.--Hydraulic pro~rties of the consolidated rocks in
the study area were estimated from fielc}-~rmeability tests cxmducted I:¥ the
u.s. Bureau of Reclamation and aquifer tests conducted by the Bureau of
Reclamation and the u.s. Geological Survey. The results of aquifer tests are
shCMn in table 6.

The transmissivity of the consolidated rocks based on aquifer tests
(table 6) ranged from 3 feet squared per day in well (D- 1- 4)36aae-2 to 7,400
feet s::.1uared per day in well (D- 1- 3) 13abb-l. '!he largest transmissivity was
in the Thaynes Formation and the smallest was in extrusive igneous rocks. The
magnitude of the transmissivities probably is related to the number of
fractures or solution openings because most of the rocks have little primary
permeability. '!he complex system of faults and fractures in the consolidated
rocks indicate that the test results prol:::ably apply only to the area near the
wells that were tested.

Vertical mCJIJement of water through consolidated rocks probably is more
prevalent than horizontal movement. Many of the faults and fractures are
nearly vertical, and the vertical permeabilities prol:::ably are larger than the
horizontal ~rmeabilities. Also, in some cases, gouge associated with faults
may im~de the horizontal mCJIJement of water. Boutwell (1912, P. 25) stated
that during the construction of the Ontario No. 2 Tunnel, "•••freqoontly 40 or
50 carloads of loose ground would escape through a cre.r ice only as large as a
man's hand, and startling accounts of the size and power of water flows which
were tapped are related".
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The storage coefficient of most of the consolidated rocks could not be
cEtermined from the available data. Flowing wells are eJi~nce of artesian
conditions in the Nugget Sandstone in the Parleys Park area and in
a>nsolidated rocks in Drain Tunnel Creek drainage. 'Ihe artesian conditions
prorebly are the result of OIJerlying unconsolidated valley fill or OJerlying
consolidated rock of lesser j;ermeability than the formations yielding water to
the wells. Artesian conditions prorebly can be expected in other consolidated
rocks at lower altitudes, whereas water-table oondi tions can be expected at
higher al ti tudes. Mining-company records indicate the amount of pumping
necessary to dewater mining zones, but data are not available to estimate the
extent of the rock mass that is dewatered during the oI;erations.

water Quality

The quality of a particular water can be complex because hundreds of
constitumts from na.tural occurring or manmade sources may be suspended or
dissolved in the water. It is expensive and time consllTling to try to determine
all the possible constituents in a water (such as naturally occurring
elements, organic substances, nutrients, radioactive sul::stances, susI;ended
sediment, and gasses) or all the physical properties of a water (such as pH,
specific conductance, and temperature) in order to establish the absolute
quality of that water.

For the imestigation in the Park City area, 29 dissolved constituents or
physical properities of water were determined. 'Ihese include the common
anions and cations, selected trace metals, nutrients, and physical proI;erties.
Analytical values determined in water analyses were compared with standards or
limits set by the Utah Division of Environmental Heal th, Bureau of Public
water Supplies (1984) or the u.s. EfNiromental Protection Agency (1977), and
selected standards and recommended limits for 13 constituents or physical
proj;erties of water are shown in table 12. 'Ihe primary standards of the State
were established for the protection of human health, and the secondary
standards were established to provide guidance in evaluating the esthetic
qualities of drinking water. Primary standards must be met by all pUblic
drinking-water systems, and secondary standards are recommended limits which
should be met in order to avoid consumer complaint (Utah Div ision of
Erwironmental Health, Bureau of Public Water Supplies, 1984, p. 3-1).

'Ihe standards and recommended limits are for total constituents, whereas
the analyses used in this report are for dissolved oonstituents. 'lhe analyses
used in this report can be compared to the standards, but the magni tude and
frequen<¥ of exceedence of these standards will be underestimated. 'Ihis is
especially true for iron. It shOUld be noted also that the standard is for
nitrate (as nitrogen) but the analyses used in this report show nitrate plus
nitrite (as nitrogen). A comparison is useful, however, because the water
samples generally oontain little nitrite. In addition, values of alkalinity
in tables 12-15 are approximately equivalent to bicarbonate when the pH is
between 7.0 and 8.0.

water types have been characterized in this report using a system
developed by Davis and DeWiest (1966, p. 119). Major ions present in
pror:ortions less than 20 percent of the total milliequivalents fer liter of
cations or anions are not used to name the water tyPe. If any ion represents
more than 60 percent of the total milliequivalents fer liter of either cations

30



or anions, that ion is used alone to represent the dominate type. In mixed
water-types, ions present in greater than 20 percent but less than 60 percent
of the cations or anions are listed in order of their abundance. For example,
water at well (D- 1- 3)13adcrl on August 8, 1983, contained cations Equal to
62 percent calcium, 28 percent magnesium, 9 percent sodium, and less than 1
percent potassium; and anions equal to 50 percent bicarbonate, 40 percent
chloride, 8 percent sulfate, and 2 percent other anions. This water was of
the calcilml bicartona.te chloride type.

'!he hardness of water coroentiona.lly is expressed in all water analyses
made in the United States in terms of equiValent quantity of calcilml cartona.te
(Ca<D). Some such coroention is needed for hardness because it is a proFErty
imparted by several different cations, which may be present in varying
proportions. 'Ihe actual presence of the indicated number of milligrams per
liter of ca<D:3 itself, how€IJer, certainly should not be assumed (Hem, 1970, p.
84) •

In practical water ana.lysis, the hardness is computed 1:¥ multiplying the
sum of milliequivalents per liter of calcium and magnesium by 50.05. 'lhe
hardness value resulting generally is entitled ''hardness as CaCD3" or "total
hardness". If the hardness exceeds the alkalinity (in milligrams per liter of
ca<D:3 or other equiValent units), the excess is termed "noncaroonate hardness"
(Hem, 1970, p. 224-225).

The classification for hardness commonly used by the U.S. Geological
Survey (Hem, 1970, p. 225) is shown below:

Hardness range
(milligrams per liter as calciun cartona.te)

rescription

0-60 ...........•.•.......•.••..•.•......
61-120 ••••••.••••••••••••••••••••••••••••

121-100 ...•.•..•.•..•........•....•.......
More than 100 .............................

Surface-Water Quality

Soft
r-bderately hard
Hard
Very hard

Water samples were collected at 26 surfa~water sites in the study area
from 1971-83. samples were collected in Fast canyon creek drainage, in Silver
Creek draina.ge, and in the Drain Tunnel Creek and PrOlJO River drainages (table
13).

East canYon Creek Drainage.--samples collected at 16 surface-water sites
in Fast Canyon creek drainage show two general tyFES of water. Water in the
major tributaries generally is of a calcilml bicarbonate type, and water in the
main stem of East canyon Creek is of a calcium sulfate, calcium sulfate
bicarbona.te or calcilml bicaroona.te sulfate type. 'Ihe primary reason for the
larger concentrations of sulfate in the main stem of Fast Canyon Creek is the
discharge from the Spiro Tunnel, (D- 2- 4)8dba, which contains a large
cx>ncentration of sulfate (table 14).
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Several samples collected in East Canyon Creek drainage had
ooncentrations of dissolved solids, sulfate, or manganese that exceeded State
secondary drinking-water standards (table 13, sites 2, 6-8, 21, and 29). A
sample collected at site 6 had a cadmium concentration of 3 micrograms per
liter which exceeds the recommended limit for freshwater aquatic life. A
sample collected at site 21 had a pi of 8.7, which exceeds the State seoondary
drinking-water standard. The hardness of water samples collected in East
canyon Creek drainage ranged f rom soft to very hard, with a median val ue of
very hard

Silver Creek Drainage.--water collected at four surface-water sites in
Silver Creek drainage is of a calcium sulfate bicarbonate or calcium
bicarbonate sulfate type. During low flow, the water generally is of the
calcium sulfate bicarbonate type; and during high flow, it is of a calcium
bicarbonate sulfate tyr:e.

Several samples oollected in Silver Creek drainage had concentrations of
dissolved solids or manganese that exceeded State secondary drinking water
standards (table 13, si tes 31, 33, and 36). A sample collected at si te 36 had
a cadmium concentration of 7 micrograms per liter, which exceeded the
recommended limit for some freshwater aquatic life, and a pH of 8.6, which
exceeded the State secondary drinking-water standard '1he samples collected
in Silver Creek drainage were hard

Drain Tunnel Creek and Provo Riyer Drainages.--water samples collected at
six surface water sites in Drain Tunnel Creek and the PrOlTo River drainage are
of several different water tyr:es. samples from the PrOlTo River generally are
of a calcium bicarbonate type and from Drain Tunnel Creek are of a calcium
sulfate bicarl:x:>nate tyr:e. samples from McHenry Creek, a tributary to Drain
Tunnel Creek, are of a calcium sulfate type. Mundorff (1974, p. 28)
associated the large sulfate concentrations in McHenry Creek with areas of
Triassic sedimentary rocks of the Ankareh and '!haynes Formations, and the
Woodside Shale, and with the mining of sulfide ores in the drainage area of
McHenry Qi!,¥on.

Several samples collected in Drain Tunnel Creek drainage had
concentrations of dissolved solids, sulfate, or manganese that exceeded State
primary or secondary drinking-water standards (table 13, sites 56 and 57).
Samples collected in Drain Tunnel Creek and the PrOlTo River drainage ranged
from soft to very hard, with a median value of very hard

Ground-Water Quality

Ground-water quality will be discussed as it pertains to the geologic
formations from which the water is discharging. 'll1e location of the sampling
sites is shown on pI. 2, and the water-quality data are shown in table 14.
'll1e data in table 15, which is a statistical summary of water-quality, can be
used to compare the water quality in the unconsolidated valley fill, drain
tunnels, and different bedrock forma tions.
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Unconsolidated valley fill.--Water samples were oollected from 12 wells
and 6 springs discharging from unoonsolidated valley fill. 'D1e water generally
was of a mixed ty~, and water ty~s differed considerably from site to site.
'lhe predominate cations were calcium and magnesium and the predaninate anions
were bicartx:>nate, chloride, and sulfate. Hardness ranged f rom moderately hard
to very hard, with a median value of very hard

Several water samples exceeded standards or recommended limits for
certain oonstitLEnts. 'lhese oonstitLEnts are listed below:

cadmium--The cadmium concentration of 14 micrograms per liter for spring
(D-2-4}24adb-Sl exceeded the State primary drinking-water standard and the
Emironmental Protection Agenc¥' s recommended limit for less sensitive aqlBtic
life.

<N.oride--'lhe chloride concentration for well (D-1-4) 8ada-l of 550 milligrams
per liter was more than twice the State secondary drinking-water standard

Iron--The iron concentration for well (D-1-4) 8ada-l of 1,100 micrograms ~r
liter and for well (D-1-4}16acd-4 of 330 micrograms per liter exceeded the
State secondary drinking-water standard. The iron concentration for well
(D-1-4) Bada-l also exceeded the Emironrnental Protection Agency's recommended
limit for cqlBtic life.

Manganese--Manganese exceeded the State secondary drinking-water standard at
two wells and three springs. 'lhe manganese ooncentration of 1,600 micrograms
per liter at spring (D-2-4}2aac-Sl was 32 times greater than the State
standard, and the concentration of 540 micrograms per liter at spring
(D-1-4}35cad-Sl was more than 10 times greater than the standard '!be other
manganese ooncentrations that exceeded the State standard were 120 micrograms
per liter at well (D-1-4}8ada-l, 74 micrograms per liter at well
(D-1-4)16acd-4, and 56 micrograms per liter at spring (D-2-5)l7bca-Sl.

Sulfate--Sulfate ooncentrations of 770 milligrams at spring (D-2-4}2aac-Sl and
350 milligrams at spring (D-2-4}24adb-Sl exceeded the State secondary
dr inking-water standard

Dissolved solids--Dissolved solids exceeded the State secondary drinking-water
standard at five wells and three springs. Cbnamtrations that exceeded the
standard ranged from 505 milligrams per liter at well (D-1-3}24aaa-l to 1,380
milligrams per liter at spring (D-2-4}2aac-Sl.

'!be water from some wells and springs exceeded standards for more than
one constituent. These were well (D- 1- 4) 8ada-l, for chloride, iron,
manganese, and dissolved solids; well (D- 1- 4}16acd-4, for iron and
manganese; spring (D- 2- 4}24adb-Sl, for cadmium, sulfate, and dissolved
solids; and spring (D- 2- 4) 2aac-Sl, for manganese, sulfate, and dissolved
solids.

Several samples collected in Drain Tunnel Creek drainage had
ooncentrations of dissolved solids, sulfate, or manganese that exceeded State
primary or secondary drinking-water standards (table 13, sites 56 and 57).
samples collected in Drain Tunnell Creek and the PrOlTo River drainage ranged
from soft to very hard, wiwth a median value of very hard.
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Drain Tunnels.--r-tines in the Park City area t¥pically intersect several
water-bearing formations, and water that is discharged from drain tunnels
commonly is a mixture of water from several formations. Mining activities
also may affect the water quality of the discharge from the tunnels. Water
was sampled from four drain tunnels, and all the water was a calcium sulfate
type and very hard. 'Ihe water samples from the drain tunnels that exceeded
standards or recommended limits for certain constituents are listed below:

Irorr-An iron concentration of 2,000 micrograms per liter at drain tunnel (1)­
2- 4)24aca exceeded the state secondary drinking-water standard and the
Emironrnental Protection Agency's recommended limi t for freshwater aquatic
life.

Manganese--Manganese concentrations at drain tunnel (1)- 2- 4)24aca were 36
times greater than the State secxmdary drinking-water standard, and at drain
tunnel (1)- 2- 4) 24caa they were 9 times greater.

Sulfate--Sulfate concentrations at all four drain tunnels exceeded the state
secondary drinking-water standard.

Dissolved solids--Dissolved-solids concentrations at all four drain tunnels
exceeded the State secondary drinking-water standard

Zinc--'Ihe zinc concentration at drain tunnel (D- 2- 4)24aca of 6,800
micrograms per liter exceeded the State secondary drinking-water standard.

Weber Quartzite.--Water samples were collected f rom a well and a spr ing
discharging from the weber Quartzite. 'The water was a calcium bicartx:>nate
type and moderately hard. At well (D- 2- 4)36aaa-l, the manganese
concentration was 130 micrograms per liter, which is more than twice the state
secondary drinking-water standard; and at spring (D- 2- 4)22abc-SI the
manganese conamtration of 370 micrograms per liter was more than seven times
greater than the State standard

Woodside Shale.--A water sample was collected from one spring discharging
from the woodside Shale. 'Ihe water was a calcium bicarbonate type and was
very hard. No constituents exceeded the standards or recommended limits.

ThQynes Formation.--water samples were collected from two wells and seven
springs discharging from the Thaynes Formation. The water generally was a
calcium bicaroonate or calcium magnesiurn bicaroonate type. Sulfate also was a
major ion at several of the springs. Hardness ranged from hard to very hard,
with a median value of hard

A water sample from spring (1)- 1- 3)14bca-Sl had a nitrate concentration
of 26 milligrams per liter, which is more than double the State primary
drinking-water standard

Ankareb Forrnation.--Water samples were collected f rom two wells completed
in the Ankareh Formation. '!he water was a calcium bicarbonate or calcium
magnesium bicartonate type and was very hard.
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The iron concentration at well (D- 1- 4)35dbb-l of 940 micrograms per
liter was more than 3 times the state sea:mdary drinking-water standard. '!he
manganese concentration of 86 micrograms ~r liter in the same well exceeded
the state secondary drinking-water standard.

Nugget sandstone.--Water samples were collected from five wells and five
springs discharging from the Nugget Sandstone. '!he water generally was a
calcium bicarbonate or calcium magnesium bicarbonate type. Sodium and
sulfate also were major ions in water from some springs. Hardness ranged from
moderalely hard to very hard, with a median value of very hard.

'!he iron concentration at well (D- 1- 4)30bbd-l of 440 micrograms per
liter exceeded the State secondary drinking-water standard '!he IiI at spring
(Ir 1- 4)30bbc-Sl was 6.3 and the pH at well (D- 1- 4)32daa-l was 6.4. Both
of these values for pH were less than the range of pH recommended I:¥ the state
secondary drinking-water standard and less than the Environmental Protection
Agenqr's recommended range for freshwater-aquatic life.

'!Win Creek Limestone.--Water samples were collected from one spring and
one well discharging from the Twin Creek Limestone. 'nle water from well (D­
1- 4)l7bbtrl was a calcium magnesium bicarl::onate type and was very hard. 'nle
water from spring (D- 1- 3)36aad-Sl was a calcium bicarbonate type and was
hard. No constituents from the well or the spring exceeded the standards and
recommended limits.

Pruess sandstone.--one water sample was collected f rom a well completed
in the Pruess sandstone. water from this well was a calcium magnesium sodium
bicarl::onate ty~ and was very hard No constituents exceeded the standards
and recommended limits.

Frontier FQrmationr-Water from three springs discharging from the
Frontier Formation was a calcium bicar1:x>nate type. 'nle water was very hard
at springs (A- 1- 3)28ddd-Sl, (A- 1- 3)34cbd-Sl, and (A- 1- 3)35bbb-Sl. No
constituents at any of the three springs exceeded the standards and
recommended limits.

Igneous rocksr-Water samples were collected f rom four wells and sellen
springs discharging from extrusive igneous rocks. water ty~s generally were
mixed, ranging from a calcium bicar1:x>nate or calcium magnesium bicarl::onate
type to calcium sulfate or calcium magnesium sulfate type. Hardness ranged
from hard to very hard, with a median value of very hard

water samples from three springs exceeded standards or recommended limits
for certain constituents. At spring (D- 2- 5)21ccd-Sl, the concentration of
manganese was almost three times larger than the State secondary drinking­
water standard and concentrations of sulfate and dissolved solids were al::out
double the secondary standards. At spring (D- 2- 5)29cad-Sl, the
concentrations of sulfate and dissolved solids were about double the State
secondary drinking-water standards. At spring (D- 1- 4) 8bbd-Sl, the
manganese concentration was three times greater than the State secondary
drinking-water standard
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FU'lURE DEVELOPMENT OF WATER RESaJRCES

Demands for water in the study area will increase if the present rate of
growth continues. The surface water in the area is fully appropriated, and
although surface-water rights can be transferred, additional water supplies
probably will come from increased ground-water withdrawals. The
unronsolidated valley f ill probably will rontinue to be an important supply of
water for Cbmestic and stock wells. Large withdrawals from the unronsolidated
valley fill probably are not possible, however, because of its small areal
extent and relatively low permeability. '!he consolidated rocks offer the best
potential source for dE.'ITelopnent of additional water supplies.

Increased Withdrawals of Water from COnsolidated Rocks

'!he consolidated rocks with the greatest potential for yielding large
quantities of water to individual wells are the '!haynes Formation and the Twin
Creek Limestone. '!he Weber Quartzi te yields large quanti ties of water to
drain tunnels, but data are insufficient to determine its potential for large
sustained yields to individual wells in areas some distance from the tunnels.
'!he Nugget Sandstone yields small quanti ties of water to domestic and stock
wells, but aquifer tests conducted during this study do not indicate a
potential for large sustained yields. Data for other consolidated rocks in
the area are insufficient to determine their potential for possible large
ground-water withdrawals, but all the formations may yield substantial
quantities of water where their permeability has teen increased ~ faulting or
fracturing.

The Thaynes Formation probably offers the greatest potential for
developing water supplies in the Park City area. 'Ihe formation crops out or
is at relatively shallow depths close to the major population centers near
Park Ci ty. '!he forma tion can yield large quanti ties of water to indiv idual
wells as ev idenced by a production test at well (D- 2- 4) 8aaa-l where a
pumping rate of 1,050 gallons per minute was maintained for 72 hours wi th a
drawdown of a1:x>ut 20 feet (Fred Duberow, J. J. Johnson & Associates, written
commun., 19 83).

The Twin Creek Limestone also may be capable of producing large
quantities of water to individual wells in the Park City area. Well (0- 1­
4}19BBC-l, which was drilled near Kimball Junction and completed in the Twin
Creek Limestone, produced 520 gallons per minute after 12 hours of pumping
with a drawcbwn of atout 35 feet, as reported I:¥ the driller.

