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II IN T ROD U C T ION 



I. I N T ROD U C T ION 

THE PROBLEM 

Northeast Wyoming is a part of the state highly deficient in surface water 
resources. With the exception of the Black Hills, most of the area is composed 
of dry, grassed plains. Although other parts of the state have low, dry plains 
areas, such as in the North Platte, Bighorn, and Green River basins, these areas 
have the advantage of large, mountain-fed rivers flowing through them. These 
rivers are the lifelines for almost all the irrigated agriculture in the state 
and the support of nearly every city and town. 

Unfortunately, no major rivers flow through northeast Wyoming; all four 
rivers which drain the area originate within the plains of northeast Wyoming 
(Figure 1-1). Although some sustained flows are provided from snowmelt within 
the Black Hills, runoff is usually sporadic, being the result of spring and 
summer storm activity. Irrigated agriculture is practiced primarily within the 
Black Hills, where flows are somewhat more reliable; a few resilient ranchers in 
the plains irrigate grass/hay when possible by using reservoir storage or 
pumping when there is streamflow. MuniCipalities and industry, which need 
reliable water supplies, utilize groundwater supplies as their water sources. 
However, not all locations are capable of providing a good quality, useable 
groundwater supply. Gillette, for example, pipes water from nearly fifty miles 
away to assure itself of an adequate~ good quality supply. 

Northeast Wyoming probably has a more limited water resource than all but a 
few parts of the state. This fact along with a growth potential (due to energy 
impact of the area) suggests the possibility of a too-large future demand being 
placed on an already overtaxed supply. If the "energy boom" of northeast 
Wyoming continues and high-water usage industries (such as coal gasification, 
power production, and slurry transport) develop, new water supplies will be 
necessary. Groundwater from deep formations could possibly supply some indus
tries, though the use of this water for industrial purposes will likely be 
opposed. More probably, industrial development will be fueled by water imported 
into the area. The recent ETSI proposal, which died due to business reasons, 
not because of water supply problems, would have imported water from South 
Dakota. Likewise, the Middle Fork Reservoir project of the WWDC could be the 
source of 25,000 acre-feet of industrial water. Though the future may bring a 
large industrial demand for water in northeast Wyoming, industry will be able to 
pay for the importation of water. 

What the future will bring is difficult to predict; the boom in northeast 
Wyoming has been on and off several times, and is presently off, with layoffs 
occurring and mine openings delayed. What is known, however, is that there is a 
present demand for better water supplies in this part of the state. Irrigators 
here--as in other parts of the state--face a short supply much of the time, and 
ranchers find dependable supplies for their stock unavailable, particularly in 
times of drought. It is the purpose of this document to look for solutions to 
these present needs. Therefore, an analysis of water supplies within the study 
area for utilization by future industry has not been made. 
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LEVEL I AUTHORIZATION 

A Northeast Wyoming Level I study was authorized by the 1982 Legislature 
for the purpose of finding water supplies in the northeast corner of the state. 
Specifically, it was aimed at finding solutions to water supply problems of two 
specific groups. These groups were the Wyoming 'Disaster and Civil Defense 
Agency and the Devils Tower Conservation District. 

Wyoming's Disaster and Civil Defence Agency was interested in locating 
"underground water supplies for possible future small well drilling for stock 
water." Because of recurring drought within Campbell, Crook, and Weston 
counties, a "long range solution to the persistent shortage of water for 
agri-business was sought." 

The desires of the Devil's Tower Conservation District were much broader. 
Their interests were in the development of a water plan for Crook County. This 
was to include the analysis of numerous storage, supply, and use alternatives, 
with the exception of municipal water supply. 

The 1982 Legislature appropriated $100,000 for a Northeast Wyoming Compre
hensive Water Development Plan. This project, though approved as a Level I 
study, had most of the components of a basin resource plan. Unlike other Level 
I studies, no specific water source or project was to be analyzed. Rather, the 
project was to "locate groundwater stock wells in drought stricken counties and 
to initiate a comprehensive water resources plan for the development of all 
available waters in the area." The approach taken within this report was, 
therefore, to ascertain the available water resources in the study area and to 
propose potential projects which could develop these resources. 
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II. D E S C R 
S T 

I P T 
U D Y 

ION 
ARE 

LOCATION AND SIZE 

o 
A 

F T H E 

The northeast Wyoming study area comprises approximately 13,000 square 
miles in the extreme northeast corner of Wyoming (Figure 11-1). Boundaries of 
the study area are the state line to the north and east, the Cheyenne River 
drainage divide to the south, and the Cheyenne, Belle Fourche, and Little Powder 
River drainage divides to the west. Four major drainage basins, the Little 
Powder, Little Missouri, Belle Fourche, and Cheyenne, compose the entirety of 
the study area. All of Crook and Weston counties and the maj or parts of 
Campbell, Converse, and Niobrara counties are located within the study area 
boundaries. 

POPULATION 

Northeast Wyoming is sparsely populated with the population being concen
trated in its two cities and five towns; population concentrations also occur in 
several unincorporated places. The remainder of the population is located on 
numerous scattered farms and ranches. Population of the study area has in
creased dramatically during the 1970's, particularly near the "coal mine strip" 
in the western part. In 1980, population of the area was 38,560. Forty percent 
of the population was located in Gillette and Newcastle, with another 12 percent 
spread among Wright, Hulett, Moorcroft, Sundance, and Upton. 

LAND OWNERSHIP 

Almost two thirds of the land within the study area is under private 
ownership, which is a significantly higher percentage than in the more western 
parts of the state. State and local governmental entities control about eight 
percent of the lands, with 28 percent of the area being under federal control. 
The two largest federal landholders within the area are the Forest Service and 
Bureau of Land Management, with land holdings of nine percent and 18 percent, 
respectively. Forest Service lands are concentrated within the Black Hills 
National Forest and two units of the Thunder Basin National Grasslands. BLM 
lands are scattered throughout the area. 

PHYSIOGRAPHY 

The northeast Wyoming study area falls entirely within the Great Plains 
physiographic province and is composed of two physical subdivisions: the Black 
Hills and the Upper Missouri Basin Broken Lands. Each of these two areas is 
characterized by distinctive landforms. The Black Hills are formed from low 
rolling hills and mountains while the Missouri River Broken Lands are a plains 
area dissected by numerous streams and dotted by an occasional grouping of 
buttes. Elevations range from about 3,500 feet to 6,000 feet in the plains and 
from about 4,500 feet to over 6,000 feet in the Black Hills. 

Local relief in the area is generally less than 200 feet between valley 
bottom and divide. However, several local features provide areater relief. 

4 



, . 
f . 

: 

f 

,,$"., 

.' ... ~ 

. ..,.- .. 

... r'--' 
"\. . .'-

\ .I'~''-,.., '\,; 
\ .-
". \ " : ". '. " -" .. ~ 

"" 

.J . .,.. ... ...".. .. . 
.......... .,.... ) -( 

.' 

, , 

i 
• . 

~ 

FIGURE II-I: Northeast Wyoming study area. 

5 

{ .. \ 
~ : 
• 0 .0 

} 

eLUSK 

~ 



These include the Pumpkin Buttes, the Rochelle Hills, Pine Ridge, and the Hat 
Creek Breaks. Local reliefs of 1,000 feet and more occur in the Black Hills. 
The Bear Lodge Mountains, north of Sundance, form the crest of the Black Hills 
at an elevation of 6,500 feet. Deep valleys are dissected into the hills to the 
west, north, and east. 

GEOLOGY 

The northeast Wyoming study area includes parts of both the Black Hills 
uplift and the Powder River structural basin. Geologic (tectonic) events 
resulting in today's structural relief are the product of the Laramide Orogeny 
which occurred 65 million years ago. During the Laramide, the Black Hills and 
Bighorn Mountains uplifted while a concomitant downwarping was taking place 
between them, resulting in the Powder River structural basin. The structural 
axis of the Powder River basin lies west of the study area except for the 
extreme southwest part where the axis swings to the southeast; in general, the 
lower bedrock formations in the study area dip to the southwest. The Black 
Hills uplift is a northwest-trending elliptical dome 120 miles long and 60 miles 
wide, of which the most northwestern part is in Wyoming. Volcanic intrusion 
during Tertiary time and later erosion has created several mountains of crystal
line intrusive rock in the Black Hills, including Inyan Kara Mountain, the 
Missouri Buttes, and Devils Tower. 

Stratigraphic formations range in age from Precambrian (greater than 600 
million years ago) to Oligocene (about 25 to 36 million years ago) in the study 
area. The older formations occur closer to the Black Hills with Precambrian-age 
granites outcropping in the Bear Lodge Mountains and near Tinton, South Dakota. 
An outcrop of Oligocene-age White River Formation caps the Pumpkin Buttes at the 
western boundary of the study area. 

The western two thirds of the study area are immediately underlain by the 
Eocene Wasatch Formation and Paleocene Fort Union Formation. Thick coal beds 
within the upper Fort Union are mined, providing much of the economy of the 
area. A broad band of Cretaceous sandstone and shale formations surrounds the 
Black Hills and forms about the eastern third of the area. Smaller outcrops of 
Triassic-, Jurassic-, and Paleozoic-age rocks rim the Precambrian cores of the 
Black Hills. A more detailed stratigraphy of the various formations is present
ed later in the groundwater section. 

CLIMATE 

Long, dry, cold winters and warm, relatively moist summers characterize the 
climate of northeast Wyoming. This area is influenced by cool to cold (in 
winter) air masses originating in the Arctic; warm, moisture-laden air masses 
from the Gulf of Mexico; and, to a lesser extent, fronts originating in the 
Pacific. Locally, the climate is influenced by the Black Hills which has some 
tendency to deflect the Arctic and Gulf fronts; its topographic relief yields a 
moister, slightly cooler climate than occurs in the surrounding plains. Several 
local escarpments, such as the Hat Creek Breaks and Rochelle Hills, probably 
locally enhance precipitation due to orographic effects. 
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TEMPERATURE 

The climate of northeast Wyoming, like most of the middle United States, is 
temperate. Temperatures vary seasonally with January the coldest month and July 

o the hottest. Mean daily temperatures in January are in the lower 20's ( F) with o 0 overnight lows of 10 common and extremes of -30 and lower possible. However, o occasional warm spells do occur in winter, and 70 temperatures have been 
o recorded in February. Mean July temperature in the area is about 70 with daily 

o highs averaging about 90 • 

o Mean annual temperature of the area is 45.6 F with a small geographic 
variation. Slightly warmer temperatures occur in the southwest part of the 
study area while cooler temperatures occur in the Black Hills. This temperature 
distribution is not more than a few degrees. Mean monthly temperatures for 
several long-term weather stations (Figure 11-2) are presented in Table 11-1. A 
histogram of mean monthly temperatures, averaged over the study area, is given 
in Figure 11-3. 

PRECIPITATION 

Northeast Wyoming's climate is semi-arid with an average annual precipita
tion ranging from 13 to 18 inches, depending upon location. The effect of the 
Black Hills is fairly dramatic in this influence upon increasing precipitation; 
on average, parts of the Black Hills receive five more inches of precipitation 
annually than does the southwestern part of the study area. Mean monthly 
precipitation received at long-term weather stations in the area is given in 
Table 11-2. Figure 11-4 illustrates the variation in precipitation in northeast 
Wyoming. 

Approximately one-third of the annual precipitation falls as winter-time 
snow. The southwestern plains of the study area receive an average of 40 inches 
of snow annually, but parts of the Black Hills receive over 90 inches in an 
average year. Newcastle's low snowfall is apparently due to its being in the 
"shadow" of the Black Hills for the moist Gulf air and Arctic cold fronts that 
collide and create much of eastern Wyoming's winter time precipitation. Table 
11-3 presents mean monthly snowfall for several long-term weather stations. 
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FIGURE 11-2: Long-term climate stations in Northeast Wyoming. 
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TABLE 11-1 MEAN MONTHLY TEMPERATURES AT 
LONG-TERM CLIMATE STATIONS 

I N THE STUDY AREA 

JAN FEG MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 

Colony 20.8 24.3 31.7 44.3 55.0 64.5 73.1 71.6 60.3 48.4 34.1 24.4 46.2 
Gillette 2E 20.5 24.9 31.8 43.2 52.5 61.3 71.3 69.5 58.8 47.3 33.8 25.3 45.1 
Lusk 22.6 26.9 32.9 42.9 52.6 62.0 69.9 68.1 58.0 47.2 34.1 26.2 45.4 
Midwest 24.8 29.2 34.9 45.1 54.3 63.5 72.3 71.1 60.2 49.3 34.8 26.6 47.3 
Newcastle 22.5 25.9 33.8 44.5 54.6 64.2 73.7 71.2 60.4 48.8 34.1 26.2 46.8 
Rochelle 3E 22.0 25.9 31.7 41.9 52.5 62.4 71.8 70.2 57.8 46.8 33.8 24.1 45.2 
Sundance 19.3 22.7 28.9 41.0 51.8 60.7 68.7 66.7 57.3 46.0 31.8 23.1 43.3 

Study Area 
Average 21.8 25.7 30.8 43.3 53.3 62.7 71.5 69.8 59.0 47.7 33.8 25.1 45.6 

\0 



TABLE 11-2 MEAN MONTHLY 
PRECIPITATION AT 

AT LONG-TERM CLIMATE STATIONS 
I N THE STUOY AREA 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 

Colony .44 .42 .75 1.57 2.42 3.12 1.77 1.41 1.36 1.01 .63 .47 15.42 
Ci llette 2E .60 .52 1.00 1.87 2.49 2.75 1.43 1.09 1.24 .99 .73 .58 15.35 
Lusk .48 .47 .94 2.05 2.79 2.64 1.65 1.05 1.14 .92 .57 .49 15.24 
Midwest .70 .61 .91 1.70 2.45 1.99 1.17 .81 .96 .93 .70 .64 13.61 
Newcastle .50 .40 .68 1.48 2.53 2.71 1.92 1.59 1.04 .87 .54 .49 14.80 
Rochelle 3E .28 .35 .69 1.54 2.47 2.49 1.64 1.23 .91 .76 .43 .36 13.20 
Sundance .71 .64 1.01 1.75 2.76 3.35 1.95 1.39 1.28 1.10 .80 .74 17.53 

..... 
0 
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TABLE 11-3 MEAN MONTHLY SNOWFALL AT 
LONG-TERM CLIMATE STATIONS 

I N THE STUDY AREA 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 

Colony 7.08 6.26 7.38 5.19 1.28 .56 .00 .00 .20 2.73 6.33 6.48 43.49 
Gi llette 2E 10.36 9.07 10.52 10.52 2.35 .12 .00 .00 1.08 4.22 9.45 9.69 67.38 
Lusk 8.43 7.00 11.13 11.85 1.62 .20 .00 .00 .02 2.55 5.34 6.62 54.76 
Midwest 9.35 9.30 8.20 8.53 2.27 .09 .00 .00 .07 2.90 7.67 9.51 57.89 
Newcastle 6.63 5.61 6.11 3.59 .37 .08 .00 .00 .05 1.25 4.26 6.24 34.19 
Rochelle 3E 5.19 6.19 7.08 6.41 1.10 .46 .00 .00 .58 1.98 5.07 5.96 40.02 
Sundance 13.02 13.06 14.36 12.68 2.76 .09 .00 .00 .76 5.15 9.94 13.31 85.13 



I I I. SUR F ACE W ATE R RES 0 U R C E S 



III. SUR F ACE W ATE R RES 0 U R C E S 

INTRODUCTION 

The surface water resources of northeast Wyoming are s·ignificant1y differ
ent from most other parts of Wyoming. Though plains and basin areas of Wyoming 
generally are arid or semi-arid, streams originating in surrounding mountains 
and passing through the lowlands provide a life-sustaining source of water. 
Many Wyoming streams are perennial, flowing throughout the year, with most of 
the annual streamflow the result of snowmelt runoff in the mountains. The four 
rivers of northeast Wyoming along with the Niobrara River to the south of the 
study area, are unique in that they do not originate in mountains, but rather, 
have headwaters in the plains of the Powder River (topographic) basin. Because 
precipitation is much less on the plains than in the mountains, streamflow in 
these plains streams is limited. Usually, streamflow is the result of 
thunderstorm events with there being no streamflow in the channel much of the 
time; such streams which flow only in direct response to a precipitation event 
are termed ephemeral (Figure 111-1). 

Though most streams in Northeast Wyoming are ephemeral, streams originating 
in the Black Hills are likely to be perennial (Figure 111-1). The Black Hills 
are not high mountains, but they overshadow the surrounding plains enough to 
pose a barrier to air masses moving through the region. Moist air masses forced 
over this barrier drop excess precipitation, resulting in greater precipitation 
in the Black Hills than in the surrounding plains (Figure 11-4). Some of this 
extra precipitation percolates into the groundwater system and reappears as 
spring flow from the numerous springs located in the Black Hills. As a result 
of this increased precipitation and the numerous groundwater springs, many 
streams in the Black Hills are perennial and yield more streamflow than streams 
in the plains. However, these streams do not produce flows equivalent to those 
of the high, mountainous areas of Wyoming. 

Northeast Wyoming receives more precipitation than most of the basins of 
Wyoming, making for some comparatively good rangelands, but the absence of 
mountain-fed streams flowing through the region has severely limited development 
of irrigated agriculture. Only one major reservoir--Keyhole, with a capacity of 
200,000 acre-feet--has been built in this part of the state; prospects for other 
reservoirs of this size are essentially nonexistent. The paucity of surface
water supplies in northeast Wyoming has been illustrated by water sources sought 
for energy resource development such as coal gasification and coal slurry 
transport; groundwater and imported water have been considered with local 
surface-water supplies ignored. Thus, an overall picture of northeast Wyoming 
can be presented as an area with extremely limited surface-water resources. 

Although groundwater will play the leading role as a local water source for 
major future development in northeast Wyoming, surface-water resources might 
possibly be "fine-tuned" for better utilization. For example, certain areas 
which yield better runoff could be more fully developed for stock watering by 
construction of more stock ponds, whereas dollars might be better spent on 
groundwater wells in areas of lesser surface water productivity. Within this 
chapter, the limited surface-water resources of northeast Wyoming will be 
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reviewed and potential options for their further development and more optimized 
usage will be explored. 

DRAINAGE BASINS 

The northeast Wyoming study area is comprised of the headwaters of four 
distinct rivers: the Little Powder, Little Missouri, Belle Fourche, and 
Cheyenne (Figure 111-2). In ~oming, the drainage basins of these four streams 
comprise an area of 12,930 mi , or approximately 13 percent of the area of the 
state of Wyoming. Below, an overview of the physical characteristics and 
drainage system of each of the four drainage basins is presented. 

Little Powder River Basin 

The Little Powder River basin in Wyoming is somewhat rectangular in shape 
with the major axis of the basin paralleling the river, which bisects the basin. 
Headwaters of the basin are the rolling prairie a few miles north of Gillette. 
Several major tributaries of the Little Powder River include Rawhide Creek, 
Horse Creek, and Cottonwood ~reek. Within Wyoming, the Little Powder River 
basin has an area of 1370 mi , or about 11 percent of the area of northeast 
Wyoming. The Little Powder, after flowing downstream about 70 miles in Montana, 
flows into the Powder River. 

Little Missouri River Basin 

The Little Missouri River Basin has the sma1~st area of the four basins 
studied (Table 111-1). With an area of only 720 mi , it is one of the smallest 
river basins in the state of Wyoming. After leaving its headwaters in Wyoming, 
the Little Missouri flows through Montana, South Dakota, and North Dakota before 
reaching its confluence with the Missouri River. 

Belle Fourche River Basin 

The Belle Fourche River Basin is the most physically varied of the four 
drainage basins in northeast Wyoming. Its upper half is composed of hills, 
buttes, and rolling plains characteristic of the Powder River (topographic) 
basin while the lower portion of the basin contains the Bear Lodge chain of the 
Black Hills. The Belle Fourche River flows in a northeasterly direction for 
most of its length, but after approaching within a few miles of the Montana 
state line, it abruptly turns southeastward and flows toward South Dakota, where 
it eventually flows into the Cheyenne River. About halfway between its 
headwaters and the Wyoming-South Dakota state line, Keyhole Reservoir--the only 
major reservoir in northeast Wyoming--retains the waters of the Belle Fourche. 

The Belle Fourche River Basin may be divided into several subbasins, one 
drained by the mainstem Belle Fourche River in Wyoming. Several other streams 
eventually converge with the Belle Fourche River in South Dakota. In the ve2y 
northeast corner of Wyoming, Owl Creek and Crow Creek drain an area of 114 mi • 
The largest of the subbasins is the Redwater Creek drainage which drains the 
western slopes of the main Black Hills uplift and the eastern slopes'of the Bear 
Lodge Mountains. A small subbasin drained by Hay Creek is located just north of 
the Redwater Creek drainage2 The area drained by the Belle Fourche River in the 
state of Wyoming is 3924 mi • 
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BASIN 

Little Powder River Basin 
Little Missouri River Basin 
Belle Fourche River Basin 

Owl and Crow Creeks 
Main Stem 
Hay Creek 
Redwater Creek 

Cheyenne River Basin 
Beaver Creek 
Indian and Hat Creeks 
Main Stem 

Total Northeast Wyoming 

TABLE 111-1 

DRAINAGE BASIN AREAS IN 
NORTHEAST WYOMING 

18 

114 
3295 

85 
430 

1,360 
256 

5,300 

AREA (mi 2) 

1,370 
720 

3,924 

6,916 

12,930 



Cheyenne River Basin 

Ov~r one half of the northeast Wyoming study area is contained within the 
6916 mi of the Cheyenne River basin. The Cheyenne River originates as several 
maj or tributaries--Lightning Creek, the Dry Fork, Antelope Creek, and Black 
Thunder Creek--in the south-central part of the Powder River (topographic) 
Basin. All of these streams originate in rolling plains grasslands. and are 
ephemeral. To the south, the basin's headwaters are the Hat Creek Breaks, which 
form the divide between the Niobrara and Cheyenne river basins. The Black Hills 
are represented in the extreme northeast corner of the basin, north of 
Newcastle, by an area drained by Stockade Beaver Creek. 

DATA SOURCES 

Surface-water resources of northeast Wyoming were evaluated using both 
actual hydrologic records and other published reports. Until the 1970's, there 
was little interest shown in the hydrology or water resources of this part of 
the state. However, with the nearly explosive development of the coal mining 
industry in Campbell and Converse counties during the past decade, the hydrology 
of this region has held increased interest for both public and private sectors. 
New stream-gaging stations were established in the 1970's, and several reports 
discussing the environment (including hydrology) of this region were produced. 

The U.S. Geological Survey has been the lead agency in collecting 
hydrologic information in northeast Wyoming. Prior to the "coal boom," the USGS 
maintained only eight continuous stream gaging stations in northeast Wyoming 
with none in either the Little Powder or Little Missouri river basins. As of 
1980, the USGS had twenty-five operational contin~ous recording stations in the 
area. However, at the writing of this report, many of these had been discon
tinued. Locations of gaging stations in northeast Wyoming are given in Figure 
111-3. Table 111-2 gives pertinent information relating to these gaging 
stations. 

In addition to continuous recording stations, the USGS maintains crest 
stage gaging stations for determining annual peak flow. A record of such flows 
is useful in developing flood frequency relationships. Crest stage gaging 
stations were first established in northeast Wyoming in the late 1950' sand 
early 1960's. Figure 111-3 illustrates crest stage gaging station locations and 
Table 111-3 lists data concerning these stations. 

Water quality data are also-collected by the USGS, and have been collected 
primarily since the 1970' s. Most of the water quality sampling stations are 
identical to continuous streamflow gaging stations, though samples are occasion
ally collected at other sites. Besides standard water quality sampling, several 
stations have been set up to sample sediment on a daily basis. Locations of 
water quality stations are also given in Figure 111-3. 

In addition to the USGS, coal mining companies and the University of 
Wyoming Water Research Center (Water Resources Research Institute) have also set 
up hydrologic monitoring stations in northeast Wyoming. Generally, these 
records were not used in this study due to their short-term nature, unknown 
reliability, or unavailability. 
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MAP STATION MAP STATION 
NUMBER NUMBER NUMBER NUMBER 

1 6324800 50 6386500 
2 6324830 51 440630104225201 
3 6324890 52 435710104294201 
4 6324900 53 433959104155101 
5 6324910 54 434546104312001 
6 6324918 55 6392900 
7 6324925 56 6392950 
8 6324970 57 6388800 
9 444328105004801 58 434731104091401 
10 6334000 59 433403104083601 
11 6425700 60 6394000 
12 6425720 61 6395000 
13 6425750 62 6425800 
14 6425780 63 6387500 
15 6425900 
16 6425950 
17 6426000 
18 6426195 
19 6426200 
20 6426400 
21 6426500 
22 6427500 
23 442443101044501 
24 6427700 
25 441548104311601 
26 441838104365001 
27 442724104440801 
28 6427850 
29 6428000 
30 6428100 
31 6428500 
32 6429500 
33 6429300 
34 6429400 
35 6429900 
36 6429905 
37 6430500 
38 6430000 
39 6433500 
40 6363700 
41 6364700 
42 6365300 
43 6365900 
44 6~75600 
45 6376300 
46 6478300 
47 430718105002301 
48 6382200 
49 6386000 

FIGURE 111-3: (Continued) 
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TABlE 111-2 
CONTINUOUS RECORDING STREAM GAGING STATIONS IN 

NORTHEAST WYOMING 

Latitude Longitude Location Drainage Area V f 
2 ears 0 

USGS Reference Number Station Name (Deg-Min-Sec) (Deg-Min-Sec) ~-~-~-Sec.-T-R (mi ) Operation 

LITTLE POWDER RIVER BASIN 

6324890* Little Powder River Below Corral Creek 
near Weston, Wyoming 44-30-20 105-27-12 NW-SW-NE 12-52N-72W 204 1978-1983 

6324925* Little Powder River 
near Weston, Wyoming 44-38-51 105-18-37 NE-NE-SE 19-54N-70W 540 1978-1981 

6324970* Little Powder River above Dry Creek 
near Weston, Wyoming 44-~5-45 105-21-06 NW-SW 13-57N-71W 1235 1973-Pres. 

LI TTLE M I SSOUR I RIVER BASIN 

6334000* Little Missouri River 1916-1925 
N 

near Alzada, Montana 45-05 N 104-24 NW-SW 6-95-60E 904 1929-1969 

BELLE FOURCHE RIVER BASIN 

6425720* Belle Fourche River Below 
Rattlesnake Creek 
near Piney, Wyoming 43-59-04 105-23-16 NW-NE-NE 9-46N-71W 495 1976-1983 

6425750* Coal Creek near Piney, Wyoming 43-58-22 105-19-52 SW-SW-SE 12-46N-71W 718 1981-1983 

6425780* Belle Fourche River above Dry Creek 
near Piney, Wyoming 44-01-3 105-19-35 HW-SE-NE 25-47H-71W 594 1976-1983 

6425900* Caballo Creek at Mouth 
near Piney, Wyoming 44-04-48 105-15-59 NW-NE-SE 4-47N-70W 260 1978-1983 



TABLE 111-2, continued 
Drainage Area Y f Latitude Longitude Location 2 ears 0 

uses Reference Number Station Name (Deg-Min-Sec) (Deg-Min-Sec) \-\-\-Sec.-T-R (mi ) Operation 

BELLE FOURCHE RIVER BASIN CONTINUED 

6425950* Raven Creek near Moorcroft, Wyoming 44-10-04 105-05-11 NW-SE 1-48N-69W 76 1978-1983 

6426400* Donkey Creek near Moorcroft, Wyoming 44-16-58 105-03-48 SE-NE-SE 30-50N-68W 246 1978-1981 

6426000 Belle Fourche River 
near Moorcroft, Wyoming 44-16-30 104-58-35 SE-NW 36-50N-68W 1380 1924-1932 

6426500* Belle Fourche River below 1944-1910 
Moorcroft, Wyoming 44-17-44 104-58-35 SE-SW 24-50N-68W 1670 1916-1983 

6421500 Belle Fourche River below 
Keyhole Reservoir, Wyoming 44-23-18 104-46-12 SE-NE-SW 22-51N-66W 2000 1952-Pres. 

6428000 Belle Fourche River 1930-1932 
N at Hulett, Wyoming 44-41-00 104-35-40 NW-NE-SE 12-54N-65W 2800 1939-1951 w 

6428500* Belle Fourche River at Wyoming 
South Dakota State Line 44-44-59 104-02-49 NE-NW-NW 18-9N-1E 3280 1948-Pres. 

6429500* Cold Springs Creek 
near Buckhorn, Wyoming 44-09-14 104-04-39 NW-SW9-48N-60W 19.0 1975-1982 

6429900 Sand Creek at Ranch A 
near Beulah, Wyoming 44-29-42 104-06-34 SW 18-52N-60W 260 1975-1916 

6429905 Sand Creek near Ranch A 
near Beulah, Wyoming 44-31-13 104-05-00 SE-SW 5-52N-60W 267 1977-Pres. 

6430000 Murray Ditch at Wyoming-
South Dakota State Line 44-34-35 104-02-58 SW-SW 1-1N-1E 1955-Pres. 

6430500* Redwater Creek at Wyoming- 1930-1931 
South Dakota State Line 44-34-26 104-02-54 NW-NW 18-1N-1E 411 1955-Pres. 

6433500 Hay Creek at 
Belle Fourche, South Dakota 44-40-05 103-50-25 NW-SW 1'-8N-2E 121 1954-Pres. 



TABLE 111-2, continued 
Drainage Area Y f Latitude Longitude Location 2 ears 0 

uses Reference Number Station Name (Deg-Min-Sec) (Deg-Min-Sec) \-\-\-Sec.-T-R (mf ) Operation 

CHEYENNE RIVER BASIN 

6364700* Antelope Creek near Teckla, Wyoming 43-29-08 105-13-39 SW-NE 35-41N-70W 959 1978-1981 

6365300* Dry Fork Cheyenne River 
near Bill, Wyoming 43-13-21 105-40-00 NE-NW-SE 31-38N-73W 128 1977-1981 

6365900* Cheyenne River 
near Dull Center, Wyoming 43-25-45 105-02-43 SE-SW-NE 20-40N-68W 1527 1977-1981 

6375600* Little Thunder Creek 
near Hampshire, Wyoming 43-39-20 104-54-20 SW-SE 33-43N-67W 234 1978-1981 

6376300* Black Thunder Creek 
near Hampshire, Wyoming 43-34-54 104-43-11 SW-SW-SW 30-42N-65W 535 1973-Pres. 

N 6378300* lodgepole Creek 
~ near Hampshire, Wyoming 43-33-40 104-33-40 SE-NE 5-41N-64W 354 1978-1981 

6386000* Lance Creek 1949-1954 
near Riverview, Wyoming 43-21-21 104-16-13 NW-SE 14-39N-62W 2070 1957-1983 

6386500* Cheyenne River at Riverview, Wyoming 43-25 104-08 25-40N-61W 5270 1949-1974 

6392900* Beaver Creek at Mallo Camp 
near Four Corners, Wyoming 43-05-04 104-03-41 NE-NE 4-47N-60W 10.3 1975-1982 

6392950* Stockade Beaver Creek 
Near Newcastle, Wyoming 43-51-30 104-06-23 SW-SE 19-45N-60W 107 1975-1982 

6394000* Beaver Creek near Newcastle, Wyoming 43-32-07 104-07-02 NW 18-41-60 1320 1945-Pres. 

6395000* Cheyenne River 
at Edgemont, South Dakota 43-18-20 103-49-14 SW-SE-SE 36-85-2E 7143 1947-Pres. 

* Water quality station. 



TABLE 111-3 

CREST-STAGE GAGI~G STATIONS IN 

NORTHEAST WYOMING 
Latitude Longitude Location Drainage Area Years 

USGS Reference Num~er Station Ha .. (Deg-)H r.-Sec) (Deg-Hin-Sec) l-i-i-See.-T-R hnt2) °reratlnn 

LITTLE POWDER InVER BASIN 

6324800 Litt)e Powder River Tributary 
near Gillette. Wyoming 44-26-50 105-27-50 NE-36-52H-12W 0.81 19fiO-1981 

6324810 Box Draw Tributary near 
Gillette. Wyoaing 44-26 105-37 SF.-NW-3-51 H-73W 0.5 1965-1972 

6324820 Rawhide Creek Tributary near 
Gillette. Wyoaing 44-25 105-34 NW-SE-12-51N-13W 2.6 1965-1972 

6324900 Cedar Draw near Gillette. Wyoming 44-31-00 105-26-40 N'''-6-52N-l1W 3.45 1959-1981 
6324910 Cow Creek Tributary near 

"'eston, Wyoaing 44-32-35 105-21-40 SE-26-53N-11W 0.12 1971-Pre8. 

BEttE FOURCHE RIVER /\ASIN 

6425700 Belle Fourche River Tributary 
neAr Turnerest. Wyoming 43-38-00 105-42-15 NW-NW-12-42H-14W 0.35 1961-1911 

6425800 Caballo Creek near Gillette, Wyoming 44-04-50 105-27-50 SE-HF.-2-41N-12W 122 1959-1969 
N 6426200 Donkey Creek Tributary 
VI near CUlette. WYOiling 44-17-00 105-25-40 SE-NW-29-50N-1IW 0.28 1960-1976 

6426)95 Donkey Creek Tributary above 
res~rvoir. near Gillette, Wyoming 44-16-51 105-25-38 NW-SW-29-50N-11W 0.2 I 970-PreLi. 

6421100 Inyan rara Creek near lip t 01'1 , "'ymdng 44-13-45 104-26-45 5-17-49N-63W 96.5 IIJ59-Pres. 
6427880 8arlow Creek near 

Devils Tower, Wyoming 44-39-00 104-41-53 HW-SW-20-54N-65W 21.9 1911-1976 
6427900 Blaektail Creek near Hulett, ~yoming 44-40-00 104-36-50 NE-SW-13-54H-65W 42.3 1962-1969 
6428100 Belle Fourche River Tributary 

No. 2 near Hulett. Wyoming 44-41-35 104-32-10 SW-Sw-3-54N-64N )0.2 1962-Pres. 
6429300 Ogden Creek near Sundance. Wyoming 44-27-30 104-21-10 SW-SW-30-52N-62N 8.42 1962-1981 
6429375 Sundance Creek Tributary above 

Forest Boundary. at Surodance. Wyoa.i"g 44-25-26 104-21-32 SE-NE-12-5IN-63W 0.76 1969-1912 
6429400 Sundance Creek Tributary 

near Sundance. Wyoming 1,4-25-15 104-70-00 NW-SW-8-S1N-62W 1.88 19(17-1~70 

CHEYENNE RI"":R BASTN 

63631(10 Porcupine Creek 
near Turncrest. Wyoming 43-37-40 105-~-00 SW-NE-11-42N-72W 31.5 1959-1976 

6378640 J.ancll Creek Tributary 
Ilf"ar Lance Creek. Wyom1n~ 43-10 104-37 NE-NE-2ll-31N65W 1 " )965-1973 .4 

6379600 Box Creek 1956-1959 
near Bill. Wyoming 44-06-20 105-15-35 SW-SF.-9-3llN-10W 112 1961-1981 

6382200 Pritchard Draw 
near "anee Creek. Wyoming 43-12 104-41 SW-NE-8-31N-65W 5.30 1964-1981 

638540~ Cottonwood Creek 
at lIat Creek. '~yClllling 42-56-15 104-21-55 NE-12-34N-63W 14.5 I 972-I'H9 

6387500 Turner Creek 
near Osage. Wyomfn~ 44-01-10 104-30-10 SW-SF.-26-47N-64W 41.8 1959-Prf!u. 

6388800 Hlarktail Cr~~k Tributary 
nf'llT NewcastJe. Wyomillg I.l-U-51 104-10-52 N[-~F-16-44~-6IW O.~S 1 ~UIO- I '181 



STREAMFLOW CHARACTERISTICS 

Before substantial surface-water-resources development in a region can 
occur, certain characteristics of streamflow must be understood, principally, 
how streamflow varies with time and place. Storage projects require a knowledge 
of how much flow occurs at a location on a stream and how that flow varies 
during the year and from year to year. Flood mitigation projects necessitate an 
understanding of the size of flood events that can be expected and how often 
such events occur. Within this section an analysis of spatial and temporal 
streamflow characteristics in northeast Wyoming is presented. 

