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CONVERSION FACTORS 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 To obtain  

Acre 0.004047 Square kilometer 

Acre-foot 0.001233 Cubic hectometer 

Cubic foot 0.02832 Cubic meter 

Cubic foot per 0.02832 Cubic meter per 

second* second 

Foot 0.3048 Meter 

Foot per mile 0.1894 Meter per kilometer 

Foot squared per day 0.0929 Square meter per day 

Gallon 3.785 Liter 

0.003785 Cubic meter 

Gallon per minute 0.003785 Cubic meter per minute 

Inch 25.40 Millimeter 

2.540 Centimeter 

Mile 1.609 Kilometer 

Pound 453.6 Gram 

Square foot 0.0929 Square meter 

Square mile 2.590 Square kilometer 

Ton, short 0.9072 Metric ton 

0.9072 Megagram 
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Chemical concentration and water temperature are given only in metric 

units. Chemical concentration is given in milligrams per liter or micrograms 

per liter. Milligrams per l4 ter 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. 

Chemivl concentration in terms of ionic interacting values is given in 

milliequivalents per liter. Milliequivalents per liter is numerically equal 

to equivalents per million. 

Water temperature is given in degrees Celsius (°C), which can be 

converted to degrees Fahrenheit (°F) by the following equation: 

oF=1.8(°C)+32. 

National Geodetic Vertical Datum of 1929 (NGVD of 1929): is a geodetic 

datum derived from a general adjustment of the first-order level nets of the 

United States and Canada. It was formerly called mean sea level. NGVD of 

1929 is referred to as sea level in this report. 
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HYDROLOGY OF THE PRICE RIVER BASIN, UTAH, 

WITH EMPHASIS ON SELECTED COAL-FIELD AREAS 

By K. M. Waddell, J. E. Dodge, D. W. Darby, and S. M. Theobald 

ABSTRACT 

Data obtained during a hydrologic study of the Price River basin, Utah, 
, 

are used to describe seasonal variations of flow of springs, relation between 

ground water and surface water, hydraulic properties of the ground-water 

reservoir, ground-water recharge and discharge, flood characteristics of 

streams, mineralogic composition and depositional rates of sediments, nutrient 

and inorganic loading in streams and Scofield Reservoir, and water budgets for 

selected basins. Additional study and monitoring are needed to detect 

possible hydrologic changes caused by coal mining. 

Much of the ground-water discharge from the Star Point Sandstone in the 

Mesaverde Group in the Wasatch Plateau occurs along faults. In the Book 

Cliffs, where faulting is less extensive, most of the ground-water discharge 

is from the Flagstaff Limestone. The Flagstaff Limestone is greatly 

diffusive, has a small storage coefficient, and contains water which is 

perched. 
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Springs issuing from the Star Point Sandstone in the Mud Creek drainage 

(Wasatch Plateau) had recession indexes greater than 365 days per log cycle. 

Springs issuing at higher altitudes from the Colton Formation and the 

Flagstaff Limestone in the Soldier Creek area (Book Cliffs) have great 

seasonal variability, with recession indexes ranging from 24 to 115 days per 

log cycle. Estimated transmissivities in the Soldier Creek area ranged from 

0.003 foot squared per day in the lower part of the Castlegate Sandstone to 

0.07 foot squared per day in the Price River Formation. 

Seepage from the Star Point Sandstone is the major contributor to base 

flow of the stream in Eccles Canyon (Wasatch Plateau). Gains of as much as 

230 gallons per minute occurred near a fault zone which crosses Eccles Canyon 

at the junction with South Fork Canyon. 

The potentiometric surface of water in the Blackhawk Formation in the 

Wasatch Plateau (Mud Creek drainage) and the Book Cliffs (Soldier Creek area) 

generally is above the coal zones, and dewatering will be necessary in most 

places during mining. The total reported mine discharge during 1980 was about 

2,800 acre-feet. 

During the 1980 water year, ground-water discharge from the Flagstaff 

Limestone contributed about 4,400 acre-feet, or 41 percent of the combined 

streamflow of Coal, Soldier, and Dugout Creeks. Discharge from the Blackhawk 

and other formations contributed about 2,200 acre-feet, or 21 percent of the 

streamflow. The recharge to a 4,020-acre outcrop of the Flagstaff Limestone 

in the Soldier Creek area was determined from measurements of the discharge of 

springs and seepage gains in streams. The estimated recharge was 2 inches per 

year, or 12 percent of the April 1 snowpack, or 9 percent of the precipitation 

'during 1980. 
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Benthic-diversity indexes at streams in the Book Cliffs and Wasatch 

Plateau are related to the size of the bed material. The Shannon-Weiner 

diversity index for five sites in the Mud Creek drainage ranged from 1.57 to 

4.20 during four sampling periods in 1979-80. In the Soldier Creek drainage, 

the diversity index for four sampling sites ranged from 0.8 to 2.3 during 

three sampling periods in 1979-80. 

Sediment deposition in Scofield Reservoir during 1943-79 was estimated 

to be 3,000 acre-feet but most of the coal deposition in the reservoir 

occurred prior to about 1950. An anaerobic zone develops in the reservoir 

during the summer, but the water in the reservoir completely mixes during late 

summer or early fall. 
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In three of the test wells, transmissivity was estimated by 

measurements of water-level changes (fig. 21). The water-level data were 

Figure 21 (caption on next page) near here 

analyzed in a manner similar to that for a "slug test" (Cooper and others, 

1967), wherein a given volume of water is either added to or withdrawn from 

the well and the change in water level is measured within a specified time. 

In this instance, the water was in the test wells, but the time of perforating 

marked the beginning of the test. The computed transmissivities need to be 

used with considerable discretion because the perforated zones only partly 

penetrated the formations being tested, and the tests at some wells had 

durations of several months. Thus, there may have been vertical leakage into 

the formation overlying the one being tested. For the tests to be valid, it 

was assumed that the aquifer was reasonably homogeneous and isotropic in 

planes parallel to the beddings (Cooper and others, 1967, p. 269). 
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Figure 21.--Decline of fluid level after perforating the casings of five wells 

in the Soldier Creek area. 
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The transmissivity was computed by means of the type curves presented by 

Cooper and others (1967, fig. 3, p. 267). As the storage coefficient was 

unknown, the type curve that best fit the test data was used--the type curve 

with a storage coefficient of 0.00001. Estimated transmissivities for the 

test wells were: 

Test hole Geologic unit Transmissivity 

(foot squared per day) 

G95.5 Price River Formation 0.07 

G93.5 Upper part of the Castlegate .02 

Sandstone 

G100.4 Lower part of the Castlegate .003 

Sandstone 
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Water levels 

The altitudes of water levels in six wells and an abandoned mine portal 

are shown in figure 22. The distribution of hydraulic head with depth is 

Figure 22 (caption on next page) near here 

not known at any cf the wells. However, at well G100.6, which was initially 

perforated only ir the North Horn Formation, additional perforations opened 

the well to the Price River Formation, the Castlegate Sandstone, and coal-

bearing zones in the Blackhawk Formation. After the second round of 

perforations, the water level declined about 540 feet. This indicated that 

the head in the North Horn was several hundred feet greater than the composite 

head of the underlying formations. 

Water-level data for three sites in the Blackhawk Formation indicate 

that the potentiometric surface slopes northward away from the face of the 

Book Cliffs. The altitude of the potentiometric surface at site G99.7, a mine 

portal at the face of the cliffs, was 7,035 feet above sea level. At well 

G89.5, about 1.4 miles into the cliffs, the potentiometric surface was 6,938 

feet above sea level; and at well G58.5, about 3.2 miles into the cliffs, it 

was 6,896 feet above sea level. This represents an average gradient of about 

42 feet per mile. 

The available data indicate that the coal-bearing zones in the Blackhawk 

Formation probably are saturated in most areas and will require dewatering 

during mining. Exceptions to this are along canyons where the coal-bearing 

zones may be drained. 
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Figure 22.--Generalized geologic section showing water levels in wells and a 

mine in the Soldier Creek area in the Book Cliffs, 1980. 
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The Flagstaff Limestone contains a perched aquifer in the Soldier Creek 

area. This is indicated by the occurrence of a large number of springs that 

issue from the Flagstaff near the contact with the underlying North Horn 

Formation at altitudes several hundred feet above water levels in wells that 

are completed in underlying formations. An aquifer perched in the Flagstaff 

would be hydraulically separated from aquifers in the Elackhawk Formation and 

thus would not be affected by dewatering of the coal-bearing zones. 