Potential Effects of Increased Withdrawal of
Ground Water From Qonsolidated Rocks

'!he potential effects of increasing water withdrawals fran ronsolidated
rocks are decreases in the discharge of springs and streams, water-level
declines in wells, and downward mOlTement of poor quality water to freshwater
aquifers.
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Decreased Discharge of Springs and Streams

Increased water withdrawals from amsolidated rocks may cause a decrease
in the discharge of springs and streams. Tests at two wells near Park City
showed effects of groun~water withdrawals on the discharge of IX>rity Spring,
Or 2- 4) 4dca-Sl, and the flow of Silver Creek (Keith Higginson, Higginson­
Barnett, COnsultants, written commun., 1983). Well (D- 2- 4) Baaa-l, in East
canyon drainage, was pumped for 72 hours at a rate of 1,050 gallons per
minute. A decrease in the discharge of Dority Spring, in Silver Creek
drainage, was observed within 2 hours after the pump was started. The
discharge of the spring gradually decreased from about 1 cubic foot per
second, and it ceased to flow after 12 hours of pumping. The spring and the
well discharge from the 'lhaynes Formation.

Similar results were observed when well (I>- 2- 4) 9aac-l was pumped for
72 hours at a rate between 90 and 200 gallons per minute, but the observed
decreases in the discharge at Dority Spring were much smaller. The well is
completed in the Woodside Shale which may be fractured in the area of the
test, thus prov iding di rect hydraulic connection to the overlying Thaynes
Formation.

It is possible that similar conditions apply to other consolidated
formations in the Park Ciqr area, and large withdrawals from wells will result
in similar decreases in the discharge of springs and streams that are
hydraulically connected either directly to the formations or indirectly
through other formations. A decrease in spring discharge from cxmsolidated
rocks or in streamflow where streams are in direct contact with consolidated
rocks primarily will I:e related to the quanti ty of water l:eing pumped and the
lydraulic characteristics of the consolidated rocks. Decreases in streamflow
and discharge from springs in unoonsolidated Valley fill will I:e related to
the quantity of water pumped, the hydraulic characteristics of the
consolidated rocks, and the thickness and hydraulic Characteristics of the
fill.

'!he unoonsolidated valley fill in the Park City area generally has small
permeabili ty and a rela tively large storage capaci ty. Thus, the effects of
water withdrawals from consolidated rocks on springs discharging from or
streams crossing the unconsolidated Valley f ill may not I:e easily detected.
The unconsolidated valley fill may act as a buffer, releasing water from
storage to the oonsolidated rocks when water levels in the rocks decline below
water levels in the fill. If water levels in the oonsolidated rocks decline
but remain higher than water levels in the unconsolidated valley fill, the
upward mOlTement of water fran the rocks to the OITerlying fill will decrease.

Water-Level Declines in Wells

Water-level declines in wells can I:e anticip:ited if withdrawal of water
from consolidated rocks increases substantially. '!he largest water-level
declines will occur in the oonsolidated rocks near the points of withdrawal.
Smaller water-level declines will occur in underlying or OITerlying formations
or at greater distances f rom the points of withdrawal. Because of the complex
geologic framework in the area and the existence of miles of mine tunnels and
drifts, the magnitude of water-level decline is difficult to predict other
than at locations where wells have reen tested
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The test at well (D- 2- 4) 8aaa-l described in the previous section
caused water-level declines of as much as 1 foot in well (D- 2- 4) 4dcc-l
(Keith Higginson, Higginson-Barnett, Consultants, written commun., 1983),
about 3,000 feet east of well (D- 2- 4) 8aaa-1. Well (D- 2- 4) 4dcc-1 is a
dug well, ab:>ut 33 feet deep, completed in unconsolidated valley fill. A gage
on the pond sustained by Dority Spring, which discharges from the 'Ibaynes
Formation, showed a decline of at.out 1 foot in the first 12 hours of the test
at well (D- 2- 4) 8aaa-l before the pond became dry (Keith Higginson,
Higginson-Barnett, Consultants, written commun., 1983). Based on this
observation and the observed reCOllery in the p:md after pumping ceased, it is
estimated that after 72 hours of pumping the water-level decline in the
aquifer at the site of the spring (about 4,000 feet east of the pumped well)
was tetween 2 and 3 feet.

1X>wnward MOITement of Poor Quality water to Iquifers COntaining Freshwater

Downward mOlTement of poor quality water from the uncx:msolidated valley
fill to consolidated rocks that contain freshwater may occur if withdrawals
from the consolidated rocks increase significantly. In most of the study
area, water levels in the consolidated rocks generally are higher than water
levels in the OITerlying unconsolidated valley fill. 'll1e mOlTement of water in
the unconsolidated valley fill generally follows the slo};E and direction' of
the major streams except at upland-tench areas where the mOlTement is toward
streams, as previously descrited. If water levels in the consolidated rocks
were to decline below water levels in the unconsolidated valley fill, some
water that normally discharges to streams could mO\Te downward to the
underlying consolidated rocks; and eventually that water could move toward
areas of large ground-water withdrawals from consolidated rocks.

'll1e downward mOl1ement of water from the unronsolidated valley fill to the
consolidated rocks will not pose a significant problem if the quality of the
water is good, as it is much of the study area. Possible problem areas,
however, are in northern Parleys Park, Park Meadows, Richardsons Flat, and
near Keetley Station. Large water-level declines in the consolidated rocks
near these areas may cause the downward mOl1ement of poor qual ity water into
aquifers rontaining freshwater. In addi tion, some streams in the area rontain
concentrations of dissolved ions and sol ids that exceed standards or
recommended limits. 'Ibis also could cause water qUality problems if large
water-level declines in consolidated rocks cause the downward movement of
water from these streams.

Potential Effects of the prqposed Jordanelle Dam and Reservoir
on the Ground-Water ~Stern

The potential effects of the proposed Jordanelle dam and reservoir on
dewatering operations in the adjacent mining areas is difficult to address
with the available data. '!he U.s. Bureau of Reclamation has drilled numerous
test and observation wells in the vicinity of the profX)sed dam and reservoir
in an attempt to understand the geologic conditions rontrolling ground-water
movement. Several aquifer tests have been conducted to eval uate hydraulic
pro};Erties of the consolidated rocks that seI=8rate the dam and reservoir site
from the mine shafts and tunnels. A report prepared by UINTEX Corp. (1984)
for the u.S. Bureau of Reclamation summarizes much of the data and contains
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some oonclusions based on simulations using a ground-water model dev'elo~d t¥
prickett and LonIl:luist (1 g] 1).

The site of the proposed Jordanelle darn on the Provo River is just
upstream from the town of Jordanelle (pI. 2). '!he maximum altitude of the
proIX>sed reservoi r is aoout 6,170 feet, and the reservoi r will oover a large
part of Drain Tunnel Creek drainage and several miles of the flood plain of
the Provo River upstream from the darn. The relationship of the proposed
reservoir to the Mayflower Tunnel and Shaft, the Ontario No. 2 Tunnel and the
Ontario No. 6 Shaft is shown in figure 12.

The Mayflower Shaft is the deepest mine in the study area, with an
al titude at its lowest levels of about 4,200 feet. '!he mine has not been
operated since 1971, and the water level in the shaft on April 25, 1979, was
a t an al ti tude of about 6,303 feet (Leon Hansen, L. A. Hansen Assoc., or al
commun., Dec., 1984). The Ontario No.6 shaft has been worked to an al ti tude
of aoout 5,400 feet and on Decernoor 12, 1984, the water level in the shaft was
at an altituc:E of aoout 6,080 feet and dewatering operations were in progress.

'!he rocks se:P=lrating the reservoir site from the mine tunnels and shafts
are primarily unoonsolidated valley fill underlain t¥ extrusive igneous rocks.
On the eastern side of the north arm of the proIX>sed reservoir (Drain Tunnel
Creek drainage) and along the PrOllo River flood plain, some extrusive igneous
rocks and several small outcrops of the '!haynes Formation will be in direct
contact with the water in the reservoir. The consolidated rocks in the
vicinity of the reservoir site are fractured and displaced by a number of
faul ts trending generally eastward (pl. 1). '!he fau! ts cannot 00 traced under
the unoonsolidated valley fill in Drain Tunnel Creek drainage, and the
magni tUc:E and trend of faul ting has been a oontrOllerisal subj ect.

'!he water levels in bedrock (extrusive igneous rocks) during 1982, as
measured in well (D- 2- 5) 19dcb-2, were aoout the same as the water levels in
unconsolidated valley f ill, as measured in well (D- 2- 5) 19dcb-l (f ig. 11).
By October 17, 1983, the water level in the bedrock had risen almost 100 feet.
'nle rise in water level seems to corresJ:X>nd to the cessation of pumping in the
Ontario No.6 Shaft in April 1982. By October 11, 1984, the water level in
the bedrock well had declined about 10 feet, but it was about 80 feet higher
than the water level in the unoonsolidated valley fill, indicating an upvlard
gradient. '!he water-level decline seems to be related to pumping in the
Ontario No. 6 Shaft, which resumed in Janua.ry, 1984.

Other observation wells in the reservoir area do not show water-level
fluctuations that might be related to pumping in the Ontario No.6 Shaft.
This indicates that the movement of water is primarily through fractured
rocks. Water-level fluctuations in wells that do not intercept fractures
connecting the mining zone to the well may not be related to dewatering
o~rations in the mines.

UINTEX Corp. (1984, p. 17) reports good hydraUlic connection between
unconsolidated valley fill and underlying bedrock aquifers in the proposed
reservoir area. Water levels probably decline in the unoonsolidated valley
fill in parts of Drain Tunnel Creek drainage when water levels in fractured
consolidated rocks decline below water levels in the fill because of
dewatering operations in the mines.
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Figure 12.- Generalized section showing relationship of the proposed Jordanelle reservoir
to the Mayflower Tunnel and shaft, the Ontario No.2 Tunnel, and the Ontario No.6
shaft. (Modified from UINTEX CORP., 1984, fig. 2).

'!he main effects of the pro{X>sed reservoir on dewatering o~rations in
the mines at an altitude below the reservoir would be an increase in the
hydraulic gradient retween the reservoi r and the mine shafts and an increase
of recharge to the unoonsolidated valley fill when water levels decline in the
consolidated rocks beneath and adjacent to the reservoir. The reservoir
probably will have little or no effect on the groun~water flow to the drain
tunnels when dewatering o~rations are not being conducted below the level of
the drain tunnels.

The result of the increase of hydraul ic gradient and increase of
recharge to the unconsolidated valley fill may be to increase the pumping
necessary to dewater mines that are at an altitude relow the reservoir. '!he
magnitude of the increase in pumping will be dependent on the number of
fractures oonnecting the reservoir site to the mines and the ~rmeability of
the fractured rocks. 'Ihe magnitude of increase in pumping cannot re estimated
because data are not available to identify the number of fractures or the
~rmeabilities of the fractured rocks.
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FU'lURE S'IUDIES

Future studies of ground-water flow through fractured rock in the Park
City area would help to resolve problems associated with the complex
hydrologic conditions that exist in the area. Such studies need to include:
(1) Detailed mapping of fracture systems in underground workings and on
surface outcrops, to identify the principal directions of ground-water
m0\7ement; (2) a large number of exploratory drill holes, to help determine the
extent and magnitude of fracturing in the consolidated rocks in areas where
they are O\7erlain I:¥ unconsolidated valley fill; (3) a large number of aquifer
tests, to define the hydraulic properties of aquifers in complex areas of
faulting and fracturing; (4) a data-collection program that would include
wateI'""level measurements and the collection and analysis of water samples fran
selected wells, to monitor the p:>ssible downward migration of poor-quality
water to freshwater ag:uifers.

Future studies also would benet it from the continlEd o~ration of gaging
stations on Fast carwon, Silver, and Drain Tunnel Creeks. Large withdrawals
of ground water may decrease streamflow, which would be reflected in records
collected at the gaging stations. seeIage studies in Drain Tunnel Creek would
help to determine the effects of mine dewatering on streamflow if these
studies are made when dewatering operations in the mines change so that the
relationship between streamflow and mine dewatering can be determined

SUMMARY

'!he Park City area is a rapidly growing residential and recreational area
in northern utah. '!he p:>pulation of the area is expected to increase rapidly
in the near future; the pr0\7ision of pr0\7iding an adequate water supply, while
avoiding harmfull affects of developnent, is a major concern. In addition,
the area contains the proposed si te of the Jordanelle dam and reservoi r, a
part of the central utah Project. 'Ibe damsite is near an historic mining
area, and mining companies are concerned that the proposed reservoi r may
create additional dewatering problems in the mines.

The surface water in the Park City area originates primarily in the
Wasatch Range on the western border, or flows into the area from the east in
the Provo River at the southeastern border. The two major streams that
originate within the study area are East canyon and Silver Creeks. The
estimated long-term average flow of East canyon Creek near Park City is 55
cubic feet per second, and the estimated long-term average flow of Silver
Creek near Wanship is 8.55 cubic feet per second. Streamflow yields f rom some
tributary basins are smaller than expected, based on analyses of 45 streamflow
stations and sites in the mountains of northern utah. 'Ibis suggests that in
those tributary basins, recharge may be greater than in the control basins.

Ground water in the Park City area occurs in unconsolidated valley fill
and consolidated rocks. Recharge to the unconsolidated valley fill from
precipitation, unoonsurned irrigation water, leakage fran consolidated rocks,
and seeIage from streams is estimated to be 15,400 acre-feet per year. water
moving in the unconsolidated valley fill generally follows the slope and
direction of the major streams. Discharge from the unoonsolidated valley fill
I:¥ evap:>transpiration, seeIage to streams, and wells is estimated to be 15,500
acre-feet per year. '!he estimated quantity of recoverable ground water in
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storage in the unoonsolidated valley fill is 190,000 acre-feet. '!he average
qydraulic oonductivity of the unoonsolidated valley fill is aoout 7 feet per
day, and the average specific yield is aoout 0J.5.

Recharge to the consolidated rocks in the Park City area is from
precipitation, stream infiltration, and subsurface inflow from adjoining
areas. '!he recharge is estimated to average about 46,000 acre-feet per year.
water mOlTing in oonsolidated rocks generally mOlTes from recharge areas at high
altitudes toward discharge areas at the lower altitudes. Water in
oonsolidated rocks near drain tunnels mOlTes toward and discharges to the drain
tunnels and associated mine workings. Discharge from the exmsolidated rocks
from springs, drain tunnels, leakage to unoonsolidated valley fill, and wells
is estimated to average aoout 46,000 acre-feet per year. '!he transmissivity
of consolidated rocks based on aquifer tests ranged from 3 to 7,400 feet
SIuared per day.

Water qual ity in the Park Ci ty area generally is sui table for all uses.
SE!\Teral ground-water sources, howE!\Ter, had oonamtrations of some oonstituents
that exceeded state or Federal standards or recommemed limits for drinking
water or sensitive aquatic life. These constituents included cadmium,
chloride, iron, manganese, sulfate, dissolved solids, nitrate, and zinc.
SE!\Teral water samples collected from surface-water sources had ooncentrations
exceeding recommended limits or standards for dissolved solids, manganese,
cadmium, and sulfate. SE!\Teral ground-water and surface-water sources had pH
values that were less than or exceeded recommemed limits.

'!he consolidated rocks with the greatest potential for yielding large
quanti ties of ground water to wells in the Park City area are the Thaynes
Formation and the TWin Creek Limestone. Increasing withdrawals from
consolidated rocks may cause a decrease in the flow of springs and streams,
wate~lE!\Tel declines in wells, and downward mOlTement of poor quality water to
cq:uifers oontaining freshwater.

'!he potential effects of the proposed Jordanelle dam and reservoir on the
ground-water system and dewatering operations in mines at an altitude below
the reservoir are an increase in the hydraulic gradient between the reservoir
and the mine shafts and an increase of recharge to the unex>nsolidated valley
fill when mining operations are at an altitude below the reservoir. !):lta are
not available to determine the magnitude of the increase of pumping required
to dewater the mines.
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Table 1.--Measurements of discharge, tem~rature, and s~cific conductance
at surface~ater stations or sites

Site No.: Refers to number assigned to stations or Sites on plate 2.
Discharge: ft3/s, cubic feet per second; e, estimated; r, reported.
Temperature: o C, degrees celsius.
Specific conductance: ~S/an, rnicrosiernens ~r centirreter at 25 0C.

~-

cific
con-

Site Station or Date of Dis- Temper- duct-
No. site nane measurement charge ature ance

(ft3/s) (OC) (JIS/an)

1 Thaynes Canyon Creek at snCM 07-27-82 0.12
Sumnit Ranch near Park 09-09-82 dry
City 04-21-83 dry

06-02-83 7.32
07-06-83 .48
08-22-83 .14
09-08-83 .15
10-19-83 .12
12-27-83 dry
01-31-84 dry
03-23.-84 .ose
05-11-84 .79
07-26-84 .15 13.5 360
08-27-84 .17

2 McLeod Creek at utah Highway 08-03-79 7 13.5 720
224, near Park City 02-26-80 9 4.5 800

04-03-80 7.5 5.0 820
05-14-80 25 10.0 560
08-13-80 11.9 17.0 750
10-12-83 13.8 10.0 790
10-21-83 13.8 9.5 820
10-27-83 11.7 9.0 820

3 White Pine Creek at utah 11-12-82 0.81 4.0 300
Highway 224 near Park 01-13-83 .59 1.0 285
City 03-28-83 .54 290

05-17-83 2.70 4.0 220
06-01-83 44.5 150
07-08-83 12.8 10.5 260
08-05-83 .34 14.5 300
09-08-83 .06 13.0 325
10-12-83 1.22 6.0 350
10-21-83 .98 5.0 325
10-27-83 .97 2.5 315
11-29-83 .80 2.0 290
01-05-84 .47
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Table 1.--Measurements of discharge, temperature, and specific conductance
at surface-water stations or sites--Continued

Spe-
cific
con-

Site Station or Date of Dis- Temper- duct-
No. site name measurement charge ature ance

(ft3/s) (OC) (JiS/em)

3 White Pine Creek at utah 02-21-84 0.47 3.0 300
Highway 224, near Park 03-23-84 .47 2.0 290
City--Continued 04-30-84 1.73 6.0 225

05-25-84 31.2 6.0 195
07-26-84 1.36 14.0 300

4 White Pine diversions at 11-12-82 0.30
Utah Highway 224, near 01-13-83 .09
Park City 03-28-83 .18

05-17-83 .96
06-01-83 14.3
07-08-83 .5e
08-05-83 .23 16.5 310
10-12-83 .14
10-21-83 .14e
10-27-83 .16
02-21-84 .15e
03-23-84 .16
04-30-84 .49
05-25-84 17.4
07-26-84 1.4e

5 Red Pine Creek at utah 03-23-83 dry
Highway 224, near Park 05-17-83 0.48 7.5 180
City 06-02-83 36.9 5.0 100

07-06-83 9.66 12.0 150
08-05-83 dry
04-30-84 dry
05-15-84 35.8 4.5 95
07-03-84 7.72 9.5 150
08-03-84 dry

6 Unnamed creek from Parleys 08-03-79 0.25 16.0 1,130
Park near mouth at west- 05-14-80 9.80 8.0 360
bound rest stop on 08-13-80 .1 21.0 920
Interstate Highway 80, 04-19-83 48.0 300
near Park City 10-27-83 .35 5.5 1,380

11-04-83 .37 5.0 1,400
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Table 1.--Measurements of discharge, temperature, and specific conductance
at surface-water stations or sites--COntinued

Spe-
cific
con-

Site Station or Date of Dis- Temper- duct-
No. site name measurement charge ature ance

(ft3/s) (0C) (~S/crn)

7 McLeod Creek at Interstate 08-03-79 6.0 12.5 700
Highway 80, near Park 02-26-80 19 0.0 740
City 04-03-80 16 .5 750

05-14-80 42 7.0 530
08-13-80 8.1 23.0 670
10-27-83 13.8 8.0 750
11-04-83 11.0 5.0 740

8 Willow Draw Creek above 11-24-82 0.99 0.5 370
utah Highway 224, near 01-19-83 .59 2.0 355
Park City 03-29-83 1.06 4.5 260

