

















HYDROGEOLOGIC RECONNAISSANCE OF
PART OF THE HEADWATERS AREA
OF THE PRICE RIVER, UTAH

by Robert M. Cordova
Geologist, U. S. Geological Survey

ABSTRACT

The area investigated comprises 33 square miles in the
Price River drainage basin andis inthe HighPlateaus section
of Utah. Precipitation on most of thearea ranges from about
20 to 23 inches per year, and the average annual precipitation
for the entire area was assumed to be 22 inches, of which
approximately 65 per cent is lost by evapotranspiration., The
geologic formations underlying the area are the Blackhawk
and Price River Formations of Cretaceous age, the North Horn
Formation of Cretaceous and Tertiary ages, the Flagstaff Lime-
stone and Colton Formation of Tertiary age, and unconsol-
idated deposits of probable Quaternary age.

Some ground water issues from springs and seeps and is
used by stock and the cities of Price and Helper. The annual
discharge from springs and seeps in the area averages about
3,000 acre-feet. Two deepwells supplyabout 500 acre-feet
per vear for use at a steam-generating plant. The aquifers
penetrated by the wells are in the Flagstaff Limestone and
the North Horn Formation, the deepest aquifer being about
1,500 feet below the land surface. Most of the ground water
in the area is suitable for municipal and industrial use.

The surface discharge from the area is approximately 6, 000
acre-~feet per year. By means of a water budget, it is calcu-
lated thatapproximately 4, 000 acre~feet per year leaves the
area by subsurface flow. Further development of ground water
on a large scale can be accomplished only by the use of
wells., It is possible, however, that partof anynewly devel-
oped supply from wells may be drawn from existing spring dis-
charge or streamflow.

INTRODUCTION

Purpose and Scope of the Investigation

The State Engineer of Utah and the Price River Water Im-
provement District in 1960 requested the U.S. Geological
Survey to makean investigation of part of the headwaters area
of the Price River (Figs. 1 and 2). The purposeof the inves-
tigation was to determine the amount of ground water avail-
able and the most efficient way, or ways, todevelop the water.

The area was chosen because it is now the source of part
of the municipal supplies for the cities of Helper and Price,
and it would be convenient for the development of additional
needed supplies.

Methods of Study

The following methods of study were used: (1) Reconnais=-
sance of the structure and stratigraphy of the rocks with the
aid of aerial photographs (Fig. 5); (2) laboratory analysis of
the hydrologic properties of rocks of formations considered
to be or to includeaquifers (Table 1); (3) chemical analysis
of surfaceand ground waters (Table 6); (4) mapping of seep-
age areas (Fig. 2); (5) measurement of spring flows with a
portable weir and measurement of Colton Spring using an
automatic water-stage recorder; (6) measurement of the

discharge of the Price River to study the gains and losses in
streamflow; and (7) pumping tests at two wells (referred to
in this report as the Colton wells or individually as Colton
well 1 and Colton well 2) todetermine the characteristics of
the ground-water reservoir.,

In addition, use was made of data collected by the U,S.
Weather Bureau at Scofield, Scofield Dam, and Soldier Sum-
mit, of metered-flow records of water piped from seepage
areas bythe cities of Helperand Price and of varied data for
the Colton wells collected by the Utah Power and Light Co.
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Well-Numbering and Location-Numbering