Subsidence, however, could create extensive fractures that would allow water 

from the Flagstaff to move down to the Blackhawk. 

Recharge to the Flagstaff Limestone 

Recharge to the Flagstaff Limestone in the Soldier Creek area was 

computed by measuring the discharge of springs that drained a selected outcrop 

area (fig. 5) and assuming that recharge equals discharge. The springs used 

for computation of discharge are listed in table 11. All the springs are 

Table 11 (next page) near here 

either above or within 100 feet of the base of the Flagstaff. 

The flow of Soldier and Dugout Creeks began to respond to snowmelt 

during the latter part of April and peaked during May 1980. Thus, the 

recharge period probably began during the latter part of April. The flow of 

the springs was difficult to distinguish from overland flow during the 

snowmelt period. Thus, it was necessary to estimate the flow of the springs 

during the latter part of April and during May. 

1 1 9 



	

	

	

	

	

	

	

			

 	

	

Table 11.--Discharge of water from springs and seepage gains in Pine Canyon 

used to estimate recharge to the Flagstaff Limestone, 1980 water year 

Site No.: See figure 5 for location. 

Site No. Period of measurement Period of estimation Discharge 

(acre-feet) 

G88 5-20-80 to 7-31-80 11-79 to 5-80 3.5 

G90 10-11-79 to 8-20-80 11-79 to 5-80 49.7 

G91 10-11-79 to 9-19-80 11-79 to 5-80 42.1 

G92 10-11-79 to 9-19-80 11-79 to 3-80 46.0 

G93 6- 5-80 to 9-19-80 10-79 to 5-80 103.1 

G94 10-10-79 to 9-18-80 11-79 to 5-80 95.4 

G95 10-11-79 to 9-18-80 11-79 to 5-80 118.0 

G98.1 6- -80 to 9- -80 10-79 to 5-80 59.3 

Pine Canyonl 10-10-79, 9- 4-80 11-79 to 8-80 150.3 

Total 670 

1Represents seepage gains between sites S47 and S48. 
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The flow of springs G92 and G94 was measured during the first week of 

April, prior to the beginning of snowmelt. The discharges were slightly less 

than measured during the prior fall, indicating that they had not been 

affected by recent recharge. The snowpack was almost melted near the end of 

May, and frequent monitoring of all the springs began during the first week of 

June and continued through September. The largest flows measured for all 

springs was at the time of the first measurement in June. Thus, the peak 

flows may have occurred prior to the first set of measurements. 

The total discharge from the Flagstaff Limestone as measured at the 

eight springs plus seepage gain in Pine Canyon was 670 acre-feet. Distributed 

over the outcrop area of 4,020 acres, this is equivalent to a recharge of 2 

inches per year. 

The recharge of 2 inches per year can be expressed as a percentage of 

the April 1 snowpack. The water content of the snowpack on the recharge area 

was computed using data collected by Eureka Energy Co. during March and April 

1980 at two snow courses in Pine Canyon. The average water content for March 

and April ranged from 15 inches at the snow course in lower Pine Canyon to 19 

inches at the course in upper Pine Canyon. It was assumed then that the 

average water content over the recharge area was 17 inches. Thus, the 

recharge was about 12 percent of the April 1 snowpack. 

The recharge of 2 inches per year also can be expressed as a percentage 

of the average annual precipitation. Normal annual precipitation during 1931-

60 for the recharge area was estimated to be 16 inches (fig. 1). Through use 

of the precipitation data at Sunnyside, Utah, the adjusted precipitation for 

1980 was estimated to be 22 inches. Thus, the recharge was about 9 percent of 

the annual precipitation. 
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The assumption that recharge equals discharge may not be fully valid 

because of the following factors: (1) Some water may have percolated into 

underlying aquifers; (2) some springs or seepage areas may not have been 

measured; (3) the gain of flow in Pine Creek (fig. 23) at the contact of the 

Figure 23 (caption on next page) near here 

Flagstaff and North Horn was measured during the fall but not during the 

summer; (14) frequent monitoring of flows of springs did not commence until the 

first week of June, and the record for late April and May was estimated. 

Discharge to streams 

The natural discharge areas in the Soldier Creek area were determined by 

measuring the base flow in Soldier and Pine Creeks during October 1979 and 

September 1980 (figs. 23 and 214). 

Figure 214 (caption on next page) near here 

Although the quantities of flow were different during the two periods of 

measurement, most of the gaining and losing reaches were consistent. 

Along Pine Creek, large gains of flow were consistently measured between 

sites S146 and S48 (fig. 23). In this reach, seepage into Pine Creek from the 

alluvium is evident near the contact of the North Horn Formation and Flagstaff 

Limestone. That contact also is marked by springs throughout the Soldier 

Creek area. Downward percolation from the Flagstaff, which has large 

hydraulic diffusivity, is impeded by the claystones or mudstones in the North 

Horn Formation, and the water then moves horizontally to emerge at the outcrop 

of the contact. 
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Figure 23.--Profile of Pine Canyon and changes in streamflow on October 10, 

1979, September 4, 1980, and October 11, 1980. 

Figure 214.--Profile of Soldier Creek and changes in streamflow on October 10, 

1979, and September 5, 1980. 
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Most of the gains in Soldier Creek were measured where the stream 

crosses the North Horn Formation, upstream from site 554. A considerable part 

of the gain was from spring G89, which discharges just downstream from site 

S42. The stream loses water where it crosses the outcrop of the Price River 

Formation and the Castlegate Sandstone between sites S54 and S56, but it gains 

where the stream crosses the outcrop of the Blackhawk Formation between sites 

S56 and S59. 

The water that discharges from the North Horn Formation probably is 

moving upward from the underlying formations. Evidence for upward movement of 

water is: (1) The water level in well G89.5, which is perforated in the 

Blackhawk Formation, is at about 6,950 feet (fig. 22) above sea level and is 

within the range of altitudes of the gaining reach of Soldier Creek, which 

ranges from 6,900 to 7,000 feet above sea level; (2) the water from spring G89 

has a small calcium concentration, is of the sodium bicarbonate type, and has 

a distinct odor of hydrogen sulfide. As discussed in the section on 

"Geochemical relationships," if water of this chemical character is resulting 

from sulfate reduction, then the most likely source would be upward movement 

from the Blackhawk Formation. 

The sources of the ground-water component of the flow in Soldier Creek 

at gaging station S59 (fig. 1) were estimated from a mass balance of ions or 

constituents in water from several springs and creeks. The gaging station is 

downstream from an active coal mine near the base of the Blackhawk Formation 

at the mouth of Soldier Creek Canyon. 
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A mass balance of ions or constituents from the mixture of two waters of 

different chemical composition can provide satisfactory estimates of water 

discharge if there is no chsmical change in the mixed water and if the 

chemical composition of the two sources can be defined. The relationship 

between water from two sources and the resulting mixture is given by: 

(1)QFCF CBQB CGQG 

where 

QF = discharge of water from the Flagstaff Limestone that reaches the gaging 

station; 

• 
CF = concentration of ion or constituent in water from the Flagstaff 

Limestone; 

CB = concentration of ion or constituent in the discharge of water from the 

Blackhawk Formation, Castlegate Sandstone, and Price River and North 

Horn Formations, excluding the Flagstaff Limestone; 

QB = discharge of water from the Blackhawk Formation, Castlegate Sandstone, 

and Price River and North Horn Formations, excluding the Flagstaff 

Limestone, that reaches the gaging station; 

CG = concentration of ion or constituent in water at the gaging station; and 

QG = discharge of water at the gaging station. 

Because 

(2)QB = QG QF 

can be eliminated from equation 1 and we have:QB 

QG(CG - CB)•QF = (3) 

(CF - CB) 

Values of C were determined from the average concentration of ions orF 

constituents in water from springs sampled in the Soldier Creek area; wherea:, 

values of C were determined from chemical analyses of samples collectedB 

during base flow at Coal, Soldier, and Dugout Creeks. 
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The concentrations of sodium and sulfate ions were used in equation 3 to 

estimate QF. The sodium and sulfate ions are extremely soluble, and they are 

less likely to precipitate from solution in waters such as those occurring in 

the Soldier Creek area than are the calcium ions and carbonate. This is 

supported by evidence of deposition of calcium carbonate along Soldier Creek 

upstream from gaging station S59. 

