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EXECUTIVE SUMMARY 

The objective of this investigation is to evaluate the ground-water 

development potential for the saturated and permeable rock units in the 

vicinity of Manderson, wyoming, prioritize the development potential of 

these units with respect to satisfying the i.rmediate water demands of 

Manderson and identify favorable test drilling sites. The criteria used 

to screen test drilling sites are similar to those constraints 

frequently imposed on municipal water supply developments and primarily 

reduce down to hydrologic potential and economics. 

Eleven aquifers are identified and evaluated in this report. The 

four aquifers wi th the highest potential water yield are as follows: 

the Tensleep Sandstone, Ma.dison Lirrestone, Bighorn Dolani te , and 

Flathead Sandstone. These various aquifers are referred to in this 

report as the Paleozoic aquifers. The other seven aquifers are the 

Quaternary age alluvium, the Tertiary - Upper Cretaceous age formations 

above the Cody Shale, the Frontier, Muddy Sandstone and Clover 1 y 

Formation units, Jurassic age Formations and the Phosphoria Formation. 

These latter aquifers generally have lower potential water yields than 

the Paleozoic aquifers but due to econanics and the relatively small 

water requirements of the Town of Manderson may have better overall 

developnent potential. Based on potential yields, the four Paleozoic 

aquifers are termed principal aquifers for the purposes of this report. 

The other seven aquifers are termed secondary aqtlifers. 

Based on proximity to Manderson, drilling depth, favorable geologic 

structure and hydrogeology, water quality, and known aquifer parameters, 

five favorable test drilling sites are identified. '!he test drilling 
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sites include three Paleozoic aquifer tests and two Upper Cretaceous 

aquifer tests. 

Test drilling sites 1, 2, and 3 are designed to test the various 

Paleozoic aquifers. These test sites have the largest development 

potential for a municipal supply well. However, the three si tes are 

between 8 and 12 miles from Manderson and it may not be economically 

feasible to develop a well at these sites and transmit the water to the 

town. 

Test si tes 1, 2, and 3 are si tuated along faul t-cored anticlines 

where secondary permeabilities are fracture-enhanced. The presence of 

the faults and subsidiary fractures creates zones of large vertical and 

horizontal permeability. It is also likely that the faults and 

fractures hydraulically connect the various single Paleozoic aquifers, 

thereby creating one massive water-bearing unit several thousand feet 

thick. The success potential is large as evidenced by other wells in 

the vicini ty that are completed in the Paleozoic aquifers that yield 

from 1,000 to 14,000 gallons per minute of good quality water. 

Test drilling sites 4 and 5 have as targets the Upper Cretaceous 

aquifers. Specifically, those aquifers are the Lance and M=saverde 

formations. These formations have lower water quality and yields than 

the Paleozoic aquifers at Test Sites 1, 2, and 3, but are attractive 

because the test sites are within one mile of town and are relatively 

inexpensive to drill and test. The Lance Formation provides the 

existing water supply for the Town of Manderson. 

Test sites 4 and 5 are located along or near the axis of the 

Manderson anticline. It is hoped, although it cannot be substantiated 

with existing data, that fracture permeabili ties enhance ground-water 
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circulation along the structure. Based on electric logs for selected 

wells in the area, it is likely that saturated sandstone units underlie 

the test si tes . The prcx:iucti vi ties, both short- and long-tenn, are 

uncertain, al though it is reported that the existing Manderson well was 

fo.rrrerly capable of yielding 84 gallons per minute from the Lance 

Fonnation. 

An alternative to drilling a new prcx:iuction well is for Manderson 

to "tap into" the City of Worland I s municipal well. The w:>rland well is 

located along the Paintrock Anticline, about 12 miles southeast of 

Manderson. The Worland well yields up to 14, 000 gallons per minute. 

The water quality is gocrl. However, it may not be cost feasible to 

transmit the water into Manderson. It may also not be politically 

feasible to agree upon joint-use of the well with Worland. 

Well construction costs range from about $50, 000 for the Upper 

Cretaceous aquifers close to town to over $200, 000 for the Paleozoic 

\-\ells. However, well costs are minor compared to the costs of 

constructing transmission lines to the town from any well si te more than 

~-mile or so from town. 
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CHAPTER I 

INTRODUcrION 

Objectives 

The objectives of this investigation are: 1) to evaluate the 

ground-water development potential for the saturated and permeable rock 

units in the vicinity of Manderson, wyoming; 2) prioritize the develop

ment potential of these units with respect to satisfying the immediate 

water demands of Manderson; and 3) identify favorable test drilling 

sites. 

The results presented herein particularly focus on those rock units 

having the rrost pranising hydrogeologic condi tions for potable water and 

sustained yields of at least 75 gallons per minute (gpn). Priori

tization of water-bearing units and test drilling site selection were 

strongly influenced by the presence of geologic structures which have a 

potential for providing satisfactory water quali ties and yields of 

wells. other criteria used to evaluate development potential include: 

presence of thick saturated sections of penneable rocks, shallow to 

rroderate drilling depths, recharge to the si te , distance of si te fran 

Manderson, and completion and development costs. 

This report supplements the previously submitted ground-water 

exploration report prepared by Buell, Winter, Mousel, and Associates 

(1983) for the wyoming Water Development Commission and Town of 

Manderson and facili tates si te selection for a successful municipal 

well. 
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Location 

The location of the study area is shown on Figure 1. The area is 

located in Big Horn County, Wyoming, Townships 49 and 50 North and 

Ranges 91, 92, and 93 West. The study area encompasses about 216 square 

miles. All discussions herein refer to this area unless otherwise 

specified. 

How to Use This Report 

This report is designed to be used for the following activities. 

1. Identification of water-bearing rock units in the vicinity of 
Manderson, Wyoming. 

2. Quantification of the hydrogeologic and water quality prop
erties of those water-bearing rock units. 

3. Est.iroating the success potential for test wells penetrating 
the water-bearing rocks wi th respect to meeting Manderson IS 

immediate water needs. 

4. Prioritization of test drilling sites based only on items 1-3 
above. 

5. Comparative assessment of development and completion costs for 
test drilling sites. 

The results presented herein constitute the initial step in a sound 

procedure for identifying potential sites for ground~ater development. 

It is the specific intent of this study to use a realistic number of 

objective criteria to select within an appropriate part of the Bighorn 

Basin, l.vyaning, those locations which warrant further exploration 

effort. 

The criteria used to screen test drilling sites are similar to 

those constraints frequently imposed on municipal development. The Town 

of :Manderson should carefully examine the prioritization of water-

bearing uni ts and test si tes and determine which individual si tes 
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demonstrate the best potential for satisfying the specific needs of the 

tCMn in tenns of accessibili ty, production rate and anticipated water 

quality. 

Once the town has decided on a site that best fulfills the antic-

ipated needs and constraints, the next technically sound step is to 

initiate test drilling to detennine production rates and water qual-

ities. 

The complete site selection and developnent process includes the 

following Levels: 

Level 1. Regional screening of sites based on objective criteria; 

Level 2. Site evaluation wherein: 

a. the most favorable drilling locations are identified 
within a site based on detailed on-site evaluation, 

b. test wells are drilled to evaluate the character
istics of the aquifer, and 

c. water quali ty is evaluated using samples obtained 
from test holes drilled during Level 2b; 

Level 3. Final developnent of the si te pending favorable results 
from level 2 evaluations. 

Ultimately it must be recognized by the Town of Manderson that this 

report is based principally on favorable hydrogeologic conditions in the 

vicinity of the identified sites. Unfortunately, in most cases there is 

no specific on-site drill hole data to substantiate the absolute produc-

tivity of the water-bearing units. 

lJethodology 

Geologic Map 

Plate 1 shows the generalized surficial geology of the study area. 

Plate 1 was corrpiled from geologic maps by Andrews and others (1947), 
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Rogers and others (1948), and Pierce (1949). 

The geologic map was used as follows: 

1. Outcrop areas for permeable units were measured and used as a 
relative indicator for recharge areas. 

2. Outcrop configurations were used as indicators for tectonic 
structures. 

3. Drilling depths to target water bearing horizons were estimat
ed by subtracting the stratigraphic thicknesses of the sur
ficial unit and any other unit overlying the target horizon 
from the ground elevation of the surficial unit. 

4. Test drilling si tes were in part identified on the basis of 
the surficial geology. 

Geologic Cross Sections 

Plate 2 was constructed to depict typical geanetries associated 

with cammon tectonic structures which deform the sedimentary rocks in 

the area. The cross sections were developed from petroleum test and 

\\ell data. Depths to formation tops used in the cross section were 

reported by Petroleum Information (various). 

Elevations of the Top of the Frontier Formation 

Structural elevations of the top of the Frontier Fonnation are 

shown on Plate 3. Plate 3 was prepared by using (1) elevations of 

outcrops, (2) elevations interpreted from electric well logs, (3) 

reported formation tops for oil and gas wells (Petroleum Information, 

various), and ( 4) existing structural contour maps. 

The principal use for the structural contour map was as an indica-

tor of tectonic structures and areal configurations of those structures. 

other uses include (1) an approximation of hydraulic gradients in areas 
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that are well drained, and (2) an indicator of areas where ground water 

is stratigraphically trapped. 

Potentiometric Surface 

The potentiometric surface associated with the Tensleep aquifer is 

shown on Plate 4. Data points used on Plate 4 were compiled fran the 

~Vyaning State Engineer well penni t files, published and unpublished 

reports, and by calculations using drill-stem test analyses. 

The potentianetric map was used (1) as an indicator of ground-water 

flow directions, (2) for identifying recharge and discharge areas, and 

(3) for estimating the potential for flowing wells at favorable sites. 

Stratigraphic Column 

A generalized stratigraphic column for the Manderson area is shown 

on Figure 2. The stratigraphic column can be used for a quick visual 

sUImlary of the stratigraphic succession, Ii thologies, and ages of the 

sedi..rrentary rocks in the area. 

Hydrologic Characteristics 

The hydrologic characteristics of the various rock units are shown 

on Figure 3. Figure 3 allows the user of this report to quickly screen 

the water-bearing units and to qualitatively assess the suitability of 

the units on the basis of pe:rmeability, reported yields, and water 

quality. 
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Paleozoic Outcrop Map 

Figure 4 shows the locations of the outcrops of the Paleozoic rocks 

up-hydraulic gradient from the project area. Figure 4 was corrpiled from 

a 1:250,000 scale geologic map by Lowry and others (1976). The outcrop 

map was used to identify, in part, the regional extent of recharge areas 

to the Paleozoic aquifers underlying the project area. The map was also 

used to estimate the distances between favorable Paleozoic aquifer test 

drilling sites and recharge areas. 

Transmissivity Control Points 

Transmissivity data points for wells tested and completed in the 

various Paleozoic aquifers are shown on Figure 5. The data points 

provide a relative indicator of the productivity of the aquifers at a 

specific location. The data points can also be used to correlate 

transmissivity with tectonic structure at points of interest. Based on 

the correlations, favorable test drilling sites can be screened. 

Elevations of the Top of the Tensleep Sandstone 

Structural elevations of the top of the Tensleep Sandstone are 

shown on Figure 6. Figure 6 was adapted to the project area fran a 

structural contour map by Petroleum Information (various). The map can 

be used (1) to approximate the top of the principal Paleozoic aquifers, 

(2) to indicate areas where the principal Paleozoic aquifers have 

fracture enhanced penneabili ties, and (3) to approximate the hydraulic 

gradients in areas that are well drained. Also, drilling depths to the 

top of the Paleozoic aquifers can be computed by subtracting the 

structural elevation of the top of the Tensleep Sandstone from the 

surface elevation at any point of interest. 
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water Quality Maps 

Figure 7 shows selected water quality parameters for the various 

water-bearing units in the area. The parameters can be used to screen 

the water-bearing units with respect to anticipated water qualities at 

test drilling sites. 

Tabulation of Data 

'IWo premises underlie the tabulation of data in this report. 

First, carefully executed tabulation of data and pertinent facts elimi

nates the necessity for tedious text. Second, tabulation of a data base 

provides a sing Ie concise reference dOClJIlEnt for further exploration 

work in the project area. For example, if the user of this report is 

interested only in knowing where favorable sites are located and the 

relative rating for each site, 

tabulated data in Chapter V, 

the reader need only to refer to 

Favorable Site Selection. Target 

water-bearing units and rating cri teria are conpiled in this chapter, 

and fram this the reader can readily assess drill site selections. 
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CHAPTER II 

HYDROSTRATIGRAPHY 

Introduction 

Geologic formations of Cambrian to Quaternary age that are present 

in the Manderson study area were investigated as potential sources of 

ground water for the Town of Manderson. On the basis of lithology, 

hydrologic properties and areal extent, each formation was classified as 

either a principal aquifer, a secondary aquifer, or a leaky confining 

layer. Each aquifer is described in this chapter in terms of the 

lithology, adjacent geologic uni ts and their hydrologic influence, 

recharge and discharge, aquifer parameters, yield, ground-water rrove

rrent, water quality, and potential for development. 

The generalized stratigraphy of the Manderson study area is shown 

on Figure 2. Figure 3 summarizes the hydrologic characteristics of rock 

units in the Manderson study area. The lithology and hydrologic prop

erties of each formation are sumnarized in Table 1. The primary sources 

of data utilized in this section of the report were Swenson and Bach, 

(1951); Libra and others, (1981); western Water Consultants, (1982); and 

Petroleum Information, (various). 

Aquifer properties of geologic formations were estimated fran 

petroleum drill-stem tests and water well production data. Information 

from drill-stem test analyses include average producti vi ty of tested 

interval, permeability of tested interval, transmissivity of the aqui

fer, and elevation of the potentiometric surface. This information is 

presented in Table 2. Yields, specific capacities, and transmissivity 

18 
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Table 1. Lithologic and Hydrologic Properties of Ibck. Units in the Manderson Study Area, Bighorn Basin, Wyaning. 

h]e 

Q-Iaternary 

Tertiary 

Cretaceous 

Geologic 
Fonnation 

Alluvial Deposits 

Terrace Deposits 

Willwood Formation 

Fort Union 
Fonnation 

lance Fonnation 

M=eteetse 
Fonnation 

Thickness Lithology 
(ft) 

0-45 Unoonsolidated silt, sand, gravel, and 
boulders. Flood plain deposits nore than 
one mile wide occur along Bighorn and 
Nowood rivers near Manderson. 