System

The well numbers used in thisreport indicate the well lo-~
cation by land subdivision according to a numbering system
that was devised cooperatively by the Utah State Engineer
and G. H. Taylor of the Geological Survey about 1935. The
systemis illustratedin Figure 3. In thisreport, places where
water samples or rock samples were collected are also de-
signated using this system. The complete well number com-
prises letters and numbers that designate consecutively the
quadrant and township (shown together in parentheses by a
capital letter designating the quadrantin relation to the base
point of the Salt Lake Baseand Meridian, andnumbers desig-
nating the township and range); the number of the section;
the quarter section (designated by a letter); the quarter of
the quarter section; the quarter of the quarter-quarter sec-
tion; and, finally, the particular well within the 10-acre
tract (designated by a number). By this system the letters
A, B, C, and Ddesignate, respectively, the northeast, north-
west, southwest, and southeast quadrants of the standard
base and meridian system of the Bureau of Land Management,
and the letters a, b, ¢, and d designate, respectively, the
northeast, northwest, southwest, and southeast quarters of
the section, of the quarter section, and of the quarter-quarter
section. Thus, the number (B-2-2)12dcd-2 designates well
2 in the SE1/4 SW1/4 SE1/4, sec. 12, T. 2 N., R. 2 W.,
the letter B showing that the townshipis northof the Salt 1ake
Base Line and the range is west of the Salt Lake Meridian;
and the number (D-3-2)34bca -1 designates well 1 inthe NE1/4
SW1/4 NW1/4, sec. 34, T. 3S., R. 2 E,







































recharge decreases and it cannot maintain the maximum grad-
ient, the gradient decreases and consequently flow decreases.
Snowmelt percolating to the ground-waterreservoir results in
the most marked increase in gradient; but as seen in Figure
4, recharge from rainfall during the summer and fall may also
increase the gradient, although to a lesser extent than does
recharge from snowmelt.

Superposed on the annual change in discharge of springs
and seeps are long-term changes. These changes result
from variations of precipitation during a span of years. The
long-term change is often more significant than the annual
change because of its effects on the long-range availability
of water.

The effect of long-term variations of precipitation on
ground -water conditions can be seen by comparing the pre-
cipitation patternat Scofield Dam with the available discharge
records of the Colton Spring locale and the Spring Canyon
seepage area (Fig. 4and Tables 3 and 4). The "wet" winters
of 1956-57 and 1957-58 (October-April period) had about 18
and 20 inches of precipitation, respectively, and were fol-
lowed by three "dry" winters having precipitation that ranged
from about 8 to about 10 inches. The three relatively dry
winters were followed by the "wet" winter of 1961-62 which
had about 18 inches of precipitation. Discharge from the
springs and seepage areas was at a maximumduring the years
that followed the winters of 1957-58 and 1961-62 and gen-
erally declined during the intervening years. The discharge
rates during the period of declining discharge always were
less than the maximum rates reached before and after this
period.

Structural Control of the Colton Spring Locale and
Several Seepage Areas

Faults may have caused the localization of the Colton
Spring locale and several other seepage areas. Fault zones
in the project area were identified at several outcrops of the
Flagstaff Limestone. Where faulted, the formation is a hard,
firmly cemented breccia, and such rock may form imperme-
able barriers to the movement of ground water. Faults are
the most obvious explanation of the comparatively large and
apparently persistent flows in the seepage areas of the lower
parts of Millers, Tobs, and Corral Canyons.

The Forge Mountain fault passes through the Colton Spring
locale (Figs. 2 and 5). If the fault zone is impermeable,
ground water in the Flagstaff Limestone may be shunted up-
ward todischarge at the surface. The aquifer that was pene-
trated in the middle of the Flagstaff Limestone by Colton well
2, however, was not penetrated by Colton well 1. This in-
dicates that ground water in the Flagstaff Limestone moves
in solution channels that may not be connected. Because the
Colton Spring discharges close to the contact of the Flagstaff
Limestone and the overlying, relatively impermeable Colton
Formation, the ground water reaching the Colton Spring locale
may be forced to the surface at the formation contact. A
third possibility is that the water may be flowing in a solu-
tion channel that is near the top of the Flagstaff Limestone
and consequently has been breached by the erosional pro-
cesses that formed the river valley.

Effect of Pumping Wells

Although no concrete evidence on the effects of pumping
the Colton wells was available for this report, it is
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conceivable that long-term continuous pumping could de-
crease discharge from local seeps and springs.