LONG-TERM STREAMFLOW VARIABILITY 

Streamflow may vary daily, monthly, annually, and over much longer periods 
of time consisting of years. Long-term streamflow variations are often ignored, 
due both to the inadequacy of long-term data and the unpredictability· of 
long-term variations. However, such long-term variations can be of c1:i.tical 
significance. For example, the Colorado River Compact was penned in the 1920's 
based upon streamflow records collected in prior years, when streamflow was at 
one of its highest points in recent history. Because the compact allocated the 
river's waters' based upon flows of a magnitude not since repeated, upper basin 
states, which are required to guarantee flows of no less than a stated amount, 
will receive a lesser share of what was supposed to be an equal division of the 
waters. Thus, the lack of understanding of long-term streamflow variation has 
resul~ed in the composition of a law with results differing from intentions. 

The variation of streamflow (and precipitation, temperature, etc.) with 
time can be described by two components: a stochastic (or random) component and 
a deterministic component. The stochastic component contains the element of 
chance. For example, as a thunderstorm rumbles across the plains, it may fill 
one rancher's stock reservoirs while leaving dry the reservoirs of another 
rancher a few miles away. The opposite may happen during the next thunderstorm. 
Such chance unpredictability makes up the stochastic component. Streamflow does 
not vary on the basis of chance alone; instead, deterministic jumps, cycles, and 
trends are often present indicating that some underlying phenomenon is influenc
ing streamflow. In the upper Colorado River basin, Julian (1961) proposed that 
a change in the track of Pacific storms to a more southerly location resulted in 
reduced snowfall, thus causing the downward drop in Colorado River streamflow 
after the 1920' s. Within this section, the underlying causes of long-term 
precipitation and streamflow variation, such as shifts in the track of the jet 
stream, are not reviewed; only the outcome as seen in precipitation and 
streamflow patterns is examined. 

To analyze for trends, jumps, or cycles in the precipitation and streamflow 
records, the simple procedure of moving averages was used. A moving average 
takes a specified number of data points and averages them together. When a new 
data point is added, the first point is dropped, and the average is recalculat
ed. This process is continued for the entire range of data. The effect of a 
moving average is to smooth a curve, knocking away the rough corners it may 
have. In essence, a moving average tries to eliminate the stochastic, or 
random, components in a streamflow series and let any trends, jumps, or period
icities show through. 
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Only one streamflow gaging station used in the study had an extremely long 
record, with several other stations having moderately long records. The gage on 
the Little Missouri River near Alzada, Montana was in operation nearly continu
ously from 1916 to 1969. Using regression procedures, this record was extended 
to cover the period 1916 to 1982. A histogram of annual and estimated annual 
streamf10ws at Alzada is giv'en in Figure 111-4. The bottom part of this figure 
shows a five-year moving average of streamflow. As can be seen in the moving 
average, during the period of record there have been times of gr"eater flow, such 
as in the 1920's, 1940's, and late 1960's - early 1970's, and times of lesser 
flow as in the 1930's and 1950's. There appears to be a periodicity associated 
with the flow at Alzada, though the length of the periods is not constant. Dry 
years tend to follow dry years and wet years tend to follow wet years, a phenom
enon termed persistence. Overall, the times of wet spells and dry spells (or 
droughts) as indicated by the record at Alzada correspond fairly well with those 
throughout the state. 

Another subtle trend apparent in the Alzada data is the downward trend of 
the flow (Figure 111-4). Often times, a downward trend as shown is the result 
of more (stock) reservoir construction and the concomitant reduction of down
stream flows. However, a plot of the moving average of annual precipitation at 
the Colony weather station (which is located near the Little Missouri basin) 
shows that it also has the same downward trend with time. No attempt is made 
herein to determine the cause behind this apparent downward trend; if it contin
ues, though, future water supplies in this area may be more limited than they 
are now. 

Because of the apparent close correspondence betwee~ long-term precipita
tion and long-term streamflow and the absence of several long-term stream gaging 
stations in the area, moving averages were made of all -long-term precipitation 
records for stations in northeast Wyoming. These stations are Colony, Gillette, 
Newcastle, Sundance, and Lusk, which is located just south of the study area 
(Figure 11-2). Figure 111-5 shows the results of these moving averages. In 
general, higher precipitation periods included the 1920's, 1940's, and late 
1960's - early 1970's, while the 1930's and 1950's were times of lower pre
cipitation. Streamflow would be expected to follow this pattern, though, as 
shown later, annual streamflow is dependent upon more than annual precipitation. 

An overall assessment of long-term precipitation and streamflow trends in 
northeast Wyoming indicates that persistence exists; dry years tend to be 
clustered together and wet years tend to follow wet years. This lends a cyclic 
nature to the long-term records of precipitation and streamflow in northeast 
Wyoming. Though the prediction of the future continuation of trends and cycles 
can not be predicated upon the past record, planning of water proj ects based 
upon conditions experienced during prior dry periods should be a relatively 
conservative stance. The ten-year period of 1952-1961 could be adopted as a 
worst-case condition of low flow around which water planning could be based. 
Thus, although lower flow conditions could occur in the future, the 1952-1961 
type flows are indicative of the potential dry-years conditions. 

ANNUAL STREAMFLOW CHARACTERISTICS 

In the planning of any surface water resource development project, the 
amount of flow available at the point on the stream where the development is- to 
occur must be known. Average or mean annual streamflow is usually the starting 
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point for most investigations. Average annual streamflow or discharge is 
defined as the arithmetic mean of the annual volumes of streamflow for complete 
water years for a specified period. Average annual streamflow minus average 
annual downstream needs (senior water rights, compact commitments, instream 
flows, etc.), which must be satisfied prior to new use, is the amount available 
for development. Average annual streamflow plus upstream depletions is termed 
runoff, the amount of water the land yields without man's interferences. 

In addition to the average annual streamflow, it is necessary to know how 
streamflow varies from year to year. If streamflow is a fairly constant value 
from one year to the next, then a development alternative (such as a reservoir) 
need primarily be used to assure the required supplies when needed within the 
year. However, if there is a sizeable fluctuation from one year to the next, 
then development alternatives such as storage may be required to carry water 
from high-flow years to low-flow years to guarantee an adequate annual supply. 
In some instances development of usable supplies may be impossible if annual 
flow variation is too great, even though average annual flow is adequate. 

The magnitude of annual streamflow variability is described by the coeffi
cient of variation. Coefficient of variation (C ) indicates how widely annual 

v streamflow values are dispersed about the mean. Low values (less than 20 
percent) indicate that in most years streamflow values will be relatively close 
to the average annual streamflow. However, streamflows may have extremely high 
coefficients of variation, even higher than 100 percent. Such high coefficients 
of variation indicate that flow can readily be double the mean or potentially 
nonexistent in a given year; therefore, design of viable water proj ects with 
such highly fluctuation flows becomes nearly impossible. Many streams originat
ing in Wyoming's mountains have streamflow coefficients of variation of less 
than 20 percent while plains streams yield C 's of 80 to 120 percent and higher. 

v 

Within this section average annual flows and the variation in these flows 
is analyzed for gaging stations within northeast Wyoming. Using the results of 
these analyses, flow prediction for ungaged locations is then undertaken through 
the use of statistical analysis. Average annual flow variation with basin size 
and geology is investigated. 

Gaged Basins 

Streamflow data collected at 31 continuous flow gaging stations in north
east Wyoming were analyzed to calculate average annual discharge and coefficient 
of variation. Due to the shortness of record for most of the stations and the 
differing periods of operation among stations, it was necessary to adopt a 
standard procedure for statistical values. Embree (1970) suggests using a 
20-year base period, which, in essence, would extend over one entire hydrologic 
wet-dry cycle. Few stations in northeast Wyoming have 20 years of data; also, 
though regression equations could be developed to extend records of gaging 
stations, low correlations and few data points for most dependent stations 
(usually 3 to 5 points) precluded this opportunity. Therefore, the following 
standards were adopted: 

1. Use all years of data available for a station excluding those spec
ified below. 
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2. Do not use records for years prior to 1930. This excludes the use of 
the very high flow values in the 1920's and confines data used to that collected 
in the past 50 years. Few stations are affected by the requirement since most 
stations were not started until the 1940's. One station on the Belle Fourche 
River (16426000) was only in operation from 1924 to 1932; statistical charac
teristics of flow at this station were calculated though they were not used in 
any analysis. 

3. Do not use the water-year 1978 in statistical calculations unless 20 
years of record are available. The year 1978 was a high flow year, possibly 
exceeding a 100-year event at some stations. Its use in very short records 
skews the average annual flow much higher than the "actual" value. A comparison 
of the 3 to 8 years of record available at many stations (excluding 1978) to the 
long-term record indicates that the short-term records usually have average 
annual flows within ± 20 percent of the long-term record. 

Using the criteria given above, average annual discharges and coefficients 
of variation were calculated for northeast Wyoming gaging stations. These are 
presented i~ Table 111-4. Also given in the table are yields of water in 
acre-feet/mi , a figure of the water-yielding productivity of the land; it must 
be remembered, however, that since these yield values are based upon streamflow 
instead of rUnoff, they are underestimates of yield. 

By using gaging stations near the state line on streams flowing out of the 
state, it is estimated that approximately 210,000 acre-feet are annually flowing 
out of the state from northeast Wyoming (Table 111-5). This figure is an 
estimate since gaging stations on the Little Missouri River and Hay Creek are 
some distan~ below the state line and have drainage basins that incorporat2 
about 220 mi of lands in Montana and South Dakota while a total of over 500 mi 
is ungaged in the Little Powder River, Belle Fourche River, and Cheyenne River 
basins. Upstream depletions added to actual outflow equals virgin flow. Of the 
210,000 acre-feet leaving the state annually, only a fraction may be developed 
by Wyoming due to interstate compacts. This topic is discussed more fully in a 
later section. 

The Belle Fourche River basin is the most productive of the four basins, 
yielding an average of about 93,000 acre-feet annually. Though 50 percent of 
the area of the basin is grassland plains upstream from Keyhole Reservoir, this 
area contributes less than 20 percent of the basin's discharge. The Black Hills 
area is the heaviest2 contributor to streamflow with average annual yields of 
over 100 acre-feet/mi • 

About 65,000 acre-feet per year of undeveloped water discharges from the 
state out of the Cheyenne River basin. As in the Belle Fourche River basin, 
streams originating in the Black Hills region contribute a greater proportion to 
the overall flow than their drainage areas would indicate. 2he western part of 
the Cheyenne River basin contributes only a few acre-feet/mi annually due both 
to geologic conditions and lower precipitation. 

The Little Missouri River basin ranks third among the four northeast 
Wyoming basins in volume of undeveloped outflow leaving the state. At the 
Alzada, Montana gaging station, approximatelY2 42,000 acre-feet are recorded in 
an average year. This basin contains 185 mi in Montana; based upon a direct 
area-runoff relationship, only 33,000 acre-feet of flow would originate in 
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TABLE 111-4 CHARACTERISTICS OF STREAMFLOW IN 
NORTHEAST WYOMING 

STREAM USGS MEAN ANNUAL STANDARD COEFFICIENT DISCHARGE 
STATION FLOW DEVIATION OF VARIATION PER ARE1 
NUMBER (ac-ft) (ac-ft) (percent) (ac-ft/mi ) 

LITTLE POWDER RIVER BASIN 
Little Powder River 6324890 1330 1120 84 6.25 
Little Powder River 6324925 4420 1010 23 8.19 
Little Powder River 6324970 8640 4860 56 7.00 

LITTLE MISSOURI RIVER BASIN 
Little Missouri River 6334000 42500 42200 99 47.0 

BELLE FOURCR RIVER BASIN 
Belle Fourche River 6425720 949 1200 126 1.92 
Coal Creek 6425750 871 12.1 
Belle Fourche River 6425780 1680 1420 85 2.83 
Caballo Creek 6425900 627 450 72 2.41 
Raven Creek 6425950 141 197 140 1.86 
Belle Fourche River 6426000 49200 62700 127 35.7 
Donkey Creek 6426400 1280 1340 105 5.20 
Belle Fourche River 6426500 16700 20110 120 10.0 
Belle Fourche River 6427500 17100 14100 82 8.55 
Belle Fourche River 6428000 49700 23100 46 17.8 
Belle Fourche River 6428500 62800 34500 55 19.2 
Cold Springs Creek 6429:500 3390 315 9.3 178. 
Sand Creek 6429905 16600 2640 16 62.2 
Redwater Creek 6430500 28800 6550 23 61.1 
Ray Creek 6433500 1110 1120 101 9.17 

CHEYENNE RIVER BASIN 
Antelope Creek 6364700 2630 2170 83 2.74 
Dry Fork Chey. River 6365300 220 86 39 1.72 
Cheyenne River 6365900 4370 3830 88 2.86 
Little Thunder Creek 6375600 840 560 67 3.59 
Black Thunder Creek 6376300 3570 1570 44 6.67 
Lodgepole Creek 6378300 310 125 40 .88 
Lance Creek 6386000 18800 15600 83 9.08 
Cheyenne River 6386500 42100 44100 105 7.99 
Beaver Creek 6392900 2130 2110 99 2.06 
Stockdale Beaver Ck. 6392950 8660 860 10 80.9 
Beaver Creek 6394000 22700 15800 70 17.2 
Cheyenne River 6395000 63200 60300 95 8.85 
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TABLE 111-5 
ESTIMATED AVERAGE ANNUAL STREAMFLOW 

FROM NORTHEAST WYOMING DRAINAGE BASINS 

Little Powder River 
Little Missouri River 
Belle Fourche River 
Redwater Creek 
Hay Creek 
Beaver Creek 
Cheyenne River 

TOTAL 

33 

8,640 
42,500 
62,800 
28,800 

1,110 
22,700 
42,100 

208,650 



Wyoming. However, Thompson Creek, which is the largest Montana contributor, 
originates in the plains west of the Little Missouri River and probably contrib
utes less than streams in Wyoming originating in the fringes of the Black Hills. 
Therefore, the Wyoming portion of the Little Missouri basin probably contributes 
more than the 33,000 acre-feet based on equal runoff from equal areas. 

Though not the smallest of the northeast Wyoming basins, the Little Powder 
River basin has the smallest discharge of the four basins. Average annual flow 
at the gage above Dry Creek is only 8,640 ~cre-feet; up to an additional 1,000 
acre-feet might be produced by the 135 mi of the basin in Wyoming below the 
gage. The Little Powder River basin is the only one of the four northeast 
Wyoming basins not draining part of the Black Hills region. Its low output can 
be ascribed almost entirely to its drainage of a plains grassland area. 

Coefficients of variation on northeast Wyoming streams range from a low of 
9.3 percent to a high of 140 percent. Only one obvious trend is noted in the 
data; streams in the Black Hills region generally have much lower C 's than 
streams originating in the plains. The lower annual C 's of the Blac~ Hills, v typical of mountainous areas, is resultant in large part due to springs provid-
ing a constant base flow to streams in the area. No other consistent trends, 
such as variation with drainage basin size, were noted for the coefficient of 
variation. 

Ungaged Basins 

Though there are 31 stations in northeast Wyoming with continuous flow 
records, in all likelihood, no water resource development project will be built 
immediately adjacent to a gaging station. Therefore, estimation techniques for 
predicting flow at ungaged sites must be developed, and gaging stations may have 
to be established at sites where water projects of significant economic magni
tude are to be developed. Because of the paucity of gaging station data, 
estimation techniques for predicting average annual streamflow for ungaged 
drainages is presented herein. More importantly, those criteria which are 
critical to high runoff are discussed such that favorable sites for water 
development projects can be located. 

A significant amount of research devoted to estimating runoff volumes from 
ungaged basins has been conducted. Within Wyoming, the works of Lowham (1976) 
and Craig and Rankl (1978) provide the most frequently used methodologies for 
predicting runoff from ungaged basins. Both methodologies were developed using 
regression techniques to relate discharges to the physica~ characteristics of 
the drainage basins. For basins greater than about 15 mi , drainage area was 
found to be the most significant topographic factor in determining runoff. 
Though runoff increases with drainage basin area, the amount of runoff per unit 
area decreases with increasing drainage basin size. The primary reason for the 
decrease in unit runoff with increasing basin size is channel losses during the 
conveyance of water down a channel. Thus, in some instances, one could achieve 
a greater volume of stored water from many small reservoirs than from one large 
reservoir. 

Another crit'ical factor influencing basin runoff is the underlying geology 
of the basin. Soils derived from certain geologic formations allow less infil
tration of precipitation than other formations; basins with soils of low 
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TABLE 111-6 
GENERAL INFILTRATION RATES FOR 

SOILS DERIVED FROM GEOLOGIC FORMATIONS(l) 

Formation 

White River Group 
Brule Formation 
Chadron Formation 

Wasatch Formation 
Fort Union Formation 

Tullock Member 
Lance Formation 
Pierre Shale; Niobrara Formation; 
Corlile Shale; Belle Fourche Shale 

(1) From Hadley and Schumm, 1961. 
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Average Infiltration Rate 
(inches/hour) 

.10 

.25 
9.2 

1.·3 
5.0 
1.0 



infiltration will produce more runoff per unit of area than for basins having 
high infiltration soils. Though there is a great deal of infiltration variabil
ity for soils derived from the same formation, geologic formation can be used as 
an index of basin water production. Some average infiltration rates for geolog
ic formations present in northeast Wyoming are shown in Table 111-6. Based upon 
the infiltration information, the White River, Fort Union, and Pierre formations 
would generally be expected to produce more runoff than the Wasatch or Lance 
formations. 

Utilizing the above concepts and the average streamflow values given in 
Table 111-4, northeast Wyoming was divided into three (3) regions of hydrologic 
similarity (Figure 111-6). These regions are based upon drainage basin water 
yields, geology, and climate. Within each region, generalized equations for 
predicting average annual discharge have been developed. 

Black Hills Region--The northeast corner of the study area, shown as region 
3 in Figure 111-6, is comprised of the Black Hills uplift. Several characteris
tics distinguish this area from the remainder of the study area: 

1. Local reliefs are greater than in the surrounding plains. 

2. Precipitation is greater. 

3. Geologic formations are primarily Paleozoic and Mesozoic as opposed to 
the essentially Tertiary formations outside the Black Hills. 

4. Region 3 is heavily forested whereas regions 1 and 2 are grasslanqs 
with few trees. 

5. Streams are generally perennial rather than emphemeral, and many 
originate from springs. 

6. Average annual streamflows are an order of magnitude or greater than 
for basins of similar size outside region 3. 

7 • Coefficients of variation on annual flows are generally much lower 
than in regions 1 and 2. 

Because" of the relatively higher yields, lower coefficients of variation, and 
perennial nature of the streams in region 3 when compared with the other two 
hydrologic regions in northeast Wyoming, this area offers the best potential for 
development of "large" quantities of water. (Non-hydrologic factors such as 
interstate compacts may limit development in this area, however.) 

To aid in development planning, analyses were conducted to estimate annual 
streamflow at ungaged locations. Both average annual flow and average annual 
yield (per unit area) were plotted against area for region 3 gaging stations to 
visually determine whether any relationships existed (Figure 111-7). As expect
ed, average annual flow increases with drainage area while average annual yield 
decreases with increasing drainage area. The latter phenomenon can be assigned 
to conveyance losses in the channel since channel length generally increases 
with increasing basin size. Regression analysis verified the visual inspection 
of data and indicated the strength of the relationships. Estimation equations 
developed for use in region 3 are given in Table 111-7. 
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Several limitations of the equations in Table 111-7 must be recognized. 
Since t?i equations were developed on basins ranging in size from about 10 to 
1,000 mi , their use should be limited to basins within that.general size range; 
use on smaller or larger basins could result in extrapolation problems. Also, 
because the relations were developed from only eight data points, there is a 
great deal of uncertainty as to whether all potential hydrologic conditions of 
the Black Hills are represented by so few basins. Areas of abnormally high 
groundwater contribution or where "sinking" streams flow through karst 
(limestone sinkhole and cave) areas will have flows and yields highly divergent 
from those given by the estimating equations. 

Regions 1 and 2-The portion of the study area not located in the Black 
Hills (region 3) has been classified into two distinct hydrologic regions. Both 
regions have similar characteristics which distinguish them from region 3 
including lower precipitation and runoff, being grasslands instead of forested, 
and by having ephemeral instead of perennial streams. Regions 1 and 2 may be 
further distinguished on the basis of geology and average annual yield. 

Region 1 consists of two separate units in the study area - the southwest
ern quarter of the study area and an isolated unit in the middle of the study 
area surr~unded by region 2 (Figure 111-6). For drainage basins of about 100 to 
1,000 mi , ~verage annual yields in region 1 are generally less than 3 
acre-feet/mi. Culler (1961) notes that one of the more prominent characteris
tics of the upper Cheyenne River basin is that "the east to west reduction in 
precipitation has an appreciable effect on runoff. This effect is further 
emphasized by the condition that more impermeable formations underlie the 
eastern part of the basin." As shown in Table 111-6, the Wasatch Formation is 
about seven times more permeable than the Fort Union Formation. The western 
unit of region 1 shown in Figure 111-6 is underlain by Wasatch Formation; 
immediately to the east in region 2, the less permeable Fort Union Formation is 
present. Based upon formational distinctions with the reinforcement of mean 
annual streamflows, the boundary between region 1 and 2 was developed. 

According to the infiltration rate values given in Table 111-6, the Lance 
Formation also has a relatively high infiltration rate when compared with other 
formations in northeast Wyoming. Only one gaged basin almost entirely overlies 
the Lance Formation - the Lodgepole Creek basin ('6378~0). The low mean annual 
yield of the Lodgepole Creek basin, 0.88acre-feet/mi , seems to further rein
force the Lance Formation's low yield. For this reason, the finger-like outcrop 
of Lance Formation in northeast Wyoming was included in region 1. 

Region 2 in Figure 111-6 is composed primarily of the Fort Union, Pierre, 
White River, and Arikaree formations. Infiltration rates given for these 
formations ~e very low (Table 111-6) and yields are generally greater than 5 
acre-feet/mi. Basins in the southeastern, eastern, and northeastern part of 
region 2 may have higher yields than the basin as a whole due to slightly more 
precipitation and less permeable formations. 

Average annual streamflow equations were developed for both regions 1 and 
2. Basins used in equation development were selected for being almost entirely 
in one region or another. Those basins having substantial area in both regions 
were disregarded. This limited the number of data points used in equation 
development; therefore, these equations must be held suspect. Estim~ting 
equations for basins in regions 1 and 2 with areas of about 100 to 1.000 mi are 
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Region 

1 

2 

3 

TABLE III-7 
DISCHARGE ESTIMATION EQUATIONS 

Equation 

Q - 0.72A1•119 

Q _ 4.39A1•08 

Q _ 478AO. 644 

Q/A - 475A-O. 355 

Q - Average annual discharge ~n acre-feet. 
A - Drainage basin area in mi • 
Q/A - Average annual unit discharge in acre-feet per mi2• 
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R2 

.98 

.99 

.99 

.98 



given in Table 111-7. Figure 111-7 graphically represents these equations along 
with data points. 

As indicated by both equations and graphs, discharges increases with 
drainage basin area in regions 1 and 2, as expected. However, unit discharge 
shows little variation with drainage basin area. Generally, with increasing 
drainage basin size and the concomitant increase in main channel length, convey
ance losses are increased, thereby decreasing the yield per unit areao It is 
suggested here that a decrease in yield with increasing basin size in northeast 
Wyoming as shown by Hadley and Schumm (1961) is a true phenomenon for basins up 
to a given size. For basins above a given size, water lost into the alluvium 
upstream which has migrated downbasin via the groundwater system starts reap
pearing. Also, the lower topographic placement of larger streams would more 
readily allow their intersection of the bedrock aquifer potentiometric surface 
and therefore allow streamflow to be augmented by the groundwater system. 
Finally, for the larger valleys associated with larger basins, an alluvial 
aquifer system with a relatively shallow water table is common. Conveyance 
losses associated with flow events are expected to be less in this situation 
than where the water table is some distance below the channel. 

No estimate is made for the drainage basin area at which yield stops 
decreasing and begins increasing. More than likely this value will be a func
tion of basin geology and channel slope. As shown in the following section, 
very small drainage basins i~ regions 1 and 2 have much higher yields than for 
basins in the 100 to 1,000 mi range. Though streamflow increases with drainage 
basin size, the most effective retainage of the waters of this area may result 
from structures on very s~ll or very large drainages. 

Small Drainage Basins 

The results presented above are based upon continuous streamflow daia 
collected for drainage basins primarily with areas in excess of 100 mi • 
Extrapolation of these results to smaller basins should not be done. Two 
studies have been performed looking at runoff from small drainage basins in 
northeast Wyoming. Culler (1961) and Hadley and Schumm (1961) present results 
of small basin and stock-water reservoir analysis in a combined U.S. Geological 
Survey Water-Supply Paper entitled "Hydrology of the Upper Cheyenne River 
Basin." The results of this paper should be applicable to most of regions 1 and 
2. The important concepts of the USGS papers are presented herein. 

Streamflow in ephemeral streams draining small basins may be described as 
events. Either there is a streamflow event or the channel is dry. Streamflow 
events are primarily related to rain storm (thunderstorm) precipitation events 
and secondarily to snowmelt events. Annual streamflow is increased in years 
with more and larger events and decreased in years with fewer and smaller 
events. 

Average annual streamflow is a function of both climatic and drainage basin 
characteristics. Areas with more precipitation events, especially larger events 
which tend to overwhelm the local infiltration rate, will have a greater annual 
streamflow. Though no analyses were undertaken of rainstorm volume and frequen
cy in this report, an approximation of frequency and volume can be ascertained 
from isopluvial maps prepared by the National Oceanographic and Atmospheric 
Administration (1974). The maximum range for this event in the study area is 
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1.1 to 1.4 inches, or about a 30 percent variation. Considering the great
er-than-order-of-magnitude variation in infiltration rates, geographic variabil
ity of rainstorm characteristics can probably be neglected. However, areas of 
orographic influence, such as the Black Hills, the Rochelle Hills escarpment, 
and the Hat Creek Breaks may yield slightly higher streamflows. Drainage basin 
characteristics play a prominent role in both average annual yield and the 
amount of runoff yielded from given rainfall events. Goodwin (1982) has shown 
for thunderstorm events that shaley basins return more precipitation as runoff 
than do sandy basins. Hadley and Schumm (1961) state that the influence of 
geology upon runoff is more significant for smaller basins than for larger 
areas. Overall their findings show the same correspondence between geology and 
yield as given for larger basins earlier in this report. If precipitation is 
equal pver an area, the Pierre, White River, and Fort Union formations will 
yield more runoff than the Lance and Wasatch formations. Though more detailed 
geologic maps should be utilized in locating potential high-yield basins, Figure 
111-6 may be used as a first-cut indicator. 

Other drainage basin factors influencing basin yield include topographic 
and geomorphic characteristics. Smaller basins, due to shorter channel lengths 
and lesser conveyance losses, have higher yields. Areas of higher slope, where 
infiltration is less, also tend to produce greater runoff (Craig and Rank1, 
1978; Goodwin, 1982). Thus, small basins with high slopes on geologic for
mations of low permeability will produce the greatest yields in northeast 
Wyoming. 

Summary 

Average annual streamflows in northeast Wyoming are a function of several 
factors including climate, geology, and topography. Based upon runoff and 
physical characteristics, the study area is divided into three regions of 
hydrologic similarity, and streamflow estimation equations for ungaged basins in 
this region are developed. 

MONTHLY STREAMFLOW CHARACTERISTICS 

Up to this point, only annual values of streamflow have been analyzed and 
no effort has been made to evaluate the variation of flow within a year. 
Streamflow, of course, is generally not a constant value during the year but 
usually varies widely from month to month and, for some stations, from day to 
day. Most water users can not accept a wide variation in supply rate; indus
trial users often need a constant year-round supply while irrigators need their 
supply during the growing season. Through the use of storage projects, water 
may be stored when supply exceeds demand and released when demand exceeds 
supply. 

Monthly streamflow is analyzed in this section through the use of average 
monthly streamflows. Average monthly streamflow or discharge is equal to the 
sum of the flows for a given month for all years with complete records divided 
by the number of monthly values. The percentage of the average annual discharge 
derived during a given month is equal to average monthly discharge divided by 
the average annual discharge multiplied by 100. As with the determination of 
average annual streamflows, the year 1978 was deleted in calculating average 
monthly streamflows due to extreme flow events during two months. Because of 
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the short record at many stations, an accurate analysis of the monthly 
streamflow distribution is impossible. 

For the mostly ephemeral streams in northeast Wyoming, monthly streamflows 
are derived from the summation of flaw events during a given month. Months with 
more and/or larger flow events will have larger monthly flows than months with 
fewer and/or smaller flow events. Likewise, the months with the larger average 
monthly flows will be those months which, over a period of years, have more 
and/or larger flow events. In northeast Wyoming, flow events originate with 
snowmelt or rainstorm showers. 

The seasonal snowmelt in northeast Wyoming occurs, on average, between 
about the second week in March and the first week in April depending upon 
elevation and latitude. This is much earlier than in Wyoming's high-altitude 
mountainous areas which have seasonal snowmelt and runoff in May and June. 
Though there is but limited snow accumulation on the ground in many years, and 
in some years no snow is on the ground during the snowmelt period, hydrographs 
of average monthly discharge at several stations in northeast Wyoming show the 
snowmelt peak (Figure 111-8). Some basins, particularly larger ones, do not 
display a snowmelt peak; reasons could be high channel losses during the 
snowmelt period, drainage of several altitude (snowmelt) zones (particularly in 
the Belle Fourche River basin) so that no one month shows a predominant peak, or 
too few years of data to properly establish trends. 

A second peak in the average monthly hydrograph usually occurs in June. 
June is the month with the heaviest precipitation in northeast Wyoming, followed 
closely by May (Table 11-2). The correspondence between high precipitation and 
high runoff in June and May is expected with the resultant monthly hydrograph 
peak at this time. An example of the close correspondence between average 
monthly runoff for a basin and average monthly precipitation over that basin is 
illustrated in Figure 111-9. 

Spring-fed streams originating in the Black Hills have a much lower monthly 
variation than their plains counterparts. Cold Springs Creek is an extreme 
example of the limited variation of a spring-fed stream (Figure 111-8). Most 
perennial streams in the Black Hills region probably show more monthly variation 
than illustrated by Cold Springs Creek, but less variation than for region 1 and 
2 streams. 

Overall. monthly flow varia~ion for streams in northeast Wyoming is great 
enough that storage projects will be needed to regulate flows for most uses. 
Exceptions to this concept might exist within certain areas of the Black Hills 
where relatively constant flows could satisfy constant-rate diversions. Irriga
tion needs for water by most crops peaks in July. though streamflow peaks in 
March and June. Redistribution of water from the earlier months in the year to 
the latter part of the growing season could allow second cuttings or provide a 
backup for drought years. 

FLOODS AND FLOODING 

Using a very general definition, a flood is considered a streamflow of 
excess magnitude such that the flow overtops a stream's banks. For most of 
man's concerns, however, a flood often has the more fundamental definition of 
flow which damages his works. That the definition of flooding should pose a 
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problem is a result of the many perspectives involved - a flood to one person 
may be a water right to another. A flood occurs on an annual basis for many 
mountain streams if one considers the peak flow associated with spring snowmelt 
a flood. In non-mountainous areas where ephemeral streams predominate, any flow 
may be considered of flood magnitude due to man's encroachment into dry, seem
ingly safe ephemeral channels. 

Floods may be defined by three chief characteristics: magnitude, duration, 
and recurrence interval or return period. Flood magnitude is usually specified 
by the flood peak or greatest instantaneous discharge occurring during the flood 
event. The greater the peak, the more widespread flood waters will be, and the 
greater the potential for damage. Flood duration is the time between when 
discharge reaches a certain level and when the flood waters recede back to that 
level. Usually, flood peak is of much greater significance than flood duration. 
If one's house is filled with six feet of water, whether it is filled for a 
week, a day, or an hour is of lesser concern; the damage is done when the house 
is filled with six feet of water. In some instances, though, flood duration is 
significant. Greater economic loss is suffered when a railroad line which 
typically carries 15 coal trains a day is flooded and closed for a week rather 
than a day. 

In many instances it is desirable to know how often a flood of a given 
magnitude occurs at a location on a stream. For example, in designing a bridge, 
one needs to know how durable to make the structure to survive flooding at the 
site. However, the stronger the structure is made to survive greAter floods, 
the more expensive it is. Ultimately, it may be cheaper to build a bridge which 
is occasionally washed out, but which is a cheaper structure to rebuild than one 
which will "never" be washed out. The problem becomes one of determining what 
size of flood recurs at what interval. There are numerous hydrologic techniques 
(described later in this section) for determining the magnitude of flow associ
ated with a given recurrence interval or return period, the average time elapsed 
between events of a given magnitude or greater. Floods are often described as 
being 25-year, 50-year, etc., which implies the frequency of occurrence. This 
does not mean that there will be only one flood of a given magnitude or greater 
in a time period, but that over many years, a flood of such magnitude or greater 
will occur "on average" in that length of time. 

Due to physical and economic constraints, the absolute control of flooding 
is not possible J but several means of mitigating flood damage are available. 
Linsley and Franzini (1972) present eight measures for reducing flood damage. 
They are: 

1. Reduction of peak flows by reservoirs. 

2. Confinement of the flow within a predetermined channel by levees J 

flood walls, or a closed conduit. 

3. Reduction of peak stage by increased velocities resulting from channel 
improvement. 

4. Diversion of flood waters through bypasses or floodways. 

5. Temporary evacuation of the flood plain. 
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6. Flood proofing of specific properties. 

7. Reduction of flood runoff by land management. 

8. Flood insurance. 

Not all of the above items can solve the problem associated with a given 
circumstance, but with an understanding of flood frequency and mitigation costs, 
tenable solutions are possible. Some of these will be explored later in this 
report. 

CAUSES OF FLOODING 

Historical floods in northeast Wyoming have almost always been the result 
of rainfall events. With the exception of the Black Hills region, where 90 
inches or more snow falls during the average year, limited snowfall and sus
tained winds promoting snow evaporation (sublimation) usually leave little 
snowpack for snowmelt runoff events. When such events do occur, they are in 
February or March and result from a heavy snowfall followed by a warm spell, 
sometimes with rain falling on the snowpack speeding melting. Since the ground 
is frozen at this time of the year, little or no infiltration occurs, thus 
causing most of the snowmelt to become runoff. 

Two distinct types of rainfall events are responsible for most of the 
flooding in northeast Wyoming - general storms and thunderstorms. General 
storms, which may last several days or even weeks, occur predominantly in May 
and June with the time of highest probability being the last week of May and 
first week of June. Such storms are the result of frontal activity associated 
with low-pressure cells and are regional, usually covering the entire study 
area. Jet stream location in the atmosphere probably has a significant impact 
on the amount of rainfall produced and number of general storms during the May -
June period; in extreme years, ten to fifteen inches of rain may fall during 
this two-month period, which is the annual average over much of the study area. 

Thunderstorms are short-lived, intense rainshowers typically covering a few 
tens of square miles or less. They result from very intense updrafts causing 
sudden cooling, condensation, and precipitation. Thunderstorms occur during the 
summer months when ground heating due to intense sunshine creates the needed 
convective updrafts; July and August are months of greatest thunderstorm activi
ty in northeast Wyoming. At any given moment, a thunderstorm covers a relative
ly small area. However, between the time of its birth and dissipation, a 
thunderstorm travels and may leave a track many miles long. Although an extreme 
thunderstorm event might drop ten inches of rain at one location, most 
thunderstorms in northeast Wyoming produce less than three inches of rainfall. 