0-45 Unconsolidated, poorly sorted clay, silt, 
sand, and gravel. Terrace deposits occur 
up to 125 feet above Bighorn and Nowood 
rivers. Clay and silt percentage is 
generally very high in the study area. 

245-2500 Interbedded siltstone, claystone, and 
sandstone. Crops out west of terrace 
deposits along Bighorn River. Sandstone 
intervals are up to 60 feet thick. 

1000-1500 Interbedded sandstone and shale with scare 
coal seams. Crops out east of the Bighorn 
River alluvial deposits. Sand units vary 
in thickness fram 8 to 50 feet. 

600-775 Interbedded massive sandstone, claystone, 
siltstone, shale, and minor coal beds. 
Underlies central and western parts of 
study area. Crops out in 12 sq. mi. area 
east of the Bighorn River. 

540-650 Interbedded clayey to silty sandstone, 
siltstone, claystone, and shale with sene 
bentonite and coal beds. Underlies cen
tral and western parts of study area. Crops 
out about two miles east of Bighorn River. 
Sand units are up to 60 feet thick. 

Hydrologic Properties 

Secondary Aquifer. Yields between 5 and 20 
gpn of water to wells. water quality 
directly related to quality of surface water. 
Penreability is intergranular and locally 
very large. 

Sources of 
Infonnation

a 

1, 4, 6, 13 

Secondary Aquifer. Yields are generally less 3, 4, 9 
than 25 gpn to water wells. Potentially higher 
yields available where deposits are recharged 
by irrigation water. Deposits are elevated, 
dissected by erosion, and well-drained. 
Permeability and productivity decrease 
with increased silt content. Water quality 
related to terrace composition and gen
erally poor for darestic use. Specific 
Capacity: 2.0-8.3 gpn/ft. 

Secondarv Aquifer. Yields less than 1 to 25 
gpn from discontinuous sandstone units. TDS 
concentrations at two wells were 2150 .and 2160 
mg/l. Specific Capacity: 0.01-0.25 gpn/ft. 

2, 3 

Secondary 11guifer. Yields between 2 and 25 gpn 2, 4 
to water wells. Water-bearing sands are 
generally discontinuous. Water quality is fair 
to poor for domestic use. TDS concentrations 
at four wells range fran 776 to 5290 mg/l. 

Secondary llgUifer • Massive sandstone units 
yield 4 to 84 gpn to wells. Shales may 
prevent recharge to lower sand units. TDS in 
two sanples from Manderson municipal well were 
927 and 976 mg/l. Specific capacity: 0.28-
0.62 gpn/ft. 

4, 5, 13 

Secon~ Aquifer. Yields from the sands of 4, 13 
the unl t are generally less than 10 gpn to 
stock and denestic wells. No \'later quality 
data available. Specific capacity: 0.4 gpn/ft. 



Table 1. Lithologic and Hydrologic Properties of Rock Units in the Manderson Study Area, Bighorn Basin, Wyaning (continued). 

Age 

Cretaceous 

tv 
o 

Geologic 
Fonnation 

Mesaverde 
Fonnation 

Cody Shale 

Frontier 
Fonnation 

M:Jwry Shale 

'lhernopolis Shale 
(t-uddy Sandstone 

lwErnber) 

Thickness Lithology 
(ft) 

±650 Sequence of ma.ssive sandstone, thinly 
bedded sandstone, shale, and coal beds. 
Sandstones are laterally discontinuous. 
Basal Eagle Sandstone consists of fine 
grained to shaley sandstone. Under lies 
central and western parts of study area. 
Crops out in central part of study area. 

3000-3500 Marine shale with interbedded lenticular 
shaley sandstone in upper 500 feet. Crops 
out over nest of eastern part of study 
area. Underlies area west of outcrop. 

±550 Interbedded fine to medium grained sand
stone, massive to fissile siltstone, and 
bentonitic to carbonaceous shale. Under
lies rrost of study area. Crops out along 
anticlines in southeast and northeast 
corners and along eastern boundary of study 
area. Torchlight and Peay sandstones are 
approximately 100 feet thick each. 

340 

400 
( 50) 

Interbedded siliceous shale and thin sand
stone unit with bentonite in upper part. 
Area of outcrop limited to anticlines in 
the southeast corner of the study area. 
Under lies nest of the study area. 

Fissile shale with sandy, silty, and ben
toni tic zones. MJddy Sandstone M::mber is 
10 to 40 feet thick near the middle of the 
Themopolis Shale. Muddy Sandstone IneI'Cber 
near middle of Thernopolis Shale is 10 to 
40 feet thick. 

Sources of 
Hydrologic Properties Infonnationa 

Secondary Jlquifer. Series of sandstone sub- 4, 5, 13 
aquifers in shale yield 1 to 20 gprn to water 
wells. Yields depend on continuity of sand-
stone sub-aquifers. 'IDS concentrations at 
three wells ranged fran 926 to 2100 mg/l. 
Transmissivity: 8-10 gpd/ft (from dril12stern 
tests) Penreability: 0.008-0.02 gpd/ft (from 
drill-stem tests) 

lA:aky Confining Layer. Isolated sandstone 
units yield 1 to 20 gpn to wells. Water 
quality is poor for datEstic use. 'IDS concen
tration at two wells were 1830 and 6120 mg/l. 
Specific capacity: 0.11-0.23 gpm/ft. 

Alternating ~ Confining Layers and 
Secondary llquJ>er's. Yields fran sandstones 
range fran 1 to 51 gpn. Water quality is IXX>r 
for domestic use. 'IDS concentrations at two 
wells were 6109 and 7070 ng/I. Transmissivity: 
0.5-400 gpd/ft (fram drill-s2em tests) 
Permeability: 0.008-2 gpd/ft (fran drill-stern 
tests) 

1, 4, 13 

2, 4, 13 

leaky Confining Layer. No reported yields. 4, 7, 13 
May yield minor quantities of water in areas 
where folding and faulting has enhanced fracture 
penteabili ty. No water quality data available. 

leaky Confining Layer. Shales are confining 1, 4, 8, 13 
layers. Yields fran the Muddy Sandstone 
Merrber range fran 1 to 42 gpn. Muddy Sand-
stone is a Secondary h;Iuifer. 'IDS concentra-
tions in four "Jells range from 2001 to 8681 rtg/l. 
Transmissivity: 0.6-30 gpd/ft (fran dr~ll-stem 
tests). Permeability: 0.002-1 gpd/ft (fran 
drill-stem test) . 



Table 1. Lithologic and Hydrologic Properties of Rock Units in the Manderson Study Area, Bighorn Basin, Wyaning (continued). 

Age 

Cretaceous 

Jurassic 

Triassic 

Geologic 
Fonnation 

Cloverly 
Fonnation 

Morrison 
Fonnation 

Sundance 
Fonnation 

Gypsum Springs 
Fonnation 

Chugwater 
Formation 

Dinwoody 
Formation 

Thickness Lithology 
(ft) 

150 Corrposed of three units. The uppernost 
unit is the Dakota Sandstone which con
sists of interbedded sandstone, silty 
sandstone, and shale. The middle unit 
is a shale with same sandstone lenses. 
The lower unit is the Dakota sandstone 
which is primarily sandstone with silt
stone and shale. Clover I y crops out a
round the Paintrock anticline and under
lies the entire study area. 

±300 Claystone and shale with silty sandstone 
and lenticular linestone. Crops out 
around Paintrock anticline. Underlies 
entire study area. 

215-320 Interbedded shale, sandstone, siltstone, 
and linestone. Under lies entire study 
area. 

±200 Shale and siltstone with thin limestone 
beds and massive gypsum beds at base. 
Underlies entire study area. 

620 Interbedded shale, siltstone, and sand
stone with same thin gypsum beds in lower 
part of unit. Under lies entire study 
area. 

150 Thinly bedded silty shale and siltstone 
wi th linestone, dolani te and gypsum in 
upper part. Underlies entire study area. 

Sources of 
Hydrologic Properties Informationa 

Secondary Aquifers. Upper and lovIer sandstones 1, 4, 9, 13 
yield 14 to 26 gp11 to wells. TDS concentra-
tion at one well within study area was 2180 
lTg/I. 

Alternating Leaky Confining Layers and 
Secondary Aquifers. Sandstone units yield 
minor quantitl.es of water to wells. 'IDS con
centration fran one well near study area was 
4590 lTg/I. 

Alternating Leaky Confining Layers and 
Secondary ~ifers. Sandstone units locally 
Yl.eld sma~quantities of water. 

Al temating Leaky Confining Layers and 
Secondary Aquifers. Yield fran one water well 
in study area is 27 gpn. No reported water 
quality data. Water quality is probably poor 
for domestic use due to dissolution of gypsum. 
Transmissivity: 30 gpd/ft (fran

2
drill-stem 

test) Penreability: 0.2 gpd/ft (from drill
stern test) 

Lei!?' Confining Layer. SnaIl yields are avail
ab e fran sandstone and gypsum beds. 'IDS 
concentrations in water fram two Chugwater 
wells near study area was 8000 to 9980 lTg/I. 
Transmissivity: 5-40 gpd/ft (from dr~ll-stem 
tests) Permeability: 0.4-2.2 gpd/ft (fram 
drill-stem tests) 

Leaky Confining Layer. Yield and water quality 
data are not available for the Dinwood.y. 

4, 13 

4, 13 

4, 13 

4, 9, 13 

4, 9, 13 
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Table 1. Lithologic and Hydrologic Properties of Rock Units in the Manderson Study Area, Bighorn Basin, Wyaning (continued). 

Age 

Pennian 

Geologic 
Fonnation 

Phosphoria 
Fonnation 

Pennsylvanian Tensleep 
Sandstone 

Amsden Fonnation 

Thickness Lithology 
(ft) 

50-150 Sequence of shale and siltstone with beds 
of sandy linestone. Under lies entire 
study area. 

150-260 Massive cross-bedded sandstone with 
dolani te beds in lCMer part . Underlies 
entire study area. 

±175 Shale and siltstone with interbedded dolo
nd te and linestone. Under lies entire 
study area. 

Sources of 
Hydrologic Properties Informationa 

Secondary .Aquifer. Yields 1 to 36 gpn to water 4, 9, 10, 
~lls from carbonate beds. No reported water 13 
quality data. Water quality probably pcx:>r. 
Transmissi vi ty: 0.5 - 40 gpd/ ft (fran drill'2 
stem tests) Penreability: 0.1 - 1.4 gpd/ft 
(fram drill-stem tests) 

Principal .Aquifer. Yields 2 to 200 gpn to 
water ~lls. Water quality good to pcx:>r for 
darestic use. 'IDS concentration at one well 
near study area was 354 ng/l. Water-producing 
intervals range in thickness from 10 to 75 
feet. Transmissivity: 4 - 300 gpd/ft (fran 
drill-s~ tests). Permeability: 0.02 -
2 gpd/ft (fram drill-stan tests). 

lA:!aky Confining Layer. Yield and water quality 
data are not available. Small yields may be 
available where carbonate zones are fractured. 

4, 11, 13 

4, 13 

1\:) ____________________________________________________________________________________________________________________________________________________ __ 

Mississipian 

Devonian 

Ordovician 

Madison 
Lirrestone 

Jefferson 
Fonnation 

Bighorn 
lX:llornite 

500-600 

50-100 

300 

Massive crystalline linestone and dolo
nd te. Breccia zones in upper half of 
fonnation. Under lies entire study area. 

Interbedded siltstone, dolani te, and line
stone. Under lies entire study area. 

Massive to thinly bedded dolimitic line
stone and dolomite with basal massive 
sandstone. Underlies entire study area. 

Principal Aquifer. Yields to water ~lls range 
fran 4 to 14,000 gpn. 'IDS concentrations range 
fram 180 to 1210 ng/l. Producing intervals 30 
to 60 feet thick. Porosity and penneability 
highest in areas of fracturing . Transmissivity: 
10 - 2000 gpd/ft (fran drill-st~ tests). 
Penreability: 0.03 - 0.3 gpd/ft (fram drill
stem tests) . 

lA:!aky Confining Aquifer. Yields less than 23 
gpn to one water \\.'ell in study area. Water 
quality data not available in study area. 

Principal Aquifer. Yields to water wells in 
the study area range from 42 to 1000 gpn. 
\-later quality is excellent for dcrrestic use. 
'IDS concentrations at two "-'ells were 257 and 
272 ng/l. Produces largest yields in areas of 
fractures and solution cavities. Transmissivity: 
100 gpd/ft2 (frarrl drill-stern tests Permeability: 
0.7 gpd/ft (fram drill-stem tests). 

I, 2, 4, 
11, 12, 13 

9, 13 

9, 13 



Table 1. Lithologic and Hydrologic Properties of Rock Units in the Manderson Study Area, Bighorn Basin, Wyaning (continued). 

Carrbrian 

Geologic 
Fonnation 

Gallatm/Gros 
Ventre Formations 
(undivided ) 

Thickness 
(ft) 
±850 

Lithology 

Interbedded sequence of shale, linestone, 
and flat pebble conglarerate. Underlies 
entire study area. 

Hydrologic Properties 

LeakY Confining Layers. Yields and water 
quality data are not available for these 
units. Carbonate and conglarerate beds are 
potential minor sources of ground water where 
fractured, though no develq:ment is known. 

Sources of 
Informationa 

9, 13 

Flathead 
Sandstone 

±300 Arkosic and quartzitic sandstone with 
interbedded shale in the upper part. 
Formation thins to extinction at highs in 
the Precambrian baserrent. Areal extent 
lX)t well defined. 

Principal Aquifer. Yields excellent quality 9, 12, 13 

Precambrian Granite and metasedirrentary rocks. 

a Sources of information include: 1. Cooley and Head, (1979) 
2. Water Resources Data System, (various) 
3. Wyaning State Engineer I s Office, (various) 
4. Swenson and Bach, (1951) 
5. Buell, Winter, M::>usel and 1>.ssociates, (1983) 
6. Lowry and others, (1976) 
7. Dana, (1962) 
8. Crawford and Davis, (1962) 
9. Libra and others, (1981) 

10. Petroleum Infonnation, (various) 
11. Lowry, (1962) 

water to wells at reported rates of 96 to 
400 gpn. One reported 'IDS concentration 
was 382 mg/l. Transmissivity: 200 gpd/ft (fran 
drill-stem tests). Permeability: 6 gpd/ft 
(fran drill-stem tests). 

Many yield small quantities of water to 
wells where densely fractures. 