Average values for QF and QB were determined from two independent 

computations, using the concentrations of sodium and sulfate ions. As a 

check, the computations also were made using the concentration of dissolved 

solids, and the values were found to agree reasonably well with the values 

computed using sodium and sulfate. 

For the computations of QF and QB to be valid, it is essential that no 

overland flow be included in the streamflow. The first computation was made 

using chemical-quality data from samples collected on May 22, 1980. At that 

time, the streamflow may have included a small component of overland flow. On 

June 5, 1980, there was no snowpack and overland flow was nil. Thus, 

computations of QB and QF probably are most valid beginning with the 

measurements made in June. 
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The computed values of QF and QB are shown in figure 15 for Coal, 

Soldier, and Dugout Creeks. As the hydrographs indicate, the ground-water 

contribution is greatest during the early part of the recession period. The 

streamflow during the early part of the recession period consists mostly of 

QF; but by late summer or early fall, QF has receded more than QB. At Soldier 

and Coal Creeks, QB sustains the low flow through the fall. At Dugout Creek, 

QF is slightly greater than QB during the early fall and streamflow has almost 

ceased. 

The estimated proportions of ground water and surface runoff from Coal, 

Soldier, and Dugout Creeks during the 1980 water year are shown in table 10. 

Ground-water discharge from the Flagstaff Limestone contributed about 4,400 

acre-feet, or 41 percent of the combined streamflow of Coal, Soldier, and 

Dugout Creeks; discharge from the Blackhawk and other formations contributed 

about 2,200 acre-feet, or 21 percent of the streamflow. 

DETECTING EFFECTS OF MINING ON THE HYDROLOGY 

Several methods were used in this study to provide an understanding of 

the relationships between ground and surface water. Combinations of some of 

these methods can be used to determine if hydrologic changes that occur during 

mining are caused by interbasin diversions or by redistribution of flow along 

streams within a basin. 

The drainage basin of Mud Creek currently (1981) is the most active 

mining area in the Wasatch Plateau. The possibility exists of diverting 

ground water from the Mud Creek basin into Huntington Creek by means of 

underground tunneling associated with mining activities. 
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Interbasin diversions 

If the low flow of a stream is affected by interbasin diversion of 

ground water, this can be determined by correlation with low flows of streams 

in adjacent basins where geology and climate are similar. Waddell and others 

(1981, fig. 10) correlated the low flows of several streams in the southern 

Wasatch Plateau. They found that with 5 years of continuous-discharge record, 

monthly flows during August, September, and October could be estimated with a 

standard error of 20 percent. 

The length of the discharge records at Mud Creek and Eccles Canyon are 

too short to make correlations between monthly flows. The ratios of the 

monthly flows of Mud Creek (site S36) to Fish Creek (site S2) were computed to 

determine their agreement for 1979 and 1980. The ratios of monthly flows for 

October ranged from 0.39 to 0.45, for August the ratios ranged from 0.19 to 

0.34, and for September they ranged from 0.22 to 0.38. Precipitation and 

streamflow were much greater during 1980 than during 1979, so the ratios 

provide some indication of how good the correlation is for variable climatic 

conditions. 
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The volume of water that would have to be diverted from the Mud Creek 

basin before it could be detected can be approximated by assuming that the 

standard error of estimate is similar to that obtained by Waddell and others 

(1981, p. 13), and by using the average flow ratio of 0.42 between Mud and 

Fish Creeks for October. Using (1) a standard error of 20 percent, (2) an 

average flow at Fish Creek at site S2 during October of 330 acre-feet, and (3) 

the ratio of flow in Mud Creek to Fish Creek of 0.42, then the standard error 

of estimate of the flow in October in Mud Creek would be (±0.20) (330)(0.42) 

= ±28 acre-feet (or an average flow of -±0.45 cubic foot per second). If the 

diverted volume were equal to 0.45 cubic foot per second, it would be 

detectable two-thirds of the time by using the correlation between the flows 

of Mud and Fish Creek. 

In the Book Cliffs, it is not likely that water will be diverted out of 

the Price River basin, but diversions may occur within subbasins. The lengths 

of the discharge records at Coal, Soldier, Dugout, Grassy Trail, and Horse 

Canyon Creeks are too short to make correlations between monthly flows. The 

records at these stations were correlated with the long-term record at Willow 

Creek (site S37.3). The computed ratios indicate that correlation with Willow 

Creek may be poor, probably due to thunderstorms in late August and September, 

which are generally localized and of variable intensity. 
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Redistribution of flow 

Mining activities may affect the distribution of flow along stream 

reaches by direct interception of water from a stream or by interception of 

ground water that is percolating to the stream. In several of the potential 

coal-development areas, including the Mud and Soldier Creek dr ,:-,_ages, gaging 

stations are operated downstream from the existing or potential coal-mining 

areas. In additio-,., seepage-study sites extend from upstream of the coal-

mining areas to the gages. Correlation ratios for flows at seepage-study 

sites and at gaging stations may prove useful on some streams for detecting 

changes in the distribution of flow along stream reaches. 

Ratios were computed between the gaged flow and the base flows at sites 

upstream and downstream from existing or potential coal-mining areas for the 

Mud and Soldier Creek drainages. The ratios, which were computed for seepage 

studies made in 1979 and 1980, are shown in figures 25, 26, and 27. 

Figures 25, 26, and 27 (captions on next page) near here 

1 3 0 



Figure 25.--Ratio of discharge at selected sites to discharge at mouth of Mud 

Creek (site S36) on October 12, 1979, August 15, 1980, September 15, 

1980, and October 15, 1980. 

Figure 27.--Ratio of discharge at selected sites to discharge at mouth of 

Eccles Canyon (site S29) on October 11, 1979, and September 5, 1980. 

Figure 27.--Ratio if discharge at selected sites to ditcharge at mouth of 

Soldier Creek (site S59) on August 2, 1979, October 11, 1979, and 

September 4, 1980. 
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The ratios for flows along Mud Creek were fairly uniform in the upstream 

reaches but varied considerably in the downstream reaches (fig. 25). The 

maximum range in ratios at sites upstream from Boardinghou,e Canyon was 16 

percent for as many as four measurements made during August, September, and 

October in 1979 and 1980. Downstream from Boardinghouse Canyon, the range was 

32 percent. By eliminating the August 1980 measurement, the maximum range in 

ratios for all sites on Mud Creek is decreased to about 20 percent. 

Considering that the distribution of flow along Mud Creek has been affected by 

past mining and that the base flows are comprised of inflow from both the 

Blackhawk Formation and the Star Point Sandstone, the ratios are within a 

small enough range to provide a means of detecting changes caused by future 

mining activities. Future monitoring probably needs to be confined to the 

base-flow period of September and October. 
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The ratios computed for Eccles Canyon were consistent during 1979 and 

1980 (fig. 26) despite the large difference in the quantity of base flow 

during the 2 years (fig. 19). The maximum difference was about 12 percent of 

the gaged flow at site S29. This indicates that the distribution of flow 

along the stream is not affected by considerable differences in total ground-

water discharge to the streams. This is probably because most of the base 

flow of Eccles Canyon during the fall is maintained by ground water from only 

one aquifer.L-the Star Point Sandstone. Changes in the ratios that might be 

caused by future mining activities would be due to changes in recharge or 

discharge to the Star Point Sandstone. Thus, if tunneling in the Blackhawk 

Formation in the upper part of Eccles Canyon intercepts recharge that would 

have percolated to the Star Point Sandstone, it probably would cause the ratio 

to increase in the upper part of Eccles Canyon and decrease in the lower part 

of the canyon. 
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The ratios computed for Soldier Creek (fig. 27) are affected by the 

volume of water being contributed by the Flagstaff Limestone relative to the 

contributions of underlying formations. Downstream from site S39, the ratios 

during August are smaller than the September ratios, and the ratios during 

September mostly ere smaller than the ratios during October. Downstream from 

site S39, the base flow is a mixture of water from the Flagstaff and 

underlying formati3ns. As discussed in the section on "Discharge to streams," 

the proportion of water contributed by the Flagstaff at the gaged site (S59) 

is much smaller during the fall than during the summer after snowmelt, whereas 

the seasonal change in the volume of ground water contributed by the Blackhawk 

and other formations is comparatively small. Thus, to decrease the 

variability of the ratios, measurements need to be made during late September 

or in October when the contribution from the Flagstaff Limestone is small. 

