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July 28, 1982 

Town Council 
Town of Kemmerer 
P.O. Box 312 
Kemmerer, WY 83101 

Honorable Mayor and Council Members: 

MSM 
Consultants 
Inc 
350 W. "A" Street, Suite 110 
Casper, Wyoming 82601 
(307) 266-4893 

In accord with our Agreement, we are pleased to submit the 
attached final report entitled IIGroundwater Availability 
Study. II 

On behalf of MSM Consultants and our associate consultant, 
Willard Owens Associates, we thank you for the assistance 
provided by the Town staff in the development of this 
document. 

Yours very truly, 

MAY/cj 

Enclosures 

CC: Mr. Scott G. Mefford 
Willard Owens Associates 

Other offices in Denver, Albuquerque 
and New Orleans 

A Member of the SP Group 
of Professional Service Companies 

Engineering, Surveying, Architecture, 
and Energy Management 
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Executive Summary MSM Consultants, Inc. 

1. Kemmerer requires additional raw water; existing diversion and storage 
rights on the Ham's Fork are not sufficient to l} satisfy current 
needs under adverse conditions and 2) accommodate future needs. 

2. Groundwater is a possible solution, at least in part, to satisfy 
Kemmerer's raw water needs. 

3. Four potential non-tributary groundwater sources in the vicinity 
of Kemmerer have been identified. 

4. Preliminary test well drilling regimes have been developed for the 
potential sources. 

5. The potential sources have been evaluated with respect to capacity, 
water quality and exploration and development costs. 

6. The potential for groundwater development has been related to Item 1, 
the water supply needs of the Town. 



Purposes MSM Consultants, Inc. 

The purposes of conducting this Groundwater Availability Study are: 

1. To identify potential sources of non-tributary groundwater in the 
vicinity of Kemmerer for development by the Town. 

2. To evaluate the identified potential groundwater sources with 
respect to capacity, water quality and exploration/development costs. 

3. To develop preliminary test well drilling regimes for the identified 
potential groundwater sources. 

4. To relate the potential for groundwater development to the water 
supply needs of the Town. 



Findings MSM Consultants, Inc. 

In the MSM "Preliminary Water Study" (1980), the recommended raw water 
storage volume was based on a population of 17,250. This population 
figure still appears reasonable for the peak, or saturation, condition. 
The point in time at which this peak will be reached is difficult to 
predict: a u.s. PQsta1 Service projection indicates 1992; the MSM 
study assumes 2029. 

Regardless of the time at which peak population is reached, Kemmerer 
is continuing to grow. The existing surface water rights (4.17 MGD 
which occurs for 2-3 months out of the year) cannot supply the capacity 
of the treatment plant (5 MGD). Existing storage rights are not sufficient 
to accommodate substantial growth. Therefore, added raw water must come 
from 1) a new water source or 2) increased storage. 

Sincere only senior water rights on the Ham's Fork could be of value to 
the Town and since the possibility of transfer of senior rights is seen 
as extremely limited, groundwater is considered as the only new source of 
added raw water. Willard Owens Associates identifies four potential 
non-tributary groundwater sources near Kemmerer. In descending order 
of potential they are: Ham's Fork, Commissary-Wells, Madison and Nugget. 
In increasing order of estimated cost of exploration/development (including 
test well, production well, pump, piping and power) they are: 

Ham's 
Fork 

Commissary-

Test 
Well 

140-150 

Wells 120-130 

Nugget 

Madison 

100-110 

150-160 

Production 
Well 

160-170 

140-150 

120-130 

190-200 

20-25 

20-25 

20-25 

20-25 

Power 

50- 75 150-180 

200-250 250-275 

Approximate 
Total Costs 
( 1 982) in 
Thousands 

520- 600 

730- 830 

550-650 

750-850 

90-100 880-1,015 

40- 50 1,150-1,285 

The above estimates are based on 1) Willard Owens Associates well and pump 
costs, 2) the assumption of the use of the Ham's Fork as a conduit when 
possible, 3) 8" diameter pipe for transmission purposes, and 4) a Utah 
Power and Light Company estimate of $20-25,000 per mile for extension of 
3-phase power service. 

The Wyoming Game and Fish Department has been informally advised of the 
possibility of mixing groundwater with surface water in the Ham's Fork, 
i.e. using the Ham's Fork for transmission of groundwater. The only 
anticipated disadvantage in quality of water from the Ham's Fork site is 
total dissolved solids which may be concentrated two to three times that 
which is normally found in the river. While Department approval of this 
approach is subject to chemical quality test results, they noted that an 
increase in total dissolved solids may, in fact, be beneficial to the fish 
po pu 1 at ion. 



Recommendations MSM Consultants, Inc. 

Based upon Willard Owens Associates assessment of the Ham's Fork site 
as offering the best potential for groundwater development and the MSM 
assessment of the same site as being least costly to develop, we 
recommend tha~ the Town proceed with test drilling at this site. This 
recommendation is, however, contingent upon the confirmation of an 
unsubstantiated report of the existence of a recently completed 
artesian well in the vicinity of the confluence of Pole Creek and the 
Ham's Fork above Viva Naughton Reservoir. This location is outside the 
study area, but is mentioned by Willard Owens Associates as having good 
development potential. Should the report prove to be true and further 
investigation yield encouraging information, our recommendation would 
change accordingly. 

The possibility of developing additional storage as the means of satisfying 
Kemmerer's raw water needs is quite strong, but not assured. The Wyoming 
Water Development Commission, in concert with the Town of Kemmerer, is 
proceeding with this project in a preliminary, or Level I, phase. Since 
the time between investigation and construction may be substantial and 
since, in that time, other factors may affect the decision to proceed with 
construction, our recommendation to proceed with a well at the Ham's Fork 
site (or possibly the Pole Creek site) still prevails. 
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INTRODUCTION 

The purpose of the investigation was to identify potential sources 

of non-tributary ground water for development by the town of 

Kemmerer. This report presents a detailed evaluation of 

potential non-tributary ground-water aquifers ;n the Kemmerer 

area. Each aquifer's hydraulic properties are described and a 

discussion of water quality in each is presented. Four sites for 

exploratory drilling are identified, the advantages and 

disadvantages of each site are discussed, and estimates of cost 

for both test and production wells are presented. The report 

briefly describes the surface-water regime and development 

potential in the Hams Fork drainage. The geology of the area, 

upon which the study was based, ;s summarized at the end of the 

report. 
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EXECUTIVE SUMMARY 

The water~availability study encompassed an area 15 miles in 

radius around Kemmerer (Figure 1). The town of Kemmerer lies in 

southwestern Wyoming in the foothills of the middle Rocky 

Mountains physiographic province. Kemmerer is on the eastern edge 

of the Overthrust Belt and on the western edge of the Green River 

Basin. 

Rocks in the study area range in age from Paleozoic 

(Mississippian) to Cenozoic (Recent). During Paleozoic and 

Mesozoic time, 55,000 feet of various sediments accumulated in 

the region. Consolidation of these sediments over time formed 

the limestones, sandstones, shales, and other sedimentary strata 

found in the area today. 

Analyses of aquifer systems in the Kemmerer area were drawn from 

a synthesis of geologic data, including photogeology and field 

reconnaissance, geophysical logs of oil and gas wells, drill stem 

test data from oil and gas wells, spring measurements, and 

discussions with USGS and coal company geologists, town 

officials, and local residents. According to Wyoming State 

Engineer1s records, the non-alluvial completed wells in the area 

range up to 6,800 feet in depth. However, none of these wells 

appear to be capable of sustained yields over 100 gpm. 
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FIGURE I. LOCATION OF THE KEMMERER STUDY AREA, LINCOLN COUNTY, WYOMING. 
SHADED AREAS SHOW POTENTIAL TEST WELL AREAS. 
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Aquifers in the Kemmerer study area were subdivided into five 

groups based upon age and area of outcrop. These groups include 

Tertiary sediments of the Green River Basin, Tertiary sediments 

of the Fossil syncline region, Cretaceous sediments in the 

interior of the Lazeart syncline, Jurassic-Triassic sediments 

along the margins of the Lazeart and Fossil synclines, and 

Mississippian-Pennsylvanian sediments subcropping beneath 

Tertiary sequences in the Fossil syncline. These five groups 

were evaluated for aquifer potential. Factors which affect 

aquifer potential include porosity, permeability, and 

transmissivity of the rock matrix, potential recharge, formation 

thickness, faulting, and/or changing lithology. 

Water quality of the five aquifer groups was also evaluated. The 

quality of water is greatly affected by: 1) quality of the 

recharge water, 2) temperature and dissolved-gas content of the 

water, 3) chemical composition and mineral solubility of the rock 

through which the water passes, and 4) residence time in the 

system. 

After considering aquifer characteristics, water quality, and 

recharge and discharge areas, potential test well areas were 

chosen (Figure 1). The test areas are undeveloped but have 

potential for development of large capacity wells_ Four test well 
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areas were identified and are listed here in order of decreasing 

potential: 

1. The Hams Fork No.1 site in sec. 6, T. 22 N., R. 116 W., 

sec. 1, T. 22 N., R. 117 W., and sec. 31, T. 23 N., R. 116 W.; 

2. The Commissary - Wells No.1 site in secs. 4, 8, 17, and 20, 

T. 23 N., R. 116 W.; 

3. The Madison No.1 site in secs. 23, 26, 34, and 35, 

T. 21 N., R. 117 W.; and 

4. The Nugget No.1 site in secs. 27, 28, 33, and 34, 

T. 23 N., R. 115 W. 

The greatest potential for ground-water development within the 

study area resides in the Hams Fork site. This site is 

conveniently located along the Hams Fork River between the town 

of Kemmerer and Kemmerer Reservoir. Large springs in the area 

indicate that water in significant quantities may be emanating 

from the Hams Fork Conglomerate, the Wells Formation, and/or a 

remnant of the Madison Formation in this area. Water quality is 

not optimal (600 to 900 mg/1 TDS), but would be acceptable when 

diluted with other water. A well in this area would be 

approximately 1,750 feet deep. 
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and near Kemmerer Reservoir. The Wells Formation would be tested 

by a 1,500-foot hole. Being close to the outcrop of the 

formation, better quality water may be obtained from this site. 

However, no physical evidence of production from the Wells 

Formation exists in the immediate area. Because the site is 

topographically high, heads and available storage in the aquifer 

may be lower than at topographically lower sites. 

The Madison site is southeast of Fossil Butte 6 miles west of 

Kemmerer. The Madison Formation would be accessed by a test well 

about 2~OOO feet deep. This formation, a prolific aquifer in 

other parts of Wyoming, has the potential for sustaining large 

flows if it is h·it where significant fracturing and/or solution 

cavities exist. However, the water quantity from the Madison in 

this area is untested and water quality from depth in the Madison 

is suspect. Unless substantial heads are found to exist in the 

formation in this area, water will have to be pumped over the 

ridge which separates Kemmerer from the Fossil Butte area. 

At the Nugget site, about 10 miles north-northeast of Kemmerer, 

water may be obtained from the Nugget Sandstone and the Twin 

Creek Limestone. Faulting in this vicinity may promote 

interformational circulation and locally increase the 
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permeability and storativity of both formations. A well in this 

vicinity would be 800 feet to 1,200 feet in depth. Water quality 

at this site is likely to be fair to good. However, the site is 

remote from Kemmerer and subsurface conditions are unknown. 

Estimates for the cost of installing test and permanent wells at 

the four test sites are as follows: 

Site 

Hams Fork No . 1 

Commi s sa ry -
Wells No. 1 

Madison No . 1 

Nugget No. 1 

Aquifer 

Hams Fork -
Wells Fms 

Wells Fm 

Madison Fm 

Nugget Fm 

Estimated 
Test Well Cost* 

(Jan 1982) 

$138,000 

$118,500 

$158,000 

$102,700 

Estimated 
Production Well Cost* 

(Jan 1982) 

$165,600 

$142,500 

$190,000 

$123,500 

*Cost estimates do not include costs for permanent pumps, power, 
or water transmission lines. Costs for a submersible pump, 
discharge pipe assembly, wiring and switch box, and installation 
can range from $16,965.00 for a 200 gpm pump at 860 feet total 
dynamic head to $19,730.00 for a 400 gpm pump at 650 feet total 
dynamic head. 
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Potential municipal use of existing surface water was also 

analyzed. The potential for utilizing the Hams Fork near 

Kemmerer as a reliable primary water supply is limited due to 

existing water rights and to the high degree of variance of 

seasonal flows. Direct flow rights can provide only an auxiliary 

supply for a few months of the year. 

Reliable surface-water supply for the town of Kemmerer may 

possibly be obtained by combinations of three mechanisms: 

I} Applying for additional surface-water rights, 2) developing 

additional storage capacity in Lake Viva Naughton or a new 

facility, and 3) transferring some existing senior water rights 

to municipal use. It is recommended that a detailed hydrologic 

study of any proposed transfer be undertaken prior to the 

transfer. 

After the town has considered the proposed test well areas and 

the potential for using existing surface waters, we will meet 

with town planners to discuss the next steps in a water 

development program. 

-10-
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DESCRIPTION OF STUDY AREA 

The study area encompasses the part of Wyoming lying within a 15-

mile radius of Kemmerer (see Figure 1). The area includes all, 

or part of, T. 19 N. through T. 23 N. in R. 113 W. through R. 118 

W., Lincoln County. 

U.S. Highways 30 and 189 traverse parts of the area, and several 

state highways and county roads connect with the U.S. Highways. 

Kemmerer is also on the east-west Union Pacific Railway. 

Kemmerer lies in the foothills of the Middle Rocky Mountains 

physiographic province. The rugged area west of Kemmerer is 

characterized by parallel north-south trending ridges and 

valleys. This rugged area is part of the Overthrust Belt, a 

regional structural feature comprised of a series of north-south 

trending folds and faults. Oyster Ridge, just east of Kemmerer, 

delineates the eastern edge of the Overthrust Belt. The undulating 

lowlands east of Oyster Ridge form the western edge of the Green 

River Basin. 

The elevation tends to increase to the west in the study area. 