12. Wyaning Departnent of hJriculture - Division of Laboratories, (1979 and 1980) 
13. Western Water Consultants, Inc., (1982) 

9, 13 



Table 2. Aquifer Parameters Calculated from Drill-Stem Test Analyses, Manderson Study Area, Manderson, Wyoming. 

Calcualted Average Estimated 
EstimatedC Depth to Depth to Potentiometric Productivity Permeabil ity 

Date Kelly Bushing 
Formation Testedb Formation Tested Surface of Tested of Tested Transmi ss i vi ty 

Locationa Completed Elevation Top Interval Elevation Interval Interv~l of Aquifer 
(mo-,F} (ft-msl) (ft) (ft} (ft-msl} (gem) (ged/ ft } (ged/ ft ) 

Mesozoic Aguifers 

49-91-4ca 10/56 4043 Thermopolis Shale 2450 2467-2508 2583 NO NO 
(Muddy Sandstone) 

49-91-17ad 3/63 4345 Thermopolis Shale 1797 1798-1840 2692 2 NO NO 
(Muddy Sandstone) 

49-91-27ab 12/58 4236 Frontier 200 490-550 3993 2 NO NO 

49-91-31aa 9/72 4146 Thermopolis Shale 5856 5826-5920 3891 3 9.0x10-3 2.0x100 

(Muddy Sandstone) 

49-91-34cb 1/58 4377 Thermopolis 3005 3015-3056 4090 27 1.0xlOO 3.0x101 

49-92-2da 9/55 4191 Frontier (2nd Sand) 2570 2776-2800 3934 16 2.0x100 4.0x102 
Thermopolis Shale 3745 3731-3781 NO 1 NO NO 
(Muddy Sandstone) 

tv 49-92-4ca 2/78 4086 Frontier (4th Sand) 5585 5537-5588 NO 2.0x10-2 9.0xlO-1 

~ 
1.0x100 2.0x102 49-92-12ab na 4173 Frontier (1st Sand) na 2252-2267 3946 8 

Thermopolis Shale na 3460-3495 4091 16 NO NO 
(Muddy Sandstone) 
Cloverly na 3760-3805 NO 26 NO NO 
Cloverly 3957-3991 NO 14 NO NO 

49-92-12bd na na Frontier 3297 3310-3340 NO 12 3.0x10-2 6.0x100 

49-92-14cb 10/66 4184 Frontier (2nd Sand) 5030 5383-5488 3877 28 1.0x10-1 2.0x101 

49-92-16 6/60 4060 Frontier (3rd Sand) 6473 6484-6510 3985 4 3.0x10-2 3.0x100 

49-92-36dc 2/81 4341 Mesaverde 2566 3420-3615 3949 6 -2 1 2.0x10_2 1.0x100 Frontier (3rd Sand) 6954 6950-6990 3797 4 2.0x10_I 1.0x101 Frontier (4th Sand) 7018 7025-7138 4136 44 3.0x10_I 5.0x100 Thermopolis Shale 7670 7620-7722 4907 43 2.0x10 6.0xlO 
(Muddy Sandstone) 

49-93-29aa na 4236 Frontier (3rd Sand) 9121 9137-9187 1542 51 NO NO 

49-93-34db 11/80 4257 Frontier (2nd Sand) na 8705-8750 3998 2 8.0x10-3 5.0x10-I 

50-91-9bc 8/56 4258 Thermopolis Shale 1363 1368-1415 4303 17 1.0xlOO 3.0x101 

(Muddy Sandstone) 
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Table 2. Aquifer Parameters Calculated from Drill-Stem Test Analyses, Manderson Study Area, Manderson, 
Wyoming (continued). 

Calcualted Average Estimated 
Oepth to Depth to Potentiometric Productivity Permeabil ity EstimatedC 

Date Kelly Bushing 
Formation Testedb Formation Tested Surface of Tested of Tested Transmissivity 

Locationa Completed Elevation Top Interval Elevation Interva 1 lnterv~l of Aquifer 
(mo-~r~ (ft-msl) (ft) ( ft~ (ft-msl) (gem) (ged/ ft ~ (ged/ ft ) 

50-92-1cd 12/56 4169 Thermopolis Shale 1550 1555-1604 4253 2.0x10-2 6.0x10-1 
(Muddy Sandstone) 

50-92-6bb 4/62 4106 Gypsum Springs 4182 4313-4427 4372 27 2.0xl0-1 3.0xl01 

50-93-3ac 1/56 3914 Frontier (2nd Sand) 7016 7034-1733 734 2 NO NO 
Frontier (Peay Sandstone) 7470 7534-7552 3232 11 NO NO 

50-93-14bc 1/69 3880 Frontier (1st Sand) 7110 7514-7566 1584 5 3.0xl0-2 6.0xl00 

50-93-24aa na 4099 Thermopolis Shale 6524 6530-6621 2375 4 2.0x10-2 8.0x10- 1 
(Muddy Sandstone) 

*50-94-31dc 1/82 4719 Mesaverde 7841 7835-7865 3258 1 -3 0 8.0x10_3 8. 0x1Q1 
Frontier (2nd Sand) 11 ,411 11 ,564-11 ,635 4355 3 7.0x10 8.0xl0 

Paleozoic Aguifers 

49-91-2ab 9/63 4241 Jefferson - Bighorn 2741 2763-2791 NO 23 7.0x10-1 1.0xl02 
Dolomite 

49-91-5cb 8/66 4130 Phosphoria-Tensleep 5596 5806-5878 3439 11 4.0xl0-2 1.0xl01 
Sandstone 

49-91-12db 3/79 4432 Madison Limestone 2469 na NO 490 NO NO 
Bighorn Dolomite 2871 na NO 42 NO NO 
Flathead Sandstone 4128 4128-4210 6834 96 6.0x100 2.0x102 

49-91-14cb na 4185 Phosphoria-Tensleep 3520 3750-4062 4658 30 NO NO 
Sandstone 

49-91-16ca 9/68 4493 Tensleep Sandstone 4390 4413-4443 NO 4 2.0x10-1 3.0x101 

49-91-16cc 4/51 4000 Tensleep Sandstone 4291 4297-4332 NO 21 NO NO 

49-91-17dd 9/53 4338 Tensleep Sandstone 4172 4247-4266 NO 2 2.0xlO-1 3.0xl01 

49-91-17dd na 4405 Tensleep Sandstone 4385 4380-4411 NO 2 NO NO 

49-91-23dc 10/67 4426 Tensleep Sandstone 2800 2802-2816 NO 7 2.0x100 3.0x102 

49-91-25cc 6/59 4545 Madison Limestone 3052 3171-3201 4606 56 3.0x100 2.0x103 
Gallatin 4064 4383-4472 NO 9 NO NO 

4407-4411 NO 1 NO NO 

49-91-26ad 6/52 4379 Tensleep Sandstone 2570 2695-2730 NO 31 NO NO 



Table 2. Aquifer Parameters Caculated from Drill-Stem Test Analyses, Manderson Study Area, Manderson, 
Wyoming (continued). 

Calcualted Average Estimated 
EstimatedC Depth to Depth to Potentiometric Productivity Permeabi 1 i ty 

Date Ke l1y Bushi ng 
Formation Testedb Formation Tested Surface of Tested of Tested Transmissivity 

Locationa Completed Elevation Top Interval Elevation Interval I nterv~ 1 of Aquifer 
{mo-.lr) {ft-msl) (ft} (fq (ft-msl} (g~m) {9~d/ft } (9~d/ft) 

49-91-26dc 7/51 4464 Tensleep Sandstone 2755 2774-2799 4680 NO NO NO 

49-91-26dd 5/51 4587 Tensleep Sandstone 2678 2855-2870 4612 NO NO NO 

49-91-31aa 9/72 4146 Phosphoria-Tensleep 7910 7922-8077 3284 NO NO NO 
Sandstone 

49-91-36ac 2/51 4471 Tensleep Sandstone 2814 2776-2850 4603 NO NO NO 

49-92-2ad na 4062 Tensleep Sandstone 5888 5900-6042 3369 NO NO NO 

49-92-2ca na 4132 Tensleep Sandstone 6578 6578-6614 4235 27 2.0x10-1 4.0x101 

49-92-2dc 2/81 4154 Tensleep Sandstone 6380 6420-6450 4270 NO NO NO 

49-92-2dd 4/54 4130 Tensleep Sandstone 6311 6375-6430 3171 NO NO NO 

49-92-10dd 12/69 4112 Tensleep Sandstone 8094 8096-8104 4164 6 1.0xlO-1 2.0x101 

t\J 49-92-28cd 9/69 3967 Phosphoria-Tensleep 10,403 10,411-10.472 3932 6 NO NO 
()) Sandstone 

49-92-31dd 12/74 4061 Phosphoria-Tensleep 11.122 11.158-11.214 4136 8 2.0x10-2 6.0x100 
Sandstone 

49-93-13bc 10/68 4184 Tensleep Sandstone 11 ,502 11.540-11.570 3627 11 6.0x10-2 8.0x100 

49-93-20cb 12/52 4325 Phosphoria-Tensleep 11.908 11.914-11.940 3938 36 3.0x10-1 8.0x101 
Sandstone 

49-93-29aa 4236 Tensleep Sandstone 11.915 11.933-11.994 2668 6 -2 0 na 2.0x10_2 3.0x101 Madison Limestone 12.223 12.225-12.283 3186 13 3.0x10 2.0x10 

49-93-34db 11/80 4257 Tensleep Sandstone 11.731 11.775-11.807 4034 14 6.0xlO-2 1.0x101 

50-91-16ab 10/62 4203 Tensleep Sandstone 3768 3760-3805 4211 26 7.0x10-1 1.0x102 

50-91-35bb 10/76 4224 Tensleep Sandstone 2502 2575-2594 4418 11 1.0x100 2.0x102 

50-92-2ab 11/46 4256 Tensleep Sandstone 3663 3665-3703 NO 3 NO NO 

50-92-2ab 12/81 4284 Madison Limestone 4060 4144-4180 4495 3 3.0x10-2 2.0x101 



Table 2. Aquifer Parameters Calculated from Drill-Stem Test Analyses, Manderson 
Wyoming (continued). 

Calcualted Average 
Depth to Depth to Potentiometric Productivity 

Date Kelly Bushing 
Formation Testedb Formation Tested Surface of Tested 

Locationa Completed Elevation Top Interval Elevation Interval 
{mo-~r l (ft-msl) (ftl (ftl (ft-msl) (gem) 

50-92-2ba 12/81 4284 Phosphoria-Tensleep 3484 3494-3517 4153 4 
Sandstone 
Madison Limestone 4060 4144-4180 4485 4 
Madison Limestone 4280-4309 4640 29 

50-92-2bb 7182 4312 Madison Limestone 4170 na na 58 

50-92-28ca 10/70 4016 Tensleep Sandstone 7134 7130-7163 2728 3 

50-92-28cc 12/68 3971 Tensleep Sandstone na 7136-7142 3268 22 

50-93-23aa 3/70 3888 Phosphoria-Tensleep 9271 9281-9349 3915 
Sandstone 

a Township _ north, range - west, section, quarter - section, etc; U.S. Geological Survey well numbering system. 

* = Additional data from locations adjacent to study area. 
na = Not Available 
NO = Not Determinable 

b Formation member in parantheses. 

c Estimated Transmissivity of Aquifer = Estimated Permeability of Tested Interval x Saturated Thickness of Aquifer. 

Study Area, Manderson, 

Estimated 
EstimatedC Permeabi 1 i ty 

of Tested Transmissivity 
Interv~ 1 

(ged/ ft l 
of Aquifer 

(ged/ ft ) 

9.0x10-2 2.0x101 

-2 1 4.0x10_1 1.0x102 3.0x10 2.0x10 

ND NO 

2.0x10-2 4.0x100 

8.0x10-1 2.0x102 

2.0x10-3 1.0x100 



data from water wells were obtained from published sources and the files 

of the Wyaning State Engineer and are presented in Table 3. 

Drill-Stem Test Data 

A drill-stern test is a measurement of production, pressure, and 

permeability properties of a specific stratigraphic interval to deter

mine the potential for comrercial petrolemn production. ~thods de

scribed by Murphy (1965) and Bredehoeft (1965) were used herein to 

determine aquifer properties fram drill-stern data. Lirni tations in 

estimating hydrologic properties from drill-stern tests are discussed in 

these publications. Potential errors involved in these calculations 

include (1) uncertainty that steady-state flow is obtained, (2) under

estimation of formation transmissivity because of reduced transmissivity 

of the damage zone near the well, (3) error in both flow rate and trans

rnissi vi ty due to assmning a standard drill pipe diameter, and ( 4) 

overestimation of transmissivity due to short pressure build-up periods. 

Definitions 

An aquifer is defined as a formation, group of formations, or part 

of a formation with sufficient saturated and permeable material to yield 

significant quantities of water to wells. It is the responsibility of 

the user to define what is meant by the word "significant". For the 

purposes of this report a principal aquifer is an areally extensive 

aquifer wi th a large saturated thickness and permeability capable of 

yielding relatively large quanti ties of water to wells. A secondary 

aquifer is lirni ted in areal extent, saturated thickness, and/ or 

28 



Table 3. Aquifer Parameters from Reported Well Test Data, Manderson Study Area, Manderson, Wyoming. 