05-17-83 4.24
06-03-83 21.9 8.0 260
07-06-83 2.69 11.5 355
08-05-83 .80 14.0 420
10-12-83 .63 520
10-27-83 .52 4.5 430
12-27-83 .64 2.5 410
01-31-84 .53 1.5 400
02-29-84 .63 3.0 410
03-23-84 1.15 4.0
04-30-84 4.18 6.5 390
05-15-84 24.2 5.0 210
06-27-84 4.31 13.5 310
08-03-84 1.07 18.0 405
08-28-84 .94 16.0 420

9 Willow Creek at utah 10-12-83 0.53
Highway 224, near Park 10-21-83 .62 6.0 425
City 10-27-83 .58 2.5 420

10 Willow Creek at Interstate 08-03-79 1.5 12.5 680
Highway 80, near Park 05-14-80 1.0 8.0 660
City 10-12-83 .36 8.5 660

10-21-83 .31 6.5 590
10-27-83 .30 8.0 600
11-04-83 .20 8.0 585

11 Unnamed creek at utah 10-12-83 0.44 365
Highway 224, near 10-21-83 .38 7.0 375
snyderville 10-27-83 .47 5.5 360

47



Table 1.--M.easuranents of discharge, tan~rature, and s~cific conductance
at surface-water stations or sites--<:Ontinued

S~-

cific
con-

Site Station or Date of Dis- TeInp=r- duct-
No. site name m:asurement charge ature ance

(ft3/s) (0C) (liS/em)

12 Unnamed creek below Silver 10-12-83 1.07 6.0 360
Springs at Utah Highway 10-21-83 .97 6.0 360
224, near Snyderville 10-27-83 .92 4.5 350

13 Unnamed ditch draining 10-12-83 0.14 7.0 900
seepage area, 0.5 mile 10-21-83 .18 7.0 820
south of Kimball 10-27-83 .19 6.0 790
Junction

14 Unnamed ditch draining 08-03-79 2.0 11.5 590
Parleys Park at Inter- 05-14-80 26 8.0 350
state Highway 80, 0.4 10-12-83 3.88 7.0 510
mile east of Kimball 10-21-83 3.42 5.5 490
Junction 10-27-83 3.50 6.5 470

15 East Canyon Creek at 08-03-79 6.0 16.5 680
Kimball Junction, near 05-14-80 85 6.0 470
Park City

16 East Canyon Creek above 10-27-83 18.5 5.0 730
Threani1e Creek, near 11-04-83 15.1 8.0 710
Park City

17 Threernile Creek near Park 08-05-82 2.94 10.0 520
City (U.S. Geological 10-05-82 1.45 6.0 570
Survey gaging station 12-16-82 1.13 4.0 560
10133700) 01-21-83 .88

03-20-83 1.39
05-03-83 6.31 7.0 570
06-01-83 24.7 7.0 400
07-05-83 7.22 12.0 510
08-05-83 3.81 10.5 560
09-21-83 2.33 8.0
10-20-83 1.45 5.0 565
10-27-83 1.73
12-06-83 1.23 3.0 560
01-10-84 1.08 530
02-15-84 .98
03-20-84 1.10 550
04-13-84 1.39 2.0 550
05-04-84 6.18 5.0 460
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Table 1.--Measurements of discharge, temperature, and specific conductance
at surface~ater stations or sites--Gontinued

Spe-
cific
con-

Site Station or Date of Dis- Temper- duct-
No. site name rreasurement charge ature ance

(ft3/s) (0C) (J,lS/cm)

17 Threemile Creek near Park 06-27-84 8.55 12.0
City (D. S. Geological 08-03-84 3.73 10.0 530
survey gaging station 09-18-84 2.01 9.0 520
10133700)--Gontinued

18 Diversion on 'Ihreemile 10-20-83 0.07e
Creek at reservoir, near 10-27-83 .15e
Park City

19 Threemile Creek at Inter- 10-20-83 1.86 560
state Highway 80, near 10-27-83 1.92 4.0 580
Park City

20 Twamile Creek at Interstate 10-27-83 0.73 5.0 540
Highway 80, near Park 11-04-83 .49 7.0 540
City

21 East Canyon Creek above Toll 08-03-79 8.0 13.0 660
Creek, near Park City 10-26-79 16 10.0 700

02-26-80 20 0.5 750
04-03-80 21 .5 750
05-14-80 88 5.0 475
08-13-80 13.3 24.0 620
10-27-83 22.6 7.0 650
11-04-83 19.5 5.0 600

22 Toll Creek near Park City 07-15-82 1.33 18.0
08-02-82 0.87
09-09-82 .46 15.0 850
11-30-82 1.31 4.0
01-12-83 1.23 1050
02-22-83 1.30 2.0 1200
03-21-83 19.0 4.5 640
06-03-83 27.8 9.0 475
07-05-83 4.61 11.5 680
08-05-83 1.85 12.5 760
09-08-83 1.51 780
10-19-83 1.15 4.0 910
10-27-83 1.01 5.0 825
11-29-83 1.22
01-04-84 1.08 2.0 1100

49



Table 1.--Measurements of discharge, tem~rature, and s~cific conductance
at surface-water stations or sites--continued

Spe-
cific
con-

Site Station or Date of Dis- Temper- duct-
No. site name measurement charge ature ance

(ft3Is) (0C) (J,ls/an)

22 Toll Creek near Park 02-23-84 1.23 1.0 1130
City--COntinued 03-23-84 2.19 2.0 1140

04-30-84 11.4 6.0 720
05-15-84 57.5 8.0 400
06-27-84 6.10 10.5 640
07-25-84 2.37 720
08-28-84 1.12 13.0 780
09-20-84 .84 11.0 820

23 Toll Creek at Interstate 08-03-79 1.0 12.5 850
Highway 80, near Park 05-14-80 14 4.5 575
City

24 Toll Creek at mouth, near 10-19-83 1.37 4.5 900
Park City 10-27-83 1.13 3.0 780

11-04-83 1.16

25 East Canyon Creek below 10-11-83 29.1 12.0 700
sewage-treatment plant, 10-27-83 24.4 6.5 700
near Park City 11-04-83 20.2 6.0 640

26 Mill Hollow Creek at mouth, 10-27-83 0.03
near Park City 11-11-83 .01

27 Porcupine Creek at mouth, 07-21-82 0.16
near Park City 10-10-82 .10 710

01-12-83 .05 0.5 650
03-30-83 1.16
05-04-83 7.93 11.0 390
06-06-83 4.85 10.0 510
07-05-83 1.02 15.5 740
08-04-83 .30 17.0 730
09-09-83 .21 14.0 700
10-11-83 .12 9.0 720
10-27-83 .22 4.0 700
11-04-83 .13
01-04-84 .12 8.0 700
02-21-84 .12 3.0 730
03-23-84 .40 2.0 640
04-30-84 3.05 5.0 630
05-11-84 16.0 10.0 380
06-27-84 1.38 14.5 740
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Table l.--Measurements of discharge, temperature, and specific conductance
at surface-water stations or sites--COntinued

Spe-
cific
con-

site station or Date of Dis- Temper- duct-
No. site name measurement charge ature ance

(ft3/s) (0C) (JiS/em)

27 Porcupine Creek at mouth, 07-25-84 0.50 17.5 1,050
near Park City--Gontinued 08-27-84 .27 17.0 770

09-20-84 .09 13.0 770

28 Big Bear Hollow Creek at 07-14-82 0.71
mouth, near Park City 08-05-82 .47 17.0 510

10-22-82 .49 7.0 550
01-05-83 .28
03-17-83 1.68
05-10-83 14.1
05-24-83 25.9 10.0 320
06-30-83 3.22 13.0 495
08-04-83 1.27 16.0 540
09-09-83 .52 14.0 530
10-11-83 .62 10.5 540
10-27-83 .56 2.5 510
11-04-83 .60e
01-04-84 .70 2.5 550
02-21-84 .31 1.0 520
03-21-84 .55 4.0 510
04-30-84 5.16 4.0 415
05-14-84 50.4 6.0 235
06-27-84 3.63 13.0 490
07-25-84 1.58 14.5 530
08-27-84 .93 17.5 510
09-20-84 .62 11.5 510

29 East canyon Creek near Park 04-29-82 253 6.5 355
City (u.S. Geological 06-28-82 78.6
Survey gaging station 08-03-82 34.7 21.5 620
10133900) 08-24-82 20.7 18.0 510

10-01-82 73.4 7.0 680
01-05-83 30.4
03-17-83 101
04-19-83 138 10.0 485
05-24-83 265 460
05-26-83 322
05-31-83 437 400
06-21-83 209 410
08-04-83 46.1 17.0 620
09-09-83 32.0 14.0 630
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Table 1.--Measurements of discharge, temperature, and specific conductance
at surface-water statioos or sites--continued

Spe-
cific
con-

Site Station or Date of Dis- Temper- duct-
No. site name measurement charge ature ance

(ft3/s) (OC) (~/cm)

29 East Canyon Creek near Park 10-11-83 34.2 12.0 700
City (U.S. Geological 10-27-83 25.3 2.5 670
Survey gaging station 11-04-83 20.5 7.5 600
10133900)--cootinued 12-28-83 29.3 5.0 820

01-30-84 17.6 0.0 800
02-29-84 19.2 .5 860
03-21-84 53.4 3.0 770
04-16-84 427
04-23-84 216 6.0 640
05-16-84 420 350
06-25-84 131 17.0
07-03-84 82.1
07-25-84 52.8 14.5 610
08-23-84 42.4 16.5 620
09-17-84 26.0 17.0 670

30 Silver Creek above Dority 08-03-79 dry
Spring, near Park City 05-14-80 3.0 11.5 495

31 Pace-Hater Ditch at mouth, 08-03-79 3.0 12.5 720
near Park City (discharge 05-14-80 5.5 11.0 740
after 05-14-80 reported in 06-25-82 5.34r
Weber River Distribution 07-01-82 5.12r
System annual reports, 07-08-82 4.18r
1982-83) 07-16-82 4.30r

07-24-82 5.77r
07-31-82 5.99r
08-09-82 5.66r
08-17-82 4.60r
08-25-82 3.62r
09-01-82 3.62r
09-09-82 3.17r
09-16-82 4.30r
09-23-82 2.48r
09-30-82 9.27r
10-12-82 5.66r
10-28-82 5.44r
11-05-82 4.01r
11-13-82 3.62r
11-28-82 3.26r
06-04-83 5.6r
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Table l.--Measuranents of discharge, temperature, and specific conductance
at surface-water stations or sites--COntinued

Site
No.

Station or
site name

Date of
measurement

Dis­
charge
(ft3/s)

Temper­
ature
(0C)

Spe­
cific
con­
duct­
ance

(JiS/em)

31 Pace-Haner Ditch at mouth,
near Park City--Continued
(discharge reported in

Weber River Distribution
System annual reports,
1982-83)

06-16-83
06-17-83
06-20-83
06-23-83
06-24-83
06-29-83
06-30-83
07-04-83
07-08-83
07-09-83
07-13-83
07-14-83
07-16-83
07-20-83
07-22-83
07-28-83
07-31-83
08-03-83
08-04-83
08-07-83
08-10-83
08-12-83
08-15-83
08-18-83
08-21-83
08-25-83
08-26-83
08-30-83
08-31-83
09-03-83
09-06-83
09-08-83
09-10-83
09-14-83
09-19-83
09-24-83
09-27-83
09-28-83
09-31-83
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2.8r
3.7r
3.6r
3.8r
3.6r
3.1r
3.0r
3.1r
5.0r
4.6r
5.0r
5.0r
6.3r
4.7r
5.9r
7.5r
7.8r
7.5r
9.0r
7.3r
6.8r
6.8r
6.8r
6.8r
6.7r
6.4r
6.7r
6.7r
7.0r
6.7r
4.6r
6.7r
5.0r
5.7r
6.1r
6.6r
S.8r
6.1r
5.9r



Table l.--Measurements of discharge, tem~rature, and s~cific conductance
at surface-water :iitations or sites--COntinued

S~-

cific
con-

Site Station or Date of Dis- Temper- duct-
No. site name 1'l\easurement chajge ature ance

(ft Is) (oC) (liS/em)

32 Silver Creek above Keetley 11-03-83 5.96 8.5 760
Junction, near Park City

33 Silver Creek at Keetley 08-03-79 0.5 18.5 840
Junction, near Park City 02-27-80 3 3.0 810

04-03-80 2 3.5 860
05-14-80 10 11.0 800
08-13-80 1 20.0 880

34 Silver Creek below Keetley 11-'03-83 7.62 8.5 810
Junction, near Park City

35 Silver Creek at Interstate 11-03-83 8.99 8.5 750
Highway 80, near near
Park City

36 Silver Creek near Wanship O~8-82 1.04 17.5 800
(U.S. Geological 110-01-82 29.8 980
Survey gaging station 11-.22-82 8.16 1.0 1140
10130000) 12-12-82 5.15 2.0 1040

01-21-83 4.95 1.0 1020
02-22-83 6.90 0.0 1010
03-09-83 18.7 1.5
03-09-83 21.2
03-28-83 14.4 2.5 1040
04-19-83 61.8
05-02-83 41 9.0 720
05-26-83 19.9 15.0 850
06-30-83 14.1 18.0 820
08-04-83 6.26 21.0 940
09-14-83 5.73 14.0 880
10-14-83 14.0 8.0 910
11-03-83 8.50 8.0 860
12-23-83 7.32 1100
01-12-84 5.50 1.0 900
02-23-84 6.84 .5
03-23-84 15.3 4.0 1050
04-12-84 25.4 2.5 1080
04-16-84 87.1 13.0 640
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Table 1.--Measurements of discharge, tem~rature, and s~cific conductance
at surface-water stations or sites--Continued

Spe-
cific
con-

Site Station or Date of Dis- Tem~r- duct-
No. site name measurement charge ature ance

(ft3/s) (0C) (JIS/em)

36 Silver Creek near Wanship 05-25-84 23.1 10.0 610
(U.S. Geological 06-25-84 6.28 19.5 790
Survey gaging station 07-26-84 5.94 20.0 850
10130000)--COntinued 08-27-84 6.64 14.5 910

37 Weber-Provo canal near 05-26-71 545 7.0 155
Woodland 06-14-71 73 10.0 175

08-26-71 2.5 11.5 315
06-01-72 120 10.5 115
08-08-72 2 22.5 245

38 Provo River below weber- 06-14-71 1,200 10.0 105
Provo canal, near Francis 08-26-71 110 12.0 190

39 Provo River near Hailstone 03-29-71 179 3.0 190
04-22-71 650 5.0 185
05-21-71 916 7.0 150
05-26-71 1,930 9.0 105
06-14-71 1,250 8.0 98
12-28-71 85 0.0 260
02-10-72 106 0.0 255
04-11-72 543 6.5 180
04-26-72 590 4.0 200
05-05-72 968 7.0 155
06-01-72 1,950 7.5 70
06-02-72 1,600 8.0 78
07-06-72 300 14.0 155
08-09-72 54 17.0 205
09-12-72 57 10.0 250
09-14-72 55 10.0 255

40 Drain Tunnel Creek at 09-12-83 21.3
Keet1ey Station, near 10-14-83 21.4
Park City

41 UR;Jer canal fran Drain 09-12-83 0.13 14.5 560
Tunnel Creek below sage 10-14-83 .12
Hen Hollow
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Table l.--Measurements of discharge, t~rature, and specific conductance
at surface-water stations or sites--continued

Spe-
ci~ic

con-
Site Station or Date of Dis- Temper- duct-

No. site name measurement charge ature ance
(ft3/s) (OC) (Jis/an)

42 Unnamed tributary to u~r 09-12-83 0.04 13.0 550
canal, 0.5 mile north 10-14-83 dry
of Sage Hen Hollow

43 Upper canal fran Drain 09-12-83 0.20 10.5 570
Tunnel Creek at reservoir, 10-14-83 .17
near mouth of Todd Hollow

44 Canal fran Ross Creek below 09-12-83 0.82 14.5 640
confluence with Todd 1()-14-83 .94
Hollow

45 seepage area to Ross Creek 09-12-83 0.09 14.5 550
below reservoir 10-14~83 .04

46 Lower canal fran Drain 09-12-83 0.20 10.5 970
Tunnel Creek at road to 10-14-83 .11
Keetley Station

47 Lower canal fran Drain 10-14-83 0.57
Tunnel Creek at mouth

48 Ross Creek below confluence 09-12-83 0.36 13.0 490
with lower canal fran 10-14-83 .98
Drain Tunnel Creek

49 Ross Creek at road to 09-12-83 2.25 11.0 560
Keet1ey Station 10-14-83 3.63

50 Unnamed tributary to Ross 10-14-83 0.25
Creek, 100 feet downstream
fran site 49

51 Canal fran Ross Creek at 09-12-83 0.22e
road to Keetley Station 10-14-83 .25

52 Drain Tunnel Creek above 09-12-83 20.2 11.0 830
confluence with Ross Creek 10-14-83 19.5
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Table l.--Measurements of discharge, t~rature, and s~cific conductance
at surface-water stations or sites--Continued

Spe-
cific
con-

Site Station or Date of Dis- Tem~r- duct-
No. site name neasurement charge ature ance

(ft3/s) (0C) (IlS/cm)

53 Diversion from Drain Tunnel 09-12-83 3.19 12.0 850
Creek, 600 feet below site 10-14-83 0
52

54 Drain Tunnel Creek at road 0~12-83 17.0 11.5 630
crossing, 0.7 mile south 10-14-83 22.7
of Keetley

55 Drain Tunnel Creek, 0.45 0~12-83 22.8 12.5 650
mile north of Hailstone 10-14-83 24.1

56 Drain Tunnel Creek at 04-26-72 15 6.5 590
Hailstone 06-01-72 12 10.5 690

07-20-72 20 14.0 690
09-14-72 13 8.0 680
09-12-83 21. Or 13.5 650
10-14-83 21.0r

57 McHenry Creek at Hailstone 04-26-72 4 8.0 1,340
06-01-72 4 20.0 1,590
07-20-72 3 21.0 1,830
09-14-72 3.5 15.0 1,780

58 Provo River at u.S. Higmay 08-26-71 15 13.5 320
40, near Hailstone 03-02-72 100 4.0 370

04-26-72 600 5.0 230
09-14-72 70 10.5 445
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Table 2.--Estimated annual average discharge for the 1983-84 water years and
estimated long-term average discharge at seven partial-record stations.

Site No: Refers to number assigned to stations on plate 2.
Discharge: ft3/s, cubic feet per second.

Estimated annual
average discharge

(ft3/s) Estimated
long-term

Site average
No. Station name 1983 1984 discharge

(pI. 2) (ft3/s)

1 '!haynes canyon Creek at snCM 0.39 0.19 0.19
SlDllIIIit Ranch, near Park City

3, 4 White Pine Creek at Utah Highway 4.87 5.34 3.27
224, near Park City

5 Red Pine Creek at utah Highway 2.64 3.02 1.81
224, near Park City

8 WillCM Dratl Creek above Utah 2.68 2.65 1.71
Highway 224, near Park City

22 TOll Creek near Park City 5.49 5.11 3.39

27 Porcupine Creek at mouth, near Park 1.23 1.55 .89
City

28 Big Bear HollCM Creek at mouth, 4.09 3.48 2.42
near Park City
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Table 3.--Reoords of selected wells

Lorntion: see well-, spring-, tunnel-, and stream-nllTlbering system.
(Wner or user: Last known owner or user.
casing Finish: 0, oJ:en end; P, perforated, ~r arxi lcwer limits of ferforation given in feet below land surface; 5, screen, length of screen given

in feet.
Altitude of land surface: National Geodetic vertical ratun of 1929: altituc:Es inteq:olated fran tOpJgra{i1ic maps.
Use of water in 1983: D, dcxrestic; I, industrial; 0, obseNation; P, public supply; U, unused.
Water-bearing formation: Qa, Alluvial dep:lsits; 'IV, I91eous rocks: Jp, Preuss sarrlstone; Jtc, '!Win Creek Limestone: Jfln, Nug~t sandstone; 1\ a, Ankareh.
FOrJM.tion: l'i I, 'Ihaynes Fonration; AW, WOodside Slale; !pc, Park City Formation; lPw, Weber Quartzite; IPrv, Round Valley Limestone.
Water level: r, rep::lrted.
Other data available: C, chanical anllysis in table 14: 1., drillers' log in table 4: W, water-level measuranents in table 5.