The highest point, 8,889 feet, is located on the top of 

Commissary Ridge. The lowest point in the study area is 6,437 
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feet, located about 40 miles south of Kemmerer on the southern 

boundary of Lincoln County. This gives a total relief of about 

2,400 feet. 

In general, the drainage in the area flows eastward. The Hams 

Fork River is the major stream draining the study area. The 

majority of the small tributaries flow into Hams Fork, which in 

turn flows into the Blacks Fork near the town of Granger, 

Wyomi ng. 

In the region of the study area, the climate is relatively cool 

and semiarid in the basin areas and is cool and subhumid in the 

mountainous regions. Precipitation occurs mostly in the winter 

and early spring. As reported at Kemmerer, average annual 

precipitation is approximately nine inches. 

There are 1 arge seasonal and diurnal temperature variations in 

this region. At Kemmerer, temperature extremes range from -32°F 

to 97 ° F (U. S. 0 epa r tm e n t 0 fIn t e rio r, 1978). The g row i n g sea son 

is about 105 days per year, although frost can occur at any time. 

Sagebrush is the dominant vegetation type. Other shrubs found in 

the study area include saltbrush, winterfat, and serviceberry. 
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Aspens occur on some north- and east-facing exposures. Some 

broad-leafed trees grow in riparian areas. 

Land use is primarily ranching and mining. Coal is being mined 

in a north-south strip about 5 miles west of Kemmerer. Many of 

the mine employees reside in the Kemmerer-Diamondville area (total 

population, 3,623 in 1976). The remainder of the area is sparsely 

populated. 
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GROUND-WATER HYDROLOGY 

METHODOLOGY - DATA SOURCES 

Very few deep wells currently exist in the study area. Of those 

identified, well completion and testing data is sketchy and none 

appear capable of sustained yields in excess of 100 gpm (see Table 

1). Consequently, most information for the hydrologic analysis of 

the aquifer systems is drawn from indirect sources. 

The geologic data, gathered from existing maps, photogeology, 

and field reconnaissance, allows us to identify potential aquifer 

systems where they exist in outcrop and to evaluate their 

recharge source. Geophysical logs of oil and gas wells in the 

study area provide additional detailed information. These logs 

are used to identify aquifers, to define aquifer depth and 

thickness, and in some cases, to evaluate aquifer porosity. 

Additionally, drill stem test data from oil and gas wells can, 

where available, provide some indication of aquifer porosity. 

Spring measurements from within the study area provide some 

information on aquifer production capabilities and on water 

quality. Discussions with town officials and local residents 

have provided information on both springs and local wells. 
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Table 1. Non-Alluvial Completed Wells in the Kemmerer Area. 

(Excluding domestic, domestic and stock, or monitoring wells) 

can - cancelled 
com - commerci al 
dom - domestic 

LOCATION 
Township Range Section 

22 

22 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

115 

114 

118 

118 

118 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

115 

115 

115 

20 

01 

2 

2 

11 

20 

29 

30 

30 

30 

31 

31 

31 

31 

32 

32 

21 

21 

21 

dri - drilling 
ind - industrial 
irr - irrigation 

DEPTH USE 

203 s to 

398 sto 

255 dom/ind 

500 dom/ind 

458 dom/ind/sto 

1000 mis 

225 mis 

125 mis 

100 mis 

100 mis 

250 mis 

80 mis 

100 mis 

125 mis 

225 mis 

175 mis 

sto 

sto 

sto 
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mis - miscellaneous 
sto - stock 
tern - tempora ry 

SOURCE UNIT PRODUCTION 
( gpm) 

Aspen Fm 15 

Green River 
Fm or Wasatch Fm 12 

Wasatch Fm 50 

Wa sa tc h Fm 5 (e st. ) 

Wasatch Fm 18 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

Adaville Fm 100 

25 

25 

25 



Table 1. Non-All uvial Completed Wells i n the Kemmerer Area, 
Cont'd. 

LOCATION DEPTH USE SOURCE UNIT PRODUCTION 
Townshi p Range Se c t ion ( gpm) 

21 115 21 400 dri/mis/tem Wa sa tc h Fm 25 

21 114 26 120 mis Green River Fm 25 

21 114 26 150 mis Green River Fm 25 

21 114 26 73 dom/mis Green River Fm 15 

21 114 26 120 mis Green River Fm 25 

21 114 26 120 mis Green River Fm 25 

21 114 26 120 mis Green River Fm 25 

21 114 27 140 dom/ind Green Ri ver Fm 100 

21 114 30 139 sto Wasatch Fm 25 

21 114 30 139 mis/sto Wasatch Fm 25 

20 117 02 150 mis Adaville Fm 100 

20 117 03 100 mis Adaville Fm 100 

20 117 03 125 mis Adaville Fm 100 

20 117 04 150 mis Adaville Fm 100 

20 117 20 400 mis Wa sa tc h Fm 15 

20 117 27 194 ind Hilliard Shale 5 . 5 

20 117 27 +6,850 ind/irr Phosphoria Fm, 
Wells Fm, or 
Amsden Fm 17 

20 117 27 410 mis Wasatch Fm 5. 5 

20 116 01 490 sto Wasatch Fm 20 

20 116 11 400 mis(can) Wa sa tc h Fm, 
Adaville Fm, 
or Bear River Fm 20 
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Table 1. Non-All uvial Completed Wells i n the Kemmerer Area, 
Cont'd. 

LOCATION DE PTH USE SOURCE UNIT PRODUCTION 
Township Range Section ( gpm) 

20 115 11 880 mis{can) Wasatch Fm 75 

20 114 33 881 mis Green River Fm or 
Wasatch Fm 80 

19 116 18 100 com/dom Wasatch Fm or 
Ad av i 11 e Fm 6.2 

19 116 21 160 mis(can) Hilliard Sh 25 

Source: Wyoming State Engineer's Office records as of January 27, 
1982. 
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Geologists with Kemmerer Coal and Rocky Mountain Energy were 

contacted for data as were wellsite engineers on currently 

operating petroleum rigs in the area. Additionally, Mr. Steven 

Oriel, author of USGS Professional Paper 855 and Mr. William 

Glass and Mr. Gregory Lines, co-authors of USGS Hydrologic Atlas 

HA-539, were contacted for data. 

Where hydrologic data was lacking within the study area, we have 

attempted to extrapolate data from outside the area. This 

information is used sparingly since aquifer characteristics may 

change rapidly in the area due to differing depositional 

environments and to the high degree of faulting. 
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FACTORS AFFECTING AQUIFER POTENTIAL 

The ability of a geologic formation to yield water is a function 

of a number of aquifer properties. Two key characteristics of 

the rock matrix are its porosity and permeability. The porosity 

of the rock describes the ability of that aquifer to store water. 

Porosity in a sandstone aquifer consists of voids between adja

cent sand grains. The degree of sorting of the sands and amount 

of cementation between particles affect intergranular porosity. 

In a limestone aquifer, porosity exists in the form of solution 

channels which have been dissolved from the rock matrix. Both 

sandstone and limestone aquifers may bear additional porosity 

resulting from fracturing and tectonic activity. Fractures may 

either provide open conduits for water storage or may be filled 

with clay-like gouge material prohibiting ground-water flow. 

Permeability is the ability of an aquifer to transmit fluids. An 

aquifer may have a high porosity, but if voids and solution 

channels are not interconnected, the aquifer will still not be 

capable of transmitting water. Generally, clean well-sorted 

sands and limestones with interconnected solution voids will 

have the greatest permeabilities. Sands with poorer sorting will 

generally have lower permeabilities, and siltstones, clays, and 

shales have very low permeabilities. Geologic units with low 

permeabilities are known as aquatards; units with extremely low 
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permeabilities are identified as aquacludes. Aquatards and 

aquacludes often provide a confining layer over an artesian 

aquifer system. This confinement allows pressures to develop in 

the aquifer which will drive water in penetrating wells to rise 

above the top of the aquifer and, in some cases, flow at ground 

surface (Figure 2). 

In ground-water studies, permeabilit~y is often translated to 

transmissivity. Transmissivity is the product of permeability 

and formation thickness. It is expressed commonly in units of 

gallons per day per foot (gpd/ft). High capacity municipal wells 

with capacities in excess of 100 gpm generally tap aquifers with 

transmissivities in excess of 750 gpd/ft. Aquifers with lower 

transmissivities are often utilized for domestic water supplies or 

small-scale municipal supplies. See Figure 3. 

In addition to rock matrix parameters (porosity and permea

bility) other factors also impact the capability of an aquifer to 

yield water. Most aquifers in the study area receive a large 

portion of their recharge from precipitation and stream infil

tration at the outcrop. To a lesser extent, some recharge may 

also result from vertical infiltration through adjacent beds. 
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FIGURE 2. CONFINING CONDITIONS WHICH PRODUCE AN ARTESIAN WELL. 

FROM U.S. BUREAU OF RECLAMATION, 1977, P. 8. 
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NOTES: Transmissivity (T)=KM where 
K=Permeability 
M=Saturated thickness of the aquifer 

Specific capacity values based on pumping period of approximately 
8-hours but are otherwise generalized. 
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Figure 3. Comparison of transmissivity, specific capacity, and well potential. 
From U.S. Bureau of Reclamation, 1977, p. 28. 
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If an aquifer exhibits significant discontinuities, natural 

ground-water recharge to portions of the aquifer may be res

tricted. Such discontinuities may consist of changing lithologies 

or changing formation thicknesses. Of significant importance in 

the Kemmerer study area are aquifer discontinuities created by 

faulting. The faulting may both displace aquifers vertically and 

create clay-packed gouge zones along the fault planes. Each of 

these features creates an aquifer boundary across which natural 

recharge is restricted. Pumping wells in the vicinity of such 

boundaries will exhibit a decline in specific capacity (well yield 

divided by drawdown measured in gpm/ft) as the cone of influence 

of the well encounters a boundary. 
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AQUIFER DESCRIPTIONS 

Aquifers in the Kemmerer study area may be subdivided into five 

groups based upon age and area of outcrop. These groups include 

Tertiary sediments of the Green River Basin, Tertiary sediments of 

the Fossil syncline region, Cretaceous sediments in the interior 

of the Lazeart syncline, Jurassic-Triassic sediments along the 

margins of the Lazeart and Fossil synclines, and Mississippian

Pennsylvanian sediments subcropping beneath Tertiary sequences in 

the Fossil syncline. The areas of occurrence of each of these 

aquifer groups is identified on Figure 4. 

Mississippian-Pennsylvanian Aquifer Systems 

The oldest of the aquifer groups consists of the Madison Formation 

of Mississippian Age and the Wells Formation of Pennsylvanian Age. 

The Madison Formation, a crystalline limestone, ranges from 600 

feet to 1,000 feet thick in the study area. This is one of the 

most prolific aquifers in Wyoming where solution cavities are 

sufficiently developed. However, large areas of the Madison 

Formation exist wherein cavities are poorly developed and per

meability is low. The Madison does not crop out in the study 

area, but rather subcrops along the margins of the Fossil syncline 

beneath the Wasatch Formation. Little is known about the unit in 

the study area because of its depth of burial. Springs emitting 
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from the Madison and yielding in excess of 1,000 gpm are prominent 

in the Overthrust Belt north of the study area. In this area, 

wells penetrating the Madison have recorded yields ranging from 

6 gpm to 720 gpm (Ahern, 1981). The broad variability in produc

tions is probably attributable to varying development of secondary 

permeability in the unit. Correspondingly, transmissivities 

calculated from well tests and drill stem tests north of the study 

area show transmissiv.ities ranging from 10 to over 100,000 gpd/ft 

(Ahern, 1981). Oil and gas rigs penetrating the Madison in the 

study area often encounter water in the Madison but flows are 

restrained by the mud system in the wells and formation parameters 

are not tested. 

The Wells Formation, an equivalent of the Tensleep Sandstone in 

other parts of Wyoming, overlies the Madison Formation and is 

separated from it by the limestone, quartzite, siltstone sequence 

composing the Amsden Formation. The Wells Formation crops out in 

the study area only in T. 23 N., R. 116 W., along the Absaroka 

Fault. The formation also lies in subcrop beneath Wasatch sedi

ments along the margins of the Fossil syncline in the western half 

of the study area. 

The Wells Formation consists of fine-grained quartzites and sand

stones with interbedded limestones occurring locally. The unit 
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appears to range from 400 feet to 600 feet in thickness in the 

study area. 

No water wells in the study area penetrate the Wells Formation. 

However, wells penetrating this aquifer elsewhere in the Over

thrust Belt yield up to 700 gpm (Lines, 1975) and the major spring 

on Basin Creek at the headwaters of the Hams Fork issues water 

from this unit at 1,600 gpm. The transmissivities of the Wells 

Formation in the Overthrust Belt have been reported as high as 

10,000 gpd/ft (Ahern, 1981), although permeabilities in the study 

area could be substantially lower due to depth of burial. 

The principal area of recharge of both the Madison and the Wells 

formations lies along the Salt River Range north of the study area 

and extends southward toward Commissary Ridge. Recharge and 

discharge in the Salt River Range often occur on a local basis, 

but it is thought that some water recharges deeper portions of 

the aqui fer. Substanti al faul ti ng, both thrust faul ti ng and 

normal faulting, disrupts the Mississippian-Pennsylvanian aquifer 

systems in the study area. Al though some normal faul ts are 

thought to provide conduits for interformational water flow, most 

fault planes probably present barriers restricting natural 

ground-water flow. Most ground water in the Madison and Wells 

formations in the study area is believed to exist in a IIpassive ll 
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state. Natural ground-water flow rates are very slow, residence 

time in the aquifer is high, and the system does not respond to 

annual recharge cycles but is fed by deep percolation of water 

from outcrops to the north. 

Jurassic-Triassic Aquifer Systems 

Overlying the Wells and Madison formations and separated from them 

by the Phosphoria, the Thaynes, and the Ankareh formations, is the 

Nugget aquifer. The Nugget Sandstone, a massive calcareous 

sandstone and quartzite unit of Upper Triassic age, is 700 feet to 

1,100 feet thick in the study area. In some areas the Twin Creek 

Limestone is thought to drain into the underlying Nugget sands and 

the two units respond as a single aquifer system. Elsewhere, 

confinement provided by the Gypsum Spring Member at the base of 

the Twin Creek restricts interformational flow. 