Locationa b Permi t 
Control Number 

Quaternary Aquifers 

49-91-3dc 

49-91-4ab 

49-91-4cc 

49-91-24bb 

49-92-7ac 
49-92-7bc 
49-92-7cc 
49-92-7cd 

49-92-8bc 

49-92-16ba 
49-92-16ca 

49-92-17ad 
49-92-17bc 

49-92-21aa 

49-92-29ca 

49-92-30cc 

49-92-32ba 
49-92-32ba 

49-93-1ad 

50-91-31bb 

50-92-30ca 

50-92-31bb 

50-92-32bb 

50-92-33ab 
50-92-33ba 

50-92-34bb 

50-93-3da 

50-93-4aa 

ww 

ww 

ww 

ww 

ww 
ww 
ww 
ww 

ww 

ww 
ww 

ww 
ww 

ww 

ww 

ww 

ww 
ww 

ww 

ww 

ww 

ww 

ww 

ww 
ww 

ww 

ww 

ww 

na 

na 

na 

na 

21200 
49518 
17008 
17007 

45455 

18248 
18246 

18247 
21199 

20597 

21202 

33853 

14543 
14544 

37123 

na 

na 

56917 

na 

na 
na 

na 

24278 

30069 

Formation 
Tested 

Alluvium 

Alluvium 

Terrace 

Alluvium 

Terrace 
Terrace 
Terrace 
Terrace 

Terrace 

Alluvium 
Alluvium 

All uvium 
Terrace 

Alluvium 

Terrace 

Terrace 

Terrace 
Terrace 

Terrace 

Alluvium 

Alluvium 

All uvi um 

Alluvium 

Alluvium 
Alluvium 

Alluvium 

Alluvium 

Terrace 

Date 
Drilled Ground 

or Surface Total 
Tested Elevation Depth 
(mo/yr) (ft msl) (ft) 

9/47 

9/47 

9/47 

-/51 

7/40 
7/80 
7/44 
6/15 

4/79 

10/69 
-/40 

-/40 
9/38 

12/72 

8/30 

4/77 

9/53 
3/51 

12/77 

9/47 

9/47 

3/82 

9/47 

9/47 
9/47 

9/47 

10/35 

6/75 

na 

na 

na 

na 

na 
na 
na 
na 

na 

na 
na 

na 
na 

na 

na 

na 

na 
na 

4000 

na 

na 

3894 

na 

na 
na 

na 

na 

na 

25 

8 

8 

11 

8 
50 
35 
30 

295 

24 
20 

24 
25 

25 

15 

44 

20 
20 

42 

40 

12 

21 

31 

45 
30 

45 

25 

45 

d Pump 
WaterC Reported Test 
Level Yield Yield 
(ft) (gpm) (gpm) 

8 

8 

8 

11 

3 
10 
30 
25 

9 

6 
6 

6 
10 

6 

8 

8 

8 
10 

18 

8 

9 

9 

6 

5 
5 

5 

na 

35 

na 

na 

na 

na 

10 
6 
5 
6 

o 

2 
2 

2 
25 

25 

10 

11 

18 
18 

15 

na 

na 

5 

na 

na 

na 

10 

10 

na 

na 

na 

na 

na 
na 
5 

25 

na 

4 
4 

4 
na 

30 

na 

na 

5 
10 

na 

na 

na 

na 

na 

na 
na 

na 

na 

10 

Draw
down 
(tt) 

na 

na 

na 

na 

na 
na 
na 
3 

na 

na 
na 

na 
na 

na 

na 

na 

na 
na 

na 

na 

na 

na 

na 

na 
na 

na 

na 

na 

Test Specifice Producing Trans- Permea- f 
Duration Capacity Interval missivity bilitY2 Source 

(hr) (gpm/ft) (ft) (gpd/ft) (gpd/ft) 

na 

na 

na 

na 

na 
na 
5 

.2 

na 

na 
na 

na 
na 

na 

na 

na 

na 
na 

na 

na 

na 

na 

na 

na 
na 

na 

na 

na 

na 

na 

na 

na 

na 
na 
NO 
8.3 

na 

NO 
NO 

NO 
na 

NO 

na 

na 

NO 
NO 

na 

na 

na 

na 

na 

na 
na 

na 

na 

NO 

na 

na 

na 

7-11 

na 
10-16 
30-35 
25-30 

26-28 

na 
na 

na 
na 

6-18 

na 

18-44 

na 
na 

na 

na 

na 

9-21 

na 

na 
na 

na 

na 

na 

na 

na 

O'a 

na 

na 
na 
na 

7.6xl03 

na 

na 
na 

na 
na 

na 

na 

na 

na 
na 

na 

na 

na 

na 

na 

na 
na 

na 

na 

na 

na 

na 

na 

na 

na 
na 
na 
na 

na 

na 
na 

na 
na 

na 

na 

na 

na 
na 

na 

na 

na 

na 

na 

na 
na 

na 

na 

na 

4 

4 

4 

4 

1 
1 
1 
2 

5 

5 

5 

4 
4 

4 



Table 3. Aquifer Parameters from Reported Well Test Data, Manderson Study Area, Manderson, Wyoming 
(continued). 

locationa 

50-93-11cc 

50-93-15cc 

50-93-22bb 
50-93-22cd 

50-93-26cd 

50-93-36da 
50-93-36dd 

b Pennit 
Contro 1 Number 

ww 

ww 

ww 
ww 

ww 

ww 
ww 

40185 

55958 

36936 
38266 

21205 

39918 
54656 

Tertiary Aquifers 

49-92-6ca 

49-92-7ac 
49-92-7ac 

49-92-9bc 

49-92-18db 
49-92-18dc 
49-92-18dc 

49-92-20bb 
49-92-20bd 
49-92-20cc 

49-92-27ca 

49-92-32ac 
49-92-32dc 
49-92-32 

49-93-15db 

49-93-29db 

50-92-30bc 
50-92-30bd 
50-92-30bd 
50-92-30bd 
50-92-30ca 
50-92-30ca 
50-92-30ca 
50-92-30cd 
50-92-30cd 
50-92-30cd 

ww 

ww 
ww 

ww 

ww 
ww 
ww 

ww 
ww 
ww 

ww 

ww 
ww 
ww 

ww 

ww 

ww 
ww 
ww 
ww 
ww 
ww 
ww 
ww 
ww 
ww 

21204 

21201 
25687 

6546 

18969 
18967 
18968 

21198 
40032 
23058 

34523 

41515 
14142 
14141 

na 

9716 

32869 
32732 
47076 
60242 
40528 

na 
na 

33135 
na 
na 

Fonnation 
Tested 

Alluvium 

Terrace 

Terrace 
Terrace 

Terrace 

Terrace 
Terrace 

Willwood 

Willwood 
Willwood 

Willwood 

Willwood 
Willwood 
Willwood 

Willwood 
Willwood 
Willwood 

Fort Union 

Willwood 
Willwood 
Willwood 

Willwood 

Willwood 

Fort Union 
Fort Union 
Fort Union 
Fort Union 
Fort Uni on 
·Fort Union 
Fort Union 
Fort Union 
Fort Union 
Fort Union 

Date 
Drilled Ground 

or Surface Total 
Tested Elevation Depth 
(mo/yr) (ft msl) (ft) 

6/78 

8/81 

4/77 
11/77 

1/60 

9/58 
1/81 

7/20 

5/37 
7/74 

7/71 

4/45 
5/35 
9/40 

6/54 
-/65 
9/54 

9/76 

12/76 
5/71 
7/72 

na 

5/67 

7/75 
3/69 
6/79 
5/82 
5/78 
9/47 
9/47 
6/76 
9/47 
9/47 

na 

na 

na 
3800 

na 

na 
na 

na 

na 
na 

na 

na 
na 
na 

na 
na 
na 

na 

na 
na 
na 

na 

na 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

15 

18 

30 
30 

22 

12 
30 

70 

100 
200 

280 

100 
60 
90 

130 
200 
105 

345 

125 
125 
250 

300 

350 

125 
123 
150 
215 
120 

48 
62 
40 
36 
56 

d Pump 
WaterC Reported Test 
level Yield Yield 
(ft) (gpm) (gpm) 

11 

10 

8 
5 

10 

9 
7 

30 

80 
20 

100 

40 
30 
40 

80 
158 

40 

30 

22 
30 
50 

40 

70 

80 
90 
40 
70 
9 

10 
16 
7 

11 
8 

25 

5 

4 
25 

5 

15 
4 

25 

4 
1 

20 
25 
20 

25 
10 

3 

3 

1 
4 
5 

2 

5 

10 
10 
2 
2 
5 

na 
na 
25 

7-15 
7-15 

na 

na 

30 
40 

na 

na 
na 

na 

na 
1 

3 

na 
na 
na 

na 
na 
5 

8 

1 
4 
6 

na 

5 

na 
na 
na 
2 

na 
na 
na 
40 
na 
na 

Draw
down 
(ft) 

na 

na 

15 
10 

na 

na 
na 

na 

na 
190 

275 

na 
na 
na 

na 
na 
20 

300 

125 
na 

240 

na 

na 

na 
na 
na 
na 
na 
na 
na 
25 
na 
na 

Test Specifice Producing Trans- Pennea- f 
Duration Capacity Interval missivity bilitY2 Source 

(hr) (gpm/ft) (ft) (gpd/ft) (gpd/ft) 

na 

na 

2 
na 

na 

na 
na 

na 

na 
2 

2 

na 
na 
na 

na 
na 
.5 

.3 

2 
1 
1 

na 

4 

na 
na 
na 
.5 
na 
na 
na 

3 
na 
na 

na 

na 

2 
4 

na 

na 
na 

na 

na 
.01 

na 

10-18 

22-27 
17-27 

na 

na 
7-11 

na 

na 
45-55 

.01 230-270 

na 
na 
na 

na 
na 

.25 

na 
na 
na 

na 
na 
na 

.03 315-345 

.004 60-65 
NO 106-U8 

.02 237-242 

na na 

NO 270-327 

na na 
na na 
na 100-150 
NO 93-107 
na na 
na na 
na na 

1. 6 15-40 
na na 
na na 

na 

na 

na 
na 

na 

na 
na 

na 

na 
na 

na 

na 
na 
na 

na 
na 
na 

na 

na 
na 
na 

na 

na 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

na 

na 

na 
na 

na 

na 
na 

na 

na 
na 

na 

na 
na 
na 

na 
na 
na 

na 

na 
na 
na 

na 

na 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

1 
1 
1 

3 

1 
1 
1 
1 
1 
5 
5 
1 
5 
5 



Table 3. Aquifer Parameters from Reported Well Test Data, Manderson Study Area, Manderson, Wyoming 
(continued) . 

Locationa 

SO-92-3lbb 
SO-92-31bb 

SO-93-3ba 
50-93-3ba 
SO-93-3ba 
50-93-3bc 
50-93-3dc 

SO-93-4da 

SO-93-9bb 
50-93-9da 

50-93-10ba 
SO-93-l0be 
SO-93-l0eb 
SO-93-l0eb 
50-93-l0cb 
50-93-l0cb 

50-93-2lcd 

50-93-22dd 

50-93-24dd 

50-93-25ad 

50-93-27dc 

50-93-34ad 

50-93-36ae 

b Penni t 
Control Number 

ww 
ww 

ww 
ww 
ww 
ww 
ww 

ww 

ww 
ww 

ww 
ww 
ww 
ww 
ww 
ww 

ww 

ww 

ww 

ww 

ww 

ww 

na 
na 

34674 
43704 
50702 
57511 
56188 

29282 

55025 
38128 

15431 
36660 
11955 
11956 
11957 
11958 

60881 

7944 

na 

21207 

33348 

23059 

33529 

Mesozoic Aquifers 

49-91-3cb 
49-9l-3eb 

49-9l-4ab 
49-9l-4ab 
49-9l-4ac 

49-91-4db 
49-9l-4dc 

49-91-5bb 

49-91-8cc 

ww 
ww 

ww 
ww 
ww 

ww 
ww 

ww 

ww 

54007 
na 

20740 
20741 
20739 

na 
na 

450S2 

na 

Fonnation 
Tested 

Fort Union 
Fort Union 

Fort Union 
Fort Union 
Fort Union 
Fort Union 
Fort Union 

Fort Union 

Willwood 
Fort Union 

Fort Union 
Fort Union 
Fort Union 
Fort Union 
Fort Union 
Fort Union 

Willwood 

Willwood 

Fort Union 

Fort Union 

Willwood 

Willwood 

Fort Union 

Frontier 
Frontier 

Cody Shale 
Frontier 
Cody Shale
Frontier 
Frontier 
Cody Shale 

Cody Shale 

Frontier 

Date 
Drilled Ground 

or Surface Total 
Tested Elevation Depth 
(mo/yr) (ft msl) (ft) 

9/47 
9/47 

5/77 
1/79 
3/80 
8/81 

12/82 

5/75 

3/81 
8/77 

11/49 
6/77 
5/48 
7/54 
4/46 
4/46 

9/82 

4/71 

9/47 

9/47 

7/78 

na 

6/76 

10/80 
9/47 

5/53 
10/53 
3/45 

9/47 
9/47 

6/79 

-/36 

na 
na 

na 
na 
na 
na 
na 

na 

na 
na 

na 
na 
na 
n 

na 
na 

na 

na 

na 

na 

na 

na 

na 

na 
na 

na 
na 
na 

na 
na 

na 

na 

48 
104 

60 
110 

75 
120 

90 

180 

160 
140 

91 
120 
60 
55 
60 
60 

295 

90 

60 

65 

140 

50 

245 

48 
46 

38 
580 
110 

65 
35 

80 

1315 

d Pump 
WaterC Reported Test 
Level Yield Yield 
(ft) (gpm) (gpm) 

10 
8 

40 
40 
55 
20 
72 

75 

85 
100 

3 
80 
15 
10 
10 
15 

180 

50 

9 

18 

45 

26 

75 

12 
9 

16 
20 
15 

60 
28 

50 

na 

na 
na 

25 
20 

3 
20 
10 

6 

11 
7 

5 
5 
5 
2 

10 
10 

7 

2 

na 

6 

10 

3 

2 

15 
na 

5 
7 
S 

na 
na 

20 

na 

na 
na 

IS 
na 
na 
na 
na 

6 

11 
na 

5 
4 

na 
na 
na 
na 

7 

na 

na 

na 

10 

5 

na 

na 
na 

5 
20 
20 

na 
na 

na 

na 

Draw
down 
(ft) 

na 
na 

na 
na 
na 

110 
na 

na 

o 
na 

20 
na 
na 
na 
na 
na 

na 

na 

na 

na 

130 

na 

na 

na 
na 

22 
30 
30 

na 
na 

na 

na 

Test Specifice Producing Trans- Penmea
Duration Capacity Interval missivity bilitY2 Sourcef 

(hr) (gpm/ft) (ft) (gpd/ft) (gpd/ft) 

na 
na 

na 
na 
na 
.6 
na 

na 

6 
na 

2 
2 

na 
na 
na 
na 

na 

na 

na 

2 

na 

na 
na 

.3 

.3 

.3 

na 
na 

na 

na 

na 
na 

na 
na 

NO na 
na 80-90 
na SS-7S 
NO 9S-110 
na 72-80 

NO na 

NO na 
na na 

.25 na 
NO 80-120 
na na 
na na 
na na 
na na 

NO 230-233 

na 70-90 

na na 

na na 

.08 100-120 

NO na 

na 203-225 

na 
na 

.23 

.67 

.67 

na 
na 

na 

na 

30-40 
na 

30-38 
85-9S 

SO-110 

na 
na 

50-70 

na 

na 
na 

na 
na 
na 
na 
na 

na 

na 
na 

na 
na 
na 
na 
na 
na 

na 

na 

na 

na 

na 

na 

na 

na 
na 

na 
na 
na 

na 
na 

na 

na 

na 
na 

na 
na 
na 
na 
na 

na 

na 
na 

na 
na 
na 
na 
na 
na 

na 

na 

na 

na 

na 

na 

na 

na 
na 

na 
na 
na 

na 
na 

na 

na 

5 
3 

S 

1 
4 

4 
5 

4 



Table 3. Aquifer Parameters from Reported Well Test Data, Manderson Study Area, Manderson, Wyoming 
(continued). 