Pumping from wells upsets the natural equilibrium of the
ground -water reservoir. Pumping from the reservoir may re-
sult in a decrease in natural discharge, an increase in re-
charge, a decrease in storage, or a combination of all. Be-
cause the aquifers in the project area are artesian, and be-
cause the distances between points of recharge and discharge
are relatively small, pumping could affect the quantities of
water recharged and discharged in a relatively short time.
Pumping wells that are in or near discharge areas would af-
fect the discharge before it affected the recharge in more
distant areas.

Streamflow

Streamflow is the water from precipitation that appears in
surface streams. Water mayreach a streamas overland flow,
storm seepage, or discharge from the ground -water reservoir.
Overland flow and storm seepage are the main sources of
streamflow during the spring and early summer when the win-
ter snowfall is melting, and also during summer rainstorms
of highintensity. Ground-water dischargeis the chief source
of streamflow during the summer and fall.

Measurements of streamflow from part of the project area
drained directly by the Price River were made during the 1962
water year (October 1961-September 1962) by comparing dis-
charges at two stream-gaging stations on the Price River (Fig.
2). Table 5shows the monthly losses and gains in discharge
along the gaged reach of the river. From October to July the
reachgained 1,532 acre-feet, but during August and Septem-
ber it lost 1,260 acre-feet. Thus, the net gain during the
entire period was 270 acre-feet, Thegain during the October-~
July period from the 17 square miles of drainage area (about
7 square miles of which are in the project area) contributing
to the reach represents a streamflow of about 90 acre-feet
per square mile. This streamflow is very small when com-
pared with similar figures for nearby streams. For example,
during the same October-July period the average streamflow
from the areas drained by the White River above the gage at
Soldier Summitand by the Price River above the gage at Sco-
field Dam was 375 and 734 acre-feet per square mile, re-
spectively. Long-term records for the White River at Soldier

. Summit (22-year record, 1939-61) and the Price River above

Scofield Dam (23-year record, 1938-61) show an average
streamflow of 260 and 520 acre-feet per square mile, respec-
tively.

Although the generalrangein altitude of the three drainage
areas, the altitudes of the gaging stations, and the meteor-
logical conditions in the areas are similar, the geologic for-
mations underlying most of the project area are different from
those underlying the other two areas. The Price River and
North Horn Formations underlie most of the area that contri-
butes tothe gagedreachof the Price Riverin the project area.
The Colton Formation underlies most of the White River drain-
age basin, and the Blackhawk Formation underlies most of
the Price River drainagebasinabove Scofield Dam. The Col-
ton and Blackhawk Formations generally have low porosity
and permeability, whereas the Price River and the North Horn
Formations have relatively high porosity and permeability.
Thus, the large difference in the value of streamflow per
square mile may be caused by different geologic conditions.
It is possible that much of the precipitation in the project



area is literally soaked up by the rocks. This water may be
held until lost by evapotranspiration or it may percolate ra-
pidly tothe part of the ground-water reservoir that discharges
outside the project area.

It is necessary to estimate the streamflow from the re-
maining 26 square miles of the project area for which mea-
surements were not made. Most of the remaining area is
underlain by relatively porous and permeable rocks of the
Price River, North Horn, and Flagstaff formations. The
streamflow from this area undoubtedly is less than that from
nearby areas which are underlain by the Colton and Blackhawk
Formations, but it probably is more than the streamflow from
the 7 square miles of the project area discussed above. A
usable compromise figure can be obtained by considering the
entire drainage basin of the Price River above Helper. This
area is similar to the project area in geology, altitude, and
climate; therefore, the streamflow from the two areas should
be similar. The streamflow from the Price River drainage
basin above Helper for the period 1934-61 averaged about
170 acre-feet per square mile. Applying this figure to the
remaining 26 square miles of the projectarea gives a stream-
flow of about 4,400 acre-feet. The total streamflow from the
33 square miles of the project area thus may be in the order
of 6,000 acre-feet annually.