------------_._----~----~-~---_._----_.

Water lE!IJe1
------------

Depth casing Altitude Use of Water- AOOIIe( +) Other
Year of ---------------- of land water bearing or tel,.<!-) Date data

Location ON'ner or user constructed well Diameter Lepth Finish surface in 1983 formation land surface measured available
(feet) ( inches) (feet) (feet) (feet)

-----------_._----~-------------------------~-- -------
(D- 1- 3) 3ddb-l J. Knight 1968 200 8,6 200 P125-200 6,520 U Jp -3.45 06-15-84 W

9caa-l S.soter 1973 610 24,18,6 610 1'233-574 7,100 P -70r 11-21-73
9cdiH do. 1963 407 16 30 a 7,01ll P -87 06-25-84

10aal:>-l Hillco Corp. 1981 603 8 603 P431-603 6,640 P Jp -ffi.ffi 06-15-84 C,L
11cad-l Gortpza Pines Ranch 1979 500 7 20 a 6,600 a -50.51 06-15-84 W

Inc.
11d!=-l do. 1979 306 16,12 306 P131-301 6,520 D et -27.23 06-14-84 W
12bcc-l O. Fasnassen 1973 no 6,4 no a 6,300 D Qa -20.46 09-30-83

-20.89 11-01-83
12cbd-l J. Kilt¥ 1966 189 12,8 189 P174-189 6,290 D e, -30r 12-10-66 C
13abb-l Utah State Road Can 1974 197 12,8,6 197 P112-197 6,340 P et -13.5 0&-09-83 C,L
13adc-l R. Mccanb 1965 250 6 250 1'200-250 6,330 D Qa -36.39 06-21-83 C
lSaaa-l Gorgoza Pines Ranch 1979 710 12 404 a 6,800 0 Je n -33.5 06-23-83

Inc.
16cac-l Sunmit Park Corp. 1971 600 10,8 600 P14&-548 7,660 P -124r 09-30-71
24aaa-l Clevron Pipeline Co 1973 154 12,8,6 154 PI04-154 6,411l U Qa C
24dda-l P. Buehner 1981 540 8,6 6,500 U Jen -19.15 06-20-84 W
25ddc-l Silver Springs 1979 340 12,8 320 830-320 6,750 U Jtc -6.38 06-14-84 W

Developnent Inc.
36cac-l Park west 1979 388 10 35 a 6,920 u -15.22 06-20-84 W

([)- 1- 4) 3dcb-l 8,12 6, ffiO D -315.0 0&-26-83
4acd-l 6 6,720 u -184.24 06-12-114
4caa-l 6 6,620 U -27.37 06-11-84 W
4ccd-l B. Olsen 1967 258 10,6,4 247 1'52-245 6,570 D Qa -10.41 06-11-84 W
4d!=-1 R. Bums 1967 205 10,6 200 P120-195 6,620 D Qa -55.55 06-16-83

-61.95 10-03-83
-51.ffi 06-11-84

9aba-l A. Johnson 1978 315 6 315 Pl90-315 6,560 U -14.62 06-12-84
9bab-l J. Con<ay 1976 160 6 160 P150-160 6,530 D Qa -17.82 06-16-83
9bbb-l A. R>tter 1978 268 8 242 6,540 D Qa -72.38 06-11-84 C
9caa-l G. GOddard 1976 135 6 130 P120-130 6,460 D Qa +3.64 06-11-84 C

10bad-l M. VanDenakker 1974 300 8,6 260 1'250-260 6,740 D Qa -207.02 06-12-84
10bbb-l A. Johnson 1978 251 6 250 P124-125 6,640 D Qa -127.30 06-12-84
10bcc-l F. Larsen 225 8,6 6,600 D Qa -95 .48 0&-1&-83 C

-95.53 06-12-84
15bab-l J. Baron l!176 130 6 6,510 D -68.02 06-11-84
16aad-l Silver Creek Co. 1964 668 10,8 668 PI0lHi68 6,440 D Qa -44.17 06-16-83 C,L
16abd-l S. Pace 1973 92 6 90 a 6,460 D Qa -0.14 06-11-84
16aca-l V. Bair 1974 174 6,4 174 P144-174 6,430 D Qa -9.81 06-11-84
16acb-l D. 7'J.Vf!j 1978 120 6 no PI02-110 6,420 D Qa C
16bab-2 Z. Johnson 1982 170 6 6,311l D +17.3 06-22-84
16dca-l Utah state Road Com 1955 202 6 202 a 6,470 D 'IV -127r 12-19-55 C
17bbb-l G. T. Flinders 1950 127 6 127 a 6,620 u Jtc -12r 09-07-50 C
18ccc-2 W. Wirthlin 1980 242 10,8,6 240 P136-239 6,410 u J.n -72.79 06-20-84 W
18cda-l L. SWanner 1971 1III 10,8 ffi a 6,320 P Je n -13 .28 06-19-84
18ddc-l Spring creek Inv. C 1971 150 10,8 150 P72-134 6,350 U Jtc -17 .04 06-19-84
19ate-l L. &tianner 1971 235 10,8 196 Pl12-128 6,320 U Qa -0.72 06-19-84
19bab-l Standard Oil of cal 1972 146 10,8 146 P130-135 6,425 D Qa -71.94 07-2&-83 C
19bba-l .american Oil Co. 1970 141 8,6 141 P117-120 6,430 D Qa -89.65 07-2&-83
19bbc-l Hi-Ute Enterprises 1974 183 12,10,8 183 P135-180 6,400 U Jtc -55.94 06-15-84 L,W
19b!=-2 SlIllrnit County 6,490 D Qa -38.36 06-10-83

-39.31 06-15-84
19bca-l Utah State Road Com 1947 48 4 48 0 6,430 D Qa -14.Sr 06-23-47 C
19cac-l J. Jarman 400 16,10 300 PI00-300 6,420 U Je n +3.5 11-15-83 C
20aaa-l Utah sta te Road Com 1969 300 12,8,7 300 Pl85-300 6,311l P Qa -14r 09-19-69
20bcb-l Flinders Mutual 1911l 146 10,8 146 PI05-146 6,350 U Qa -8.77 06-20-84 W

water Co.
20dab-l G. Flinders 1911l 295 10,8,6 2% P170-29O 6,410 U -67.30 06-19-84
21cad-l Flinders Mutual 19 III 410 10,8 240 p14o-240 6,400 U Oa -14.82 06-19-84

water Co.
21cdd-l G. f'l inders 1978 450 10,6 410 PI05-136 6,546 U 'IV -10.78 06-13-84 W

PJ03-410
22cba-l Silver SLIfIllit 1978 520 16,12,10 520 1'50-338 6,520 Qa -5.60 06-13-84 W

Developnent Co.
22cdd-l do. 1978 370 10 2 III P120-211l 6,590 U Jtc -61. 88 06-13-84 W
281:ac-l G. Elinders 1979 446 10,8 446 PI00-446 6,640 U Jtc -57.07 06-19-84
2!lacd-2 C. Long 1977 120 6 113 P8l-111 6,417 D Qa -7.44 06-20-84
29bdc-l McLachlan 1979 no 8 110 a 6,430 D Qa -6.89 06-20-84
29ccc-1 D. OSguthorpe 1947 194 4 32 0 6,490 U Qa -6.48 06-20-84 W
29dcc-l T. Miller 19 III 148 6 148 P140-148 6,450 D Qa -20.76 04-27-83 C

-18.27 06-09-83
29dcc-2 R. Sieverts 1976 152 6 152 a 6,445 D Qa -17 .04 06-20-84 w
3Obbd-l L. Hixson 1940 75 4 75 0 6,460 D Je n -5.31 06-14-84 C,W
30cad-l Silver Springs 1979 500 14,10 365 1'200-285 6,470 D J"fin +38.5 0&-03-83 C

Developnent Co. +38.5 06-22-84
31aao-l /lWS Associates 1983 460 20,16 387 P115-323 6,520 U Qa -30.52 06-20-84 C,L,W
31aac-2 F. Kilgore 6 6,555 -29.75 06-10-83
31bdb-2 J. Bloom 1979 300 8 300 PI00-300 6,650 D Qa -15.88 06-20-84 W
32daa-l A. '!hanson 1979 135 6,5 135 P65-135 6,420 D Je n +1.34 06-20-84 W
33bbd-l L. Strong 1973 147 6 6,440 U Je n -1.47 06-20-84 W
33cac-l 125 6 125 P75-125 6,460 -0.77 04-27-83

-3.03 06-20-84
35dbb-l Genera Rock Product 1981 451 12,10,8 451 6,600 e, -37.90 06-21-1ll C

Co. -46 .06 06-13-84
36aac-3 Bertagnole 1984 1Il5 20 6,600 D 'IV -24.95 07-16-84
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'!able 3.--Records of selected wells.--COritim.ed

_._-_._------ . - -- _._- _._- --- -_.__._----- -- -- - -- ---- _.. _---- ------ ---_.- -._-_.- ----_.._-------_.- ----- _._.- _. --' .. _- -_._ .. - ---_.._--_._._-----_ .. _-
Water level---------

Depth casing Altitude Use of Water- Ab<7Je( +) Other
Year of ------------ of lard water rearing 0< belcw(-) Date data

Location O,mer or user constructed well Dicneter Depth Finish surface in 19111 formation land surface measured available
(feet) (indles) (feet) (feet) (feet)

--- -_._--_.._---_._--- ---------_._~-_.__._-_._------------_._-----_._---------._--~---------_._-_._---,---
(0- 2- 4) 4dcc-1 K. Glrtier 33 24 6,751 0 Qa -22.67 03-15-111 C

Baaa-l Park City 1979 320 14,10 130 PI00-130 6,750 P At -28.66 06-20-114 L,W
9aac-l do. 1948 446 16,12,10,6 446 P300-446 6,760 P RW -0.08 06-22-114 L,W

13ddb-l U.S. Bureau of 19112 63 0.75 60 P20-60 6,300 0 Qa -1.56 06-21-114 W
Reclanation

13ddb-2 do. 19112 555 0.50 555 P355-555 6,300 0 'IV -20.32 06-21-114 W
13ddb-3 do. 19112 623 1 623 P.i1ll-623 6,300 0 'IV -20.64 06-21-114 L,W
24daa-l do. 1979 370 3 250 0 6,277 0 'IV -103.43 06-21-84 W
24ddd-l do. 19!12 249 0.75 249 P25-249 6,388 P Qa -191.76 06-28-84
24ddd-2 do. 19!12 400 1 400 P255-400 6,388 0 'IV -205.87 06-28-84
25aab-l do. 19112 217 0.75 217 P20-217 6,410 0 Qa -79.81 06-28-84
25aab-2 do. 19!12 322 1 322 P2!lH22 6,410 0 Rt -126 .24 06-28-84
25abc-l do. 19112 134 0.75 134 PI00-134 6,545 0 Qa -43 .30r 06-13-111 W
25abc-2 do. 19!12 353 1 350 P240-350 6,545 0 IPw 99.36 06-21-84
251:ac-l do. 19!12 51 0.75 51 0 6,5 !':Wi 0 Qa -40.95 06-21-84
25l:ac-2 do. 19112 451 1 400 P62-400 6,596 0 IPw,lPrv -163.90 06-21-114
36aaa-l do. 19 III 500 18,8 415 5295-415 6,734 0 TPw -252.7r 06-13-84 C

(I>- 2- 5) 6cdb-l San Francisro 1965 265 250 P90-250 6,620 0 'IV -94r 11-20-65 C
Olanical

19bac-l U.S. Bureau of 1981 255 0.50 255 0 6,105 0 Qa +31.2r 07-0~1l2

ReclmMtion
19bac-2 do. 1981 539 2 430 0 6,105 0 'IV +22R 07-0~1l2

19dctrl do. 19!12 478 0.75 478 P460-478 6,234 0 'IV -192.3 06-28-114 W
19dcb-2 do. 19112 600 1 600 PS17-600 6,234 0 Qa -120.25 06-28-114 L,W
29bda-l do. 19112 150 0.75 150 Po-15D 6,054 0 Qa -5.99 06-21-114
29bda-2 do. 19!12 192 1 191 P155-191 6,054 0 !'pC -6.95 06-21-84
30cbc-1 do. 1972 369 3,2 357 S352-357 6,470 0 IPw, Tv -92 .60 06-21-84 L
31aac-l do. 1981 100 0.75 100 P15-100 5,966 0 Qa -10.90 06-2D-ll4 W
31aac-2 do. 1981 383 2 279 P160-279 5,966 0 'IV -24.85 06-2D-84 W
3lada-l H. fIklrris 1956 34 6 5,840 0 Qa -8r ID- -56 C
31baJ:>-1 U.S. Bureau of 19 III 110 1 110 P6D-110 6,210 0 Qa -59.77 06-28-84

Peclanation
3lbba-l do. 19111 322 6,307 0 'IV C
3lbba-2 do. 19 III 67 1 67 P15-65 6,304 0 Qa -31.29 06-28-84
3lbba-3 do. 1983 323 1 322 Pl40-320 6,304 0 'IV -12.59 06-28-114
3lbb1>-l do. 1983 Il4 1 84 P24-84 6,651 0 Qa -65.3r 0~28-111

3lbbb-2 do. 1983 344 1 344 P145-344 6,651 0 JPw -189.0r 0~28-83

3lbb1>-3 do. 19 III 75 1 75 P25-75 6,446 0 Qa -19.1< 06-1D-lll
3lbb1>-4 do. 19111 133 1 133 PI07-133 6,446 0 !'pC -16.8< 06-10-83
3lbbb-5 do. 1983 334 1 334 P251-332 6,446 0 IPw -2.6r 06-1D-83
3lbbc-l do. 19112 354 1 354 Po-354 6,452 0 Ppc,lPw -3.34 06-28-84
3lcda-l do. 19!12 43 1 43 P23-43 5,889 0 Qa,'IV -0.98 06-28-84
31cdb-l do. 1983 20 1 20 PI0-20 5,887 0 Qa -8.45 06-28-84
3lcdb-2 do. 19 III 492 1 492 P92-492 5,887 a 'IV -9.14 06-28-84
3lcM-l do. 1983 37 1 37 P2D-37 5,889 0 Qa,'IV -1.71 06-28-84
31cM-2 do. 1983 69 1 69 P40-69 5,889 0 Qa,'IV -2.68 06-28-84
3lcM-3 do. 1983 30 1 30 P20-30 5,885 0 Qa,'IV +0.37 06-28-114
32bbc-2 L.D.S. Cburch 1950 150 7 0 5,950 0 'IV 12< 03- -50 C

(I>- 3- 5) 61:ab-2 H. Jensen 1958 53 a 5,860 a Rt 9r 12- -58 C

--------------------
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Table 4.--Drillers' lithologic logs of selected wells

Well number: see well-, spring-, tunnel-, and stream-site numbering system.
Thickness: ft, feet.
Depth: Depth to bottom of strata in feet below land surface.

Thick­
ness
(ft)

(D- 1- 3)10aab-l. Log by
J.G. Lee Drilling Co.

Boulders and shale......... 79
Conglomerate••••••••••••••• 91
Limestone•••••••••••••••••• 25
Shale. . . . . . . . . . . . . . . . . . . . .• 16
Limestone•••••••••••••••••• 35
Limestone, shale streaks•• 146
Conglomerate••••••••••••••• 44
Shale. . . . . . . . . . . . . . . . . . . . . .. 5
Shale, red and gravel •••••• 43
Shale, gray and graveL ••• 119
Shale, gray•••••••••••••••• 17
Limestone; water•••••••••• 217

(D-l -3) l3abb-1. Log by
Peterson Brothers
Drilling Co.

Soil, hard•••••••••••••••••• 8
Clay, sand, and gravel,
loose••..••..••••.•••.•••• 19

Sand and gravel, brown••••• 25
Gravel, brown and red•••••• 40
Clay, hard, dark brown•••••• 9
Clay, gravel, and
boulders, very hard••••••• 12

Limestone•••..........••••• 84

(D- 1- 4)16aad-l. Log by
J.S. Lee and Sons.

Soil. . . . . . . . . . . . . . . . . . . . . . .. 3
Clay, brown................. 9
Sand, fine•.•..•••••••.••••• 1
Clay, gray••••••••••••••••• 37
Clay, sandy, brown, and
gravel ..••....•......•.•• 112

Clay, sticky, red•••••••••• 29
Clay and gravel •••••••••••• 19
Clay, sticky, red•••••••••• 10
Clay and sand, red••••••••• 30
Clay, sticky, brown•••••••• 15
Clay and gravel •••••••••••• 15
Clay, red and brown•••••••• 10

Depth
(ft)

79
170
195
211
246
392
436
441
484
603
620
837

8

27
52
92

101

113
197

3
12
13
50

162
191
210
220
250
265
280
290

Thick­
ness
(ft)

(D- 1- 4) 16aad-l. Log by
J.S. Lee and Sons.

Clay and gravel •••••••••••• 10
Clay, sticky, red••••••••••• 8
Gravel and boulders••••••••• 3
Clay, sticky, red••••••••••• 9
Clay and gravel, brown••••• 14

(D- 1- 4) 16aad-l. Log by
J .S. Lee and Sons--Continued

Gravel, same clay••••••••••• 6
Clay, sticky, brown••••••••• 8
Gravel and rock, hard••••••• 7
Clay and gravel, sticky,

bravn. • . . . . . . . . . . . . . . . . . .. 13
Clay, red.................. 22
Clay, bravn•••••••••••••••• 10
Conglomerate. • • • • • • •• • • •• •• 40
Clay, sticky, bravn•••••••• 10
Conglomerate••••••••••••••• 14
Clay and conglomerate,

sandy. • • • • • • • • • • • •• • • • ••• 204

(D- 1 -4) 19bbc-1. Log by
D. Petersen.

Soil ••••••••.•••••.•••••.••• 3
Clay, cobbles, and
boulders••...•••••••••••••• 7

Clay, brown, cobbles
and boulders............... 3

Clay, brown, and boulders.. 38
Clay, cobbles and

boulders••••••••••.••••••• 16
Rock, solid (some water
at 103 feet) •••••••••••••• 36

Limestone, hard•••••••••••• 80

Depth
(ft)

300
308
311
320
334

340
348
355

368
390
400
440
450
464

668

3

10

13
51

67

103
183

61



Table 4.--Drillers' lithologic logs of selected wells.--Continued

Thick­
ness
(ft)

Depth
(ft)

Thick­
ness
(ft)

Depth
(ft)

(D- 2- 4) 9aac-1. Log by
Larry W. Dalton.

2 Lime, hard, quartzite and
shale. . . . . . . . . . . . . . . . . . . . .. 5 365

92 Shale, red, quartzite•••••• 60 425
94 Shale, red, sulfur odor••••• 7 432

140 Shale, red, quartzite,
222 gravel •••••••••••••••••••• 13 445
229 Bedrock, very hard•••••••••• 1 446
342
345 (D- 2- 4)13ddb-3. Log by S. Petersen
383 U.S. Bureau of Reclamation.
460 Al1uviLml 10 10

(D- 1- 4)31aac-1. Log by
Webber Drilling, Inc.

Soil. . . . . . . . . . . . . . . . . . . . . . .. 2
Clay and gravel, redish,
water ••••••••.•••••••••••• 90

Clay and gravel, gray••••••• 2
Clay and gravel, red••••••• 46
Clay and gravel, brown••••• 82
Gravel •.••••..•••••••••.•••• 7
Clay and gravel ••••••••••• 113
Clay, sticky•••••••••••••••• 3
Clay and gravel •••••••••••• 38
Sandstone, broken•••••••••• 77

(D- 2- 4) 8aaa-l. Log by
Daves Drilling

Clay. . . .. . . . . . . . . . . . . . . . . .. 10
Sand and gravel •••••••••••• 30
Clay••••••••••••••..•.••••• 10
Sand and gravel •••••••••••• 10
Clay•••.••.•••.•••••••••••• 10
Sand and gravel •••••••••••• 10
Cobbles.••••.•••••.•..••••• 10
Shale, reddish••••••••••••• 40
Shale, reddish, mixed
with limestone, gray•••••• 50

Limestone, gray, mixed
with shale, reddish••••••• 40

Limestone, gray•••••••••••• 80
Unknown.. • • • • • . • • • • • • • . • • ••• 20

(D- 2- 4) 9aac-l. Log by
Larry W. Dalton.