Locationa 

49-91-14ad 
49-91-14cc 
49-91-14da 

49-91-19cc 

49-91-20ba 

49-91-22dd 

49-91-23aa 
49-91-23aa 

49-91-35ac 
49-91-35bc 

49-92-10da 

49-92-25ad 

50-91-4dd 

50-91-13aa 

50-91-25ad 

50-91-33 

50-92-8ad 

50-92-17ac 

50-92-32ca 
50-92-32ac 

50-92-35bb 
50-92-35bb 

50-92-36bd 

50-93-3ab 
50-93-3ab 

b Permi t 
Control Number 

ww 
ww 
ww 

ww 

ww 

ww 

ww 
ww 

ww 
ww 

ww 

ww 

ww 

ww 

ww 

ww 

ww 

ww 

ww 
ww 

ww 
ww 

ww 

ww 
ww 

na 
26607 
16648 

na 

25139 

na 

na 
na 

320 
na 

10245 

na 

na 

10270 

10266 

50954 

na 

10272 

1343 
na 

na 
na 

na 

44202 
56397 

Paleozoic Aquifers 

49-91-1cd ww 50589 

49-91-2ab ww na 

Formation 
Tested 

Frontier 
Cody Shale 
Cody Shale 

Mesaverde 

Cody Shale 

Date 
Drilled Ground 

or Surface Total 
Pump 

WaterC Reportedd Test 
Tested Elevation Depth 
(mo/yr) (ft msl) (ft) 

Level Yield Yield 

9/45 
1/75 
3/73 

na 

3/74 

na 
na 
na 

na 

na 

(ft) (gpm) (gpm) 

1500 surface 
88 40 

100 18 

180 65 

3 

na 
10 
1 

20 

20 

na 
7 
1 

na 

20 

Mowry Shale -/23 na 

220 

980 

40 
38 

na na na 

Frontier 
Frontier 

Frontier 
Frontier 

Meeteetse 

Lance 

Frontier 

Frontier 

Frontier 

Cody Shale 

Mesaverde 

Lance 

Lance 
Mesaverde 

Meeteetse 
Meeteetse 

Mesaverde 

Lance 
Lance 

Madison 
Limestone 

Paleozoic 9 

9/47 
9/47 

4/60 
na 

7/42 

-/42 

-/44 

7/43 

5/44 

2/80 

-/44 

5/44 

8/56 
na 

9/47 
9/47 

9/47 

9/78 
6/81 

-/81 

na 

na 
na 

na 
na 

na 

na 

na 

na 

na 

na 

na 

na 

na 
na 

na 
na 

na 

4390 
na 

na 

na 

180 
132 

198 

180 

300 

170 

125 

100 

262 

262 

1215 
76 

180 
38 

122 

100 
100 

na 

3060 

14 
21 

50 
92 

70 

65 

55 

85 

40 

35 

139 

123 

184 
8 

9 
9 

9 

85 
42 

na 
na 

10 
8 

4 

20 

5 

5 

10 

6 

10 

10 

64 
na 

na 
na 

na 

20 
10 

+462 14,000 

+580 400 

na 
na 

5 
na 

4 

na 

na 

5 

10 

na 

na 

10 

84 
na 

na 
na 

na 

na 
na 

na 

na 

Draw
down 
(ft) 

na 
80 
90 

na 

180 

na 

na 
na 

110 
na 

10 

na 

na 

na 

na 

na 

na 

16 

150 
na 

na 
na 

na 

na 
na 

na 

na 

Test Specifice Producing Trans- Permea- f 
Duration Capacity Interval missivity bilitY2 Source 

(hr) (gpm/ft) (ft) (gpd/ft) (gpd/ft) 

na 
1 
1 

na 

na 

na 
na 

72 
na 

na 

na 

na 

na 

na 

na 

na 

.5 

na 

na 
na 

na 

na 
na 

2 

na 

na 
.09 
.01 

na 

na 
68-78 

na 

na 

.11 184-210 

na 970-980 

na 
na 

.05 
na 

na 
na 

na 
na 

.4 190-198 

na na 

na na 

NO na 

NO 100-125 

na 60-92 

na na 

.62 240-262 

.56 760-825 
na na 

na 
na 

na 

na 
na 

na 

na 85-100 
na 75-90 

NO na 

na na 

na 
na 
na 

na 

na 

na 

na 
na 

na 
na 

na 

na 

na 

na 

na 

na 

na 

na 

na 
na 

na 
na 

na 

na 
na 

na 

na 

na 
na 
na 

na 

na 

na 

na 
na 

na 
na 

na 

na 

na 

na 

na 

na 

na 

na 

na 
na 

na 
na 

na 

na 
na 

na 

na 

4 
1 
1 

3 

4 

4 
4 

1 
4 

4 

3 

4 

1 
4 

4 
4 

3 

3 
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Table 3. Aquifer Parameters from Reported Well Test Data, Manderson Study Area, Manderson, Wyoming 
(continued). 

Date 
Drilled Ground Pump 

Reportedd Specifice Producing b Permit Formation or Surface Total WaterC Test Draw- Test Trans- Permea- f 
Locationa Control Number Tested Tested Elevation Depth Level Yield Yield down Duration Capacity Interval missivity bilitY2 Source 

{mo/,lr} {ft msl~ {ft} (ft} {gEm) {gEm) {ft) (hr) (gEm/ft) {ft~ {9Ed/ft} (9Ed/ft} 

49-91-12db pt na Amsden -/18 na 2000 40 na na na na na na na na 
49-91-12db ww 47657 Madison 3/79 4422 4210 +462 5300 na na na na na na na 

Limestone 
49-91-12d pt na Madison 6/55 na 3142 Surface 725 na na na na 2150-2708 na na 

Limestone 

49-91 pt na Paleozoicg na na na na na na na na na na 1.0xl03 1.0xl01 
(Bonanza Field) 

49-50/92-93 pt na Phosphoria na na na na na na na na na na 4.0xl0-1 2.0xl0-2 
(Manderson Field) 

*50-90-14a Paleozoicg 11/53 2000 49 2 ww na na na na na na na na 4.0x103 na 
*50-90-14ba ww na Tensleep na na 1625 na 200 na na na na na 1.0xlO na 

Sandstone 

*50-90-23dc ww na Madison 5/62 na 2500 na 2880 na na na na na na na 
Limestone 

50-91-17 ww na Madison na na na na 2700 na na na na na na na 
Limestone 

a Township - north, range - west, section, quarter-section, etc., U.S. Geological Survey well numbering system 
na = Not Available NO = Not Detenminable * = Additional data from locations adjacent to study area. 

b ww = water well test pt = petroleum test 

c Water level with (+) preceeding number indicates flowing well with shut-in pressure converted to given height above ground surface. 

d Report yield represents a maximum allowable yield restricted by the State Engineer's Office ground-water application. 

e S 'f' C 't - Yield (grm) peCl lC apacl y - brawdownft) 

f 1 
2 
3 

Wyoming State Engineer's Office (various) 
Libra and others, (1981) 
Lowry and others, (1976) 

g Formation within the Paleozoic section not available 

4 
5 
6 

Dana, (1962) 
Swenson and Bach, (1951) 
Lowry. (1962) 

4 
1 

2 

2 

6 
6 

6 

4 



permeability and is capable of yielding relatively smaller quantities of 

water to wells. 

A confining layer is defined as a formation, group of formations, 

or part of a formation with a lesser ability to transmit water than the 

aquifers immediately above or below it. Given a sufficient quantity of 

time, confining layers are able to transmit limited quantities of water 

to adjacent units. For this reason, the term leaky confining layer is 

used in this report to describe such geologic units. 

Principal Aquifers 

The four principal aquifers identified in the Manderson study area 

are: (1) The Tensleep Sandstone, (2) the Madison Lirrestone, (3) the 

Bighorn Dolomite, and (4) the Flathead Sandstone. All of the principal 

aquifers are of Paleozoic age and are found at depths greater than 7000 

feet at the Town of Manderson. 

Tensleep Aquifer 

The Tensleep aquifer underlying the entire Manderson study area 

(Table 1), consists of 150 to 260 feet of massive, water-bearing sand

stone. Interbedded carbonate beds are connon in the basal part of the 

fonnation. 

The Tensleep aquifer is overlain by the Phosphoria Fonnation, a 

secondary aquifer discussed later in this chapter. Hydrologic con

nection between the two formations depends on the thickness and 

lithologic characteristics and fracture density of confining layers. In 

other areas of the Bighorn Basin it has been sha.vn on the basis of 
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pressure relationships that the two formations are in hydrologic con-

nection (WWC, 1982). 

Underlying the Tensleep is the Amsden Formation, a leaky confining 

layer consisting primarily of shale and siltstone which separates the 

Tensleep from the under lying Madison Lirrestone. Fracturing caused by 

structural deformation may allow hydrologic connection of the Tensleep 

and Madison within the study area. 

Recharge to the Tensleep aquifer occurs by direct infiltration of 

precipitation and stream losses at outcrops (WWC, 1982) (Figure 4). In 

areas where the Tensleep is in hydrologic connection with the overlying 

Phosphoria and underlying Madison aquifers, recharge may occur by 

leakage along fractures or faults. 

The permeability of the Tensleep aquifer ranges fram 0.02 to 2.0 

gallons per day per square foot (gpd/ft2) based on drill-stem tests 

conducted within the study area (Table 2). Transmissivities computed 

from the same test data range fram 4.0 to 300 gallons per day per foot 

(gpd/ft) (Table 2 and Figure 5). Tensleep permeability and porosity are 

dependent on the extent of secondary cementation and recrystallization 

which occur in areas of structural deformation or deep burial 

(Bredehoeft, 1964). Primary permeability of the Tensleep aquifer 

sandstone is intergranular and may be enhanced in areas of fracturing. 

In Tensleep carbonate beds, permeability may be enhanced by fracturing 

and solution (Stone, 1967; and Lowry et. al., 1976). 

Yields to wells completed in the Tensleep aquifer within the study 

area range fram 2 to 200 gallons per minute (gpm). The thickness of the 

water producing intervals varies from 10 to 75 feet (Tables 2 and 3). 
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Ground-water moverrent in the Tensleep aquifer is shawn by the 

potentiometric surface on Plate 4. The Tensleep potentiometric surface 

map is based on petroleum drill-stem test data. The direction of 

groundwater flow within the Tensleep is generally southwesterly from the 

outcrop recharge area along the west flank of the Bighorn t-buntains 

(Figure 4). Drawdown of the Tensleep potentiometric surface may be 

occurring in the areas of the Manderson and Paintrock Anticlines due to 

oil production at the Manderson and Bonanza oil fields, respectively. 

An apparent discontinuity in the potentiometric surface of the Tensleep 

aquifer near the Manderson Anticline (east of Manderson) may be a result 

of faulting and subsequent displacement of geologic uni ts along the 

fault (Plate 4). The potentiometric configuration of the aquifer 

suggests that the fault may act as a partial barrier to ground-water 

flow. This hypothesis is supported by the fact that Tensleep potentio

metric elevations are higher on the basinward side than on the recharge 

side of the fault and by the fact that potentiometric gradients to the 

northeast increase significantly near the fault plane. It is likely 

that through fault displacement ground-water flow in the Tensleep from 

the northeast is conveyed to a stratigraphically lower aquifer (Madison 

Lirrestone) across the fault to the southwest (see cross section B-B', 

Plate 2). 

The quality of Tensleep aquifer water is considered good for 

domestic use in the IvT..anderson area. One water analysis fran a well 

canpleted in the Tensleep near Manderson was reported (Table 4). The 

total dissolved solids concentration of the water was 354 mg/l compared 

to an EPA secondary drinking water standard of 500 rng/l (Table 5). 

36 



Table 4. Water Quality Data, Manderson Study Area, Manderson, Wyoming. 

Locationb Fonnation 
Tested 

Quarternary Aquifers 

49-91-14da 

49-93-1bd 

50-92-33ba 

50-92-35bb 

50-93-10a 

Tertiary Aquifers 

49-92-32 

49-93-29db 

50-92-31bb 

50-93-36da 

*51-93-28bb 

*51-93-28b 

All uvium 

Terrace 

Alluvium 

All uvi um 

Alluvium 

Willwood 

Willwood 

Fort Union 

Fort Union 

Fort Union 

Fort Union 

Mesozoic Aquifers 

*49-90-1aa 

*49-90-3aa 

*49-90-18dd 

*49-90-20cc 

*49-90-32ab 

49-91-4ac 

Cloverly 

Morrison 

Chugwater 

Chugwater 

Thermopolis 
Shale 

Cody Shale 

Sample 
Date 

(mo/yr) 

5/76 

7/73 

9/76 

9/76 

7/74 

4/78 

2/67 

9/47 

9/73 

5/77 

6/77 

6/67 
9/43 

9/47 

5/75 

5/75 

9/76 

9/76 

Total 
Depth 
(ft) 

100 

20 

40 

na 

30 

100 

350 

104 

105 

60 

80 

140 

40 

1965 

2800 

80 

38 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

10.5 
na 

na 

13 

na 

na 

na 

pH 
(s. u.) 