Thunderstorms and general storms create different types of flooding in 
northeast Wyoming. Because of their localized nature, thunderstorms do not 
cause widespread flooding, but rather, create flooding conditions only in small 
basins centered in a thunderstorm's track. As a thunderstorm flood wave travels 
downstream, wave attenuation and channel losses tend to reduce the flood peak. 
Also, since only a small drainage area contributes to thunderstorm runoff, as 
the flood wave travels downstream, its unit peak (peak discharge/drainage area) 
rapidly decreases. Therefore, thunderstorms do not cause flooding on large 
drainage basins, only small ones. 
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General storms create widespread flooding and are responsible for the 
floods on the larger streams and rivers in the study area. If a general storm 
lasts an extended length of time, rain occurring during the first part of the 
storm saturates the ground and lowers the soil's infiltration rate, resulting in 
a higher percentage of rainfall returning as runoff during the latter part of 
the storm. General storms do not have the high-intensity rainfall of 
thunderstorms, so the highest flood peaks on small drainage basins almost never 
result from general stOTmS. However, because of the regional nature of general 
storms, which causes runoff over extensive areas of land, a significant amount 
of runoff may be collected from streams draining large areas. Thus, for larger 
drainage basins in the study area, including the main-stem rivers, floods are 
the resultant condition of general storms. 

HISTORICAL FLOODS 

Records of floods have been maintained in parts of the study area for about 
seventy years. One gage on the Little Missouri River began operation in 1911. 
Unfortunately, the number of gaging stations in northeast Wyoming has been small 
until recently, and most stations have been located on streams with larger 
drainage areas. Because most gages in northeast Wyoming monitor flow from 
larger drainage basins, general storm flood events are recorded, while 
thunderstorm runoff events are usually not recorded. Therefore, the gaging 
station record of historical floods is skewed, with general storm floods predom
inant in the record. The record of thunderstorm floods on small basins is 
comprised of washed-out culverts and bridges. 

Some of the more prominent historical floods in northeast Wyoming are 
described in Table 111-8. Table 111-9 lists the greatest flood discharge 
recorded at each of the various gaging stations in northeast Wyoming. These 
flood peaks are plotted versus basin drainage area along with envelope curves of 
peak flows in Figure 111-10. 

FLOOD FREQUENCY 

In this section flooding is referenced from a temporal perspective of how 
often flooding is likely to occur at a given location. Frequency of flooding is 
defined by the terms return period and recurrence interval, which relate flood 
magnitude to frequency of occurrence. By having a knowledge of both the fre
quency of a flood of a given magnitude and the area of inundation of a flood of 
that magnitude, it becomes possible to plan for such an event. 

In general, it is a simple procedure to calculate return periods of flood 
flows for gaging stations with many years of record. A method devised by the 
Water Resources Council (1977) is widely accepted and has been computerized by 
the U.S. Geological Survey and, in Wyoming, on the Water Resources Data System. 
Unfortunately, this method provides useful results only for the stream in the 
vicinity of the gaging station, which is usually not the place of interest. 
Other methods must be devised to extrapolate return period discharge values to 
ungaged areas of interest. Within the following sections, flood frequency 
derived from gaging stations in northeast Wyoming is presented along with 
methods for determining flood frequency for areas without gaging stations. 
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DATE 

4/7/24 

7/17/37 

4/4/44 

7/1/59 

5/21-27/62 
6/15-18/62 

7/26-27/65 

2/71 

5/24/71 

5/17-22/78 

TABLE III - 8 
HISTORICAL FLOODS IN NORTHEAST WYOMINC 

FLOOD CONDITIONS 

High flows recorded on both the Little Missouri River and Belle 
Fourche River. 
Highest recorded flow (3,250 cfs) on Redwater Creek. Return 
period is equal to approximately 30 years but is affected by 
diversion. 
Highest recorded flow (6,000 cfs) on the Little Missouri River. 
Return period is equal to approximately 60 years. 
Highest recorded flow (4,660 cfs) on Inyan Kara Creek. Caused by 
general storm during last week of June. Return period for this 
flood may be in excess of 200 years. 
The year 1962 is one of the highest flow years of record due to 
extr~l!, heavy rainfall during May and June. The lower Belle 
Fourche basin and parts of the Upper Cheyenne and Belle Fourche 
basins received in excess of 8 inches of precipitation during 
May. Flood flows occurred on the Belle Fourche River and in the 
Cheyenne River basin. During June the rains continued with 4+ 
inch totals at several stations. Daily totals peaked at 1 to 3 
inches on the 15th and 16th causing high flows and flooding on 
the mainstem Belle Fourche and its tributaries and in the lower 
Cheyenne River basin. The Belle Fourche River at the state line 
and Beaver Creek near Newcastle saw their highest recorded flows 
- both estimated at 100-year flood events. 
Localized flooding in southern parts of the Cheyenne River basin 
due to thunderstorm activity. 
Mid-February thaw occurs with 50° days and an initial 13 to 24 
inches of snow on the ground. Slight damages to agricultural 
properties and county roads in the Little Powder River basin and 
in the Belle Fourche River basin above Keyhole Reservoir. 
Highest recorded flow (7,410 cfs) on Lance Creek. Three to 5 
inches of rain fell over the basin between the 22nd and 24th. 
Return period is equal to approximately 40 years. 
Highest recorded flows on numerous streams. Severe flooding in 
northeastern Wyoming and southeastern Montana. Heavy snows and 
rains in late April and early May created saturated ground 
conditions with the heaviest rains occurring from May 16th to 
19th. Cillette received over 11 inches of precipitation during 
May, with 5 inches falling on the 17th and 18th. Larger basins 
generally had greater return-period floods than small basins. 
Both the mainstems of the Belle Fourche and Cheyenne rivers 
experienced floods with greater than 100-year return periods. 
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TABLE 111-9 
GREATEST RECORDED FLOOD DISCHARGES 

IN NORTHEAST WYOMING 

GAGING ORA I NAG~ AREA DISCHARGE UNIT DISCrRGE 
STATION (mf ) (cfs) (cfs/mf ) 

6324800 0.81 176 217 
6324810 0.5 84 168 
6324890 204 2,410 11.8 
6324900 3.45 758 220 
6324910 0.72 295 410 
6324925 540 4,460 8.26 
6324970 1,235 5,300 4.29 
6334000 904 6,000 6.64 
6363700 31.5 1,230 39.0 
6364700 959 6,600 6.88 
6365300 128 1,010 7.89 
6365900 1,527 11,800 7.73 
6375600 234 3,030 12.95 
6376300 535 5,050 9.44 
6378300 354 500 1.41 
6378640 1.2 1,060 883 
6379600 112 2,570 22.9 
6382200 5.30 4,050 764 
6385400 14.5 52 3.59 
6386000 2,070 7,410 3.58 
6386500 5,270 28,000 5.31 
6387500 47.8 5,660 118 
6388800 0.25 102 408 
6392900 10.3 21 2.04 
6392950 107 107 1.00 
6394000 1,320 11,900 9.02 
6395000 7,143 28,000 3.92 
6425700 0.35 70 200 
6425720 495 4,100 8.28 
6425750 718 1,170 1.63 
6425780 595 5,630 9.46 
6425900 260 2,170 8.35 
6425950 76 293 3.86 
6426000 1,380 12,500 9.06 
6426195 0.2 155 775 
6426200 0.28 165 589 
6426400 246 3,950 16.1 
6426500 1,670 15,300 9.16 
6427700 96.5 4,660 48.3 
6427880 21.9 450 20.6 
6428000 2,800 6,320 2.26 
6428100 10.2 1,630 160 
6428500 3,280 4,400 1.34 
6429300 8.42 423 50.2 
6429500 19.0 13 .68 
6429900 260 700 2.69 
6429905 267 514 1.93 
6430500 471 3,250 6.90 
6433000 920 16,400 17.8 
6433500 121 930 7.69 
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TABLE 111-10 
FLOOD FLOW FREQUENCIES AT SELECTED 

GAGING STATIONS IN NORTHEAST WYOMING(l) 

Gaging Years of Discharge (cfs) 
Station Record 10-year 25-year 50-year 100-year 

6324900 23 470 635 750 860 
6324910 11 265 465 665* 915* 
6324970 9 1,850 4,630* 9,230* 18,300* 
6334000 54 3,980 5,020 5,800 6,570 
6379600 23 1,420 3,130 5,020 7,480* 
6382200 17 2,410 3,770 4,990* 6,350* 
6386000 33 4,730 6,200 7,240 8,220* 
6386500 27 11,800 19,700 27,800 38,000* 
6387500 23 3,480 4,900 6,120 7,470* 
6388800 22 86 108 125 142* 
6394000(2) 36 2,920 5,160 7,800 11,700* 
6426500(3) 28 3,050 4,600 5,950 7,440* 
6427500(3) 31 704 1,150 1,600 2,200* 
6428500 36 3,260 3,830 4,160 4,430* 
6430500 31 1,420 2,640 3,980 5,800* 
6433000 34 3,460 7,340 12,600 21,100* 
6433500 27 350 640 950 1,340* 

(1) Determined using the Log-Pearson Type III method. 

(2) Values derived from Lowham, 1976. 

(3) Peak flows reduced by Keyhole Reservoir. 

* Extrapolated value - beyond 2i limit rule. 
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Flood Frequency in Northeast Wyoming 

Flood peak flows have been monitored at fifty gaging stations in Northeast 
Wyoming. AnnQal peak flow records were analyzed using the log-Pearson III 
method (Water Resources Council. 1977) to determine various return period peak 
flows. A large number of stations had such short records (10 years) that they 
were discarded. All data were plotted and stations where the log-Pearson III 
function showed a poor fit to the data were also discarded. Seventeen stations 
where the log-Pearson III method provided reasonably good values for re
turn-period discharges are presented in Table 111-10. 

Flood Frequency for Ungaged Basins 

Though the flood frequency discharge values presented in Table 111-10 are 
useful. they provide flood frequency values for but a limited number of stream 
reaches in the study area. To determine return-period flood discharges for 
ungaged sites. where it would be impossible to wait while collecting the neces
sary years of gaging data, other methods must be devised. Most cOllUDon1y, 
statistical techniques such as simple or mUltiple regression are used to relate 
return period discharge to drainage basin characteristics. The developed 
functional relationships between discharge and basin characteristics may then be 
utilized in estimating return-period discharges on the basis of drainage basin 
characteristics. 

Two methods of determining return-period discharges for ungaged basins in 
Wyoming have wide acceptance and are applicable to northeast Wyoming. Craig and 
Ra~k1 (1978) developed a regression methodology for small drainage basins (~ 11 
mi ) in Wyoming plains areas. Their study showed that for small basins, flood 
peaks are related to drainage area. maximum relief. basin slope, and channel 
slope. Within the northeast Wyoming ~tudy area, this methodology should be 
restricted to basins smaller than 11 mi , and it should not be used within the 
Black Hills region. Table 111-11 sutmnarizes the Craig and Rank1 method. 

A second method of determining flood discharges in Wyoming has been devel
oped by Lowham (1976). This method is actually composed of two distinct tech
niques - a basin regression technique similar to Craig and Rank1's and a channel 
geometry method. The channel geometry method requires in-field measurement of 
channel width as input to an equation to determine flood discharge. The basin 
characteristics method was developed using regression techniques to relate 
discharge to basin characteristics. Lowham found the only significant basin 
characteristic affecting discharge to be drainage area. He also divided the 
state into four regions of "hydrologic homogeneity". three of these regions 
being present in northeast Wyoming. Lowham's basin characteristic method (Table 
111-12) should be used for ~termining flood peaks for basins with drainage 
areas greater than about 11 mi • 

Using the values of peak discharge presented in Table 111-10. regression 
relationships similar to Lowham' s were calculated for northeast Wyoming. The 
results are presented in Table 111-13. Use of these equations should be re
stricted to the plains region of the study area. Figure 111-11 illustrates a 
plot of the regression relationship, along with individual data points, for the 
100-year frequency flood event. The large amount of scatter can probably be 
attributed to geologic and soil characteristics not accounted for in the 
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TABLE III-II 
CRAIG AND RANKL METHOD FOR 
ESTIMATING FLOOD DISCHARGES 

MATHEMATICAL MODEL 

b b b b 
~ - a A 1 SB 2 ~ 3 S10/85 4 

Return Period Regression Constant b1 b2 b 3 b4 Discharge (a) 

Q2 34.06 1.134 1.216 -1.609 0.539 
Q5 30.77 1.105 1.135 -1.412 .588 
Q10 32.99 1.094 1.080 -10308 .603 
Q25 37.73 1.086 1.012 -1.192 .613 
Q50 43.88 1.084 .962 -1.118 .616 

Q100 50.25 1.082 .914 -1.047 .615 

~ - Discharge in cubic feet per second of a n-year return period flood event. 

A - Drainage area, in square miles. 

SB - Basin slope, in feet per mile. 

~ - Maximum basin relief, in feet 

S10/85 - Main - channel slope, in feet per mile. 
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Return Aerial 
Discharge 

TABLE 111-12 
LOWHAM METHOD FOR ESTIMATING 

FLOOD DISCHARGES 

MATHEMATICAL MODEL 

Q _ a A b 
n 

Region 2 
Regression Constant 

Region 3 
a b a b 

56.8 0.38 93.8 0.36 
146 .35 252 .36 
239 .34 425 .37 
406 .33 742 .37 
572 .32 1,070 .37 
779 .31 1,480 .37 

Region 4 
a b 

12.0 
36.3 
63.6 

115 
170 
242 

0.65 
.61 
.61 
.58 
.58 
.57 

Q - Discharge in cubic feet per second of a n-year return period flood event. 
n. 

A - Drainage area in square miles. 
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Return Period 
Discharge 

TABLE 111-13 
NORTHEAST WYOMING FLOOD ESTIMATING EQUATIONS 

Regression 
a 

429 
695 
931 

1,195 

MATHEMATICAL MODEL 

b 
~ - a A 

Constants 
b 

0.29 
.29 
.30 
.30 

Correlation2Coefficient 
(r ) 

0.54 
.58 
.58 
.56 

~ - Discharge in cubic feet per second of a n-year return period flood event. 

A - Drainage area in square miles. 
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relationship. Use of hydrologic regions in northeast Wyoming, similar to those 
developed early in this chapter for runoff determination, would probably improve 
equation reliability; however, the limited number of data prevent developing 
such relationships at this time. 

WATER QUALITY 

The quality of water refers to its purity or departure therefrom by its 
carrying dissolved or suspended chemical constituents. Though an overall 
physical quantity of water may be required for a given purpose, a minimal 
standard of quality is required for many uses. If the water quality standard 
can not be met naturally by the waters to be used, then some form of treatment 
will be required. Some treatments may be cost prohibitive, and for certain 
sectors, such as agriculture, treatment is unheard of. If the natural water 
quality is not sufficient for some business sectors, then those sectors will not 
exist. 

Within this section the quality of the surface waters of northeast Wyoming 
is reviewed. Due to the nature of this investigation, with major emphasis on 
development of stock and irrigation water, water quality will be related to its 
effect upon agriculture. The quality of the waters of northeast Wyoming will 
not be compared to EPA drinking water standards since no public drinking water 
supplies are derived from surface water sources and since future sources for 
these users will likely continue to be groundwater. 

OVERVIEW 

Natural water is never pure, since, being a solvent, it causes many miner
als with which it comes into contact to dissolve. Also, flowing water has the 
ability to suspend and transport sediment particles. The quality of water can 
be attributed to the environment in which it exists and to man's activities. 
The use of water affects its quality - sometimes so substantially that clean-up 
treatment may be required before it is returned to the stream. 

Natural environmental factors are the primary determinant of the principal 
character of the quality of water in northeast Wyoming. Although man's activ
ities may affect water quality - such as the increase in salinity from irriga
tion return flows or the introduction of organic contaminants in an oil field -
geology and climate are the major factors controlling water quality in this part 
of the state. The mineralogic makeup of bedrock and soils controls maj or 
chemical constituents, and to some extent, salinity. Likewise, salinity is 
inversely related to runoff, so the Black Hills area with its greater pre
cipitation (and hence runoff) shows lower salinity than elsewhere. 

In addition to spatial variations in water quality, temporal variations 
also occur. Many water quality characteristics are a function of discharge, 
which varies with time, and therefore themselves vary with discharge and time. 
Figure 111-12 illustrates the dependence of salinity upon discharge and its 
variation with time. Throughout the remainder of this section, mean or average 
values of water quality parameters are utilized. Mean values are derived by 
determining the average of a parameter collected from several samples. Because 
this yields a non-flow weighted average, these values will be somewhat different 
from the characteristics of the total volume of water passing a point on the 
stream. However, they do characterize the water quality fairly well on a 
temporal basis. 
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TOTAL DISSOLVED SOLIDS 

Total dissolved solids (TOS) represents the sum of the concentrations of 
the individual dissolved salts and indicates the salinity of water. Though 
individual salts are potentially more harmful than TOS, above given levels TDS 
does become critical. Drinking water should have TDS levels below 500 milli
grams per liter (mg/1), but below 1000 mg/1 is acceptable if no better water is 
available. Upper limits for stock water-are (McKee and Wolf, 1963): 

Stock 

Poultry 
Pigs 
Horses 
Cattle (dairy) 
Cattle (beef) 
Sheep (adult) 

Concentration (mg/1) 

2,860 
4,290 
6,435 
7,150 

10,100 
12,900 

Range cattle can become accustomed to drinking water of concentrations at 10,000 
mg/1, but sodium and chloride must be the major constituents for this level to 
be acceptable; high sulfate concentrations are not acceptable. The affect of 
salinity on irrigated crops is discussed later in this section. 

Mean TOS levels range from about 200 mg/1 to over 4,000 mg/1 in northeast 
Wyoming with most stations falling in the 1,500 mg/1 to 2,500 mg/1 range. These 
relatively high TDS levels are attributed to low rainfall and runoff in the 
region. In more humid areas with greater rainfall, salts are leached from the 
soils and carried downstream, eventually reducing soil salinity and TOS levels. 
Precipitation levels in northeast Wyoming are not great enough to initiate 
effective leaching of the soils; therefore, high TDS levels are present. 

TOS levels are lowest in the Black Hills region due to much of the runoff 
originating from springs having good quality water, different bedrock and soils 
from the rest of the area, and its receiving slightly more precipitation than 
the remainder of the plains. Groundwater (which feeds springs) of the underly
ing Pahasapa Limestone and Minnelusa Formation generally has TDS levels of less 
than 500 mg/1, and surface waters originating on these formations may have TOS 
levels as low as 220 mg/1. 

Within the plains of the study area, TOS levels are somewhat dependent upon 
geologic formation and soils underlying the drainage basin. TDS ranges for 
several aerially extensive formations are: 

Formations 

Lower Paleozoic formations 
Sundance, Gypsum Spring, Spearfish 
Lance, Fox Hills, Pierre 
Fort Union 
Wasatch 

TOS Concentration (mg/1) 

o - 500 
1000 - 2500 
1500 - 3000 
1500 - 3000 
1500 - 2500 

Figure 111-13 shows the spatial variation of TDS within the study area. 
Mainstem streams, which may collect water from many formations, are charac
terized by the water of most volumetric influence. Figure 111-14 shows 
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the downstream variation in TDS on the major mainstem rivers in the study area. 
The .Belle Fourche River has a downstream drop in TOS due to the inflow of low 
TOS waters from the Black Hills; the Cheyenne River, on the other hand, shows a 
downstream TOS increase due to inflows from formations with greater TOS waters. 

MAJOR CHEMICAL CONSTITUENTS 

Seven chemical constituents comprise almost the entirety of the chemical 
makeup of waters in northeast Wyoming. These ionic species are (cations -
positively charges ions) calcium, magnesium, sodium, and to a lesser degree, 
potassium, and (anions - negatively charged ions) sulfate, bicarbonate, and 
chloride. Sodium and chloride are the components of table salt, and high 
chloride waters taste salty. Calcium is the most predominant cation in humid 
areas; magnesium is also relatively common though it is usually found in large 
concentrations only in evaporate brines. Sulfate in large quantities gives 
water a rotten-eggs aroma and can have a mild laxative effect on new users of 
it. Bicarbonate is associated with limestone and dolomite formations and is 
maintained in intimate relationship with carbonate and atmospheric carbon 
dioxide. 

Mean concentrations of chemical factors were calculated for 45 surface 
water collection stations in the study area (Figure 111-3). These values are 
tabulated in Table 111-14. To assess the reliability of these values, the 
charge balance between anions and cations was checked; if a difference of 
greater than five percent was determined, the station was not used in analyses. 
To more readily ~ompare the various waters in the area, concentrations were 
converted to milli-equivalents and relative abundance of the ions based upon 
percentage of charge was calculated. 

Trilinear diagram plots were made for each station to aid in interpretation 
of the water quality characteristics. Through the use of these diagrams, six 
water quality types are determined to be present in the northeast Wyoming study 
area. Figure III-IS illustrates the fields in which individual station samples 
fell on a trilinear diagram. 

Surface water quality can be shown to be a function of the geologic for
mations underlying the basin of origin. Five of the surface water quality types 
can be ascribed to a specific formation or group of formations, with the sixth 
type the result of a specific spring issuing forth sodium chloride water. 
Mainstem streams that intercept the waters from many formations will have an 
intermediate water type that trends toward the type having the most volumetric 
input of water and salts (Figure 111-14). 

The characteristics of the six water types are presented in Table III-IS. 
Figure 111-16 is a map locating the areas of occurrence of the water types. 
Type V waters occur in the western part of the study area and originate on soils 
derived from the Wasatch Formation. Type VI waters, derived form the Fort Union 
Formation, are similar to type V waters but higher in sodium and lower in 
calcium and magnesium. The Cretaceous Age formations, particularly the Lance, 
produce sodium bicarbonate waters (Type III) that are extremely high in sodium. 

Within the Black Hills, three distinct water types are present. Type I 
waters are low in TOS and characterized by their calcium-magnesium bicarbonate 
chemistry. These waters originate on lower Paleozoic formations with much flow 
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STATJoac "UttIEI SPECIFIC CORDl'CTA"CE 

6324830 4560 
6324890 2801 
6"'918 2640 
6124925 2690 
6124910 2810 

4443'8105004801 2010 
6634000 2430 

6425720 3800 
6425750 1170 
6425780 3070 
6415900 2330 
6425950 1822 
6426400 3510 
6426500 2440 
442463101044501 1600 
6427700 2345 
441548104311601 1900 
441138104365001 1300 
447724104440801 2400 
6477850 1470 
6428500 1670 
6429500 442 
6430500 1460 

6364700 2160 
6365300 1770 
6365900 2700 
6375600 2050 
6316300 886 
6)78300 2790 
6386000 31SO 
6386500 3470 
435710104294201 2600 
440630104225201 2800 
433959104155101 3500 
434546104312001 4600 
"97900 492 
6392950 2000 
414731104091401 5800 
6394000 4060 
6395000 3820 

TABLE 111-14 MEAN WATER QUALITY AT 

GAGING STATIONS IN NORTHEAST 

WYOMING (1) 

pH C. "I Nil It 

LITTLE POWbF.ft 11'11 BASI" 
7.7 296 345 458 23.2 
7.9 271 168 203 32 
8.2 155 90 31'8 18.8 
8.1 139 97 471 17 .4 
8.1 1~5 98 388 18.6 

LITTLI "155001' 'I'll IASIN 
8.6 26 74 480 6. 
7.8 176 83 335 13.0 

IELL" FOUICRI II'P.I 'ASl" 
7.9 268 164 387 15.2 
8.3 63.6 38.4 197 8.3 
8.0 753 127 277 18.0 
8.0 178 95 202 18.5 
8.0 70.0 77.6 206 fI.4 
8.1 149 141 582 16.0 
8.1 121 72.5 346 12.6 
1.0 120 48 230 6. 
7.5 501 67.5 32 6.3 
8.0 310 II 40 10 
8.2 180 63 25 II 
8.3 340 87 100 9 
7.9 173 54.9 96.6 7.1 
7.9 214 61.7 93.1 1.1 

55 20 1.2 0.7 
7.9 252 52.1 6.35 2.5 

CHI',,""I 119". 1AS1. 
7.9 225 " 190 14.5 
7.8 210 100 74 13.9 
1.0 240 103 271 15.0 
8.0 93.3 58.8 280 12.9 
7.9 15.7 10.3 116 8.6 
8.6 22.2 17.8 625 7.2 
7.9 195 71.1 470 Il.O 
1.1 193 77.5 497 11.6 
1.1 120 36 470 6 
8.1 480 140 62 19 
1.6 290 110 380 II 
8.9 24 15 1100 15 
1.2 51.6 22.6 1.4 1.4 

410 60 3.7 2.2 
7.1 430 93 690 6 
7.8 380 124 502 6.6 
7.9 355 116 423 8.6 

RC03 

453 
364 
399 
472 
381 

890 
303 

271 
360 
271 
258 
259 
565 
425 
260 
164 
260 
)20 
200 
216 
185 
262 
206 

395 
340 
325 
275 
150 
160 
355 
302 
460 
)50 
120 

1390 
284 
722 
180 
un 
236 

(I) 'alu •• ar. In "R/I except apeelflc conductnnce (.oh./c.), pH, and SAM. 

C] SO, SAl rns 

11.6 2720 4.4 4082 
12.2 1470 2.2 2310 
7.45 1270 6.5 2130 

1l.6 1340 7.6 2330 
17 .7 1270 5.9 2130 

5.2 370 16 1370 
9.1 1220 5.0 1990 

20.4 1900 4.4 2350 11'\ 93.4 313 5.7 486 \0 
15.6 1470 3.4 2290 
45.9 966 2.7 161'0 
6.0 704 3.2 1200 

99.4 1571 8.0 2890 
71.6 881 6.1 1720 
6.3 720 4.5 U60 
3.7 1410 .35 2120 

14. 960 .5 1550 
6.5 510 .4 965 
7.1 1200 1.3 1850 
1.9 651 1.7 1120 
'.6 112 1.5 1300 
1.1 3.5 0.035 224 
4.2 H2 0.0" 1100 

15.5 940 2.7 1680 
11.1 no 1.0 1370 
n 1280 3.6 2110· 
14.7 770 5.2 1400 
8.0 3)0 3.4 .660 

16.6 767 23.3 1846 
106 1350 7.2 2470 
74.3 1480 7.3 2500 

170 840 9.7 1370 
14 1600 0.6 1870 
50 leOG 4.8 2$00 

240 900 43 2700 
7.9 1.9 0.03 245 
3;0 1000 0.045 16DO 

980 1500 7.9 3800 
586 .,77. 5.7 3290 
423 1600 5.2 3300 



FIGURE 111-15: Trilinear diagram showing water quality types 
of surface waters in Northeast Wyoming. 
Roman numerals indicate water quality types 
described in the text. 
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TYPE I 

TYPE II 

TYPE III 

TYPE IV 

TYPE V 

TYPE VI 

TABLE 111-15 
CHARACTERISTICS OF WATER QUALITY 

TYPES IN NORTHEAST WYOMINC 

Ca - Kg - HCO 
60\ Ca 3 

35\ - 40\ Mg 
95\ HC0

3 TOS: 0-500 mg/l 
SAR: 0-0.1 mg/l 
Originates' from Paleozoic Age formations. 
Upper Beaver Creek 
Cold Spring Creek 
Ca - SO 
60\ - 8a, Ca 
70\ - 90' SO 
lOS: l,OOO-~,SOO mg/l 
SAR: 0.01-1 
Originates from Sundance, Cypsum Spring, and Spearfish 
formations. 
Redwater Creek 
Inyan Kara Creek 
Beaver Creek 
Na - HC03 

70\ Ha 
30\ - 70\ HC0

3 
105: 1,500-3,000 mg/l 
SAR: 15-50 
Originates frOM Lance, Fox Hills, and Pierre formations. 
Eastern Beaver Creek Basin 
Lodgepole Creek 
Buffalo Creek 
Upper Little Missouri River 
NA - Cl 
,.0\ - 100\ Na 
30\ - 100' Cl 
TOS: 3,000-4,000 mg/l 
SAR: 5-10 
Originates from a Spearfish Formation spring on Salt Creek. 
Wasatch Waters 
20\ - ,.0\ Ca 
25' - 50\ Mg 
25\ - 40\ Ha 
60\ - 90\ SO 
5' - 30\ HC0

4
-

lOS: 1,500-~,500 mg/l 
SAR: 2-4.5 
Originates from the Wasatch Formation. 
Fort Union Waters 
50\ - 65' Ha 
15' - 25' Ca 
15' - 25' Mg 
105: 1,500-3,000 mg/1 
SAR: 0.5-8 
Originates from the Fort Union Formation. 
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derived from springs. Gypsiferous beds in the Triassic Age Spearfish and Gypsum 
Spring formations give rise to calcium sulfate (Type II) waters. Type IV waters 
are high in sodium and chloride and found only on Beaver Creek near Newcastle, 
downstream from a salt spring. 

WATER QUALITY AND USE 

The limitations on water use due to poor surface water quality are rather 
extreme in northeast Wyoming. With the exception of several streams within the 
Black Hills area, surface waters in the study area are not suitable for human 
consumption. Agricultural limitations are much less severe, but production 
limitations and restrictions do exist. These are discussed below. 

Stock Water 

TDS limitations for water being used to water livestock were previously 
presented in this section. Though average TDS values in the area are acceptable 
for the region's primary stock, cattle and sheep, conditions are far from good. 
Also, the values discussed so far are averages; much higher TDS values occur, 
particularly during late summer. TDS values of twice the average are possible 
at that time. Solids concentrations of 7,000 mgl1 or greater have been moni
tored on Rochelle Creek, Beaver Creek near Newcastle, and on the upper Belle 
Fourche River. Also causing problems for stock are the high concentrations of 
sodium and sulfate occurring at locations in the basin. Region IlIon the map 
in Figure 111-16, particularly the shaded part, has extremely high sodium 
levels; high sulfate concentrations occur throughout the study area except in 
region I. 

Compounding water quality problems in the area are high evaporation rates. 
Up to five feet of water may evaporate off stock ponds in this area in a year 
(Culler, 1961). Evaporation concentrates salts in water so that by late summer 
extremely high TOS levels are possible. In many cases, it may be more worth
while to provide water from a high TDS well with storage in a stock tank in 
order that water turnover is increased and evaporation is reduced. 

Irrigation 

Salinity, sodium, and boron at high enough levels all pose problems to the 
metabolism and growth of plants. Fortunately, alfalfa hay, the primary irrigat
ed crop in northeast Wyoming, is tolerant to high concentrations of the above 
elements. Irrigation water with boron levels less than 1 mgl1 is considered 
excellent for alfalfa; average values for boron concentration range from about 
0.1 mgl1 to 0.3 mgl1 over most of the study area. 

Sodium hazard as indicated by the sodium absorption ratio (SAR) and 
salinity hazard, determined by specific conductance, are presented in Table 
111-14. Salinity and sodium tend to enhance each other in their effects upon 
plants, and the potential hazard may be graphically illustrated (U.S. Salinity 
Laboratory, 1954). Figure 111-17 plots representative points of stations in the 
six water quality regions. Sodium is a particular problem in region III, 
especially within the western Beaver Creek basin, though only region I can be 
considered to have good water. The average values do tend to overstate the 
magnitude of the problem, however, since irrigation occurs during high runoff 
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when salt concentrations are lessened. Creation of reservoirs, though, with 
their large evaporation rates, will tend to cause salts concentration. 

INTERSTATE COMPACTS 

Interstate compacts are devised as tools to allocate the water of inter
state streams--streams which derive water from, have their water used by, and 
cross the state lines of two or more states--between or among states. Compacts 
are authored by compact commissions, approved by the involved states' legisla
tures, ratified by Congress, and signed by the President. Although not a 
hydrologic phenomenon, compacts are included in this section on surface water 
resources since their impact upon water use is as critical as is available water 
supply. 

Two compacts affect the use of waters in northeast Wyoming. The 
Yellowstone River Compact allocates water of the Little Powder River, and the 
Belle Fourche River Compact allots the flows within the Belle Fourche River 
basin (Figure 111-18). Neither the Little Missouri nor the Cheyenne River have 
compacts regulating them. Attempts were made to develop compacts for these two 
rivers, but there was never much interest or enthusiasm shown by the states 
involved, and, in certain instances, compromises and approvals could not be 
reached. Though these two rivers are not compacted, and nothing presently would 
stop Wyoming from developing all of the waters of these two river basins, it 
should be realized that an impact or perceived impact upon downstream 
out-or-state users would likely bring litigation against the. state. 

LITTLE POWDER RIVER 

The Little Powder River is regulated by the Yellowstone River Compact, a 
1950 compact allocating the waters of the Yellowstone River and its tributaries 
among Wyoming, Montana, and North Dakota. Specific allocations are defined for 
each of the major sub-basins of the Yellowstone; the Little Powder River is 
covered by the Powder River allocation. On the issue of allocating water, the 
compact states that: 

"Appropriative rights to the beneficial uses of the water ••• existing in 
each signatory state as of January 1, 1950, shall continue ••• " 

and that 

"Of the unused and unappropriated waters ••• as of January 1, 1950, there is 
allocated to each signatory state such quantity of that water as shall be 
necessary to provide supplemental water supplies for the rights described 
(above) ••• J and the remainder of the unused and unappropriated water is 
allocated to each State for storage or direct diversions for beneficial use 
on new lands or for other purposes ••• " 

For the Powder River (including the Little Powder River) the allocation of the 
unused and unappropriated water was based upon a percentage, with Wyoming 
receiving 42 percent and Montana receiving 58 percent. 

Harza Engineering in a report to the WWDC estimated Wyoming's share of 
unused waters in the Powder River basin at 123,700 acre-feet on an average 
annual basis. Since this is an average value, some years will have more usable 
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FIGURE 111-18: Regulating compacts in Northeast Wyoming. 
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and storable water while other years will have less. Because the average annual 
flow at the state line on the Little Powder River is only about 9,000 acre-feet, 
use of all available waters here will impact Wyoming's remaining compact allo
cation very little. A key question that will need to be answered, however, is 
how much of this flow would have to be provided to supply existent Montana 
rights. 

At this time, a detailed study to determine the remaining post - 1950 
unused water in the Little Powder River basin has not been made. Because of the 
highly fluctuating flows in the basin and the limited resource that is avail
able, there is little potential for future development. Continued stock pond 
construction in the proper places will be useful, but stock uses are not reg
ulated by the compact provided that stock pond capacity does not exceed 20 
acre-feet. 

BELLE FOURCHE RIVER 

The Belle Fourche River Compact of 1943 was written to allocate the waters 
of the "Belle Fourche River and all its tributaries originating in Wyoming" 
between Wyoming and South Dakota. The states agreed that "unappropriated waters 
of the Belle Fourche River as of the date of this compact shall be allocated to 
each state as follows: 90% to South Dakota, 10% to Wyoming." Wyoming, however, 
was given unrestricted use of these waters for domestic and stock use, provided 
that no reservoirs for such use exceed 20 acre-feet. Additionally, the compact 
states that: 

"No. reservoir hereafter built solely to utilize the water allocated to 
Wyoming shall have a capacity in excess of 1000 acre-feet." 

A study by the Wyoming State Engineer's Office (Buyok, 1982) estimates that 
Wyoming is presently using only 41 percent of its 10 percent allocation. On 
average, 5800 acre-feet per year of remaining, depletable water supplies are 
available for development. The remaining developable supplies occur primarily 
upon the mainstem Belle Fourche River, Redwater Creek, and their tributaries. 
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IV. G R 0 U N D W ATE R RES 0 U R C E S 

HYDROSTRATIGRAPHY 

Virtually all geologic formations present within northeast Wyoming locally 
yield water to shallow wells, although many of these formations are not con
sidered "desirable" aquifers due to low yield, poor water quality, or both. 
Relatively few geologic formations are considered principal aquifers in previous 
basin-wide studies (Dana, 1962; Hodson and others, 1973), but several additional 
formations are considered minor water sources in parts of the study area (Dana, 
1962; Whitcomb and Morris, 1964; Whitcomb and others, 1966; Crist and Lowry, 
1972; Hodson and others, 1973). Deep burial in parts of the basin has in the 
past economically precluded development of many "desirable" aquifers. 