Sand and gravel ••••••••••••• 5
Sand. . . . • . . • . . . • . . . . . . . . . . .. 4
Clay and gravel •••••••••••• 57
Gravel, loose, sane water... 4
Clay and gravel •••••••••••• 95
Clay, fine gravel, and
quartzite••••••••••••••••• 10

Clay••••••••••••.•••••••.•• 25
Clay and gravel •••••••••••• 10
Gravel, loose, same water ••• 5
Clay and quartzite••••••••• 45
Shale, red••••..••••••.•••• 35
Shale, red, some water ••••• 20
Shale, red, quartzite and
gravel •.•.•••••••••.•••••• 45

Tuff, lapi11i, greenish
gray.........•..•.•.•..... 28

Breccia, 1apilli••••••••••• 31
10 Tuff, 1apilli, gray to
40 reddish-gray•••••••••••••• 11
50 Tuff-breccia, greenish-
6'0 gray. . . . . . . . . . . . . . . . . . . . .. 22
70 Tuff, 1apilli,varigated
80 gray.•.............•....•. 30
90 Tuff-breccia, reddish

130 gray to gray••••••••••••••• 8
Tuff-1apilli, gray to

180 grayish tan••••••••••••••• 21
Tuff-breccia., redish-

220 gray.•..................•. 44
300 Tuff, greenish-gray••••••••• 7
320 Tuff, lapilli, gray to

greenish gray••••••••••••• 58
Tuff, breccia, greenish-
gray to gray•••••••••••••• 91

5 Tuff, lapili, reddish
9 gray to medium gray••••••• 28

66 Tuff-breccia, medium
70 greenish gray••••••••••••• 74

165 Andesite flow, breccia,
medium to dark gray••••••• 53

175 Tuff, lapilli, greenish
200 gray...............•..•..• 40
210 Andesite flow, IOOttled
215 gray and greenish gray•••• 33
260 Tuff, lapilli, greenish
295 gray.....................• 24
315 Andesite flow, mediLml

to dark gray•••••••••••••• 10
360

62

38
69

80

102

132

140

161

205
212

270

361

389

463

516

556

589

613

623



Table 4.--Drillers' lithologic logs of selected wells.--Continued

Thick­
ness
(ft)

(D- 2- 5)l9dcb-2. Log by
G. Eatman, U.S. Bureau of
Reclamation

Clay, sandy, dark brown••••• 2
Sand, brown................. 2
Clay, sandy, brown••••••••• 37
Sand, silty, brown••••••••• 19
Clay, sandy, grayish

brown. . . . . . . . . . . . . . . . . . . .. 41
Gravel, brown••••••••••••••• 9
Sand, silty•••••••••••••••• 10
Gravel, brown to gray••••••• 8
Clay, lean, gray to
light gray••••••••••••••••• 4
dark gray 2

Gravel, brown•••••••••••••• 16
Sand, clayey, brown•••••••• 40
Gravel, gray••••••••••••••• 10
Sand, silty, brown••••••••• 20
Clay, sandy, brown••••••••• 20
Sand, clayey, brown•••••••• 30
Gravel, gray to brown•••••• 40
Sand, clayey, brown•••••••• 10
Sand, silty, brownish

Depth
(ft)

2
4

41
60

101
110
120
128

132
134
150
190
200
220
240
270
310
320

Thick­
ness
(ft)

(D- 2- 5) 30cbc-1. Log by
D. Weskamp, U.S. Bureau of
Reclamation.

Clay, sandy, dark brown•••• 35
Sand, silty, tan•••••••••••• 5
Quartzite, yellow•••••••••• 65
Porphyry, granodiorite,
cream colored••••••••••••• 35

Quartzite, hard, reddish-
brQVl1. • • • • • • • • • • • • • • • • • • •• 78

Porphyry, granodiorite,
light gray to cream
colored•.••••••••.•••••••• 47

Quartzite, light gray to
dark reddish-brown••••••• 104

Depth
(ft)

35
40

105

140

218

265

369

gray.••....•...•........... 1 321
Gravel, brown to gray••••••• 9 330
Sand, clayey, grayish

brown••..•..•••••.•..••••• 40 370
Gravel, brown to gray•••••• 10 380
Sand, silty, brown••••••••• 30 410
Sand, light brown•••••••••• 10 420
Gravel, brown to gray•••••• 11 431
Sand, clayey, brown••••••••• 9 440
Gravel, gray to brown•••••• 12 452
Clay, sandy, brown•••••••••• 4 456
Gravel, brown to gray•••••• 14 470
Sand, silty, light brown•••• 6 476
Gravel with cobbles•••••••• 12 488
Andesite flow, gray••••••• 112 600
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Table 5.-- Water levels in selected observation wells

well mmber: see well-, spring-, tunnel-, and stream-site numbering system.
Altitude of lam surface: See table 3.
Water levels: In feet above (+) or tel"" (-) land surface; r, reper ted t¥ U. s. Bureau of Reclamation.

(D- 1- 3) 3ddb-l

Sept 30, 1983 -8.33 Jan 20, 1984 -7.52 Mar 28, 1984 -6.87 May 24, 1984 -3.08
Nov 1, 1983 -8.17 Feb 27, 1984 -8.00 Apr 26, 1984 +1.63 June 15, 1984 -3.45

(D- 1- 3) llca&-l

June 23, 1983 -54.79 Aug 26, 1983 -72.57 Noll 1, 1983 -75.34 May 24, 1984 -49.21
July 27, 1983 -67.62 sept 29, 1983 -76.12 Apr 24, 1984 -48.07 June 15, 1984 -50.51

(D- 1- 3) 11dbc-l

June 23, 1983 -28.98 Aug 26, 1983 -37.20 Noll 1, 1983 -35.24 May 24, 1984 -26.92
June 27, 1983 -32.26 sept 29, 1983 -34.62 Apr 24, 1984 -29.75 June 14, 1984 -27.23

(D- 1- 3)24dda-l

Aug 12, 1983 -21.06 Noll 14, 1983 -22.96 Mar 28, 1984 -20.00 June 20, 1984 -19.15
Sept 29, 1983 -22.00 Jan 18, 1984 -21.25 Apr 24, 1984 -18.75

(D- 1- 3) 25ddc-l

June 28, 1983 -9.04 Noll 2, 1983 -10.65 June 14, 1984 -6.38
Sept 29, 1983 -10.21 Jan 31, 1984 -9.84

(D- 1- 3) 36cac-l

July 26, 1983 -26.46 sept 29, 1983 -24.01 June 20, 1984 -15.22
Aug 26, 1983 -19.66 Nov 2, 1983 -21.21

(D- 1- 4) 4caa-l

Aug 26, 1983 -41.09 Noll 1, 1983 -44.75
Oct 3, 1983 -43.84 June 11, 1984 -27.37

(D- 1- 4) 4cc&-1

Sept 29, 1983 -16.95 Jan 12, 1984 -13 .58 Mar 27, 1984 -10.98 May 24, 1984 -10.45
Nov 1, 1983 -16.72 Feb 24, 1984 -13 .40 Apr 24, 1984 -10.07 June 11, 1984 -10.41

(D- 1- 4) 18ccc-2

June 21, 1983 -75.23 sept 30, 1983 -81.75 Jan 18, 1984 -83 .24 Apr 24, 1984 -72.72
July 27, 1983 -78.59 Nov 18, 1983 -83.07 Feb 24, 1984 -83 .38 May 24, 1984 -71.36
Aug 26, 1983 -00.29 Dec 21, 1983 -83.12 Mar 27, 1984 -00 .14 June 20, 1984 -72.79

(D- 1- 4)19bbc-l

June 28, 1983 -56.48 sept 30, 1983 -63.90 Jan 18, 1984 -64.40 Apr 24, 1984 -55.57
July 27, 1983 -60.55 Nov 1, 1983 -64.30 Feb 24, 1984 -64.54 May 24, 1984 -54.99
Aug 26, 1983 -62.82 Noll 18, 1983 -64.44 Mar 27, 1984 -63.96 June 15, 1984 -55.94

(D- 1- 4)20bcb-l

June 10, 1983 -8.75 Sept 29, 1983 -8.90 Jan 20, 1984 -8.84 May 24, 1984 -9.23
July 27, 1983 -8.30 Nov 1, 1983 -8.59 Mar 27, 1984 -7.79 June 20, 1984 -8.77
Aug 26, 1983 -8.40 Dec 21, 1983 -8.54 Apr 24, 1984 -7.34

(D- 1- 4) 2lcd&-1

June 21, 1983 -14.24 Sept 29, 1983 -25.10 Mar 28, 1984 -32.14 June 13, 1984 -10.78
July 27, 1983 -19.18 Nov 1, 1983 -27.22 Apr 24, 1984 -14.58
Aug 26, 1983 -22.63 Jan 12, 1984 -30.26 May 24, 1984 -8.51

(D- 1- 4)22cba-l

Jan 18, 1984 -7.81 Mar 28, 1984 -8.12 May 24, 1984 -4.18
Feb 24, 1984 -8.01 Apr 24, 1984 -4.05 June 13, 1984 -5.60

(D- 1- 4)22cd&-1

June 28, 1983 -68.06 sept 29, 1983 -74.70 Feb 24, 1984 -78.62 May 24, 1984 -60.20
July 27, 1983 -70.67 Nov 1, 1983 -76.13 Mar 28, 1984 -77.75 June 13, 1984 -61.88
Aug 26, 1983 -72.83 Jan 18, 1984 -77 .90 Apr 24, 1984 -61.66

(D- 1- 4)29ccc-l

Apr 26, 1983 -9.72 May 10, 1983 -8.00 Aug 26, 1983 -14.22 Feb 24, 1984 -22.20
Apr 28, 1983 -9.49 May 13, 1983 -7.68 sept 29, 1983 -19.78 Mar 27, 1984 -23.31
May 3, 1983 -8.85 May 27, 1983 -1.30 Noll 2, 1983 -18.58 Apr 26, 1984 -8.36
May 5, 1983 -8.62 June 9, 1983 -3.62 Dec 21, 1983 -22.37 May 25, 1984 -7.00
May 9, 1983 -8.12 July 27, 1983 -8.14 Jan 20, 1984 -19.91 June 20, 1984 -6.48
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Table 5.-- water levels in selected observation welle--COntinlEd

(I)- 1- 4)29dcc-2

Apr 26, 1911l -18.21 July 27, 19ID -24.46 Dec 21, 19ID -21.16 Apr 26, 1984 -17.22
Apr 28, 19ID -18.00 Aug 26,19ID -19.95 Jan 20, 1984 -20 .15 May 25, 1984 -16.31
May 9, 19ID -16.48 sept 29, 19ID -21.48 Feb 27, 1984 -21.53 June 20, 1984 -17 .04
June 9, 1983 -22.51 Nov 2, 1983 -21.68 Mar 28, 1984 -20 .84

(I)- 1- 4)30bbd--l

NoJ 14, 1983 -8.49 Feb 27, 1984 -j).71 Apr 25, 1984 -2.64
Jan 16, 1984 -j).!l7 Mar 27, 1984 -5.26 June 14, 1984 -5.31

(I)- 1- 4)31aac-1

May 27, 1983 -26.99 sept 29, 1983 -36.36 Jan 20, 1984 -37.88 Apr 26, 1984 -33.07
July 27, 1983 -31.39 Nov 2, 1983 -37.14 Feb 24, 1984 -37.57 May 25, 1984 -31.45
Aug 26,1983 -36.12 Dec 21, 1983 -37.67 Mar 27, 1984 -37.82 June 20, 1984 -30.52

(I)- 1- 4)31bdb-2

Apr 28, 1983 -15.47 Nov 2, 1983 -21.90 Apr 26, 1984 -12.43
July 27, 1983 -19.22 Dec 21, 1983 -21.02 June 20, 1984 -15.88

(I)- 1- 4) 32daa-1

Apr 27, 1983 +2.10 Aug 26, 1983 -0.25 Jan 18, 1984 +0.63 Apr 24, 1984 +2.57
May 5, 1983 +2.10 Oct 3, 1983 -0.91 Feb 27, 1984 -0.40 May 25, 1984 +1.65
June 9, 1983 +1.49 Nov 2, 1983 -1.23 Mar 27, 1984 +2.01 June 20, 1984 +1.34

(I)- 1- 4)33bbd--1

Apr 27, 1983 +0.02 NoJ 2, 1983 -2.08 Mar 27, 1984 +2.45 June 20, 1984 -1.47
May 5, 1983 +0.09 Jan 18, 1984 -1.48 Apr 24, 1984 +3.07
Sept 29, 1983 -2.00 Feb 27, 1984 -1.56 May 25, 1984 -0.97

(I)- 2- 4) Baaa-1

July 26, 1983 -29.23 Dec 21, 1983 -31.03 Mar 28, 1984 -31.08 June 20, 1984 -28.66
Sept 30, 1983 -29.52 Jan 20, 1984 -31.71 Apr 26, 1984 -30.35
Nw 2, 1983 -29.67 Feb 27, 1984 -31.88 May 25, 1984 -30.62

(I)- 2- 4) 9aac-1

July 26, 19ID -8.30 Dec 21, 1983 -17 .23 Mar 28, 1984 -1.80 June 22, 1984 +0.08
sept 30, 1983 -10.16 Jan 20, 1984 -16.85 Apr 26, 1984 +5 .75
Nw 2, 1983 -13 .54 Feb 27, 1984 -15.03 May 25, 1984 +0.82

(I)- 2- 4)13ddb-1

Aug 12, 1982 -5.75r Nw 15, 1982 -7.35r June 21, 1984 -1.56
Oct 7, 1982 -j) .25r Dec 17, 1982 -8.05r

(I)- 2- 4) 13ddb-2

Aug 12, 1982 -15.5r Nw 15, 1982 -15.75r June 21, 1984 -20.32
Oct 7, 1982 -15.45r Dec 17, 1982 -16.05 r

(I)- 2- 4) 13ddb-3

Aug 12, 1982 -26.6 r NoJ 15, 1982 -27.15r June 21, 1984 -20.64
Oct 7, 1982 -28.35r Dec 17, 1982 -27.75r

(I)- 2- 4)24daa-1

Mar 12, 1979 -105.0r July 14, 19B1 -105.5r Dec 15, 19B1 -105.3r Apr 29, 1982 -104.4r
May 1, 1979 -104.5r July 28, 19B1 -105.6r Jan 20, 1981 -105.4r June 10, 1982 -104.35 r
May 18, 1979 -105.2r Aug 15, 19B1 -126.4r Feb 23, 1981 -105.3r July 9, 1982 -104.55r
June 21, 1979 -108.4r Aug 28, 19B1 -105.6r Feb 25, 1981 -105.3r Aug 12, 1982 -104.95r
July 31, 1979 -105.7 r sept 15, 19B1 -105.4r Apr 20, 1981 -105.2r Nov 15, 1982 -103.45r
sept 11, 1979 -10S.8r Oct 6, 19B1 -10S.4r July 14, 1981 -105.6r June 21, 1984 -103.43
JlU1e 13, 19B1 -10S.0r Oct 22, 19B1 -105.4r Aug 25, 1981. -105.7 r
June 30, 19B1 -105.3r Nov 17, 19B1 -105.5r Oct 20, 1981 -105.3 r

(I)- 2- 4) 25abc-1

July 8, 1982 -96.7r Dec 13, 1982 -99.7 r Apr 11, 1983 -j)7.9r N<>I 28, 1983 -92.9r
Aug 12, 1982 -96 .9r Dec 21, 1982 -99.9r May 13, 1983 -43.3r Dec 5, 1911l -92 .9r
Sept 21, 1982 -99.4r Jan 6, 1911l -101.7r June 13, 1983 -43.3 r Jan 9, 1984 -96.5 r
Oct 1, 1982 -94.6 r Jan 11, 1983 -101.95r July 13, 1983 -74.5r Jan 16, 1984 -96.8r
Oct 7, 1982 -99.0r Jan 24, 1911l -101.5r Aug 17, 1983 -Bl.Or Jan 23, 1984 -97 .3r
Oct 14, 1982 -99.6 r Feb 4, 1983 -101.3r sept 15, 1983 -82 .6r Jan 29, 1984 -97.4 r
Oct 26, 1982 -99.7 r Feb 17, 1983 -100.45r Oct 13, 1983 -84.5 r May 15, 1984 -24.8r
Nov 5, 1982 -100.5r Feb 25, 1983 -100.05r Oct 17, 1983 -ffi .Or May 30, 1984 -74.3 r
Nw 9, 1982 -99.0r Mar 10, 1983 -80 .05r Oct 24, 1983 -ffi.6r June 13, 1984 -76.0r
Nov 15, 1982 -100.lr Mar 15, 1983 -23.1r Nov 7, 1983 -ffi .6r July 10, 1984 - Bl.1 r
Nw 22, 1982 -99.3 r Mar 22, 1983 -23.2r NoJ 14, 1983 - 88.3 r
Dec 8, 1982 -99.95r Mar 29, 1983 -21.1r Nov 21, 1983 -91.5 r

(I)- 2- 5) 19dcb-1

June II, 1982 -211.2 r Oct 7, 1982 -203.2r May 24, 1983 -169.5 r June 28, 1984 -192.3
July 8, 1982 -210.1r Nov 12, 1982 -206 .8r June 8, 1983 -160.5r Oct 11, 1984 -201.2 r
Aug 14, 1982 -208.3 r Jan 24, 1983 -208.2 r Oct 17, 1983 -74.0r Jan 23, 19ffi -201r
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'Dible 5.-- water levels in selected observation wells--Q:mtinued

(D- 2- 5) 19dclr2

Apr 29, 19R2 -214.3 r Oct 7, 19R2 -204.Sr June 8, 1983 -l72.Sr Jan 3, 1985 -127.3r
June 11, 19R2 -210.9r NOIT 12, 19R2 -204.9r Oct 17, 1983 -112.1r Jan 23, 1985 -127.5r
July S, 19R2 -210.6r Jan 24, 1983 -205.5 r June 28, 1984 -120.25 Feb 7, 1985 -127.9r
Aug 14, 19R2 -210.5r May 24, 1983 -172 .1r Oct 11, 1984 -122.Sr Apr 9, 1985 -12S. Sr

(D- 2- 5)31aac-l

Jan 27, 1981 -3.5r NOlI 11, 19R2 -11.5r Apr 26, 1983 --{) .Sr sept 26, 1983 -12.1r
Feb 23, 1981 -12.7r Nov 16, 19R2 -11.3r May 4, 1983 -S.6r Oct 3, 1983 -11.9r
Feb 27, 1981 -13.6 r NOlI 22, 19R2 -10.6 r May 9, 1984 -5.9r Oct 11, 1983 -ll.Sr
Mar 5, 1981 -14.1r NOIT 29, 19R2 -11.45r May 16, 1983 -9.0r Oct 17, 1983 -12.0r
Mar 9, 1981 -14.2r ~c S, 19R2 -11.6r May 23, 1983 -9.4r Oct 24, 1983 -11.6 r
Mar 16, 1981 -14.3r ~ 13, 19R2 -11.6r May 31, 1983 -9.6r NOIT 7, 1983 -12.0r
Mar 23, 1981 -14.3r ~c 21, 19R2 -11.45r June 6, 19B3 -10.lr NO\T 14, 1983 -11.7r
Mar 25, 1981 -14.1r Jan 6, 1983 -12.55 r June 13, 1983 -10.lr Nov 21, 19B3 -11.6 r
July 14, 1981 -15.9r Jan 11, 1983 -12.6 r June 27, 1983 -10.Sr ~c 5, 1983 -11.1r
Aug 25, 1981 -16.3 r Jan IS, 1983 -12.7r July 5, 1983 -11.1r Jan 2, 1984 -10.7 r
Oct 26, 1981 -15.7r Jan 25, 1983 -13 .05r July 11, 1983 -11.4r Jan 9, 1984 -12.6r
Apr 29, 19R2 -12.0r Feb 3, 1983 -12.95r July IS, 1983 -11.6 r Jan 16, 1984 -12.6 r
June 10, 19R2 -13.5r Feb S, 1983 -13.1r July 25, 1983 -11.4r Jan 23, 1984 -12.6 r
July S, 19R2 -14.4r Feb 17, 1983 -l1.85r Aug 1, 1983 -11.5r Jan 29, 1984 -12.7r
Aug 13, 19R2 -14.4r Feb 25, 1983 -10.3 r Aug S, 1983 -11.7r May 15, 1984 -10.6 r
sept 21, 19R2 -13.6r Mar 10, 1983 -9.0r Aug 15, 19B3 -11.7r May 30, 1984 -10.2r
Oct 1, 19R2 -11.6 r Mar 15, 1983 -S.7r Aug 22, 1983 -11.6 r June 13, 1984 -10.4r
Oct 6, 19R2 -12.0r Mar 22, 19B3 -9.4r Aug 29, 19B3 -12.0r June 20, 1984 -10.90
Oct 12, 19R2 -12.0r Mar 29, 1983 -9.25r sept 6, 1983 -11. 85 r June 27, 1984 -10.9r
Oct 25, 19R2 -12.6 r Apr 7, 1983 -9.2r sept 12, 19B3 -12.0r July 10, 1984 -11.2r
NO\T 4, 19R2 -12.5 r Apr 21, 1983 -9.4r sept 19, 1983 -13 .1r