The Nugget Sandstone crops out only sparsely in the study area. 

Outcrops are seen in T. 20 N., R. 115 W., and in T. 23 N., R. 115 

W., along the margins of the Green River Basin, and along the east 

and west edges of the Fossil syncl i ne in T. 23 N., R. 116 W., and 

in Ts. 21 and 22 N., R. 118 W. Throughout most of the study area, 

the Nugget Sandstone is displaced by thrusting or it subcrops 

beneath younger Tertiary sediments. 
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No wells penetrating the Nugget exist in the study area and few, 

if any, exist in the Overthrust Belt. However, a number of 

springs are derived from this unit north of the study area. 

Spring flows of up to 1,000 gpm have been recorded north of the 

La Barge Ranger Station in Ts. 30 N. and 31 N.~ R. 116 w. 

The porosity and permeability of the Nugget Sandstone vary signi

ficantly with its degree of cementation. Picard (1975) reports 

the porosity and permeability to be good, especially in the 

crossbedded upper part of the aquifer. However, core descriptions 

of the Nugget from the Davis Oil Co., Oyster Gap Unit No.1 well 

in T. 32 N., R. 115 W., indicate the sand to be well cemented and 

to have no visible porosity. Ahern (1981) reports transmissi

vities for the Nugget in the Overthrust Belt of 146 to 186 gpd/ft. 

These transmissivities are inadequate for a high production muni

cipal well. Given the high recorded yields of springs emanating 

from the Nugget, it is expected that the transmissivity of this 

unit may increase locally due to fracturing. Porosities in the 

Nugget range from 6% to 22% in the study area based upon inter

pretations of available geophysical data. 

Recharge to the Nugget Formation occurs through its small out

crops in the study area, through more extensive outcrops, both 

north of the Lazeart syncline and west of the Tunp Thrust, and 
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through vertical infiltration from the overlying Twin Creek 

Limestone. There are no significant areas of surface discharge of 

the Nugget in the area, although some recharge-discharge may occur 

along fault traces or subcrop contacts with the Wasatch Formation. 

Rates of natural ground-water flow in this sandstone throughout 

most of the study area are expected to be small with directions of 

flow governed by faulting. 

The Thaynes Limestone, stratigraphically beneath the Nugget 

Sandstone and the Twin Creek Limestone, locally suppl ies substan

tial quantities of water to springs in the Overthrust Belt al

though no such springs exist in the study area. A Northern 

California Gas (NCG) rig, operating in T. 24 N., R. 117 W., en

countered flows in the Twin Creek estimated at 100 gpm. As with 

the Nugget, these Jurassic and Triassic limestones exhibit locally 

high permeabilities and can yield significant quantities of water 

if sufficiently recharged. 

Cretaceous Sediments £1!~ Interior ~ the Lazeart Syncline 

Two aquifers of Upper Cretacrous age crop out in the interior of 

the Lazeart syncline. These include the Frontier Formation and 

the Lazeart Sandstone at the base of the Adaville Formation. The 

Frontier Formation consists predominantly of sandstones, silt-
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stones, lignitic shale, and coal. The outcrop of the Frontier 

Formation extends in a north-south direction across the entire 

study area. It is found in outcrop east of Cumberland in T. 19 

N., R. 116 W., and extends northerly to the eastern edge of 

Kemmerer and then along Oyster Ridge to the northern boundary of 

the study area at the northern terminous of the Lazeart syncline. 

The outcrop strikes roughly north-south and dips 10 to 40 degrees 

westwardly along the eastern arm of the syncline. In T. 23 N., R. 

116 W., a portion of the Frontier Formation may also be seen in 

outcrop on the western arm of the syncline and adjacent to the 

Absaroka Fault. The Frontier Formation in the study area ranges 

from 1,975 feet to 2,550 feet in thickness. 

The springs issuing from the Frontier Formation within the study 

area generally have flows of 1 to 30 gpm, although a single spring 

in sec. 32, T. 23 N., R. 116 W., is reported to yield 75 gpm (see 

Table 2). Wells penetrating the Frontier Formation in the study 

area are generally capable of sustaining 30 to 60 gpm yield. 

Records at the Wyoming State Engineer's Office show reported 

yields for wells in the Frontier Formation of up to 250 gpm, how

ever, we have been unable to substantiate any such yield from 

these wells. The porosity and permeability of the Frontier 

Formation varies significantly with the degree of intergranular 
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Table 2. Springs in the Kemmerer Area for Which Production and/or Water Quality are Known. 

LOCATION PRODUCTION SOURCE UNIT WATER QUALITY 
Township Range Secti on Quarter ( gpm) SC - Specific Conductance 

TDS - Total Di sso 1 ved So 1 i d~ 

23N 118W 26 SE SE 5 Wasatch Fm 

23N 116W 28 SW NW 30 Frontier Fm 

23N 116W 32 NE SW 75 Hilliard Fm SC 400 

23N 115W 6 SW SW 5 Frontier Fm SC 670 

23N 115W 13 NW NW 1 Wasatch Fm SC 500 

23N 113W 20 NW SW 20 All uvi urn 
. 
SC 1,200 

22N 117W 4 NW NE 2 Green Ri ver Fm SC 730 

22N 116W 5 NE NE Hilliard Sh 

22N 116W 6 NW NE 1,000 Evanston Fm SC 1,250; TDS 
501-1,000mg/l 

22N 115W 20 NW SE 40 Terrace deposits SC 420 

21N 117W 18 SW NE 15 Wasatch Fm SC 1, 740; T DS 
1,001-2,000 mg/l 

21N 117W 33 NW NE 35 Green Ri ver Fm SC 1,050 

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

Source: U.S. Geological Survey Hydrologic Investigations Atlas 
HA-539 and University of Wyoming Water Resources Research 
Institute Report. 
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cementation. Ahern (1981) reports transmissivities for the 

Frontier Formation of 3 to 30 gpd/ft; however, these estimates may 

be low due to their derivation from drill stem test data. 

Transmissivities are likely to be less than 100 gpd/ft in this 

unit throughout the study area except where permeabilities may be 

increased due to local fracturi ng. In general, thi slow 

permeability mak~s the Frontier Formation an unlikely target for 

100 to 300 gpm municipal wells. 

Recharge to the Frontier sands occurs in the study area along the 

formation's outcrop. The formation is recharged both by preci

pitation and by infiltration from streams crossing the outcrop. 

Water entering the formation is suspected to migrate down dip 

toward the west. Much of the water entering the formation is 

discharged locally at lower elevations through springs and seeps. 

Other water may percolate deeper and be carried from the formation 

along local fault or fracture zones. Water in the Frontier 

Formation in the study area is in the active, hydrologic zone. 

Recharge and discharge areas are in closer proximity and the 

residence time of ground water in the aquifer is substantially 

less than that of the pre-Cretaceous aquifers thus far addressed. 

The Lazeart sand, the basal member of the Adaville Formation, is 

separated from the Frontier Formation by 3,000 feet to 5,000 feet 

-35-



of Hilliard Shale. The Lazeart Sandstone is about 50 feet thick 

in the northern part of the study area and thickens to as much as 

400 feet south of the Kemmerer Coal Mine. This sand is inter-

bedded in the northern part of the mine permit area with the 

No.1 and No.2 coal seams. Facies changes occur southward such 

that the coal beds thin and pinch out while the sand section 

thickens. The Lazeart sand crops out along the eastern arm and 

near the axis of the Lazeart syncline. Numerous wells penetrate 

the Lazeart sand west of the town of Kemmerer. Most of these 

wells belong to Kemmerer Coal Company. 

Reported yields from wells in the Lazeart sand range up to 100 

gpm for wells on the Kemmerer Coal property. However, 

dis c u s s ion s wit h per son n e 1 0 f the c 0 a 1 com pan y con firm edt hat 

such yields cannot be maintained and that productions in the 

range of 5 to 30 gpm are more accurate. The transmissivity of 

the Lazeart sand in well no. South G on the Kemmerer Coal 

property was found to be between 444 and 820 gpd/ft. This is 

equivalent to a permeability of 9.3 to 13.7 gpd/ft2. Permea-

bilities of this Lazeart sand measured elsewhere on the pro

perty identified lower values. The storage coefficient of the 

aquifer was determined to be .003 to .006 at the IISouth Gil 

location where the aquifer is under artesian conditions. 
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It is thought that most recharge to the Lazeart sand occurs along 

its outcrop in topographically high areas south of the Kemmerer 

Mine (Kemmerer Coal Company, 1976). D~scharge from this Lazeart 

sand occurs through flowing wells and springs in Twin Creek. It 

is also believed that an upward gradient exists between the 

Lazeart sand and the overlying No.1 coal. It is likely water in 

the Lazeart sand moves vertically upward into the No.1 coal and 

may be discharged into the Kemmerer Mine, into the Elkol Mine, or 

in springs occurring in topographic depressions. Disruption of 

the natural aquifer system by mining makes a detailed evaluation 

of ground water in the Lazeart sand difficult. 

Tertiary Sediments ~ the Fossil Syncline 

Lying in the upper portions of the Fossil syncline are the 

Tertiary deposits of the Evanston and Wasatch formations. 

The Evanston Formation consists predominantly of gray conglo

merates, sandstones, siltstones, mudstones, claystones, lignites, 

and ironstones cropping out along the east and west flank of the 

Fossil syncline. The basal Hams Fork Conglomerate Member contains 

well-rounded, subspherical pebbles, cobbles, and boulders and 

ranges in thickness from 100 feet to nearly 1,000 feet in the 

study area. The Hams Fork Member crops out along the west and 

south sides of Commissary Ridge and dips approximately 30 degrees 

west. This member also crops out along the east side of the 
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Fossil syncl ine and extends as far south as sec. 36, T. 21 N., R. 

117 W. Width of the outcrop ranges from 100 feet to nearly a 

mil e. 

The Wasatch Formation in the Fossil syncline can be subdivided 

into two units. The basal portion of the Wasatch Formation, a 

conglomerate derived from the Nugget Sandstone, crops out in a 

narrow north-south strip about a mile west of the study area. 

This basal conglomerate is about 200 feet thick and contains 

cobbles and pebbles in a sandstone matrix. Overlying this 

conglomerate is a sequence of dark claystones, mudstones, 

sandstones, conglomerates, and massive limestones. 

The upper portion of the Wasatch Formation is variegated maroon, 

red, gray, and yellow mudstones interlayered with sandstones and 

well-sorted conglomerates. ·The upper portion of the Wasatch 

crops out across the surface of the Fossil syncline over an 

east-west width of 6 to 12 miles. The formation dips to 30 

degrees toward the axis of the syncline and discharge is to the 

south. 

Wells and springs producing waters from the Evanston-Wasatch 

sequence in the study area generally produce less than 25 gpm. 

Petroleum rigs operating in the vicinity of Fossil Butte have 
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been unable to secure enough water from the Tertiary sequence for 

drilling operations and generally have to haul water from other 

sources. A noted exception to the generally low reported yields 

from the Tertiary sequence is a spring emanating from the Hams 

Fork Conglomerate in sec. 6, T. 22 N., R. 116 W. This spring has 

a reported yield of 1,000 gpm. Field observations of this spring 

indicated a substantial although somewhat lesser yield. The 

quality of water produced by this spring (SC = 1,250) and its 

warm temperature suggest the spring may be receiving water from 

Mississippian-Pennsylvanian sediments subcropping beneath the 

Hams Fork Conglomerate along the edge of the Absaroka Fault. 

The Hams Fork Conglomerate and the conglomerates of the Wasatch 

Formation are the most likely aquifers in this Tertiary sequence. 

These conglomerates have, in general, not been disturbed by 

faulting although they are somewhat discontinuous due to lateral 

changes in lithology. In the Evanston area, wells penetrating 

conglomerates in the Wasatch have yielded up to 1,300 gpm, how

ever, no such permeable sequences have been yet identified in 

the study area. Specific data on the hydrologic parameters of 

the Wasatch and Evanston aquifers in the study area is sparse. 

Transmissivities of these units are probably less than 500 gpd/ft 

in most areas although higher T values may occur in some more 

permeable conglomerates and in the thicker sequences of the Hams 

Fork Conglomerate. 
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Recharge to the Tertiary sediments of the Fossil syncline occurs 

over the elevated areas of the formation's outcrop. The highly 

variable lithology of the Wasatch Formation produces sequences of 

moderately permeable strata interbedded with aquatards. Much of 

the precipitation recharging the aquifer seeps downward until it 

encounters a less permeable material and then migrates horizon

tally down gradient to be discharged in a spring or seep. This 

sequence produces many local topographically controlled ground

water basins. Potentiometric data collected by Ahern (1981) 

suggests that deeper percolating waters in the Wasatch Formation 

in the southern portions of the Fossil syncline migrates in a 

generally northerly direction. 

Tertiary Sediments ~ the Green River Basin 

East of the Lazeart syncline and the town of Kemmerer lies the 

southwestern portion of the Green River Basin. Of principal 

hydrologic interest in this portion of the study area are the 

Wasatch and the overlying Green River formations. 

The main body of the Wasatch is composed of up to 1,700 feet of 

claystones, lenticular sandstones and conglomerates. Conglo

merates increase in prevalence along the basin edges near source 

areas for detritus. The main body of the Wasatch crops out in a 
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north-south band roughly 3 miles wide between the east 1 imb of the 

Lazeart syncline and the Tipton tongue of the Green River 

Formation. 

The upper Wasatch and Green River formations are composed of a 

complex intertonguing sequence of limestones, marlstones, car

bonaceous shales, mudstones, siltstones and fine-grained calcar

eous sandstones. In the study area, this sequence ranges up to 

1,000 feet in thickness. It crops out throughout the easternmost 

fourth of the study area. The interrelationship of the Wasatch 

and Green River units can be seen on the cross section, Plate 2. 