Figure IV-1 identifies the stratigraphic relationships of the principal 
aquifers, minor or local aquifers, and confining beds within the stratigraphic 
section of the study area. Aquifer systems indicated on Figure A are defined as 
sequences of geologically similar waterbearing stratigraphic units, bounded by 
regional confining beds, which have similar recharge and discharge areas and 
therefore similar groundwater flow paths. Aquifer systems may be locally 
subdivided by low permeability units which inhibit hydraulic intercommunication 
of the aquifers comprising the system. Additionally, aquifers (either local or 
regional) are defined herein to include distinct hydrologic units that have 
recognizable geologic boundaries, and are typically capable of producing ade
quate amounts of water for development. 

For this report, four regionally important bedrock aquifer systems are 
identified in the study area (Figure IV-2). These are the Upper Paleozoic 
Madison, Lower Cretaceous Dakota, Uppermost Cretaceous Fox Hills/Lance, and 
Lower -Tertiary Wasatch/Fort Union aquifer systems. This fourfold division is 
similar to regional groundwater concepts of the U.S. Geological Survey (Northern 
Great Plains Resource Program, 1974; U.S. Geological Survey, 1975, 1979). 

Isolated sandstones within the Lower and Middle Mesozoic and Upper 
Cretaceous shale sequences are locally exploited as aquifers, although their 
areal importance is currently limited to zones near the outcrops. These 
sandstones include units in the Sundance and Spearfish formations in the eastern 
part of the basin (Dana, 1962; Whitcomb and Morris, 1964) and sandstones within 
the Mesaverde, Cody Shale, Frontier, and Chugwater formations in the western 
part of the basin (Hodson and others, 1973; Crist and Lower, 1972; Whitcomb and 
others, 1966). The Minnekahta Limesto~e also has water-bearing potential in the 
northeastern part of the study area. 

In the southeastern part of the study area the Middle Tertiary Arikaree and 
White River formations are developed, where present, by shallow wells with low 
yields. These local aquifers have only limited importance due to their small 
areal extent within the basin. 

Unconsolidated Quaternary alluvial and terrace deposits are only present 
along major stream valleys but, where near population concentrations, have been 
extensively developed as water sources. 
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The principal regional aquitard in the study area is the thick Upper 
Cretaceous shale sequence (including the Pierre and its equivalents), which is 
an effective barrier to groundwater flow and divides the deep (Madison and 
Dakota) and shallow (Fox Hills/Lance and Fort Union/Wasatch) aquifer systems of 
the study area (Northern Great Plains Resource Program, 1974). Aquifers below 
the Pierre Shale are exposed only on the basin margins and have been deformed 
along zones of structural disturbance. The regional flow patterns and 
geochemical trends of waters in these aquifers indicate principal recharge from 
the basin margin outcrops, and also show discontinuities across the intensely 
deformed basin center. Flow patterns in the shallower aquifers are more lo
calized and reflect outcrop recharge and discharge, and also vertical leakage 
between aquifers. Geochemical trends are less well defined, and reported trends 
are often related to well depth as an indicator of small flow path length. 

HYDROGEOLOGY 

Hydrologic properties and groundwater flow of the regional aquifer systems 
and minor and local aquifers within the study area are discussed in this sec
tion. Aquifer lithologies and hydrologic properties are summarized in Tables 
IV-1 and IV-2. The Madison aquifer system has been discussed in greater detail 
than other systems due to extensive interest in its development and the many 
investigations this interest has initiated. 

MADISON AQUIFER SYSTEM 

The Paleozoic Madison aqu'ifer system contains adequate supplies of good 
quality water, is already extensively utilized for municipal and industrial 
supplies, and is currently being further developed (Wyoming Water Planning 
Program 1977; Montgomery, 1979; Bureau of Land Management, 1980). 

Composed of the Cambrian to Pennsylvanian age shallow marine carbonate and 
sandstone sequence, the aquifer system's thickness varies from less than 1,000 
to about 3,000 feet, although some included formations are not considered 
economically viable aquifers. Its most important and extensively developed 
aquifer is the Mississippian Madison (Pahasapa) Limestone. The Ordovician 
Bighorn and Whitewood dolomites, only present in the northern third of the 
basin, also have potential for development (Hodson and others, 1973). The 
Pennsylvanian Tensleep Sandstone and Permian sands of the Minnelusa Formation 
are also significant aquifers although they can produce poor quality water. The 
Cambrian Flathead and Deadwood sandstone aquifers are present only in the 
northern part of the basin, often produce water of lesser quality and quantity, 
and are currently almost undeveloped. 

The system outcrops along most basin margins but is buried by up to 15,000 
feet of overlying rock in the central basin (Figure IV-3). Current development 
has generally been limited to areas where drilling depths are less than 3,000 
feet, although industrial wells over 8,000 feet deep are used. 

In this report the U.S. Geological Survey definition of the Madison aquifer 
system is used which includes the entire Paleozoic rock sequence, although the 
Madison Limestone is the most important aquifer of the system and receives the 
most emphasis. 
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Ti.hlt! IV-l I.ilhlllllgk anti hydrulul:til' (~haral~lcrit»tlcs uf be,lrnck units eXltus('d on the eClst flank of the I'owder River hasin, 'Iyumlng 

Mt:S07.nIC 

00 o 

CretaceUUR Pierre Shale 

Niobrara Fa. 

Carlile Shale 

Greenhorn FIl. 

Be 11 e Fourche Sh. 

tlowry Sha Ie 

Newcastle SSe 

Skull Creek She 

INYAN KAKA GROUI': 

Fall River Fm. 

Thicknessa 

(ft) 

2000!: 
2500-3100 

150-225 
100-250 

500-700 
460-540 

70-370 
30-70 

450-850 
400-850 

180-230 
220t 

0-60 
0-100 

200-250 
160-200 

95-150 
35-85 

Lithologic Charucter 

Shale wiLh some bentonite. thin sU t
stones, lenticular carbonates and 
sandstones. Contains Great Sandstone 
bed (0-125 ft) in north. 

Shale. calcareous shale and .arl 
with numernus thin bentonite beds. 

Shale. locally s.lndy. Contains aiddle 
Turner sandy member in north. 

Shale. limey shale and marl with 
thin limestone beds. 

Shale, dark gray to black, contain
ing iron and liaestone concretions 
and bentonit~ layers. 

Siliceous shale with numerous 
bentonite layers. 

Sandstone, fine- to medium-grained, 
locally conglomeratic. lenticular. 
with interbedded siltstone. shale 
and claystone. 

Shale. black. with iron concentra
tions. 

Sandstone. fine- to coarse-grained. 
with interbedded shale and silt
stone. 

Regioni.1 "'lulLard but """Ie I ow-y h' I cI 
we lis in ollh~rop. RelJUrt l-d y h·1 d. 
none ttl 12 tnl.; SIU!clfh' Cilll;Il'll)', 
<0. I RP-/ft. 

Aquitard but SOInC low-yi"I" w,-II" 
in outer .. p. 

Aquitard but SUIIe low-yield wl'Ils in 
outcrop. Oil field datil: llur~;sJt\'. 

In; IlCrmeab11 ity. 0.02 KluJ/fl -; 
transmissivity. 0.2-0.4 gpd/ft. 

Aquitard; no publ iehed r('curds of 
wells. Oil field data: see 
Carlile Shale. 

Aquitard but SOllie we.1 Is near ""l
crop. 

Aquitard but SOlie wei Is near I'ul

crop; fractures enhance yleld. 

Minor unit of Dakota a~Jjf!:£ _~!¥~!~'III. 
exploited near outcrop nnl)'; nrlt~1I 

excessive.> pU"ling tift. nJI ficd,1 
data: 1,0ros1ty. 5-27%; .,crmeahJl it y, 
<11 gpd/ft2; transmissivity. n-140 
gpd/h. 

Aquitard; no reports of w~lls. 

Unit of Dakota aquifer ~2!~~. 
Flowing yield 1-10 gpm; wells uftc.'11 
also completed in I.aknla fIR. 
Specific ~apaclty. ~0.5 g.,m/ft. 
Oil field data: porosity 11-231.; 
permeability. 0-36 gpd/fl~; tr .. "s
Int flHiv tty. 1-900 1'.l'd/f I • 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the Powder River 
Basin, Wyoming; Volume I-A. 



'I'ah Il' IV-l (cnnt inllt!d) 

Thicknessa 

_ l'~r.at!!~'"! _ ... ______ ._". __ S.Y.~tl!!,!_. __________ Geolog.!cal Un!.t ______ .llil 

m:suZOIC 
and 

)'AU:OZOIC 

PAl.EUZ()(C 

. JUrilssic 

Triassic 
and 

,'ermian 

Permian 

Lakota .'m. 

- Unconformity -

Horrison Fm • 

Sundance Fm. 

- Unconformity -

Gypsum Springs Fm. 

- Unconformity -

Spearfish Fm. 

Hinnekahta I.s. 

Opech Fna. 

45-300 
115-200 

0-150 
150-220 

300-400 
330-365 

0-125 
absent 

450-825 
550-600 

40:t 
30-50 

60-90 
50-lOU 

___________ L~it~)=,~~ogic CI~aracter ____________ _ h l' 
lIydrotogic Charne l~!." ' 

Sandstone. fine- to coarse-grained. 
in places conglomeratic. very 
lenticular. Jrregularly interbedded 
with shale which becomes dominant 
at top (Fuson Sh.). 

Varicolored claystone with thin beds 
of limestone or sandstone; locally 
fine-grained sandstone predominant. 

Sandy and sU ty shale with thin 
limestones and thin to thick sand
stones (e.g •• Hulett Hem •• 55-90 
ft) • 

MaSsive white gypsum with inter
bedded red shale and cherty lime
stone. 

Red shale. siltstone and fine
grained silty sandstone with lenses 
of gypsum, increasing in lower part. 

Fine-grained thinbedded limestone 
and dolomitic limestone. 

Haroon sandstone, fine-grained, silly 
and shalcy, alternating wHh silt
stone, shale, (:Iaystnne, and gypsum. 

Unit of Dakota aquifer Hyst~. "')IlW

ing yield I-tO gpm. up In ISO ~I)m. 
Water we 11 data: Spt!C if ie capac it \', 
0.01-1.4 gp./ft; permeab i IJ ty. 2-I't 
gpd/ft 2 ; transmissivity. 220-H10 
gpd/rt for 2 wells also in Fall KJvl'r. 

Yields up to 10 81,m in uutl~r0l' an.';!. 
Water we Ii data: spec 11' k cap_": 11)'. 
0.2 gpm/rq permeabi1it~·. ') ~lltn/ft.!i 
transalissivity. 160 )Wm/fL. Hil f il.!! d 
data: I,orusity. lUi pl!rmcRh i 1 it y • 
0-74 gpd/ft2. transmissivlLy. 0-2hn 
gpd/ft. 

Minor aquifer (Crook County). t'JIIW

ing yields UI' to 5 gpm. pumpc'd yh'lds 
up to 50 gplt in and near OIlte nIp; 
spec if ic capile tty. 0.1 ~(lm/r l. uil 
field data: por()tdt~. 11-]0%; pennl'
ability. 0-23 gpd/ft-; transmissivity, 
< I 2 50 ~pd / ft . 

Not considered an iH,uHer hut may 
yield water to wells uhtaining 
major supp 1 y from Sundalll~c t'm. 

Minor aquifer (Crouk (:ullnty). Yh'lll1> 
aver.lgl' I) J~pm in uuteru., an'". \'!atc'r 
well d.tla: specH ic l.''''p'll'Hy, U:,(' 
gpm/fL; permeabi! ity. 6-8 gpd/fl" i 
transmissivity. 150-370 ~pd/ft. 

Minor lUluifer (Cruok County). Vic'lels 
average 7 gpm. USGS lest: f Illwee! 
12 gpm; specific capa(~f~y. 0.1 ~l'lIIi 
permeahility. 33 gpd/fll; transmis
sivity. 330 gpd/ft. 

ACluit .. rd; no .,uhllshl~" (L!cnrd III 
wells. 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the Powder "River 
Basin, Wyoming; Volume I-A. 



Tab I e IV-l (cont inued) 

00 
N 

Pennsylvanian 
and 

.'ernalan 

tHssissippian 

Uevonian 

ordovician 

Geolosical Unit 

- Unconformity -

IUnnelusa Fla. d 
(Hartvllle Fa.) 

- Unconformity -

Pahasapa Ls. 
(t-'ad Ison Ls.) 
(Guernsey FII •• part)d 

Englewood Ls. 
(Guernsey F .... part)d 

- Unconformity -

Wh itewood Dol. 

Winnipeg Fm. 

- Unconformity -

Thicknessa 

(ft) 

600-S00 
l000! 

550-900 
2501: 

30-60 
o-so! 

50-60 
absent 

60-70 
absent 

LitholoSic Character 

Sandstone. fine- to coarse-grained. 
interbedded with 1 imestone, 
dolomite. and shale. locally 
gypsiferous, especially at top. 

Massive fine-grained limestone and 
dolomitic limestone. locally cherty 
or cavernous. 

n.in-bedded limestone. locally 
shaley. 

Massive bedded dolomite, locally 
cherty. 

Clayey siltstone (Roughlock). 
sha.le and sll ty shale (Icebox). 
fine- to medIum-grained sandstone 
near base (Aladdin). 

H d I i 1 
b .(: 

y ro og c C .ara.~!!!..._._ 

Upper part is unit of Madison 
!lquHc..!. system. middle is Rfltlit.ud. 
lower is minor aqulfer in hydraul il: 
connect Ion with Madison. F1owln~ 

y Ie Ids alver 200 gpm Ilosalb Ie; spec Lf ie 
call"'l~ity, 1-5 gpm/flo nJi field d"ta: 
porosity, 6-25%; penaeahillty. ·~O.I
IS gpd/ft 2 ; transmissivity, 2-900 
811d / f t. 

.Ir Inc ipo.1 unit of t-tadtsun aqu!!~ 
~ystell!. Flowing or pUMped ylelds 
up to 1000 gp.; specifk eapitt:ity. 
0.5-50+ gpm/ft. flow-dependent; 
l ransmiRslvlty. 1000-60.000 mId/It. 
locally to 300.000+. 

Minor unit of Madiso.~quifer 
M.stem; no published fClturts .. f 
waler wells. USGS test: porllsit~, 

15-1S%, perlM!abUlty, '-0.1 ~IHI/(t-. 

Minor unit of Madison a,~.ifcE 
!lstem; the fcw existing we lIs a If,., 
produce from the t-'adisun .. qulfer. 
USGS test: porosity, \C)-25%. 
spec if ie capac ity, 15 gtl./ft; I'erllk!
ability, <0.1-11 RPd/ft 2 ; trans
missivity,·6400 J;Jld/ft. 

Aquilard 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the Powder River 
Basin, Wyoming; Volume I-A. 



00 

'I'olh I(! IV-l (euut illlll'd) 

PRECAHURIAN 

UrdoviclOin 
and 

Cambrian 

Ueadwood FII. 

- UnconformIty -

Thickness
a 

-.1!..t) 

300-500 
0-50+(1) 

It " _____ ....:L::.:i~t~h.:..;o;..:l;..:0::..lB;L;i~c~C:;.;h:.:a:;.;r;.;:a:;.;c:..;:t;.;:e;.:r~ __________ ..::II:.c.y..::d:.:.r..::o~1 0.l.~ (:Iulc.:!£.tt.:.r_ .• 

Sandstone, locally dolomitic or 
conglOlierat ic. with interbedded 
shale, limestone, dolomite and 
siltstone. 

Coaplex of igneous and .eta.arphlc 
rocks. 

Unit of Madison .l(~.!..t~~.~Y.~~·~ hul 
deep burial Ilm1t~ eXl'lolL;,Uu ... 
USGS test: porosity. 11;20%; 
pe rlll!ah II it y, .; 20 ~I,d I fl ~ . 

I.ocally yields WOlter to sh;,'Io.w 
wei Is :and sl,rlngs in uuh'r.IIH;, 

------------------------------------------------------------------------_. 
at'1rst thi,:kness range refers tu northeastern basin while second refers to southeastern basin. 

bOJlfhdd (mid lIS(;S test) dOlt .. are v;uiously derived resulting In internal inconsistencies in this cOlipUation. Per_abilities are .casured nn cn(t!s 
ur derived from uther data and tnansmis&lvities are fru .. drill stem tests ur calculated froll pemleability. Test data are usually for limited h"rt~""!1 
uf htgh antil'il'ated yields and are not therefore rel)resentative of the forution as a whole. 

l~I((·ported yields Ift3~' reflC'"t development needs rather than aquifer capability; higher yields can soetimes be expected. with c(lrresponding drawdnWII 
increases. Reported water well transllissiv1tIes or permeabUities may be for wells completed in two aquifers or screened in nnl, part of .. sillJtlc 
a',u i f E'r. 

W dN"IIK',Klature fur equtv ... lent strata expus(>d in the lIartvllle uplift on the southeastern Ilasin flank. 

Source: Wate~ Resources Research Institute, Occurrence and Characteristics of Ground Water,in the Powder River 
Basin, Wyoming; Volume I-A. 



l':lhl e IV-2 1.1 thnlogic and hydrologic eharae ter lstics of "shal low" geulogJc units (1I1C hiding Quaternary. Tertiary and ..... It!sl (:retal'eOUH th.!.,us It s) 
of the central Powder RJver basin. Wyoming 

,---_._-------------------_._._--_._----_. 
Thickness 

(ft) -.f:! ~.~~~ _______ S~2tem ______ Se_r l::.;e::..;s~ ___ ...:Ge~o::..;l::..;0:.tlg;L;'~c;~U~n:.;i:.;t:.._ __ _ 

Ct:NOZU'C 

Source: 

QuaLernar)' 

Tertiary 

lIolocene 
and 

Pleistocene 

Miocene 

Oligocene 

Eocene 

Alluvium and Terrace 
deposits 

Arikaree F •• 

- Unconformity -

White River Gp. 

- Unconformity -

Wasatch FRI. 

- Unconformity -

0-100+ 

o-soo 
(southeast 
only) 

O-ISOO 
(isolated out
liers except 
1n SE) 

Up to 1600 

Slit. sand and gravel; unconsol1dated 
and Interbedded; present alona .ost 
streams. 

Tuffaceous sandstone. fine-grained. 
with silty zones. coarse sand 
lenses and concretionary zones. 

Tuffaceous siltstone in upper part. 
underlain by claystone. both locally 

. contain flne- to coarse-grained 
sandstone and conglomerate channel 
deposits. 

Flne- to coarse-grained lenticular 
sandstones interbedded with shale 
and coal. coarser In south and 
southwest. conglomeratic in west. 

~ernary alluvial i.~~~!~rs. VIt".1 
of 1000 gl'. posslb Ie. nf t em 1 hrUlII~h 
Induced recharge. 'ferra",.!s I &tl'tlt~

raphically high and ufttH' drallh"1. 
Spec if ic capac ity. 0.1-1 H lWIII/lt; 
poruslty. 28-4SJ; peraeeabllity. 
0.1-1100 gpd/It i translllllisJvlty. 
15-64000 gpd/ft i S"l!C I r h~ y I,·, d. 
2-39~. Cncu;ser t,,~,"'sj ls hnv,- tll'II," 
al)II if .. 'r prupert Jes. 

Middle 'tertiary a(luHe~. Yh"ds 
up to 1000 gl,m; s.,e,:Hl.' t:"pill·it~ til' 

to 232 gp./ft. IlOrosJl v, S-;!.: .• 
permeabll ity. < I -100 .~pd/rt·-; 
transmissivity. UI' tu 77 .oon .:1',1/11, 

Midtllc_'l'ertiary aquHe!. N"l 
extensively developed bCl'ilUS.· .. v,' .. I,II .. 
by Arjkaree Fa. in "(1st I,lan-s. 
Yields generally low ill,,1 ImpH'tllt-l-
ab 1 e. Spec if ic capa,' ity. '''.', .~l'lII/l I ; 
permeabHIty. 0.0002-0.CH .~I"I/f t.' • 
increases with frnctur in~. 

Part uf Wasatch/Fort ~~!.~~I~ __ !.HJ.,~j ""'r 
~ste.!!!. Yields genenilly '1,) mUll, 
)o(:ally flowing wells c:<isl. SpI'dl i,' 
cal';,,~Jty. 0.10-2 gpm/rt; PUltlslt", » 

28-JOZ; permeability, 0.01-(,) gll.l/ft"'"i 
t nmsmissivtty. avercl~c SOO J~I'd/ll, 
ran~e 1-4000 gpd/ft. 

Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the Powder River 
Basin, Wyoming; Volume I-A. 



'f.lhle IV-2 (c()nl jlHwd) 

Cretaceous 

Series 

Paleocene 

Upper 
Cretaceous 

Thickness 
Geologic Uni:-=t:...-___ ---l(c;:.f..;:t.c..) __ . ___ _ I.lthologic Character 

Fort Union F •• 

Lance FII. 

Fox HUls SSe 

1100-2500+ 

500-1000 (N) 
1600-1000 (S) 

150-200 (N) 
400-700 (S) 

Sandstone, fine- to .ed ""-grained, 
lenticu tar. interbedded with all t
atone, coal and shale. Middle part 
1liiY be shaller in north, upper part 
sl1 tier in aouth. "Clinker" 
associated with coal outcropa. 

Sandstone, fine':' to _diu.-grained, 
lenticular, interbedded with 
sandy siltstone and claystone. 

Sandstone, fi~e- to .odium-grained, 
interbedded with ahale and 
siltstone. 

Part nf Was .. lch't\)rl Llnlun 'lIllIl r ,., 
.!1st~. ~~wln~-ri~·T,I~;-~;':-I-.~O J~I'I" 
wen' cunfined •• 'u .. .,ed )'h .. lcls up II' 

250 tu". with several hundred ,'''('' "' 
drawdown. SpeclfJc COlI,,,,·Hy. 0.1 ! 
gl).lft· perllCabtl it)', O.()I- IOn 
gpd/fti; tranSlllisstvlty. 1- 'inno 
IWd 1ft. Coa I and cI ink,'" ~"",'r;t1 I\' 
better caqulfer 11rupl'rLies th.1Il :;:11,,1-
stulles. J,ocnlly "link"r Lrall~mlls· 

sivHy up tn 1.000.00n Itlllilfl; 
spe"if h~ capacily OVI.!r 20UO .~I'",/ll . 
Anisotropy and leaky (·.,nr in llll~ 1;1 .,'1 

are connon. 

Un it 0 f .'ox II!L~! l! ... ~!!£..e_!~'1~! ! It·_ .. 
systl!1!. Yie 1.ls up to ]50 ~I'"' hill 

with large drawdC'wllN ,11ld 11I1li: Iwr
foralcel intervals. t.o("all), II"will'~ 

we 11 sexist. 51'''1(' if ie C.1pill~ II)'. 
0.05-2 gpm/ft; pcnle,ahH Hy. (,-1', 
gpd/rt 2 i transaisslvHy. Im- .!IO() 
gpd/f t. 

Unit of Fox Ilills/J.m~~:_,~II~~i_~,'! 
system. Yields up to ]SO ~I"'I hili 

with Llrge drnwdowns ,md Itmr. 
perforated intervals. 1.111: a I h' II .w
ing we Its exist. SI'N: if h: ";11'.'" i 1\'. 

0.OS-2 gpm/ft; perm('ahil Jty. l~ 
gpd/rt 2; trans ... ssivily. 76-lf,()O 
gpd/ft for wells also .'onll,lt'let! ill 
I.ance. 

aKeported yields may reflect development needs rather than aquifer capability; higher yields can sOIIIetimes be expected. with c.,rreHpundJng drawduwn 
increases. Reported water well transmissivities or permeabi1ities may be for wells completed in two aquifers or screened tn unly part of a sJnltll! 
aquifer. Reported ranges include varytng amounts of data. 

Source: Water Resources R~search Institute, Occurrence and Characteristics of Ground Water in the Powder River 
Basin, Wyoming; Volume I-A. 
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The degree of hydraulic interconnection of aquifers comprising the Madison 
aquifer system varies and is not well understood. Ordovician shales in the 
northwest part of the basin separate the Flathead aquifer from overlying units 
(Huntoon, 1976). Similar shales are present in Crook County and, although 
potentiometric heads in the U.S. Geological Survey test well suggest intercon
nection of the Deadwood to Madison rock sequence, chemical quality data indicate 
hydrologic isolation. 

The Minnelusa, Tensleep, and Madison aquifers have been interpreted as 
being in hydraulic connection (Head and Merkel, 1977; Swenson and others, 1976) 
and hydraulically isolated (Eisen and others, 1981; Old West Regional Commis
sion, 1976; Wyoming State Engineer, 1974). Huntoon (1976) states that in the 
western part of the basin the intervening Amsden is not an effective aquitard 
where fractured, based on spring studies. Eisen and Collentine (1981) and 
Woodward-Clyde (1980) consider the middle Minnelusa Formation carbonates a leaky 
confining layer in the eastern part of the basin. In the Newcastle area 
geochemical data indicate the basal Minnelusa ("Bell" sandstone) is hydraulical
ly connected with the upper Madison. 

Impeded communication between the Whitewood (Red River) and Madison 
aquifers in Crook County has been suggested (Woodward-Clyde, 1980). Although 
Huntoon (1976) considers the Bighorn and Madison aquifers hydraulically connect
ed, he notes that lower permeability horizons in the Madison Limestone affect 
control on spring locations. 

HYDROLOGIC PROPERTIES 

Hydrogeology of the Madison aquifer has been extensively investigated due 
to recent development pressure (e.g., Wyoming State Engineer, 1974; Konikow, 
1976; Office of Technology Assessment, 1978; Woodward-Clyde, 1980), but is still 
not fully understood. With the exception of the Madison and oil-bearing parts 
of the Minnelusa/Tensleep, little is known about the aquifers comprising the 
Madison aquifer system. 

Yield and Specific Capacity 

Although Madison aquifer wells with flowing yields of several hundred to 
several thousand gallons per minute are common, these yields are associated with 
drawdown of several hundred feet of pressure head. The resultant specific 
capacity (yield per unit drawdown) is considered somewhat low for high-yield 
development by some guidelines ~(U.S. Bureau of Reclamation, 1977). Similar 
large drawdowns are required for high yields from pumped Madison wells. 

Madison aquifer specific capacities reported in the literature or calculat
ed from available data range from less than 0.5 to almost 50 gpm per foot of 
drawdown (Table IV-3). Some of the larger values are from wells tested at low 
yields or restricted flows; Kelly and others (1980a) report "low yield specific 
capacity" of 90 gpm/ft for one unspecified Madison well. Typically, high yields 
are required from Madison wells, and in general, specific capacities at high 
yields are less than 5 gpm/ft, somewhat lower (less than 1 gpm/ft) in the 
southeastern basin, and over 10 gpm/ft only at the Salt Creek Oil Field, north 
of Casper. 
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00 

Tablp IV-3 Calculated RpecHlc capa'" t I,'s (ylpld p~r unit dra,,,duwn) (tf .Iadlson a~II1f,"r wella, Puwder Riv,'" hllAin. \.Jv()1II11l!~. 

Test Specific 
'~e11 II nurat Ion Ilrawduwn YI,'ld Capacity Datil 

(1·1~_~_~~_c. • .!_~ .... _ ~~L ___ J!.aJ}~ ___________ . ______ (h.r..~L ___________ J!!.t _________ ~l)!'!.l------Jlu~'!!LU---___ Sourc~ __ 

CONVERSE COUNTY 

J'1/15-8 1)1\11 4/27/b) 7 dClys 11301 510 0.38 1 
-1-/61 168 8no 510 0.64 2 

33/7h- n cn- 1/-/62 ? 16 75 4.7 2 
53 220 4.1 2 

? 1)2 320 3.5 2 

34/76-; UAB unk ? 5')() 330 0.60 3 

CROOK COllNTY 

51/66-1, BeR S/8/79 134 82 0.61 5 
223 128 0.57 5 
296 171 0.58 5 

22._75 301 166 0.55 5 

6/28/79 19 82 4.3 5 
)4 128 3.8 5 
49 171 3.5 5 
9) 280 3.0 5 

1')1 430 2.8 5 
242 590 2.4 5 
274 63S 2.3 5 

15.25 295 635 2.2 5 

+52/63-25 nc -1-/711 1 58 175 3.0 1 
1 14 190 13.6 1 

-1-/72 24 74 200 2.7 2 

S3/fJ~-18 lum 'l/2fJ/62 140 min. ) IS 15.0 2 
80 min. 4 25 6.2 2 

120 min. 6 3() 5.0 2 
110 min. 9 37 4.1 2 
95 min. 10 4() 4.0 2 
12 13 4S 3.5 2 
16 )9 55 2.9 2 

57/65-IS nAC lO/20/76 2.1 4 
1.) 4 

-Step dl~c1 .... -~,· tl''';' 
30 min. stl·p~. 

pre add frac. 
final sh'p. :W + hrs. 

-Stl"P df~chart~(· t,'sl 
1" min. st(>p~ 
pnst i,e hi f .. elc. 

f I na 1st "P. 12 + tll-~. 

"Ut-'ld for 24 hUllrs" 
"lIeld for )0 davs" 

- Slt!P d I SCh:Hlt(· ;uut 
H·('oV(·ry t('st s 

from ~!rlll stt'lII It'!" (III')) 

frum drill sl,'''' "'HI (l!Hd 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the Powder 
River Basin, Wyoming; Volume I-A. 



00 
\0 

'1','1,,1<' IV-3 tCllnl inul'd) 

Test Spel~ J f l(' 

U,-' II " ()urat I Ill' IlI'a\'/lIm.", Yh·l,1 Capat'tty Data 

(TIl( St',~ '.'. \., ',,). _ ,_.,Uatt: _ .... __ , , .. _ ',' JI~_!i_L. ___ ._ . _ .. __ .Jf !)_ .. _._ .... _____ -.1&P~t _____ . .. (g.P.~!H.tJ ._ .. , ___ S0l!.r_,:~ Rt'marks 

WESTON COUNTY (cont.) 

45/61-21 t;'iU 4/-/66 72 200 460 2.) 3 
9/1 166 72 1411 46) 3.) 1 -Keported dr:,wllown !D;IY 1,,'1 

include S (I' ('omp,lnenl 

unk 1 60* 50 0.83 2 

H5/111-~H AB- -1-lh2? 3 wks. 270''< 1200 4.4 1.2 
7/-/{,5 18 276 15.3 3 

1,5/61-29 t:nn 5/2o/hU 8 mill. 4()2''r 117 0.25 1 
unIt J4(,'" 120 0.35 2 

',5/61- HI AI JI\ 7/-/MP )00* ()50 2.2 2 

!,5/{,I-H An 4/-/M'! 121* 290 0.90 1.2 "rest r I,'l,·" surf"cl' fit···· .. 

'.6/f)1-10 elM 8/28/79 719.mln. (dR'! 579 0.91 1 

ItCd6'J-J 5 nile -/-/51 J9)* SOO 1.3 2 
link ]91* 190 0.48 2 

/,6/(11-17 cne -1-/69 '! S'lI''t 800 I.S "Flow lhroll~h 2 inch h,.s,·" 

-/-/b9'! 647* 800 1.2 1.2 HUh'rent rCI'Clrh',1 SII' 

8/-/73 427* 800 1.9 2 1~low ma\' nul he 1')] 1 ,1:1 t .. 

46/6tt-1) e<:,\ -1-/60"! 92* 30 0.33 2 Yield m:ly nul bl' 19hU ., .• 1 a 

+lt6/ft /.-19 RUC -/-/56'! SO 280 3.5 3 I'II1JmC'd. IlJ(,,) 

!,6/M-2) cr.n )/5/65 6 65 70 1.1 1 !;,,, .. h t(.'st 

6/-/72 seve wks. 29" )08 1.1 3 

1,6/65-20 CUll 9/19/60 6 2q5! 425 1.4 

l,ft/65- :n RAJ) 6/-/72 2 mns. 76 225 3.0 3 
link MIO 600 1.5 2 

1.6/66-25 JlISIl It! 16162 1 ]0 354 11.8 1 
6/-/72 4 IIIOS. 211 360 1.7 3 

I.7/6()-4 AA 8/9/(-,5 36 5'! R 1.6 

48/65-25 <:un -I-Il,l} 5') min. 517 15./. 0.01 1 
{,/-/72 (, III) 210 1.9 1 

1,8/(,')- I') CC:- (1/-//:' ') Inl 155 1.5 ) () hrs. pl'r sn .. rc(' H :~ 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the Powder 
River Basin, Wyoming; Volume I-A. 
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Tah I" IV-3 «(,llllt Inlll'd) 

T~Rt Sp~clflr 

\-Il.·11 iI UuraLion Uca"'lit,wll Yh·ld CalliU'iLy Uala 
(,IJ.I(--,C;_(,~. , __ ~~_,_ ~.J ____ J)_oI!t~ ________ (!~~l ___________ U_~L ___________ JSl~mt __ , _____ (al'!!'lr!l ____ ~our.~·, ____ _ 

NIOBRARA COUNTY 

+36/(,2-28 AB) -/-/74 24 95 51 0.60 1 
4/24/74 108 88 51 0.6') 6 

+36/h2-28 AU2 -/-/74 3 310 l1n 0.46 1 
S/-/74 119 min. 211 104 0.48 2 

204 min. 386 180 0.41 2 
5/3/14 120 26(, 125 0.41 6 
')/19/74 198? 390 180 0.46 6 

24'~ days 330 150 0.45 6 
8/28/74 96 310 110 0.46 6 
911114 48 110 110 0.46 6 

39/62-2 AAB -/-/62 ? 36 30 0.8"1 2,1 
2/26/63 36 60 1.1 I 

WESTON COUNTY 

44/61-2() CAe 6/6/61 5 23 250 10.9 1 
6/-/61 5 ]1') 250 1.4 3 

45/61-20 neA -/-/49 ? 462* 1600 3.5 1 
unk 113 600 3.5 3 

? 211 1000 3.6 3 
462 ]500 1.2 1 

unk ? 121 600 4.1 2 
? 231 1000 4.3 2 

416 1500 3.6 2 

','j 161- 2() UCC -/-/78 'f 'i81 * 640 1.1 

-lH scharg(' h·d,,,.',·.i aft"" 
8';. days pUlllpln~. 

swah test 

-Statl<: water Ip.vel pre
RUlOCd ('qual t" orlgln;1I 
shut- In pn'ssun' (t-ft(,:' ft) 

-Static water I (>vp. I (In'

sunIl'" (,f!lIa I til I'J(,2 shul
In l'r(>sHun' (. !tI(, ft) 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 



Madison wells with step-discharge data often exhibit nonlinear head losses. 
At Devils Tower these are interpreted as well losses due to small casing diame
ter by Whitcomb and Gordon (1964). Kelly and others (1980a) attribute the head 
losses to turbulent flow in near-well fractures. 

Yields and specific capacity data for other aquifers comprising the Madison 
system are sparse. Reported Minnelusa/Tensleep yields are generally less than 
200 gpm. One Tensleep well in the outcrop area in Johnson County (47/83-15) was 
tested for five hours at 0.3 gpm per foot of drawdown (Whitcomb and others, 
1966). M1nnelusa well specific capacity in Crook County is 1.4 and 4.7 gpm/ft 
at Devils Tower and Hulett, respectively (Wyoming Water Planning Program, 1972). 
In the northeastern part of the basin Eisen and others (1981) report three upper 
M1nnelusa specific capacities between 0.1 and 0.3 gpm/ft, and one greater than 
10 gpm/ft. The Red River Dolomite was tested at 15 gpm/ft at the u.s. Geolog
ical Survey Test Well (57/65-15) (B1ankennagel and others, 1977). 

Permeability 

The evidence below indicates most Madison aquifer permeability is secon
dary, associated with restricted zones of solution and/or fracture. Miller 
(1976) specifically noted the importance of fracture permeability in southern 
Montana, and Woodward-Clyde (1980) view the upper part of the aquifer as con
taining randomly distributed local zones of well-developed secondary porosity 
and permeability. The permeable zones of the Madison and Red River carbonate 
aquifers can be considered typical of good aquifers, but the sandstone aquifers 
of the system are poor, especially by comparison. 