(D- 2- 5)31aac-2

Jan 27, 1981 -24.5 r NOlI 9, 19R2 -27.Sr Apr 26, 1983 -22.7 r sept 26, 1983 .-26.0r
Feb 23, 1981 -25.9r Nov 16, 19R2 -2S.1r May 4, 1983 -23.2r Oct 3, 1983 -26.2 r
Feb 27, 1981 -25.7r NO\T 22, 19R2 -27.Sr May 9, 19B3 -21.7r Oct 11, 1983 -26.6 r
Mar 5, 1981 -25.2r Nov 29, 19R2 -26.7r May 16, 19B3 -21.9r Oct 17, 1983 -27.1r
Mar 9, 1981 -24.9r ~c S, 19R2 -27.0r May 23, 1983 -22.3r Oct 24, 1983 -27.7r
Mar 16, 1981 -25.2r ~c 13, 19R2 -27.01r May 31, 19B3 -21.5r Nov 7, 1983 -27.Sr
Mar 23, 1981 -25.5 r ~c 21, 19R2 -27.15r June 6, 19B3 -21.0r NOlI 14, 1983 -27.7r
Mar 25, 1981 -25.2r Jan 6, 19B3 -2S.3r June 13, 1983 -21.0r Nov 21, 19B3 -27.5 r
July 14, 1981 -25.3r Jan 11, 1983 -2B.3 r June 27, 1983 -23.4r ~c 5, 1983 -26.Br
Aug 25, 1981 -27.3r Jan IB, 1983 -2B.lr July 5, 19B3 -23.Br Jan 2, 1984 -26.5 r
Oct 26, 1981 -2B.9r Jan 25, 1983 -2B.2r July 11, 1983 -24.5 r Jan 9, 1984 -2B.3 r
Apr 29, 19R2 -23.1r Feb 3, 1983 -2B.25r July IB, 1983 -25.1r Jan 16, 1984 -2S.3r
June 10, 19R2 -23.6 r Feb B, 1983 -2B.25r July 25, 1983 -25.2r Jan 23, 1984 -2S.6 r
July S, 19R2 -24.7r Feb 17, 1983 -27.15r Aug 1, 1983 -25.6r Jan 29, 1984 -2B.9r
Aug 13, 19R2 -26.7r Feb 25, 1983 -26.6r Aug B, 1983 -26.0r May 15, 1984 -26.Sr
Sept 21, 19R2 -26.Br Mar 10, 1983 -24.4r Aug 15, 1983 -26.0r May 30, 1984 -24.3r
Oct 1, 19R2 -25.2r Mar 15, 19B3 -23.2r Aug 22, 1983 -25.6r June 13, 1984 -24.9r
Oct 6, 19R2 -25.4r Mar 22, 1983 -22.55r Aug 29, 19B3 -26.4r June 20, 1984 -24.85
Oct 12, 19R2 -26.1r Mar 29, 1983 -22.75r sept 6, 1983 -26.2 r June 27, 1984 -24.9r
oct 25, 19R2 -27.5r Apr 7, 1983 -22.5r sept 12, 1983 -25.Br July 10, 1984 -25.4 r
NOlI 11, 19R2 -2B.5r Apr 21, 1983 -22.Br sept 19, 1983 -26.0r
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Table 6.--Results of aquifer tests

Well number: see well-, spring-, tunnel-, and stream-site numbering system.

Primary
Observation geologic unit storage

Pt.m\ped well well tested Transmissivity coefficient
(feet squared

{:'er day)

(D- 1- 3) 13abb-l (D- 1- 3) 13abb-l Thaynes Formation 7,400

(D- 1- 4)19cac-1 (D- 1- 4)l9cac-l Nugget Sandstone 200

30cad-l 30cad-l do. 300

31aac-l 31aac-l Unconsolidated valley fill 20

36aac-3 36aac-3 Extrusive igneous rocks 3

(D- 2- 4) 8aaa-1 (Ir 2- 4) 8aaa-l 'Ihaynes Fonnation 2,400

9aac-l 9aac-l Woodside Shale 140

0"1 24acal 24aca Weber Quartzite 1,060"-.l

24aca2 24aca do. 910

24aca3 24aca Doughnut and Humbug 130 0.013
Fonnations, and Deseret
Lirrestone of
Mississippian age

24aca4 24aca Fault (Silver fissure) 780 0.013

Method of
analysis or
reference

straight-line method
(Lohman, 1972, p. 23)

do.

do.

do.

do.

do.

do.

'Iheis nonleaky-tY{:'e curve
(analysis by UINTEX, Corp. 1984)

do.

do.

United Park City Mine Co.
(analysis by Williams

Brothers Engineering Co.)

36aaa-l

(D- 2- 5)3lbba-l

(Ir 2- 5)31bbb-2

3lbba-3

Weber Quartzite

Extrusive igneous Rocks

360

73

0.007

0.0004

'Iheis nonleaky-tY{:'e curve
(analysis by UINI'EX, Corp. 1984)

do.

1Test conducted inside Q1tario No. 2 Tunnel; drawdown in West End Shaft, June-July 1949.
~st conducted inside Ontario No.2 Tunnel; water-level recovery in West End Shaft, April 1950-August 1951.
3Test conducted inside Q1tario No. 2 Tunnel; water-level recovery in CA1tario No. 3 Shaft after cessation of Pl.U1lping

in the CA1tario NO. 6 Shaft, April-November 1982.
4Test conducted inside Ontario No. 2 Tunnel; tested Silver Fissure for feasability of dewatering, December 1977-January 1978.



Table 7.--Records of selected springs and tunnels

Location: See well-, spring-, tunnel-, and stream-site nurrtJering system.
Source of water: Geologic unit thought to be the primary source of the water--Qa, unconsolida ted valley fill; Tv, intrusive

and extrusive igneous rocks; Kf, Frontier Formation; Jtc, Twin Creek Limestone; JR n, Nugget sandstone; lit, '!haynes Formation;
li w, Woodside Shale; IPw, Weber Quartzite.

Discharge: r, reported; e, estimated.
Specific conductance: r, reported
Temrerature: r, reported
other data available: C, chemical analyses (table 14).

Altitude Specific other
of land Source conductance data

Location Name surface of water Date Discharge (rnicrosienens per TEmperature available
(feet) (gallons centimeter at (0 Celsius)

per minute) 25 0 Celsius)

SPRIN:;S

(A- 1- 3) 28ddd-Sl 6,640 Kf 08-30-83 2.5 570 11.5 C
34cbd-Sl 6,560 Kf 00-29-83 2.3 740 10.0 C
35bbb-Sl 6,400 Kf 00-29-83 3.2 780 18.0 C

(D- 1- 3) 14bcd-Sl Twomile Spr ing 6,840 lit 05-28-63 350
06-23-83 400 430 7.0 C

36aad-Sl Silver Spr ings 6,740 Jtc 06- -68 1,300e 11.0
07-28-83 1,680 330 6.0 C

(D- 1- 4) 8bbd-Sl 6,620 Tv 00-25-83 3.0 570 14.0 C
30bbb-Sl 6,520 Jlin 08-22-83 14.0 500 10.0 C
30bbc-Sl 6,460 Jli n 00-16-83 .5 185 9.5 C
30bca-Sl 6,470 Jli n 11-16-83 18
31bcb-Sl 6,680 Jlin 06-14-83 70e 375 7.0 C
33aab-Sl 6,790 Qa 06- -68 50e 21.0

08-23-83 44 610 15.0 C
33bbd-Sl 6,440 Jlin 08-29-83 10 600 11.5 C
34dcd-Sl 6,760 Tv 06- -68 350e 12.0

08-23-83 45 550 18.0 C
35aca-Sl HOlre r Spr ing 6,600 Tv 09- -67 6e 13.0

07-18-83 8.0 395 11.5 C
35cad-Sl 6,610 Qa 08-14-83 13 1,160 15.0 C

(D- 2- 4) 2aac-Sl 6,600 Qa 08-23-83 72 1,750 20.0 C
4dca-Sl Dority Spring 6,740 lit 09-13-67 700e 690 8.0 C

08-22-83 1,030 720 9.5 C
11- 3-83 540e

5cdd-Sl Stahl Spr ing 6,820 lit 09-01-83 10 420 9.0 C
8cab-Sl Sullivan Spring 6,990 lit 09-09-82 1,100 370 6.0 C

06-02-83 5,800 310 5.5 C
08-22-83 1,300 315 5.5 C

8dab-Sl Ther iot Spr ing 6,840 lit 01-27-75 410
08-20-81 300
07-29-83 2,800 370 5.5 C
10-27-83 840

9cbb-Sl 6,805 Qa 06-19-63 280 C
22abc-Sl 7,340 IPw 06- -68 100e 12.0

08-22-83 45e 215 H.O C
23cbc-Sl 7,440 liw 09-15-83 5 530 8.0 C
24adb-Sl 6,200 Qa 09-15-83 90 970 11.0 C

(D- 2- 5) 5ccd-Sl 6,550 Tv 09-13-67 200e 350 14.0 C
6cca-Sl 6,630 Tv 08-31-83 3e 420 13.0 C

17bca-Sl 6,200 Qa 09- -67 10e 11.0
08-31-83 3e 380 14.5 C

17cda-Sl 6,250 Jli n 09- -67 250e 12.0
08-31-83 15 560 20.0 C

21ccd-Sl 6,440 Tv 09-15-83 9 1,360 15.0 C
29cad-Sl 6,040 Tv 09-13-67 4 1,250 14.0 C

09-15-63 4 1,360 19.0 c
33ada-Sl Berg Spring 6,080 lit 02-24-84 1,600 370 15.5 C

'IUNNELS

(D- 2- 4) 8dba Spi ro Tunnel 6,888 IPw 08-03-79 4,000 870 9.5 C
(at weir) 05-14-80 4,100 830 9.0 C

02-25-83 2,600 1,000 8.5 C
8dbd Spiro Tunnel 6,922 IPw 03-02-71 990r

(west drift) 02-15-74 950r
02-22-79 820r
02-24-83 1,450 830 9.0 C

21cdc Judge/Anchor 7,640 lPw 03-08-74 410r
Tunnel 05-11-81 320r

11-17-81 335r 5.5r
05-22-84 1,450r

21cdc Alliance Tt.u1nel 6,320 lPw 03-08-74 500r
05-11-81 100e 520

24aca Q1tar io No. 2 6,286 lPw 08-15-67 550 9.0
Tunnel 02-15-83 5,400 910 10.0 C

24cad McCune Tunne1 6,378 05-03-79 860r 10.Sr
09-09-83 22 790 10.5 C
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Table 8.--Sunrnary of estimated recharge to unoonsolidated valley fill,
in acre-feet ~r year

Precipitation and unoonsuned irrigation water
East canyon and Silver Creek drainages ••••••••••••••••••••••••••••••5,200
Drain Tunnel Creek and Provo River flood plain ••••••••••••••••••••••2,000

Leakage fram consolidated rocks ••••••••••••••••••••••••••••••••••••••••6,400

see};S.ge fran strecuns •••••••••••••••••••••••••••••••••••••••••••••••••••1,000

'Ibtal (rounded) .•.•..•..•.•...•.•.••....•.•••••.••...•..•••.•.••15,400

Table 9.--Sunrnary of estimated disdlarge fran unoonsolidated valley fill,
in acre-feet ~r year

B1apotranspi ra tion
East canyon and Silver Creek drainages •••••••••••••••••••••••••••••••1,300
Drain Tunnel Creek drainage and flood plain of Provo River •••••••••••1,300

Seepage to streams
East canyon and Silver Creek drainages ••••••••••••••••••••••••••••••10,300
Drain Tunnel creek •••••••••••••••••••••••••••••..••••••••••••••••••••2,500

We1.1s •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••1 00

IJ:'otal (rounced) ......••.•.••••.....•...•••.••....•..•••...•••••.•..•15,500
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Table 10.--Sumnary of estimated recharge to oonsolidated rocks,
in acr~feet per year

Precipitation and stream infiltration •••••••••••••••••••••••••••••••••31,000

Subsurface inflow fram adjoining areas ••••••••••••••••••••••••••••••••15,000

'I'c>tal •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 46 , 000

'!able 11.--Sumnary of estimated discharge fram oonsolidated rocks,
in acr~feet per year

Springs
Lower areas ••••••••••••••••••.•••.•••••••••••••••••••••••••••••••••13,000
Higher areas ••••••••••••••••••••••••••••••••••••••••••••••••••••••••6,000
Small unmeasured springs ••••••••••••••••••••••••••••••••••••••••••••1,000

Drain tunnels •••••••••••••••••••••••••••••••••••••••••••••••••••••••••19,700

Leakage to unoonsolidated valley fill ••••••••••••••••••••••••••••••••••6,400

Wel.l s 300

'Ibtal (roUIlCied) ••••••••••••••••••••••••••••••••••••••••••••••••••••46, 000
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Table l2.--Selected standards and recommended limits for constituents and
pl¥sical properties of water

[mg/L, milligrams per liter; flg/L, micrograms per liter]
------_._----------_._-----_._----_._--_._--------_.- - '---

Consti tuent State State
or pl¥sical primary drinking- sea:mdary drinking-
property water standardl water standardl

u.s. Em irorunental
Protection Agency
recommended limit2

Alkalinity

'Ibtal
arsenic

'Ibtal
boron

'Ibtal
cadmiLml

'Ibtal
chloride

'Ibtal
iron

'Ibtal
lead

'Ibtal
manganese

50 flg/L

10 Ilg/L

50 flg/L

250 mg/L

300 flg/L

20 mg/L or more as calciLml
carronate for freshwate~

aquatic life

100 Ilg/L for iiiigation of
crops

750 flg/L for long-term
irrigation of sensitive crops

0.4-1.2 flg/L for
cladocerns and salmonid fishes
4.0-1.2 fl9/L for other
less sensitive cquatic life.
(smaller values are for water
with harness of less than 75
mg/L and water with hardness of
more than 75 mg/L)

1,000 flg/L for freshwater­
aqua tic 1 ife

'Ibtal
nitrate
as (N)

pH

._------------
10 mg/L

6.5-8.5
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'rable 12.--Selected standards and recommended limits for constituents and
pl1!sical pro};erties of water--Continued

------ --_._-_._._---._----_._.__._--- ._._._-_.__._._--_._._._------_._._-_.- _..

Constituent State State
or P1ysical primary drink~ng- secondary drinl$ing-
pro};erty water standar&- water standar&-

u.s. Emironmental
Protection Ageno/?

recommended limi t'"'

Total
sulfate

1,000 mg/L 250 mg/L

._-------
5 mg/L

._------

'I'Otal 2,000 mg/L
dissolved
solids

Total
zinc

----_._---_._--------_._-- -----
500 mg/L

lUtah Division of Emironmental Health, Bureau of Public Water Supplies, 1984,
state of Utah Public Drinking Water Regulations: Salt Lake City, 250 p.

2u.s. Emironmental Protection Agency, 1977, Quality criteria for water, 1976:
washington, D.C., 256 p.
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Table 13.--QlEroical analyses uf selected water samples fran the drainage ffisins of

Site No.: Refers to nllTlDer assigned to the surface--water sites on plate 2.
Streamflcw, instantaneous: ft3/s, cubic feet ~r second.
'fi!n~rature: DEI; C, degrees Celsius
S[.X'!cific COnductance: MicrosiBTIens fer CEntimeters at 25 0 CElsius.

SI'lli
NO.

STREIII+-
FLCM,

INSTI\N­
TANEalS
(F-r3/S)

'lliMPE&­
A'lURE

(DEB C)

SPE,~

CIFIC
CDtr
OOCI~

ANCE
Hi

(UNITS)

HARD­
NESS
(r-t;/L
AS

<.ACD3)

HAIID­
NESS,

NONCA&­
BONA~E

("li/L
CACD3)

PLKl'r
LlNITY

FIFLD
(r-t;/L
AS

CACD3)

PLKl'r
LlNITY

LAB
(r-t;/I,
AS

CA(3)

CALCIUM
DI&­
EUNED
("li/L
AS CA)

MJIGN&­
SIUM,
DI&­

SCLVED
("li/L

AS ffi)

ffiDIUM,
DI&­

SCLVED
("li/L

AS NA)

IDTA&­
SIUM,
DI&­

SCLVED
("li/L

AS K)

CHLO­

RIDE,
DI&­
SCLVED
("li/L
AS <L)

East canyon Creek resin

10

14

17

21

22

23

27

28

29

0&-03-79
02-26-00
04-03-80
05-14-00
0&-13-80

06-01-lll
0&-05-lll

0&-05-lll

06-02-lll

0&-03-79
05-14- 00
0&-13-80

0&-03-79
02-26-00
04-03-80
05-14-00
0&-13-00

06-03-lll
0&-05-lll

0&-03-79
05-14-80

0&-03-79
05-14-80

05-03-lll
06-01-lll
0&-05-lll

0&-03-79
10-26-79
02-26-80
04-03-00
05-14-00
0&-13-00

05>-05>-82
06-03-lll
0&-05-83

0&-03-79
05-14-80

05-04-83
0&-04-83

05-24-83
0&-04- 83

05-26-lll
0&-04-lll

7.0
9.0
7.5

25
11.9

44.5
0.34

0.23

36.9

0.25
9.8
0.1

6.0
19
1.6
42

8.1.