Chemical Quality and Temperature of Water

The chemical quality of ground and surface waters in the
project area, which was evaluated by studying 28 analyses
(Table 6), is chiefly determined by the chemical content and
solubility of therocks inthe area. Water percolating through
limestone and calcareous sandstone and shale can be expected
to have a high content of calciumand bicarbonate; water per-
colating through ferruginous sandstone and shale can be ex-
pected to have a high iron content; and water percolating
through sandstones containing considerable feldspar and fer-
romagnesian silicates can be expected to have a relatively
high content of calcium, magnesium, sodium, potassium, and
silica. By contrast, water flowing in surface streams gen-
erally contains less dissolved solids than does ground water.
For example, the two samples of water from the Price River
(Table 6) contain 197 and 205 ppm of dissolved solids, as
compared to an average of 312 ppm for ground water in the
project area. The two samples from the White River, however,
contain 328 and 337 ppm of dissolved solids, suggesting
that the contribution of ground water to the White River ex-
ceeded that to the Price River at the time of sampling.

Ground water from the calcareous rocks of the Flagstaff
Limestone and North Horn Formation are similar, and they
contain more dissolved solids thandoes water from the other
formations in the project area. Water from the North Horn
has the widest range of mineral concentration, which pro-
bably is a reflection of the varied lithology of the formation.
The North Horn contains an abundance of limestone, sand-
stone, and shale, some of which are ferruginous and some
of which contain considerable feldspar and ferromagnesian
silicates.

Water from the Price River Formation generally contains
less dissolved solids than do other waters in the project area.
The Price River Formation, in contrast tothe North Horn For-
mation and Flagstaff Limestone, comprises a thick section
of clean quartzose sandstone; therefore, ground water passing
through the formation comes in contact with relatively little
soluble material.
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Evaluation of the chemical quality of water from the Black-
hawk and Colton Formations and the unconsolidated deposits
is not practicable because of lack of sufficient data. How-
ever, such an evaluation is not necessary because these
formations are not known to yield water in the project area.

The maximum, minimum, and mode of the concentration of
each chemical constituent in the ground water of the project
area are compared below:

Chemical Maximum  Minimum Mode
constituent (ppm) (ppm) (ppm)
Silica (SiOz) 12 6.5 7.1
Iron (Fe) 7.3 .00 .05
Calcium (Ca) 106 27 78.2
Magnesium (Mg) 39 8.3 29
Sodium + potassium {Na + K) 54 2.5 6.3
Bicarbonate (HCO) 539 202 347
Sulfate (SO4) 53 7.0 15
Chloride (C1) 26 4.5 8.0
Nitrate (NOj3) 8.8 .1 .5
Dissolved solids 562 191 318
394 194 307

Hardness as CaCO3

The total range in concentration of each constituent, as in-
dicated by the maximum and minimum concentrations, includes
anomalous concentrations and therefore has little or no re-
lation to the generalrange. The mode (the value around which
the other values tend to be centralized) is an expression of
the general range, and it indicates the magnitude of concen-
tration that is most likely to be expectedin the project area.

The U.S. Public Health Service (1962) recommends the
following standards for drinking water:

1. Dissolved solids not to exceed 500 ppm.

2. thoride not to exceed 250 ppm.

3. Sulfate not to exceed 250 ppm.
4. Iron not to exceed 0.3 ppm.
5. Nitrate not to exceed 45 ppm.

The maximum dissolved solids concentration of the analyses
in Table 6 slightly exceeds therecommended limit of the Pub-
lic Health Service, but the mode is well below it, The max-
imum concentration of 562 ppmis anomalous and is probably
the result of deep circulation in a highly fractured zone. The
sulfate, chloride, and nitrate concentrations are well be-
low the limits recommended by the Public Health Service.
The mode of the iron concentration is also below the recom-
mended limit. The maximum iron concentration of 7.3 ppm
was observed in a sample from Colton well 2 which taps the
