The use of ratios based on measurements made during September and October 

would not be effective in detecting changes in the contribution from the 

Flagstaff, however, because only a small volume of water is contributed by the 

Flagstaff during September and October. 
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ADDITIONAL STUDIES 

1. In order to detect the effects of interbasin diversion of ground water 

and redistribution of streamflow, monitoring needs to include continuous 

gaging of streamflow at sites directly downstream from coal-mining areas 

in conjunction with seepage studies in the stream reaches upstream from 

the gaged sites. The seepage studies need to be made during September 

or October. Prior to making seepage studies, gage-height charts need to 

be examined to determine if streamflow conditions have been affected by 

recent precipitation. The monthly flow of Mud Creek needs to be 

correlated with that of Fish Creek in order to detect possible effects 

of interbasin diversions. 

2. The major dissolved inorganic ions need to be monitored during the 

recession period following snowmelt at Coal, Soldier, and Dugout Creeks. 

Monthly sampling needs to begin after the snowpack is gone and continue 

until September or October. The data obtained need to be studied to 

determine if ground-water contributions from the Flagstaff Limestone and 

Blackhawk Formation have changed as a result of mining activities. 

3. The natural discharge areas of aquifers upstream and downstream from 

mines need to be monitored by seepage studies in streams. In addition, 

the flow of major springs need to be measured at least twice monthly 

beginning with the snowmelt period and continuing through October so 

that recession characteristics can be determined. 

4. The hydraulic characteristics of the Star Point Sandstone and the 

Blackhawk Formation need to be defined in Eccles Canyon by means of 

aquifer tests at existing wells completed in the Star Point and new 

wells to be completed in the Blackhawk. 
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5. In order to define the direction of ground-water movement in the Wasatch 

Plateau, hydraulic-head differences with depth need to be determined in 

the recharge and discharge areas of Eccles Canyon as well as in all 

basins where there is or will be mining. In the Book Cliffs, hydraulic-

head differences with depth need to be defined near the face of the 

cliffs and at sites some distance into the cliffs; zones in the 

Flagstaff Limestone, North Horn, and Price River Formations, Castlegate 

Sandstone, and Blackhawk Formation need to be included. Additional 

information about the direction of ground-water movement in the Book 

Cliffs could be obtained by determining the redox potential of water 

using selected phases of nitrogen, pH, and trace metals, and the 

concentrations of sulfide and sulfate in water from spring G89, wells 

G84.5 and G58.5, and from mines at sites G98.5 and G99.7. 

6. Sediment concentration needs to be monitored in Eccles Canyon. Data 

collection needs to include thunderstorm runoff as well as snowmelt 

runoff, and sufficient data need to be collected so that total sediment 

loads can be computed. 

7. In order to detect the possibility of increasing productivity of algae 

and other plants in Scofield Reservoir, nutrients need to be monitored 

in Mud Creek and in the outflow from the reservoir. 
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SUMMARY 

1. The flow of Fish Creek in the Wasatch Plateau was about 97 percent of the 

average for the 1971-80 water years during 1979 and about 170 percent cf 

the average during 1980. Willow Creek in the Book Cliffs was about 250 

percent of the average for the 1971-80 water years during 1979 and about 

196 percent of the 1971-80 average during 1980. 

2. Estimated annual evapotranspiration during the 1971-80 water years in 

four basins in the Wasatch Plateau and Book Cliffs ranged from 16 to 21 

inches and averaged 19 inches. 

3. During the 1980 water year, the concentration of dissolved solids at the 

gage on Mud Creek in the Wasatch Plateau ranged from 150 milligrams per 

liter during high flow to 390 milligrams per liter during low flow, and 

the discharge-weighted average was 216 milligrams per liter. The 

principal chemical constituents were calcium and bicarbonate during all 

flows. Eccles Canyon is a major contributor of nutrients to Mud Creek, 

and most of the nutrient load occurs in the form of suspended organics. 

During the snowmelt period, total nitrogen and phosphorus were as great 

as 21 and )4.3 milligrams per liter at the gaging station in Eccles 

Canyon. 
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4. During the 1980 water year, the concentration of dissolved solids in 

Soldier Creek at the gaging station in the Book Cliffs ranged from 277 

milligrams per liter during high flow to 696 milligrams per liter during 

low flow. The principal chemical consituents in the high flows 

following snowmelt are calcium and bicarbonate, whereas in the low flows 

they are sodium, magnesium, sulfate, and bicarbonate. Streamflow after 

snowmelt consists principally of ground water from the Flagstaff 

Limestone, whereas during the late summer and fall the streamflow 

generally consists of relatively greater proportions of ground water 

from the Blackhawk and other formations. Coal and Dugout Creeks have 

water-quality characteristics similar to that of Soldier Creek. 

5. During the early fall of 1979 Scofield Reservoir was almost completely 

mixed due to the autumn turnover. In August 1980, however, the 

reservoir was stratified and an anaerobic zone had developed in the 

deeper part of the reservoir. 

6. Most of the deposition of coal in Scofield Reservoir occurred prior to 

about 1950. The concentrations of trace metals such as iron, manganese, 

lead, and zinc are enriched near the surface of the bottom sediments, 

but the enrichment is not as pronounced for the other metals, including 

arsenic and mercury. 

7. Deposition of sediment in Scofield Reservoir during 1943-79, as 

determined from bathymetric surveys, was computed to be 3,000 acre-feet. 

The average sediment yield of the associated drainage basin, as 

determined from bathymetric surveys and dating with radioisotopes, 

ranged from 0.2 to 0.5 acre-foot per square mile per year. 
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8. Much of the ground-water discharge from the Star Point Sandstone and the 

Mesaverde Group in the Wasatch Plateau occurs along faults. In the Book 

Cliffs, where faulting is less extensive, most of the ground-water 

discharge is from the Flagstaff Limestone. The Flagstaff has great 

diffusivity, has a small storage coefficient, and contains water which 

is perched. 

9. Springs issuing from the Star Point Sandstone in the Mud Creek drainage 

basin typically had recession indexes greater than 365 days per log 

cycle. Springs issuing at the higher altitudes from the Colton 

Formation and the Flagstaff Limestone in the Soldier Creek area, have 

greater seasonal variability, with recession indexes ranging from 24 to 

115 days per log cycle. 

10. During 1980, the total reported and measured mine discharge in the study 

area was 2,800 acre-feet. 

11. In the Book Cliffs, recession characteristics ofstreamflow may have some 

use in monitoring possible changes in recharge to and discharge from the 

Flagstaff Limestone. Subsidence could cause a change in the recharge-

discharge relationships. 
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12. In most of the Wasatch Plateau, the concentration of dissolved solids in 

ground water was less than 500 milligrams per liter, and the principal 

chemical constituents were calcium and bi_carbonate. In the Book Cliffs, 

the concentration of dissolved solids in water in the Flagstaff 

Limestone ranged from 250 to 500 milligrams per liter, whereas in water 

from the Blackhawk and North Horn Formations, the concentration ranged 

from 500 to more than 1,000 milligrams per liter. The principal 

chemical constituents in water from the Flagstaff Limestone were calcium 

and bicarbonate, but water from the Blackhawk was of variable chemical 

composition, generally of a mixed type with no dominant cation or anion. 

In areas of the Book Cliffs where the Marcos Shale is affecting the 

quality of water in the Blackhawk Formation, sodium and sulfate ions 

generally dominate the chemical composition. Most ground water in the 

study area is almost saturated with respect to calcite. 

13. The top of the saturated zone in the Blackhawk Formation in the upper 

part of Eccles Canyon generally is above the coal zones, and dewatering 

will be required in most places during mining. 

14. In Eccles Canyon in the Wasatch Plateau seepage from the Star Point 

Sandstone is the major contributor to base flow. During the fall of 

1980, gains of as much as 230 gallons per minute occurred near a fault 

zone which crosses Eccles Canyon at the junction with South Fork Canyon. 
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15. Prior mining has caused redistribution of flow in the upper Mud Creek 

drainage basin. Water from Mud Creek that is intercepted by the 

abandoned Clear Creek Mine is discharged back to Mud Creek downstream 

from the mine. 

16. During the 1980 water year, the estimated annual discharge from the major 

springs and mines issuing from the Blackhawk Formation and Star Point 

Sandstone in the Mud Creek drainage basin was 1,340 acre-feet. 