Wells penetrating the main body of the Wasatch have reported 

yields of up to 75 gpm in the study area, although many have 

lesser yields. None of these wells are known to penetrate the 

full thickness of the aquifer. Pumping test data collected by 

Ahern (1981) for wells outside of the study area showed trans

missivities ranging from 200 to 1,000 gpd/ft. Based upon forma

tion thicknesses and well performance in the study area, trans

missivities are estimated to range from 50 to 750 gpd/ft. Wells 

penetrating the full thickness of the main body of the Wasatch 

east of its outcrop should range from 2,000 feet to 3,000 feet in 

depth and are likely to yield 50 to 150 gpm if properly completed. 
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Most wells penetrating the Upper Wasatch and Green River sequence 

in the area provide yields of 1 to 25 gpm for domestic or stock 

watering purposes. This sequence is not a good aquifer within 

the study area. 

Recharge to the Wasatch and Green River units occurs as precipi

tation infiltrates into the rock units in outcrop. Ground-

water movement is generally southeastward from the study area 

toward the central portions of the basin. The discharge mechanism 

for these aquifers is not well understood although it is thought 

some water may be discharged along the Green River. In addition, 

some spring discharges occur in shallow, localized ground-water 

sys tern s . 

Alluvial Aquifers 

A number of alluvial aquifers exist in the study area. The most 

prominent of these are the alluvial deposits lying in the valleys 

of the Hams Fork and Twin Creek. It is likely that locations in 

these alluvial deposits may be identified where transmissivities 

reach or ~xceed 50,000 gpd/ft, making them quite good potential 

aquifers. Wells or collection galleries installed in the 

alluvium may yield 200 to over 500 gpm. Water quality in the 
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alluvium is expected to range from 500 to 1,000 mg/l total 

dissolved solids. Alluvial wells could provide a significant 

source of water to the town of Kemmerer, especially to help meet 

peak demands. However, water in this aquifer is inherently tied 

to the surface-water system and withdrawals from the aquifer 

would likely have to be covered by appropriating senior water 

rights. Consequently, water in the alluvial aquifer will not be 

discussed in detail in this report. 
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WATER QUALITY 

Introduction 

The quality of ground water withdrawn from an aquifer is a 

function of a number of parameters. Among those having the 

greatest bearing on quality are: 1) quality of the recharge 

water, 2) temperature and dissolved-gas content of the water; 3) 

chemical composition and mineral solubility of the rock through 

which the water passes; and 4) residence time in the system. 

Generally, the quality of water in an aquifer will be better when 

recharge water is pure, temperatures are low, the strata contains 

few evaporites or other soluble minerals, and residence time 

is short. The mineral content of the water determines the suita

bility of the supply for specific uses and whether the water has 

to be treated. The total concentration of dissolved solids (TDS) 

in water is a general indicator of the overall suitability of 

water for various uses. Water that contains less than 500 mg/l of 

dissolved solids is generally satisfactory for domestic, munici

pal, or industrial use. Water with 500 to 1,000 mg/l TDS is 

usable without treatment but may bear some taste. Water with more 

than 1,000 mg/l of dissolved solids usually contains minerals 

which give it a disagreeable taste and may mandate treatment 

(Johnson Division, 1975). 
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Electrical conductance is the ability of a substance to conduct 

an electric current; it is measured in units of micromhos/cm. 

Chemically pure water has very low conductance. Specific conduc

tance varies directly with the amount of dissolved minerals in the 

water. Therefore, the more ions present in water, the greater 

will be the specific conductance. For most ground waters, the 

spec i f icc 0 n d u c tan c emu 1 tip 1 i e d by a fa c to r 0 fa. 5 5 to O. 75 will 

give a good estimate of total dissolved solids. Thus, high 

specific conductance can also be an indicator of disagreeable 

taste or potential corrosive qualities. 

Specific conductance and total dissolved solids are used in this 

report to give an overall idea of the suitability of water for 

use. Additionally, the waters will be IItyped ll re1 ative to con

centrations of primary anions and cations in solution. 

Although not discussed here, primarily due to lack of data, any 

water to be utilized for municipal purposes should undergo a 

comp1 ete mineral analysis. Mandatory 1 imits of individual con

stituents in a water supply as established by the Environmental 

Protection Agency are identified on Table 3. The significance 

of various mineral parameters in ground water used for domestic 

purposes is explained in Table 4. 
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Table 3. Primary and Secondary Drinking Water Standards 
Established by U. S. Environmental Protection Agency (1976). 

Constituent 

Arsenic 

Bar i urn 

Cadmium 

Chloride 

Chromium 

Coliform Bacteria 

Color 

Copper 

F 1 uo rid e 

Iron 

Lead 

pH 

Radioactivity 

Gross Al pha 
Gross Beta 
Ra d i urn 

Selenium 

Sulfate 

Total Dissolved Solids 

Primary Drinking Secondary Drinking 
Water Standard Water Standard 

1 

0.05 

1 

0.01 

0.05 

co1ony/100 

2.0 

10 

15 pCi/l 
50 pCi /1 

5 pCi/l 

0.01 

m1 

1 

250 

color unit 

1 

0.3 

6.5-8.5 

250 

500 

-----------------------------------------------------------------

All concentrations in mg/1 except where noted. 
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Table 4. Significance of Chemical Properties in Ground Water. 

Bicarbonate - Produces alkalinity; forms scale in boilers and 
corrosive carbon dioxide gas; poor taste. 

Calcium - Forms scale; soap consuming; increases hardness. 

Chloride - Salty taste; increases corrosiveness of water. 

Color - May indicate presence of organic material; unsightly. 

Total dissolved solids - A measure of the collective 
concentration of constituents in the water. 
Generally, the lower the concentration the better 
the water quality. 

Fluoride - Reduces the incidence of tooth decay and enhances 
enamel calcification. Large concentrations cause 
discoloration and mottling of teeth. 

Hardness - Consumes soap before lather forms, and deposits soap 
film on sinks and bathtubs. Forms scale in boilers 
and heating pipes. 

Iron - Unpleasant taste and promotes growth of iron bacteria. 
Large concentrations stain laundry and utensils. 

Magnesium - Forms scale; soap-consuming; increases hardness 
of water. 

pH - A pH of 7 indicates a neutral liquid, whereas higher values 
indicate increasing alkalinity; lower values indicate 
increasing acidity. 

Potassium - Salty taste when in combination with large chloride 
concentrations. 

Selenium - Toxic in small quantities. Can cause gastrointestinal 
disturbance, hair loss, weakened nails, and listless
ness. 

Silica - Forms scale. 

Sodium - Salty taste. 

Sulfate - Forms heat-retarding scale. About 500 mg/l tastes 
bitter; 1,000 mg/l may be laxative. 
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This section describes the chemical quality of ground water from 

each of the five aquifer systems. Conclusions on the quality of 

ground water are based on the chemical analyses presented in the 

U. S. Geological Survey's Hydrologic Investigations Atlases, 

HA-290 and HA-539, in the Wyoming Resources Research Institute 

report, and in Kemmerer Coal Company's Mining and Reclamation 

Pl an. 

Mississippian ~ Pennsylvanian Aquifer Systems 

Water in the Madison Formation at shallow depths (less than 3,000 

ft) and near recharge sources is generally of a calcium bicar

bonate type. This is especially prevalent where the limestone is 

highly fractured or contains abundant solution cavities giving the 

unit a high permeability. Water issuing from Madison springs 

north of the study area often has TDS concentrations in the range 

of 200 to 500 mg/l. As residence time in the aquifer increases, 

deeper percolating waters often change to a calcium sulfate type 

and TDS concentrations increase. This is characteristic of waters 

in areas of the aquifer with poor permeability or zones isolated 

from active recharge. No water quality information is available 

on the Madison aquifer in the study area although drill stem test 

data from wells near Fossil Butte report the water to often be 

II su lfurous". Because of the remoteness of the Madison aquifer in 

the study area from active recharge zones, it is likely the water 

here is of a calcium sulfate type with 500 to 1,000 mg/l dissolved 
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solids. Water in the Madison Formation encountered at depths in 

excess of 3,000 feet may have dissolved solids concentrations 

in excess of 1,000 mg/l. 

Water in the Wells Formation north of the study area (Big Springs) 

is of a calcium bicarbonate type with total dissolved solids 

concentrations of less than 200 mg/l. As with the Madison, the 

Wells Formation crops out beneath Tertiary sediments throughout 

most of the study area and is well removed from active recharge 

zones. Again, no water quality data on the Wells Formation is 

available in the study area. It is expected dissolved solids 

range from 500 to 1,000 mg/l near the formation's subcrop. Water 

quality may be somewhat better in the northern portions of the 

study area and near the outcrops of this unit north of the Lazeart 

syncline and on the west flank of the Fossil syncline. 

Jurassic ~ Triassic Aquifer Systems 

Very little water quality information is available on the Nugget 

and Twin Creek aquifers. In the Overthrust Belt near Nugget 

Formation outcrops, water quality is good. The water is normally 

of a calcium bicarbonate type with total dissolved solids ranging 

from 150 to 300 mg/l. However, water in the Nugget in the study 

area is 1 ikely to contain somewhat higher dissolved solids due to 

its isolation from zones of active recharge. 
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Cretaceous Sediments £! the Interior £! the Lazeart Syncline 

Water quality in the Frontier Formation is good near outcrops in 

the north central portion of the study area. In this area, near 

zones of recharge, water contains 366 to 503 mg/l TOS. Where the 

Frontier subcrops beneath Tertiary sediments in the interior of 

the Lazeart syncline, water is a sodium bicarbonate type and 

usually contains 750 to 1,500 mg/l TOS. From water quality data 

available for the study area, it is expected that quality is 

better in the northern portions of the study area and near the 

outcrops of this unit. 

Water quality in the Adaville Formation varies from a calcium 

sulfate to a sodium sulfate type and has a moderate to high 

concentration of total dissolved solids (Kemmerer Coal Company, 

1980, and Rocky Mountain Energy, 1976). According to coal 

company analyses, water in the Adaville contains a high salinity 

hazard. Water from two wells in the mine permit area was 

unsuitable for irrigation because of high residual sodium 

carbonate values. The major constituents of the ground water are 

sodium, calcium, and magnesium, along with sul fates and 

bicarbonates. Total alkalinity in the Adaville ranges from 205 

to 430 mg/l. The amount of total dissolved solids ranges from 

556 to 1,750 mg/l. Water from the Adaville Formation in the 
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study area is not generally of a quality or quantity considered 

acceptable as a municipal supply. The water is of acceptable 

quality for drinking water if no other sources are available. 

T e r t i a r y Sed i m en t s 0 f the F 0 s s i 1 Sy n c 1 i n eRe g ion 

In the Fossil syncline region in Wasatch and Evanston aquifers, 

water quality is good to poor. The water at shallow depths 

contains 275 to 2,000 mg/l TDS and may contain large concentra

tions of sodium chloride, and sulfate. Two springs in the Wasatch 

Formation, located in sec. 13, T. 23 N., R. 115 W., and sec. 18, 

T. 21 N., R. 117 W., have specific conductances of 500 and 1,740, 

respectively. Total dissolved solids for the first spring range 

from 275 to 375 mg/l and for the second spring range from 975 to 

1,305 mg/l (see Table 2). A flowing well in the Wasatch 

Formation in sec. 2, T. 21 N., T. 118 W., has a specific conduc-

tance of 1,980 (1,089 to 1,485 mg/l TDS). A spring in the 

E van s to n Form a t ion, 1 0 cat ed ins e c. 6, T. 22 N., R. 116 W., has a 

specific conductance of 1,250 and 501 to 1,000 mg/1 TDS. 

From available water quality data, it appears that quality is 

better in the northern portions of the study area and near 

outcrops of the Wasatch and Evanston f~rmations. The salinity 

and amount of dissolved solids increase down gradient to the 

southwest. The water type changes from a calcium bicarbonate 
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near the recharge area to a sodium sulfate away from the recharge 

area or at depth. 

Tertiary Sediments of the Green River Basin 

In general, ground water in the Green River Basin becomes more 

mineralized with increased depth. Water quality varies greatly 

in the basin because of the discontinuous lenticular nature of 

the water-bearing zones. Quality of water in the Wasatch 

Formation along the edge of the Green River Basin is similar to 

that in the Fossil syncline area. Water at shallow depths in the 

Wasatch contains from 300 to 2,000 mg/l TDS and may contain large 

con c en t rat ion s 0 f sod i urn, c h lor ide, and s u 1 fat e . To tal dis sol v e d 

solids increase and major ion composition changes where the 

Wasatch intertongues with the Laney Shale Member of the Green 

River Formation (Ahern, 1981, p. 94). 

From available information for the study area, water quality in 

the Green River Formation appears to decrease down gradient to the 

east. Two springs in the Green River Formation in the study area 

(in sec. 4, T. 22 N., R. 117 W., and in sec. 33, T. 21 N., R. 117 

W.) have specific conductances of 730 and 1,050. Total dissolved 

solids in these springs range from 401 to 548 and from 578 to 
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857 mg/l, respectively. A well penetrating the Green River 

Formation and possibly the Wasatch Formation, located in sec. 26, 

T. 21 N., R. 114 W., has a specific conductance of 2,350 (1,293 to 

1,763 mg/l TDS). 

As in other aquifer systems, water quality in the Wasatch and 

Green River formations along the western edge of the basin is 

probably good in areas of recharge and along outcrops of the 

units. Water quality becomes poor with increase in depth or 

distance from recharge areas. 

-53-



GROUND-WATER EXPLORATION OPTIONS 

There are currently no bedrock wells in the study area capable of 

maintaining 100 to 300 gpm sustained yields required for a 

municipal water supply. Although there are no proven targets, 

there are undeveloped sites within the study area which bear 

potential for the development of large capacity wells. Four such 

sites have been identified in the IS-mile radius study area. 

Each of these sites will be discussed in descending order based 

upon our evaluation of potential for developing large capacity 

wells (100 to 300 gpm) providing suitable quality water for 

municipal use. Each of these sites is a potential location for 

exploratory drilling and is identified on Plate 3. Since property 

ownership and access may limit test drilling opportunities in some 

locations, each site has been identified as an area within which a 

number of suitable well locations may be possible. Specific test 

drilling sites may be identified as access problems are reduced. 

