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I. INTRODUCTION 

This report describes the methods and results of an investigation conducted 

to determine the feasibility of developing ground-water supplies as an 

alternative to the proposed Sandstone Dam and Reservoir. The report is 

presented in four parts. This chapter describes the reasons for and 

purpose of the investigation, the methods used for the evaluation, and the 

area studied. Chapter II presents a review of the regional and local 

geology and hydrogeology of the study area. Chapter III describes the 

present use of the ground-water supplies within the area, and Chapter IV 

discusses the potential uses of the ground-water supplies specifically as 

related to the uses identified for surface-water supplies that would be 

developed by Sandstone Reservoir. 

A. PURPOSE AND SCOPE 

Construction of the proposed Sandstone Dam would create a 52,000 acre-foot 

reservoir that would provide an annual yield of 32,200 acre-feet. For 

planning purposes, the yield has been tentatively allocated to irrigation, 

municipal, and industrial uses in amounts of 12,000, 200, and 20,000 

acre-feet/year, respectively. Development of a large project such as 

Sandstone Reservoir requires analysis of the economic feasibility of the 

proposed development, and consideration of any logical alternatives. 

Development of ground-water resources in the areas to be served by waters 

to be delivered from the proposed Sandstone Reservoir, in amounts equal to 

those to be provided by the reservoir, might be a alternative to 

development of the reservoir. 

The purpose of this investigation was to determine if the ground-water 

alternative is feasible. The scope included investigation of existing and 

available geologic, hydrogeologic, and economic data necessary to arrive at 
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a conclusion regarding the potential for and cost of ground-water 

development. 

B. METHODS OF INVESTIGATION 

This study to evaluate the ground-water alternative relied on existing data 

relating to geology, hydrogeology, and ground-water occurrence. An 

extensive search of published and unpublished literature regarding the 

hydrogeology of the area was conducted. The files of the Wyoming State 

Engineer regarding ground-water development in the area were searched for 

records of wells and springs. Information on oil and gas wells and test 

holes drilled in the area, particularly those which produced water or were 

converted to water wells, was obtained from the Wyoming Oil and Gas 

Commission, the Geological Survey of Wyoming and the Bureau of Land 

Hanagement. Local landowners and others with knowledge of ground-water 

potential from oil and gas wells were also contacted. 

Information on well and aquifer characteristics, obtained from records of 

water, oil and gas well tests, and data derived by others from drill stem 

tests were used to assess, where possible, the quantity of ground water 

available and the rate at which it could be produced. Water-quality data 

were studied to evaluate the suitability of the ground water for irrigation 

and municipal uses. The costs of developing ground water as an alternative 

were projected to the extent possible using information on estimated 

drilling depths, aquifer yields and pumping costs. 

C. ASSUMPTIONS 

Because of the scope of the investigation and the nature and amount of 

information available for use in this study, several assumptions were made 

that affected the ultimate results to various degrees. It was assumed that 
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irrigation water would be used only on Savery Creek downstream from the 

proposed dam and along the Little Snake River within Wyoming and downstream 

of Savery Creek, and that municipal water would be supplied only to the 

towns of Dixon and Baggs, Wyoming. Industrial users have not yet been 

identified, but the mining and power generating industries appear to be the 

most likely potential high-volume water users. Mineral resources (coal and 

uranium) occur primarily in the area west, northwest, and north of the site 

of the proposed reservoir, and it was therefore assumed that industrial 

water needs would be in that area. Consequently, the study area was 

expanded from the reservoir area and the valleys of Savery Creek and the 

Little Snake River to include the area in which industrial water use may 

occur, as shown on Figure I-I. 

Numerous assumptions were required for computation of proj ected costs of 

ground-water development. These assumptions as described in detail in 

Appendices A and B. 
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II. HYDROGEOLOGY 

The geology specific to the Sandstone Dam and Reservoir area has already 

been addressed in the Concept Design Report (Stone and Webster Engineering 

Corporation, 1986). Therefore, only a general overview of the regional 

geology is provided in this report. A review of the hydrogeology including 

water bearing and water yielding properties of rock units and ground water 

quality of the study area is also included. 

The study area is located in portions of Sweetwater and Carbon counties in 

south-central Wyoming. Topographically, the study area consists of subdued 

terrain in the Washakie Basin, which grades upward into the more rugged and 

dissected west flank of the Sierra Madre uplift to the east and Rawlins 

uplift to the north. The study area also includes the southeast corner of 

the Great Divide Basin. 

Precipitation in the basin areas is between approximately 6.5 and 10 

inches/year (NOAA, various), and is slightly higher on the flanks of the 

uplifts. Drainage in the study area flows generally southward toward the 

Little Snake River except for the small section of the study area located 

in the Great Divide Basin, where drainage is toward the middle of the 

basin. 

A. STRUCTURAL GEOLOGY 

The regional structural setting of the study area is shown in Figure II-I. 

The area encompasses parts of the Great Divide and Washakie basins and 

parts of the Sierra Madre and Rawlins uplifts. The Washakie basin is a 

deep symmetrical basin whose axis is located about 20 miles west of the 

study area. Sedimentary rocks in excess of 25,000 feet thick may be 

present in the central Washakie basin (Welder and McGreevy, 1966). The 
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eastern and northern sides of the basin are bounded, respectively, by the 

Sierra Madre and Rawlins uplifts. The southeastern corner of the Great 

Divide basin is also included in the study area. Up to 18,000 feet of 

Paleozoic through Recent age sediments unconformably overlie Precambrian 

basement rocks in the Great Divide basin. The Great Divide and Washakie 

basins are separated by the Wamsutter Arch, an anticlinal structure that 

has folded the sediments in the subsurface but that has no surface 

expression. 

B. STRATIGRAPHY 

The stratigraphy of the study area including the formations, lithology, 

thickness and ground water potential, is described in Table II-i. The 

geologic formations that underlie the area of this investigation range in 

age from Precambrian to Recent. As shown on Figure 11-2, most of the rocks 

exposed at the surface are post-Cretaceous in age. In the southeastern 

corner of the study area, Precambrian basement rocks are exposed, and small 

exposures of Paleozoic and early Mesozoic rocks are also present. In the 

rest of the study area, Precambrian basement is overlain by Paleozoic, 

Mesozoic, and Cenozoic sedimentary rocks of varying thickness. In the 

southern part of the study area, a few small Tertiary intrusive stocks and 

dikes are also present. 

Figure 11-3 shows two generalized cross sections through the study area; 

their locations are shown on Figure 11-2. Paleozoic rocks are exposed to a 

very limited extent in the southeastern portion of the study area, in 

stream valleys cut into the flank of the Sierra Madre uplift. Elsewhere 

Cambrian through Lower Cretaceous sediments overlie the Precambrian 

basement at depth. Regional information indicates that undifferentiated 

Cambrian sandstones overlie the Precambrian basement and are overlain by 

the Mississippian Madison Limestone. Devonian, Ordovician, and Silurian 
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Table II-I. 

Era 

Cenozoic 

Summary of the Stratigraphy and Hydrologic Properties of Geologic Units in the Study Area. 

Period Geologic Unit 

Quaternary Alluvial deposits 

Wind-blown sand 

Lake deposits 

Glacial deposits 

Tertiary Igneous flows and plugs 

North Park (1) Formation 

Thickness 
(feet) 

0-50± 

0-70± 

0-25± 

Unknown 

Unknown 

0-800t 

Lithologie Description 

Clay, silt, sand, and gravel, 
unconsolidated; includes some 
slopewash material. The 
coarser alluvial deposits occur 
in the Little Snake River 
valley and in or adjacent to 
highlands. 

Sand and silt, unconsolidated. 
Widely scattered throughout 
the basins and some highlands. 

Clay, silt, and sand. 
Extensive in the Great Divide 
Basin. 

Clay, silt, sand, gravel and 
boulders. Present in Sierra 
Madre uplift. 

Basalt flows and intrusive 
masses east of Baggs. 

Sandstone, fine- to medium
grained, tuff, and limestone; 
contains a basal conglomerate 
member as much as 100 feet 
thick. Present in the 
northwest Sierra Madre uplift. 

Hydfo1ogic Properties 

Contains small quantities of 
water in many stream valleys; 
generally small yields and a 
wide range in TDS can be 
expected, but larger yields are 
possible in the Little Snake 
River valley. Yields may be as 
high as 300 gpm in favorable 
areas. TDS ranges from 200-900 
mg/L along the Little Snake 
River. 

Wells and springs have yields 
ranging from 5 to 25 gpm. 
Dunes act as infiltration areas 
for recharge to underlying 
formations. A TDS value of 399 
mg/L for a well completed in 
the sand dunes has been 
reported. 

Ground-water possibilities poor. 
Probably would provide stock 
water to wells at favorable 
locations; however, yields 
probably would be less than 
10 gpm. 

Ground-water possibilities not 
known, but some depOsits 
probably contain water of good 
quality. 

Ground-water possibilities not 
known, but probably very poor. 

Ground-water possibilities good. 
Yields water of excellent 
quality to springs that supply 
the City of Rawlins. Known 
well yields range from 5-25 gpm. 
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Era 

Cenozoic 

Summary of the Stratigraphy and Hydrologic Properties of Geologic Units in the Study Area 
(cont'd). 