21.9
0.8

1.5
1.0

2.0
26

6.31.
24.7

3.81

8.0
16
20
21.
88
13 .3

0.46
27.8
1.ffi

1.0
1.4

7.9
0.3

25.9
1.27

322
46.1

13 .5
4.5
5.0

10.0
17.0

14.5

1.6.5

5.0

1.6.0
8.0

21..0

12 .5
0.0
0.5
7.0

23.0

8.0
14.0

1.2.5
8.0

1l.5
8.0

7.0
7.0

10.5

13 .0
10.0
0.5
0.5
5.0

24.0

15.0
9.0

12.5

12.5
4.5

11..0
17 .0

10.0
16.0

17 .0

720
000
820
560
750

150
300

310

100

1.,130
360
920

700
740
750
530
670

260
420

680
660

590
350

570
400
560

660
700
750
750
475
620

850
475
760

ffiO
575

390
730

320
540

460
620

7.9 390
8.3 470
8.4 440
8.1 290
8.1 410

7.7 69
7.4 140

7.7 150

7.7 48

7.9 430
8.0 130
8.3 360

8.2 360
8.2 430
8.2 390
8.1 270
8.5 350

7.9 130
8.3 210

7.9 360
7.9 320

8.2 310
8.2 150

8.2 230
7.9 230
8.0 260

8.2 350
8.5 350
8.3 390
8.2 350
8.2 230
8.7 300

8.0 350
8.2 190
7.3 310

8.2 370
8.2 240

8.0 170
8.3 300

7.8 140
8.4 270

8.3 170
8.1 290

240
320
300
150
260

230
19

210

170
260
230
130
180

10
23

190
190

110
27

25
12
29

140
180
200
170

88
130

150
23
00

160
69

2
13

31
89

150
150
140
140
150

200
110
150

190
170
160
140
170

170
130

200
120

210
170
190
180
140
170

210
170

73
150

150

49

120
190

200
220
240

200
170
230

100
300

140
250

140
200

110
130
120

82
120

20
42

44

14

110
37
98

100
120
110

77
97

37
58

100
87

as
46

63
68
73

98
100
110
100

65
84

110
61
97

110
76

55
93

50
91

53
84

27
35
33
21
28

4.7
9.4

9.7

3.2

37
8.8

29

26
31
29
20
25

9.3
17

27
24

22
7.8

17
15
20

26
25
28
25
16
23

18
9.4

17

22
12

9.0
17

4.4
9.4

10
20

10
13
11
7.5
7.5

3.1
3.9

3.9

2.7

74
22
38

II
15
12

B.7
10

4.5
6.0

13
18

14
12

7.9
6.8
8.4

19
16
28
22
13
13

32
17
26

24
29

13
26

5.6
9.9

12
15

2 .~

2.2
2.0
1.4
1.7

0.9
1.4

0.7

0.8

3.6
1..7
3.5

1..2
1.8
1.7
1..3
1.2

1.3
1..3

1..0
1.3

3.6
1..1

0.8
1..0
0.8

1.9
2.5
2.2
2.0
1.4
1.5

1.5
1..5
1.3

1..7
1..2

2.7
3.5

1..9
1.7

1.7
1.6

11
18
14
11

8.5

2.7
2.5

2.9

1..9

240
40

200

18
25
19
13
15

3.4
4.3

22
34

23
22

7.2
6.4
8.4

29
26
55
47
21
21

91
34
60

110
74

II
40

5.7
11

16
21

Silver Creek tasin

30

31

33

36

05-14-80

0&-03-79
05-14-00

0&-03-79
02-27- 00
04-03-00
05-14-80
0&-13-00

05>-0&-82
05-02-lll
0&-04-lll

3.0

3.0
5.5

0.5
3.0
2.0

10
1.0

1.04
41.
6.26

11.5

12.5
11.0

18.5
3.0
3.5

11.0
20.0

17 .5
9.0

21.0

495

720
740

840
III0
aso
000
800

000
720
940

7.9 190

7.7 360
7.8 390

7.7 450
8.1 430
8.0 420
7.9 370
7.8 460

8.6 320
8.1 290
8.5 430

120

190
220

200
250
250
240
230

120
140
200

66

170
170

250
100
170
130
230

200
150
220

59

100
110

130
120
120
110
130

90
III

120

9.2

26
29

31
31
29
23
32

24
19
31

36

13
18

17
22
23
23
17

2
29
30

2.1

1.7
1.6

0.9
1.7
2.4
2.0
0.4

4.1
2.6
4.2

51

33
52

36
61
63
56
47

62
53
58
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East <:anyon, Silver, and Drain Tunnel Creeks and the Prwo River

m09- m09- NI'IRo- SCLIDS,
auo- SILICA, MAI{;A- CJ\ffiCN mATE, m09- mORIS, GEN, SUM OF

SULFATE RIDE, DI&- ARSENIC BORON, CAL'MIUM IROO, LEAD, NESE, ZINC, DIOXIDE OR'lllO, mORIS, OR'lllO, !'ll2+N03 ffiNSTI-
DI&- DI9- SOLVED DI&- DI9- DI&- DI&- DI&- DI9- DI&- DI&- DI&- DI&- DI9- DI&- WENTS,
SCLVED SCLVED (MG/L SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED DI&-
(K;lL (K;lL AS (lXi!L (lXi!L (lXi!L (UG/L (lXi!L (lXi!L (lXi!L (K;lL (K;lL (K;lL (K;lL (K;(L SCLVED

AS 004) AS F) SI02) AS AS) AS B) AS CD) AS FE) AS fB) AS MN) AS ZN) AS ff(2) AS I04) AS P) AS P) AS N) (/>G!L)

---_._-----_.~~----_._--_. __.~~---------~---~~_._~~------- -----~~

East Canyon Creek basin

230 0.2 4.7 <10 3.6 1.1 0.37 1.2 486
300 0.2 14 <10 1.4 0.28 0.09 0.41 603
310 0.1 14 <10 1.1 0.18 0.06 0.32 588
140 0.1 13 <10 2.1 0.06 0.02 0.58 360
250 0.2 15 12 100 <1 10 <1 30 20 2.3 0.06 0.02 0.41 521

7.3 <0.1 6.9 10 <1 20 2 2 30 2.8 0.06 0.1 90
<5.0 <0.1 9.3 10 <1 10 <1 18 10 11 0.08 <0.1 162

5.5 <0.1 8.4 <10 <1 10 <1 23 10 5.9 0.03 <0.1 168

7.4 <0.1 6.6 10 <1 100 20 1.9 0.03 0.17 66

48 0.2 41 <10 4.9 0.03 0.01 0.02 674
12 0.2 19 <10 2.1 0.15 0.05 0.04 207
33 0.2 42 120 20 140 <10 1.4 0.00 0.26 534

100 0.1 16 <10 2.3 0.25 0.08 0.57 466
220 0.2 13 <10 2.1 0.25 0.08 0.56 528
240 0.1 13 <10 1.9 0.09 0.03 0.47 521
120 0.1 11 <10 2.1 0.06 0.02 0.68 335
170 0.2 15 100 1.0 0.03 0.01 0.55 435

11 <0.1 8.3 1 10 <1 <10 3 63 <10 2.9 0.07 0.82 148
40 0.1 9.2 1 20 <1 <3.00 <1 160 5.00 1.8 0.07 0.2 251

100 0.1 15 <10 4.1 0.12 0.04 1.1 460
160 0.1 12 <10 3.2 0.09 0.03 1.0 414

110 0.2 15 <10 2.4 0.31 0.10 0.18 394
24 0.1 9.1 <10 1.5 0.09 0.03 0.6 194

34 <0.1 10 1 <10 <1 60 1 6 10 2.4 0.05 0.22 261
23 0.1 9.5 1 20 <1 20 <1 4 7.00 5.3 0.07 0.1 262
36 0.1 9.9 2 20 <1 7.00 <1 12 6.00 4.5 0.05 <0.1 298

130 0.2 14 <10 2.5 0.12 0.04 0.09 444
190 0.1 11 <10 1.0 0.25 0.08 0.4 473
160 0.2 13 <10 1.8 0.21 0.07 0.53 511
160 0.1 13 <10 2.2 0.12 0.04 0.5 477
71 0.1 11 <10 1.7 0.09 0.03 0.6 283

130 0.2 13 110 0.6 0.09 0.03 0.02 388

73 0.1 13 1 140 <1 10 <1 35 20 3.9 0.04 <0.1 459
21 <0.1 11 1 <10 <1 40 1 19 <10 2.0 0.02 0.17 256
57 0.1 12 1 40 <1 20 <1 24 30 23 0.03 <0.1 410

68 0.2 13 <10 2.5 0.03 0.01 <0.1 475
23 0.1 9.8 <10 2.1 0.06 0.02 0.13 327

14 0.1 12 2 <10 <1 20 11 20 3.4 0.16 0.27 222
25 0.2 14 2 <10 <1 <10 4 10 2.8 0.14 <0.1 396

11 0.1 9.6 2 20 <1 30 1 17 20 4.3 0.13 0.14 173
15 0.2 12 2 30 <1 100 7 32 10 1.9 0.12 <0.1 302

35 0.1 11 3 30 <1 30 <1 30 10 1.4 0.09 0.31 225
96 0.2 11 4 30 <1 8.00 6 52 6.00 3.1 0.16 0.33 371

Silver Creek basin

120 0.2 11 <10 1.6 0.03 0.01 0.59 328

160 0.1 3.0 <10 6.6 0.12 0.04 1.5 439
100 0.2 14 <10 5.2 0.03 0.01 2.7 507

190 0.3 1.6 <10 9.6 0.52 0.17 0.01 557
190 0.2 13 <10 2.8 0.09 0.03 1.3 547
210 0.1 13 <10 3.3 0.06 0.02 1.6 562
200 0.2 13 <10 3.2 0.03 0.01 1.7 505
190 0.3 20 100 7.0 0.4 0.13 0.00 575

96 0.2 44 23 140 <1 <10 3 29 300 1 0.06 0.1 473
140 0.2 18 7 50 7 20 5 74 1200 2.2 0.03 <0.1 434
200 0.3 29 17 70 1 20 <1 120 220 1.3 0.08 <0.1 607
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'!able 13 .--Qlf!l\ical analyses of selected water samples f ran the drainage basins of

~--------'--~-._._._._._._._---_.__._--~ ---- ------_._- ----- -_. ---,----_._..__ ._-_ .. -_..',--- ---------_._..__.._--- ---- -----_._.- _._-----_._- ----

SPE- HARD- PLKA- PLKA- M/lGNEJ- IOTAS- QlLC>-

S'ffiEAM- CIFIC HARD- NESS, LINITY LINITY CPLCTIlM STIlM, SODTIlM, STIlM, RIDE,
FLa;, CDN- NESS NC1'JCAR- FIELD LJIll DI&- DI&- DI&- DI&- DI&-

INSTMr TEMPER- UJel'- PH (/>lVL BONATE (/>lVL (1)l1L SOLVED SOLVED SOLVED SOLVED SOLVED
SITE TANIDJS A'lURE ANa: AS (M;;/L AS AS (M;;/L (M;;/L (M;;/L (M;;/L (M;;/L

NO. IlI\'lE (FTl/S) (DB;; C) (UNI'IS) CAm3) CAm3) CAm3) CAm3) AS CA) AS M;;) AS NA) AS K) AS cr.)

Dr ain Tunnel Creek and Prwo River oosins

37 05-26-71 545 7.0 155 7.7 78 80 23 5.0 1.7 0.6 2.2
0&-26-71 2.5 11.5 315 7.4 150 160 43 11 5.6 2.0 6.6
0&-0&-72 2.0 22.5 245 7.9 110 ::'10 29 8.6 5.5 1.5 5.9

38 06-14-71 1,200 10.0 105 7.2 46 46 14 2.8 1.4 0.7 2.5
0&-26-71 110 12.0 190 7.6 92 94 27 6.0 2.5 1.3 2.1

39 03-29-71 179 3.0 190 7.9 62 62 25
04-22-71 650 5.0 185 94 11 83 27 6.4 2.4
05-21-71 916 7.0 150 8.1 76 80 23 4.5 2.1
05-26-71 1,930 9.0 105 7.8 54 5 49 17 2.7 1.6 0.7 1.7
06-14-71 1,250 8.0 98 7.4 46 46 14 2.6 1.4 0.7 2.1
04-26-72 590 4.0 200 67 91 27
06-01-72 1,950 7.5 70 8.0 33 33 9.6 2.1 1.4 0.5 1.8
0&-09-72 54 17.0 205 7.8 95 1 94 28 6.2 3.5 1.2 2.8
09-12-72 57 10.0 250 7.8 120 12 110 35 8.4 4.2 1.3 4.0
09-14-72 55 10.0 255 7.9 130 19 no 37 8.8 4.0 1.3 3.3

56 04-26-72 15 6.5 590 7.8 200 170 110 84 18 13 1.9 23
06-01-72 12 10.5 690 7.7 330 330 96 21 14 2.3 21
07-20-72 20 14.0 690 7.8 340 200 140 100 21 13 3.2 20
09-14-72 13 8.0 680 8.1 330 200 130 99 20 13 2.6 18

57 04-26-72 4.0 8.0 1,340 7.5 770 720 48 260 29 32 5.1 15
06-01-72 4.0 20.0 1,590 7.6 910 910 310 34 27 4.9 15
07-20-72 3.0 21.0 1,830 7.1 1,100 1,100 51 380 41 31 6.2 17
09-14-72 3.5 15.0 1,780 7.6 1,100 1,000 63 370 38 28 4.7 17

58 0&-26-71 15 13 .5 320 7.7 150 49 100 45 8.8 4.5 1.5 4.2
03-02-72 100 4.0 370 8.4 180 72 110 53 12 5.6 1.6 8.2
04-26-72 600 5.0 230 7.9 120 19 98 35 7.1 3.3 0.9 4.3
09-14-72 70 10.5 445 8.0 220 110 110 65 13 7.4 1.7 7.4

----_.__._-_._._------,_._--~---_._-_. __._---------_.---~-----_._._-----
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Fast canyon, Silver, and Drain Tunnel Creeks and the PrOJo River--Cbntinued

---- - ------ -------_._._._---------~------------_.- -- -'~-- ----~------~-----------
moo- moo- NI=- SCLIDS,

fLuer SILICA, MAN;A- CAffirn mATE, mas- malUS, GEN, SUM OF
SULFATE RIDE, DIS- ARSENIC BOR:N, CArnIUM IRON, LEAD, NESE, ZINC, DIOXILE OR'lIlO, malUS, OR'lIlO, lnl+OOl CDNSTI-

DIS- DIS- SCLVED DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- DIS- 'IUENTS,
SCLVED SCLVED (foI;/L SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED SCLVED DIS-
(~L (~L AS (UG/L (UG!L (UG!L (UG!L (UG!L (UG!L (oG!L (~L (~L (oG!L (~L (~L SOLVED

AS SOl) AS F) SI02) AS AS) AS B) AS CD) AS FE) AS ill) AS rn) AS ZN) AS CD2) AS 104) AS p) AS p) AS N) (foI;/L)

-_._-------- -~--~~--

Drain Tunnel Creek and PrOlo River basins

<.2 <.01 4.7 <10 3.1 0.03 0.01 0.26 ffi
6.5 12 168

10 18 2.6 142

5.3 0.22 27
8.0 0.5 13 <10 4.4 0.06 0.02 0.11 115

2.0 74
11 96
5.8 1.2 83
6.8 0.2 6.1 <10 1.5 0.03 0.01 0.18 66
3.5 0.15 24

81
6.0 0.1 5.2 40 200 10 0.19 27
8.9 14 2.8 119

13 15 3.3 145
13 15 2.8 151

150 0.4 24 <10 220 190 3.5 0.06 0.02 0.07 384
190 0.4 22 60 80 130 0.14 367
190 0.4 25 <10 80 130 4.3 0.31 0.10 0.05 457
200 24 150 1.9 451

720 0.7 16 220 180 260 3.0 0.03 0.01 0.35 1,110
870 0.6 19 250 80 150 0.46 0.15 0.03 1,280

1,100 0.7 17 290 80 6 130 50 7.8 0.37 0.12 0.03 1,620
990 19 5 50 3.1 1,500

58 3.8 181
62 14 0.9 225
23 8.7 2.2 136
96 17 2.2 276

--------------------~-----
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'l'abJe 14.--Chmical analysis of water samr1i:s

LO(ATlOO: See explamtion of well-, spring- , tunnel- , and stream-site l1l1nlX'riny syst(,J~.

DISQlAR;E: Gfi,/MIN, gallons t::er minute; e, estimated.
SPEOFIC crnrucrNKE: Microsiarens t:er centireter at 25 0Cd siu~.

'IEMPERA'IURE: DEI; C, <FCjrees Celsius.

SP~1... HARD- PLK1\- ...K1\- MJl(;NE.'- R)TAS- on.,o-
DIS- ClrIC III\RD" NE5S, LINITY LmITY CALCIUM SIUM, 9JDIUM, SlUM, RIDE,

OIAfCE (ON-- NESS NOOCAR-- FIELD LJIB DIS- DIS- DIS- DI&- DIS-
INS'<J.'N'I- TE.Ml£R- ruC'l'- (/>ri/I. BUM'!'!::: (/>~/L ("'II. 9:Lv!J::: SGNr:D saNED sUNm SGNLl
'1'ANI-:QJS l\'IlJRE /\NO': I'll Ali {"4!I. AS AS (~'L {Me!I. ("4!L (r-'C/L ("4!L

1.UCATlON lV\'1'E (eN/MIN) (m):; C) (UNI'lli) CND)) eND)) CAm3) CAm3) AS CAl A.S "'I AS NA) N; KI AS a.1

IJnlnn:x;! ifhU'(1 valley till

(Ir- ]- j) Bi.lde-- 1 OB-12-ilJ 9.0 %0 /.4 440 lyU LSO 120 J3 20 0.8 140

24aaa- 1 07-2h-B] 40e fLO 7.'j 340 36 3JO 99 23 53 e.9 74

(D- ]- 41 9blJb- 1 O&-25~H3 13 .0 7.5 .100 :;0 lllJ 09 12 340 4.1 sse
9caa- ] O&-21-H3 11 .0 7.6 230 I'l 220 66 ]7 24 2.5 44

100::c""" 1 OU-lI:t-BJ n.o 450 7.7 100 170 52 12 19 ).4 36

16aad- 1 06-16-H) 11.0 600 7.7 94 200 2) 7.6 90 4.0 61

Hiacb- 1 O&-23-ffj 9.') SOO 7.9 190 200 52 14 .16 2.6 39

191.:13b- ] 0&-12-83 11.5 6.9 510 JOO 2:10 no 2') 37 0.6 ,:50

L9bcd,- I 05-24--63 7.H 260 39 220 84 12 17 o.b 30

29dc(~ 1 O1:t-16-ln 13 .0 7.1 ~LO 170 1''>{) 90 23 f~ •2 1.] L'
33aaIJ-Sl O&-D-fD 44 is .0 6\0 7.6 :~')O (I 240 70 16 30 3.4 39

35md-Sl OIt-14-LG H 15.0 1,160 B.O 'lID 20U \10 140 38 56 1.1 160

{D- 2- 41 2aac~'Sl 01:t-23~K3 72 20.U 1,750 7.6 990 740 2~jO 290 64 l.8 32

4dcc""" 1 05~09--6l:J H.O 740 7.4 400 400 110 3D 1.9 15

9cbb--Sl 06~19-63 200 H.O ]60 160 40 15 O.S 0.5 10

24adb--Sl 09-15~!:l3 90 11.0 970 7.2 '120 360 170 160 ]0 12 1.9 16

(D-- 2- 5) 17bca-Sl UH-31-K3 3(' 1405 380 7.8 160 4 J50 46 10 16 5.6 23

31acla- 1 OS-17-{l7 8.5 9')0 7.6 450 450 140 25 20 3.1 84

Tgneous rock';

(D- 1- 41 Pblxj-~;] 0&-25-£0 3.0 14.0 5)0 7.7 220 1 ~) 200 6B 11 24 4.0 51

L6dw- I 05-24-63 445 7.8 200 46 150 5L 16 22 2.4 43

J4dcd-Sl O&-:2]-BJ 45 lil,O 5')0 8.4 230 230 62 19 27 3.3 411
3')a~:a-Sl 07-1&-ID 8.0 \1.5 195 7.6 150 26 120 44 9.9 17 3.1 36

(Ir- 2- ::i) 5ccd-sl 09-13-67 200e 14.0 150 7.7 1')0 ISO 40 11 15 4.6 26
6cca-SJ OH-ll-ffi Je U.O 420 / .6 170 " ]60 50 lJ 17 2.7 27
6cdb- ] D5-17-fJ7 ~). 0 690 7.9 200 2tD 81 19 30 2.9 as

21ccd-SJ 09-15-83 9 15.0 1,360 .4 730 530 200 190 63 34 4.3 lb
29cad-Sl 09-13-67 4 14.0 1,250 7.7 600 600 190 50 J3 0.7 32

119-15-ffi 4 19.0 1,360 8.2 730 550 100 200 55 33 2.2 32

31boo- 1 10-25-83 100 16.0 420 8.3 190 14 ]70 57 11 12 ],3 16

J2blx:- 2 06-0&-50 420 420 130 24 12 60

Frontier Funnatiun

(A- I- 3) 2Bddd-Sl U&-Ju-a3 2.5 11.5 'j70 7.8 200 11 :no 92 12 9.8 ],9 11

34clrl-Sl 0&-29-83 2.3 10.0 740 a.o \30 IS 320 110 14 23 2.3 12
35bbb....[i1 OI:t-29-83 3.2 J H.G 700 a.o 330 340 100 20 28 3.2 D

Preu~;[; 5and~;tone

{D- 1- 3)10aair ] 1/-Ig.-6fJ 640 7.7 290 290 72 26 36 2.0 3H

'lWin Creel< Lim(;stone

(D- 1- 3)36aac1-Sl o 1-2&-83 1,600 6.0 330 7.6 160 170 50 8.8 4.7 0.8 3.8
(D- 1- 4) 17bhb- I 01-02-63 450 8.0 210 53 160 54 19 12 ],5 13