Madison aquifer permeability, measured on cores from the U. S. Geological 
Survey Crook Cou~ty test well, ranges from less than 0.01 to 789 mi11idarcies 
(up to 16 gpd/ft for water at 60°F), whereas Madison permeability calculated 
from t~o drill stem tests on the same well is higher, averaging 2,112 and. 279 
gpd/ft for the intervals tested (Blankennage1 and others, 1977). The differ
ence may reflect the influence of bedding plane partings and fractures, which do 
not affect the core data, or may reflect basic differences between methods of 
determination. 

Secondary development of porosity by solution and/or fracturing is an 
important factor in Madison water well productivity. For example, driller's 
logs (Wyoming State Engineer's Office permit files) of several Madison water 
wells in the eastern basin report restricted zones within the upper Madison 
which provide most of the well yield. Often reported are water-filled voids, 
totalling 40 percent of one 15-foot interval in the Devils Tower well (53/65-18 
bbd) • At the Gillette well field, developed along the axis of a Laramide 
syncline in western Crook County, lost circulation zones associated with high 
secondary solution permeability are present in some wells (Kelly and others, 
1981), and these wells are the best producers. 

Tabulated Minne1usa/Tensleep permeabilities (Table IV-4) are for producing 
oil sands; the method of determination, sample interval, and qua~ty of data are 
all unknown. The reported values range up to almost 20 gpd/ft , but most oil 
fields in the basin average an order of magnitude lower. Minnelusa permeabi1-
ities measured on core samples taken from a water test well in northern Crook 
CountY2were somewhat comparable, though generally lower, ranging from nil to 11 
gpd/ft (Blankennagel and others, 1977). 
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Table IV-4 Hydrologic properties of Permo-Pennsylvanian rocks of the Madison aquifer system, Powder 
River basin, Wyoming, determined from oil field data. 

Field 

Approximate 
Location 

(T/R) 

Pay 
Thickness 

(ft) 

Y.eP.er Minnelusa Fm. ("Converse" sands): 

Basin 

Basin Northwest 
Bishop Ranch 
Bishop Ranch South 
C-H Field 
Deadman Creek 
Dillinger Ranch 
Duvall Ranch 
Donkey Creek Area 
Guthery 
Halverson Ranch 

Hanun 
Kuehne Ranch 

Kununerfeld 
Lance Creek 
t-tellott Ranch 
Pickrel 'Ranch 
Pleasant Valley Ranch 
Prong Creek 

47/70 

47/70 
48/70 
48/70 
52/70 
53/67 
47/69-70 
49/69 
49-50/68 
51/68 
49/69 

51/69 
51/69-70 

50-51/68 
35-36/65 
52/68 
48/69 
51/69 
50/67 

24 
30 
45 

180 

100 
18 
30 

0-50 

37 

35 

18 

30 
25 

36 
26 
45 

Porosity 
(%) 

14.7 

12.7 

15.1 

17.6 
16.8 
17 
8-25 
18.9 
14.3 
13 
19.7 
14.7 
13.8 
15.8 
17 
16 
16 
16.1 
11.1-14 
8.6-24.6 
18.5 
23 

Permeability* 
(md) 

61.8 
62 
46 
48.4 
100 
100 
230 

100 
88.8 
20-1000+ 
184 
132 
56 
239 
64.1 
32.1 
100 
208 
3 

126 
29 
13-936 
411 
834 

Calculatedt 
Transmissivity 

(gpd/ft) 

27 
34 
38 

328 

419 

55 

<910 

89 

152 

33 

2 

9-613 
194 
683 

Data 
Source 

5 
4 
4 
5 
4 
5 
4 
5 
5 
5 
1 
5 
2 
5 
5 
5 
5 
5 
5 
3,5 
5 
5 
5 
2 
2 
2 

Source: Water Resources Research Institute, Occurrence. and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 



Table IV-4 (continued) 

Approximate Pay Ca1culated"t 
Location Thickness Porosity Penneabi1ity* Transmissivity Data 

Field (T/R) (ft) (%) (md) (gpd/ft) Source 

Rainbow Ranch 49/71 10-35 17 170 31-108 2 
20 16 90 33 2 

Raven Creek 48/69 15-65 <19 <200 <237 2 
30 13 60 33 2 
35 15 50-200 32-127 3 
38 15 92 64 5 

Robinson Ranch 50/67 18 :1 14 200 66 3 
22± 21 440 176 3 

Roehrs 53/70 17.3 115 5 
Rozet South 50/70 17.8 212 5 
Stewart 50-51/69 5.8-14.8 10.7-134 5 
Timber Creek 49/70 40 16 80 58 2 

\0 20 16 80 29 2 
w \fuis1er 50-51/70 12.1 18.6 242.2 5 

Middle Minnelusa Fm. ("Leo" sands): 

Lance Creek 35-36/65 100 8-23 0.5-324 1-590 3 

Tens1eep Ss.: 

Horse Ranch 36/81 20 13.5 12.2 5 3 
Meadow Creek 41/78 17 11 14 4 5 
North Fork 44/81-82 90 1.9-24.3 54-1140 88-1867 1 

90 13 116 190 1 
Notches 37/85 20 17-20 100-400 36-146 3 
South Casper Creek 33-34/83 35 16 200 127 3 
Sussex-Meadow Creek 41-43/78-80 60 11 14 15 1 

Area 
Sussex 42/78 103 0.4-18.6 0.01-271 0.02-508 5 
Tiesda1e East 41/81 30 20 700 382 3 

Sources: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 



Tab Ie IV - 4 (continued) 

NOTES 

-3 2 0 *Nd x 18.2 x 10 = gpd/ft , assuming fluid is water at 60 F. 

tAssuming fluid is water at 600 F and pay thickness equals aquifer thickness. 

Data Sources: 1 - Wyoming Geological Association, 1958 
2 - Wyoming Geological Association, 1963 
3 - Wyoming Geological Association, 1957 (supplemented, 1961) 
4 - Wyoming State Oil and Gas Commission files 
5 - Collentine and others, 1981 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 



Ordovician rock permeability, measured on cores fro! the U. S. Geological 
Survey test well in Crook County, ranges up to 89 gpd/ft , with the Red River 
Formation exhibiting zones of high permeability (B1ankennage1 and others, 1977). 
Data from drill stem tests indicatzd "an average permeability to the produced 
fluid of 35,139.8 md (640 gpd/ft) for the estimated 10 feet of effective 
porosity within the total 180 feet of interval tested" (B1ankennage1 and others, 
1977, p. 76). 2Cambrian sandstone core permeability in the same well ranged from 
2 to 18 gpd/ft • 

Transmissivity 

Transmissivity of the Madison aquifer is poorly known and no regional map 
has been published. Estimated values reported in the literature range from less 
than lzO north of the study area in Montana (Miller, 1976) to over 300,000 
gpd/ft (see Table IV-5). Reported values may not be comparable due to the 
variety of estimating techniques used: drill stem tests, flow net analysis, 
estimation from specific capacity, and pump test interpretation. Konikow (1976) 
indicates that individual point aquifer tests do not reflect regional 
transmissivity accurately due to the variability of local secondary permeabil
ity. Kelly and others (1981) propose a conceptual model which considers the 
Madison a "vertically zonated double-transmissivity aquifer" to explain observed 
data. 

GROUNDWATER MOVEMENT 

The general circulation pattern of Madison aquifer water is basinward flow 
from exposed outcrop recharge areas, with subsequent northward subsurface 
outflow to Montana (Eisen and others, 1980; U. S. Department of the Interior, 
1974; Wyoming State Engineer, 1974). Subsurface outflow to. the southeast has 
been tentatively inferred, as has subsurface inflow across the Casper arch from 
the west (Wyoming State Engineer, 1974; Rahn, 1975). Interpretation of Madison 
aquifer water flow is complicated by both structure-related aquifer inhomogene
ity and the possibility of vertical leakage. 

In the upper Minnelusa aquifer there is shallow outcrop-related water 
circulation, with water moving down-dip, dissolving gypsum, then migrating 
upsection to emerge as springs (Bowles and Braddock, 1963). Eisen and others 
(1981) report regional flow paths in the upper Minnelusa in the northeastern 
part of the basin are similar to those in the Madison. 

Available Madison head data have been compiled into potentiometric maps by 
several workers (Eisen and others, 1980; Wyoming State Engineer, 1974; U. S. 
Department of the Interior, 1974; Swenson, 1974; Swenson and others, 1976; 
Konikow, 1976). Since essentially the same data were used by most workers, the 
maps produced are similar; a representative example is shown in Figure IV-4. 
The map must be considered only a general characterization on the potentiometric 
surface (Swenson and others, 1976) due to sparse data, a thirty-year range in 
data age, and variable data sources, including shut-in pressures, water level 
elevations, and drill stem tests. 
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tah I., IV-5 1{('I)Urll·.1 l ransmlssiv I t j(,H and st(1r;l~e coeffic lents for the tladir.on aqul fer tn the Powder Ktvl'" IUtH In. WYutllln.~. 

Transmissivity 
'\~'-.!.l ______ . __ . _ . _________ ~~Il~! !.It __________ !,!lJH~~L~Q~f.H!;!m!t __ . ____________ .Source ______ -_ .... - - "- _ .. "Icthod "Uticd 

Gtll"lle W"II Field (51/66-6) 
\.Jell CR-I. 

\Jel I CR-4 

W('II City til 

He 11 , 45/61-28 

Wt'li iI 45/61-2U 

nSf W,dlfleld (Niobrara Co.) 

Near Ilnll~las, in SOllth 

-Ie Vnll"l(' t('Rlpernturt! dt·pcn,h·nl. 

3.000-21.000 

150.000 

150,000-300,000 

",10.000 

5.000-1r;.ooo 

58,000 

29,920 

11,000 

1 .000- ) , 000 

4.900-1.120 
2.420-3,400 

500-1.000 

6,460-23.260* 

4.5 x 10-5 - 1.8 x 10-5 

7.7 x 10-4 - 9.2 x 10-5 

10-4 (est) 

"lankenna~el et al •• 1911 

Wyoming Water Planning 
hogram. )917 
t'ontgomery. 1919 

t'untgomt'ry, 1979 

Wyo. St. Eng •• 1914 

Woodward-Clyde, 1980 

Swenson et al., 1976 

Woodward-Clyde, 1980 

Stockdale. 1914. also 
Anderson and Kelly. 1914 

Rahn, 1915 
RRhn. 1915 

Wyo. St. Eng •• 1914 

Kun I knw, 1916 

Knnlkm". 1916 

Urlll st('m tt"st~ 

Sln~le well PURII' t('Sl 

2-wel1 pump test a",1 .,tlwr 
dnta 
2-w('11 pllmp t ('st ami .,th,'1 
data 

F.!Ot lmal t· 

F low and r",'ov,' ry. 2 w,·) Is 

Spec I f I c capac I t Y ha!-wd 
('st ImatE> 
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Effects of Structure 

Fracture zones may divide the Madison into discrete hydrologic units but 
the exact hydrologic effects of these boundaries are as yet undetermined 
(Cushing, 1977). Steep potentiometric gradients in the eastern basin are 
associated with the Black Hills monocline, and steep gradients in the western 
and southern basin are associated with the structurally steep and faulted basin 
axis. Woodward-Clyde (1980) considers these areas lIkely low-transmissivity 
zones. In the northeastern and southeastern parts of the basin there is a major 
change in total dissolved solids of Madison water across both the monocline and 
the Fanny Peak lineament (Eisen and others, 1980), indicating these features are 
hydrologic boundaries. Similar water quality differences and conclusions are 
noted for the upper Minnelusa aquifer at the Black Hills monocline 
(Woodward-Clyde, 1980). 

Alternatively, fracture areas have been interpreted as local 
high-transmissivity zones. For example, the Fanny Peak lineament in the south
eastern basin provided a partially recharging zone near the once proposed ETSI 
Niobrara County well field (Office of Technology Assessment, 1978). 

Vertical Leakage 

Vertical leakage between the Madison aquifer and stratigraphically adjacent 
aquifers has been proposed (Eisen and Collentine, 1981; Woodward-Clyde, 1980; 
Konikov, 1976). Eisen and Collentine (1981) eSEfrated th_~3midd!.1 Minnelusa 
vertical leakage coefficient to be between 5 x 10 and 10 sec, based on 
sulfate mass balance computatiQns. Woodward-CI~de (198~~ spec!{ied the leakage 
coefficient between the Madison and Red River as 10 sec. The leak~,O 

coeff!Iient ~ttween the Minnelusa and Madis~Y1has be!Y3spec!fied as either 10 
to 10 sec (Woodward-Clyde, 1980) or 10 to 10 sec (Konikow, 1976) in 
the models of the Madison aquifer. 

Recharge 

Recharge to the Madison aquifer within the Powder River basin is principal
ly through direct infiltration of precipitation in outcrop areas; there are no 
reports of extensive interformational vertical leakage or stream losses. Most 
published reports on recharge have specifically considered recharge to Madison 
Limestone outcrops rather than to the entire Madison aquifer system. Recharge 
estimates range from 75,250 acre-feet/yr (Old West Regional Commission, 1976) to 
8,300 acre-feet/yr (Rahn, 1975). Also often cited is an estimate of recharge 
"considerably in excess of 100,000" acre-feet/yr (Bishop, 1975). Discrepancies 
reflect varying definitions of recharge and different techniques of calculation. 
Eisen and others (1980) have recently reviewed recharge estimates for the 
Madison in the Powder River basin. They point out that the highest recharge 
estimates incorporate shallow infiltration which resurfaces at springs and does 
not enter the regional groundwater circulation; they also note that Rahn' s 
(1975) estimate erroneously included a porosity correction. 

The Old West Regional Commission (1976) study of net stream gains and 
losses concluded that Madison water lost to streams contributes a significant 
portion of base flow. Gries and Crooks (1968) found that measurements of stream 
gains and losses across Madison outcrops in the· eastern Black Hills in South 
Dakota were significantly affected by underflow in valley alluvium, a factor not 
addressed in the Commission study. 
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PERMO-TRIASSIC AQUIFERS 

Within the Powder River basin Permo-Triassic rocks are locally developed as 
low-yielding water sources. The Minnekahta Limestone is developed in the 
northeastern part of the basin, as are the redbeds of the Chugwater (Spearfish) 
Formation. Springs yielding over 100gpm, which issue from the Permo-Triassic 
are considered Madison aquifer system water rising along geologic structures 
(Crist and Lowry, 1972). 

In the northeastern part of the Powder River basin 83 wells tapping the 
Spearfish aquifer have been inventoried (Eisen and others, 1980, 1981), of which 
the vast majority -are stock and/or domestic wells in southeastern Crook County. 
Average yield of the inventoried wells is about 13 gpm. Two pump tests of 
Spearfish wells northeast of Hulett, in central Crook County, have reported 
specif~c capacities of 0.5 and 0.6 gpm/ft of drawdown, permeabi1ities of 6 and 8 
gpd/ft , and transmissivities of 150 and 370 gpd/ft (Whitcomb and Morris, 1964). 

Minnekahta aquifer wells inventoried by Eisen and others (1980, 1981) in 
the northeastern part of the basin numbered 29, with an average yield of 7 gpm. 
Whitcomb and Morris (1964) did not consider the Minnekahta Limestone to have 
development potential but at the U. S. Geological Survey Madison test well it 
showed good potential for low-yield development (B1ankennagel and others, 1977). 
At this well, the Minnekahta flowed 12 gpm, had a specific capacity of 0.1 
gpm/ft of drawdown, and had an effective transmissivity of 330 gpd/ft. The 
averag~ permeability for the estimated 10 feet of effective porosity was 33 
gpd/ft • 

SUNDANCE AQUIFER 

The middle Hulett Sandstone Member of the Sundance Formation is an impor
tant local shallow aquifer in Crook County, where wells are generally capable of 
yielding more water than required for domestic and stock purposes (Whitcomb and 
Morris, 1964). Other sandstones present within the Sundance also yield water in 
Crook County, although it may be of lesser quality (Whitcomb and Morris, 1964). 
Sandstones in the Sundance in the southeastern and southwestern parts of the 
basin often yield oil. 

Eisen and others (1980, 1981) inventoried 177 wells in the eastern part of 
the basin which produce from the Sundance aquifer; most are domestic/stock wells 
in central Crook County with an average yield of 9 gpm. One reported pump test 
(Whitcomb and Morris, 1964) showed a specific capacity of 0.1 gpm/ft of 
drawdown. 

Data from oil fields with Sundance producing zones are presented in Table 
IV-6. 2 In general, porosity is 10 to 25 percent, permeability is less than 8 
gpd/ft , and calculated transmissivity is less than 150 gpd/ft. At Lance Creek 
higher than typical pay thickness results in a calculated transmissivity of 
about 400 gpd/ft. 

DAKOTA AQUIFER SYSTEM 

The U.S. Geological Survey (1979) defines the Dakota aquifer system to 
include all Early Cretaceous age sandstones present in the Powder River basin, 
together with intervening shales. The principal aquifers comprising the system, 

99 



..... 
o o 

Table IV-6 Hydrologic properties of the Sundance llquifer in the Powder River basin, determined 
froID oil field data. 

Field 

Lance Creek 

Lightning Creek 

Approximate 
Location 

(T/R) 

35-36/65 

36/65-66 

Pay 
Thickness 

(ft) 

55 
64 

8 

Porosity 
(%) 

20-30 
21 

11.5 

-3 2 0 *Md x 18.2 x 10 = gpd/ft , assuming fluid is water at 60 F. 

Permeability* 
(md) 

0-1250 
338 

<1 

"'Assuming fluid is \-Iater at 60°F and pay thickness equals aquifer thickness. 

Data Sources: 1 - tolyoming Geological Association, 1957 

2 - Collentine and others, 1981 

Calculatedt 
Transmissivity 

(gpd/ft) 

<1250 
394 

0.15 

Data 
Source 

1 

I 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 



generally marine, fluvial, or deltaic lenticular sandstones, are, in the east, 
the Fall River ("Dakota") and lower Lakota formations, members of the Inyan Kara 
Group; and, in the west, the lower part of the stratigraphically equivalent 
Cloverly Formation. The Newcastle (Muddy) Sandstone is a minor aquifer included 
in the aquifer system due to geologic similarity. The Newcastle is a lateral 
equivalent of the upper Dakota Sandstone, which is the most important aquifer of 
the system in South Dakota. 

Aggregate thickness of the aquifer system ranges from 350 to 800 feet, 
although much of this interval is shaley horizons which do not produce signifi
cant amounts of water. The Dakota aquifer system is extensively developed in 
the northeastern Powder River basin, often by wells completed in more than one 
aquifer, and serves as a shallower water source than the Madison aquifer system. 
Wells in the central part of the basin, where the Dakota is relatively deeply 
buried (Figure IV-5), often produce oil, especially from the Muddy Sandstone. 
Unproductive oil tests occasionally are left as flowing water wells for stock 
watering purposes. In the southern Powder River basin the Dakota system is 
locally tapped for stock and industrial use. 

Claystones of the Jurassic Morrison Formation are the lower boundary of the 
aquifer system; the upper boundary is the bentonitic Mowry Shale. The U. S. 
Geological Survey (1979) proposes a model that includes vertical leakage, 
implying there is some flow through these bounding shales. The Skull Creek 
Shale and shaley upper part of the Lakota Formation may be partial hydrologic 
barriers, subdividing the aquifer system. Available data are inadequate to 
determine such division regionally, although local evidence indicates that at 
least the individual Muddy/Newcastle sandstones bodies are hydraulically isolat
ed (Stone, 1972; Wulf, 1963). Harris (1976) considers the Skull Creek Shale a 
sealing caprock for petroleum accumulations. 

Hydrologic Properties 

Hydrologic properties of the aquifer system have not been extensively 
investigated; therefore only general characterizations are possible. Regional 
variability of lithologies and sparse data prohibit comprehensive description. 
Completion of wells in more than one aquifer of the system further complicates 
interpretation. Aquifer properties indicate only moderate groundwater develop
ment potential compared to other systems in the basin, although high- capacity 
wells have been developed at the expense of hundreds of feet of drawdown. 

Yield and Specific Capacity 

Moderate yields are obtainable from the aquifer system. In the northeast
ern part of the basin wells flowing 1 to 10 gpm are common and yields up to 150 
gpm are reported (Whitcomb and Morris, 1964). 

Reported Dakota aquifer system specific capacities generally range from 
about 0.1 to less than 1.0 gpm/ft (Table IV-7). MOst of the tabulated data are 
for the Lakota aquifer. No consistent differences between wells completed only 
in the Lakota and other completion zones are identifiable due to the limited 
reported data base. Specific capacities exceeding 4.0 gpm/ft have been reported 
for two wells in southern Niobrara County identified as completed in the Inyan 
Kara Group (Whitcomb, 1965). At both these wells the Inyan Kara is directly 
overlain by the White River Formation, which may contribute to the yield. No 
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Tahle IV-7 th~JlI'nt·d Hllt'cHlt' c'apa('hl('s (vl('lcl I)('r unil d .... wduwn) (If Wt·lIs in the Unknta aqIlU"r 8YSll·lII. 
Pm"dl'r Rlw',- basin_ 'o/ynlllllll~. 

Test SP"c I fie 
,""II 1,ll('allnn Ct'Clln,;ic: "fest Iluratlnn O.-:n.:,IO\"n IHscharge Capac fly Data 

n/n-Sec. I,. ',.) Formatlun(s) Dat~ (hrs) (ft) (gpm) (gpm/ft) Source Ren.arks 

CROOK COUNTY 

'j')/(ll-~ /lC "f r E. "Ik 8/3/56 2 33.5 3.2 0.10 

'lh/(,?-- ~~H BI\ Kfr l.. I\lk 7/21/56 II 21.2 9.2 0.47 flnwlng ,,,,,11 

, !") Ill' t: Ik 7/21/5(1 '1 Il.'t 2.9 0.24 

S(,/f,',-H u: Klk 11/2/')(, 20. 25. 1.2 f 10\,' I n~ wt' I I 

N I ()RRAI~A COllNTY 

)ta/('5-1 81\ Kik 101-/59? 50 F. 60 1.2 3 

-I I": Klk 101-/59? 50 E 220 4./, 3 

15/65- Vi ,\1\ Kik -/-/41 35 140 4.0 3 f ) nw I nA ,,,t' II Il'!H 

-'('/(,1- :!/. n: Klk 7/-/M)'! 2 300 40 O. )] 4 

')7 /62-1 1\,\ .:Ik 6/17/71 15 7 0.47 4 ha 11('r (('st 

"8/(.2-2') Ill: Klk 5/10/67 7 1,/, )0 0.68 4 

40/f,O-29 lUI Klk -/-/69 24 120 6 0.05 4 

',f)/(11-2'; C!lU t: I k 6/15/7(J 72 350 8 0.02 4 

Source: Water resources Research Institute, Occurrence' and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 
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Til" I., IV-7 (nllli. i 1lI1l',1) 

I('!il 

Wl'll Lllcallon :;l'nlllgic nur,"1t ion 
(T/H-S{'" , 1 I .. ) ,.·OrRl.n iun (:;) .. (hrs) 

~E~'!.O~._~~~Nl'¥ 

4'1/62-11 CC Kfr & Klk J/IS/7lH 4.S 

1,5/62-22 n: Klk I/n/n? 2.5 

1.61(,]-18 An Klk 10/30/59 21 

4fJ/M-ll AA Kfr 60 Klk 8/15/71? 
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-35 A8 Kfr? 3 

-35 (;(~B Klk? 72 

Ahhrevi;1l iOlls: Kik In\'.1n Kitra l:rnup 
Kf r F.,II IU vcr Form,lt ion 
Klk !.ilkllta Format Jon 
Kcv Clllverly Fnrmatioll 
F. Es t i ma ((·d 

Hr iH",luwn !lisdla ... ·.l! 
(f t ) ()\I'III) 

150 66 

]00 88 

10 18.9 

28 10 

150 58 
150 210 
115 15 

46 42 

69 5 

30 E 8.5 

400 4 

490 38 

510 4.5 

405 35 

Sp('(:1 f i,' 
Capal' it y 

(ltl~m/fl ) 

0.19 

0.29 

0.21 

0.36 

0.39 
1.4 
0.43 

0.91 

0.01 

0.28 

0.01 

0.08 

0.01 

0.09 

Uata 
Source 

4 

4 

4,S 

4 

5 
4,5 

5 

4,5 

I. 

5 

4 

4 

4 

4 

1IIIIIII'l-" r luwing Wid J; .Irawolllwn 
DillY not includt> pr(.'sStlrt· 11.· ... 1 
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Hw"h test nn "lllwln~ ,,,,,11; "r iII",lllwn m.IY /1.11 I,,,, "/lil' 
pn'SHI/n' "l'ad t'ClIllPtlll£> II I 

f l'lwin~ wl'll 

f I IIW i nK ' we II 

r IClw test 
f l1lw tl'st 
lonK terRI pumpa~(' 

f luw tl'st 

r lnw test 

t IClw t l'st 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water 
in the Powder River Basin, Wyoming; Volume V-A. 



relationship between specific capacity and saturated aquifer thickness penetrat
ed by the well is apparent; values vary by three orders of magnitude. No 
geographic trends in specific capacity are noticeable. Variability of Dakota 
system specific capacities is probably associated with local lithologic changes. 

Permeability 

Most available permeability measurements for aquifers of the Dakota system 
are from tes~ conducted in producing oil fields (Table IV-8); values range up 
to 36 gpd/ft. The Fall River Formation exhibits slightly higher values than 
the Lakota and Newcastle. The most variation in permeability values is for the 
Newcastle/Muddy Sandstone. reflecting lithologic variations. 

The permeability of the entire Inyan Kara stratigraphic interval was 
estimate2 based on only two aquifer tests. The reported permeabi1ities. 14 and 
2 gpd/ft at wells 56/62-28 and 55/61-8, respectively. are comparable to the oil 
field data. They represent an aquifer average since permeabilities were cal
culated by dividing transmissivity by aquifer thickness. 

Transmissivity 

Transmissivities of 810 and 220 gpd/ft. for wells 56/62-28 and 55/61-8, 
respectively. are the only two published values for Dakota system water wells 
and are considered only order-of magnitude estimates due to short test duration 
(Whitcomb and Morris. 1964). 

Transmissivity values calculated from oil field data range from one to less 
than 1.000 gpd/ft (Table IV-8). These values are calculated using permeabil
ities and pay thicknesses reported in the literature. They are not strictly 
comparable to groundwater tests, as they represent values interpreted for only 
the most porous, and oil containing. sandy intervals. Because these intervals 
have the best aquifer properties of the formation. the values reflect a liberal 
estimate of transmissivity if considered to apply to the total aquifer thick
ness. 

The estimated transmissivity range from specific capacity data is a few 
hundred to a few thousand gpd/ft. Due to uncertainties in well construction, 
test procedure, and well efficiency, it is only possible to obtain an order-of 
magnitude estimate using this technique. Additional uncertainty is introduced 
because the technique's assumption of an isotropic, homogeneous aquifer is not 
strictly met. 

GROUNDWATER MOVEMENT 

Few potentiometric maps and little potentiometric data have been published 
for the Dakota aquifer system in the Powder River basin. M.E. Lowry of the U.S. 
Geological Survey (personal communication, November. 1979) suggested that 
varying completion practices and partial hydrologic isolation of individual 
aquifers may necessitate separate head compilations for each component aquifer 
due to head differences of several tens of feet. 

A preliminary potentiometric-surface map of heads in the lower Cretaceous 
rocks of the basin (Lobmeyer, 1980) is reproduced as Figure IV-6. The map shows 
a low-pressure anomaly. located at the Montana-Wyoming border, for which several 
tentative explanations have been offered in Hoxie and Glover, 1981. 
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Table IV - 8 Hydrologic properties of Lower Cretaceous rocks of the Dakota aquifer system, Powder 
River basin, Wyoming, determined from oil f iel d datIl. 

Approximate Pay Calculatedt 
Location Thickness Porosity Permeability* Transmissivity Data 

Field ~T/R~ (ft~ (%~ (Old) ~8~d/ft~ Source 

Newcastle/!-fudd~ SSe 

Bertha 54/69 4 23 334 24 1 
Big t-tuddy East 33/75-76 7 17 80 10 1 
Chan 56/73 14.2 44 7 
Clareton 42-43/65-66 9.3 5 7 
.Cole Creek 35/77 4 5 0.01 <0.001 1 
Collums 55/73 110a 19.3 62.6 125 7 
Fence Creek 57-58/76 10 16 70 13 7 
Fiddler Creek West 45-46/65-f)7 5.8 20 1-18 0.1-2 7 
Fiddler Creek East 46/64-65 50a 18.6 3-6 3-5 7 
Gas Draw 53-55/72-73 8 20.2 188 27 7 .... Glenrock South 33/75-76 7 20 200 25 6 0 

0\ 4-30 14 82 6-45 6 
Hi1ight 43-46/69-71 20.3 104 7 
Hunter Ranch 57/72 19.5 47 7 
Joe Creek 47/72 29 12.2 7 
Kitty 50/73 22 16 345 138 3 
Lance Creek 35-36/65 10-20 17 20 4-7 7 
Lazy "B" 49/73-74 100-300a 13.6 14.1 26-77 7 
L~ghtning Creek 35/65-66 0-12 19.5 10 <2 7 

6 21 13 1 1 
Lonetree Creek- 44-45/ 

Lodgepole Creek 66-67 4 <1 1 
L-X Bar Ranch 56/75 15.1 ·16.5 7 
O'Conner 52/69 7 15 58 7 1 
Oedekoven 55/73-74 17.2 7 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powde~ River Basin, Wyoming; Volume V-A. 



Table IV - 8 (continued) 

---_. ------_ .. _ .. -._---------- •. ------------.-----
Approximate Pay Ca1cu1atedt 

Location Thickne8s Porosi.ty Permeabi1ity* Transmissivity Data 
Field . rr /I!} _________ (ft) (%) (Old) (gpd/ft) Source -

Cole Creek South 34-35/76-77 20 11 21 8 1 
16 11 21 6 6 

Coyote Creek 48-49/68 40 14.5 200 146 1 
Coyote Creek South 48-49/68 60 18 200 218 3 
Donkey Creek Area 49-50/68 20 16 150 55 1 

0-20 15 <10 <4 5 
0-20 15 <5 <2 5 
0-50 13 10-1000 <900 5 

Glenrock South 33J75-76 25 14 50-100 23-46 1 
4-70 14 3-1900+ 6 
27-28 14 75 37 7 

Kununerfe1d 50-51/68 28 19 250 127 1 
>30 17 100-2000+ 4 ..... Lance Creek East 36/64 30 15 0-302 <165 1 0 

....... Lonetree Creek- 44-45/ 
Lodgepole Creek 66-67 10 15 200 36 1 

Miller Creek 51/68 26 18.5 200 95 1 
35 18.5 200 127 4 

Sage Spring Creek 36-37/77 35-40 13 22-406 <300 5 

Dakota-Lakota Interval 

Big Muddy 33/76 10-20 24.5-24.2 90 16-32 1 
Cole Creek 33/77 2-20 13.5 43 2-16 1 

Lakota/Clover1~ Fm. 

Cole Creek South 34-35/76 25 15 40 18 6 
Meadow Creek 41/78 20 15 40-200 15-73 7 

15 11 14 4 7 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water on the 
Powder River Basin, Wyoming; Volume I-A. 



Table IV-8 (continued) 

-.---.---- .. -------
Approximate Pay Ca1cu1atedt 

Location Tllickness Porosity Permeability* Transmissivity Data 
Fi.eld (T/R) (ft) (%) (md) (G~d/ft) Source 

Osage 46/63-64 5 22.8 44.2 4 7 
23 25.9 7 

8 18.1 87.7 13 7 
21.1 51 7 

10 23.3 428 78 7 
8 22 55 8 7 
8-13 19.1 2-87.7 0.3-21 7 

Recluse 5q-57/74 0-40 <27 <1200 <875 3 
57/74-75 20 20 400 146 2 
56-57/74-75 16.8 87 7 

Rozet East 50/69 15 63 7 
Rozet 50/69-70 10-45 20 58 11-48 1 ..... Skull Creek 44-45/62 8-38 15.8 89 13-62 7 0 

00 Slattery 49/69 4 20 15 1 1 
Springen Ranch 50-51/71 2-15 2.4-588 7 
Steinle Ranch 39/69-70 6 12.6 8.3 1 2 

6 13.5 133.8 15 2 
Timber Creek 49/70 20 20 100 36 4 
Ute 57-58/72 16.8-21.3 7 
Whitetail 56/72 22.4 148 7 

16.5 7 

Fall River/Dakota SSe 

Big Muddy East 33/75-76 10 14 75 14 1 
Bridge Creek 39/61 4 23.5 733 53 1 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 



Table IV-8 (continued) 

-------------
Approximate Pay Calculatedt 

Location Thickness Porosity Permeability* Transmissivity 
Field (T/R) (ft) (%) (md) (gpd/ft) 

ShClvood 40/77 15 16 <25 <7 
Sussex 42/78-79 25 15.8 
Susscx-Headow 41-43/ 

Creek Area 78-80 20 15 40-200 15-73 

* Md x 18.2 x 10- 3 = gpd/ft2, assuming fluid is water at 60°F. 

o t Assuming fluid is water at 60 F and pay thickness equals aquifer thickness. 

a 
Reported as gross formation thickness rather than-net pay. 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water 
in the Powder River Basin, Wyoming; Volume I-A. 

-------.-
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Figure IV - 6 Potentiometric surface in the Dakota aquifer system 
(from Lobmeyer, 1980). 

Source: Water Resources Research Institute, Occurrence and Characteristics 
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The regional structural character, artesian nature of the aquifer system, 
and thick extensive confining shales imply that principal recharge is to ba
sin-marginal outcrops, with subsequent down-dip flow. This flow pattern is 
substantiated by poteniometric data, total dissolved solids variations, and 
compositional changes reflecting postulated geochemical evolution of the waters. 
Eisen and others (1981) report down-dip flow into South Dakota from outcrop 
recharge areas at the Old Woman anticline on the southeastern basin margin. 

ISOLATED UPPER CRETACEOUS SANDSTONE AQUIFERS 

Isolated sandstones which are capable of yielding water to wells are 
locally present within the thick Upper Cretaceous shale sequence of the study 
area, although they are most significant and numerous in the southwestern part 
of the Powder River Basin. In ascending order, they include the Frontier 
Formation (Wall Creek sands), Shannon and Sussex sands of the Cody Shale, and 
the Mesaverde Formation (Parkman and Teapot sands). 

The Frontier aquifer yields up to 10 gpm to flowing wells (Crist and Lowry, 
1972) north and west of Casper, on the Casper arch. Yields up to 50 gpm are 
considered possible (Crist and Lowry, 1972). Northeast of Casper, where the 
Casper arch bounds the Powder River basin, the Wall Creek sands of the Frontier 
Formation are oil-bearing. Available hydrogeologic data are limited to areas of 
oil production (Table IV-9) and, at pr~ducing oil fields, reported pezmeabil
ities range from 0.1 to 9.0 gpd/ft, with most below 2 gpd/ft. All 
transmissivities calculated using reported permeabilities and pay thicknesses 
are less than 150 gpd/ft (Table IV-9). 

The Shannon and Sussex aquifers are shale-isolated elongate marine sand 
bodies within the Cody Shale. Few water wells tap these sands; Crist and Lowry 
(1972) estimate a likely maximum yield of 20 gpm. Where the Powder River basin 
bounds the Casp~ arch the Shannon produces oil. Its permeability ranges from 
nil to 8 gpd/ft , and calculated transmissivity ranges up to 85 gpd/ft (Table 
IV-9). 

The Mesaverde Formation is considered a potentially important aquifer in 
the western part of the basin (Hodson and others, 1973). However, few wells tap 
the aquifer and little hydrologic date are available in the study area because 
in most of the basin the formation is absent or overlain by the Fox Hills/Lance 
aquifer system. One well about 20 miles north of Casper is reported to have a 
yield greater than 100 gpm, but in general expected yields are 10 to 20 gpm 
(Crist and Lowry, 1972). In the Dead Horse-Barber Creek area in west-central 
Campbell County the formation contains

2 
oil, and permeability and calculated 

transmissivity are less than 5 gpd/ft and 120 gpd/ft, respectively (Table 
IV-9). 