17. Estimated tranmissivities in the Soldier Creek area ranged from 0.07 foot 

squared per day in the Price River Formation to 0.003 foot squared per 

day in a lower zone of the Castlegate Sandstone. 

18. In both the Mud Creek drainage basin and the Soldier Creek area, the 

coal-bearing zones of the Blackhawk Formation are saturated with water, 

and in most places dewatering will be required during mining. 

REFERENCES CITED 

Ayling, G. M., 1974, Uptake of cadmium, zinc, copper, lead, and chromium in 

the Pacific oyster, Crassostrea gigas, grown in the Tamar River, 

Tasmania: Water Research, v. 8, p. 729-738. 

Ball, J. W., Norstrom, D. K., Jenne, E. A., 1980, Additional and revised 

thermochemical data and computer code for WateQ2-- A computerized model 

for trace and major element speciation and mineral equilibria of natural 

waters: U.S. Geological Survey Water-Resources Investigations 78-116, 

109 p. 

Bryan, G. W., and Hummerstone, L. G., 1973, Adaptation of the polycheata 

.Nereis diversicolor to manganese in estuarine sediment: Journal of the 

Marine Biological Association of the United Kingdom, v. 53, p. 859-872. 

141 



Cooper, H. H., Jr., Bredehoeft, J. D., and Papadopulos, I. S., 1967, Response 

of a finite-diameter well to an instantaneous discharge of water: Water 

Resources Research, v. 3, no. 1, p. 263-269. 

Cordova, R. M., 1963, Hydrogeologic reconnaissance of part of the headwaters 

area of the Price River, Utah: Utah Geological and Mineralogical Survey 

Water-Resources Bulletin 4, 26 p. 

Guy, H. P., 1969, Laboratory theory and methods for sediment analysis: U.S. 

Geological Survey, Techniques of Water-Resources Investigations, Book 5, 

Chapter C1, 58 p. 

Hutchinson, G. E., 1957, Geography, physics, and chemistry, Volume 1--A 

treatise on limnology: New York, John Wiley, 1015 p. 

Lines, G. C., and Plantz, G. G., 1981, Hydrologic monitoring in coal fields of 

central Utah, August 1978-September 1979: U.S. Geological Survey Water-

Resources Investigations 81-138, 56 p. 

Lium, B. W., 1974, Some aspects of aquatic insect populations of pools and 

riffles in gravel bed streams in western United States: U.S. Geological 

Survey Journal of Research, v. 2, no. 3, p. 382. 

Miller, J. F., Frederick, R. H., and Tracey, R. J., 1973, Precipitation-

frequency atlas of the western United States, Volume VI--Utah: National 

Oceanic and Atmospheric Administration NOAA Atlas 2, 67 p. 

Mundorff, J. C., 1972, Reconnaissance of chemical quality of surface water and 

fluvial sediment in the Price River basin, Utah: Utah Department of 

Natural Resources Technical Publication 39, 55 p. 

Ponce, S. L., and Hawkins, R. H., 1978, Salt pickup by overland flow in the 

Price River basin, Utah: American Water Resources Association, Water 

Resources'Bulletin, v. 14, no. 5, p. 1187-1200. 

142 



Riggs, H. C., 1964, The base-flow recession curve as an indicator of ground 

water: International Association of Scientific Hydrology Publication 

63, p. 352-363. 

Rorabaugh, M. I., 1960, Use of water levels in estimating aquifer constants in 

a finite aquifer: International Association of Science Hydrology 

Publication 52, p. 314-323. 

1964, Estimating changes in bank storage as ground-water contribution to 

streamflow: International Association of Science Hydrology Publication 

63, p. 432-441. 

Rorabaugh, M. I., and Simons, W. D., 1966, Exploration of methods of relating 

ground water to surface water, Columbia River basin--Second phase: U.S. 

Geological Survey open-file report, 62 p. 

Schultz, L. G., 1964, Quantitative interpretation of mineralogical composition 

from X-ray and chemical data for the Pierre Shale: U.S. Geological 

Survey Professional Paper 391-C, 31 p. 

Skei, Jens, and Paus, P. E., 1978, Surface metal enrichment and partitioning 

of metals in a dated sediment core from a Norwegian fjord: Geochimica 

et Cosmochimica Acta v. 43, p. 239-246. 

Spieker, E. M., 1931, The Wasatch Plateau coal field Utah: U.S. Geological 

Survey Bulletin 819, 210 p. 

Stiff, H. A., Jr., 1951, The interpretation of chemical water analysis by 

means of patterns: Journal of Petroleum Techniques, Technical Note 84, 

p. 15-17. 

Stokes, W. L., ed., 1964, Geologic map of Utah: University of Utah, scale 

1:250,000. 

143 



	

	

Thomas, B. E., and Lindskov, K. L., 1983, Methods for estimating peak 

discharge and flood boundaries of streams in Utah: U.S. Geological 

Survey Water-Resources Investigations 83-4129, 77 p. 

Trainer, F. W., and Watkins, F. A., Jr., 1974, Use of base-runoff recession 

curves to determine areal transmissivity in the upper Potomac River 

basin: U.S. Geological Survey Journal of Research, v. 2, no. 1, p. 125-

131. 

U.S. Department of Agriculture, 1973, Estimating sediment yield rates for the 

State of Utah: Western United States water-plan map, scale 1:500,000. 

U.S. Environmental Protection Agency, Environmental Studies Board, 1976, 

National interim primary drinking water regulations: Washington, U.S. 

Government Printing Office, 159 p. 

1978, Quality criteria for water: Washington, U.S. Government Printing 

Office, 256 p. 

U.S. Geological Survey, 1979, Development of coal resources in central Utah: 

Final environmental statement, Regional analysis Part 1, page I-11. 

1980, Water Resources Data for Utah, water year 1980: Water-Data Report 

UT 80-1, 684 p. 

U.S. Weather Bureau, 1963 , Normal annual and May-September precipitation 

(1931-60) for the State of Utah: Map of Utah, scale 1:500,000. 

Waddell, K. M., Dodge, J. E., Darby, D. W., and Theobald, S. M., 1982, 

Selected hydrologic data 1978-80, Price River basin, Utah: U.S. 

Geological Survey Open-File Report 82-916 (also duplicated as Utah 

Hydrologic-Data Report 38), 72 p. 

144 



Waddell, K. M., Vickers, H. L., Upton, R. T., and Contratto, P. K., 1978, 

Selected hydrologic data, Wasatch Plateau-Book Cliffs coal-fields area, 

Utah: U.S. Geological Survey Open-File Report 78-121 (also duplicated 

as Utah Basic-Data Release 31), 33 p. 

Waddell, K. M, Sumsion, C. T., Butler, J. R., and Contratto, P. K., 1981, 

Hydrologic reconnaissance of the Wasatch Plateau-Book Cliffs coal-fields 

area: U.S. Geological Survey Water-Supply Paper 2068, 45 p. 

1145 



	

	

	  
	

	

	

  

	

		 	 	
	 		

	 	

•••••••••• 
1 

CUMULATIVE PERCENTAGE BY WEIGHT 

-

• zi 
.1-

• 

—7 

O 
, 

r 

q Cr — Si t.e. sy -2 77/:1/77. 
Sold rer crook' xvw rer."fug ry 

1979 ( .1,',S -Si 1,• \\\-\‘ • 
f- Ca von 

S 19,79 l?1 

L% 

Uk /N
0 

0 

;‘::1- ricu, 
s 979 1 7 --it. 5 •o( die r C cc:4c 5r 1 S A\T\N\\ 1-----

•N. •SeTti rI (c) 1- r 

- s.N. • \\\- \'\\\\%\ 

/979 9 7 Sc) er Crer --s 5-3-9 77- ' 

197S -,71 s.,Ad er. C,. 
_ 



		

	

			 

	
	 	

	

f. 9Z)
GLULOGICAL s,,, 

r 

• „,r4 ,-*7-1/e), 
* JUL 1 1 1983 

LEFT BANK, SEPT. 19, 1979 
6 RIGHT BANK, JULY 18, 1979 

_ 
ZS- SU 7s-

'eau uc.An vC pERCENTP,GE o r AAF_A 

• 
eight ban itijlt& /8, /977? 