Period 

Tertiary 

Geologic Unit 

Browns Park Formation 

Wasatch and Green River 
Formations 

- Laney Shale Member of 
the Green River Formation 

- Cathedral Bluffs Tongue 
of the Wasatch Formation 

- Tipton Tongue and Tipton 
Shale Member of the Green 
River Formation 

- Main body of the 
Wasatch Formation 

Thickness 
(feet) 

0-1.200! 

900-1,200 

0-2,500! 

0-400! 

0-4.000! 

Lithologic Description 

Sandstone. tuffaceous, sandy 
claystone, and conglomerate. 
Present in the southern 
Washakie Basin and western 
Sierra Madre uplift. 

Marlstone, shale, oil 
shale, muddy sandstone, 
tuffaceous sandstone, and 
~lgal limestone. May be 
as much as 3,000 feet 
thick in the Washakie Basin. 

Claystone and shale, gray, 
green, and red; contains 
fine-grained sandstone in 
the Washakie Basin. 

Oil shale, fine-grained 
calcareous sandstone, clay, 
shale, and algal limestone. 
Present in the northwestern 
Great Divide Basin, the 
Washakie Basin, and north 
and south of the Rock Springs 
uplift. 

Claystone and siltstone, 
brightly colored; fine- to 
medium-grained calcareous 
sandstone; carbonaceous 
shale, oil shale, and 
coal. Present extensively 
in the Washakie Basin. 

Hydrologic Properties 

Ground-water possibilities 
largely unknown but probably 
good. Reported well yields 
average 12 gpm with TDS of 
about 860 mg/L. 

Ground-water possibilities 
poor to good. Wells 
in the Washakie Basin have 
yields ranging from 5-100 gpm 
and TDS ranging from 1,120-
7,210 mg/L. 

Yields of 5-50 gpm of 
mineralized water can be 
expected. 

Ground-water yields 5-50 gpm 
in the study area. 

Possibly a good source of water 
in the western part of the area. 
Contains more than one aquifer; 
wells tapping the deeper 
aquifers flow in some area. 113 
wells having yields from 1-250 
gpm of water produce from the 
Wasatch. TDS ranges from 
719-3,590 mg/L. 
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Table II-I. 

Era 

Cenozoic 

Mesozoic 

Summary of the Stratigraphy and Hydrologic Properties of Geologic Units in the Study Area 
(cont'd). 

Period Geologic Unit 

Tertiary - Battle Spring Formation 

Fort Union Formation 

Lance Formation 

Lewis Shale 

Cretaceous Mesaverde Group 

- Mesaverde Formation 

Thickness 
(feet) 

1.000(?)-4.S00t 

0-2.S00t 

0-4.S00t 

0-2.700t 

0-2.800t 

Lithologic Description 

Sandstone. arkosic. fine
to coarse-grained and green 
claystone. Present only in 
extreme northern part of 
study area. 

Sandstone. fine- to coarse
grained. carbonaceous shale. 
and coal; contains varicolored 
siltstone and claystone in 
upper part. Present in 
Washakie Basin. 

Sandstone. very fine to fine 
grained. lenticular. clayey. 
calcareous; dark-gray or 
brown shale; coal;-and lignite. 
Underlies the Washakie Basin. 

Shale. light to dark-gray. 
calcareous to noncalcareous, 
carbonaceous; contains beds 
of siltstone and very fine 
grained sandstone. Numerous 
sandstones occur in the 
Lewis Shale in the vicinity 
of T.16 N •• R.93 W. in 
eastern Washakie Basin. 
Underlies the Washakie Basin. 

Sandstone. light-gray to brown 
very fine to medium grained. 
calcareous. silty; interbedded 
dark shale. lignite. and coal. 

Hydrologic Properties 

Ground-water possibilities good. 
Reported wells yields range from 
4-80 gpm. 

A relatively good source of 
water in the western part of 
the area. Yield of 33 wells 
ranged from 1.S-300 gpm. A 
well penetrating the entire 
formation where the sandstones 
are thickest might yield as 
much as 500 gpm. TDS of water 
from 6 wells ranged from about 
663-2,800 mg/L. 

Ground-water possibilities 
largely unknown. Six reported 
wells in the area have reported 
yields of 5-7S gpm. 

Ground-water possibilities 
generally are poor. but 
sandstones in the Lewis 
probably will yield small 
quantities of water. 
Reported well yields in 
the study area range from 
2S-60 gpm. 

Ground-water possibilities 
largely unknown. 19 wells have 
reported yields of 1.S-SOO gpm. 
Water has TD5 ranging from about 
300-46.000 mg/L. TDS increases 
greatly west of Muddy Creek. 
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Table II-I. 

Era 

Mesozoic 

Summary of the Stratigraphy and Hydrologic Properties of Geologic Units in the Study Area 
(cont'd). 

Period Geologic Unit 

Cretaceous Mesaverde Group (cont'd) 

- Steel Shale 

- Niobrara Formation 

Frontier Formation 

Howry Shale 

Thermopolis Shale 

Cloverly Formation 

Jurassic Morrison Formation 

Thickness 
(feet) 

2,000-5,000 
(Steel Shale and 

Niobrara Formation 
combined) 

190-9001 

150-525 

40-235 

45-240 

170-450:!: 

Lithologic Description 

Shale, dark-gray; silty; 
contains a small amount of 
fine-grained glauconitic 
sandstone. 

Shale, dark-gray, calcareous; 
contains some limestone. 

Sandstone and dark-gray shale; 
contains a few beds of bentonite 
and lenses of chert-pebble 
conglomerate. Underlies most of 
the area. 

Shale, dark-gray to black, 
siliceous; contains siltstone 
and bentonite. 

Shale, dark-gray to black, 
fissile; contains a few thin 
beds of sandstone, siltstone 
and bentonite. The Muddy 
Sandstone Member in the upper 
part of the formation is 
20-155 feet thick; it consists 
of fine-grained sha1ey 
sandstone and interbedded 
siltstone and shale. 

Sandstone, shale, conglomerate, 
and siltstone. 

Varigated claystone, shale 
lenticular sandstone, and 
lesser amounts of conglomerate 
and limes tone. 

Hydrologic Properties 

Ground-water possibilities 
largely unknown. One well 
completed in the Steel Shale 
is reported to yield 20 gpm. 

Ground-water possibilities 
1a rge1y unknown. 

Yields 50 gpm to 1 well 
near Miller Hill; the 
water has a TOS of 720 
mg/L. 

Ground-water possibilities 
not known, but probably very 
poor. 

Ground-water possibilities not 
known. but probably poor. 
Northeast of the study area 
oil-field waters from the 
Muddy Sandstone Member (4 
analyses) have TDS of about 
3,500-10,000 mg/L. 

Yields of 25 to 85 gpm are 
obtained from 4 wells in 
the Miller Hill area; the 
water has TOS of 223-557 
mg/L. 

Ground-water possibilities 
not known, but probably 
poor. 
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Table II-I. 

Era 

Mesozoic 

Mesozoic/ 
Paleozoic 

Paleozoic 

Summary of the Stratigraphy and Hydrologic Properties of Geologic Units in the Study Area 
(cont' d) . 

Period 

Jurassic 

Triassic 

Triassic/ 
Permian 

Permian/ 
Pennsylvanian 

Pennsylvanian 

Geologic Unit 

Nugget(?) Sandstone 

Chugwater Formation 

Undifferentiated Rocks 

Tensleep Sandstone 

Amsden Formation 

Thickness 
(feet) 

0-650t 

900-1.500t 

170-460t 

0-840t 

0-260t 

Lithologic Description 

Sandstone. fine- to medium
grained. and a small amount of 
interbedded shale and siltstone. 

Shale. siltstone. and fine
grained sandstone. interbedded 
predominantly red; includes 
Alcova Limestone Member. 

Shale. siltstone, and limestone 
interbedded, red and gray. In 
the project area. rocks of the 
Goose Egg Formation of central 
Wyoming intertongue with the 
Permian Park City and Early 
Triassic Dinwoody Formations 
of western Wyoming. 

Sandstone, medium- to fine
grained. locally quartzitic, 
and lesser amounts of thin 
interbedded limestone and 
dolomite. The formation is 
missing in the southeastern 
part of the area. 

Sandstone. shale and siltstone. 
predominantly red; contains 
cherty limestone. About 60 
feet of fine-grained sandstone 
(Darwin Sandstone Member) is 
present at the base of the 
formation in most of the area. 
The Amsden is missing in the 
southeastern part of the area. 

Hydrologic Properties 

The Sundance Formation yields 
28 gpm from 1 well near Miller 
Hill. The water from this well 
has TDS of 1.100 mg/L; it is 
high in fluoride (6.0 mg/L) and 
iron (4.2 mg/L. Three wells in 
the Miller Hill area, completed 
in the Nugget Sandstone. 
report yields of 375-920 gpm 
with TDS of 596-698 mg/L. 

Ground-water possibilities not 
known. but probably poor. 

Ground-water possibilities not 
known. One well near Rawlins 
yields water with lDS of 
6,600 mg/L. 

Ground-water possibilities not 
known. One spring in the 
Rawlins area has a reported 
yield of 200 gpm and the water 
has TDS of 339 mg/t. In basins 
to the north and east, TDS 
ranges from 200-5,000 mg/t. 

Ground-water possibilities not 
known, but probably poor. 
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Table II-I. 