FOX HILLS/LANCE AQUIFER SYSTEM 

The Fox Hills/Lance aquifer system includes the latest Cretaceous Fox Hills 
Sandstone and Lance Formation and also the Paleocene Tullock Member of the Fort 
Union Formation. It is composed of numerous individual, often lenticular, 
sandstone aquifers, isolated by interbedded shales and siltstones. Definition 
of the aquife~ system is in part based on water well development, because the 
system corresponds to the stratigraphic interval for which supply wells at the 
Hilight Oil Field (Lowry, 1972) and deep wells at Gillette (Northern Great 
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Table IV - 9 Hydrologic properties of sandstone aquifers within the Upper Cretaceous shale sequence, 
Powder River basin, Wyoming, determined from 011 field data. 

Field 

Approximate 
Location 

(T/R) 

Frontier Fm. (Wall Creek Sands): 

Big l-luddy 

Big Muddy South 
Brooks Ranch 

Castle Creek 
b Coyote Creek South 

Meadow Creek 
Meadow Creek North 
Salt Creek 

Salt Creek East 
Salt Creek West 
Thornton 
Twenty Mile Htll 
Wakeman Flats 

33-34/76 
33/76 
33/76 
33/77 

38/81 

41/78 
42/78 
39-40/78-79 

39/78-79 
40/78 
40/79 
48-49/66 
36-37/78-79 
49/66 

Shannon Sand of Cody Shale: 

Ask Creek 

Cole Creek 
Cole Creek South 
Dugout Creek 
Meadow Creek 
Sussex 

Teapot East 

58/84-85 

35/77 
34/76 
42/78-79 
41/78 
42/78-79 

38-39/78 

Pay 
Thickness 

(ft) 

38 
28 
60a 

0-25 
7.7 
10-15 

12-20 
26-63a 

80 
59 
25 
28 
40-45 
20 
10-20 
10-20 

l~c 
5 
17 
.17.5 
7.5 
17 
16 
12 
38 
10 

Porosity 
(%) 

20 
26.2 

18-20 
16.9 
·20 
14.3 
15 
11.9 
16 
18 
16 
19 
21.1 
16 
17 
15 

23 
19 
22 
19 
19 
25 
25 
12.4 
18.6 
20 

Calculatedt 
Permeabi1ity* Transmissivity 

(md) (gpd/ft) 

20-100 
84 
70 
1-15 
3.1 
516 
4.1 

0.5 
80 
100 
4 
26 
24 
1.0 
3.0 
1.0 

240-290 
210-430 
275 
56 
54 

2 

250 

14-69 
43 
76 
0-7 
0.4 
94-141 

0.2-0.6 
116 
107 
2 
13 
17-20 
0.4 
0.6-1. 
0.2-0.4 

66-79 
19-39 
85 
18 
7 

0.4 

46 

Data 
Source 

1 
2 
1 
3 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

3 
3 
1 
1,2 
1 
1 
1 
1 
1 
3 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powder River Basin. Wyoming; Volume T-A. 
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Table IV-9 (continued) 

Approximate Pay 
Location Thickness Porosity Permeabi1ity* 

Field (T/R) (ft) (%) (md) 

Sussex Sand of Cod~ Shale: 

Sussex 47/78-79 26 21 32 
33 20.7 

CodX Shale: 

Poison Spider 33/82 10-12 <1 

Mesaverde ~ParkDlan~ FID. 

Barber Creek 50/76 18.3 76.9 
Deadhorse Creek/ 48-50/75-76 25 15-21 <265 

Barber Creek 
Deadhorse Creek 47-49/75-76 18 50 

15-35 16 0-68 
Poison Draw e 38-40/68-69 21 17.3 

* Md x 18.2 x 10-
3 = gpd/ft2, assuming fluid is water at 60oF. 

o t Assuming fluid is water at 60 F and pay thickness equals aquifer thickness. 

a Gross sand thickness 

b Turner and Greenhonl forma tions 

c Uppe r s,and 

d Lower sanet 

e Tecla sand 

Ca1culatedt 
Transmissivity 

~8~d/ft~ 

15 

<120 

0-43 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water 
in the Powder River Basin, Wyoming; Volume I-A. 

Data 
Source 

1 
1 

1 

1 
2 

1 
3 
I 



Plains Resource Program, 1974) are perforated. In Montana the upper Hell Creek 
(Lance) Formation contains more shale, and is excluded from the aquifer system 
(Northern Great Plains Resource Program, 1974). The Pierre Shale is the lower 
aquifer system boundary. 

The upper boundary is a regional stratigraphic horizon of low expected well 
yields, which in the northern part of the basin is stratigraphically equivalent 
to the Lebo Shale Member of the Fort Union Formation. The Lebo Shale is less 
pronounced in the southern part of the basin, and the shaly upper Fort Union 
Formation may serve as the upper aquifer system boundary. Shaly horizons may 
also locally subdivide the aquifer system hydrologically (Eisen and other, 
1981). 

The aquifer system crops out in a narrow band on the northeastern basin 
margin and in wide areas on the southeastern margin. In the south and west it 
is buries by younger rocks along the bordering mountain flanks. In the central 
basin, it is buried by over 3,000 feet of younger sediments. Its aggregate 
thickness increases southward, ranging from 2,000 to 3,500 feet. 

The Fox Hills/Lance aquifer system has been extensively developed in 
outcrop areas for stock and domestic supply. It is utilized for industrial 
applications at the Hilight Oil Field in southeastern Campbell County, and at 
Rozet in east-central Campbell County. Fox Hills/Lance wells at Gillette, 
Edgerton, and Moorcroft contribute water to the municipal systems. 
Hydrologic Properties 

Most hydrologic data for the Fox Hills/Lance aquifer system are for shallow 
wells near the outcrop zone. Because they are commonly low-yield stock wells 
extensive aquifer testing is not conducted and reported data are usually a 
single yield/drawdown test result. 

Yield and Specific Capacity 

Available data indicate moderate to good potential for development of 
relatively low-yield wells (under 20 gpm). Large-drawdown high-capacity indus
trial wells which are perforated for the entire stratigraphic interval have 
yields up to 380 gpm. 

Specific capacity of Fox Hills/Lance aquifer system wells averages about 
0.6 gpm/ft of drawdown. Values generally range from 2 to less than 0.1 gpm/ft 
(Table IV-10), but two anomalously high values of 5 and 60 gpm/ft are present in 
one data compilation (Northern Great Plains Resource Program, 1974). 
High-capacity wells in southeastern Campbell County with an average yield of 323 
gpm have an average specific capacity of only 0.3 gpm/ft. 

No general geographic trends of specific capacity values are apparent. No 
relationship exists between specific capacity and either geologic formation or 
location with respect to outcrop zones. 

In the Hilight Oil Field in southeastern Campbell County nine Fox 
Hills/Lance water wells show a specific capacity range of about 0.1 to 0.3 
gpm/ft per thousand feet of aquifer penetrated. These data indicate there is 
localized hydrologic variability within the aquifer system but lack of specific 
geologic and completion information for the wells prohibits further interpreta
tion. 

114 



Tahlt> IV-IO R£'pnrtl.'cI 5p(>('II"'c cap;": IlIl!s (yield per unl t II r :n",luwn) "f wl>lls in the Fox 11111 s/I.allcl· 
aqlll fer systl'lIt. I)'lwlh~r l{tvl'r b"sln. Wyhllling. 

T£'~t Spl.'(· J I lC 

\~c It I.ne.lll nn (;eo1oy,1 C Tpsi Illlral"lun Brm"down I)fRdl;lr~l! Capacity nata 
(T/I{-St'c. 

, 
" I,,) Furmatlon(s) ()ate (hra) (ft) (,;plII) (lWOIIr t) Source Rt'marks 

CN.PUF.I.!. COliNTY 

",./71-12 lin Kfh,Kl.Tft 1728 ]n9 0.18 

4')17()-8 nu do 1021 U,5 0.26 

-9 IlU do 610 ]18 0.62 

-16 A/\ dn W50 356 O. "14 

-18 AI> do 584 319 0.65 

45/71-14 1M do 1107 231 0.14 1 

-16 1m do 1428 251 0.18 

1,{"11-1/. AU do 1600 380 0.24 .... .... 
1I1 -]I. UU dn 2200 351 0.16 

50/72-21 CC Kfh 2',0 90 0.38 2 

52/70-2 nc Kfh 3/,5 1688 4.9 3 

CROOK COUNTY 

49/6::-1b CA Ttt 6/4/56 4. 1 2.3 0.56 4 

-27 liC Tft 6/1/56 11.3 1.2 ().18 4 

-28 An Tft 6/2/56 12.2 ';.0 0.41 4 

-29 /\(; Tft 6/2/5(, 14.0 1.3 0.09 4 

-]6 UR 1\1 6/19/56 2 3.4 1.4 0.1,1 4 aqulf ('r test 

50/6B-14 (;1) KI 6/21/56 2.5 2.6 4.4 1.7 4 a'l"if£'r tt'st 

-14 nl) 1\1 6/-/56 28.6 4.1, 0.15 3 

-2ft ell KI 6/21/';(, :.' "10K ').n I.') " atl',II"r tt.'HI 

5 "' /6 7 - 8 IIIl Kfh 11/6/')6 4 16.4 5.5 0.21 4 ;1I1"iI (Or t('st 

5]/68-15 en KI 11/7./')6 50. lO. 0.20 4 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water 

in the Powder River Basin, Wyoming; Volume I-A. 
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in the Powder River Basin, Wyoming; Volume I-A. 
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7 

7 

7 

7 
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Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water 
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Permeability 

In C~ook County Lance Formation permeability has been estimated to be 6 to 
35 gpd/ft (Whitcomb and Morris, 1964), although these values were derived by 
dividing estimated transmissivity by penetrated saturated thickness (see Table 
IV-11), and may only be order-of-magnitude estimates due to uncertainty of the 
estimated transmissivity (Whitcomb and Morris, 1964). 

Transmissivity 

The general range of reported Fox Hills/Lance transmissivities is from 100 
to 2,000 gpd/ft (Table IV-11). Testing of wells has been limited to two areas, 
and methodology was not specified for most of the tests. 

Groundwater Movement 

Potentiometric data (Figure IV-7) indicate northward flow in the aquifer 
system in the Gillette area (Northern Great Plains Resource Program, 1974). 
Recent data (Eisen and others, 1981) also indicate northward flow from outcrops 
in Niobrara County. However, a comparison of potentiometric elevations in these 
two areas indicates a groundwater divide exists in southern-most Campbell 
County. 

Recharge 

Vertical leakage from the overlying Wasatch/Fort. Union aquifer system has 
been proposed as the major recharge mechanism for the Fox "Hills/Lance aquifer 
system (Lowry, 1972; Northern Great Plains Resource Program, 1974; U.s. Depart
ment of the Interior, 1974). The evidence cited is that potentiometric heads in 
the overlying strata are several hundred feet higher than those in the Fox 
Hills/Lance aquifer system. Some recharge from eastern outcrops of the aquifer 
system is also indicated by potentiometric data (Northern Great Plains Resource 
Program, 1974; Eisen and others, 1981). No quantification of aquifer recharge 
has yet been attempted. Available geochemical data are too sparsely distributed 
to use in verification of the suggested recharge mechanisms. 

Discharge 

The principal discharge mechanism of the aquifer system is subsurface flow 
into Montana, where upward leakage occurs at topographically low areas associ
ated with the Yellowstone River (Northern Great "Plains Resource Program, 1974). 
The U.s. Department of the Interior (1974) noted that in Wyoming local discharge 
areas on its potentiometric map were coincident with major drainages. One of 
their examples east of Gillette is coincident with an area of industrial water 
withdrawal, complicating this idealized interpretation. The potentiometric data 
in Niobrara County, in conjunction with the suggested Campbell County 
groundwater divide, indicate the topographically low Cheyenne River is an 
additional local discharge area (Eisen and others, 1981). 

WASATCH/FORT UNION AQUIFER SYSTEM 

The shallowest bedrock aquifer system in the central part of the Powder 
River basin is the Lower Tertiary Wasatch/Fort Union aguifer system. It con
sists of up to 3,000 or more feet of highly variable lenticular fine-grained 
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Figure IV - '1. Contours on water levels in wells finished 
in the Fox Hills Sandstone, Lance Formation, 
and lower part of Fort Union Formation in 
the Gillette area, t-lyoming (from Northern 
Great Plains Resource Program, 1974)0 

Source: Water Resources Research Institute, Occurrence 
and Characteristics of Ground Water in the Powder 
River Basin, Wyoming; Volume I-A. 
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sandstones, shales, claystones, and coals. High lithologic variability prevents 
identification of any extensive water-bearing zone--most of the coals and 
sandstones can produce water if saturated, but yields and quality vary greatly. 

Most existing wells are private low-yielding domestic and stock wells, over 
90 percent of which are less than 300 feet deep (King, 1974). In general, 
drilling depths are the minimum at which desired yields are found; yield 
generally increases with well depth as more water-bearing sands are penetrated. 

The lower aquifer system boundary is ill-defined, represents a deep zone 
not generally developed due to low expected yield, is approximately equivalent 
stratigraphically to the Lebo Shale of the Fort Union Formation in the north, 
and may be equivalent to the shaly upper part of the Fort Union Formation in the 
south. 

Hydrologic Properties 

Local investigations of the hydrologic properties of the Wasatch/Fort Union 
aquifer system have been made either to assess impacts of energy resource 
development or to plan water development projects. In the remaining basin area 
available data are limited to yield/drawdown reports of drillers. Lenticularity 
and lithologic variablility of the individual water-bearing units result in 
extreme local variability of aquifer properties, although a characteristic range 
is present. 

Yield and Specific Capacity 

Yields over 250 gpm may be obtained from wells penetrating thick saturated 
sandstones, locally occurring coarse sand lenses, zones of high secondary 
fracture permeability, areas in hydrologic connection with surface waters, or 
areas adj acent to "clinker" recharge zones. Most shallow wells in areas that 
are void of these features produce less than 20 gpm. 

Specific capacity (yield per unit drawdown) data for the aquifer system are 
widely distributed geographically but are generally limited to the upper few 
hundred feet of rock and represent an "averaging" of numerous individual wa
ter-bearing sands. Because most wells in the system are partially penetrating 
and developed for low yields, the available specific capacity data may not truly 
reflect the overall aquifer system development potential. 

Reported specific capacities of the aquifer system range from less than 0.1 
to 3.0 gpm/ft of drawdown. Average values for the Fort Union Formation are less 
than 1.0 for the eastern basin (Wyoming Water Planning Program, 1972). Extreme
ly high values, up to 2,250 gpm/ft (Littleton, 1950), are associated with 
"clinker" areas. 

Some driller's logs (Hodson, 1971a) for flowing wells report increased flow 
as deeper sands are tapped, indicating either increased specific capacity or 
head with depth. Although available data do not permit further analysis, 
increased heads with depth are not compatible with postulated downward leakage. 
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Permeability 

Permeability of the various aquifer materials comprising the Wasatch/Fort 
Union aquifer system is lithologically dependent and quite variable. Reported 
values cover a range of four orders of magnitude. The "clinker" is most perme
able, followed by coals and then sandstones. 

Most reported permeability data have been derived from pump test determine2 
transmissivities (Table IV-12). Clinker permeability is s~veral hundred gpd/ft 
or higher, and coal is generally between 1 and 100 gpd/ft. Wasatch sandstones 
are quite fariable and reported permeabilities range from over 10 to less than 
0.1 gpd/ft. Data for Fort Union sands are s~rse but suggest a similar range. 
Permeability measurements of 15 to 25 gpd/ft have been obtained from Wasatch 
Sandstone cores at the Highland Mine in central Converse County (Wyoming Depart
ment of Environmental Quality mine plan files). 

Coal permeability is .principally fracture-related (Northern Great Plains 
Resource Program, 1974), and anisotropic conditions related to fracturing are 
apparent in several coal aquifers (Wyoming Department of Environmental Quality 
Mine Plan Files). Stone and Snoebefger (1977) reported maximum and minimum 
permeabilities of 6.6 and 3.7 gpd/ft , respectively, in the Felix coal of the 
Wasatch Formation at a study site 15 miles south of Gillette, and found j~int 
orientation produced directional anisotropy. 

Transmissivity 

Transmissivity determinations (Table IV-12) have generally been limited to 
areas of proposed mining development, and many have been specifically limited to 
coal horizons. Many different techniques, including slug tests, recovery tests, 
and pump testing, have been used in determination of reported transmissivities. 
Interpretations have been complicated by interformational leakage, poor well 
completion data, recharge boundaries, and anisotropic conditions. 

Coal transmissivity ranges from less than 1 to over 5,000 gpd/ft, reflect
ing variable thickness and occurrence of fracture permeability. The higher 
reported values appear to be related to isolated local faults or fracture zones 
(Davis and Rechard, 1977). Gypsum. fracture infillings apparently can reduce 
coal transmissivity by two orders of magnitude (Davis, 1976), locally negating 
increases associated with fracturing. 

Most tests on sandstones of the aquifer system have been in the Wasatch of 
the southern basin, where the average transmissivity is about 500 gpd/ft. Brown 
(1980) reports a range of 1 to 4,000 gpd/ft near Gillette. Fort Union 
sandstones have transmissivities of several thousand ·gpd/ft near Gillette. 

High-yield pump tests with no observed drawdown have been conducted in 
"clinker" zones and interpreted as indicating permeabilities and 
transmissivities "too high to allow accurate determination of aquifer charac
teristics by pump test methods" (Wyoming Department of Environmental Quality 
Mine Plan Files). Davis (1976) states transmissivities up to 3,000,000 gpd/ft 
are present. 

The wide range of reported storage coefficients (Table IV-12) indicate 
hydrologic conditions vary from water table to fully confined. 
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Groundwater Movement 

Several site-specific studies of a single coal or sandstone aquifer or a 
shallow (less than 500 feet) multiaquifer system have been conducted throughout 
the area, primarily in conjunction with coal or uranium resource development 
(Davis, 1975; Bergman and Marcus, 1976; Dahl and Hagmaier, 1976; Davis and 
Rechard, 1977). Local areal· studies have also been conducted (King, 1974; 
Northern Great Plains Resource Program, 1974); an example is shown in Figure 
IV-8. No regional studies of aquifer system flow have been completed. 

Interpretation of ground-water movement in the aquifer system is complicat
ed by poor stratigraphic control, inadequate well completion data, improper well 
construction, mUltiple completion zones in some wells, and the lenticularity and 
discontinuities of component aquifers. An additional complication is the 
probable presence of a gas-pressure head component in wells completed in 
coal-rich horizons (Lowry and Cummings, 1966). 

Based on a comparative review of existing study results the following 
conclusions can be made about flow in the Wasatch/Fort Union aquifer system: 
(1) flow within the aquifer system is primarily within several local flow 
regimes and no regional circulation patterns are known; (2) in general, recharge 
is to topographic high points, which are often outcrops of the resistant aquifer 
lithologies (sandstone and clinker bodies); (3) discharge areas are usually 
coincident with topographic lows; (4) topographic control of flow is typical 
(see King, 1974); and (5) in confined aquifers, flow tends to follow structure. 

Po~entiometric data indicate that downward leakage through the system 
recharges deeper aquifers; but little leakage may actually occur due to low 
vertical ·permeability (Northern Great Plains Resource Program, 1974; Davis and 
Rechard, 1977). No regional estimate of recharge rates has been published. Two 
local estimates of infiltration rate were both 0.15 inches/yr (Davis and 
Rechard, 1977; Brown, 1980). Local variability of recharge rates due to vari
able microclimates, surficial geologic materials, and topography is likely. 

Areas underlain by clinker are considered very favorable local recharge 
sites for coal aquifers (Lowry and Cummings, 1966; Davis, 1976) but can also act 
as groundwater sinks (Brown, 1980). Low permeability of coal-associated clays 
indicates almost all coal aquifer recharge may be from coal outcrops and associ
ated clinker zones, rather than downward leakage (Davis and Rechard, 1977). 
Coal aquifer recharge from surface waters and associated alluvial aquifers is 
locally documented in areas where the coal subcrops in the floor of 
alluvium-filled valleys and potentiometric gradients are downward (Davis and 
Rechard, 1977). 

Discharge from the aquifer system is typically to stream valleys (Dahl and 
Hagmaier, 1976; Northern Great Plains Resource Program, 1974). Davis (1976) 
indicates recharge to the Fort Union Formation in the eastern part of the basin 
probably flows down-dip and discharges in the western part of the basin to the 
Tongue River, maintaining the base flow. 
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Figure IV - 8 Water levels and direction of horizontal movement 
of ground water in the Fort Union and Wasatch 
formations in the Gillette area, Wyoming (modified 
after King, 1974; from Northern Great Plains 
Resource Program, 1974). 

Source: Water Resources Research Institute, Occurrence and 
Characteristics of Ground Water in the Powder River 
Basin, Wyoming; Volume I-A. 
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MIDDLE TERTIARY AQUIFERS 

The Middle Tertiary White River and Arikaree formations are only extensive
ly present within the Powder River Basin in southern Converse and Niobrara 
counties, where their total thickness is between 1,000 and 1,500 feet. They are 
developed as shallow water sources where present, and are extensively developed 
southeast of the basin boundary in the Denver-Julesberg basin. 

Although most data available are for wells specifically developed for low 
yield, yields in excess of 1,000 gpm are reported for wells in Niobrara County. 

Reported specific capacities (yield per unit of drawdown) range from less than 
0.1 to 232 gpm/ft (see Table IV-13) but most lie between 0.2 and 4 gpm/ft. 

Little permeability data is available. Measured pezmeabilities of the 
White River Formation range from 0.0002 to 0.03 gpd/ft , wher2as reported 
Arikaree Formation permeabilities range form 0.001 to 80 gpd/ ft (Whitcomb, 
1965). Permeability interpreted from pump test data for the Arikaree aquifer 
east of Lusk is 30 to 310 gpd/ft. Fractures and joints increase permeability 
of the Middle Tertiary aquifers, especially the White River aquifer. 

Reported transmissivities for the Arikaree aquifer east of Lusk range from 
8,000 to 77,000 gpd/ft (Whitcomb, 1965), although all four wells tested only 
partially penetrate the aquifer. Transmissivity estimates based on specific 
capacity indicate a range from 100 to 500,000 gpd/ft, with most wells between 
500 and 10,000 gpd/ft. 

In general the Middle Tertiary aquifers are water table aquifers, but 
well-cemented concretionary sandstones are local confining beds (Whitcomb, 
1965), and the complex nature of channel deposits within the White River Forma
tion often causes local hydrologic complexity. Springs which issue from the 
base of the Arikaree aquifer indicate the underlying White River Formation acts 
regionally as a partial flow barrier. 

QUATERNARY AQUIFERS 

Quaternary alluvium is present in most stream valleys of the Powder River 
basin, both as flood plain and terrace deposits. Extensive Quaternary aeolian 
deposits are present northeast of Casper. 

Typically, the younger valley floor deposits are clay-rich Holocene sandy 
silts with sand and gravel lenses, and the older terrace deposits are 
Pleistocene sands and gravels, often iron-stained. Both deposits become coarser 
and more extensive near the mountain uplifts; thickness varies greatly and can 
exceed 100 feet. The aeolian deposits are fine-grained sand and silt which 
locally exceed 100 feet in thickness. 

Well yields of over 1,000 gpm can be obtained from Quaternary alluvial 
aquifers (Crist and Lowry, 1972). Specific capacities vary widely, ranging from 
0.3 up to 18 gpm/ft of drawdO,wn (Lowry and Cummings, 9166; Whitcomb and Morris, 
1964). In some areas yield is limited by minimal saturated thicknesses (Lowry 
and Cummings, 1966). 
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Table lV-I3 Specific capacities of wells completed in Middle Tertiary aquifers of the Powder River basin, 
Wyoming. 

Total Test Specific 
Completion Depth Duration Yield Drawdown Capacity 

Location Date (ft) (hr) (gpm) (ft) (gpm/ft) Remarks 

CONVERSE COUNTY 

29/72-14 dc 7/20/74 108 5 min. 15 60 0.25 
30/72-22 da 11/9/73 40 ? 18 18 1.0 
31/68-10 bb 9/1/76 200 1 25 25 1.0 
31/69-21 dc 1/10/70 123 1 20 50 0.40 
31/70-23 hd 1/15/74 290 1, 10 30 0.33 flowing well '2 

31/70-24 bb 10/7/70 84 2 5 "complete" drawdown 
31/71-2 ac 5/10/78 300 6 25 "zero" drawdown 
31/71-14 cd 7/7/78 65 7 15 45 0.33 
32/69-22 ad 12/15/61 150 1 15 90 0.16 

..... 32/71-7 dd 10/31/75 40 1 10 1 10. 
w 32/71-16 8/13/70 170 2 25 20 1.2 0 

32/71-16 bb 1/29/76 40 3 10 3 3.3 
32/71-16 bd 4/12/78 24 12 3. 2 1.5 
32/71-17 aa 5/15/70 104 1.5 25 5 5.0 
32/71-17 ac 7/24/78 173 4 20 70 0.29 
32/71-17 ad 6/2/79 230 3 10 65 0.15 
32/71-17 bb 6/10/78 80 4 15 2 7.5 
32/71-17 da 2/19/76 100 2 10 65 0.15 
32/71-18 ad 4130/77 120 3 20 "zero" drawdown 
32/71-18 da 10/30/76 118 2.5 15 10 1.5 
32/71-18 da 7/12/78 200 1 20+ "zero" drawdown 
32/71-18 dd 4/1/64 60 0.5 13 9 1.44 
32/71-18 dd 5/15/74 220 10 20 drawdown: "none" 
32/71-19 ba 4/19/79 150 1 22 30 0.73 
32/71-21 ac 2/25/72 250 3 6 150 0.040 
32/71-21 bb 10/20/75 200 24 50 30 1.7 
32/71-28 bc 10/14/78 30 5 2.5 12 0.21 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 



Tab Ie IV-13 (continued) 

'fota1 Test Specific 
Completion Depth Duration Yield Dr awd own Capacity 

Location Date (ft) (hr) (gpm) (ft) (gpm/ft) Remarks 

32/71-35 cc 4/25/79 325 1 12 drawdown: "no" 
32/72-10 db 8/28/75 100 1 10 10 1.0 
32/72-12 ac -/-/20 200 2 20 150 0.13 
32/72-13 cb 7/26/79 90 24 25 5 5.0 
32/72-13 dd 5/27/74 120 2 25 drawdown: "none" 
32/72-23 cc 12/20/76 100 2 25 7 3.6 
32/72-23 cc 10/1/77 200 1 25 30 0.83 
32/72-23 da 5/20/77 100 4 15 drawdown: "no" 
32/72-24 ab -/-/44 71 1 10 20 0.50 
32/72-24 ac 4/28/77 120 2 25 30 0.83 
32/72-24 ac 3/31/78 210 2 10 60 0.16 
32/72-24 ad 7/20/77 140 1 18 20 0.90 
32/72-24 ba 11/7/78 216 2 15 40 0.37 

.... 32/72-24 ba 11/8/78 200 ? 25 40 0.62 w .... 32/72-24 bd 5/18/75 127 4 25 10 2.5 
32/72-24 bd 9/5/76 105 4 16 ? 
32/72-24 bd 10/10/78 385 2 25 50 0.50 
32/73-3 aa 5/21/73 80 1 10 5 2.0 
32/73-9 bc 10/7/74 80 1 20 15 1.3 
34/67-8 7/-/62 415 3 10 75 0.13 flowing well 

NIOBRARA COUNTY 

31/65-5 cb -/-/58 210 ? 15 30 0.5 Whitcomb (1965) 
31/66-20 cc -/-/59 60 ? 10 10 1.0 Whitcomb (1965) 
32/64-13 ae -/-/47 122 24 30 "zero" drawdown 
32/64-13 ac -/-/- 145 24 200 41 4.9 
32/64-13 bd -/-/80 100 48 20 10 2.0 
32/64-14 db 8/26/77 140 6 25 40 0.62 
32/64-18 bd -/-/- 78 36 135 drawdown: "none" 
32/64-18'bd -/-/49 110 ? 1000 14 71. Whitcomb (1965) 
32/64-24 da -/-/55 59 ? 650 2.8 232. Whitcomb (1965) 
32/65-1 be -/-/- 200 ? 125 4 31. Whitcomb (1965) 
Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 

Powder River Basin, Wyoming; Volume I-A. 



Table IV - 13 (continued) 

'fotal Test Specific 
Completion Depth Duration Yield Dr awd own Capacity 

Location Date (ft) (hr) (gpm) (ft) (gpm/ft) Remarks 

32/65-1 cb -/-/50 108 ? 350 14 25. Whitcomb (1965) 
32/65-13 ac -/-/- 260 12 90 10 9.0 
32/65-13 ac -/-/- 70 1 30 "total" drawdown 
32/66-17 cc -/-/58 200 ? 60 170 0.35 Whitcomb (1965) 
33/65-17 dc -/-/59 225 ? 5 20 0.25 Whitcomb (1965) 
33/66-17 da 12/18/59 100 2 40 "zero" drawdown 
33/67-25 ab 11/10/74 268 1 9 ? 
34/63-26 ca -/-/- 150 ? 7 15 0.47 Whitcomb (1965) 
34/64-9.ac -/-/52 100 ? 6 4 1.5 Whitcomb (1965) 
34/64-9 db 1.1/8/47 130 12 10 40 0.25 
34/66-25 db 2/23/67 85 120 25 2 12.5 
35/65-28 dd 5/29/77 98 0.25 10 60 0.17 

~ Source: Water Resources Research Institute, Occurence and Characteristics of Ground Water in the w 
N Powder River Basin, Wyoming; Volume I-A. 



Hydrologic properties of the alluvium vary with sediment size. Measured 
porosities range from 28 to 45 percent (Whitcomb and Morris, 19~4). Permeabil
ities of clay- and silt-rich alluvium range from 0.1 to 2 ~d/ft , while coarser 
deposits g~nerally have permeabilities of 15 to 180 gpd/ft , and values of over 
600 gpd/ft have been reported (Whitcomb and Morris, 1964; Lowry and Cummings, 
1966; Whitcomb, 1965). Transmissivities vary from 15 to 350 
gpd/ft (Davis and Rechard, 1977; Whitcomb and Morris, 1964) and range up to 
64,000 gpd/ft (Crist and Lowry, 1972). Saturated thickness is a significant 
factor affecting transmissivity values. 

The Quaternary alluvial aquifers are in hydraulic connection with all 
bedrock aquifers in outcrop areas, and also with surface waters. In larger 
valleys they provide hydraulic interconnection between otherwise hydraulically 
isolated sandstones of the shallow bedrock aquifer system (Whitcomb, 1965). 
Induced recharge from surface waters to the alluvium is probable in areas of 
extensive well development but has not been specifically studied. 

WATER QUALITY 

Roughly 900 water quality analyses were reviewed in previous reports. Data 
sources included: the U.S. Geological Survey WATSTOR data system, the Wyoming 
Water Resources Research Institute (WRRI) data system (WRDS), a compilation of 
water well analyses by Hodson (1972b), compilations of oil field water analyses 
by Crawford (1941) and Crawford and Davis (1962), and other analyses. Addition
ally, analyses of Madison and Minnelusa aquifer waters have been compiled by 
Hodson (1974), and Wells and others (1979), respectively. All analyses used are 
published or available elsewhere and therefore are hot tabulated in this report. 

The first part of this chapter discusses the general water quality of major 
aquifer systems and other aquifers in terms of total dissolved solids content 
and major ion composition. Total dissolved solids concentrations for the major 
aquifer systems are shown on Figures IV-13 through IV-19. Due to the limited 
amount of data available for other aquifers in the basin the total dissolved 
solids concentrations for the minor aquifer systems are summarized in Table 
IV-14. Where possible, trends in constituents and the mechanism causing them 
have been identified. 

GENERAL WATER QUALITY 

Madison Aquifer System 

Extensive chemical data exist on waters of the Madison aquifer system, 
although most analyses are of water from the Madison and Minnelusa aquifers and 
their equivalents. Varying degrees of hydraulic connection have been suggested 
between the Madison and Minnelusa aquifers. For this reason the quality and 
general chemical character of their waters are discussed separately, and then 
compared. 

Madison Aquifer--In the east half of the study area the Madison aquifer has 
a limited outcrop are.a. Chemical analyses of water from one outcrop well 
(48/60-4) and one Madison spring (50/61-24) show total dissolved solids (TDS) 
contents of 248 mgl1 and 558 mg/1, respectively. Near-outcrop wells in the east 
half of Niobrara, Crook, and Weston counties produce waters with less than 500 
mg/1 TDS (Figure IV-9). Several analyses from western Crook County and Campbell 
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Table IV-14 Ranges of total dissolved solids, sulfate, chloride, and iron 
concentrations in waters from minor aquifers, Powder River basin, 
Wyoming (concentrations expressed as milligrams per liter). 

Aquifer(s) Vicinity TDS Sulfate Chloride Iron 

Minnikahata Crook Co. 650-1800 261-1050 3-38 0-0.03 

Chugwater/ Northeast 414-30000 84-3190 3-15600 0.02-1.9 
Spearfish Southwest 1330-2410 789-1460 6-8 0.01-0.06 

Sundance Northeast 894-1870 475-1080 3-14 0.31-1.4 
Southwest 416-4100 156-2750 5-18 0.07-5 
Oil fields 4044-15568 0-5879 145-7409 

Frontier Northwest 390-2020 13-1250 2-122 0-2.9 

Oil fields 1417-24950 0-3477 72-13800 

Cody Shale Southwest 780-12580 465-7830 8-227 0.08-0.43 
Sands Oil fields 2132-14694 32-3713 0-8558 

Mesaverde Northwest 550-2340 186-1430 2-36 0.22-12 

Converse Co. 1780 515 52 0.08 

Middle Tertiary Converse Co. 718-4530 105-2750 26-41 
Niobrara Co. 263-479 2.0-44 4.0-57 0.01-5.7 

Quaternary Campbell Co. 474-3560 7-1980 1-25 0.02-0.99 
Alluvium Converse Co. 1530 700 31 

Crook Co. 1020-3340 295-1950 4-12 0.21-11 

Niobrara Co. 922-1920 348-1080 11-21 0.3-3.1 

Source: Water Resources Research Institute, Occurrence and Characteristics of 
Ground Water in the Powder River Basin, Wyoming; Volume I-A. 
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Figure IV-10 Trilinear plot of representativ~ Madison aquifer waters, 
eastern Powder River basin, Wyoming. Numbers plotted 
are percent of total milliequivalents per liter. Arrows 
indicate general basinward trends of TDS concentration 
and major ion composition. 

Source: Water Resources Research Institute, Occurrence and Characteristics 
of Ground Water in the Powder River Basin, Wyoming; Volume I-A. 
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County show that TDS levels increase rapidly across the Black Hills monocline, 
with the 3,000 mg/l TDS iso-line roughly paralleling this structure. The most 
rapid change in total TOS content and major ion composition occurs in western 
Converse County, and is probably related to the structurally complex nature of 
the northern flank of the Laramie Mountains. 

Basinward increases in TDS coincide with changes in major ion composition 
(Figure IV-10). ·Waters containing less than 500 mg/1 TDS are primarily calci
um-magnesium bicarbonate, while those with 500 mg/1 to 1,000 mg/l TDS are 
calCium-magnesium sulfate in character. More saline waters are predominantly 
sodium sulfate or sodium sulfate-chloride. 

Minnelusa Aquifer--Minnelusa aquifer water quality in the east half of the 
basin is more variable than Madison aquifer water quality. Outcrop and 
near-outcrop wells produce waters containing from 200 mg/1 to over 3,000 mg/l 
TOS (Figure IV-II). Many waters with low TDS originate in the lower Minnelusa 
Formation (see "Comparison of Madison and Minnelusa Waters," below). Dilute 
waters (less than 500 mg/1) are calcium-magnesium bicarbonate in character 
(Figure IV-12), whereas an increase to 1000 mg/l TDS shows an associated in
crease in dissolved sulfate. Waters from 1000 mg/l to about 3000 mg/l TDS 
contain predominantly calcium and sulfate ions from solution of gypsum beds in 
the upper Minnelusa. 