' ATT 

MUD eRce-4 stress— ) 

00 

-C.-MIDSTREAM, SEPT. 20, 1979 
A MIDSTREAM, JULY 17, 1979 
o RIGHT BANK, SEPT. 20, 1979 

LEFT BANK, SEPT. 20, 1979 
1 Ij a 1 4 A7S 

COA4ULA 00E' PERCEVTASC or AREA 
r ap 

,q c.7 ,712,6eci 
....7_.14.06;i0p4 4 1.e Mdter- ** 41, a. f.„) A,5 z a ist t . too.; for' 

JJ s; C e 3 On c;s1), /11/ ,/,1) arm Sa/cf/er- Creeks /9 71, 



	
	

		

	 							

--' 

z 

s 

6'` RIGHT BANK, JULY 17, 1979 

_ 

' C..0001-4n4AL1- PoiLEArTACA 

I- 1 

co 

OF ARCA 

4 1 

ir 
1 4 i t 

/ to 

eeiLyn 17,7/74,3-aly /(7/79 

SO L.:1 14Z 

z 

j 

V 

ll 

El RIGHT BANK, SEPT. 18, 1979 

0 RIGHT BANK, JULY 19, 1979 

L -4.--.-I 1. 

00mulAnue- Pe tce TA QE D AREA 

_ 

/r/gli741&/ -7A-; Septeatorr / q 



	

	 

)00) 

g3-007" 

EXPLANATION 

ALLUVIUM 

COLTON FORMATION 

FLAGSTAFF LIMESTONE 

NORTH HORN FORMATION 

PRICE RIVER FORMATION 

CAST LEGATE SANDSTONE 

BLACKHAWK FORMATION 

CONTACT 

AREA USED FOR ESTIMATING RECHARGE TO FLAGSTAFF LIMESTONE 

HYDROLOGIC DATA SITE AND NUMBER.—G, preceding number indicates a ground-
water site; S, preceding number indicates a surface-water site; C, after number indicates 
chemical analysis available in Waddell and others (1982, table 8 or 11) 

/A99.7 Mine 

G 95 Spring 

G84.5 Well 

A s60 Gaging station 

S39 Seepage-study site 

A /2 TRACE OF SECTION SHOWN IN FIGURE 24 

WATER-QUALITY DIAGRAM (FROM STIFF, 1951) 

Bicarbonate (Hco3) plus 
Calcium (Ca) Carbonate (Co3) 

Magnesium (Mg)- Sulfate (504) 

Sodium (Na) plus Chloride (CI) 
Potassium (K) 

0 

MILLIEQUIVALENTS PER LITER 

,try 7 



	

	

	

45:PrlL015 reiRTL-9. * • • *. 

urv,o-
yoes' \ 

G 89 

0114 

robe 

552 

• i00 

.•..-11 do, If' 91.3 rite 
I ICIV 

Geology from Paul And• son (Eureka 

Energy Co., wrIlt•n communIc•tIon, 1977 

Hydrology by K. M . Wadd•II, 1991
tOw.OVO .11 

351 NATIONAL GEODETIC VERTICAL DATUM OF 1919 

Hasa from U. S. Geological Survey 

1•24,000 Holes, RM. Canyon (1972) 
Figure5.—Geology, water quality, and hydrologic data-collection sites in a part of the Soldier Creek area. 



 
 

	 � 

	

	

	

	

	

111'1007" 

I 

i 

145 lurra 'JTA1,4 CO 

CAR80,1 C.0 

EXPLANATION 

6 Jr r I A 34 GAGING STATION AND CHEMICAL-
QUALITY SAMPLING SITE ON 
STREAM.—Data available in Waddell 
and others (1982, tables 9 and 11.13) 

CHEMICAL-QUALITY SAMPLING SITE 
AND ON-SITE MEASUREMENT OF 

r.r7/316 /-- ? • t 
1 0 

TEMPERATURE, PH, SPECIFIC 
CONDUCTANCE, AND DISSOLVED 
OXYGEN.—Data available in Waddell 

• 
. IL-.., 

3 S3 and others (1982, tables 18-20) 

ON-SITE MEASUREMENT OF TEMPER-
I pA-30 

IN ATURE, PH, SPECIFIC CONDUCTANCE, 
I AND DISSOLVED OXYGEN.—Data 

S2.. 
PISA can't 

o " 
S C II' 

I• 
11L11 

63 

a available in Waddell and others (1982, table 20) 

rn-30, SITES WHERE CORE SAMPLES OF LAKE-
BOTTOM SEDIMENTS WERE COLLECTEDrn ec 

IItS11•V•i A 
1 ALTITU E 76,1 

0I 0 
11 Ix

I 

I 0 

Mt 
i 

la oir -45 
i _ ,r3.1".11.r 

aa r ar 
1 

1 . 

i 

1 

1 

1 1, 11 11 .3I4 

I 

I 
TI25 

3311 
•1i 

1171 

I I t•10.07' Iii•ora" 

%.,•••Acrep 

Flours 6 Location of wolsr-quality and cors-semelieo 

siisc M .0% Scofield Ritoepvoir aria. 

https://r3.1".11


 

	

 

	 	
	

 
	 	

	

 	

	

 

 

	
					

		

	

			

	 	 	
	 	

co) 
CI 
VDJC) 

F;00 

3'00 

4-00 

300 

I 1 . T 

Fish creek c.teme. reservoir, rear-Scofield 

OGICIAL 
vq-" I vek 

* JUL 1 1983 

(4.e. S ) 

200 

100 

h B R F‘ 
• 

1 

r 
,1) 
C-

GO 

5'5 
So 
145 

40 

35 

30 
25 H 

20 H 
15 

10 

5 
o • 

. Pond t-ov.ir) Creek 

• 

near Scofivid ( SI-4-e 5 4 ) 

1 • • • I 

J 

50 

145 

L0 

35 

30 

25 

20 

IS 

10 

r•-• 

• 

• • 

• 

Eccles Canyon near Sc_oP-1-42...1d 5 21 ) 

•.) 
C 

5O t L I 

• • • 
• 

• 

140 • 

120 

I0 

/Skucl Creek below MY1fer QuoLrbers Ccxnyon) A- Scofreici (srfe s 36) 

qo 

GO 

30 

1 5' 

160 1'C :CC\ Z) ro EC 

• • at 31,:jr) 1 • • 

I 

cr. ,47,r *r r • Al III1 61v1/:..3 PEP L /TER74.cr 
"0 nci- F • ba:hti co 

.34,-r:41/;.- h ba: 7clE'0 

F •c elected 



		

 

 
	

 

	

	

	

		 	

	

 

	
	

	 	
	

	

 

	

74ITED Nvcv I- OF [HE iNTEfr, :OR 

GE.Ssi-CGICAL ScikvE.Y 

se 
2/30" R,S-E R 7E; 10' 

354-6" 

EXPLANATION 

A 5 IL0 SEEPAGE-STUDY SITE To 3 3g-' 

:37 SPRING 

06 4/LO WELL 

T12S A 5 ci GAGING STATION 
7135 T12 

"XG,(1.,6" MINE PORTAL T13_ 
36C 

53-5 S39cCarviart
Number by symbol is site number 

S, Indicates surface-water site 
G, Indicates ground-water site 

& 62 C_C, By number for ground-water 
site indicates chemical analysis si .533a 
available in Waddell and others CC. 42.13' 

()TAN No. 2(1982, table 8 or 11) ‘.) ( , ANNE 

INACTIVE COAL MINE 

ACTIVE COAL MINE 
32,L,531c. 

► PP 
4 u rAH 

NONE 

IN .4
521, 530 
\ ,- G6C -C-/- /52 4.A.t./\ r;)A52- c- Les cANYe" s c 

S26522 svi ,---___ZA 52aA,59C-5 c-- c525 i.527 ‘ •s- 517C 

90'-
515A s!Gc, 

SIi 

BoARDINGuofta. G706' Sir CLEAR 
CREEK 
MING 

G71c 

TI3S T13S 
TILES' T195 

O'CoNNER 
MINE 

33.37'30' 39'37'30 
111 .15" 12'30" Ft6E R7E lo' 111°07'30" 

1 MILE Hydrology by K. M. Waddell, 1981
Base from U. S. Geological Survey 1 
1:24,000 series, Scofield (1979) 1 5 1 KILOMETER 

CONTOUR INTERVAL 80 FEET 

NATIONAL GEODETIC VERTICAL DATUM OF 1929 

F igure3.—Seepage-study sites and quality of ground and surface water in the Mud Creek 
drainage basin, 1979-80. 