8.0 

na 

7.3 

7.8 

na 

na 

7.0 

8.4 

na 

na 

na 

8.7 
7.6 

7.6 

7.6 

7.9 

8.3 

7.8 

TOS 

1470 

1100 

1100 

1630 

1500 

2150 

2160 

776 

5290 

1530 

2630 

2180 
2590 

4590 

8000 

9980 

4400 

1830 

Ca 

220 

na 

40 

230 

na 

na 

388 

3 

na 

na 

na 

12 
17 

428 

410 

380 

25 

11 

Mg 

85 

na 

12 

100 

na 

na 

50 

na 

na 

na 

5 
9 

149 

170 

270 

5 

Na 

110 

na 

320 

150 

na 

530 

253 

307 

na 

280 

660 

695 
827 

794 

1800 

2300 

1400 

640 

K 

2.3 

na 

3.5 

2.8 

na 

na 

15.0 

6.4 

na 

na 

na 

3.2 
12 

14.0 

7.2 

8.4 

3.0 

1.4 

240 

na 

370 

520 

na 

na 

774 

642 

na 

na 

na 

271 
270 

334 

80 

79 

450 

450 

910 

514 

520 

850 

802 

910 

1040 

8 

3148 

830 

1600 

1250 
1550 

3000 

5500 

6900 

2700 

880 

Cl 

16 

na 

8 

23 

na 

na 

21 

101 

na 

na 

na 

37 
35 

14 

57 

70 

24 

66 

F 

0.6 

na 

1.4 

0.6 

na 

na 

0.7 

3.2 

na 

na 

na 

1.6 
1.0 

1.4 

4.0 

4.3 

1.8 

1.0 

N03 Sourcec 

0.1 

18 

0.3 

0.1 

5.2 

4.9 

0.2 

3.5 

0.3 

1.2 

0.3 

1.3 
4.9 

6.5 

0.1 

0.1 

11.0 

0.6 

4 

3 

4 

4 

3 

3 

7 

3 

3 

3 

4 
7 

7 

4 

4 

4 

4 
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Table 4. Water Quality Data, Manderson Study Area, Manderson, Wyoming (continued). 

locationb 

49-91-6aa 

49-92-1 

49-92-12 

49-92-12 

49-92-16 

50-92-19 

50-92-32ca 

50-92-32ca 

50-92-35ac 

50-92-36 

Formation Sample 
Tested Date 

(mo/yr) 

Cody Shale 9/76 

Thermopolis na 
Shale (Muddy 
Sandstone) 

Thermopolis na 
Shale (Muddy 
Sandstone) 

Thermopolis na 
Shale (Muddy 
Sandstone) 

Frontier na 

Frontier na 

lance 

Mesaverde 

Mesaverde 

Mesaverde 

1/74 
10/70 

12/82 

9/47 

9/47 

Paleozoic Aquifers 

*49-90-18dd Madison 9/47 
limestone 

49-91-12db Madison 1/80 
limestone 3/79 

Flathead 4/79 
Sandstone 

*50-90-14a Madison 11/53 
Limestone 

*50-90-14ba Tensleep 11/53 
Sandstone 

Total 
Depth 
( ft) 

60 

3889 

3996 

3370 

6484 

4789 

1215 

2040 

76 

122 

1800 

4209 

2000 

1625 

na 

na 

na 

na 

na 

na 

na 
na 

na 

na 

na 

na 

na 
na 
40 

14 

14 

pH 
(s.u. ) 

8.1 

na 

na 

na 

na 

na 

na 
8.4 

7.9 

7.5 

7.8 

7.6 

7.9 
7.5 
8.2 

7.3 

7.7 

lOS 

6120 

8689 

2675 

2001 

6109 

7070 

976 
927 

1200 

2100 

926 

1310 

196 
224 
382 

560 

354 

Ca 

180 

na 

na 

na 

na 

na 

6 
3 

17 

368 

60 

178 

48 
36 
32 

89 

59 

Mg 

140 

na 

na 

na 

na 

na 

2 

163 

28 

50 

16 
19 
5 

47 

32 

Na 

1600 

na 

na 

na 

na 

na 

353 
350 

416 

36 

204 

153 

4 
7 

58 

12 

9 

K 

4.9 

na 

na 

na 

na 

na 

o 
1.3 

21 

11.0 

8.4 

13.0 

0.1 
2 

15 

3.0 

1.7 

580 3700 

4540 

1980 

1766 

2153 

2756 

497 
515 

427 

324 

256 

178 

210 
220 
250 

176 

199 

10 

402 

56 

54 

29 

286 
220 

324 

1320 

476 

802 

6 
5 

40 

272 

119 

C1 

160 

2882 

184 

230 

2520 

2810 

66 
80 

210 

28 

6 

7 

1 
2 
3 

2 

2 

F 

1.5 

na 

na 

na 

na 

na 

1.1 
4 

na 

o 

0.6 

2.8 

0.2 
0.3 
1.0 

0.8 

0.4 

27.0 4 

na 

na 

na 

na 

na 

o 
o 

na 

2.5 

4.2 

0.5 

0.0 
1.8 
0.7 

4.6 

3.1 

6 

6 

6 

3 

3 

8 
3 

8 

7 

7 

7 

2 
2 
2 

5 

5 



Table 4 •. Water Quality Data, Manderson Study Area, 

Locationb Formation Sample Total 
Tested Date Depth Temp pH 

(mo/lr) (ft} (OC) (s.u. ~ 

*50-90-23ca Madison 9/75 2500 15 8.2 
Limestone 

*51-92 Bighorn na na na na 
Dolomite 

*51-92 Bighorn na na na na 
Dolomite 

*51-93-24cc Madison 5/69 3906 na 8.7 
Limestone 

a Chemical analyses are in milligrams per liter, except where noted. 

na = not available 
* Additional data from locations adjacent to study area 

TDS Ca 

180 39 

257 na 

272 na 

654 20 

Manderson, Wyoming (continued). 

Mg Na K HC03 S04 Cl 

19 3 0.9 210 4 2 

na na na na na na 

na na na na na na 

19 176 1.9 437 96 5 

b Township _ north, range - west, section, quarter - section, etc., U.S. Geological Survey well numbering system. 

c 1 
2 
3 
4 
5 
6 
7 
8 
9 

Wyoming State Engineer's Office (various) 
Wyoming Department of Agriculture - Division of Laboratories (1979 and 1980) 
Water Resources Data System (various) 
Cooley and Head, (1979) 
Lowry, (1962) 
Crawford and Davis, (1962) 
Swenson and Bach, (1951) 
Buell Winter Mousel and Associates, (1983) 
Libra and others, (1981) 

F N03 Sourcec 

0.1 2.5 4 

na na 9 

na na 9 

0.9 0.8 3 



Table 5. Drinking Water Quality Standards 

Primary Secondary 
Constituent Standard Standard 

Arsenic 0.05 mg/l 
Barium 1.0 mg/l 
Cadmium 0.01 mg/l 
Chloride 250 mg/l 
Chromium 0.05 mg/l 
Coliform Bacteria 1/100 ml 
Color 15 color units 
Copper 1.0 
Corrosivity Noncorrosive 
Fluoride 2.0 
Foaming Agents 0.5 
Iron 0.5 
Lead 0.05 
Manganese 0.05 
Mercury 0.002 
Nitrate as N 10 
Od.or 3 odor units 
Herbicides 

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

Pesticides 
Endrin 0.002 
Lindane 0.004 
Methoxychlor 0.1 
Toxaphene 0.005 

pH 6.5-8.5 std. Units 
Radioactivity 

Ra226 + HA22~ . . 5 pCi/l 
Gross Alpha ctlVlty 15 pCi/l 
Gross Beta Activity 4 millirem/yr 

Selenium 0.01 
Silver 0.05 
Sulfate 250 
Tbtal Dissolved Solids 500 
Turbidity ITO 
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The prospects for developing the Tensleep aquifer for the Tbwn of 

Manderson municipal water supply are poor because of the depth of the 

aquifer in the area. Though potentiall y productive of gcx:xi quality 

water, the depth to the Tensleep at Manderson is more than 7000 feet, 

making the cost of drilling and installation of a test well prohibi

tively high. Based on a rough estimate of $35 to $50/ft. of well depth, 

the cost of the test well itself would range fram $250,000 to $350,000. 

At proposed Paleozoic aquifer test drilling si tes eight to ten miles 

east of Manderson (Table 6), the top of the Tensleep aquifer is at a 

depth of 2700 to 3700 feet. The costs of test wells at each of these 

proposed sites would be between $100,000 and $200,000. 

It should be noted that the preceding costs are for narrow diameter 

test well installations only. For final production well developnent 

test wells would have to be enlarged and additional casing installed. 

Accordingly, the cost for a production well in the Tensleep at Manderson 

(7000 feet deep) would range fram $750,000 to $1,000,000, compared with 

$150,000 to $250,00 for production wells at the test drilling sites east 

of Manderson (2960 to 3960 feet deep). Costs for the installation of 

water pipelines to favorable test si tes (potential developnent si tes 

east of Manderson) are contained in Appendix A. These costs show that 

in spite of the lower well construction costs at the favorable drilling 

sites, it is economically preferable to drill the well near the town due 

to the high cost of the transmission lines. 

Madison Aquifer 

The Madison aquifer consists of 500 to 600 feet of massive, crys

talline limestone and dolomite which underlies the Manderson study area 

(Table 1). 
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Table 6. Favorable Drilling Sites, Manderson Study Area, Bighorn Basin, Wyoming. 

c Proximity Approx. 
Waterd Sitea 

lDcationb to Drilling Favorable Structure 
Number Target Interval Manderson I:epth and JlydrogeolO9'J (Xl,ality 

(miles) (ft) ('IDS) 

1 50-91-17dd Paleozoic aquifers 8 37001 Axis of Paintrock Anticline. &354 
Mapped fault in Paleozoic -180-560 
section, Stone (1967). 
Fracture enchanced perm2a-
bilities. 

2 50-91-24ba Paleozoic aquifers 11 3100 1 Flank of anticline. Potentio- &354 
m2tric sink. Possible faulting -180-560 
in Paleozoic section. Fracture 
enhanced ~rmeabilities. 

3 50-9l-34ab Paleozoic aquifers 9 2700 1 Axis of Paintrock Anticline. -196 
~~pped fault in Paleozoic 6382 
section, Petroleum Information 
(various) and Stone (1967). 
Fracture enhanced perm2abilities. 

4 50-92-29cc Cretaceous aquifers <1 surface 2 Near axis of Manderson +976 
Anticline. Entire Cretaceous 81926-2100 
aquifer sequence present. 

5 50-92-32ca Cretaceous aquifers surface 2 Entire Cretaceous aquifer +976 
sequence present. Reported 81926-2100 
production of 84 gpn 

a Site number corresponds to site locations shown on Figure 9. Site number DOES NOT indicate prioritization of sites. 

b Township - north, range - west, section, quarter - section, etc., U.S. Geological Survey \\'ell numbering system. 

c ~ Top of Tensleep Sandstone. Paleozoic aquifers sequence is about 2600 feet thick. 
Top of Lance Formation. Cretaceous aquifers sequence is about 2400 feet thick. 

d Total Dissolved Solids concentration in ltg/l. Available data fran closest locations to site. 

+= Lance Formation 
81= Mesaverde Formation 
&= Tensleep Sandstone 
_= Madison Limestone 
0= Flathead Sandstone 

e Available data fran closest locations to site. 

0= Lance Formation 
El= Mesaverde Formation 
e= Tensleep Sandstone 
0= Madison Limestone 
0= Bighorn Dolanite 

o = Flathead Sandstone 
T = Transmissivity 
Q :: Yiel~ . . _ Yield (gpn) 

Sc - Spec1f1c CapaC1ty - Drawdown (ft) 

f Potentiometric surface associated with the Tensleep aquifer. 

Reportede 

Aquifer 
Pararreters 

e'1'=100 gpd/ft 

00=2700 gpn 

eT=100 gpd/ft 
00=2880 

• T=200 gpd/ft 
0'1'=100 gpd/ft 
oT=200 gpd/ft 

0=400 gpn 
00=725 gpn 
00=5000 gpn 
00=14,000 gpn 
00= 42 gpn 
00=96 ~ 

0&= O. 56 gpn/ft 
00=84 gpn 
GJT=10 gpd/ft 
El0=20 gpn 

0SC=O.56 gpn/ft 
00=84 gpn 
ElT=10 gpd/ft 
ElQ=20 gpn 

Potentiometric surface elevations of the Madison, Bighorn, and Flathead aquifers are above the Tenslecp aquifer elevations. 
Potentiometric surface elevCltions associated with the Lance and f-csaverde aquifers are not available. 

Approx. Potentio-f 
Ground m2tric 

Surface Surface 
Elevation Elevation 
(ft-msl) (ft-msl) 

4160 3900 

4300 3900 

4160 3900 

4080 3900 

4040 3860 



The Madison is overlain by the Amsden Formation, a leaky confining 

layer composed primarily of shale and siltstone. In areas of fracturing 

and faulting the Madison aquifer may be in hydrologic connection with 

the overlying Tensleep aquifer via fracturing in the Amsden. 

The Jefferson Formation leaky confining layer underlies the Madison 

aquifer. The Jefferson consists of interbedded siltstone, dolomite, and 

limestone. Very few data exist for the Jefferson Formation in the study 

area and in the Bighorn Basin in general. Libra and others (1981) 

defined the Jefferson as an aquitard due to the high shale content of 

the uni t. HO".Vever, carbonate beds wi thin the Jefferson are potentially 

productive in areas of fracturing. 

Recharge to the Madison aquifer occurs primarily by direct infil

tration of precipitation on areas of outcrop (Lowry, et al., 1976) 

(Figure 4). other sources of recharge include sinking streams along the 

western flanks of the Bighorn ~£)untains (Vietti, 1977). Several streams 

reportedly sink into solution zones along faults and fractures in the 

Madison Limestone and do not resurface, indicating that the streams 

recharge the aquifer at the point of sinking. As in the Tensleep 

aquifer, recharge may also occur where adjacent confining layers are 

fractured, resul ting in hydrologic connection between the Madison 

aquifer and underlying and/or overlying aquifers. 

Discharge fran the Madison aquifer occurs at springs and seeps 

along the flanks of the Bighorn ~.ountains (Libra and others, 1981). 

Additional discharge occurs in the Nowood River drainage where Paleozoic 

age waters rise along solution collapse features in the Phosphoria 

Fonnation evaporite facies and discharge at the surface as seeps or 

springs or discharge directly to the Nowood River alluvium overlying the 

Phosphoria (Cooley and Head, 1979). 

43 



The large permeabilities of the Madison aquifer in most areas are 

associated with fractures, joints, and related solution development of 

such structures. The inherent intercrystalline primary permeability of 

the Madison is very small. All of the permeability data available for 

the Madison aquifer in the Manderson study area are derived from petro

leum drill-stem test analyses. Permeabilities computed from drill-stem 

test data are generally high because the petroleum test wells are 

typically located on geologic structures. The drill-stem test data 

analyzed in this study indicate that Madison permeabilities range fram 

0.03 to 0.3 gp:i/ft2 (Table 2). Madison transmissivities canputed fram 

the same data range from 10 to 2000 gp:i/ft (Table 2 and Figure 5). 

Yields fran the Madison aquifer to water wells range fran 4 to 

14,000 gpm (Figure 3). The well which produces 14,000 gpm is owned by 

the City of Worland, Wyoming but is not currently utilized by the city. 