Era 

Paleozoic 

Precambrian 

Summary of the Stratigraphy and Hydrologic Properties of Geologic Units in the study Area 
(cont'd). 

Period 

Mississippian 

Cambrian 

Precambrian 

Geologic Unit 

Madison Limestone 

Undifferentiated Rocks 

Igneous and Metamorphic 
Rocks 

Thickness 
(feet) 

5-325± 

0-800± 

Lithologic Description 

Limestone. dolomite. and lesser 
amounts of thin-bedded sandstone 
and chert. 

Sandstone. quartzitic and 
conglomeratic in lower part; 
upper part consists of 
glauconitic sandstone and 
interbedded siltstone, 
shale, and limestone. 

Granite, gneiss, and 
schist. 

Hydrologic Properties 

Ground-water possibilities not 
known. In other parts of the 
State, caverns and solution 
cavities in the Madison have 
produced large yields. Chemical 
analyses in other areas show 
TDS ranging generally from 
300-4,000 mg/L. 

Yields water for domestic, stock 
and public supplies near 
Rawlins to 1 well and 1 spring 
having reported yields of 
150-100 gpm, respectively; 
chemical analyses show the TDS 
of water from the well to be 
663 mg/L and water from the 
spring to be 214 mg/L. Ground
water possibilities elsewhere 
in the area are not known. 

Ground-water yields small 
quantities (5-25 gpm) of good 
quality water where weathered 
or fractured in mountain 
areas. 
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rocks are not present in the region. 

primarily marine shelf deposits. 

The Paleozoic formations are 

Triassic and Jurassic rocks are present, and consist of undifferentiated 

shale, siltstone, sandstone, and limestone of the Goose Egg Formation 

overlain by the Chugwater Formation, Nugget Sandstone, Sundance Formation, 

and Morrison Formation. These units also have limited exposures in stream 

valleys on the west flank of the Sierra Madre uplift. They are covered 

elsewhere on the uplift flank by a veneer of Tertiary sediments and in the 

basin interior by Cretaceous and younger rocks. 

A thick sequence of alternating sandstone and shale formations of 

Cretaceous-age are present in the study area. The Cloverly, Muddy 

Sandstone, Frontier, Mesaverde and Lance formations comprise the sandstone 

sequences. The shale sequences include the Thermopolis, Mowry, Niobrara, 

Steele, and Lewis formations, which are several thousand feet thick in 

aggregate. 

Early Tertiary fluvial, deltaic, and 

intertongueing sandstones, shales, and 

Wasatch, and Fort Union formations. 

lacustrine 

claystones 

deposits consist of 

of the Green River, 

Quaternary deposits in the study area include sediments that are 

Pleistocene to Recent in age. Quaternary-age glacial and lake deposits, 

wind blown sands, and alluvial deposits are all present. The thickest 

Quaternary alluvial deposits are found along the Little Snake River (70 

ft) . 
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C. HYDROGEOLOGIC PROPERTIES OF ROCK UNITS IN THE STUDY AREA 

Hydrologic conditions in the study area are chiefly controlled by the 

climate, topography, and geology. A balance between ground water recharge 

and discharge is indicated by slight annual water level fluctuations 

observed in wells in the study area (Welder and McGreevy, 1966). Recharge 

occurs mainly through infiltration of precipitation and streamflow. 

Discharge occurs mainly through evaporation, release to streams and lakes, 

transpiration, and well pumpage. 

Eight water-producing zones, each consisting of a single aquifer or number 

of aquifers, have been identified in the study area (Dana, 1962; Welder and 

McGreevy, 1966; Collentine et al., 1981). They range in age from 

Quaternary to Precambrian. The hydrologic units are: 1) Quaternary 

aquifers; 2) Upper Tertiary aquifers; 3) Tertiary aquifer system; 4) 

Mesaverde aquifer; 5) Frontier aquifer; 6) Cloverly aquifer; 7) 

Sundance-Nugget aquifer; and 8) Paleozoic aquifer system. 

1. Quaternary Aquifers 

Quaternary deposits occur largely along the flood plains of the Little 

Snake River and its maj or tributaries, along the southern flank of the 

Wamsutter Arch, in the southeastern portion of the Great Divide Basin, and 

along the west flank of the Sierra Madre uplift. These deposits are 

unconsolidated sands, silts, clays, and gravels. The maximum thickness for 

the Quaternary sediments is estimated to be about 70 feet. 

The alluvium along the Little Snake River valley contains hundreds of wells 

with common yields of 25 to 50 gallons per minute (gpm). The former Baggs 

water system, which consisted of perforated pipes buried in the alluvium, 

is reported to have yif'lded 800 gpm, and a yield of 300 gpm has been 
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reported for a well near Dixon. Aquifer hydraulic properties 

(transmissivity, hydraulic conductivity, and storage coefficient) have not 

been determined for the alluvial aquifers in the study area. 

Small areas of wind blown sand are present, typically 50 to 70 feet thick, 

in the central portion of the study area. They are reported to yield 5 to 

25 gpm to two wells in T .17N., R. 90W., but no other information is 

available. The deposits have only limited areal extent and thickness, and 

probably could not produce more than 50 gpm. 

Quaternary lake deposits are present along the south flank of the Wamsutter 

Arch. The ground water possibilities are thought to be poor, with yields 

less than 10 gpm. Gravel deposits are also present, but are considered 

poor prospects for ground-water development because the deposits are 

generally high and well drained. 

Glacial deposits of clay, silt, sand, gravel, and boulders of Quaternary 

age are present in the Sierra Madre uplift. The ground water possibilities 

are not known, but some of the deposits are thought to contain water of 

good quality. They may provide small quantities of ground water for stock 

or domestic use. 

2. Upper Tertiary Aquifers 

These aquifers consist of sandstones and conglomerates of the Browns Park 

and North Park formations. Where present, they are exposed at the surface, 

except for a small section of the Browns Park formation that is covered by 

alluvium in the Little Snake River valley. Their thicknesses vary across 

the study area, ranging from 0 to 1,200 feet. Both of these formations are 

considered lateral equivalents. The Browns Park formation is located along 

the southwest side of the Sierra Madre uplift, and contains about 100 
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feet of basal conglomerate and up to 1,000 feet of fine to medium grained 

sandstone. South of Rawlins, Berry (1960) reports that the Browns Park 

Formation may have a zone of saturation at least 870 feet thick. Well 

information indicates that this unit is the most productive unit of the 

Upper Tertiary. Well yields of 30 gpm are common, and yields as high as 

343 gpm have been reported (Welder and McGreevy, 1966). Three wells 

completed in the North Park formation, located on the northwest side of the 

Sierra Madre uplift, have yields ranging from 4 to 20 gpm. 

Based on pump test results of ten North Park wells, the aquifer 

transmissivity values range from 100 to 1,500 gpd/ft around the Little 

Snake River; one test indicated a transmissivity of 10,000 gpd/ft. Aquifer 

transmissivity results of two North Park wells were between 150 and 1,000 

gpd/ft (Collentine et al., 1981). 

The potentiometric surface in the Upper Tertiary aquifers conforms 

generally with the topography. Ground water movement is from the 

topographically high areas on the flanks of the Sierra Madre uplift ~oward 

the Snake River Valley and its tributaries. The aquifers generally drain 

to springs along the valleys in the eastern part of the study area. 

3. Tertiary Aquifer System 

The Tertiary aquifer system in the study area consists of the Laney Member 

of the Green River Formation, the Cathedral Bluffs Tongue of the Wasatch 

Formation, the Tipton Tongue of the Green River Formation, the main body of 

the Wasatch Formation, the Battle Springs Formation, the Fort Union 

Formation, and the Lance Formation. Over much of the western portion of 

the study area, these formations are exposed at the land surface or 

underlie thin Quaternary deposits. The maximum thickness of the Tertiary 

aquifer system is estimated to be between 12,000 and 14,000 feet. 

11-15 



The major aquifers are the sandstones in the Wasatch Formation, Fort Union 

Formation, the Laney Hember of the Green River Formation, and the Battle 

Spring Formation. The Tipton Tongue consists primarily of shale, and 

ground water possibilities are considered poor with low yields and 

mineralized water expected. 

The main body of the Wasatch Formation crops out over much of the western 

portion of the study area. This formation is an excellent source of water, 

especially along the axis of the Wamsutter Arch (Welder and McGreevy, 

1966). Well yields are typically between 5 and 50 gpm, although rates of 

200 and 325 gpm have been reported. Flowing wells are common (Dana, 1962; 

Weld,er and McGreevy, 1966; Wyoming State Engineer, 1986). Transmissivity 

estimates from oil field and water well aquifer tests range from 1 to 

100,000 gpd/ft (Collentine et al., 1981). Porosity estimates from the 

southern Washakie basin are 16 to 38 percent, and permeability estimates 

range from less than 1 to 18 gpd/ft
2 

(Wyoming Geological Association, 

1979). 

The Fort Union Formation crops out in the central portion of the study area 

and underlies both the Great Divide and Washakie basins. West of the 

Rawlins uplift, the Fort Union Formation is estimated to be 2,500 feet 

thick. According to Woodward-Clyde Consultants (1980) and Huan (1961), 

discontinuous lenticular sandstone and conglomerate beds in the lower 200 

to 500 feet of the formation are integrated into one aquifer through 

fracture zones. Well yields are generally less than 100 gpm. Welder and 

McGreevy (1966) indicate that yields as high as 500 gpm could be expected 

west of the Rawlins uplift. Transmissivities are typically less than 2,500 

gpd/ft (Collentine et al., 1981). Porosity values range from 15 to 39 

percent and permeabilities are less than 1 gpd/ ft
2 

(Wyoming Geological 

Association, 1979). 