	

	  
 

• • 

WATER-QUALITY DIAGRAM (FROM STIFF, 1951) 

Bicarbonate (Hco3) plus 
Calcium (Ca) Carbonate (Co3 ) 

Magnesium (Mg) Sulfate (So4) 

Sodium (Na) plus Chloride (CI) 
Potassium (K) 

t 
6 4 2 0 2 

MILLIEQUIVALENTS PER LITER 

G37 

• 

S34 

G62 

530GC4. 

G66.5 

G70 

G‘26.7G4.9.5 

G71 

S5 

-r,n/cr/oy 3 

519 



  

 

  

  

	 	 	

 

	

	

 
		

I r 

:11 

-6 
5oL Dirk CREEK 

(site S.c.(1) 

J 

• 
• 

O 

0 

S 

10 

ID 1 A 

a0 

it/ 

30 

Cuelc FEET PER 

• 

*0 Its 

5te,,, ,3 

C AICIti MI Ott) 

ii ,114. 
C.) 

C 

VV 

,7 t i>,) be r ) lic dicci )c.cr3e, 

coos -fit.‘•-'11 in 
sravrid wate- r N7 — 

of Soldier Creek And -file, 

Sok! e..e Creek grid 



 

 

 

ExPfA\IATION 
Qa1 ALLUVIUM (QUATERNARY)' 

BLACKHAWK FORMATION (CRETACEOUS)Kbh 

STAR POINT SANDSTONE (CRETACEOUS)Ksp 

CONTACT 

_ FAULT Dashed where approximately located 

P"WIlvw ACTIVE COAL MINE 
k 0.44 

INACTIVE COAL MINE 

HYDROLOGIC DATA SITE AND NUMBER 

631 
Spring 

6,0:7 Well (`: 

/5Z46.11Mine portal 

830,0_APPROXIMATE POTENTIOMETRIC CONTOUR— 
Shows approximate altitude at which water would 
have stood In tightly cased wells completed In the 
Star Point Sandstone. Contour Interval 100 feet. 
National Geodetic Vertical Datum of 1929 

( 6 



 

 

 

 

	
 

	
			

	 

	
	

 

	

 

	

 

 

	

	

	
	

 

 

 
	

I

UNITED STATES DEPARTMENT OF THE MTERI OR 
GEOLOG I CAL S URvEY 

015 ' 1230° RGE R7E 10' 1:1°Or 
Vits 1(1 S GOP', ELD 3

RESERVOIR 

0 
Kbh 

• 

Oh I 

Kbh 

TI25 
T135 Kb 0 

RT.&WINTER 
0 

K61-1 I 
G62. 
G('3'-..(;i— UTAH 

-,N0.2 MINE 
I 142'30 

Ksp 

• 1 

Kbh 
( _ 0 • 

10 t'4
oi 03 iv fey CO Kbh
; / cr, 03 
to G60.7 • 0)

O t 
6• 

I:sp; • 
G E-Cc4 E 

, ii. cANyoriG-60:7-- Q41 

i Ksprn 
/ 

Kb 
0,61o fSELINA 

NO. 1 0 C:46.7
' MINE GOA" >wo ' 

Kbh 4 4 LV Qal I 
K611 G - 69• 

G To rw -
CANYON 

a 
CRLEX 
MINEIIII 

Ksp 671 
&CONNER 2MINE 

Ksp 1'4 
TI3S' I Tr3S 
INS l'-1S 

10 I° 
Kbh Kbh „ 

f KblitO
I\ Ksp tO 

Yr37i3OIL 1 / I ,lye •••'' 37°37 '30-
—1:26E---L- tor SWOT 30' 

, plate 31:Gitrably friNn Spardace from U.S. 6eolociical Survey 
aLipoo,u, q 9 corrrouRtn-TERWIL SO FEET 

NfiTiotIRL GEOVETK.VOCTICAL. DriTOW10 F !gag 

Fi3u,re a.a.+a-co‘lect;ort sr.-fess for (row-v.:1 vioite.p,anci poi-enfiorAe--k-ric— 'V'-FaCE 
T-Ok" -FY Soinds-Y-che_ in +he TY\04. Creek dr-a; vt,oke ,19 F'° 



 

	

	

 

 

					 			

	

		
 

						

	 	
	

	 
	

 

			 	
												

1--
2000 — _--

W00 — EPTE/APrA,§; /92.6 

a,fa_ tu I Lick 
Y,(9 twx, 
'4_ iC3C11 — 

OCrogaR f2i /977CD '?00 
U 600 

Z103 — 

?CY ) 

10)500 
I I it t t tiI il i;._ 1 

(-1 N 
I C0P.)(7) 

-. . Iv ,','
6 (n •iji v Z71 , a Zn 'CA vi u'-i, 

c... I v) w ttU Tic .3. 

() 3 (Se.- C I3. 3 -For 0-e, ioco ii2 ns)iNTr ;ye_ 
11)(111,19 — 
area 

Ar-24 ► 
Tr iinirigBiackhawk cited. 

Format ion 

1 1 _L _17000 
0 1 Z 3 Li 5 G 7 g 9 10 11 12. 

ot 3-1-1111C C:, OoLvilSTR F-A-M fRom oe 6 1)1116E vi 0 OE-, 1 n Ni uEK tit ) IsE.5 

F3vre a,--- Pro- r i /e.. crf Mud Cr6ck ati( SfreOpt-f kW 
h,T,ir.P!,-.)i,.:. ior cc-i-obcr )3 19'7 a na, 

,f)tiliti/./ber c5; J9eas 



	

	

	 

	

	

	

	

	  
	

	

	

	

	

3 

9G0z 
2Lr.N.•cr SEPTEM RE 

CA 720 -
z 

npt s)r- c)Wn 

GOO 
fr, WV) Wel 

/1tW 

CarVr 

z 1.180 
P . I 

3C,0 
1 240 ocToE,ER i 775' 

1?0 

1.1 r-

95.00 

—1 

LI 90 00 
(Sc? cros_ ctrd 1 8 

Blcucki-awk., s; re IoC,af f-onSEtrn talon
Zj.)
CL) i tit 

1-CA 

g 100 
lit 
IL 

5+ctr nt) 
,1* -

t.t)10,1i I Gcc.s0 X 003 
H 

F a 

Vollty 

I cad i-
t 

76"00 
o 1 
ots-rhAcc 0001511i PIM NMI o1) E MOE) iY1 RIVER, rill LES 

Fi3ure ()",)-Q Pr-off le of Eccles Ccolyon and iILytr Kcp}1.5 crc-' 
Shro-n-clow Ccfb`r.k..Y- 11 1979 cAn 
Septe.rnier 



	 	

	 � 	

		

	

	

	 

 

	

	 

 

 

			

	 	 		

	

		 	

	 
• 

W
A

TE
R

L
E

V
E

L
) 

100 

200P 
perforated 

pet-Com-I-ed.-1 

300 
Well G 100.6 goo.. Land-surface aatum 

.500.• 8254 feet above sea level 
North Horn Formation 

Go(-•• Perforations: Nov. 1979-210-220 and 705-715 feet below land surface 
Nov. 1980.840-9P0, 1320-1490, 1744-1750, 1860-1870, 
1890-18970 1943-1954 feet below land surface 

SO 0 

. 1 
Well G 95.5 
Land-surface datum pe.rfcro8 
8204 feet above sea level 

hr Price River Formation 
Perforations: 1200-1375 
feet below land surface 

50 V V 

Well G 100.4
GCC"' Land-surface datum

• 8416 feet above sea level 
700 Castlegate Sandstone (upper) 

Perforations: 1105-1205 
2CO • feet below land surface 

90101" 

100C• 

I10& 11 • 1 • 
a 1/ 1 a 

0 • Well G 93.5 
Land-surface datum 

• 7727 feet above sea level 
200 • Castlegate Sandstone (lower) 

Perforations: 1400-1650 
. feet below land surface 

LP° 

• 

CO 

800 

100 . . 
Well G 89.5 
Land-surface datum 

p 7186 feet above sea level150 
Blackhawk Formation 
Perforations: 1556-1557, 
1701-1712 feet below land surface

2 

250 

Al Al VI A FL • • • • 

3°°..r." .n. Feb, Ap My JuneJ„ cer+, 0 c_+. Nov. i c. . Mar. Apr. MAY. Tit T :y Ari9. C(./stAt- Ncri-

i 7 9 
Figure 21.—Hydrographs showing decline of fluid level after perforating the 

casings of five wells in the Soldier Creek area. 