Away from the outcrop but east of the Black Hills monocline, TDS concen
tration is generally greater than 3,000 mg/1, with dissolved calcium, sodium, 
and sulfate the major ions in solution. West of the monocline, data from oil 
field tests indicate that upper Minnelusa waters become highly saline, with TDS 
exceeding 100,000 mg/1 in places, and dissolved sodium and chloride the dominant 
ions. As the majority of Minnelusa oil traps are stratigraphic (Strickland, 
1958) these waters may represent trapped formation water. 

Comparison of Madison and Minnelusa Waters--Madison and Minnelusa waters in 
the east half of the basin show several similarities as a result of similar 
hydrogeologic controls. Dilute (less than 500 mg/1 TDS) Minnelusa outcrop 
waters are of the same chemical character (calcium-magnesium bicarbonate) as 
dilute Madison waters and are compositionally controlled by carbonate disso
lution. With increased TOS, waters from wells close to formation outcrops have 
increased sulfate content due to gypsum and anhydrite dissolution. Waters of 
both aquifers show a significant increase in TOS and sodium chloride enrichment 
across the Black Hills monocline. These increases may be due to restricted 
circulation into the deeper parts of the aquifer, or to fracturing along the 
monocline, allowing for interformational mixing of Madison and Minnelusa waters 
with higher TOS sodium chloride waters. 

Stratigraphic controls on the composition of Madison aquifer system waters 
in the eastern part of the Powder River basin are apparent. Eisen and others 
(1981) found that lower Minnelusa and Madison water chemistr~es in the eastern 
part of the basin are very similar, although upper Madison water has slightly 
higher TOS and sulfate concentrations attributable to anhydrite which is common
ly present (Andrichuk, 1955). They also identified TDS and dissolved sulfate 
differences between basal Minnelusa/Madison waters and upper/middle Minnelusa 
waters. They concluded that the basal Minnelusa and Madison are hydraulically 
connected and the middle Minnelusa Formation is a hydraulic barrier. 
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FIGURE IV-11: Total Dissolved Solids of Minnelusa/Tensleep Aquifer 
Water, Madison Aquifer System. • - Data Point (Mg/L). 
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Figure IV-12 Trilinear plot of representative Minnelusa aquifer waters, 
eastern Powder River basin, Wyoming. Numbers plotted 
are percent of total milliequivalents per liter. Arrows 
indicate general basinward trends of TOS concentration 
and major ion composition. 

Source: Water Resources Research Institute, Occurrence and Character.istics 
of Ground Water in the Powder River Basin, Wyoming; Volume I-A. 
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PERMO-TRIASSIC AQUIFERS 

Few analyses of water from Permo-Triassic aquifers of the Powder River 
basin are available. Two analyses of Minnekahta aquifer water from Crook County 
have mixed ion composition and 650 and 1,800 mg/1 TOS. Most Chugwater/Spearfish 
water wells within the basin for which water analyses are available produce 
calcium sulfate waters, with between 2,240 and 3,420 mg/1 TOS, as a result of 
gypsum dissolution. Some variability of Spearfish water is noticeable, even 
with the limited data base. One well (53/61-5 ad) in the outcrop produces 
calcium-magnesium bicarbonate water with a TDS concentration of 414 mg/1; 
conversely, one spring (46/61-98 d) issuing from the formation has sodium 
chloride water with 30,000 mg/1 TOS. 

SUNDANCE AQUIFER 

The few available water well data indicate much variability in Sundance 
water composition. In the northeastern part of the basin TOS concentrations 
range from 894 to 1,870 mg/1. Crook County Sundance waters are sodium sulfate 
dominated, while to the south Weston County Sundance waters are mixed ion in 
character. 

Away from outcrops, Sundance Formation waters from oil fields on the 
southern margins of the study area range from 4,044 to 15,568 mg/1 in TOS, but 
only exceed 10,000 mg/1 TDS in northeastern Natrona and southeastern Johnson 
counties. At Lance Creek in Niobrara County Sundance water is sodium sulfate in 
composition, while in the southwest part of the basin it is predominantly sodium 
chloride, although some analyses have co-dominant sulfate. The source ·of 
sulfate in Sundance water is unknown since the formation is not reported to 
contain gypsum. 

DAKOTA AQUIFER SYSTEM 

The general chemical character of Dakota system waters is highly variable, 
due to rapid vertical and horizontal lithologic changes within individual 
water-bearing units, and lithologic differences between the individual aquifers 
themselves. However, existing analyses of Dakota waters show a systematic 
spatial distribution of gross water types and total dissolved solids range 
(Figure IV-13 and Figure IV-14). 

In the study area waters from Dakota outcrops contain from 350 to 3,300 
mg/1 total dissolved solids, and are calcium-magnesium sulfate in character. 
Total dissolved solids increase away from outcrop, with the most rapid increases 
occurring to the west and southwest where TOS iso-lines roughly parallel the 
Black Hills monocline. 

Between outcrop areas and the monocline, Dakota waters generally contain 
less that 3,000 mg/1 TOS, and show a basinward change in chemical character from 
calcium-magnesium sulfate at the outcrop to sodium sulfate to sodium bicarbonate 
(Figure IV-14). Bowles (1968) noted a similar evolution of Dakota waters in 
southwest South Dakota, and suggested the change in ionic composition was due to 
exchange of dissolved calcium and magnesium for sodium, followed by bacterial 
reduction of sulfate and the resulting production of bicarbonate. In the 
analyses used for this report, these changes in chemical character are not 
accompanied by significant changes in the total dissolved solids content, 
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implying that exchange-type reactions are responsible for the observed downgra
dient evolution of Dakota waters. 

Across the Black Hills monocline, TDS increases rapidly from less than 
3,000 mg/1 to greater than 10,000 mg/1, with sodium chloride dominating the ions 
in solution. The sudden change in Dakota water chemistry at the monocline 
suggests that the structure either acts to restrict groundwater movement into 
the deeper parts of the aquifer, or that fracturing along the monocline allows 
for interformational mixing of Dakota water with more saline waters from 
stratigraphically adjacent shales. 

Data from "Muddy" sandstone water are limited to 'analyses of oil field 
waters. In the eastern part of the basin TDS ranges from 3,241 to 33,624 and 
most water compositions are sodium chloride. Bicarbonate is often significantly 
present, and may dominate in the Newcastle area. Muddy water south of T. 37 N. 
on the east side of the basin are more dilute than those to the north (Crawford 
and Davis, 1962). 

UPPER CRETACEOUS AQUIFERS 

Frontier Aquifer 

Water wells completed in the Frontier formation produce waters ranging from 
sodium bicarbonate to sodium sulfate in composition and from 812 to 3,030 mg/l 
in TDS, on the basis of available data. Sulfate is more prominent in the waters 
with higher TDS concentrations. 

Crawford and Davis (1962) report oil field Frontier waters have little 
sulfate, are sodium bicarbonate to sodium chloride in composition, and range 
from 1,417 to 24,950 in TDS concentration. They associated sulfate found in a 
few samples with surface water infiltration, and TDS and high chloride concen
trations with low sand permeability, lenticularity, and increased distance from 
outcrop. 

Shannon Aquifer 

Three analyses of water from wells completed in the Cody Shale are reported 
(Hodson, 1971b) but the Shannon aquifer was not identified as a specific source. 
The samples were sodium sulfate water ranging from 2,180 to 12, 580 mg/l TOS. 

Shannon waters from oil fields are of several types. Water from fields 
north of Casper is sodium sulfate in character, often has significant amounts of 
calcium and magnesium, and ranges in TDS concentration from 2,874 to 5,937 mg/l. 
Oil fields east of Casper have sodium chloride waters with over 9,000 mg/l TDS. 

Crawford (1940) felt exchange reactions controlled cation species, and 
composition of surface waters at outcrops controlled anion composition. He 
associated sulfate waters with nearby outcrops in contact with sulfate surface 
water, and chloride-bicarbonate waters with deeply buried oil fields "fed only 
by a fr~sh water source" in the mountains. For the chloride-bicarbonate waters 
changes in ·TDS levels are associated with chloride concentration. 
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Mesaverde Aquifer 

Little data on Mesaverde aquifer water is available. Water wells produce 
either dilute (less that 600 mg/1 TDS) waters of calcium or sodium bicarbonate 
composition, or sodium sulfate waters with TDS concentrations ranging from 1,360 
to 3,980 mg/1. 

Fox Hills/Lance Aquifer System 

Chemical data for Fox Hills/Lance aquifer system waters are sparse and 
largely limited to outcrop areas. No significant differences in dissolved 
solids concentrations or distribution of major ions are seen between Fox Hills 
and Lance waters. 

North of Niobrara County, in the east half of the basin, Fox Hills/Lance 
waters from outcrop areas have a TDS content ranging from 600 to 1,500 mg/1 
(Figure IV-IS). These waters are primarily sodium bicarbonate-sulfate in 
character, although three analyses from Weston County, with less than 700 mg/1 
TDS, were calcium and magnesium enriched. 

Fox Hills/Lance water from outcrop areas in Niobrara County are similar in 
character to those found in the north but contain higher concentrations of 
dissolved solids, varying from 1,000 to 3,300 mg/1. Existing data are insuffi
cient to explain the elevated levels of total dissolved solids in this area, 
however potentiometric data indicate a separate flow system exists. 

Local lithologic variation likely controls anion composition through 
dissolution of carbonate, gypsum, or pyrite, and exchange reactions influence 
cation composition favoring sodium replacement of calcium (Thorstenson and 
others, 1979). 

Analyses of Fox Hills/Lance water away from outcrop areas show a TDS range 
of 288 mg/1 (well 45/71-36 bd) to 3,530 mg/1 (well 49/75-32), and are sodium 
bicarbonate or sodium bicarbonate-sulfate in character. In an extensive study 
of the aquifer in North Dakota (Thorstenson and others, 1979) lignite was found 
to cause downgradient sulfate reduction which, in conjunction with cation 
exchange, resulted in dominantly sodium bicarbonate waters away from recharge 
zones. Similar evolution of Fox Hills/Lance waters is likely in the Powder 
River basin, paralleling that of the Dakota system. 

WASATCH/FORT UNION AQUIFER SYSTEM 

The Wasatch/Fort Union aquifer system is exposed over a large portion of 
the central basin, and extensive chemical data exist on its waters. The discon
tinuous, lenticular nature of the water-bearing sandstones comprising the system 
results in significant water quality differences over short geographic dis
tances. Several generalizations can be made, however, with respect to the 
overall chemical character of Wasatch/Fort Union waters: 

Dissolved solids content varies from less than 250 mg/1 to over 6,500 mg/1. 
Generally there is little correlation between TDS and well depth, although a 
decrease in dissolved solids with increasing depth has been suggested for some 
parts of the aquifer (Whitcomb and others, 1966; 'Davis, 1976). An apparent 
though unsystematic geographic zonation of dissolved solids content is present 

144 



'"""'--

} " ----~ ...... "~ - J""'--~-,*
'-•• 0 

f 
. 

( 

,.r., 

.' ... ~ 
--"'! r···.".· .' 

_ ••• .r •• / .> 
/ '.' J ... r··'; 

•. ' •• .1 .1' .,.. •• , - .0' .r ,.,. ... . .. ..."... .. : ... ".0 . .,.. 

eLUSK 

~ 

I 
. I 

FIGURE IV-IS: Total Dissolved Solids of Fox Hills/Lance Aquifer 
System Water. • - Data Point (Mg/L). 

145 



Mont I 
Wy - '"IIP',--o. "'. 

f 
. 

( 

eLUSK 

~ 

FIGURE IV-16: Total Dissolved Solids of Wasatch/Fort Union Aquifer 
System Water. Data Points: (Mg/L) 

146 

• - Fort Union 
o - Wasatch 



• 

- ~- .. --. -.-
Il. 

C C 

o 

60 .e ~C:-O _ 40 

0 

Il. 

'0 
0 

• 
• 

0 
" ,'.', 

o 

TDS 

0 0-500 mg/1 
-Il. lIP • 500-1000 mg/1 

Il. 1000-2000 mg/1 
0 2000-3000 mg/1 

- >3000 mg/l 

• Il. • 

• 

CI 

Figure IV-17 Trilinear plot of representative Wasatch/Fort Union aquifer 
system waters, Powder River basin, Wyoming. Numbers 
plotted are percent of total m1lliequivalents per liter. 

Source: Water Resources Research Institute, Occurrence and Characteristics 
of Ground Water in the Powder River Basin, Wyoming; Volume I-A. 

14-7 



Total DeEth 

0 0 0-200 feet 

• 200-500 feet 
. ," .~ / 

·0 l:J. 500-1000 feet . / 
0--, 

"'''' // 0 Cl >1000 feet '. • 

0 
l:J. • 

0 
0 

,\ 
0 

.': • 

0 l:J. 

~\ 

0 

/' 
/ ., ;' 

~ / l:J. , , 

0 ~ .: .-: 

~ 
0 

~. 
I I 

ec 60 40 20 20 40 60 80 4-------
Co 

---+ c. 

Figure IV-18 Trilinear plot of representative Wasatch/Fort Union aquifer 
system waters, Powder River basin, Wyoming. Numbers 
plotted are percent of total milliequivalents per liter. 
Arrows indicate general trend of composition with depth. 

Source: Water Resources Research Institute, Occurrence and Characteristics 
of Ground Water in the Powder River Basin, Wyoming; Volume I-A. 

148 



(Figure IV-16). An area of relatively dilute (less than 1,000 mg/l TOS) water 
runs northwest-southwest through the east-central part of the basin, while wells 
in several sporadically located zones produce waters containing greater than 
3,000 mg/1 dissolved solids. 

Wasatch/Fort Union waters from relatively shallow wells have a widely 
variable major ion composition. Most analyses show either a mixed cation 
content or sodium enrichment (Figure IV-17). Waters containing less than 500 
mg/1 total dissolved solids are enriched in bicarbonate, while more saline 
waters are characteristically high in dissolved sulfate. 

Major ion composition has a relationship to well depth. Figure IV-IS shows 
a relative increase in dissolved sodium and bicarbonate with depth. The in
crease in sodium has been ascribed to cation exchange of sodium for dissolved 
calcium and magnesium. The presence of hydrogen sulfide in some Wasatch/Fort 
Union waters implies that bacterial reduction of sulfate results in the observed 
change in anion composition (Whitcomb and others, 1966; Lowry and Cummings, 
1966). It is probable that these variations result from horizontal flow within 
hydrologically isolated sand bodies, and that depth is only an indicator of 
relative distance from outcrop recharge zones, rather than a large component of 
vertical downward flow through the system. 

Wells penetrating coal seams or other carbonaceous deposits often yield 
both water and gas. The discharged gas is mainly methane and is associated with 
smaller quantities of nitrogen and oxygen (Whitcomb and others, 1966; Lowry and 
Cummings, 1966). 

MIDDLE TERTIARY AQUIFERS 

Limited water quality data are available for the Middle Tertiary White 
River and Arikaree aquifers in the southeastern part of the Powder River basin. 
Typically water from these aquifers contains less than 1,000 mg/1 TDS and is 
sodium bicarbonate in character, but one area 12 miles west of Douglas (33/73-27 
and 34) has sodium sulfate dominated waters with about 4,500 mg/1 TDS. Existing 
data are insufficient to explain the observed conditions. 

QUATERNARY AQUIFERS 

Available analyses of waters from Quaternary aquifers show a TDS concen
tration range of 106 to 9,300 mg/l. Cation composition ranges from calcium to 
sodium and anion composition ranges from bicarbonate to sulfate. Carbonate or 
gypsum dissolution in conjunction with cation exchange on the fine-grained 
component of the alluvial deposits are probable controls on the composition. 

DRINKING WATER STANDARDS 

PRIMARY STANDARDS 

Existing chemical analyses identify two inorganic primary drinking water 
standards (Table IV-IS) that are generally exceeded in study area groundwaters: 
selenium and fluoride. 
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Table IV-iS Drinking water quality standards. 

Constituent 

Arsenic 
Barium 
Cadmium 
Chloride 
Chormium 

Coliform Bacteria 
Color 
Copper 
Corrosivity 
Fluoride 

Foaming Agents 
Iron 
Lead 
Manganese 
Mercury 

Nitrate (as N) 
Odor 
Organic Chemicals-Herbicides 

Primary Drinking 
Water Standarda 

0.05 
1. 
0.01 

0.05 

1 colony/lOO mlb 

0.05 

0.002 

10. 

2,4-D 0.1 
2,4,5-TP 0.01 

Organic Chemicals-Pesticides 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 

pH 

Radioactivity 
Ra-226 + Ra-228 
Gross Alpha Activity 
Tritium 
Sr-90 

Selenium 
Silver 
Sodium 
Sulfate 
Total Dissolved Solids 

0.0002 
0.004 
0.1 
0.005 

5pCi/l 
15 pCi/1 e 
20,000 pCi/1 
8 pCi/l 

0.01 
0.05 

150 

Secondary Drinking 
a Water Standard 

250 

15 color units 
1. 
Noncorrosivec 

0.5 
0.3 

0.05 

3 threshold odor units 

6.5-8.5 units 

f 
250 
500 



Table Iv-lS (continued) 

Constituent 

Turbidity 
Zmc 

Primary Drinking 
Water standarda 

1 turbidity unitg 

aAll concentrations in mg/l unless otherwise noted. 

Secondary Drinking 
Water Standarda 

S. 

bThe standard is a monthly arithmetic mean. A concentration of 4 
colonies/lOO ml is allowed in one sample per month if less than 20 
samples are analyzed or in 20 percent of the samples per month if 
more than 20 samples are analyzed. 

cThe corrosion index is to be chosen by the State. 

dThe fluoride standard is temperature-dependent. This standard applies 
to locations where the annual average of the maximum daily air tempera
ture is 58.4°F to 63.8°F. 

eThe standard includes radiation from Ra-226 but not radon or uranium. 

fNo standard has been set, but monitoring of sodium is recommended. 

guP to five turbidity units may be allowed if the supplier of water 
can demonstrate to the State that higher turbidities do not interfere 
with disinfection. 

Source: U.S. Environmental Protection Agency, 1976. 
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Few analyses for the other eight inorganic constituents with established 
primary drinking water standards are available, and even fewer exceedences are 
reported: uranium mine monitoring wells in the Wasatch aquifer (38/73-10, 11, 
15) produce waters with varying concentrations of lead and mercury, ranging up 
to 0.1 and 0.01 mg/l respectively; also, water from a Wasatch (?) spring 
(36/72-33) contains 0.24 mg/l of mercury. Exceedences of the nitrate standard 
are reported at a few·shallow wells. The tap water at Osage contains 0.09 mg/l 
silver, however the Madison aquifer supply well produces water with less than 
0.01 mg/1 silver. 

Selenium 

Generally, high selenium water (greater than 0.01 mg/l) is limited geo
graphically to the extreme southwest part of the basin (Figure IV-19) and 
stratigraphically to wells completed in the upper Cretaceous sandstone aquifers 
or in nearby Quaternary terrace and alluvial aquifers. Existing data show that 
17 wells completed in the Mesaverde Formation, Cody Shale, or Frontier Formation 
produce waters which exceed the primary drinking water standard. Seven of these 
wells, all in the Cody Shale, produce waters with selenium concentrations 
exceeding 0.1 mg/1 and ranging up to 6.5 mg/l. Of the 49 wells completed in 
Quaternary aquifers which have reported exceedences of the selenium standard, 24 
have waters with over 0.1 mg/1 selenium, and all these wells receive recharge 
from nearby irrigation. The highest recorded concentration in Quaternary 
aquifer waters is 1.8 mg/l. Large fluctuations in the selenium level with time 
at anyone site are common. Whether the observed fluctuation is the result of a 
natural process or analytical errors cannot be determined. Crist (1974) found 
conflicting trends when he· related selenium levels to aquifer recharge by 
surface waters of the Kendrick Irrigation Project, but he did conclude that 
irrigation "has accelerated movement of selenium within and from the irrigated 
areas." 

Only three wells within or near the study area which tap aquifers other 
than those noted above show excessive selenium concentrations on the basis of 
available analyses. One well (40/78-26 cba) is developed in the Fox Hills 
Formation, another (32/81-21 aca) taps the Lance Formation, and the third 
(55/61-26 da) produces from the Fall River aquifer of the Dakota aquifer system. 
These wells produce waters containing 0.02 to 0.04 mg/l selenium. 

Fluoride 

High concentrations of fluoride (greater than 2.4 mg/1) in Powder River 
basin groundwaters are widely distributed, both spatially and stratigraphically 
(Figure IV-19). Fluoride enrichment is characteristic of Madison system waters 
throughout much of the basin, and of Fox Hills/Lance waters in the eastern 
basin. Only five analyses of Dakota waters show fluoride to exceed 2.4 mg/1, 
while high concentrations in Wasatch/Fort Union waters are sporadically scat
tered and probably due to local lithologic variation. Waters from Upper 
Cretaceous aquifers also show fluoride enrichment. 
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Table IV-16 Concentration ranges of sulfate, chloride, and iron in waters of 
major aquifer systems, Powder River basin, by county (concentra
tions expressed as milligrams per liter). 

Aquifer System Aquifer County Sulfate Chloride Iron 

Madison Madison Campbell 858-2403 32-560 
Converse 192-3229 18-3140 
Crook 7-1315 2-1100 0.1-0.25 

Niobrara 12-1263 7-2900 

Weston 5-459 0-95 0.01-0.31 

Madison Minnelusa Campbell 200-5900 38-120000 0-0.88 
Converse 1200-2400 110-1100 
Crook 6-8800 0-82000 0-4.2 

Niobrara 2-10000 19-110000 

Weston 12-18000 1-20000 0-0.62 

Dakota (Newcast1e/ Campbell 156-984 35-9100· 
M\?-ddy is Converse 0-7901 25-10000 
excluded) Crook 0-4156 2-5700 0.23-5.5 

Niobrara 0-714 3-4360 0.01-0.03 

Weston 80-2000 4-5940 0.06-54 

Fox Hi11s/ Campbell 1-600 2-720 0.01-0.18 
Lance Converse 

Crook 212-365 2-10 0.2-0.69 

Niobrara 0.3-1970 7-110 0-8.6 

Weston 92-705 2-13 0.03-4.9 

Wasatch/ Campbell 0-5940 1-50 0-14.6 
Fort Union Converse 4-1830 2-52 0.01-1.2 

Crook 510-562 7-85 0.09-0.18 

Niobrara 558-775 4-20 0013-6.9 

Weston 33-1240 27-30 0.04-0.17 

Source: Water Resources Research Institute, Occurrence and Characteristics of 
Ground Yater in the Powder River Basin, Wyoming; Volume I-A. 
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SECONDARY STANDARDS 

Major Aquifer Systems 

The secondary drinking water standards for which water analyses in the 
study area are widely available include sulfate, chloride, iron, and total 
dissolved solids. Table IV-I6 summarizes sulfate, chloride, and iron concen
trations for each major aquifer system by county. The waters from each aquifer 
system show a wide range in the concentrations of these constituents in a given 
geographic area, although some spatial and stratigraphic distribution of concen
tration ranges does exist. 

Existing data show sulfate concentrations consistently exceed the recom
mended maximum (250 mg/I) in Madison aquifer waters from Campbell and Natrona 
counties, in Minnelusa aquifer waters from Converse County, in Fox Hills/Lance 
waters from Natrona County, and in Wasatch/Fort Union waters from Crook and 
Niobrara counties. 

Chloride concentrations consistently exceed the recommended maximum (250 
mg/I) in Madison system and Dakota system waters on the west side of the Black 
Hills monocline as well as in Dakota waters from Converse, Natrona, and Niobrara 
counties. 

High iron concentrations occur sporadically in waters from all major 
aquifer systems. 

Minor and Local Aquifers 

Table IV-I4 summarizes the ranges of total dissolved solids, sulfate, 
chloride, and iron for waters from minor and local aquifers within the study 
area on the basis of available analyses. The secondary TOS standard of 500 mg/I 
is often exceeded even in outcrop recharge areas, while in the more central 
oil-producing parts of the basin TOS concentration of bedrock aquifer waters 
usually exceeds 3,000 mg/I. In outcrop areas exceedences of the sulfate stan
dard are typical, while most oil field waters exceed chloride standards. Water 
from Quaternary alluvial aquifers often exceeds standards for TOS and sulfate. 
Almost all minor aquifers show sporadic exceedences of the iron standard. 

RADIONUCLEAR SPECIES 

Existing data on radionuclear species in study area ground waters generally 
include determinations for gross alpha, gross beta, dissolved uranium, and 
radium-226, a decay product of uranium-238. Primary drinking water standards 
have been established for radium-226 and gross alpha radiation (Table IV-IS) 

Analysis for radium-226, gross alpha, and gross beta contain an error limit 
that generally indicates the 95 percent confidence interval of the analysis. 
Variance in measured concentrations is usually due to either (1) instrument 
insensitivity at low concentrations or (2) particle absorption in samples 
containing high total dissolved solids. Where the confidence interval is large 
relative to the given absolute value, interpretation of results is difficult. 
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Pre-Tertiary Strata 

Available data on radionuclide concentrations in groundwater from 
pre-Tertiary strata include 10 analyses from the Madison aquifer system, six 
analyses from the Dakota system, and seven analyses from the Fox Hills/Lance 
(Table IV-17). In general, existing data on the pre-Tertiary formations of the 
basin are too sparse to allow for interpretation. 

Two analyses of Madison aquifer water exceed both the 5 pCi/l primary 
standard for radium-226 and 15 pCi/l standard for gross alpha radiation. One of 
these Madison water analyses shows extremely high levels of the above parame
ters: 476.3 + 6.2 pCi/l of radium-226, and 342 + 193 pCi/1 of gross alpha 
radiation. These values are far greater than others-reported for Madison waters 
(Table IV-17) (Eisen and others, 1980), though the dissolved uranium concen
tration in this analysis is· 10.2 ug/1, only slightly above the normal uranium 
content of ground waters, which is 0 to 10 ug/1 (Hem, 1970; Davis and DeWiest, 
1966). 

The anomalously high radioactivity of the above analysis cannot be readily 
explained. Carbonate rocks are rarely enriched in uranium or its decay product, 
radium-226. Similarly, gypsum and anhydrite deposits, often associated with 
carbonates, are characteristically low in uranium and radium-226. Radioactivity 
in ground waters from carbonate rocks may originate from interbeds of clay and 
shale, or upward movement from underlying sandstones or crystalline rocks. 

The two available analyses of Lance aquifer water both exceed the gross 
alpha standard, while all analyses of Fox Hills water show low alpha radiation 
(Table IV-17). Two analyses of Dakota aquifer water also exceed the gross alpha 
standard, while Fall River aquifer waters are characteristically low in gross 
alpha radiation. Available data are insufficient to determine whether these 
apparent differences are local or basinwide in nature. 

Dissolved uranium concentrations in pre-Tertiary groundwaters show a fairly 
wide distributed range, from less than 0.1 ug/1 to 38 ug/l, which is somewhat 
higher than normal groundwater uranium levels (Hem, 1970; Davis and DeWiest, 
1966). 

Wasatch/Fort Union Aquifer System 

Numerous radionuclear analyses of Wasatch/Fort Union waters exist, due 
mainly to the presence of economic uranium deposits. Available data show a wide 
range in concentrations (Table IV-17). Radium-226 ranges from less than 0.1 
pCi/l to over 950 pCi/l. Gross alpha and beta radiation vary from 0 pCi/! to 
4,691 pCi/l and 835 pCi/1, respectively. Dissolved uranium concentrations of 
over 10,000 ug/1 are reported, approaching the highest known groundwater uranium 
content in the United States, which is 18000 ug/1 (Davis and DeWiest, 1966). 
Very high concentrations of radionuclides are geographically and 
stratigraphically restricted to areas adjacent to uranium ore zones. Mobi
lization of uranium likely takes place through the action of shallow oxidizing 
ground water on reduced uranium minerals, resulting in the formation of soluble 
uranyl-carbonate complexes (Baker and Scott, 1958). 

Existing analyses from non-mining areas show no exceedences of the radi
um-226 or gross alpha standards, contain less than 1 ug/1 dissolved uranium, and 
show gross beta levels below 15 pCi/l. 
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GROUNDWATER USE 

Groundwater is utilized for domestic, municipal, industrial, and agricul
tural purposes in Northeast Wyoming, however lack of accurate records prevents 
precise quantification of the amounts of groundwater used. This chapter reports 
estimated consumption by economic sector and also identifies the principal 
source aquifers. 

Approximately 128,000 to 148,000 acre-feet of groundwater are used annually 
in the study area. The source aquifers developed by each economic sector are 
summarized in Table IV-18. Although the largest number of wells are permitted 
for private domestic and/or stock use the largest amounts of 
groundwater are used by irrigation, municipalities, and the petroleum industry. 
The principal sources of groundwater withdrawals in the basin are the Madison 
and Wasatch/Fort Union aquifer systems and Quaternary alluvial aquifers. 
Groundwater accounts for roughly one-third of all water used within the basin, 
and over three-quarters of the non-irrigation water use. 

Increased energy resource development, coupled with population growth, has, 
in the past, placed large demands on sources of water for industrial and munici
pal use, and coal transport by slurry pipeline and synthetic fuel production are 
potential future water users within the study area. 

Most present development pressure is on the Madison aquifer system because 
it is perceived as the least expensive source for large quantities of good 
quality water for municipal and industrial use. 

DOMESTIC GROUNDWATER USE 

Drinking water supplies can be divided into public and private systems. 
Public systems are further divided in to community supplies (more than 25 
permanent residents served), which may be municipally or privately owned, and 
non-community supplies (less than 25 permanent residents but a transient popu
lation of greater than 25 served). Wi thin the study area 9 municipal, 50 
non-municipal community, and 45 non-community systems are inventoried by the 
U.S. Environmental Protection Agency. 

The locations of all permitted wells in the study area are listed in 
Appendix A, which also identifies source aquifers, water producing zones, static 
water level, and yield. Table IV-18 summarizes the aquifers most often devel
oped for municipal, non-municipal community, non-community public, and private 
domestic water supplies. 

Use figures generally include commercial, industrial, and lawn watering 
applications, as well as water for direct human consumption. Based on current 
total study area population and a use of 180 gallons per capita per day, total 
domestic water use in the study area is estimated at 8,750 acre-feet/yr. 

Community Systems 

Community water supply systems are divided into municipally and privately 
owned and operated systems and produce an average of 6,000 acre-feet/yr. 
Groundwater supplies as much as 75 percent (4,500 acre-feet/yr) of that amount. 
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Table IV-IS Principal sources for each economic sector. 

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

Economic Sector 

Domestic Use 
Municipal 

Non-~lunicipal CODUDunity 
Non-Conununi ty 
Private 

Industry 
Petroleum - by-product water 
Petroleum - secondary recovery 

fresh (wake-up) water 
Petroleum Refining 
Coal lolin ing 
Power Generation 

Uranium Hining 

Agriculture 
Stock Watering 
Irrigation 

Principal Water Source 

Madison and Wasatch/Fort Union aquifer 
systems, Quaternary alluvial aquifers. 

Wasatch/Fort Union aquifer system. 
All shallow aquifers. 
All shallow aquifers. 

All deep aquifers. 

Madison and Fox Hills/Lance aquifer systems. 
Madison aquifer. 
Wasatch/Fort Union aquifer system. 
Madison and Wasatch/Fort Union aquifer 

systems. 
Wasatch/Fort Union aquifer system. 

All shallow aquifers. 
Quaternary alluvial aquifers, Madison 

aquifer system, l1iddle Tertiary aquifers. 

Source: Water Resources Research Institute, Occurrence and Characteristics of Ground Water in the 
Powder River Basin, Wyoming; Volume I-A. 



Municipal Systems 

Municipalities within the study area depend on groundwater sources for much 
of their water supply (see Appendix A). Groundwater is used exclusively as a 
water source by Gillette. Hulett. Moorcroft. Newcastle. Sundance, and Upton. 
Madison and Wasatch/Fort Union aquifer systems are the most extensively used 
sources of groundwater for these municipalities. 

Non-municipal Community Systems 

Private community water systems within the study area include subdivisions, 
mobile home parks, and small communities. Although not administered through a 
municipal utility they supply water to more than 25 permanent users. These 
systems may be owned and operated by an individual. a corporation, or a water 
users' association. 

The largest number of private or association-held community systems are 
concentrated near Gillette. Unincorporated communities with central supply 
systems include Osage and Wright. Quaternary alluvial aquifers and the 
Wasatch/Fort Union aquifer system are the most extensively developed sources of 
water for private community systems. 

Non-Community Systems and Private Domestic Wells 

All non-community public systems in the study area use groundwater exclu
sively for commercial. institutional. or industrial purposes. 

Private household domestic wells are widely distributed throughout the 
area. normally of low yield (less than 25 gpm). and only pumped intermittently. 
Total water use is about 1.000 acre-feet/yr, based on that portion of the 
population not served by community systems. and a per capita consumption of 180 
gallons per day. 

Water availability at reasonable depths usually dictates which aquifer is 
used for a non-community or household water supply. Table IV-18 lists the most 
frequently utilized aquifers in the basin. 

INDUSTRIAL WATER USE 

Petroleum Industry 

The petroleum industry uses the largest amounts of groundwater in the study 
area. principally as a by-product of petroleum production. Additional withdraw
als are used for secondary recovery techniques, such as waterflooding. and used 
in refining processes. although much of the latter is surface water. The total 
volume of groundwater used by the petroleum industry annually is estimated as 
22.000 acre-feet. most of which is groundwater derived from the pre-Tertiary 
aquifers in the basin. 

Crude Oil Production 

In 1967 an estimated 18.000 acre-feet of groundwater was withdrawn during 
petroleum production in all of eastern Wyoming (Wyoming Water Planning Program. 
1971. 1972). Since 1967 the number of discovered oil fields in the Powder River 
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Basin has almost doubled (to about 450) and the number of waterflood units has 
increased 133 percent, although total oil production has not significantly 
changed. 

Produced water is derived from all oil-producing horizons, including the 
Minnelusa, Sundance, Fall River, and Newcastle (Muddy) formations in the study 
area. 

Secondary Petroleum Recovery 

In 1979, 14,209 acre-feet of water were inj ected to enhance petroleum 
recovery by water flooding. Fresh water used during injection for secondary 
petroleum recovery in the Powder River basin is estimated to total at least 
3,666 acre-feet/yr. 

For a more detailed compilation of secondary recovery groundwater uti
lization data, refer to the Injection Well Inventory of Wyoming (Collentine and 
others, 1981). 

Major sources of fresh water used for secondary oil recovery include the 
Madison, Dakota, and Fox Hills/Lance aquifer systems. The Madison aquifer 
system has been the principal source of fresh secondary recovery water utilized 
in oil fields in Converse and Weston counties, while the Fox Hills/Lance system 
is the maj or fresh water source for secondary recovery purposes in Campbell 
County. 

Refining 

The Wyoming Refining Company of Newcastle uses about 65 acre-feet of 
groundwater annually from the Madison aquifer. 

Coal Industry 

Mining 

Estimates of water used during the strip mining of coal in Northeast 
Wyoming range from 0.3 acre-feet per mine per day (Rechard, 1975) to 210 
acre-feet per million tons of coal produced (Miller, 1974). This water is 
principally discharge resulting from pit dewatering, and is comprised of both 
surface runoff and groundwater from the Wasatch/Fort Union aquifer system. 
Water used for domestic purposes at mine sites is usually produced from wells 
completed within Fort Union aquifers below the coal being mined, or is hauled 
in. 

Using 1978 production figures from the 11 mines active at that time in the 
study area (Glass, 1980), and the estimates cited above, estimated water use 
ranges from 1,200 to 7,400 acre-feet per year at the 1978 coal production level. 

Power Generation 

Approximately 1,147 acre-feet of groundwater was used for electricity 
generation by Powder River Basin generating plants in 1979. 
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The Madison aquifer produces most groundwater used directly for electricity 
generation, although the Fort Union aquifer also produces a small amount. The 
WYODAK H1 plant indirectly utilizes groundwater from the Madison, Wasatch/Fort 
Union, and Fox Hills/Lance aquifer systems, since its source of water is sewage 
effluent from the city of Gillette. 