Nugget Sandstone

(D- 1- 4) 19ca(.~1 11-17-83 55 10.5 460 7.5 250 33 220 80 13 9.7 1.3 22
30bbtrSl 0&-22-83 14.0 10.0 500 7.5 240 22 220 73 15 11 1.5 14
30bbc-Sl 0&-16-83 .5 9.'> 185 6.3 66 9 57 19 4.4 9.7 0.9 ]2

30btxl- 1 0&-16-83 9.0 220 6.9 II; 8 70 25 5.8 10 1.3 14

30cad- 1 0&-03-83 110 11.0 500 7.2 220 13 210 63 16 15 1.4 17
31aac""" 2 OS-OH8 9.0 225 7.0 100 100 26 9.7 6.8 0.4 7.1
31bcb--Sl 06-14-83 70e 7.0 375 6.7 170 10 160 5C 6.0 a.7 1.1 16

32daa- I (6-10-83 9.0 290 6.4 110 32 78 31 7.9 11 1.1 16
33bbd--Bl 0&-29-fG 10 U.S 600 6.8 240 100 140 64 20 19 2.7 25

(D- 2- 5) 17cda-Sl 0&-31-tn IS 20.0 560 8.5 240 11 230 68 17 21 2.8 35

Ankarp-h fbrmation

(D- 1- 3)12d::d- I 10-13-66 620 7.4 200 200 79 20 28 2.0 22
(D- 1- 4) 35dbb- 1 0&-22-!:l3 10.S 500 8.0 210 21 190 50 21 18 7.2 20

'IhayJ1fcS formation

(D- 1- 3) 13abb- 1 O&-O&-tn 600 640 7.3 200 42 240 75 23 22 1.0 13
14bcd-Sl 06-23-83 400 7,0 430 7.4 230 120 llO 76 10 7.4 0.7 8.7

(D- 2- 4) 4dca-sl 0'1-13-<>7 7aDe 8.0 690 7.4 340 340 100 23 5.8 1.0 10
08-22-83 1,030 9.5 720 7,4 340 16_ 190 93 27 11 1.5 24

Scdd-Sl 09-01-83 10 9.0 420 7.9 190 81 110 50 16 6.2 0.8 3.8
8cab-51 09-09-82 1,100 6.0 370 7.6 170 38 130 44 14 3.2 0.5 2.8

06-02-83 5,800 5.5 310 7.2 160 10 150 47 9.9 3.0 0.6 2.5
08-22- B3 1.300 5.5 315 7.7 170 27 140 44 14 3.3 0.5 2.7

Bdab-Sl 07-29-83 2,800 5.5 370 7.a 100 14 160 52 11 3.6 0.9 3.0
(D- 2- 5)33ada-Sl 02-24-84 1,600 15.5 370 7.7 170 2 170 42 17 5.3 1.3 5.9
(D- 3- 5) 6OOb- 2 08-15-67 15.5 305 7.1 140 140 42 9.7 4.4 1.S 5.2

Woodside Shale

(D- 2- 4) 23ctx.........Sl 09-15-Kl 8.0 530 8.] ,260 2J 240 77 16 9.5 1.4 10

Wet~:r Quartzite

(D- 2- 4) 22abc-SJ 0H-22-83 450 11.0 2J5 7.4 90 12 78 26 6.0 5.9 1.4 6.5
36aaa- I 01-09-84 n J5.0 2(iO 6.9 12(1 21 100 19 6.3 7.3 1.1 11

\)[din tunm'l~;

(D- 2~ 41 Ildb:.t OIHlJ-79 4,000 Y.', HIO 7.9 ')J(J J90 140 l~() 37 5.9 2.2 4.4
4,100 9.0 ",0 460 \20 140 130 "14 5.4 1.7 4.\
2.,600 !.l.'i 1,000 500 440 140 170 l8 6.3 1.9 4.1

{Ir- 2- 41 fldbJ 02--24-fD J ,4~)O 9.0 ",0 7.1 440 )00 140 110 41 6.2 2.0 4.8
24aca. ()2-J~1-lll 5,400 10.0 910 7.2 4r lO -l'ilJ 100 130 31 8.3 1.6 Ie
24cad 09--09-K3 22 W.'j /90 .s .6 420 290 no 130 23 9.6 ],6 lJ
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fran selected wells, springs, and twmels

FHa·.... HIC&- NITRO- sa.lOO~- .
fLUO- SILICA, MII1{;A- (AmON PlIA'rE, AlOS- moRis, GEN, ~.1M OF

SULFATE RUE, DI&- ARSmJC BORal, O\I>1IUM IRON, LEJID, NfSI':, ZINC, nrOXIDE OR'D-IO, moRn;, OR'lllO, M}2+Mr3 mNb"l'I-

UIS- DIS- SCLVED DI&- DIS- DI&- DIS"" UIS- DI&- DIS- DIS- DIS- DIS- DI&- DI&- 'Itl~:N'I'S,

sa.vrn SCLVED (>ell. saNED SCLVED SCLVED saNED saNED S(Lvm ,s(Lvm SCINf'J) saNI:1l sa,vm saNED G(LVill IllS-

(""'L (""'L NO (UGIL (lJ<i/L (tJG!L (lJ<i/L {rxj/L (tJe/L (UG/I. (""'l. (M<;lI. (I'r,/r. (""'L (""'L ,sOINFD

AS SOIl AS PI SI02) A..", N:,) NO "I AS ru) AS n:) AS ffil AS MN) AS ZN) A..S rn2) I\S Rl4} A..S I') AS P} A..S N) (>tVI.)

UnOJnsolidated valley fill

41 0.1 17 <20 <I 10 I <1 60 19 0.04 2.9 521
48 0.2 23 llO <] 10 <1 4 300 9.4 <0.01 5.5 505
31 0.4 43 <20 <I 1,100 <1 120 70 11 <0.01 0.11 1,150

9.8 0.4 48 <20 <I 10 <1 2 20 11 0.04 v.63 344
9.2 0.3 53 <20 <1 10 I 10 210 6.7 0.04 0.66 289

13 0.5 49 <20 <1 <10 I 1 80 7.6 0.02 0.02 368
II 0.3 50 <20 .1 330 3 74 40 4.9 0.05 <0.1 326
43 0.2 24 <20 <1 10 <I <1 40 55 0.02 4.9 6[1;

25 0.1 9.0 110 <1 1,200 6.8 312
190 <0.1 12 <I <20 <I 60 3 7 280 23 0.01 0.66 425

24 0.2 51 2 <20 <I 30 <] 32 <10 12 0.12 <0.1 380
72 0.3 41 1 <20 <I <10 <1 540 <10 5.9 0.15 <0.1 693

770 0.4 11 7 100 20 1 1,600 llO 12 0.03 <0.1 1,380
200 0.2 12 10 II 480
15 0.1 8•. 120 2.5 170

350 0.4 19 <20 14 <10 33 16 <10 21 <0.01 0.21 690

11 0.2 61 <20 <1 30 <1 56 <10 4.7 0.04 0.21 264
220 0.9 20 7.2 602

Igneous rocks

14 0.2 51 <20 <1 70 1 150 10 7.7 0.05 0.13 343

15 0.2 32 llO <1 180 4.5 271
23 0.2 30 <20 <I 10 <1 10 1.7 0.19 <0.1 341
18 0.2 57 <20 <1 <10 6 10 6.1 0.11 0.41 260

8.8 0.2 52 <20 5.1 238
II 0.3 59 <20 <I 10 <1 20 7.9 0.03 <0.1 277
29 0.4 39 4.8 404

510 1.1 23 <I <20 <1 <10 <1 140 10 1.5 <0.01 <0.1 9!!l
510 0.7 33 <20 7.0 958
540 0.5 35 <l <20 <1 <10 <l 2 10 2.2 <0.01 <0.1 1,010
18 0.1 21 <1 <20 <I <10 3 33 10 1.7 0.03 <0.1 241

130 <0.1 22 4114

Frontier Formation

Ie 0.2 12 <20 <1 10 <1 12 <10 8.2 0.15 <0.1 318
35 0.2 16 <20 <I <10 1 23 <10 6.1 0.09 <0.1 423
24 0.3 17 <20 <I <10 <l 12 <10 6.6 0.11 <0.1 432

Preuss sandstone

65 O.B 19 llO <1 <10 10 417

'!Win Creel< Limestone

5.6 0.1 7.6 10 1 8 8.1 0.02 0.22 IBl
46 0.2 12 <20 <1 180 3.2 256

Nugge t sandstone

14 0.2 ]] 1 <20 ·1 50 1 44 <10 II 0.01 0.1 285
30 <0.1 II 1 <20 <1 10 <1 6 <10 14 0.04 0.16 289
13 <0.1 12 I 10 <I 140 5 8 10 55 0.01 0.25 105
15 <0.1 13 <1 <20 <1 440 1 23 10 19 0.02 <0.1 III
34 0.1 12 <1 <20 <1 100 2 32 <10 26 0.05 0.26 285
4.5 0.1 17 <20 19 131

10 <0.1 II <20 <1 60 1 5 20 62 0.03 0.26 207
31 <0.1 14 <20 <I 80 3 10 120 60 0.03 0.63 159

llO 0.1 15 <20 <I 10 <1 3 <10 43 0.01 0.44 339
18 0.1 37 <20 <1 <10 <1 2 10 1.4 0.12 <0.1 335

Anktl reh Fbnnation

62 0.5 12 220 <1 20 19 373
36 0.2 52 <20 <1 940 <1 B6 20 3.7 0.03 <0.1 319

'!haynes Formation

75 0.1 12 <I <20 <I 50 <1 20 23 0.03 0.26 365
15 0.1 B.B I <20 <1 8 <1 <10 B.B 0.02 26 195

190 0.3 14 <20 13 447
150 0.1 14 <20 <1 <10 <I <1 10 14 0.03 2.5 432

93 <0.1 12 <20 <1 <10 <1 2 <10 2.7 <0.01 0.2B 248
25 <0.1 6.9 110 <1 <10 <1 <1 <10 6.3 0.04 0.31 175
II <0.1 7.1 <10 <1 40 <1 3 30 18 0.02 0.17 170
22 <0.1 6.B <10 <1 <10 <1 <1 <10 5.4 0.03 0.28 178
27 <0.1 200 <10 <1 <10 <1 <1 20 4.9 0.01 0.45 394
17 0.3 14 10 <1 <10 <I <1 <10 6.7 0.02 0.27 207
44 14 15 180

WOodside ~ale

37 <0.1 17 <1 <20 <1 <10 <1 <10 3.6 <0.01 <0.1 309

Weber Quartzite

17 <0.1 II 10. 170 1 370 10 6.0 0.03 1.4 121
13 0.1 23 10. <1 <10 25 130 210 25 0.01 <0.1 162

Drain tunnels

400 0.2 6.5 <20 3.4 0.15 0.05 0.14 690
330 0.2 16 <20 4.3 0.03 0.01 0.19 606
440 0.2 17 12 <20 <1 <10 <1 32 120 1.1 0.01 0.12 762
310 0.2 16 1] <20 <I 50 <I 18 60 22 0.01 <0.1 574
]60 0.4 18 5 <20 7 2,000 3 1,000 6,000 12 0.02 0.21 630
280 0.4 22 <] <20 <I 70 <I 470 310 62 <0.01 <0.1 555
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Table 15.--Sununary statistics of water-q1l31 ity

Sta tistics are: First line--nunber of sarnp1es
Second 1ine--minimun valLE of cnnstitLEnt or r;hysica1 prorerty
Third ] ine--maximum valle of cnnstitLent or physical prorerty
Fourth 1ine--median valLE of cnnstituent or fhysica1 prorerty

Tanrerature: DEI; C, degrees celsius
Srecific Conductance: Microsianens rer centimeter at 25 °CE1sius.

----------_.._---_._----_._---------~--_._-------------- -------._--_._--~_ .._~.__._-_.._--_.- ._._._--_._ .._-_.--- ----

SPE-- HARD- MAGNE- roms- ClJLC)- FLUC)- SILICA,
CIFIC HARD- NESS N.KA- CN,CIUM SIUM, SODIUM, SIUM, RIDE, SULFATE RIDE, DIS,
llN- NESS NCNC1\R- LINITY DIS- DIS- DIS- DIS- DIS- DIS- DIS- SCLVED

'IEMPER- mCl'- PH (~L BONNIE (~L SOLVED SOLVED SOLVED SOLVED OLVED SOLVED SOLVED (~L

A'IURE ANCE AS (M;/L AS (M;/L (M;/L (M;/L (M;/L (M;/L (M;/L (M;/L AS
(DEI; C) (UNI'IS) CAll3) CAll3) CAll3) AS CA) AS K;) AS NA) AS K) AS CL) AS S04) AS F) SI02)

-----------_.--------------------------- - .._--_ .._----------_._-----_._--------------------

Sta tistics

-_._--_._------_._.~._--_._._------------_._-_._._~---_.__._----_._~--------------_._----------

Uncnnsolidlted vaIey fill
16 18 18 18 16 15 18 18 18 18 18 18 18 18

8 280 6.9 94 4 150 25 7.6 0.5 0.5 10 9.2 <.1 8.5
20 2,250 8.0 990 740 310 290 64 340 5.6 550 770 0.5 61
11.2 695 7.6 290 100 220 87 20 22 1.9 39 36 0.25 24

Igneous rocks
10 11 11 12 12 8 12 12 12 11 12 12 12 12

9.0 350 7.6 150 6 120 40 9.9 12 0.7 16 8.8 <.1 21
19.0 1,360 8.4 730 550 230 200 63 34 4.6 85 540 1.1 59
14.5 550 7.8 225 98 190 65 18 23 2.9 37 20 0.2 34

Frontier Fonnation
3 3 3 3 2 3 3 3 3 3 3 3 3 3

10 570 7.8 200 11 270 92 12 9.8 1.9 11 18 0.2 12
18 700 8.0 330 15 340 110 20 28 3.2 33 35 0.3 17
11.5 740 8.0 330 13 320 100 14 23 2.3 32 24 0.2 16

Preuss sandstone
1 1

640 7.7 290 290 72 26 36 2.0 38 65 0.8 19

'IWin Creek Limestone
2 2 2 2 2 2 2 2 2 2 2 2

330 7.6 160 160 50 8.8 4.7 0.8 3.8 5.6 0.1 7.6
450 8.0 210 170 54 19 12 1.5 13 46 0.2 12

6.0 390 7.8 185 53 165 52 13.9 8.4 1.15 8.4 25.8 0.15 9.8

Nuggett sandstone
10 10 10 10 10 9 10 10 10 10 10 10 10 10

7 185 6.3 66 8 57 19 4.4 6.8 0.4 7.1 4.5 <0.1 11
20 600 8.5 250 100 230 80 20 21 2.8 35 110 0.2 17
9.8 418 6.95 195 17 .5 160 60.5 11.4 10.5 1.3 16 16.5 <0.1 13

Ankareh Formation
1 2 2 2 2 1 2 2 2 2 2 2 2 2

500 7.4 210 21 50 20 18 2.0 20 36 0.2 12
620 8.0 280 280 79 21 28 7.2 22 62 0.5 52

10.5 560 7.7 245 150 190 64 20.5 23 4.6 21 49 0.35 32

Thaynes Fonna tion
10 11 11 11 11 9 1I 11 11 11 11 11 10 11
5.5 305 7.1 140 2 no 42 9.7 3.0 0.5 2.5 11 <0.1 6.8

15.5 720 7.9 340 340 240 100 27 22 1.5 24 190 0.3 200
7.5 370 7.4 180 42 150 50 14 5.3 0.9 5.2 27 0.1 12

Woodside Shale
1 1 1 1

8.0 530 8.1 260 23 240 77 16 9.5 1.4 10 37 <0.1 17

Weber Qll3rt.zite
2 2 2 2 2 2 2 2 2 2 2 2 2 2

11 215 6.9 90 12 78 26 6.0 5.9 1.1 6.5 13 <0.1 11
15 260 7.4 120 21 100 39 6.3 7.3 1.4 11 17 0.1 23
13 238 7.15 105 16.5 89 32.5 6.15 6.6 1.25 8.8 15 0.1 17

Drain tunnel s
6 6 6 6 6 6 6 6 6 6 6 6 6 6
8.5 790 6.6 420 290 100 110 23 5.4 1.6 4.1 280 0.2 6.5

10.5 1,000 8.4 580 440 140 170 41 9.6 2.2 11 440 0.4 22
9.25 850 7.5 455 335 140 130 35.5 6.25 1.8 4.6 345 0.2 16.5

---------- ---------
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analyses fran aquifers and drain tunnels

-------- ------- ---_._-_._._--- --------------------------------------------_._---
mo&- mo&- NI'ffio- SCLIDS,

MAN:;A- CARBON IlIA'IE, rna&- mORlS, GEN, SUM OF
ARSENIC BORON, C'\I11 ruM IRON, LEAD, NESE, ZINC, DIOXIDE ORWO, mORlS ORWO, NJ2ffi03 a::.NSTI-

DI&- DI&- DI&- DI&- DI&- DIS- DIS- DIS- DIS- DIS- DIS- DIS- 'IUEN'IS,
SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED DI&-
(ffi/L (ll3/L (ll3/L (ll3/L (ffi/L (ffi/L (ll3/L (MG/L (MG/L (MG/L (MGlL (MG/L SCLVED
PS ps) PS B) PS ill) PS FE) PS PB) PS MN) AS ZN) PS <l)2) PS FQ4) PS p) PS P) AS N) (M:VL)

---------
Statistics

---------------------------_.---,._-----
Unronsolidated valley fill

14 17 13 14 15 14 15 18 14 14 18
<1 <20 <1 <10 <1 <1 <10 2.5 <0.01 <0.1 170

9 120 14 1100 33 1600 1200 55 0.15 5.5 1,380
2 <20 <1 10 <1 13 60 10.2 0.04 .42 453

Igneous rocks
7 10 7 7 8 7 8 11 7 7 12

<1 <20 <1 <10 <1 2 10 1.5 <0.01 <0.1 238
3 130 <1 70 6 150 180 7.9 0.19 0.41 1,010
2 <20 <1 <10 <1 8 10 4.8 0.03 <0.1 342

Frontier Fonnation
3 3 3 3 3 3 3 3 3 3 3
2 <20 <1 <10 <1 12 <10 6.1 0.09 <0.1 318
3 <20 <1 10 1 23 <10 8.2 0.15 <0.1 432
2 <20 <1 <10 <1 12 <10 6.6 0.11 <0.1 423

Preuss sandstone
1 1 1 1

130 <1 <10 10 417

'!Win Creek Limestone
2 2 1 2 2 1 1 2

<10 <1 8.0 3.2 181
10 1 180 8.1 256

1 <10 1 6 <1 1 94 5.6 0.02 0.22 218

Nuggett sandstone
9 10 9 9 9 9 9 10 9 9 10

<1 <20 <1 <10 <1 2 <10 1.4 0.01 <0.1 105
4 10 <1 440 5 44 120 62 0.12 0.63 339
1 <20 <1 60 1 8 10 22.5 0.03 0.25 246

Ankareh Formation
2 2 1 2 2 2

<20 <1 20 3.7 319
220 <1 20 19 373

2 120 <1 940 <1 86 20 11.3 0.03 <0.1 346

Thaynes Formation
9 10 9 9 9 9 9 11 9 9 11

<1 <10 <1 <10 <1 <1 <10 2.7 <0.01 0.17 170
4 110 <1 50 <1 3 30 23 0.04 26 447
1 <20 <1 <10 <1 <1 >10 8.8 0.02 0.28 207

Woodside Formation
1 1 1 1 1 1 1

<1 <20 <1 <10 <1 2 <10 3.6 <0.01 <0.1 309

weber Quartzite
2 2 1 2 2 2 2 2 2 2 2
1 10 <10 1 DO 10 6.0 0.01 <0.1 121
2 10 170 25 370 210 25 0.03 1.4 162
1.5 10 <1 85 13 250 110 15.5 0.02 0.7 142

Drain tunnels
4 6 4 4 4 4 4 6 2 4 2 6 6

<1 <20 <1 <10 <1 18 60 1.1 0.03 <0.01 0.01 <0.1 555
33 <20 7 2,000 3 1,800 6,800 62 0.15 0.02 0.05 0.19 762

8.5 <20 <1 60 <1 251 215 8.2 0.09 0.01 0.03 0.13 618
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