Site No.1 - Hams Fork No.1, Sec. 6, T. 22 N., R. 116 W., 
-sec . -r,- T. -2T1r." , R-:-1 TTW:-; anGSec. j1-, T-:-2"3'. ~. 1T6 W. -- - - - -- -- -- -- -- -- -- -- -- -- - ----

The large springs near the road along the Hams Fork approximately 

10 miles northwest of Kemmerer are the largest single 
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geohydrologic features evident in the study area. These springs 

are reported to yield up to 1,000 gpm. The water right on these 

springs is held under permit no. 21413 by J. Walker Dimond and 

Norma Bel Dimond. That right is for 1.77 cfs ~ (about 800 gpm) 

for stockwatering and the irrigation of 124 acres. The name of 

this appropriation, the only one in sec. 6, is the Curtiss 

Springs. 

The springs emanate from the Hams Fork Conglomerate, however, the 

temperature and chemical constituency of the water suggest there 

may be contributions from a deeper source. This source may be the 

Wells Formation or a remnant of the Madison Formation which 

subcrops beneath Tertiary sediments at the edge of the Absaroka 

Fault (see Figure 5). The spring flow indicates there may be 

adequate permeability in either the Hams Fork Conglomerate or the 

underlying Wells Formation to supply a large capacity well. The 

water quality is not optimal; dissolved solids concentrations of 

600 to 900 mg/l may be expected. However, these are not 

unacceptable levels of TDS, especially when diluted with other of 

the town1s available waters. 

A test well located at this site should be approximately 1,750 

feet deep and constructed to allow for testing of both the 

Tertiary Hams Fork Conglomerate and the underlying Wells 

Formation. The well would bottom on the plane of the Absaroka 

Thrust Fault or at the Wells-Amsden contact. This could be 
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accompl ished by locating a well approximately as identified on 

Figure 5. 

Test well construction would begin with the installation of 40 

feet of 14-inch surface casing and completion of a minimum 6 5/8" 

test bore to the full depth of the hole. This hole should be 

drilled with an air rotary technique to the greatest depth 

possible to allow accurate measurements of water production to be 

developed. As water production exceeds the lift capabilities of 

the system, the operations will be converted to a mud rotary 

drilling technique. 

Once this pilot bore is complete, a suite of geophysical logs 

should be run on the hole. These logs should include natural 

gamm~, resistivity, SP, and compensated density/porosity. Based 

upon the results of the drilling and logging, a decision will be 

made as whether to pursue further testing. If there appears to be 

sUbstantial potential for water development, the upper 800 feet of 

the hole (that penetrating Tertiary sediments) should be reamed to 

a minimum of 12 inches and cased. If only the Hams Fork 

Conglomerate is to be tested, the casing will be perforated where 

appropriate and the lower formations will be cemented off. If 

both the Hams Fork and Wells formations are to be tested, 

perforated casing should be set in the Tertiary sediments and the 
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entire hole should be cleaned out to total depth. It is 

anticipated that the Wells Formation is sufficiently competent 

that a well can be completed lIopen hole ll (without casing) through 

this unit. If only the Wells Formation is to be tested, solid 

casing will be set and cemented throughout the length of the 

Tertiary sediments. 

Once the well is ~ompleted, a pump can be installed in the upper 

casing and a complete aquifer test can be run. Such a test will 

yield information on formation permeability required to determine 

the full potential of the aquifer. If the aquifer is suitable, 

the test well may be utilized for production, or, it may be 

recommended that a new well or wells be designed more efficiently 

for long-term production. 

Because of the proximi~ty of this potential well location to the 

Hams Fork River, it may be possible to utilize the river system 

as a conduit for the transfer of ground water from the site to 

the town of Kemmerer. Prior to undertaking such a plan, however, 

the town of Kemmerer should evaluate both the potential water 

quality and water rights impacts of this transfer. The mixing of 

lower quality ground waters with surface waters of the Hams Fork 

should be evaluated to determine the impact upon aquatic life. 

These impacts should be investigated prior to the use of the 

river as a conveyance system. 
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The advantages and disadvantages of the Hams Fork No.1 site are 

as follows: 

Advantages: 

1. It is located on the same trend as a spring 

with a substantial sustained production. 

2. It is conveniently located along the Hams Fork 

River Between the town of Kemmerer and 

Kemmerer Reservoir. 

3. Two aquifers may be tested simultaneously. 

Disadvantages: 

1. Water may contain 600 to 900 mg/l dissolved 

solids. 

2. High capacity wells may interfere with the current 

production of nearby springs. 
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Site No.2 - Commissary - Wells No.1, Secs. ~ ~ ~ 20, T. 
"ZT1f., R.-IT6 W. - -

The Wells Formation crops out along Commissary Ridge in a thin 

strip east and northeast of Kemmerer Reservoir. This is one of 

the few sites in the study area where one of the pre-Cretaceous 

aquifers occurs in outcrop and is potentially recharged. From 

this outcrop, the Wells Formation dips westward along the plane of 

the Absaroka Fault. 

Drill sites to test the Wells Formation should be located west of 

the outcrop at a point where the formation may be fully 

penetrated by a 1,500-foot hole. This area is identified on 

Plate 3. Test well completion operations will be similar to 

those discussed for the Hams Fork No.1 site except the overlying 

Phosphoria Formation will not be tested. 

The advantages and disadvantages of this site are as follows: 

Advantages: 

1. The site is close to the formation outcrop. 

It is likely that better quality water may be 

encountered here than in deeper, more restricted 

portions of the aquifer. 
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2. The well site is favorably located near 

Kemmerer Reservoir. 

Disadvantages: 

1. There is no physical evidence of production 

from the unit in the immediate area. Test 

drilling should be preceded by a detailed field 

check of fracture patterns in that portion of the 

site available for drilling. 

2. The site is topographically high. Heads and total 

available storage in the aquifer at this elevation 

will be lower than at topographically lower sites. 

Pumping wells may encounter boundary conditions 

created by the outcrop. 

The shallowest depth at which the Madison aquifer occurs in 

subcrop in the study area is approximately 500 feet. A steeply 

dipping section of the Madison may be encountered at this depth 

along the Absaroka Faul t southeast of Fossil Butte and 

approximately 6 miles west of Kemmerer. To penetrate the Madison 

fully, a test well could have to be approximately 2,000 feet in 

depth. 
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Although the Madison Formation is a prolific aquifer throughout 

much of Wyoming, little is known of its production potential or 

water quality in the Kemmerer area. A test well penetrating the 

Madison would require casing through Tertiary sediments to an 

approximate depth of 500 feet. Eight-inch casing could be set 

and cemented in a 12-inch hole for this purpose. This casing 

would facilitate control of the well should substantial flows be 

encountered. A 6-inch-diameter test bore could then be extended 

to the well's total depth for logging purposes. If significant 

quantities of adequate quality water are encountered, aquifer 

tests could be conducted through the installed 8-inch casing. 

Advantages and disadvantages of this site are as follows: 

Advantages: 

1. If a section of the Madison is hit where 

significant fracturing and/or solution cavities 

exist, the aquifer has the potential of sustaining 

very large flows. 

Disadvantages: 

1. Potential water production and quality in the 

Madison in this area are untested. Water quality 
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is especially suspect with "sulphurous" water 

being reported in the Madison where encountered at 

deeper depths in the area. 

2. Unless substantial heads are found to exist in 

the Madison, water will have to be pumped over the 

ridge separating Kemmerer from the Fossil Butte 

area. 

Site No.4, Nugget No.1, Secs. 27, 28, 33, 34, T. 23 N., 
R.1"15W.- -- - - - - - - --

Only minor outcrops of the Nugget Sandstone occur in the study 

area. However, a 1 arge area of outcrop of the overlying Twin 

Creek Limestone does occur in T. 23 N., R. 115 W. It is thought 

that the Twin Creek Limestone may drain into the underlying 

Nugget where sufficient conduits exist between the units. In the 

vicinity of the proposed test well, there is a significant degree 

of faulting which may both promote interformational circulation 

and locally increase the permeability and storativity of both the 

Nugget and Twin Creek formations. 

Wells penetrating the Nugget and Twin Creek in this vicinity will 

be 800 feet to 1,200 feet in depth. A test well at this site 

could be constructed similarly to that proposed for the Hams Fork 

No.1 well, thus allowing testing of both the Twin Creek and 
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Nugget formations. Casing requirements in the Twin Creek will 

depend upon the competency of the unit as it is penetrated by the 

pilot hole. 

Advantages and disadvantages of this site are as follows: 

Advantages: 

1. Although water quality is untested, it is likely 

to be fair to good due to the broad outcrop area 

of the immediately overlying Twin Creek Limestone. 

Disadvantages: 

1. The site is remote from the town of Kemmerer or 

its water system in the Hams Fork drainage. 

2. Sands in the Nugget could be tight and 

permeabilities low if significant secondary 

permeability induced by faulting and fracturing is 

not encountered at the chosen well site. Detailed 

mapping should be conducted in areas where access 

is attainable to choose a well site. 
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Water Development Opportunities Outside !~ Study Area 

A number of areas with good water development potential lie 

somewhat beyond the 15-mile radius study area. Among these are 

areas overlying the Nugget and Wells formations west of the Tunp 

Thrust and 2 to 3 miles east of Cokeville, and areas overlying the 

Madison and Wells formations in the uppermost reaches of the Hams 

Fork north of the Elk Creek Guard Station. One promising site 

closer to Kemmerer lies in sec. 3, T. 24 N., R. 117 W. At this 

location, personnel tending a Northern California Gas (NCG) rig 

identified flows of 50 gpm of good quality water in the Wasatch at 

300 feet and +100 gpm flows from the Twin Creek and Nugget at 

1,000 feet to 1,200 feet. This site lies in the Hams Fork 

drainage above Lake Viva Naughton. 

Cost Comparisons Among Alternatives 

Costs for exploratory drilling and production well construction 

will vary with the quantities of water encountered, the competency 

of geologic units penetrated, and the actual depths at which 

target aquifers are encountered. Preliminary cost estimates for 

the construction of test wells and production wells at each 

recommended site are presented in Table 5 to allow comparison 

between alternatives. Test well costs include all drilling, 

geophysical work, well testing, and engineering. Estimates of 

production well costs include well construction, testing and 
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engineering, but do not include expenses for pumping 

equipment, or for power and water transmission lines. Before any 

drilling project is undertaken, a detailed set of contract 

documents and specifications should be prepared and circulated to 

contractors for bidding purposes. 

Table 5. Test and Production Well Cost Comparisons. 

Site Aquifer 
Estimated 

Test Well Cost* 
(Jan 1982) 

Estimated 
Production Well Cost* 

(Jan 1982) 
--------------------------------------------------------------------------

Hams Fork -
Hams Fork No. 1 We 11 s Fm s $138,000 $165,600 

C omm iss a ry -
Well s No. 1 We 11 s Fm $118,500 $142,500 

Madison No. 1 Madison Fm $158,000 $190,000 

Nugget No. 1 Nugget Fm $102,700 $123,500 

--------------------------------------------------------------------------

*Cost estimates do not include costs for permanent pumps, power, or water 
transmission lines. Costs for a submersible pump, discharge pipe assembly, 
wiring and switch box, and installation can range from $16,965.00 for a 
200 gpm pump at 860 feet total dynamic head to $19,730.00 for a 400 gpm 
pump at 650 feet total dynamic head. 
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SURFACE-WATER HYDROLOGY 

-67-



SURFACE-WATER HYDROLOGY 

Although this report concentrates on ground-water development 

opportunities, an understanding of surface-water development 

options is important to allow Kemmerer to properly contrast 

surface and ground-water development alternatives. Consequently, 

we herein present a brief evaluation of basin runoff, surface

water rights and storage capabilities in the Hams Fork System. 

HYDROLOGY OF THE UPPER HAMS FORK SYSTEM 

The town of Kemmerer is located within the Hams Fork drainage 

system. The Hams Fork River is tributary to the Blacks Fork River 

at Granger, Wyoming (see Figure 6). Both rivers are a part of the 

Green River System. 

Several major hydrologic characteristics of the Hams Fork River 

are presented in Table 6. Streamflow characteristics are based 

upon information collected by the U. S. Geological Survey at two 

gaging stations shown on Figure 6. As Table 6 indicates, the Hams 

Fork is a perennial stream and has a mean annual daily discharge 

at station number 09223500 (Hams Fork near Frontier) of 

approximately 101.0 cubic feet per second (cfs). Peak flows in 

the drainage system normally occur in response to snowmelt in the 
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Table 6. Hydrologic Characteristics of the Hams Fork River. 

Drainage Area 
(square miles) 

Period of Record 

Mean Annual Di scharge 
(cfs) 
(acre-feet) 

Mean Annual Mi nimum 
Di scharge (cfs) 

Station 
Hams Fork below Pole 
Creek near Frontier 
U.S.G.S. 09223000 

128 

1953-1980 

101.0 
73,045.7 

9.4 

Average Hydrologic Yield 
(acre-feet per square mile) 570.7 

Mean Annual Peak Di scharge 
(cfs) 738.1 

Location 
Hams Fork near 
Frontier 
U.S.G.S. 09223500 

298.0 

1946 -1971 

147.0 
106,240.0 

9.2 

356.5 

1,161.3 

-----------------------------------------------------------------
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upper watershed. The drainage basin above the town of Kemmerer 

rises to a maximum elevation of approximately 10,000 feet. The 

mean annual precipitation at Kemmerer is approximately nine inches 

annually. 

The variability of annual streamflow at the Hams Fork near 

Frontier station is shown in Figure 7. During the period of 

record, the annual yield of the watershed at the linear Frontier 

Station ll varied from a minimum of 84 acre-feet square mile 

(af/mi 2) in 1961 to a maximum of 734 af/mi 2 in 1971. The average 

watershed yield from 1946-1971 was 356.5 af/mt . 

It should be noted that this period of streamflow record was not 

evaluated for the effects of persistence. It is not known 

whether the interval from 1946 to 1971 was wetter or drier than 

previous or subsequent periods. 