II-16 



The Laney Member of the Green River formation is a fine grained, calcareous 

mudstone and shale with several thick sandstone lenses. It crops out in 

the southwestern portion of the study area, and the thickness there is 

reported between 500 to 900 feet (Collentine et al., 1981). Wells 

completed in the Laney shale in the study area have reported yields up to 

100 gpm (Wyoming State Engineer, 1986). 

The Battle Spring Formation is present only in the northwest portion of the 

study area in the Great Divide basin. It consists of fine- to coarse

grained, highly permeable arkosic sandstone. Most wells that are completed 

in the Battle Spring Formation yield 30 to 40 gpm. Welder and McGreevy 

(1966) indicate wells penetrating the entire formation might exceed 1,000 

gpm. Transmissivity ranged from 29 to 3,157 gpd/ft, however, most values 

were reported at less than 500 gpd/ft. 

The Lance Formation, a fine grained sandstone of late Cretaceous age, 

underlies the Fort Union and crops out in the north-central and part of the 

study area. The ground water potential is largely unknown. Six stock 

wells are present in the east outcrop with yields reported between 5 and 75 

gpm (Wyoming State Engineer, 1986). 

4. Mesaverde Aquifer 

The Mesaverde aquifer crops out in a north-south band across the central 

portion of the study area. It consists of fine- to medium-grained 

sandstone with localized interbedding of shale, lignite, and coal (Welder 

and McGreevy, 1966). The Lewis Shale serves as a confining unit above the 

Mesaverde, and the Steele Shale below. Yields from five wells in the study 

area ranged from 1.5 to 500 gpm; yields of 10 to 25 gpm are most common. 

Well specific capacities reported by Collentine et ale (1981) ranged from 

less than 2 to over 20 gpm/ft; transmissivities for two of these wells were 
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less than 3,000 gpd/ft. Porosity values from oil field test wells in the 

Washakie basin ranged from 8 to 2-6 percent, and hydraulic conductivity from 

below 1 to 1.8 gpd/ft
2 

(Wyoming Geological Association, 1979). 

Ground water flow of the Mesaverde aquifer in the study area is generally 

toward the basin center (Welder and McGreevy, 1966; Collentine et al., 

1981). Recharge to the aquifer occurs along the outcrops of the Rawlins 

and Sierra Madre uplifts mainly from infiltration of streamflow and 

snowmelt (Welder and McGreevy, 1966). Some recharge also occurs as 

downward flow from the Upper Tertiary aquifers where the Mesaverde is 

blanketed by the Browns Park or North Park formations. 

5. Frontier Aquifer 

The Frontier aquifer is exposed within the study area only along Big 

Sandstone and Battle creeks. It consists of sandstone and shale with a few 

beds of bentonite and lenses of pebble conglomerate (Welder and McGreevy, 

1966). Most of the existing wells and all of the springs are located in 

outcrops north of the study area; only one permitted water well in the 

study area is completed in the Frontier aquifer. The aquifer 

transmissivity is thought to vary widely depending on the percentage of 

bentonite and shale beds present. Values of less than 100 gpd/ft to 20,000 

gpd/ft have been reported (Collentine et al., 1981). Well yields in the 

Frontier aquifer are also reported to vary over a wide range, from 1 gpm to 

over 100 gpm. Little potentiometric data are available for the Frontier 

aquifer. Ground water flow is believed to be toward the center of the 

basins. Recharge occurs in the uplift areas where the aquifer is exposed 

or where it subcrops beneath the Browns Park or North Park aquifers. 
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6. Cloverly Aquifer 

The lower Cretaceous through Cambrian age . rocks have only limited exposure 

in the study area. They are primarily covered by the Tertiary North Park 

and Browns Park formations. The ground water potential of most of these 

aquifers within the study area is unknown. 

The Cloverly aquifer consists of an upper sandstone unit and a lower 

conglomerate unit. Its thickness ranges from 45 to 240 feet. In the study 

area it crops out near the Sierra Madre uplift. The unit dips to the west, 

and near Baggs it occurs at a depth of over 13,000 feet. Water wells south 

of Rawlins had yields ranging from 25 gpm to over 120 gpm (Collentine et 

al., 1981). 

7. Sundance-Nugget Aquifer 

The Sundance-Nugget aquifer is composed of fine- to medium-grained 

sandstone, interbedded with some shale, siltstone, and limestone (Welder 

and McGreevy, 1966). Both formations crop out near the Sierra Madre and 

Rawlins uplifts. The maximum thickness of the two formations is between 

170 and 1,100 feet. One well near Miller Hill, in the east-central portion 

of the study area, yields 28 gpm (Welder and McGreevy, 1966) . 

Potentiometric data are too sparse to determine flow patterns. 

8. Paleozoic Aquifer System 

The Paleozoic aquifer system consists of all of rock units below the 

Chugwater Formation. Important water-bearing units are the Tensleep 

Sandstone, the Madison Limestone, and undifferentiated Cambrian and 

Precambrian rocks. No information exists for the Tensleep Formation in the 

study area, although it is an important aquifer near the Rpwlins uplift. 
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The Madison aquifer is composed of limestone and dolomite, with some 

thin-bedded sandstone and chert (Gudim, 1956; Ritzma, 1951; Lawson, 1949; 

and Weimer, 1949). The thickness ranges from 5 to 335 feet in the study 

area (Welder and McGreevy, 1966). Limited well information about the 

Madison is available in the study area. Secondary permeability and 

porosity in the Madison may be well developed due to karst conditions. 

Well yields from outside the study area range from 4 to 400 gpm. Southeast 

of Rawlins (T.21 N., R.87 W., Section 9) pump tests at a water well were 

reported to be 200,000 gpd/ ft. The Madison aquifer is deeply buried in 

areas away from the flanks of the Sierra Madre uplift. 

Cambrian age rocks consist of sandstones with interbedded siltstone, shale, 

and limestone (Berry, 1960; Gudim, 1956; Lawson, 1949; Weimer, 1949). 

Weathered Precambrian rocks consisting of granite, gneiss, and schist 

underlie the Cambrian rocks (Love and Christiansen, 1985). A number of 

wells in the Rawlins area are completed in the Cambrian formations at 

depths less than 250 feet. It is not known if wells are completed in 

Cambrian rocks in the southeastern part of the study area. Near Rawlins, 

pump tests on two wells indicated aquifer transmissivities of 100 and 

300,000 gpd/ft (Collentine et al., 1981). 

Precambrian rocks yield water to numerous springs and wells on the Sierra 

Madre uplift in the study area. Yields of 5 to 25 gpm have been reported 

(Wyoming State Engineer (1986). Recharge is from direct infiltration of 

precipitation and snowmelt runoff; ground water is present in joints and 

fractures. 

D. GROUND-WATER QUALITY 

Water quality data from several sources was used to evaluate ground water 

quality. These sources include the U. S. Geclogical Survey WATSTOR data 

11-20 



system, the Wyoming Water Resources Research Institute WRDS data system, a 

report on the Great Divide and Washakie Basins, and Wyoming Oil and Gas 

Commission files. Unfortunately, much of the water quality data are from 

wells spread out over a large area and are not specific to the study area. 

Many of the observations made on the water quality of the aquifers in the 

study area are based on very limited information. 

Because of limited data available, aquifer acceptability for municipal and 

irrigation use was based on the concentration of total dissolved solids 

(TDS) and drinking water standards, if available. Aquifers where ground 

waters were found to contain less than 1,000 mg/L TDS were considered 

acceptable. These aquifers include: 1)Quaternary aquifers; 2) Upper 

Tertiary aquifers along the Sierra Madre and Rawlins uplifts; 3) the 

Tertiary aquifer system; 4) the Mesaverde aquifer where it crops out near 

the Sierra Madre uplift; and 5) Cretaceous through Precambrian aquifers 

that crop out near the Sierra Madre and Rawlins uplifts. 

1. Quaternary Aquifer 

Water quality data from several wells that perforate the alluvium along the 

Little Snake River, Bitter Creek and Muddy Creek were reviewed. The TDS 

concentrations varied widely, from about 200 to more than 60,000 mg/L 

(Collentine et al., 1966). Several of the drainages into the Little Snake 

River appeared to have rather high TDS values, although most were less than 

1,000 mg/L. Along the Little Snake River TDS values were generally less 

than 500 mg/L. 

Insufficient data were available to make any evaluation of Quaternary 

glacial, windblown sand or gravel deposits found in the study area. 
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According to the 1981 Water Resources Research Institute report, the major 

ionic constituents of Quaternary aquifer waters with TDS levels below 1,000 

mg/L are calcium, sodium, and bicarbonate. Water with TDS levels greater 

than 10,000 mg/L have mainly sodium and chloride, and intermediate waters 

contain predominantly sodium and sulfate ions. 

Additional water quality data would be necessary to obtain a more complete 

evaluation of water quality in the Quaternary aquifers. 

2. Upper Tertiary Aquifers 

Chemical data from seventeen shallow wells and springs were reviewed. 