Synthetic Fuels Industry 

Coal gasification and liquefaction plants within the study area are cur
rently in the planning stages. Water requirements for plant production of 
synthetic fuels include those associated with the mining of coal, plant conver
sion processes, cooling processes. and solid waste disposal. 

6 In order to produce the equiva1ent12f 1 x 10 barrels of crude oil, or the 
equivalent in other fuels of 5.8 x 10 BTU per day, water requirements have 
been estimated at 45,000 to 190,000 acre-feet/yr for gasification and 67,000 to 
134,000 acre-feet/yr for liquefaction (Gold and Goldstein, 1976, p.231). 

Slurry Transport of Coal 

Several companies are studying the transportation of coal in a pipeline as 
a coal/water slurry. This transportation system might consume in the range of 
15,000-20,000 acre-feet/year of water, with the likely source being the Madison 
formation. 

Uranium Industry 

As of January 1, 1980, three open-pit uranium mines, two mills, one under
ground mine, and two commercial-scale solution mining operations were active in 
the study area (Hause1 and others, 1979; Co11entine and others, 1981). Seven 
mines, two mills, and two additional commercial-scale solution mines were 
proposed or pending (Hause1 and others, 1979), and eleven other solution mining 
projects were in various stages of research and development (Co1lentine and 
others, 1981). 

Since that time the Uranium market has declined, and all of the active 
Uranium mining efforts in the study area have been at least temporarily discon
tinued. 

Mining and milling operations used both surface water runoff and 
groundwater from the Wasatch/Fort Union aquifer system, generally derived as pit 
discharge. Based on the range of reported pit discharges, total water use was 
from 2,860 to 5,310 acre-feet/yr. 

Volumes of groundwater withdrawn as a result of solution mining were 
generally small, since much of the produced water was recycled through in
jection. 

163 



AGRICULTURAL WATER USE 

Irrigation 

Groundwater is permitted as a water source for only about 7 percent of the 
inventoried irrigated acreage in the 5 counties of the study area. Groundwater 
use for irrigation is not expected to increase within the study area, due to 
competition for available water supplies by municipal and industrial users. 

Source aquifers for irrigation water within the basin are not well iden
tified due to incomplete well information and unknown status of many permitted 
projects. Eisen and others (1980, 1981) determined that in the eastern part of 
t.e basin most wells permitted for irrigation tap Quaternary alluvial aquifers, 
or bedrock aquifers with good quality water which are capable of high yields. 
Within the study area the Madison aquifer system and the Middle Tertiary 
aquifers often have yields adequate to support irrigation use and generally 
contain water of good quality. 

Livestock 

Groundwater consumption by livestock within the basin is estimated to be 
not more than 11,000 acre-feet/yr for cattle and sheep. This estimate compares 
well with an earlier estimate (9,000 acre-feet/yr for the area, Wyoming Water 
Planning Program, 1972). Additional water consumption by swine, horses, and 
other types of livestock is estimated at not more than 1,000 acre-feet/yr. All 
stock water is assumed to be from underground sources. 

Livestock watering sources include groundwater from all aquifers within the 
area. Most wells permitted for livestock or domestic/livestock purposes have 
been completed within the shallowest aquifer which provides adequate yield. The 
majority are in the Fox Hills/Lance or Wasatch/Fort Union aquifer system. 
Municipal and industrial groundwater supplies are also used locally for live
stock watering. The largest number of wells permitted in the study area are 
used for stock watering purposes. Typical stock well yields are 10 to 15 gpm, 
but this amount is only intermittently produced. 
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v. D EVE LOP MEN TAL T ERN A T I V E S 

As was stated in the introduction to this document, this project is differ
ent from many other Level I projects in that there was no preconceived notion of 
a particular dam or other facility being built. Rather, a broad overview of the 
resources of the area was needed to assess where potential water development 
projects could meet needs or potential needs. The project ideas suggested here 
are not either/or alternatives, but are each identified to meet a particular 
need or to enhance a set of needs. All mentioned projects could be put into 
place with little or no duplication. Therefore, a prioritization scheme will be 
required in selecting which projects should be elevated to higher levels. 

SURFACE WATER PROJECTS 

Due to the lack of surface water resources in northeast Wyoming, the major 
thrust of this study has been the examination of groundwater resources and 
potentially developable groundwater supplies. However, several projects to 
develop surface water resources have been identified. One of these project 
concepts is a relatively straight-forward reservoir/water distribution system, 
while two other concepts are more esoteric approaches to producing water. One 
project is suggested to provide environmental and recreational benefits. 

Two problems exist in developing surface waters in northeast Wyoming: the 
lack of surface waters and the poor quality of the waters available. Relatively 
large scale water resource development will be possible only within hydrologic 
region 3 (Figure 111-6). Regions 1 and 2 have supply situations which, due to 
highly variable annual flows, would require reservoirs with large capacities for 
carry-over from years of high flows to years with low or no flows. However, 
with the high evaporation rates in northeast Wyoming, such multi-year carry-over 
is not warranted. Only within hydrologic region 3, which has reasonably depend
able flows, should major water projects be attempted. 

Poor quality of the surface waters within northeast Wyoming is also a 
limiting factor in development of the resource. As water evaporates from a 
reservoir, salt concentrations increase; therefore, water of poor quality 
becomes even poorer when stored within a reservoir. Development of waters 
within the study area should be restricted to where quality conditions are most 
favorable-primarily water quali~y regions I and II ( Figure 111-16). Region 
III and the lower reaches of Beaver Creek (water type IV) should not have 
development due to potentially severe salinity problems. 

Reservoir sedimentation problems are also likely to be severe throughout 
much of the study area. Across northeast Wyoming many stock reservoirs have 
filled with sediment due to high upstream erosion rates. Large sand-bottom 
streams, such as the lower end of the Cheyenne river, transport large volumes of 
sediment during flood events. Reservoir feasibility studies should include 
thorough field investigations of erosion and sediment transport if development 
is planned for such streams. Generally, it is suggested that reservoir develop
ment on such streams be avoided. 

With consideration given to water supply, water quality, and sedimentation, 
an area defined as having the most potential for surface water development was 
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identified (Figure V-I). Within this area, one potential development scenario 
is advanced. The project would develop several small reservoirs on tributaries 
to the Belle Fourche River. Due to the lack of surface water resources, two 
projects that would "make" water, one using snow fencing, the other enhancing 
precipitation, are also considered. Finally, a project to enhance wildlife 
habitat and recreation is considered. 

BELLE FOURCHE BASIN DEVELOPMENT PROJECT 

The lower Belle Fourche River basin contains the majority of the prime 
irrigated agricultural land in northeast Wyoming. As in much of Wyoming, many 
acres have short supplies, particularly during the latter part of summer. 
However, during the spring runoff in many years, more flow is available than can 
be utilized. Reservoirs, which would store spring runoff until needed later in 
the summer, could aid the agricultural productivity of the area. 

Location 

The project area is the drainage basin of the Belle Fourche River below 
Keyhole Reservoir, excluding Redwater Creek and its tributaries (Figure V-2). 
Project Concept and Configuration 

Due to restrictions of the Belle Fourche River Compact, no reservoirs 
larger than 1,000 acre-feet may be constructed in Wyoming to supply water solely 
to Wyoming. Therefore, unless South Dakota is willing to cooperate with Wyoming 
in the construction of larger reservoirs, this legal restriction will be the 
limiting factor in development of reservoirs in the area. In many respects, 
though, this restriction is not that inhibiting since 1) most tributary streams 
are too small to provide the water supply for a large reservoir, 2) large 
reservoir sites are not apparent on any of the tributary streams, and 3) devel
opment of a large reservoir on the Belle Fourche River would likely inundate 
valuable farmland. 

Giving considerations to the above restrictions, the development plan for 
the lower Belle Fourche basin should consist of one or more, relatively inexpen
sive, 1000 acre-foot reservoirs. These reservoirs would be filled, in priority, 
to their maximum capacity during the spring runoff. During critical dry periods 
later in the year, each reservoir would be drained over a short time period 
providing a "slug" of water to downstream users. A reservoir drained from 1000 
to 200 acre-feet over a ten-day period could provide 40 cfs of flow during that 
period, enough to irrigate 2,800 acres and potentially more, depending upon 
return flows. Such an operation would not supply water continuously, as with 
many irrigation projects, but only when necessary. D~e to the relatively high 
precipitation in this area (when compared with most parts of Wyoming), this type 
of operation should prove most beneficial. 

Five Belle Fourche tributary drainage basins have the best potential to 
provide water supplies needed for reservoir operations as described above. 
These are the lnyan Kara Creek, Miller Creek, Lytle Creek, Blacktail Creek, and 
Beaver Creek basins (Figure V-3). Inyan Kara Creek has the potential for two 
reservoirs - one high in the 'drainage to supply needs of the irrigators on Inyan 
Kara Creek and a lower reservoir for Belle Fourche mainstem users. The remain
ing four basins would have reservoirs developed to primarily supply the needs of 
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FIGURE V-I: Area with most potential for surface water development 
in Northeast Wyoming. 
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FIGURE V-2: Area of the Belle Fourche basin development project. 
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LIVINGsroN } 
RESERVOIR 

FIGURE V-3: Potential reservoir developments within the Belle 
Fourche basin development area. 
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the mainstem irrigators; the small amount of irrigated acreage on the tribu
taries would also benefit from these reservoirs. 

A field reconnaissance was made to verify the availability of dam sites on 
these streams. This reconnaissance was conducted to assess the topographic 
suitability of potential dam/reservoir sites since there are no adequate 
topographic maps of the area. No geotechnical assessments were made of the 
sites. Adequate sites were located for each stream except Miller Creek where 
poor access limited travels. Potential sites are presented in Figure V-3. 

In general, each site consists of a topographic bowl above a narrow valley 
where the stream has eroded downward through a hill. Such narrow valleys will 
allow for the construction of dams less than fifty feet in height and less than 
a few hundred feet in length. In some cases the narrow valley width may pose 
problems in designing spillways. Costs for typical structures should range from 
about-$250,000 to $1,000,000 dollars. 

One reservoir site within the area has had preliminary design work per
formed on it by the Soil Conservation Service. Livingston Reservoir would be a 
955 acre-foot reservoir located in the upper end of the Inyan Kara drainage 
(Figure V-3). Livingston Dam would be an earthfill structure roughly 50 feet in 
height with an estimated cost of about $318,000. With its location high in the 
Inyan Kara watershed, Livingston Reservoir would primarily serve irrigators 
downstream on Inyan Kara Creek, not on the Belle Fourche River. 

Benefits 

The primary benefit of building small tributary reservoirs in the Belle 
Fourche basin would be increased agricultural productivity. Late season water 
could be provided to potentially achieve an additional cutting of the 
grass/ alfalfa crop in the area. Further investigation will be required to 
quantify the benefits of the project to agriculture. 

Constraints 

There appear to be few constraints to development of a multi-reservoir 
project in the Belle Fourche basin. Any development in the basin is likely to 
prompt South Dakota into action; therefore, the next level of study should 
thoroughly address the compact and the implications it will have upon develop
ment. 

Streams where development would occur have been rated as having only 
moderate potential for fisheries conflict with Inyan Kara rated as having a low 
conflict potential. In fact, enhancement opportunities would be possible on 
several streams, including Lytle, Blacktail, and Beaver Creeks, through reser
voir construction. 

An irrigation district has been formed among irrigators along the Belle 
Fourche River, primarily as an organization to purchase water out of Keyhole 
Reservoir. Development of an irrigation district to act as the legal entity for 
all the irrigators would be necessary for the project to proceed past the level 
II phase. However, if irrigators on side tributaries did not wish to partici
pate, or if the irrigators on one or more tributaries formed their own district, 
then the project configuration could change accordingly. 
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Proposed Action 

It is proposed that a Belle Fourche Basin Level I Project be funded. The 
project would: 

1. Analyze the hydrologic situation of the lower Belle Fourche basin, 
including development of a hydrologic model of the basin. The Belle 
Fourche River Compact would be analyzed to assess available flows to 
Wyoming. 

2. Assess the current agricultural practices and the benefits to be 
achieved by the project. 

3. Assess reservoir locations, including adequate mapping to provide 
necessary reservoir data. 

Additionally, a separate Inyan Kara project could be initiated due to the 
size of the tributary, number of acres of irrigated land, and potential 
irrigator interest. A level II Inyan Kara Project could be instigated to: 

1. Analyze basin hydrology and influence of the compact, including 
development of a basin model. 

2. Assess the current agricultural practices and the benefits to be 
achieved by the project. 

3. Perform a geotechnical assessment of reservoir locations. 

PRECIPITATION ENHANCEHENT(I) 

Northeast Wyoming is an area of low precipitation when compared with most 
of Wyoming. In much of the state the problem is one of capturing the available 
supply, usually generated by snowmelt runoff. In northeast Wyoming the problem 
is generally one of not having a supply to capture. Any effort which could 
effectively increase the precipitation received in the study area has the 
potential for enhancing the productivity of the area. 

Background 

Cloud seeding is one form of weather modification which typically has as 
its objective the enhancement of precipitation. While "rainmakers" have been 
with us since the 19th century, Jones and Leaf (1975) report that the scientific 
era of weather modification most likely began in the 1930's and 1940's with the 
classic work of Bergeron (1933), Findeisen (1938), Schaefer (1946) and Shaefer 
and Langmuir (1946). Solid carbon dioxide (dry ice) was first used in 1946 to 
demonstrate that precipitation could result by seeding a cloud containing 
supercooled water. Since that time, the use of silver iodine (AgI) delivered to 
the clouds by means of ground-based generators has become the more commonly 
applied seeding technique (Linsley, Kohler and Paulhus, 1975). 

The results of cloud seeding experiments around the world have been mixed. 
Jones and Leaf (1975), summarizing a report by the National Research Council 

1 This section was primarily prepared by the Wyoming Water Research Center. 
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Committee on Atmospheric Sciences 1973, presented the overall results of 26 case 
histories. Of these, 12 (46%) produced more precipitation, 10 (38%) showed no 
significant difference, 2 (8%) had mixed results, and 2 (8%) resulted in pre
cipitation decreases. Ten of the experiments were conducted in the Rocky 
Mountain and Northern Great Plains regions, with 4 producing increased pre
cipitation. Linsley, Kohler, and Paulhus (1975) present the following factors 
as influencing the effectiveness of cloud seeding: 

height of cloud base and top 

cloud temperature 

density differences inside and outside the cloud 

updraft velocity distribution 

amount and concentration of liquid water in the cloud 

number and distribution of natural freezing or condensation nuclei 

number of artificial nuclei added 

location at which nuclei are introduced to the cloud. 

Two types of cloud systems have been the focus of seeding experiments: 
winter orographic and summer cumulus caused by convection. Orographic pre
cipitation results from the lifting of moist air over a topographic barrier such 
as a mountain range, while convective precipitation results from the vertical 
movement of moisture-laden air which, as it rises, cools and precipitates its 
moisture (Rechard et al., 1978). Kahan (1972) discussed precipitation manage
ment using these two systems and summarized their common points as follows: 

The potential for increasing precipitation generally ranges from 10 to 
30 percent. 

Not all types of clouds and storms can be seeded beneficially to 
increase precipitation. Also, some clouds can cause decreases. 

Research and commercial operations have been conducted not only 
throughout the United States, but in several foreign countries as 
well. 

The ratio of expected benefits-to-costs is high, generally at least 
10:1. 

The primary seeding material used has been silver iodine. 

However, in the follOwing discussion of the potential for precipitation enhance
ment in northeast Wyoming, it must be remembered that augmentation by cloud 
seeding is not a proven technology, as summarized by the Department of Atmo
spheric Science, University of Wyoming, 1981: 
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1. In regions with climate similar to that of Wyoming, there has been no 
demonstration of successful precipitation augmentation that has been 
accepted by the scientific community. 

2. An improved basis for seeding operations has been developed in the 
past five years. 

3. Although individual programs are inconclusive, the body of evidence 
from programs extending over the past two decades suggests that 
wintertime precipitation can be increased by about 20%. 

Potential for Precipitation Enhancement 

The greatest potential for successful precipitation enhancement in the 
Powder River structural basin would be orographic seeding of the east slope of 
the Bighorn Mountains (Cooper, 1983). In this area during winter months, 
snowfall episodes are well suited for such activities. The majority of the 
snowfall results from numerous small storms and not just a few, rare, major 
events, thus increasing the availability of seeding opportunities. Baumgardner 
et aI, 1980 investigated the frequency of events for the years 1975 to 1978 and 
found that for the December through March periods, snowfall amounts of a trace 
or more occurred on 251 out of 485 days (52%). Of these, the snowfall was 5 
inches or less 92% of the time. While much more detailed studies of the 
availability of supercooled water, ice particle concentrations, cloud top 
temperatures, and the general climatology of the Bighorns would be needed to 
better estimate the seeding. potential, Cooper expressed the view that a good 
potential exists here for realizing a 20% precipitation increase. 

Unfortunately, the east slope of the Bighorns is drained by the Tongue 
River and the Powder River, both located west of the project area. Thus, for 
the increased surface runoff resulting from the seeding to reach the northeast 
corner of Wyoming, a mechanism for transbasin diversion would have to be devel
oped. Indirectly, however, snowfall augmentation on the Bighorns could poten
tially result in increased water availability in the project area through 
increased recharge of the Madison and Minnelusa groundwater formations. These 
formations underlay much of the project area and outcrop in the Bighorn Moun
tains where recharge from precipitation infiltration and streamflow occurs 
(Wyoming Water Planning Program, 1973). 

Within the boundaries of the project area, the greatest potential for 
precipitation enhancement would be orographic seeding of the west slope of the 
Black Hills. While no research has been done to assess this potential, Cooper 
(1983) felt that the 2,000 to 3,000 foot rise from the plains characteristic of 
the area is sufficient to produce a situation conducive to cold orographic 
seeding. Increased surface runoff which might result from seeding activity 
would flow primarily into the Belle Fourche River system near the South Dakota 
border and would not easily be available to a large portion of the project area. 
As with the Bighorn Mountains, the Black Hills serve as a recharge area for the 
Madison and Minnelusa formations. Thus, precipitation enhancement may result in 
recharge rate increases. 

A third opportunity for precipitation enhancement in the project area is 
the seeding of summer cumulus clouds. At present, it would appear that the 
results of this type of seeding have been even less conclusive than those for 
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winter orographic (Branson et al, 1981; Cooper, 1983). Decreases in precipita
tion downwind of target areas have been reported for several experiments by 
Neyman and Osborn (1971). Discussions with Cooper (1983) indicate that the 
technology is still not developed for basin-wide applications, although some 
inconclusive successes have been realized with small cumulus clouds in the Miles 
City, Montana area. 

Besides the technological problems, several other areas of concern cast 
doubt on the feasibility of summer cumulus seeding. Hydrologically, trans
mission losses in the numerous ephemeral channels of the project area could be 
very high, dependent upon such factors as antecedent precipitation and localized 
evaporation rates. Also, while the results of winter orographic seeding would 
be fairly localized to mountainous areas and therefore, relatively easier to 
measure, the quantification of increased runoff from basin-wide cumulus seeding 
would be far more complex. This would probably result in a much more difficult 
situation from a water administration and management perspective. From an 
agricultural standpoint, enhancement activities during the growing season would 
not only need to be concerned with precipitation increases, but also with the 
timing of those increases. For example, the Agricultural Engineering Division 
of the University of Wyoming (1973) concluded that for small grains, enhancement 
could be beneficial from mid-May through early June but of negligible or nega
tive influence early and late in the growing season. 

Constraints 

Increasing the wintertime snowfall and snowpack in the Belle Fourche River 
basin portion of the Black Hills is probably the best potential for weather 
modification in the study area. Unfortunately, several problems exist with this 
concept. First, increasing the wintertime snowpack increases the springtime 
runoff. Additional water is needed later in the year, not in the early spring 
when runoff is usually high anyway. However, construction of reservoirs, as 
proposed above, to capture the additional runoff from weather modification could 
become even more beneficial. 

A second potential problem with creating more water arises because of the 
Belle Fourche River Compact. Questions of whether Wyoming would have to share 
the "newly created" water or what percentage of the runoff was created by 
weather modification would have to be answered. These types of questions could 
easily create an interesting dispute and legal action. 

A third problem arises because of the creation of the greater snowpack and 
the runoff resulting from it. A greater wintertime snowpack would not be 
appreciated by everyone and could require an increased winter plowing effort. 
The costs of additional plowing would have to be considered negative to any 
benefits achieved by increasing runoff. Likewise, added runoff could result in 
increased springtime flooding. Flood damages attributable to weather modifica
tion would also be a negative benefit of such a program. 

Proposed Action 

No immediate action should be proposed on a weather modification study. 
However, if a more certain need arises concerning the potential for weather 
modification, a study using the University Water Research Center and Department 
of Atmospheric Resources should be initiated. 
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SNOWPACK MANAGEMENT 

Within the plains of northeast Wyoming. as in much of Wyoming. stock 
grazing is limited not only by the carrying capacity of the land, but also by 
the availability of water. Stock ponds and shallow water wells provide most of 
the available water supply. Problems arise from the limited water resource. 
The few locations of available water tend to cause more excessive grazing near 
these sources. Additionally. some of these sources are dry during periods of 
drought. Finally, the quality of some of these supplies is such that stock 
production and growth may not be as efficient and great as possible. Snowpack 
management may offer a partial solution to these problems. 

Background 

As snow falls and accumulates into the snowpack that will become the 
springtime runoff, it is constantly being eroded and reduced by sublimation -
the process of solid water. snow or ice, becoming gaseous water without going 
through the liquid phase. Sublimation occurs during two phases in the snowpack 
accumulation/reduction cycle. Before becoming a stable part of a drift, snow 
particles may be blown quite some distance and sublimate significantly during 
this transport. Over 33 percent of snow volume can be lost during the winter 
due to evaporation during snow transport (Tabler, 1975). After a snowpack has 
formed. evaporation occurring from the snowpack during the course of the winter 
continues to lessen the snow volume available for the springtime snoWmelt event. 
Tabler (personal communication. 1983) estimates that as much as 4,000,000 
acre-feet of Wyoming's potential runoff may be lost annually due to snow sub
limation. In northeast Wyoming, which is pat:ticularly deficient in water 
resources. a reduction in snow evaporation and increase in water production 
could yield additional water supplies. 

Snow management for the production of water supplies is most readily 
undertaken through the construction of snow fences. Snow fences for snowpack 
management are similar to those seen along Interstate 80 between Laramie and 
Rawlins. The redistribution of snow into large accumulations (such as behind 
fences) rather than in numerous small accumulations has three advantages 
(Tabler. 1971): snow may be stored at locations to satisfy specific management 
purposes; by storing it in larger drifts. the surface area per volume decreases 
thereby decreasing evaporation; and snowmelt regulation by the means of surface 
additives is more feasible. 

Snow fencing may be placed to take advantage of topography and present 
resources or to develop water supplies at new locations. For example, gullies 
and rolling topography may be used to advantage to allow larger snowpacks to 
form. By judicious placement of collecting locations above present stock 
reservoirs. a present facility's yield may be increased. In many instances. the 
stock reservoir itself could be used as the accumulation area. Where it is 
desired for management purposes to have stock utilize less-grazed areas away 
from the present reservoirs. new pit reservoirs can be utilized in conjunction 
with snow fencing to provide early year sources of water to stock with shifting 
to pumped supplies or storm-fed pond supplies during the latter part of the 
year. 

175 



Implementation 

The concept of developing increased water supplies through snowpack manage
ment is an alien idea when compared with most projects aimed at developing water 
supplies under the state's Water Development Program. Nonetheless, the goal 
behind instituting a snowpack management program is the same: increasing the 
water s~pply for Wyoming users. Because a snowpack management program would be 
instituted to aid individual ranchers, the WWDC, which must work with legal 
entities, could not provide support to the program. Such a program should 
probably operate with the Agricultural Extension Service of the University of 
Wyoming providing technical advice to farmers and ranchers. A loan program to 
aid ranchers and farmers could be established within DEPAD, similar to the 
present program for loaning monies for irrigation projects. 

Proposed Action 

Because of institutional constraints, the WWDC would probably not be a 
participant in a snowpack management program. However, because this program 
could aid the development of Wyoming's water resources, the WWDC could help in 
its creation. Such a program needs a start-up commitment to get it going. The 
WWDC could, by funding a demonstration program in northeast Wyoming, begin the 
program. 

The suggested study could be funded by the WWDC in a manner similar to the 
New Fork River return flow study presently being conducted. The Wyoming Water 
Research Center would be the lead agency for the research demonstration project. 
It would have management and reporting responsibility and control over the 
several contributing agencies including the Ag Extension Service and the 
U.S.D.A. Forest Service Experiment Station in Laramie. 

A three-year demonstration proj ect would be established to verify the 
feasibility of snowpack management in northeast Wyoming. Several ranchers or 
farmers desiring to participate in the experiment would be chosen for snow 
fencing projects. The projects would be monitored for the three-year period to 
ascertain project benefits and costs. Ranchers would participate by supplying 
labor to build fencing; this activity would help in the development of fencing 
construction manuals and reduce project cost. The results of the demonstration 
project would be summarized in a final report. If positive results are 
achieved, legislation or administrative action starting a program would be 
expected. 

BEAVER CREEK REHABILITATION 

Beaver Creek is a tributary to Stockade Beaver Creek in northeastern Weston 
County. The creek at one time was considered one of the best trout fisheries in 
northeast Wyoming, and this area has always been important for recreation. At 
Mallo Camp, a county-run recreational facility is located on the creek. The 
creek formerly consisted of a riffle and pool system primarily due to beavers 
building dams and creating pools that trapped sediment. 

Two factors have had an impact in recent years that have degraded the 
Beaver Creek environment as a fishery an~ for recreation. The elimination of 
beaver along the creek, and their dam-building activities, has changed the 
stream from its pool and riffle system. Also, the Forest Service in South 
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Dakota has purposefully removed beaver dams upstream on Beaver Creek in South 
Dakota. This has allowed sediment and other trash formerly collected by these 
beaver ponds to remobilize and be transported downstream, where it has recol
lected and changed the stream environment. A program to establish the former 
quality environment of the stream to improve the fishery would enhance the 
recreational opportunities in northeast Wyoming. 

Location 

Beaver Creek is located in northeastern Weston County. Initially, approxi
mately one mile of stream would be considered for a rehabilitation program 
(Figure V-4). 

Proposed Action 

A rehabilitation program should be begun to revitalize Beaver Creek down
stream from the state line. The program would consist of two phases. In the 
first phase, a rehabilitation plan would be developed to determine what actions 
need to be taken to reestablish the stream. Phase 2 would be the implementation 
of the plan. 

The WWDC would participate in phase 1 through funding of the rehabilitation 
plan. The OW Water Research Center, the Game & Fish Department, or a joint 
effort by these groups would be utilized to develop the plan. Implementation of 
the plan could be accomplished by a consortium of local groups and the Forest 
Service, though details of the plan implementation would be worked out during 
phase 1. 
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FIGURE V-4: Beaver Creek rehabilitation area. 
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GROUNDWATER PROJECTS 

GROUNDWATER DEVELOPMENT ALTERNATIVES 

Two specific needs were outlined by project sponsors in the application 
that initiated this study. Those needs were for a basinwide development plan, 
and for an adequate stock water source in any given location in the study area. 

The basinwide development plan is herein provided, and stock water and 
other groundwater development alternatives can be examined through use of the 
appropriate report sections, as described below. 

Methodology 

When searching for a groundwater source the first consideration is what 
aquifers exist where the source would be located (Figure IV-2, "Major Aquifer 
Systems") • The aquifers present in the study area generally dip to the west, 
therefore this figure depicts which aquifers exist beneath a given location. 
For example, the Dakota and Madison Aquifer Systems underlie the Town of 
Newcastle, as well as several minor aquifers: the Minnekahta, Spearfish, 
Sundance, and Morrison formations (Figure IV-1). Table IV-1 gives representa
tive yields for each of these aquifers and aquifer systems, therefore their 
suitability for a given need can be determined. 

Once a target aqu1I:er or aquifer system has been selected, its general 
quality can be approximated from the water quality section of the report. 

If water quality of the target aquifer is suitable for a particular use, an 
estimate can be made of the drilling depth based on the structural contour maps 
contained herein. This is accomplished by determining, from the structural 
contour map, the elevation of the formation at a particular location, and 
subtracting that value from the surface elevation. Based on this depth and the 
formation thickness contained in Table IV-1, estimates of well construction 
costs can be formulated. 

Another aid in determining well depth and potential yield is to examine the 
well permits contained in Appendix A for other wells in the area. This can 
provide data on depth requirements, static water level, water bearing zones, 
yield, etc., and is probably the most accurate source of information available 
since it is based on actual well records. 

Once a suitable aquifer is located a geologist should field check the data 
in order to fine-tune the site and maximize the potential for a successful well. 

Multi-use Pipeline Systems 

There are a number of aquifers throughout the basin suitable for use as low 
yield stock or domestic wells, however larger water requirements (greater than 
50 gpm) should be restricted to the Dakota or Madison aquifer systems to maxi
mize the potential for obtaining the desired yield. These two aquifer systems 
are well suited for development as a small community water supply. The Madison 
Aquifer System has been extensively developed around Newcastle in this manner, 
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with small pipeline systems serving its users. However, as the distance from 
the outcrop area increases (Figure IV-2) the development costs increase, and the 
chances of obtaining suitable quality water decrease. This type of development 
is generally limited to the Eastern basin near outcrop zones. 

Madison Aquifer System Recharge 

Several attempts have been made to quantify recharge to the Madison Aquifer 
System in Northeastern Wyoming, however insufficient data points have limited 
the accuracy of such estimates. This could pose a problem to further develop
ment of the Madison Aquifer System in this area since it is not known at present 
what degree of development the Madison Aquifer System can bear without "mining" 
the resource. Over use of the Madison Aquifer System would ultimately result in 
the degradation of the aquifer, and would adversely effect Madison Aquifer 
System users. Before large scale development of the Madison Aquifer System is 
undertaken a detailed recharge study should be considered. 

180 



REFERENCES 

Agricultural Engineering Division. 1973. Analysis of the Effects of 
Precipitation Augmentation in the Great Plains Area of Wyoming. Report 
prepared for the Bureau of Reclamation on Contract No. 14-06-D-1756. 306p. 

Baumgardner, D., B. Boe, R. Hobbs, K. Kanuga, and T. Krauss. 1980. Weather 
modification in the Bighorn Mountains; a Proposal. Report prepared for 
Atmospheric Science Weather Modification Course, University of Wyoming, 
Laramie. 

Bergeron, T. 1933. On the physics of cloud and precipitation. Proceedings, 
International Geodetic and Geophysical Union, 5th General Assembly, Lisbon, 
p. 156-175. 

Branson, F.A., G.F. Gifford, K.G. Renard, and R.F. Hadley. 1981. Rangeland 
Hydrology, Second Edition. Kendall/Hunt Publ. Co., Dubuque, Iowa. 340 p. 

Cooper, W.A. 1983. Dept. of Atmospheric Science, University of Wyoming, 
Personal Communication. 

Dept. of Atmospheric Science. 1981. A program for precipitation augmentation 
in Wyoming. University of Wyoming, 5 p. 

Findeisen, W. 1938. Die Kolloidmeteorologischen Vorgaenge bie der 
Niederschlagsbildung. Meteorol. S. 2(4):121-133. 

Jones, E.B. and C.F. Leaf. 1975. Generalized criteria for verification of 
water developed through weather modification. Final Technical Report to 
OWRT, USDI on Contract No. 14-31-0001-9020, M.W. Bittinger and Assoc., Inc, 
Ft. Collins, CO, 154 p. 

Kahan, A.M. 1972. Status of Cloud Seeding: 1972. Proceedings of the American 
Water Resources Association Symposium on Watersheds in Transition, Ft. 
Collins, CO. p. 206-211. 

Linsley, R.K., Jr., M.A. Kohler and V.L.H. Paulhus. 1975. Hydrology for 
Engineers, 2nd Ed. McGraw Hill Book Co. 482 p. 

Neyman, J. and G.B. Osborn. 1971. Evidence of widespread effects of cloud 
seeding at two Arizona experiments. Proc. Nat. Acad. Sci. USA 68:649-652. 

Rechard, P.A., R. McQuisten, L.K. Perry, L.B. Wesche, and B.L. Weand. Glossary 
of selected hydrologic and water quality terms. Water Resources Series No. 
1 (Revised), University of Wyoming, Laramie, 91 p. 

Schaefer, V.J. 1964. 
water droplets. 

The production of ice crystals in a cloud of supercooled 
Science 104:457-459. 

181 



Schaefer, V.J. and V. Langmuir. 1946. The modifications produced in clouds of 
supercooled water droplets by the introduction of ice nuclei. Paper 
presented at the annual meeting of the American Meteorological Society, 
Boston, MA, December. 

Tabler, R.D. 1975. Estimating the transport and evaporation of blowing snow. 
In Snow Management on Great Plains Symp. Bismark, N. Dakota. Proc. Great 
Plains Agricultural Council Publ. 73. 

Tabler, R.D. 1983. u.S. Dept. of Agriculture, Forest Service, Rocky Mountain 
Forest and Range experiment Station, Laramie Wyoming, Personal 
Communication. 

Wyoming Water Planning Program. 1973. The Wyoming Framework Water Plan. State 
Engineer's Office, Cheyenne. 243 p. 

182 



V II CON C L U S ION SAN D R E COM END A T ION S 



V I. CON C L U S ION SAN D R E COM MEN D A T I ON S 

Conclusions 

The needs of Northeast Wyoming are dispersed over large areas and therefore 
are such that one single surface water or groundwater project cannot satisfy the 
needs. Therefore. to address these needs will require several small projects 
with a limited number of beneficiaries. 

The surface water projects are further limited by the Belle Fourche River 
Compact's reservoir size limitation. Again leading to small projects with few 
beneficiaries. 

The original purpose of this study effort was to determine the proj ect 
potentials to serve the people in Northeast Wyoming from both surface and 
groundwater. The surface water needs were the topic of the Devils Tower Conser
vation District application to the Water Development Commission. These people 
were striving to satisfy a need for supplemental irrigation water primarily 
along tributaries of the Belle Fourche River. Several alternate project poten
tials have been identified ranging from snow management to reservoir storage. 
The best alternative to solve the problems of an area will be specific to that 
area and will likely vary among the areas discussed in this report. 

The groundwater needs were identified in the Disaster and Civil Defense 
application for analysis of a more drought resistant supply of stock water for 
the livestock producers in northeast Wyoming. 

This report has discussed the available resources and the probable yields 
from the aquifers. Again the solution will vary with the area and the for
mations that exist within economic limits of development. Project potentials 
include development of deep wells to supply more than one user over extensive 
areas. 

The surface water and groundwater project potentials have several things in 
common. Among the common items are small size and few beneficiaries. The size 
of the project potentials is not a problem as such; however. the number of 
beneficiaries can be a problem due to the Water Development Commission and State 
of Wyoming legal limitations. 

Development of a state sponsored proj ect through the Water Development 
Commission requires the formation of an entity to operate and manage the project 
facility. This entity must be a public entity with the power to assess its 
members for the benefits received. This entity could be an irrigation district, 
conservancy district, watershed improvement district, city or town. or any of 
several special districts. To proceed with a state project tilough the Water 
Development Commission will require the formation of a legal entity with the 
power to do business with the state and receive state monies. A private indi
vidual or corporation cannot receive state grant monies, therefore, if a grant 
is anticipated as part of the funding, format.ion of a suitable entity is impera
tive. 

183 



Recommendations 

The applications received by the Commission were from entities that cannot 
be considered project owning, operating and maintaining entities. Their func
tion was to initiate resource inventories and identify project potentials. This 
report has identified several potential projects both from surface and 
groundwater and a potential study of snow management as a supply sourceo 

Individuals wishing to sponsor a project should start the following steps: 

1. Start formation of a legal entity. Assistance from the Commission 
should be obtained to insure that the entity contemplated will in fact 
be suitable. 

2. The sponsors should apply to the Commission for a specific project and 
provide as much project specific information as is available. Assis
tance in submitting an application may be obtained from the offices of 
the Water Development Commission in Cheyenne. 
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