The monthly variation of discharge at the Hams Fork near Frontier 

station indicates that approximately 88% of the annual runoff 

occurs during the months of April through July. May typically is 

responsible for nearly 40% of the average annual streamflow. 
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Figure 8 depicts graphically the mean monthly streamflow variation 

for the period 1946 - 1971 at station number 09223500. Monthly 

streamflow is most variable during the period of April through 

September. The most variable month is typically April. This 

variability reflects the timing of the beginning of the annual 

snowmelt. 

The monthly variability of streamflow can also be expressed in 

terms of the first, second, and third quartiles of the monthly 

discharge. For example, a monthly discharge of 15.00 cfs for the 

first quartile score indicate this flow rate has exceeded 25% 

of the other mean daily discharges recorded for that month. The 

second and third quartile scores represent the fiftieth and 

seventy-fifth percentiles respectively. 

Figure 9 shows the quartile distributions for the mean daily 

streamflow for each month of the water year on the Hams Fork near 

Frontier. Analysis of the figure again indicates that maximum 

discharges are normally recorded during the month of May. 

The chemical quality of streamflow in the Hams Fork is shown in 

Table 7. Stream water is a calcium bicarbonate type water which 

is characteristic of streams originating in the mountainous 

regions of western Wyoming. This water is relatively low in its 
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Table 7. Chemical Quality of the Hams Fork River near Diamondville for Water Year 1979. 

Parameter 

Average 
Concentrati on 

(milligrams per liter) 

Number Maximum 
of Concentration 

Samples (milligrams per liter) 

Mi nimum 
Concentration 

(mill igrams per 1 iter) 

-----------------------------------------------------------------------------------------------

Bicarbonate 195.8 12 230.0 150.0 

Boron 0.05 13 0.09 0.03 

Calcium 65.9 13 82.0 55.0 

Chloride 5.94 11 7.80 3.40 

Fl uoride 0.25 13 0.60 0.20 

Iron-Dissolved 0.072 13 0.230 0.0 

Magnesium 15.5 13 19.0 11.0 

Manganese 0.020 2 0.020 0.020 

Nitrite and Ni trate 0.15 12 0.22 0.02 

Phosphate - Total 0.16 13 0.34 0.02 

Potassium 1. 76 13 2.10 1.10 

Sodi urn 11. 77 12 15.0 6.60 

Sul fate 82.2 12 120.0 37.0 

Total Di sso 1 ved 
So 1 ids 278.00 11 343.0 205.0 

Hardness 226.9 13 280.0 160.0 

Turbidi ty (JTU) 6.5 13 25.0 1.0 

BOD 2.5 12 3.6 1.5 

Alkalinity as CaCO 157.7 13 190.0 120.0 
3 

pH 7.98 13 9.1 7.5 

----------------------------------------------------------------------------------------------

Note: Samples collected by U. S. Geological Survey at Station Number 09224050. 
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dissolved solids concentration and the chemical quality of the 

water is relatively constant throughout the year. 

SUITABILITY OF SURFACE WATERS FOR MUNICIPAL SUPPLY 

The value of surface waters for use as municipal supply is 

dependent upon both the season availability of streamflow and its 

quality. Because there is currently a high degree of variance in 

season flows of the Hams Fork near Kemmerer, the potential for 

utilizing the river as a reliable municipal source is extremely 

limited. Prior existing water rights above and below the town of 

Kemmerer further limit the viability of surface waters for 

domestic supply. 

Surface water rights presently held by the town of Kemmerer are 

described in Table 8. These rights range in priority from 1897 

to 1940. If all rights were in use priority, the maximum 

diversion would be a total of 6.45 cfs. Because of other senior 

water rights on the river, however, diversion under these rights 

can take place only when streamflows are equal to, or exceed, the 

streamflow noted in the last column of Table 8. Prior rights on 

the river system limit the diversion of surface water under these 

rights to an average of approximately 1,100 acre-feet annually. 
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Table 8. Town of Kemmerer Water Diversion Rights. 

Water Right 
Permit Number #1601 #3825E #19392 

------------------------------------------------------------------

Priority 10/13/1897 

Diversion Rate 
(cfs) 1.39 

Senior Diversion 
Rights (cfs) 75.31 

Streamflow Required 
To Obtain Full Right 
(cfs) 76.70 

10/1/1917 5/27/1940 

3.06 2.00 

166.13 180.67 

169.19 182 . 67 

Note: Adapted from "Preliminary Water Study of Primary 
Transmission Lines and Raw Water Storage Facilities, 
Town of Kemmerer ll by MSM Consul tants, Inc. 1980. 

Table 9. Projected Monthly Surface-Water Entitlements. 

Water Right 
Permit Number 

Diversion Days per Year 

Average 

Minimum 
(Year of Occurrence) 

Maximum 
(Year of Occurrence) 

#1601 #3825E 

103.4 77.2 

77 44 
(1955) (1968) 

152 114 
(1971 ) (1971) 

#1 9392 

72. 2 

42 
(1968) 

105 
(1971 ) 

------------------------------------------------------------------
Note: All figures based upon analysis of streamflows for the 
Hams Fork near Frontier station for the period from 1946-1971. A 
diversion day is defined as a 24-hour period where flow is 
sufficient to allow the appropriation of the total decreed flow 
rate for that water right. 
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Analysis of the diversion potential of the town of Kemmerer water 

rights indicates that during an average year, wat~r may be 

diverted under permit numbers 1601, 3825E, and 19392 a total of 

103.4 days, 77.2 days and 72.2 days, respectively. There is a 

large degree of variation, however, in the amount of water that 

may be claimed by a right in any particular year. If daily 

streamflow records are compared to the required streamflow rates 

in Table 8, a diversion history for those water rights can be 

assembled. These historic diversion projections are shown in 

Table 9 for each water right for historic streamflows from 1947 

through 1971. These figures represent the total number of days 

during a month during which water could be withdrawn from the Hams 

Fork under a particular water right. If these diversion rates are 

converted to an annual appropriation (see Figure 10), the volume 

of municipal water suppl ied by surface sources can be estimated. 

It should be noted that these projected diversion levels do not 

represent the actual diversion of water by the town of Kemmerer. 

The estimates on Figure 10 only represent the maximum amount of 

water that could have potentially been diverted in any particular 

year. 

The projected monthly water requirements for the town of Kemmerer 

are shown in Table 10. Comparison of these requirements and the 

projected historic diversion indicates that existing direct flow 

surface-water rights can provide a reliable primary supply only 
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Table 10. Projected Water Requirements for Town of Kemmerer. 

Month 

Vol ume of 
Raw Water 
Requi red 

( ac re- feet) 

Percent Available from 
Existing Surface-Water 
Rights in an Average 
Year 

Percent Available 
from Existing Water 
Rights in a Low 
Flow Year (1961) 

----------------------------------------------------------------------------

Oct. 1980 

Sep. 1980 

Aug. 1980 

Jul. 1980 

Jun. 1980 

May 1980 

Apr. 1980 

Mar. 1980 

Feb. 1980 

Jan. 1980 

Dec. 1979 

Nov. 1979 

114.97 

134.07 

203.02 

240.36 

203.54 

188.08 

112.02 

112.71 

110.11 

103.68 

93.61 

120.53 

0.1 

2 • 1 

5.7 

42.9 

167.2* 

197.2* 

182.2* 

11.6 

o 

o 

o 

o 

o 

o 

o 

5.7 

20.3 

38.6 

10.6 

o 

o 

o 

o 

o 

* Volume available from existing surface-water rights in an average 
year is greater than the water requirement for that month. 
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during the months of May and June. Direct flow rights can be 

used as auxil iary supply during the months of March, April, July 

and August. The remainder of the year, sUbstantial quantities of 

water to meet town demands must come from storage. 

Statistical analysis of the projected annual diversions in Figure 

10 indicates the probability of obtaining 1,098 acre-feet per year 

from existing direct flow surface-water rights is only 50%. The 

probability of obtaining other volume of direct flow appropriation 

is portrayed on Figure 11. This graph presents the probability of 

obtaining an annual diversion of up to 1,700 acre-feet in any 

particular year. A Log Pearson Type III distribution was assumed 

in this analysis. 

As stated previously, surface waters in the Hams Fork are 

primarily a calcium bicarbonate type. Water quality sampling 

completed by the USGS indicates that surface waters meet many 

of the primary and secondary standards prescribed under the 

National Interim Primary Drinking Water Regulations. A number of 

the drinki ng water standards are compared with' ~ater qual ity 

sampling of the Hams Fork at Diamondville in Table 11. 

It is evident from an analysis of the direct flow water rights 

now held by the town of Kemmerer that these rights are not 
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Table 11. Chemical Quality of Surface Waters for Municipal Supply. 

Primary Average Maximum Number 
Drinking Sam p 1 e Concentration of 

Parameter Water Concentration (milligram per liter) Samples 
Standard 

--------------------------------------------------------------------------

Arsenic 0.05 0.001 0.001 2 

B a ri urn 1.00 - no sampl es collected -
Cadmium 0.01 <0.002 0.003 2 

Chromium 0.05 <0.020 <0.020 2 

F 1 uo rid e 0.25 0.60 13 

Lead 0.05 0.009 0.010 2 

Mercury 0.002 <0.0001 <0.0001 2 

Nitrate 10.0 0.15* 0.22* 12 

Selenium 0.01 <0.001 <0 . 001 2 

Silver 0.05 - no sampl es collected -

Note: Sampl es collected and 'analyzed by the U. S. Geological Survey at 
sampling station 09224050 between October 1978 and September 1979. 

* Sample represents the sum of the concentration of nitrate and nitrite 
nitrogen. 
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sufficient for providing a year-round reliable municipal supply. 

Waters appropriated under permit numbers 1601, 3825E, 19392, are 

useful primarily as suppl emental seasonal suppl ies. Appl ication 

for additional surface-water rights would only add further 

seasonal suppl emental diversion priorities in years of adequate 

streamflow. 

ALTERNATIVE SURFACE-WATER APPROPRIATION MECHANISMS 

Two additional mechanisms exist through which reliable surface

water suppl ies can be developed for the town of Kemmerer. They 

are the development of additional storage rights or the purchase 

and transfer of existing senior water rights. 

Alternatives for the development of additional storage capacities 

in either the Kemmerer Reservoir or Lake Viva Naughton have been 

investigated by MSM Consultants, Inc., in two water supply 

investigations (MSM Consultants, Inc., 1980 and 1981). Those 

reports indicated that the town of Kemmerer has existing water 

rights for the storage of 2,058 acre-feet. A total of 6,000 

acre-feet of raw water storage is recommended based upon the 

analysis of water use trends and projected population growth. 

Based upon our evaluation of basin runoff, it appears that 

sufficient free water is available during the spring to meet the 
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town's year-round needs if adequate storage was developed. 

However, this should be confirmed with a detailed study of 

existing water rights. 

Alternatives for increasing storage to this level are essentially 

limited to the enlargement of Lake Viva Naughton or the 

construction of new storage facilities. MSM Consultants have 

evaluated the costs and benefits associated with water storage 

modification in previous reports. 

The alternative to the construction of additional storage 

facilities to regulate streamflow in the Hams Fork is the 

purchase of existing senior water rights either upstream or 

downstream of the town of Kemmerer. Through the purchase of 

senior water rights, the town of Kemmerer could petition the 

Wyoming Board of Control for a change in the point of diversion 

and a change in use (if necessary). 

Transfers of this type are fundamentally simple provided a 

number of constraints are recognized. The procedure normally is 

for a municipality to acquire an option upon land and an 

associated water right. After the option is secured, the State 

Board of Control is petitioned for the transfer of the water right 

to the new point of diversion and the new use. 
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The fundamental requirement underlying water transfers of this 

type is that the change must not result in the injury of any 

other water appropriators on the river system. Proving non

injury or providing adequate compensation to parties potentially 

injured by the proposed transfer can be costly in terms of legal 

and engineering fees. 

In addition to the requirement that a transfer cannot result in 

the injury to any existing water rights users, there are several 

additional constraints as follows: 

1. The volume of water transferred is only equal to the 

historic consumptive use of the right being considered 

for a change in point or type of use. 

2. The historic seasonal timing of use cannot substan

tially be changed by the proposed transfer. 

3. Appropriate debits must be taken by the petitioner for 

water losses caused by the transfer. These losses may 

be anyone of the following: increased evapotrans

piration, inadvertent diversion of the transferred water 

by other appropriators, water measurement errors, 

increased stream bank storage, etc. 
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Taking these requirements into consideration, it is apparent that 

a detailed hydrologic study of the proposed transfer must be 

undertaken prior to the transfer. This study must evaluate all 

the hydrologic conditions of the hydrologic system and document 

the impacts of the proposed transfer. 

Historically the Wyoming Board of Control has approved only one 

water transfer from agricultural use to municipal use. That case 

involved the city of Laramie who purchased irrigated lands 

downstream and moved the point of diversion upstream to their 

water supply intake. 

Two petitions for the downstream water transfer of water rights 

have recently been disallowed without prejudice by the Wyoming 

Board of Control. These cases involved the transfer of relatively 

small quantities of water on the North Platte River System 

distances of over 100 miles. It was determined that the computa

tion of losses was inadequate in these cases. A finding that 

there would be no injury to existing water users could not be 

found until additional studies were developed by the applicants. 
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GEOLOGIC HISTORY 

The geologic history of the study area involves mainly deposition 

of a large amount of sediments, consolidation of these sediments, 

and deformation of the r~cks into present-day configurations. 

Rocks exposed in the study area range in age from Paleozoic 

(Mississippian) to Cenozoic (Recent) (see Table 12). During this 

time, a large deposition of various sediments accumulated on the 

Precambrian igneous and metamorphic basement rocks. Approximately 

55,000 feet of sediments accumulated during Paleozoic and Mesozoic 

time. Consolidation of these deposits over time formed the 

sedimentary strata found in the area today. Types of sedimentary 

rocks that formed included lime~tones, siltstones, sandstones, 

mudstones, marlstones, shales, and coals. Fossils are plentiful 

in these formations and are used to differentiate formations. 