These data are for the Browns Parks and North Park Formations located on 

the western flank of the Sierra Madre uplift. Total dissolved solids 

concentrations were quite low, ranging from 84 to 860 (Collentine et al., 

1981) . Mos t of the TDS values were less than 400 mg/L. The principal 

ionic constituents are calcium and bicarbonate. Increases in sulfate 

occur with increases in salinity (Collentine et al., 1981). 

3. Tertiary Aquifer System 

Limited information is available on water quality in the Laney, Wasatch, 

and Fort Union aquifers. No information is available for ground water 

quality in aquifers in the Cathedral Bluffs or Tipton members, the Battle 

Spring aquifer, or the Lance aquifer in the study area. 

Reported total dissolved solids values in the Tertiary aquifer system range 

from 663 mg/L in one Fort Union sample to 7,210 mg/L in one sample from the 

Laney Shale (Collentine et al., 1981). Aquifers with generally high 

salinity values (above 1,000 mg/L TDS) were the Laney and Wasatch aquifers, 
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although much variability exists. 

sodium-sulfate-bicarbonate waters. 

The Laney aquifer analyses indica ted 

The Wasatch aquifer shows some variability in TDS, with concentrations 

ranging from 719 to 3,590 mg/L in the study area. The water is 

characterized as being sodium-sulfate. The best water in the Wasatch 

aquifer seems to be located near the Wamsutter arch, where several TDS 

values of less than 1,000 mg/L were reported (Welder and McGreevy, 1966; 

Collentine et al., 1981). 

No wells screened in the Battle Springs formation were found in the study 

area. However, further north in the Great Divide Basin, good water quality 

with TDS concentrations from 140 to 470 was reported (Welder and McGreevy, 

1966; Collentine et al., 1981). 

The Fort Union ground waters shows some variability in TDS content and 

geochemical composition. Total dissolved solid concentrations are 

frequently below 1,000 mg/L and are generally below 3,000 mg/L. 

4. Mesaverde Aquifer 

The Mesaverde aquifer shows extensive variability in dissolved solids 

concentrations. The TDS values less than 500 mg/L are found along the 

southeast flank of the Washakie basin, in the vicinity of the Sandstone Dam 

site (Welder and McGreevy, 1966; Collentine et al., 1981). Concentrations 

increase to the west, and toward the western boundary of the study area TDS 

concentrations greater than 10,000 mg/L are reported. The low-TDS ground 

waters contain primarily sodium and bicarbonate ions, and waters with TDS 

values between 1,000 and 3,000 mg/L is generally enriched in calcium 

sulfate. Ground water with TDS values in excess of 10,000 mg/L was 

characterized as sodium-chloride-bicarbonate water (Collentine et al., 

1981). 
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5. Lower Cretaceous through Precambrian Aquifers 

Very limited water quality data on the Frontier aquifer are available in 

the study area. In general, it appears that TDS values are lower close to 

the Sierra Madre uplift, indicating zones of recharge. In the southeast 

corner of the study area, one TDS value was reported to be 555 mg/L 

(Collentine et al., 1981). Total Dissolved Solids concentrations increase 

to the north and west. In the southwest portion of the study area, TDS 

values of 35,000 to 41,000 were reported (Collentine et al., 1981). 

The Cloverly aquifer had some information for the northern portion of the 

Sierra Madre uplift. TDS values there ranged from 219 to 7,299 mg/L. 

Only one data point for the Sundance Nugget aquifer was available in the 

study area. A TDS value of 1,100 mg/L was reported at the northern end of 

the Sierra Madre uplift. 

Almost no information on the Paleozoic aquifer system in the study area is 

available. TDS concentrations in the Sierra Madre uplift are expected to 

be low, although no information is available. Further east in the Washakie 

basin, high TDS values were reported for three wells, with values ranging 

from 12,000 to 25,000 mg/L. 

There exists a dearth of information for ground water concentrations of the 

primary drinking water standards in the Great Divide and Washakie Basins. 

Only very limited data are available for the Quaternary and Tertiary age 

aquifers in the study area. No drinking water standard data are available 

for Cretaceous and older aquifers in the study area. 
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According to Collentine et al., (1981) several exceedences of lead, 

cadmium, and chromium were noted in the Fort Union aquifer close to the 

Rawlins uplift. It was also noted that all of these wells were completed 

in coal, which may account for these exceedences. One well completed in 

the Frontier aquifer near the southeast corner of the study area 

was found to contain lead at 0.070 mg/L, a concentration slightly above the 

primary drinking water standard, and chromium which was reported at the 

drinking water standard 0.01 mg/L. 

The secondary drinking water standards for TDS of 500 mg/L or less was met 

only by ground waters in the Quaternary aquifer along the Little Snake 

River, the Upper Tertiary aquifer, and in small outcrop areas of the 

Mesaverde aquifer. Table 11-2 provides a compilation of aquifer TDS 

concentration ranges found in the study area. 

Based on the available information regarding quality of the water, the most 

promising aquifers for development of good-quality ground water are the 

Quaternary alluvium in the Little Snake River Valley, the Browns Park and 

North Park Formations in the Sierra Madre uplift, the Wasatch Formation 

near the Wamsutter arch, and the Mesaverde aquifer in the southeastern part 

of the study area. More information is necessary to evaluate the Battle 

Springs formation in the southeastern Great Divide Basin, the Quaternary 

age glacial deposits in the Sierra Madre uplift, and windblown sand 

deposits that are scattered throughout the study area. 
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Table 11-2. 

Aquifer System 

Quaternary 

Upper Tertiary 

Tertiary 

Mesaverde 

Frontier 

Cloverly 

Sundance-Nugget 

Paleozoic 

Total Dissolved Solid Concentrations for Aquifers in the Study Area. 

Unit 

Alluvium 

Wind-Blown Sand 

North Park Formation 
Browns Park Formation 

Wasatch 

Laney Shale Member of 
the Green River Formation 

Fort Union Formation 

Mesaverde Formation 

Frontier Formation 

Cloverly Formation 

Sundance Formation 
Nugget Sandstone 

Tensleep Sandstone 

Location 

Washakie Basin 
Little Snake River 

Washakie Basin 
Little Snake Riv~r 

East Flank of 
Washakie Basin 

Sierra Madre Uplift 

Washakie Basin 

Washakie Basin 

Washakie Basin 

Washakie Basin 

Sierra Madre Uplift 

Washakie Basin 

Sierra Madre Uplift 

Sierra Madre Uplift 

East Flank of 
Washakie Basin 

Number 
of Data 

10 

17 

8 

6 

4 

30 

3 

5 

3 

Total Dissolved Solids 
Concentration 

Range Mean 
(mg/L) (m~/L) 

198 - 10,300 

399 

84 - 860 

719 - 3,590 

1,120 - 7,210 

663 - 2,800 

330 - 46,000 

555 - 1,209 

35,000 - 41,000 

219 - 7,299 

1,100 

12,000 - 25,000 

888 

297 

2,150 

3,518 

1,306 

4,980 

826 

15,695 

2,062 

17,700 

Comments 

TDS values along the Little Snake River 
range from 200-900 mg/L and average 
460 mg/L. 

Insufficient data 

Potential source of good water. 

Water quality good near Wamsutter Arch. 

Generally poor water quality. 

TDS generally between 700 and 1,000 mg/L. 

TDS commonly less than 500 mg/L in 
southern part of outcrop area. TDS 
increases rapidly toward basin. 

Near outcrop area. 

Basin interior. 

TDS low (450 mg/L) in and near outcrop 
area, increases rapidly basinward. 

Insufficient data. 

Data available for Tensleep Sandstone 
only. 



III. PRESENT GROUND-WATER USE 

Determination of the present use of ground-water was based primarily on 

records obtained from the office of the Wyoming State Engineer. A listing 

was obtained of all permitted water wells and springs, showing the facility 

location and status, well depth, producing zone, yield and water use. In 

addition, information published by the Wyoming Oil and Gas Commission was 

reviewed to determine ground-water withdrawals made by the petroleum 

industry for reinjection in secondary recovery operations in oil fields in 

the study area, and oil-field water production data were obtained from 

Petroleum Information Corporation. 

Records of the Wyoming State Engineer list 658 water wells and developed 

springs with permitted ground-water appropriations within the study area. 

The locations of the permitted water wells are shown on Figure III-I. The 

largest number of wells (206) are permitted for stock use, as shown in 

Table III-I. Wells used for monitoring, most of which were drilled for 

coal exploration, account for the next greatest number of permitted wells. 

Wells with domestic use and combined domestic/stock use comprise the next 

most numerous categories, and are followed by miscellaneous-use wells. No 

other use category contains more than 6 wells. Except for combined 

stock/domestic use, only one percent of the wells listed are permitted for 

more than one type of use. 

Reported well yields range from 0.25 gpm to 500 gpm and average 22 gpm. 

The vast maj ority of existing water wells are low-yield (5 to 10 gpm), 

shallow wells (less than 500 feet deep), as is shown on figures 111-2 and 

111-3. This is typical of most areas where principal uses are for domestic 

and livestock consumption. Wells are commonly drilled only to a depth 

necessary to provide a sufficient, usually small quantity of water. 