It is conceivable that the Town of Manderson could purchase Madison 

water fran the City of Worland and construct a transmission line fram 

the Worland well to Manderson. The estimated costs of such a project 

are given in Appendix A. 

The movement of ground water in the Madison aquifer is assurred to 

be similar to that of the Tensleep aquifer (Stone, 1967; Lowry et al., 

1972; and Libra and others, 1981). The potentiometric surface of the 

Tensleep aquifer is shown on Plate 4. 

The quality of Madison aquifer water is generally suitable for 

dorrestic use in the study area where geologic structure has enhanced 

permeability and water circulation. 'Ibtal dissolved solids (IDS) 

concentrations of samples fran water wells completed in the Madison and 

fran drill-stem test analyses of Madison waters range fran 180 to 1310 
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mg/l (Table 4). TOS concentrations typically increase basinward in the 

Madison aquifer (Libra and others, 1981). 

The potential for developnent of the Ma.dison aquifer for the 

municipal water supply of the Town of Manderson is poor. The Madison 

aquifer is capable of yielding more than 10,000 gpn to water wells as 

evidenced by the previously rrentioned Ci ty of vbr land well. However, 

like the Tensleep aquifer, the Ma.dison is encountered at depths exceed

ing 2500 feet throughout the study area. Again, the costs of a test 

well to such depths, coupled with costs of a transmission line to the 

town, may be prohibi ti vel y high for the Town of Manderson. 

Bighorn Aquifer 

The Bighorn aquifer is a 300-foot thick sequence of limestone and 

dolomite with massive sandstone beds in the basal part of the formation. 

The aquifer underlies the entire study area (Table 1). 

The Bighorn aquifer is over lain by the Jefferson Formation and 

underlain by the Gallatin Formation (Figure 2). Both of these for

mations are considered leaky confining layers (Figure 3). Same poten

tial for hydrologic connection between the Bighorn and the Madison 

aquifers exists in areas where the relatively thin Jefferson Formation 

has been intensively fractured through faulting or folding. Hydrologic 

connection between the Bighorn aquifer and the underlying Flathead 

Sandstone, however, is probably very limi ted because of the existence of 

a thick sequence of low-penneabili ty shales and limestones in the 

Cambrian age Gallatin and Gros Ventre Formations (Stone, 1967; Cooley, 

in press; and WWC, 1982). 
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Recharge to the Bighorn aquifer occurs in areas of outcrop where 

precipitation infiltrates into the aquifer (Figure 4). Additional 

recharge may occur by leakage along fractures and faul ts. Areas of 

ground-water discharge from the Bighorn aquifer are not dOC\.lm2nted. 

Very few petroleum exploration tests have been conducted in this unit. 

Very little data exists in the study area to evaluate the yield and 

aquifer hydraulic characteristics of the Bighorn aquifer. Because its 

thickness and lithologic composition is similar to that of the ~~dison 

L.irrestone (Table 1), it is probable that the Bighorn is capable of 

providing large yields where intensively fractured by faulting or 

folding. The results of only two drill-stem tests were available (Table 

2), and the analyses of these data support the inference that the yield 

and transmissi vi ty of the Bighorn aquifer is similar to that of the 

Madison L.irrestone. 

The flav of ground water in the Bighorn aquifer is difficult to 

define due to the paucity of potentiometric surface data for the 

formation. In areas where fracturing or faulting of the Paleozoic units 

has occurred, the Bighorn aquifer is likely to be in hydrologic con

nection with the overlying Madison and Tensleep aquifers. In such 

areas, the potentiorretric surface would be similar to that of the 

Tensleep aquifer (Plate 4). 

The water quality of the Bighorn aquifer is excellent for domestic 

use. Total dissolved solids concentrations at two wells completed in 

the Bighorn were 257 and 272 mg/l (Table 4). The quality of water in 

the Bighorn becomes poorer with increased distance from outcrop areas. 

The prospects for developing a municipal water supply for the Town 

of Manderson from the Bighorn aquifer are not economically favorable. 
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The depth of the Bighorn at favorable sites in the Manderson study area 

and the length of transmission lines fram the sites to the town (Table 

6) result in prohibitively high costs discussed previously. The report

ed productivity of the aquifer and the excellent quality of the produced 

water suggest that the Bighorn aquifer would be an excellent prospect 

from a hydrologic viewpoint. 

Flathead Aquifer 

The Flathead aquifer is canposed of Cambrian age arkosic and 

quartzitic sandstone interbedded with shale in the upper part of the 

fornation (Table 1). The areal extent of the Flathead aquifer is not 

well defined. In the eastern Bighorn Basin, which includes the 

Manderson study area, the Flathead reportedly thins along highs in the 

under lying Precambrian basement rocks and is sorretiIres absent (wt.\C , 

1982). 

The Flathead aquifer is isolated fram overlying aquifers by the 

Gallatin and Gros Ventre Formations, a thick sequence of shale and 

carbonate rocks which act as a leaky confining layer (Stone, 1967; 

Vietti, 1977). 

Recharge to the Flathead aquifer occurs by infiltration of pre

cipitation and streamflow at outcrop areas (Figure 4). Discharge fram 

the Flathead has not been documented except at water wells. Several 

flowing wells completed in the Flathead aquifer outside the study area 

indicate high formation pressures along the eastern margin of the 

Bighorn Basin (WWC, 1982). If the formation pressure of the Flathead is 

higher than in overlying units, an upward potentiometric gradient could 
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result in upward leakage through the Gallatin/Gros Ventre leaky confin

ing layer. 

Flathead aquifer hydrologic properties are not well defined in the 

study area due to large drilling depths and little potential for petro

leum production. No production well data (Table 3) exist, and only one 

drill-stern test was reported for the aquifer in the study area (Table 

2). This test was conducted in an oil exploration well drilled near the 

axis of the Paintrock Anticline in the southeast corner of the study 

area (well no. 8, cross section C-C', Plate 1). Results of the test 

analysis (Table 2) indicated that the yield of the tested zone was 96 

gpm, with relatively high values of permeability and transmissivity of 6 

gpd/ft2 and 200 gpd/ft, respectively. Based upon this single analysis 

and the thickness and lithologic character of the aquifer, it is proba

ble that the Flathead can provide large ground~ater yields where it has 

been densely fractured through faulting or folding. 

The movement of ground water in the Flathead aquifer in the study 

area cannot be defined due to a lack of potentiometric surface data. 

Only one water quality analysis of Flathead aquifer water taken in 

the drill-stem test of the oil exploration well described above was 

found. The reported 'IDS concentration of the water was 382 mg/l (Table 

4), which is well wi thin the recomrrended maximum concentration for 

drinking water use (Table 5). Similar to the Bighorn aquifer, the 

quality of water in the Flathead probably deteriorates away fram outcrop 

recharge areas, and may be especially poor where the unit has not been 

fractured by faulting or folding and ground-water movement is slow. 

Due to the large drilling depths and possible absence of the 

Flathead in same parts of the study area, the Flathead aquifer is not 
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recommended as an option for development. However, should a Paleozoic 

aquifer test site be selected for exploration, it is recommended that 

the test well penetrate the Flathead aquifer if it is present at the 

selected site in order to gain information on the unit. 

Secondary Aquifers 

A total of seven secondary aquifers were identified in the 

Manderson study area. They are: 1) the Quaternary aquifers, 2) the 

Tertiary and Upper Cretaceous age alternating leaky confining layers and 

secondary aquifers, 3) the Frontier aquifer, 4) the Muddy Sandstone 

aquifer,S) the Cloverly aquifer, 6) the Jurassic alternating leaky 

confining layers and secondary aquifers, and 7) the Phosphoria aquifer 

(Figure 3). The secondary aquifers identified in this report range in 

age from Permian to Quaternary. 

Quaternary Aquifers 

The Quaternary aquifers consist of saturated flood plain alluvium 

and terrace deposits. The flood plain alluvium is corrposed of unconsol

idated silt, sand, gravel, and boulders deposited along the Bighorn and 

Noyxxxj rivers near Manderson. Terrace deposi ts consist of uncon

solidated, poor I y sorted clay, sil t, sand, and gravel. The terrace 

gravel deposits generally form high benches elevated up to 125 feet 

above the levels of the Bighorn and Nowood rivers. The deposi ts are 

discontinuous due to erosional dissection and are well-drained. In the 

t-1anderson area, the Quaternary deposits are less than 50 feet thick. 

Where saturated alluvial and terrace deposits overlie penneable 

Tertiary and Upper Cretaceous age rocks the units are in hydrologic 
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connection. In the eastern third of the study area the Quaternary 

aquifers overlie the Cody Shale, a regional confining layer. 

Recharge to the Quaternary aquifers occurs by direct infiltration 

of precipitation, irrigation water and stream losses and by discharge 

from underlying aquifers. Discharge from the Quaternary aquifers occurs 

by springs, seeps, and evapotranspiration. 

The pe:rrreabili ty of the Quaternary aquifers is intergranular and 

depends primarily upon the size and sorting of material within the 

aquifer. Penneabili ty in terrace deposi ts may be decreased by local 

calcium carbonate cementation. Both permeability and ground~ater 

producti vi ty decrease wi th increased sil t content. In areas of clean 

gravel deposits pe:rrreabili ties are very large. Based upon the available 

data, specific capacity of the terrace deposits ranges from 2.0 to 8.3 

gpm/ft (Table 3). 

Yields from water wells completed in the alluvial deposits range 

from 1 to 25 gpm (Table 3). Wells developed in terrace deposits 

generally yield less than 25 gpm, the maximum rate allowed by the 

wyoming State Engineer for stock or domestic use wells. Higher yields 

may be available fram the terrace gravels in areas where the deposits 

are recharged by irrigation return flow. 

Reported ground~ater elevation data are not sufficient to con

struct a water table map for the Quaternary aquifers. It can be ex

pected, however, that the flow of ground water in the aquifers is 

parallel to the regional dip of the deposits which in turn is controlled 

by the structure of the under lying bedrock fonnations. 
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The quality of water fram wells completed in the Quaternary aqui

fers is fair to poor for donestic use. TDS concentrations cornrronly 

exceed 1,000 mg/l (Table 4), compared with the recommended limit of 500 

rrg/l for donestic use (Table 5). In the alluvium the water quality is 

directly related to the quality of recharging surface waters and land 

use, and may vary seasonally. Water quali ty in the terrace defX)si ts is 

related to terrace composition and can be affected by irrigation return 

flow. Terrace waters are considered generally poor for domestic use 

(Cooley and Head, 1979). 

The Quaternary aquifers in the Manderson area consist predominantly 

of fine-grained silts and clays with low perrreability. It is doubtful 

that the yield of a single well developed in these defX)sits would 

satisfy Manderson's water supply reguirerrent of 75 gpm. It is also 

possible that large ground-water production fram a Quarternary aquifer 

wells(s) could deplete streamflow already appropriated for other uses. 

In addition, the quality of the water is normally poor for donestic or 

municipal use. For these reasons development of the Quarternary aqui

fers for Manderson's municipal water supply is not advised. 

Tertiary and Upper Cretaceous Age Alternating leaky Confining layers and 

Secondary Aquifers 

The geologic units of Tertiary and Upper Cretaceous age in the 

Manderson study area can be compositely described as a 3000 to 6000-foot 

thick sequence of interbedded sandstones, sil tstones , claystones, and 

shales with minor coal seams and bentonite. The geologic units which 

carprise this series of leaky confining layers and secondary aquifers 

are: 1) the Tertiary Willwood Formation, 2) the Tertiary Fort Union 
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Formation, 3) the Upper Cretaceous lance Formation, 4) the Upper Creta

ceous Meeteetse Formation, and 5) the Upper Cretaceous Mesaverde Forma

tion. 

These units crop out or are covered by thin Quaternary aquifers 

throughout the central and western parts of the Manderson study area. 

Under lying the lowenrost of the units, the Mesaverde Fonnation, is the 

Cody Shale, a thick, regional confining layer. 

Each of the formations of this group contain massive to thinly 

bedded sandstone units which are saturated and yield small quantities of 

water to wells. The sandstone units are laterally discontinuous and are 

separated by intertonguing siltstones, claystones, and shales creating a 

sequence of sub-aquifers (Libra and others, 1981). 

Recharge to the sandstone sub-aquifers occurs by direct infiltra

tion of precipi tation at outcrops, by stream losses to outcrop areas, 

and by hydrologic connection to overlying Quaternary aquifers (Lowry et 

al., 1976). 

Limited hydrologic data are available fram wells completed in the 

Tertiary and Upper Cretaceous age secondary aquifers. The majority of 

the data came fram wells completed in the Willwood Formation. Specific 

capacities of Willwood wells range from 0.004 to 0.25 gpm/ft (Table 3). 

Reported specific capacities of wells completed in lance Formation sand

stones range fran 0.28 to 0.62 gpm/ft (Table 3). The penreability and 

transmissivity of the Mesaverde aquifers, calculated fram drill-stern 

test analyses, are relatively law and range fram 0.008 to 0.02 

gpd/ft2, and 8 to 10 gpd/ft, respectively (Table 2). 

Yields fram wells completed in the Tertiary and Upper Cretaceous 

age aquifers are typically less than 25 gpm. Several yields of between 
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50 and 100 gpm have been reported from these aquifers at the existing 

Manderson well and in other parts of the Bighorn Basin, but large 

drawdowns at the production wells can occur if the specific capacities 

of the aquifers are small (Libra and others, 1981). Based on reports of 

water encountered in drill-stem tests and water wells, the basal Eagle 

Sandstone Member of the Mesaverde is the most productive sandstone unit 

(~, 1982). 

The reported current yield of the existing Manderson well developed 

in Lance Fonnation sandstones is less than 20 gpn. A bailer test was 

conducted at a depth of 760 to 825 feet during the installation of this 

well. The reported yield of the lance was 84 gpm with approximately 150 

feet of drawdown. This computes to a relatively high specific capacity 

value of 0.56 gpn/ft. The duration of bailing was not reported (Buell, 

Winter, Mousel, and Associates, 1983). 

Potentiometric data for the Tertiary and Upper Cretaceous age 

aquifers are not available. Because the sandstones of these aquifers 

are generally discontinuous, and anyone well may be developed in 

several different aquifers, potentiorretric elevation data can vary 

significantly between wells, and it would be difficult to interpret any 

potentiometric map that might be constructed (Libra and others, 1981). 