	

 

	
 

	
	

 

	
	

	

	
	 	

	

 

	 	

	 	
	  

	

	 	
	

	

 

.

--- 

?g 

FELT NW SE FEET 
icoo A aloco 

O 

ul 
2 m,1 co`^ Well G100.48500 __ -S500Y, d . rViWell GLOOJr1A6 sta i.c, __--,..9 1.11 I 

Fla9 ____---,- i_ meg' e1.,1 Li4 
, 

3 000 a /1- - P ,...g-8000til ----
?1 Y4'31613-5 ---

\/\----vviaPtererT4"14..ci ---- w
Lime stone ---- ":" 

i - Fl.ge'afF (tiii i — P..---- V
75'00 -7500WailGS-9.2. 7/...qtalir: _....,...\wid 1 G99.67 ____,-' ,,, 

_...- --North Horn ---r"> -
_.,._ __‘.--- ,-- ---- - F.--..- ,- Formation' 9- iLl1Uv4irn 

/ . 1.--- ----
7000- WI. —1000WI. A_ .„---P 

Price Raver 
Formation

6500 — 6500 -e;stlepate. 
Sand ;to 

P 
6000_ I ac.k114... - 600o 

Formation• 

5'500 -P - 550 0 

5000 - -5000 
EXPLWITION 

P, PERPoRn oo +.1,)u..c.5016VS-00 — -'1500 
wtm uffiTER LEVEL 

iyarion,4L 6006-Tic. vex-7109i_ 06.7-on oF icrq
4/000 - '1000Sed-FirNe -r&r. inc of s ection 

FisvreaLi) G-e-ne.rct177-ed 3ez,1o3ic se-ctt-on shovvin5 water levels in welts and Ck mine.3500_1 -3500 

fke Soldier Creel< area in "Hie_ Book Cliffs, 1980. 

B
O

O
K

 C
L

IF
F

S
 



	
	

	
	

		 		
	

 	

 

 

	

i . 
t Uo AV:Liu/to-14S 

u p0,0 •4G /1103 Zr°Uici J.Q 1!-JOAct'-%1er• Z -a)(161d 

CI :itti 1=2:',,13 ut f--301,.\)(1 3ePUMIWICIlt1.2,.)0 VAiti3a1stimoo 3"..A.4P-Ina 
..5.h 1, Z I 0 

i ) , DOOM, 
u 014..,), too_d 

uJ oH 14:10N) 

-Duo+ S aU-4 11 

4).t.)4.GCN) 

40.57, 

>D 

"3‹ 

11) 

try _rco 

0008 

oos8 

ft) r trl -r• 
r-

084/ qi 3a,4/3..r.rf3s* 

C$.6 / /// o 



	
	

	 

	

	 						

	

				 	
	
	

 

	

	

	

	
 

	

	
	

	

	

	

	

	

	

	

	

	

 
	

	

	

	

	
 

 

	

		

		 	
	 		

	

		 	 	

I SEPTEMe ER S.,riC4T-3 
to a- 400 r — 

u 
5 v..) zoo 

lc0 - ocTo8 EA J.0,7 9 77 

0 

I . I i 1 i L I i I I 

(...p 0---; , NU 1-,T(c. c.)_,, a 1-• U)1
ti,-.• kf) c V)t;) ke) - A. 1) Q) 

..-
J o '61 ;). (i _ gia: ,v

(CO —1 vi:1 

t 
'-i' 

C 

VI C). cr 
CI f..71 

0 
1Z 

,C1
Z 

1.. 

kl > 

. al,5CX..) (;9 for 5Tte /0C-C4110,-,2S)-

Cot-10/2 For Pi t it 

(odc.—f P115(014 

North Horri Fo r rr‘oti• cin 

5- ) 
0 

e L c, 

1 

FC,1- f 0 /1 
4 

2 4 5-

0,-C4 

6 7 
OkSitilICE 0okk. n5-vREflo) rPoriN 101RnitIft(FE Y1 pliLe5 

Ff3ore Pruf f Soldier _ ek in 
lcmc t i r-H1-01.)cr IC, /gland 5c.4---k.iv, - 519c). 

https://5c.4---k.iv


	
 

 	

 

	

 

	

• OCT. )2,1979 
D flu& 15 ) 
o sem-. 3 oec 
x OCT. rro 

O) 0 

0 0 
In kr-, 

0 
t 

cor sikt IOC{1.43) 

0.0. 

f5ThtCE. 001,crISMCINFII fkonlocIntr\Y-16.E. Utvq.)-4 1 h tr\ VER ILLS 

Ratio of cic(A01, 3 Qt seicaeci sitcs 
(-4 (-cc (sife. S3c,) 

Oh PCtr.te.,..r. 1,-21 KrIct , AL)9u•Ft i5 l'Th" sepivAker ,i9c) 
/5, IVO, 

https://IOC{1.43


	

	

	
	

		
	  
		

	 	

	

	

	

	  

	

	

 

		 		 	
	 	 	 	

	

		

	
	

o-
tt— 

;so:1:5,r,:s;t,11)7:‘,'1.;0 !") 
-V 

00 
c-c 

,---.c,0 
i4-0 

c 
\-•, .c
.,: 0,)-

(I)
-i— 
(r) 

.;7-, 

*) 

' 

0 

tr y 

‘) (ii 
0 i 

,.,
cz , i; 

• 1 

0 

( 

J. At 

0, Li -

i ‘i 

‘A 
C C.': fti .0 . 3 -C°r 

- iii (A cife. locc.AfkorS)
6)-

;.-:1..... ....1 - Io.o;.-._ i 
.3b 1 1. it 

OiSnii1CIL 000)3TR r Arn FRom pto) in i)c--. e, olvloE..)ii\ IRVg_tY iv, I LES 
-r 

+; c. f fj- ht. ) 

fG (I rniCrrCkCtta.,..( t )1.) ,n‘e -t I of 

C c, • • ,L S2.9) on odober II, t 79) And 



 

	

 

	

	 	

	

	  

	
 

	

 

	

	

	

	 	 		
	 	 	

	

	

I,6 _ 

D t1^, 2j 117"/ 

ar; OCT; II) 197'1 

031:191, q, i9F0 
TWO rr.Qt kst) rno 

rAcade. by Li I.1 :'r Ls irf41\11.(1 . : •, cn 
irtjUlli I fcx- S • U.:: ar,de 

c1061,,) , t 19Ff; ft, ;111,f,frclte:k 

rne-s.:.ttrernent- "4 • Y.•)(7./. 

<11 
70-(61 

(11 t.; 

El 
. 

) 

-on 

c . 'co 

E},CI 
. ; • .6 5 4 

DCIL.1137/ft////1021-n) t)/VieC jiii giv't7; 

g,)
Ft.cAut-e IticnlIn (j diF.,ctm-r).e. cf 

Sete SI I • 1• L' • 0'1 '11001ni 
04' C.1 CP ar 5-9) on ,1'177 

1 Ce..p-t- eryiber 4, I t) 



	
	

		
	  

		

		 	

	
	
	
	
	

	
 

	

	

		 	

r 

S A G COMP, A 5 Co t) 

c herr), cal cry 
11 N41 .!3* clesc•.. bed 4ibe'r .S. 6e1%.'" 

, I- 2i ̂  

10 
Gpr~ GE {-pa r, 
Supp",te4 

h _fa , ivo ,' )-

I-0 .“ C CC •• 1•;, 
CD 

Is0 

crl e_ Scd ; re 
b oy Chem, c-gt ep a ,0tOs) 

= 0, 1? (...6 • P-1 r-1, 

Raie. Sedirreoi,t.r,i 
avei-cc._ 

b ey 
S'al540^.' 

Ra k .1 
r 

j 
a mime, 5- co'," 

(= 7'k
1.-der 

ce G w,mq SC cnl 
‘.4 O. 3% trthflk-iet-per year 

0 0I 0.1 

lor 
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Figure 15.—Hydrographs of streams in the Soldier Creek area and sepQration 
of base flow from thef lagstaff Limestone and the Blackhawk Formation, 
Castle ate Sandstone, rice River and North Horn Formations, 1980. 



422 -4 
.1. 46 



POUET CONTAINS 
1-1. _ITEMS 



SEP - - 1990 



filtiilkinop 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181