Shallow aquifers are usually tapped. Most of the wells in the study area 
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Table III-I. 1 Permitted Uses of Water Wells in the Study Area • 

Number of Wells 2 

Permitted for 
Well Use Use Category Percent of Total 

Domestic 104 15.6 

Stock 206 31.0 

Stock and Domestic 88 13.2 

Irrigation 5 0.75 

Industrial 6 0.90 

Municipal 1 0.15 

Monitoring 187 28.1 

Rail 5 0.75 

Miscellaneous 63 9.5 

1 Data from Wyoming State Engineer files, December 1986. 

2 Number shown does not include wells with permit cancelled or abandoned. 
Wells with more than one listed use, except those listed for both stock 
and domestic, are listed under all use categories. 
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over 1,000 feet in total depth were drilled as mineral exploration holes or 

oil and gas test holes and were converted to water wells afterward. 

Because of the geology and demography of the study area, nearly all 

permitted wells are completed in late-Cretaceous or younger strata; 

one-third of the wells are completed in the Wasatch Formation, and 

one-fourth in Recent alluvium, primarily along the Little Snake river. 

Aquifers older than late Cretaceous occur at shallow depths only along a 

very narrow band along the Sierra Madre uplift. This includes aquifers 

comprising the Paleozoic aquifer system, which are prolific ground-water 

producers in other areas. They dip steeply into the Washakie basin and 

within a few miles west of outcrop areas they are present at depths too 

great to tap economically. Consequently, only about one percent of the 

existing wells produce water from aquifers below the Frontier. 

The total annual ground-water withdrawal for the study area was projected 

by the following method. It was assumed that all wells in the area, except 

monitoring wells, produce at the average reported yield of 22 gpm, and that 

production occurs 12 hours per day, 365 days per year. It was assumed that 

monitoring wells are not used for ground-water production. Based on those 

assumptions, the average annual ground-water withdrawal is projected to be 

approximately 8,350 acre-feet per year. That estimate would not account 

for water produced from unpermitted wells and springs. Ground water pumped 

from oil fields in the study area amounted to only 68 acre-feet in the 

first ten months of 1986 (Petroleum Information Corp., 1987), with the 

majority of the production from upper Cretaceous formations. 
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IV. POTENTIAL FOR GROUND-WATER DEVELOPMENT 

Specifically addressed in this chapter is the potential for developing 

ground water to supply quantities of water equal to or greater than the 

quantities that could be supplied by the proposed Sandstone Reservoir. 

Those quantities are 200 acre-feet per year for municipal use, 12,000 

acre-feet per year for irrigation, and 20,000 acre-feet per year for 

industrial use. 

Constraints placed on the development are listed below: 

o The ground water for municipal and irrigation supplies must be 

available at the point of use. Because industrial water from 

the proposed Sandstone Project would be made available for 

diversion at Baggs and conveyance costs would be borne by the 

user, ground water for industrial use would be made available 

at the well head, and the cost of conveyance to the point of 

use would not be included in the cost of the water. 

o The 12,000 acre-feet per year for irrigation use and the 200 

acre-feet per year for municipal use must be provided during 

July, August, and September; industrial water must be provided 

at a constant rate all year. 

o The quality of the ground water must be suitable for the 

intended use of the water. Criteria for agricultural and 

domestic use are listed in Table IV-l. 

quality was not considered critical. 

IV-l 

Industrial water 



Table IV-I. Water-Quality Criteria for Domestic and Agricultural Use 
(after Wyoming Department of Environmental Quality - Water 
Quality Division, 1980). 

Use Suitability Constituent 
or Parameter 

Aluminum (Al) 
Ammonia (NH -N) 
Arsenic (Asj 
Barium (Ba) 
Beryllium (Be) 
Boron (B) 
Cadmium (Cd) 
Chloride (Cl) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Cyanide (CN) 
Fluoride (F) 
Hydrogen Sulfide (H2S) 
Iron (Fe) 
Lead (Pb) 
Lithium (Li) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Nitrate (N0

3
-N) 

Nitrite (N02-N) 
(N0

3
+N02)-N 

Oil and Grease 
Phenol 
Selenium (Se) 
Silver (Ag) 
Sulfate (SO ) 
Total Dissotved Solids (TDS) 
Uranium (U) 
Vanadium (V) 
Zinc (Zn) 
pH 

Domestic * 
Concentration 

0.5 
0.05 
1.0 

0.75 
0.01 

250.0 
0.05 

1.0 
0.2 

1.4-2.4 
0.05 
0.3 
0.05 

0.05 
0.002 

10.0 
1.0 

Virtually Free 
0.001 
0.01 
0.05 

250.0 
500.00 

5.0 

5.0 
6.5-9.0s.u. 
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Agriculture* 
Concentration 

5.0 

0.1 

0.1 
0.75 
0.01 

100.0 
0.1 
0.05 
0.2 

5.0 
5.0 
2.5 
0.2 

0.2 

10.0 

0.02 

200.0 
2,000.00 

5.0 
0.1 
2.0 

4.5-9.0s.u. 



Table IV-1. Water-Quality Criteria for Domestic and Agricultural Use 
(cont'd) (after Wyoming Department of Environmental Quality -
Water Quality Division, 1980). 

Use Suitability Constituent 
or Parameter 

SAR 
RSC 
Combined Total Radium 226 

and Radium 228 
Total Strontium 90 
Gross Alpha Particle 

Radioactivity (including 

* 

Radium 226 but excluding 
Radon and Uranium) 

mg/L unless otherwise indicated. 

Domestic * 
Concentration 

5 pCi/L 
8 pCi/L 

15 pCi/L 
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Agriculture* 
Concentration 

8 
1.25 meg/L 

5 pCi/L 
8 pCi/L 

15 pCi/L 



A. GROUND WATER FOR MUNICIPAL USE 

1. Potential Sources 

Municipal water is required for the towns of Baggs and Dixon. Only a small 

quantity (200 acre-feet per year, or 500 gpm) of water is required, but 

that water must meet a stringent set of quality criteria. Adequate 

quantities are likely to be available from Quaternary alluvium comprising 

the Little Snake River alluvial aquifer; the reported yield of the Baggs 

municipal water system is 300 gpm (Wyoming State Engineer, 1986), although 

the reported production rate is only 70 gpm (U.S. EPA, 1979, in Collentine 

et al., 1981). 

Water-quality data from the U.S. EPA (1987) for Baggs and Dixon alluvial 

aquifer municipal wells and from Welder and McGreevy (1966) for other wells 

in the Little Snake River alluvial aquifer indicate that the water is 

acceptable for municipal supplies. Reported total dissolved solids (TDS) 

concentrations range from 245 mg/L to 930 mg/L. U. S. EPA personnel (S. 

Silva, personal communication, 1987) report that no water quality problems 

exist with the Baggs or Dixon systems. 

2. Impacts of Development 

Because insufficient data on aquifer characteristics are available for the 

Little Snake River alluvium, the impacts of additional municipal 

ground-water withdrawals could not be predicted quantitatively. Worst-case 

impacts would result in an 1.12 cfs reduction in streamflow if additional 

municipal withdrawals were made from wells immediately adjacent to the 

Little Snake River or infiltration galleries in the river bed that would 

induce flow directly from the river. The maximum streamflow depletion of 

1.12 cfs is 6.4 percent of the average flow of the Little Snake River at 

Dixon in September, the month with lowest average historical flows. 
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B. GROUND WATER FOR IRRIGATION USE 

Constraints placed on ground-water development for irrigation were that the 

water must be available in sufficient quantity and quality for irrigation 

in the Little Snake River valley, so only the aquifers that are present 

within the valley downstream of Savery Creek were considered. Aquifers 

considered as potential sources of irrigation water include the Little 

Snake River alluvial aquifer, and the Browns Park, Wasatch, Fort Union, and 

Mesaverde aquifers. 

Water-quality data available for the Mesaverde and Wasatch aquifers 

indicated that both contain ground water with a sodium adsorption ratio 

(SAR) higher than acceptable for irrigation. The range of reported SAR 

values for the Mesaverde aquifer in the vicinity of the Little Snake valley 

is 55 to 75, and the range for the Wasatch aquifer is 35 to 67. Waters 

with a SAR over 10 are classified as presenting a high sodium hazard when 

used for irrigation. In addition, waters from these two aquifers generally 

contain a relatively high TDS concentration in the valley area, and would 

present a salinity hazard if used for irrigation. Consequently, the 

Mesaverde and Wasatch aquifers were not considered further. 

Water-quality data for the Fort Union, 

alluvial aquifers indicate that these 

Browns Park, and Little Snake 

units produce water that is 

acceptable for irrigation use. All three produce sufficient quantities, 

according to reported well-yield data, to be considered further for use as 

irrigation-water sources. 

The well yield necessary for development of ground water for irrigation at 

the same cost per acre-foot as reservoir water was based on the maximum 

ability-to-pay presented by Stone and Webster Engineering Corporation 

(1986, p. VIII-12). Assumptions and cost calculations are presented in 
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Appendix A. The cost of electrical power to lift water to the surface, 

based on rates currently in effect, is $5.46 per acre-foot (1987 dollars). 

Subtracting that amount from the $16.49 per acre-foot ability-to-pay (SWEe, 

1986) leaves $11.03 per acre-foot available for capital costs such as well 

installation, pump purchase, extension of power lines to the wells site, 

and maintenance. Well life averages about 30 years, so the capital costs 

were amortized over a 30-year period. Based on costs in 1987 dollars, 

production of 12,000 acre-feet in the 3-month period from July through 

September would have to be obtained from a maximum of 224 wells, and the 

average yield would need to be 135 gpm. A smaller number of wells with a 

larger average yield would be more cost-effective, however, the yield would 

have to increase in proportion to the decrease in number of wells in order 

to meet the 12,000 acre-foot seasonal demand. 