The rate of deposition during Paleozoic and Mesozoic time varied 

dramatically. During Paleozoic time (probably Mississippian), 

the basin in which sediments were being deposited, the 

miogeosyncline, migrated from the west into the study area. 

Thick accumulations of marine deposits filled the basin to later 

form limestones and marlstones. A slow transitional change 

during late Paleozoic and early Mesozoic time brought an increase 

in deposition of continental strata (shales and sandstones). 
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Table 12. The Geologic Time Scale. 

----------.------------------,--------------------------,----------
1 1 1 

1 1 I MOllo f 1 System 1 Series I 1 lon 0 

: or : or IYears Before Era 
1 Period 1 Epoch 1 Present 
I 1 I 
I 1 1 
1 1 I 

----------T------------------,------------~-~-~---------------------
I Recent I 
1 Quaternary :------~r~i;~~;~~~--------~: 
1-~----------------~--------------------------1------2----
1 1 Pliocene 1 1 1-------7------------------1----- 12----Mlocene 
1 1--------------------------~-----26----
: Tertiary :------Q~~~~£~~~-----------~-----37----
1 I Eocene I 
I --------------------------------53-------_______ ~ __________________ J ______ ~~!~~£~~~ _________ --L-----
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----
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Eventually, deposition of marine sediments ceased and deposition 

of continental sediments predominated. 

Simultaneous with this deposition and consolidation of sediments 

was an event of folding and faulting called the Absaroka 

Deformation. The rocks were uplifted or downthrown along 

north-south trending faults. In general, each successive fault 

from west to east affected younger strata. Great movement of the 

faulted blocks resulted in 20,000 feet to 40,000 feet of 

stratigraphic separation in many areas. Horizontal displacement 

was even greater, measured in tens of miles. The rocks retained 

their sedimentary character and were relatively unmetamorphosed 

during this deformational activity. 

During the Cenozoic Era, thousands of feet of sediments were 

deposited in two lakes over the deformed Paleozoic and Mesozoic 

rocks. The topographic barrier which separated the two basins in 

Paleocene time is exposed today as Oyster Ridge. This 

topographic divide, trending north-south, separated deposition 

into the Fossil syncline (Fossil Lake) on the west from 

deposition into the Green River Basin (Gosiute Lake) on the east. 

Lake-type, or lacustrine, sediments in the Fossil syncline and 

the Green River Basin were deposited in a subtropical-tropical 

environment. The varied rates of deposition and the numerous 
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fluctuations in lakeshores were reflected in the sediments by the 

thickening and thinning of the strata and by the intertonguing of 

clays and sands. 

Although similar sediments accumulated in the Fossil syncline and 

the Green River Basin at the same time, a greater concentration of 

evaporites accumulated in the Green River Basin. 

The most recent geologic activities, in Eocene to Recent time, 

are the deposition of alluvial deposits and the faulting of 

alluvial fans. Alluvial deposits are scattered across the study 

area along present-day stream beds and terraces. Evidence of 

recent faulting in the area is shown in alluvial fans where 

stratigraphic separation is about 200 feet. 
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STRUCTURAL GEOLOGY 

Cambrian through Late Cretaceous time was a tectonically stable 

period for the southwestern part of Wyoming. Deposition of silt, 

sand, mud, deltaic sediment, limestone, and evaporites 

accumulated in the area. Deformation of the area probably 

started during early Late Cretaceous time and, as a result of this 

tectonic activity, the Overthrust Belt was formed (see Figure 12). 

The Overthrust Belt underlies the western half of the study area 

and consists of Triassic through Recent rocks. Folding and thrust 

faulting have distorted Paleozoic and Mesozoic rocks. In some 

areas the total displacement of the land, or net slip, is at 

least 25 miles. 

The Lazeart syncline is the prominent structural feature in the 

immediate Kemmerer locality. This southwest plunging assymetrical 

syncline is faulted on its eastern and western limbs. The Darby 

Thrust is located on the eastern end of the Lazeart syncline. 

This thrust fault is covered by Green River and Wasatch formations 

and does not crop out in the Kemmerer area. 
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The Absaroka Fault is located on the western limb of the Lazeart 

syncline. This fault strikes north-northeasterly and bisects the 

entire study area. Formations west of the Absaroka Fault and the 

fault itself have identical attitudes. Steeply northwest-dipping 

Mississippian rocks on the western side of the fault are adjacent 

to moderately southeast-dipping Upper Cretaceous rocks on the 

eastern side of the fault. 

The Commissary and Beaver Creek thrusts, located in the North 

Fork - Twin Creek vicinity, have approximately the same attitude 

as the Absaroka Fault; however, the resultant omission and 

repetition of strata are not as extensive. The Tunp Thrust, a 

Tertiary fault on the western edge of the study area (Fossil 

Butte) is a gently dipping fault. Subsequent to the Tunp Thrust 

was a series of thrust faults of the same attitude (striking 

north-northeast with a low angle dip). The magnitude of this 

tectonic activity has resulted in the formation of grabens and 

horsts. 

The Fossil syncline unconformably overlies Mesozoic rocks in the 

area just west of the Lazeart syncline. The east-west dimension 

of Fossil syncline is approximately 10 miles and the north-south 

extent is beyond the perimeter of our study area. This deposit 

of sediment occurred simultaneously to the deposition in the Green 

River Basin. 
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The western edge of the Green River Basin is approximately 6 

miles east of Kemmerer. The basin consists of rocks ranging from 

Precambrian to Recent in age. The Green River and Wasatch 

formations were deposited in Paleocene time and dip in an 

east-southeasterly direction. These formations appear continuous 

throughout the study area. The Fort Union Formation, however, 

has been faulted by the Darby Thrust Fault. The stratigraphic 

separation is approximately 500 feet to 1,000 feet. 
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STRATIGRAPHY 

Introduction 

Rocks in the study area range in age from Paleozoic 

(Mississippian) to Quaternary (Recent) (Figure 13). Although 

structural and depositional environments in the area vary, 

formations are listed and described according to age, beginning 

with the oldest. Formation characteristics which are discussed 

include general composition, distinctive members, outcrop 

location, and thickness. Most of the geologic informatiom 

presented herein is abstracted from Engstrom (1977), Glass 

(1977), Lines and Glass (1975), McGookey and Miller (1960), 

Rubey, Oriel, and Tracey (1975), Vietti (1977), and Welder 

(1968). 

PALEOZOIC SYSTEM 

Madison Limestone 

The Madison Limestone was deposited during Mississippian time. 

Although the Madison does not crop out in the study area, a well 

could penetrate the formation within 500 feet of the surface in 

some locations. 
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In the surrounding region where the Madison Limestone is exposed, 

it is found to be thin-bedded, fine-grained, dark-gray to brown 

limestone interbedded with massive, coarsely crystalline, 

1ight-to-medium-gray and tan limestone. Subsurface thickness is 

probably 1,000 feet. 

Amsden Formation 

The deposition of the Amsden Formation took place during 

Mississippian and Pennsylvanian time. The base of the Amsden is 

similar to the Madison Limestone. Above the base, the lithology 

includes interbedded red, yellow, and green siltstone and 

claystone; well-sorted, fine-grained quartzite; red, black, and 

brown cherty limestone, and limestone breccia. 

The formation has been penetrated by deep petroleum wells in the 

area. Well logs show the shallowest depth for reaching the 

Amsden Formation is approximately 600 feet. Where the unit is 

complete, the thickness of the Amsden is probably 400 feet. 

Wells Formation 

Sands of the Wells Formation were deposited in Middle 

Pennsylvanian time. The lower part of the Wells consists of 

well-sorted, fine-grained quartzite and some calcareous 
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sandstone. The upper portion is interbedded quartzite, 

siltstone, and finely crystalline dolomite. 

This formation crops out on Dempsey Ridge in the northwest 

portion of the study area, on Commissary Ridge in the northern 

part of the study area, and in the southeastern part of the study 

area. The thickness of the Wells Formation increases westward to 

about 800 feet. 

Phosphoria Formation 

During Permian time, deposition of sediment varied in type and 

location. The lower part of the Phosphoria Formation consists 

mostly of non-resistant siltstones, dolomites, and phosphorites. 

The upper part of the formation consists of resistant dolomitic 

limestones, cherts, dark-gray siltstones, and thin-bedded cherts 

and limestones. A few beds of phosphate rock top the formation. 

The Phosphoria Formation crops out along Dempsey Ridge northwest 

of Kemmerer, on Commissary Ridge in the northern part of the 

study area, and in the southeastern part of the study area. The 

formation is 425 feet thick in the area west of the Absaroka 

Fault and is 325 feet thick east of the fault. 
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MESOZOIC SYSTEM 

Dinwoody Formation 

The Dinwoody Formation was deposited at the beginning of the 

Triassic Period. Thin-bedded, dull greenish-gray to gray, 

calcareous siltstone; calcareous, silty claystone; and 

argillaceous, silty to sandy limestones characterize this 

formation. The Dinwoody crops out along Commissary Ridge in the 

north central part of the study area. The thickness of the 

formation in the study area is about 350 feet. 

Woodside Formation 

The Woodside Formation, an Early Triassic deposit, is 

characterized by red beds. These non-resistant beds consist of 

red sandstone and gray limestone. The Woodside Formation crops 

out due west of Commissary Ridge in the northern portion of the 

study area, on the western edge of the study area, and in the 

southeastern part of the study area. The Woodside Formation 

is about 500 feet thick in the study area. 

Thaynes Limestone 

Overlying the Woodside Formation is the Thaynes Limestone, 

deposited during Triassic time. This resistant formation 

consists of bl ack 1 imestones, sil ty 1 imestones, cal careous 
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siltstones, silty claystones, and some sandstones. The horizontal 

extent of the Thaynes is limited because the formation 

intertongues with the underlying Woodside Formation and the 

overlying Ankareh Formation. 

The Thaynes Limestone crops out one mile west of Commissary Ridge 

in the northern portion of the study area and on the western 

edge of the study area along a north-south bearing. The formation 

thickens to 1,000 feet in the Commissary Ridge area. 

Ankareh Red Beds 

The Ankareh Red Beds were deposited during Upper Triassic time. 

These resistant rocks consist of well-laminated, red, maroon, and 

purple-tinted, sandy, calcareous mudstones; fine-grained 

quartzites; partly calcareous sandstones, and siltstones. A 

greenish-gray, very finely crystalline limestone, approximately 8 

feet thick, can be found in the middle of the formation. 

The Ankareh Red Beds crop out in the study area along the western 

limb of the Lazeart syncline just west of Commissary Ridge, in 

the highly faulted western side of the study area, and in the 

southeastern part of the study area. The thickness of the Ankareh 

varies depending on location in relation to the Absaroka Fault. 
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West of the fault, the Ankareh is about 725 feet thick, and east 

of the fault, the formation is about 450 feet to 700 feet thick. 

There is pronounced thinning in a northern direction. 

Nugget Sandstone 

The age of the Nugget Sandstone has not been accurately deter

mined. The USGS has assigned this formation to the Triassic and 

Jurassic Systems. 

The Nugget Sandstone consists almost entirely of buff to 

pinkish-tan, regularly bedded, partly cross-bedded and massive, 

fine-to-medium-grained, well-sorted quartzite and slightly 

calcareous sandstone. The lower unit includes some thin red beds 

of mudstone. The Nugget Sandstone crops out in the proximity of 

the town of Nugget, along the western side of the study area; 

west of Commissary Ridge, in the northern portion of the study 

area; and in the southeastern portion of the study area. The 

formation thins to the east to about 700 feet. 

Twin Creek Limestone 

The Twin Creek Limestone, Middle and Late Jurassic in age, has 

been divided into seven members. The basal unit, the Gypsum 

Spring Member, is comprised primarily of limestone breccia. The 

remaining six members are thin-bedded, argillaceous 1 imestones, 
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calcareous siltstones, and interbedded bioclastic limestones. The 

formation crops out west of Commissary Ridge and in the 

southeastern and northwestern portions of the study area, where 

formation thickness is approximately 900 feet. The formation 

thickens to the south along the eastern side of the Absaroka 

Thrust. 

Preuss Red Beds and Stump Sandstone 

The Preuss Red Beds and Stump Sandstone were deposited during 

Upper Jurassic time. The Preuss Red Beds are thinly bedded, very 

fine-grained sandstone, sandy siltstone, 'and silty claystone. 

Color ranges from a dull reddish-to purplish-gray. There are 

several thin layers of greenish-gray claystone and reddish-gray 

limestone. The thickness of the Preuss Red Beds in the study area 

is about 700 feet. 

The Stump Sandstone consists of layers of gray to greenish-gray, 

fine-grained sandstone, siltstone, claystone, and limestone. The 

unit is thin, about 100 feet to 175 feet, and has been mapped with 

the underlying Preuss. The Preuss and Stump crop out in the 

northeastern portion of the study area. 

Gannett Group 

The Gannett Group was deposited during Upper Jurassic-Lower 

Cretaceous time. The Ephraim Conglomerate, at the base of the 
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Gannett, consists of red, sandy mudstone, fine-to-coarse-grained, 

cross-bedded sandstone, and red conglomerate lenses which contain 

pebbles of chert. The upper portion of this group is a red sandy 

mudstone containing lenses of limestone. The Gannett Group crops 

out in the southwestern portion of the study area and east of the 

Absaroka Thrust. Approximate thickness in the study area is from 

700 feet to 1,000 feet. 

Bear River Formation 

The Bear River Formation was deposited during Lower Cretaceous 

time. Deposition of lower units include interbedded dark, 

fissile claystones with some thin layers of ironstone, bentonite, 

porcelanite, and occasional lenses of sandy claystone. 

Fine-grained, calcareous-to-quartzitic sandstones which vary in 

color from tan, greenish-gray to greenish-brown are also 

scattered throughout the formation. Highly fossiliferous 

1 imestone in the formation is medium-to-dark-gray. 

The Bear River Formation crops out east of Oyster Ridge in a 

north-south bearing. Formation thickness can be as great as 

1,400 feet. 
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Aspen Shale 

Very light-to-light-gray siltstone and claystone, and quartzitic, 

noncalcareous sandstone comprising the Aspen Shale were deposited 

during Lower Cretaceous time. The formation is characterized by 

beds of white to light-gray and pink porcelanite (silicified 

volcanic ash). The Aspen Shale crops out east of Oyster Ridge, 

along a north-south 1 ine. The Aspen Shale thickens northward from 

825 feet to 1,225 feet. 

Frontier Formation 

The Frontier Formation, deposited during Upper Cretaceous 

time, is divided into three units. The lower unit consists of 

white and brown sandstone beds, tan siltstones, dark-gray 

claystones, a few lignitic beds, and a few thin-bedded gray, 

pink, and white porcelanites. The middle unit is a thick-bedded 

sandstone which forms prominent hogbacks. It can be divided into 

a lower half (tan sandstone and dark, shaly claystone), and an 

upper half, the Oyster Ridge Sandstone Member, (light-gray 

sandstone characterized by large oyster fossils). The middle 

unit is overlain by a unit of tan sandstone, lignitic claystone, 

and the Kemmerer No.1 coal bed. 

The Frontier Formation crops out along the full length of Oyster 

Ridge. The total thickness of the Frontier ranges from 1,975 
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feet to 2,550 feet. The lower unit is the thickest (900 feet to 

1,100 feet) of the three rock units. Thickness of the middle 

unit is 625 feet to 700 feet, and thickness of the upper unit is 

450 feet to 750 feet. 

Hi 11 i a rd Sh ale 

The Hilliard Shale was deposited during Upper Cretaceous time. 

The shale is predominantly a dark-gray, gray, and tan fissile 

marine claystone and a 1 ight-to-medium-gray, partly argillaceous 

and partly 1 igni tic, sandy si1 tstone. There are al so very 

thin-bedded, fine-grained to gritty sandstones and white to gray 

bentonites. A sandstone unit named the Shurtl iff Member bisects 

the claystone and siltstone of the Hilliard Shale. The Hilliard 

Shale crops out between E1kol (on the west) and Kemmerer (on the 

east) and trends north-south through the study area. The lower 

part of the formation is about 2,600 feet thick; the middle part, 

the Shurtliff Member, thickens from 150 feet northward to 975 

feet; and the upper part thins from 3,850 feet northward to 3,000 

feet. 

Adaville Formation 

Deposited unconformably over the Hilliard Shale is the Adaville 

Formation of Cretaceous age. The formation is mostly inter

bedded yel10w-to-brown-weathering gray sandstone, siltstone, 
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carbonaceous clay, and coal. The basal portion, the Lazeart 

Sandstone Member, consists of 1 ight-gray to white, partly gritty 

sandstone approximately 400 feet thick about 10 miles south of 

Kemmerer and pinching out northward about 3 miles south of Hams 

Fork. The sandstone is overlain by a thick north-south trending 

coal bed which is presently being mined west of Kemmerer by 

Kemmerer Coal Company and Cumberland Coal Company. Total thickness 

of the Adaville is approximately 2,900 feet. 

CENOZOIC SYSTEM 

Evanston Formation 

The Evanston Formation was deposited during Cretaceous and 

Paleocene time. The formation seems to be predominantly 

Paleocene, but Cretaceous fossils are found in small quantities in 

the main body of the formation. 

The types of rock in the formation include gray conglomerate, 

sandstone, siltstone, mudstone, claystone, lignite, and ironstone. 

The lowest unit consists of a dark-gray, partly carbonaceous 

mudstone with layers of siltstone and carbonaceous sandstone. The 

middle unit, the Hams Fork Conglomerate Member, consists of 

well-rounded pebbles, cobbles, boulders, and clasts of quartzite 

and limestone. The Hams Fork Conglomerate is overlain by an upper 
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unit of light-to-medium-gray, carbonaceous, sandy to clayey, and 

partly quartzitic siltstone with stringers of sandstone, 

clay s to n e, i ron s to n e, 1 i g nit e, and co a 1 . 

The Evanston Formation crops out about 5 miles west of Kemmerer 

along a north-south line and on the south end of Dempsey Ridge. 

Tot a 1 t h i c k n e s s 0 f the form a t ion i s abo u t 2, 40 0 fee t • I n d i v i d u a 1 

thicknesses of the 3 units are 400 feet, 1,000 feet, and 

1,000 feet for the lower, middle, and upper units, respectively. 

Fort Union Formation 

The Fort Union Formation was deposited during the Paleocene 

Epoch. Fine-to-medium-grained, silty, gray sandstones and dark

gray, lignitic, coaly mudstones characterize this formation. 

Although the Fort Union Formation is not exposed in the study 

area, a deep well could penetrate the formation within 3,000 feet 

of the ground surface in some locations. Thickness of the 

formation varies from 0 feet to 2,500 feet. 

Wasatch Formation 

The Wasatch Formation, deposited during Eocene time, is divided 

into seven members. The dominant 1 ithologies are red and green 

mudstone; brown and gray sandstone; and conglomerate. Members of 

the Wasatch Formation interfinger with the Fort Union Formation 
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below and the Green River Formation above. The main body of the 

formation consists of red, yellow, and gray variegated sandstone, 

yellow and gray sandstone, and conglomerate. 

The Wasatch Formation crops out extensively in the study area, 

both to the east and to the west of Oyster Ridge. Thickness 

varies from 0 feet to 2,500 feet. 

Green River Formation 

During Early to Middle Eocene time, the Green River Formation was 

deposited. Yellowish-gray chalky shales, buff to brown 

sandstones, algal limestones, and oil shales interfinger with beds 

of the Wasatch Formation. 

The Green River crops out in many areas east of Kemmerer and in 

the Fossil syncline west of Kemmerer. Thickness of the formation 

varies from 0 feet to 1,500 feet. 

Bridger Formation 

The Bridger Formation was deposited during Middle to Upper Eocene 

time. This formation is predom{nantly a sandy, tuffaceous 

mudstone and a medium-grained, tuffaceous, muddy sandstone. 

Thin-bedded limestones and marlstones also appear in the 

formation. The base of the Bridger Formation intertongues with 
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the shales of the underlying Paleocene-to-Eocene strata making the 

contact of the Bridger difficult to determine. The Bridger crops 

out near the eastern edge of the study area. The thickness of the 

formation in the study area ranges from 500 feet to 1,000 feet. 

Alluvium and Colluvium 

The latest (Quaternary) deposits in the study area consist mainly 

of alluvium (stream deposits) and colluvium (slopewash or gravity 

deposits). These deposits include gravel, talus, terrace 

deposits, hillwash, wind-blown material, landslides, and 

rockslides. Most Quaternary deposits are alluvial and 

unconsolidated, and line present-day drainages. Thickness of 

these deposits ranges from ° feet to 100 feet or more. 

-110-



MINERAL RESOURCES 

There are five important mineral resources found in the Kemmerer 

area. These are: coal, sand and gravel, oil and gas, phosphate, 

and oil shale. 

Coal 

Kemmerer lies within the fifth largest coal-bearing area in 

Wyoming. Coal mining in Lincoln County dates back to 1875. 

Original resources of the Kemmerer Coal Field were 2.3 billion 

tons of bituminous coal and 1.4 billion tons of subbituminous 

c 0 a 1 (U. S. De par tm e n t 0 fIn e rio r, 1 9 7 8, p. R 2 - 7 4 ) . R e cor d s s how 

that 62 million tons of coal were produced from the Kemmerer 

field between 1868 and 1960. Twenty-five million tons of coal 

were mined from the area between 1960 and 1976 (Engstrom, 1977, 

p. 697). Much of this coal was produced from underground mines 

exploiting the Cretaceous Frontier Formation. Although most 

beds of coal in the Frontier Formation are less than 6 feet 

thick, the main Kemmerer coal bed is up to 20 feet thick. The 

last operating deep mine in the area closed in 1964. 

Recent development and expansion of coal has occurred in the 

Upper Cretaceous Adaville Formation. The Adaville contains many 

coal seams rangi ng from 3 1/2 feet to 38 feet thick. The seams 
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are lenticular and eratic in occurrence and quality. The strip 

mines at Elkol are operated by the Kemmerer Coal Company. The 

Adaville Formation in this area now produces more coal annually 

than was earlier produced by all the local mines. An estimated 

200 mill ion tons of coal will be mined from approximately 50 coal 

seams in an open pit located in the North Block leasehold area 

(T. 22 N., R. 116 W.) (see Figure 14). The Kemmerer Coal Company 

plans to recover 54 million tons from this area over the 37-year 

1 i f e 0 f the min e (U. s . De par tm e n t 0 fIn t e rio r, 1 9 7 8, p. N B 2 - 2 3 ) . 

Coal reserves at the Twi n Creek 1 easehol d area (T. 21 N., R. 116 

W.) are estimated at 220 million tons. The coal-bearing seams 

occur in 4-foot thicknesses and greater. Thirty-two seams 

contain workable coal which are 5 feet or greater in thickness. 

Cumberland Coal Company plans to recover 20 million to 40 million 

tons of coal by the open pit method over a 17-year period (U. S. 

De par tm e n t 0 fIn t e rio r, 1 9 7 8, p. T C 1 -1 ) • 

Sand and Gravel 

Sand and gravel deposits are scattered throughout the region. 

Occurrences of the deposits are present on flood plains and 

terraces formed by stream action. Proximity to towns, roads, or 

railroads determines whether or not these deposits are 

economical. For example, terrace gravels along the Hams Fork 
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FIGURE 14. LOCATIONS OF COAL AND PHOSPHATE IN THE KEMMERER STUDY AREA. 

THE NORTH BLOCK AND THE TWIN CREEK AREAS ARE LEASED BY 

KEMMERER COAL COMPANY AND ROCKY MOUNTAIN ENERGY. 
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have furnished road metal for highway construction in the area. 

Fractured quartzite about three-fourths of a mile east-northeast 

of Nugget has also been quarried in limited quantities for local 

use as road metal. 

Oi 1 and Gas 

Only in the past few years have major oil fie1 ds been discovered 

near Kemmerer. Prior to 1945, very little exploration was done 

except around areas of oil seeps and springs such as those 

clustered in secs. 14 and 23, T. 21 N., R. 117 W. In recent 

years however, oil companies have conducted extensive 

exploration in the Overthrust Belt west of Kemmerer. According 

to records given by Hogden and McDonald (1977), holes drilled for 

oil elsewhere in the study area were dry. 

Phosphate 

A small amount of phosphate was mined in the late 1940's from 

Commissary Ridge, about 50 miles north of Kemmerer in the SE 1/4, 

sec. 9, T. 23 N., R. 116 W. Beds about 4 1/2 feet thick 

averaging 31% of P205were mined. Since then, there has been no 

report of phosphate mining in the study area. 

Phosphate rock is exposed near the crest and on the flank of 

Dempsey Ridge in the extreme northwestern corner of the study area 
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(secs. 9,16, and 21, T. 23 W., R. 118 W.). Phosphate could be 

mined in this area by underground method when it becomes 

economically feasible to tunnel beneath the 1,000 feet to 2,000 

feet of overburden at the site. 

Oil Shale 

Thin beds of oil shale occur in the Green River Formation in the 

central part of Fossil Basin, west of Kemmerer. The extent and 

thickness of the oil shal e are 1 imi ted by the small si ze of the 

basin and deposits in this area are presently uneconomic. 
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GLOSSARY 

Anticline - A fold in rocks which is convex upward. The oldest 
rocks crop out along the axis. 

Aquiclude - Geologic formation which contains water but will 
not pass water. 

Aquifer - A water saturated geologic unit that will yield water 
to wells or springs in quantities sufficient to be a 
practical source of water supply. 

Aquitard - Geologic formation which will not allow water 
to flow through. 

Artesian Aquifer - An aquifer with a confining formation over
lying it and with the pressure within the aquifer sufficient 
to cause the water to rise above the confining layer when 
penetrated by drilling. 

Bentonite - A montmorillonite-type clay formed by the 
decomposition of volcanic ash. 

Confined Aquifer - An aquifer containing ground water that is 
confined under pressure between relatively impermeable or 
significantly less permeable material and that will rise 
above the top of the aquifer. 

Dissolved-solids - The total dissolved minerals in water, 
expressed as the weight of minerals per unit volume of water, 
without regard to the type of minerals. 

Drawdown - The lowering of the water table caused by pumping. 

Ground-water Discharge - Loss of water from a ground-water 
reservoir. 

Indurated - Rock which has been hardened by heat, distinguished 
from rock which is hard or compact in natural structure. 

Outcrop - The exposure of bedrock at the surface of the Earth. 

Permeability - The capacity for transmitting a fluid. Degree 
of permeability depends on the size and shape of the pores, 
the size and shape of their inter- connections, and the 
extent of the latter. It is measured by the rate at which 
water can move a given distance through a given interval of 
time. 
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Piezometric Surface - An imaginary surface representing the 
artesian pressure or hydraul ic head or levels to which water 
will rise above the artesian aquifer zone. 

Porosity - The percentage of the total volume of a rock or 
formation that is pore space. 

Potentiometric Surface - An imaginary surface connecting points 
to which water would rise in tightly cased wells from a given 
point in an aquifer. A map of the potentiometric surface is 
useful to indicate direction of ground-water movement. 

Recharge Area - An area of permeable rock and soil which allows 
the downward movement of surface water and the replenishment 
of ground water. 

Residence Time - The time in which ground water stays in one 
place. 

Specific Capacity - Yield per unit of drawdown of a well, 
usually expressed as gallons per minute per foot of drawdown. 

Specific Conductance - A measure of the capacity of water to 
conduct an electric current. Large specific conductance 
generally indicates poor quality water. 

Static Water Level (SWL) - The level of water in a well under 
non-pumping conditions. 

Syncline - A fold in rocks in which the strata dip inward from 
both sides toward the axis. The youngest strata crop our 
along the axis. 

Transmissivity - The rate at which ground water may be trans
mitted through a cross section of unit width over the entire 
thickness of an aquifer, under standardized conditions. 

Unconfined Aquifer - An aquifer that has a water table and 
contains ground water that is not confined under pressure by 
overlying impermeable or significantly less permeable 
materi al • 

Water Table - The imaginary surface within an unconfined aquifer 
at which the pressure is atmospheric. 
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