1. Sources 

The alluvial aquifer of the Little Snake River valley is the only potential 

source that is continuously present throughout the subject length of 

valley and the vast majority of the area to be irrigated. It is possible 

that wells developed in the alluvial aquifer could yield 135 gpm each, as 

yields of up to 300 gpm have been reported. At this time, however, too 

little site-specific data for the alluvial aquifer is available to 

accurately predict its ground-water development potential. 

The Browns Park and Fort Union aquifers crop out along the flanks of the 

Little Snake valley for about six miles beginning just downvalley from 

Dixon, and in places are also present beneath the alluvial aquifer. In 

that area, it might be feasible to develop wells that draw ground water 

from both the alluvial aquifer and either the Browns Park aquifer or Fort 

Union aquifer. 
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Reported yields for wells completed in the Browns Park are as high as 60 

gpm (Wyoming State Engineer, 1986), and reported yields for wells completed 

in the Fort Union are as high as 300 gpm. Welder and McGreevy (1966) 

report that the Browns Park may yield as much as 300 gpm in favorable areas 

with a large saturated thickness and good sources of recharge. 

The quality of water in the Fort Union varies spatially, and no water 

quality data from the Little Snake valley or vicinity are available. Water 

quality in the Fort Union in outcrop areas to the north is generally good, 

however, so it is assumed that good-quality water would probably be 

available at outcrops and subcrops in the Little Snake valley. Additional 

data on both the quality and quantity of ground-water available from the 

Fort Union and Browns Park aquifers are needed if a detailed evaluation of 

their potential for providing supplemental irrigation supplies is to be 

developed. 

2. Impacts of Development 

Insufficient data are available for quantification of the impacts of 

long-term, large-volume withdrawals of ground water for supplemental 

irrigation use. Because of the hydrogeologic setting and location of the 

potential sources of ground water, however, probable impacts can be 

discussed in general terms. 

The alluvial aquifer and the Little Snake River form a single hydrologic 

system, with the river and tributaries recharging the aquifer during parts 

of the year and receiving ground-water discharge during other times. Under 

natural conditions, the river recharges the ground water system during 

high-flow periods, and the ground water system discharges to the river in 

times of low flow, sustaining the base flow of the stream. In alluvial 

settings where irrigation is practiced, the ground-water discharge to the 
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stream, especially later in the irrigation season, often contributes very 

significantly to the streamflow because recharge to the aquifer is 

increased by the irrigation. Additionally, interflow may contribute to 

streamflow. 

Large-scale seasonal withdrawals of ground water would very likely cause a 

decline in the alluvial aquifer's water table late in the irrigation 

season. That water table decline would reduce streamflow by decreasing the 

amount of ground-water discharge to the river and possibly by reducing the 

amount of interflow that reaches the river. In, addition, a significant 

decline of the water table could cause a reduction of productivity in 

cropped areas that are subirrigated. 

C. GROUND WATER FOR INDUSTRIAL USE 

Because neither the quality of water to be supplied for industrial use nor 

the location of the points of use was specified, virtually all potential 

ground-water sources in the study area were considered for industrial-use 

wa ter. I t was assumed only that 20,000 acre-feet per year would be 

required on a continuous basis at a constant rate of 12,400 gpm. 

1. Sources 

Significant quantities of ground-water should be available from numerous 

aquifers in the study area, including the Madison, Tensleep, Nugget, 

Cloverly, Frontier, Mesaverde, Lance, Fort Union, Wasatch, Laney Member of 

the Green River, Battle Spring, Browns Park, North Park, and Quaternary 

alluvial aquifers. The economics of drilling wells would restrict 

development of many of those aquifers, particularly those older than 

late-Cretaceous, to areas near their outcrops on the flank of the Sierra 

Madre uplift, where they are present at relatively shallow depths (less 
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than 3,000 feet). Development of the Battle Spring, Browns Parks, North 

Park, and Quaternary alluvial aquifers would obviously be restricted to the 

areas where those units are present, as all are found as a veneer overlying 

the erosional surface formed on the early Tertiary and older rocks. 

If industrial uses are presumed to be related to the mineral industry, 

likely scenarios would put the points of use away from the flank of the 

Sierra Madre uplift, toward the interior of the Washakie Basin or on the 

Wamsutter Arch. Probable uses would be for mining or power generation, and 

would occur in the area underlain by the Mesaverde, Fort union and Wasatch 

formations. Because of the thickness of those formations and the fact that 

the stratigraphic section separating the Mesaverde from deeper productive 

aquifers is also thick (2,000 to 5,000 feet), obtaining ground water for 

industrial use from aquifers below the Mesaverde is not considered 

economically feasible. 

Moderately large yields (250 gpm to 500 gpm) are reported for wells 

completed in the aquifers of the Mesaverde, Fort Union and Wasatch 

formations in the study area (Wyoming State Engineer, 1986), from wells 

ranging from 500 feet for the Mesaverde to 3,755 for the Fort Union. A 

sandstone section comprising the basal 500 feet of the Fort Union formation 

has been mapped north of T.16 N., R.92 W., but is not documented south of 

that area. That sandstone would be a good prospect for additional 

high-yield wells, as two 300-gpm wells are completed in it at present. 

Numerous wells in the Wasatch Formation yield 100 gpm or more, generally 

from 1,000 feet or less. Only one high-yield well producing 500 gpm from 

the Mesaverde has been documented in the study area. 

Ground water with a TDS concentration less than 1,000 mg/L could not be 

expected from either the Wasatch or Fort Union aquifers. Waters from the 

Mesaverde aquifer, in areas south of T.16 N. where the aquifer crops out or 
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is present beneath the North Park aquifer, would probably contain less than 

1,000 mg/L of TDS, but the dissolved solids content increases rapidly north 

of there and west of the outcrop/subcrop area. 

2. Cost 

The cost of developing ground water for industrial use was projected based 

on a number of assumptions. The assumptions and calculations are given in 

detail in Appendix B. To summarize, it was assumed that 20,000 acre-feet 

of ground water would be obtained annually from 50 wells having an average 

depth of 3,000 feet and an average yield of approximately 250 gpm. It was 

further assumed that 5 miles of power line extension would be required for 

each well, and that the capital cost of construction, including wells, 

pumping equipment and power lines, would be amortized interest-free over 

the 30-year life of the average well. Based on those assumptions and the 

unit capital costs and power costs presented in Appendix B, an industrial 

demand of 20,000 acre-feet per year could be met with ground water at a 

cost of $88.73 per acre-foot (in 1987 dollars). 

3. Impact of Development 

The long-term, cumulative impact of developing 20,000 acre-feet per year of 

ground water from aquifers in the study area cannot be quantified because 

insufficient site-specific data are available for calculations. Welder and 

McGreevy (1966) state that because of the low annual precipitation and high 

evaporation rate recharge to aquifers in most of the area is probably 

small, and large withdrawals of ground water would probably exceed the 

amount of recharge and lower the water levels in aquifers in the area. If 

the average precipitation for the study area is assumed to be 7 inches per 

year and if 3 percent of the precipitation is assumed to reach the 

ground-water system as recharge, annual recharge for the 2,430 square mile 
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study area would be approximately 27,000 acre-feet. That recharge would be 

distributed to all aquifers in the area. On a qualitative basis, pumping 

20,000 acre-feet per year (73 percent) of the annual recharge from only 

three of the aquifers in a ground-water system comprising about 20 
.", 

distPict and stratigraphically separate aquifers would probably not be 

possible without eventually dewatering large parts of the developed 

aquifers. 
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V. SUMMARY AND CONCLUSIONS 

The geologic and hydrogeologic setting of the study area, and ground-water 

presence, quality and use were investigated to determine the potential for 

development of ground water as an alternative to development of the 

proposed Sandstone Proj ect. It was determined that numerous aquifers 

ranging in age from Precambrian to Recent are present and are tapped 

mainly by shallow wells that supply water for domestic use and livestock. 

Few wells produce quantities in excess of 100 gpm, although several of the 

aquifers in the area would be capable of supporting ground-water production 

at rates up to 500 gpm. 

The most productive aquifers would most likely be the Mesaverde, Fort 

Union, Wasatch, and Upper Tertiary aquifers, and Recent alluvium along the 

Little Snake River. It is probable that ground water could be developed in 

sufficient quantity and quality, and at a sufficiently low cost to be 

seriously considered as an alternative to surface water that would be 

provided by the proposed Sandstone Proj ect for municipal and irrigation 

use. However, because of the general paucity of reliable, site-specific 

data on the hydraulic characteristics of aquifers in the area, no 

quantitative prediction of the short-term or long-term impacts of 

ground-water development could be made. It is probable that the use would 

adversely affect stream flow in the Little Snake River. 

The alluvial aquifer of the Little Snake River valley has the best 

potential to provide the 200 acre-feet per year municipal supply that would 

be provided by the proposed reservoir, and also has the best potential to 

provide the 12,000 acre-foot per year supplemental irrigation supply that 

would be provided by the reservoir. The price of municipal ground water 

was not calculated, but the cost of supplemental irrigation water from the 

Lit-tIe Snake River alluvial aquifer was calculated to be the same as 
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reservoir-supplied water, or $16.49 per acre-foot provided the cost of 

electrical energy does not change. 

The Wasatch, Fort Union, and Mesaverde aquifers constitute the most likely 

source of ground water for industrial use. Deep wells penetrating one or 

more of the aquifers would probably be required, and the water would 

probably be of moderate to poor quality with a TDS content over 1,000 mg/L. 

If the entire 20,000 acre-feet per year for industrial use were to be 

supplied to a single location, conveyance to that location through a 

pipeline system from the individual wells would be required. The cost of 

ground water for industrial use was calculated to be $88.73 per acre-foot 

at the well head excluding any conveyance cost. Because of the small 

amount of precipitation the area receives, recharge is limited and 

long-term production of 20,000 acre-feet of ground water per year may not 

be feasible. 
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APPENDIX A 

IRRIGATION WATER COST CALCULATIONS 

The following calculations were used to arrive at the minimum average 
well yield that would be needed in order to make the cost of providing 
12,000 acre-feet per year of supplemental irrigation water equal to the 
maximum ability-to-pay ($16.49/acre-foot). The ability-to-pay figure was 
taken from the "most probable" scenario for farming and irrigation 
practices as presented in the Sandstone Dam and Reservoir Design Concept 
Report (Stone and Webster Engineering Corporation, 1986). The procedure 
used was: 

1. Calculate pumping costs per acre-foot. 

2. Calculate amount available for capital costs. 

3. Calculate the number of wells and pumps that could be installed 
for the capital available. 

4. From the number of wells, calculate the average yield required to 
produce 12,000 acre-feet of water in the 3-month 
supplemental-irrigation season. 

I) POWE~ COSTS 

Water Requirement 

12,000 acre-feet in 3 months 3 66.31 ft /sec 

Power Requirement 

a) Horsepower: 

Where: HP 
y = 
Q 
H = 
550 = 
e 

29,700 gpm 

HP = yQH / 550e 

brake horsepower 3 
water density, 6~.4 lbs./ft 
discharge, in ft /sec 
lift, in ft 
conversion factor 
pump efficiency, as decimal fraction. 
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Assume: H = 80 ft, as 60 ft for pumping lift plus 20 ft (8.67 
psi) pressure at delivery point on surface 

e = 0.65 

HP = (62.4 x 66.31 x 80) / (550 x 0.65) 925.93 

b) Electrical, converted from horsepower: 

E = 0.7457 x HP 

where: e is in kilowatts 

E = 0.7457 x 926 = 690 kw 

Electrical Consumption 

For 3 month period, pumping continuously: 

Kilowatt hours used = 690 kw x 20 days x 24 hours/day 
= 1.49 x 10 kwh 

Electrical Power Costs 

1987 rates from Yampa Valley REA: 

a) $21.35 per connected HP billed annually, with minimum charge 
of 10 HP ($213.50) 

$21.35/HP x 926 HP 

b) Power rate is $0.03072/kwh 

$0.03072/kwh x 1.49 x 106 kwh 
Total Annual Cost 

Pumping Cost Per Acre-Foot 

$ 19,770 

$ 45,773 
$ 65,543 

Cost per acre-foot Total annual cost / Total annual pumpage 
$65,543 / 12,000 acre-feet 
$5.46/acre-foot 
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II) CAPITAL COSTS 

Total capital cost includes well and pump installation cost (with 
maintenance cost built in) and power line extension cost. 

Amount Available for Capital Expenditures 

Ability-to-Pay 
Pumping Cost 
Available Capital 

$ 16.49/acre-foot 
s.46/acre-foot 

$ 11.03/acre-foot 

Unit Costs 

Well drilling and completion 
Pump (100-200 gpm @ 80 ft) 
Power line extension 

$ 100/ft 
$ 5,000 each 
$ 22,000/mile 

Assume that each section (640 acres) irrigated would require a 1.5 
mile extension of power lines to supply power to irrigation wells, 
regardless of the number of wells. 

Power line cost'- $ 22,000/mi x (1.5 mi / 640 irrigated acres) 
x 20,600 irrigated acres 

$ 1,062,187 

Power line cost amortized at zero interest over 30 years is 
$3s,406/year 

Power line cost per acre-foot $ 35,406 / 12,000 acre-feet 
$ 2.9s/acre-foot/year 

Capital Available for Well and Pump Costs (per acre-foot) 

Total capital available 
Power line extension cost 
Available well and pump capital 

$ 11.03/acre-foot 
2.9s/acre-foot 

$ 8.08/acre-foot 

Total remaining capital available over 30 year amortization 
period: 

$8.08/acre-foot x 12,000 acre-feet/year x 30 years 
= $2,908,800 
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Maximum Number of Wells Possible and Minimum Well Yield Required 

Cost per well and pump: 

Assume all wells will have 80 ft total depth (approximate 
maximum thickness of alluvial aquifer) 

Drilling and Completion 80 ft x $100/ft 
Pump and appurtences $5,000 each unit 
Total Well and Pump Cost 

$ 8,000 
5,000 

$ 13,000 

Maximum number of wells = Total capital available / cost per well 
= $2,908,800 / $13,000 

223.75 wells 

The total capital available after the electrical power cost and power 
line cost have been subtracted from the maximum ability-to-pay would be 
sufficient to drill and equip 224 wells. In order to produce a total of 
12,000 acre-feet during the period of July through September, the average 
well yield must be: 

Q 
12,000 acre-feet / 3 months 3 months 226.27 gpm/day x x 
------------~-------------- --------------224 wells 90 days acre-foot 

134.7 gpm 
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APPENDIX B 

INDUSTRIAL WATER COST CALCULATIONS 

I) POWER COSTS 

Water Requirement 

20,000 acre-feet per year 3 27.63 ft /sec 
12,400 gpm 

Power Requirement 

a) Horsepower: HP = yQH / 550 e, 

where: HP = brake horsepower 3 
y water density, 6j.4 lbs/ft 
Q = discharge, in ft /sec 
H lift, in ft 
550 = conversion factor 
e pump efficiency, as decimal fraction. 

assume: H = 1,000 ft, as 950 feet for pumping lift plus 50 feet 
(21.5 psi) pressure at delivery point on 
surface 

e = 0.65 

HP = (62.4 x 27.63 x 1,000) / (550 x 0.65) = 4,823 HP 

b) Electrical, converted from horsepower: 

E 0.7457 x HP, where E is in kilowatts 

E 0.7457 x 4,823 = 3,596 kw 

Electrical Consumption 

For 12-month period, pumping continuously: 

Kilowatt-hours used = 3,596 kw 6 365 days x 24 hours/day 
= 31.5 x 10 kwh 
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Electrical Power Costs 

1987 rates from Pacific Power and Light Co., Inc.: 

a) Pump charge = $8.00/month plus $0.50/kw per month for each 
kw over 10 kw, billed per pump 

b) Power rate schedule, averages for winter and summer rates: 

$ 0.065352/kwh for first 1,000 kwh 
$ 0.04066/kwh for next 8,000 kwh 
$ 0.03246/kwh for all additional kwh 

Assume that water could be produced from 50 wells with an average 
yield of 248 gpm. Each pump would draw 71.9 kw. 

Pump charge ($8.00/mo + ($0.50/kw x 71.9 kw) / mo) x 12 mo/yr 
x 50 pumps = $26,370/yr 

Assume that power for each pump would be billed separately, according. 
to the rate schedule for its individual consumption. 

31.5 x 106 kwh / 50 pumps 630,000 kwh / pump per year 
= 52,500 kwh/pump per month 

Power cost = [($0.065352/kwh x 1,000 kwh) 
+ ($0.04066/kwh x 8,000 kwh) 
+ ($0.03246/kwh x 43,500 kwh)] per pump per month 

= $1,802.64 per pump per month 
$1,081,584/yr 

Pumping Cost per Acre-Foot 

Cost per acre-foot = Total annual cost / Total annual pumpage 
= ($26,370 + $1,081,584) / 20,000 acre-feet 

$55.40/acre-foot 

II) CAPITAL COSTS 

Assume 50 wells would be drilled to a depth of 3,000 feet and equipped 
with 100 HP pumps, and that extension of electrical power lines an average 
of 5 miles to each well site would be required. 
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Unit Costs 

Well drilling and completion 
Pump (lOO HP, per unit) 
Power line extension 

Total Cost for 50 Wells 

= $ lOO/ft 
$ 25,000 each 
$ 15,000 mile 

Drilling: $100/ft x 3,000 ft/well x 50 wells = $ 
Pumps: $25,000 x 50 = 
Power line extension: $15,000/mi x 5 mi/well 

x 50 wells = 
Total Capital Cost $ 

15,000,000 
1,250,000 

3,750,000 
20,000,000 

Amortized over the expected well life of 30 years, the annual cost is 
$666,667. 

Capital Cost per Acre-Foot 

Capital cost/acre-foot = Annual capital cost / Total annual 
pump age 

$ 666,667 / 20,000 acre-feet 
= $ 33.33/acre-foot 

III) COST OF GROUND WATER AT THE WELL HEAD 

Cost per acre-foot Pumping cost/acre-foot + capital cost/acre-foot 
$ 55.40/acre-foot + $ 33.33/acre-foot 
$ 88.73/acre-foot 
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