The quality of water varies significantly between the Tertiary 

aquifers and the Upper Cretaceous aquifers. The total dissolved solids 

concentrations at six wells completed in the Tertiary aquifers (Willwood 

and Fort Union Fonnations) ranged fran 776 to 5290 reg/I. 'IDS concen

trations at four Upper Cretaceous wells (lance, Meeteetse and Mesaverde 

Formations) were between 926 and 2100 reg/I (Table 4). 
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The prospects of developing the Tertiary and Upper Cretaceous age 

aquifers as a source of water for the Town of Manderson are fair from a 

hydrologic viewpoint. If this source is considered it should be under

stood that the Upper Cretaceous and not the Tertiary aquifers should be 

investigated because of expected poor water quality in the Tertiary 

aquifer. The Cretaceous Lance and Mesaverde aquifers contain saturated 

and perIIEable sandstones with water quality similar to that of the 

existing Manderson water supply. It cannot be absolutely concluded from 

available data that a production rate of 75 gpm can be obtained fran the 

Upper Cretaceous aquifers i however this yield is reasonably possible for 

an efficient production well completed with properly selected well 

screens installed adjacent to the thickest sandstone layers. 

Frontier Aquifer 

The Upper Cretaceous age Frontier Formation strata of alternating 

leaky confining layers and secondary aquifers consist of approximately 

550 feet of interbedded sandstone, siltstone and bentonitic to carbona

ceous shale. The Frontier under lies rrost of the study area except where 

it crops out on anticlines in the southeast and northeast corners and 

along the eastern study area boundary (Plates 1 and 3). 

The Frontier aquifers are confined within the study area by the 

Cody Shale above and by the M::>wry and Therrropolis Shales below. Water 

table conditions exist in the Frontier at outcrop areas with confined 

conditions elsewhere (~, 1982). There is no known fracturing or 

faulting of the Frontier aquifers or adjacent confining layers which 

might allow hydrologic communication between the Frontier and overlying 

or underlying aquifers (Plate 2). Accordingly, the primary source of 
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recharge to the Frontier occurs by direct infiltration of precipitation 

and streamflow into areas of outcrop. 

The sandstone units of the Frontier aquifers are generally lenticu-

lar, although the Torchlight and Peay sands at the top and bottom of the 

unit, respectively, are reportedly continuous in the northern Bighorn 

Basin (~, 1982). The perrreability of the sands is primarily inter

granular and is dependent on clay content, adsorption and flocculation 

properties of the clay minerals, and the salinity of the fluid (Libra 

and others, 1981). Laboratory tests derronstrated that saturating the 

argillaceous sandstones of the Frontier aquifers causes dispersal of 

clay minerals and reduces permeability while sandstones saturated with 

saline water maintain their perrreability (Baptist et al., 1952). All of 

the hydrologic property data available for the Frontier aquifers are 

from petroleum well drill-stem tests. Reported perrreabili ties range 

from 0.008 to 2 gpd/ft2 and, transrnissivities range from 0.5 to 400 

gpd/ ft (Table 2). Similar 1 y , yields of drill-stem tests in Frontier 

sandstone intervals have ranged from 1 to 51 gpm (Table 2). 

Water quality analyses of samples retrieved from the Frontier 

aquifers with drill-stem tools indicate that the quality of Frontier 

water is un sui table for dorcestic use. 'lbtal dissolved solids concen-

trations of two samples were 6109 and 7070 mg/l (Table 4). 

The development potential of the Frontier aquifers for the 

Manderson municipal water supply is poor. The sandstone aquifers of the 

Frontier are discontinuous, have snaIl perrreabili ties and yield, and the 

quali ty of the water can be expected to be poor to unacceptable for 

danestic use. 
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MUddy Sandstone Aquifer 

The l-1uddy Sandstone aquifer is a sandstone member near the middle 

of the Lower Cretaceous age The:rm::>polis Shale. The MUddy is approxi-

rnately 40 feet thick in the study area. It crops out around the 

Paintrock Anticline (Plate 2) and underlies the remainder of the study 

area. 

The MUddy Sandstone aquifer is confined within the leaky confining 

shales of the The:rm::>polis Shale Formation. Recharge to the MUddy is by 

infiltration of precipitation and streamflow on outcrop areas. 

Hydrologic data on the MUddy Sandstone aquifer were calculated fram 

petroleum well drill-stem test analyses (Petroleum Infonna.tion, vari-

ous). 2 Calculated permeabili ties range fran o. 002 to 1 gpd/ ft, and 

transmissivities fram 0.6 to 30 gpd/ft (Table 2). Yields fran the Muddy 

in the drill-stem tests range fram 1 to 42 gpm. 

Resul ts of water quali ty analyses conducted on four sarrples ob-

tained fran the MUddy Sandstone aquifer indicate that total dissolved 

solids concentrations range fran 2001 to 8689 mg/l (Table 4). Thus, the 

quality of the water is unacceptable for domestic use (Table 5). 

Development prospects of the ~fuddy Sandstone aquifer for the TOwn 

of Manderson municipal supply are poor due to the small saturated 

thickness, small permeability and poor to unacceptable quality of the 

water for domestic use. 

Cloverly Aquifers 

The Cloverly aquifer consists of two sandstone bodies, each about 

35 to 45 feet thick, fonning the top and bottom of the IDwer Cretaceous 

age Clover I y Formation (Table 1). The Clover I y crops out around the 
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Paintrock Anticline (Plates 1 and 2), and underlies the remainder of the 

study area. 

Overlying the Cloverly aquifer are the confining beds of the 

Thenropolis and M::>wry shales. Underlying the Cloverly is a thick 

sequence of alternating leaky confining layers and secondary aquifers 

existing in the Morrison, Sundance, and Gypsum Springs Formations. These 

hydraulically isolate the Clover 1 y fran Paleozoic aquifers. The aqui

fers of the Cloverly are confined except in outcrop areas. 

Recharge to the Cloverly occurs in outcrop areas by direct infil

tration of precipitation and streamflow. 

Little hydrologic information is available for the Cloverly aquifer 

because drilling depths are too great for domestic and stock use pur

poses and because the Cloverly is not a target interval for oil and gas 

exploration wells (WWC, 1982). Permeabilities of the Cloverly aquifers 

are intergranular and fracture controlled. Yields to drill-stem tests 

in the Cloverly aquifers range from 14 to 26 gpm (Table 2). Aquifer 

permeability and transmissivity data are unavailable. 

Analytical data for two Clover 1 y water sarrples are available, 

however these sarrples were taken fran the same well (Table 4). These 

data show a range in 'IDS concentration of 2180 to 2590 rrg/l. 

The development potential of the Cloverly aquifer for the Manderson 

municipal water supply is considered poor even though an incomplete data 

base precludes thorough evaluation of the aquifer's hydrologic system. 

Based on the small yields and small saturated thicknesses of the sand

stone units, it is not likely that a well capable of producing 75 gpm 

could be obtained from the Cloverly. The water quality would likely not 

be suitable for domestic purposes. 
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Jurassic Alternating Leaky Confining Layers and Secondary Aquifers 

Sedilrents of Jurassic age consist of al ternating leaky confining 

layers and secondary aquifers contained in the following geologic 

formations: 1) the furrison Formation, 2) the Sundance Formation, and 3) 

the Gypsum Springs Formation. These formations comprise a sequence of 

shales, siltstones, sandstones and lilrestones that underlie the entire 

study area. 

The sandstone uni ts of the Jurassic formations yield minor quan

tities of water to wells in the Manderson study area. The yield from 

one drill-stem test conducted in the Gypsum Springs Formation was 27 gpn 

(Table 2). The penreability and transmissivity of the formation com

puted from this drill-stem test data was O. 2 gpd/ ft 
2

, and 30 gpd/ ft, 

respectively (Table 2). 

Potentiometric data are not available for the Jurassic aquifers and 

therefore ground-water rroVem2nt is not defined in the study area. 

There are no reported water quality data for the Jurassic aquifers 

within the study area. The total dissolved solids concentration de

tennined at one r.brrison Formation well near the study area was 4590 

rrg/l (Table 4). Ground water from the Gypsum Springs Formation is 

probably also poor, being high in calcium and sulfate, due to the 

chemical dissolution of gypsum (WWC, 1982). 

Due to the lack of hydrologic information for the Jurassic al

ternating leaky confining layers and secondary aquifers it is difficult 

to assess the development potential of these units. It is very likely 

that the water quality of the Jurassic units is poor for domestic use 

and therefore development for a municipal supply is not recommended. 
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Phosphoria Aquifer 

The Phosphoria aquifer which underlies the entire study area, is a 

50 to ISO-foot thick sequence of shale and siltstone with thin beds of 

sandy liIrestone (Table 1). 

The Phosphoria is hydrologically isolated fram overlying aquifers 

by the leaky confining layers of the Chugwater and Dinwoody Formations. 

The Tensleep aquifer underlies the Phosphoria and may be in hydrologic 

connection with the Phosphoria in areas of fracturing and faul ting . 

Recharge to the Phosphoria aquifer occurs by direct infiltration of 

precipitation and stream losses at outcrop areas. Local recharge may 

occur from underlying aquifers through fractures and faults. 

The limestones of the Phosphoria aquifer are the water-productive 

zones of the aquifer. The porosities and permeabilities of the 

liIrestones are strongly affected by the secondary processes of 

dolomitization, fracturing, and solution (Stone, 1967). Based on 

analysis of petroleum drill-stern tests, the pe:rrreabili ty and 

transmissi vi ty of the Phosphoria ranges from less than O. 1 to 1. 4 

gpd/ft2 and less than 0.1 to 80 gpd/ft, respectively (Table 2). 

Yields in drill-stem tests conducted in this formation have ranged fram 

1 to 36 gpm (Table 2). 

Insufficient data exist to complete a potentiometric map and define 

ground-water rroverrent in the Phosphoria Formation. However, in areas 

where fracturing and faulting have resulted in hydrologic connection 

with the underlying Tensleep aquifer, the potentiometric surface of the 

Phosphoria should coincide closely to that of the Tensleep. It is 

expected that direction of ground-water noverrent in the formation is 

very similar to that of the underlying Tensleep Sandstone (Plate 4). 
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The prospects of developing the Phosphoria aquifer for the Town of 

Manderson's municipal water supply are poor because of the small per

meability and production potential of the carbonate beds. In addition, 

the water quality of the aquifer, though not dOCUIrented in this area, is 

poor in other parts of the Bighorn Basin (YMC, 1982) and can be expected 

to be poor near Manderson except possibly in limited areas where it is 

hydraulically connected with the Tensleep Sandstone through faults and 

fractures. 

Leaky Confining Layers 

The six leaky confining layers identified on Figure 3 are: 1) the 

Cody Shale, 2) the MOwry and Thermopolis Shales, 3) the Chugwater and 

Dinwoody Formations, 4) the Amsden Fonnation, 5) the Jefferson Forma

tion, and 6) the Gallatin and Gros Ventre Fo:rmations. All of the leaky 

confining layers consist of thick sequences of shales, siltstones and 

claystones which hydrologically isolate water-bearing sandstone and 

carbonate units. Each of the leaky confining layers has been addressed 

previously in this chapter in relation to the primary and secondary 

aquifers that they separate. 

Several of the leaky confining layers could yield minor quantities 

of water to wells especially in structurally deformed areas where 

fracturing has enhanced the permeability and porosi ty of the uni ts. 

Isolated sandstones in the Cody Shale yield between 1 and 20 gpm to 

wells (Table 3), however, the water quality is poor or unacceptable for 

d.arestic use (Table 4). Records show that the Jefferson Fonnation 

yielded 23 gpm in a drill-stem test conducted in the study area (Table 
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2). Small yields are also available from sandstone and gypsum beds of 

the Chugwater Formation, though the water is extremely saline (Table 1). 
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CHAPTER III 

GIDLCX;IC STRUCIURES AND GROUND-WATER CIRCUIATION 

Geologic structures have the most significant effect on permeabil

i ties of aquifers in the vicini ty of Manderson. Faults and fractures 

associated wi th deformed areas provide laterally and vertically inte

grated zones of large permeability. 

The exploration and screening objectives of this investigation 

heavily emphasize the location of areas where geologic structures such 

as folds and faults have imparted secondary fracture permeability to the 

rocks. Such areas tend to be highly productive in comparison to sur

rounding unfractured parts of the same aquifer, and water qualities tend 

to be improved because circulation is enhanced. Because of these 

considerations, substantial effort was made in the preparation of this 

report to identify structurally deformed aquifers. 

Geologic Cross Sections 

Three geologic cross sections for the Manderson area are shown on 

Plate 2. The cross sections illustrate the geanetries of the primary 

structural features which have deformed and fractured the rocks underly

ing the study area. The cross sections are drawn without either verti

calor horizontal exaggeration. A surnnary of oil and gas 'Well data used 

in the construction of the geologic cross sections is contained in Table 

7. 

Structural Contour Maps 

Structural contour maps drawn for the top of the Frontier Formation 
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Table 7. Oil and Gas Wells Used in Geologic Cross-Sections, Manderson Study Area, Bighorn Basin, Wyoming. 

Well 
Number Locationa 

Cross-Section A-A' 
1 SO-93-15da 
2 50-93-14bc 
3 50-93-14ab 
4 50-93-12cc 
5 50-93-12bd 
6 50-92-7bb 
7 50-92-8dd 
8 50-92-10cb 

9 
10 
11 

50-92-2bb 
50-92-2aa 
50-91-4ba 

Cross-Section B-B' 
1 49-93-19ad 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

49-93-20cb 
49-93-20ac 
49-93-29aa 
49-93-13bc 
49-92-6bc 
50-92-32bd 
50-92-32aa 
50-92-28cc 
50-92-28ca 
50-92-22dc 
50-92-24bd 
50-91-17cb 
50-91-16ab 
50-91-10da 
50-91-11dc 

Cross-Section C-C' 
1 49-92-36dc 
2 49-91-31cc 
3 49-91-31aa 
4 49-91-28db 
5 49-91-22bb 
6 49-91-15cd 
7 49-91-14cb 
8 49-91-12db 
9 49-91-12dd 

Company and Well Name 

Tenneco Oil. 11 Mockler Unit 
Newman Brothers Drilling, #1 Spencer et al 
Newman Brothers, C.F. Braun and Co., #1-14 Federal 
Socony Vacuum Pegasus Division, #F-14-12-G 
Kimbark Operating, IF-22-12-G Unit 
Newman Brothers Drilling, #1-7 Federal (50-92) 
Kimbark Operating, 11 Federal-Holden 
Texas National Pet. and Arrowhead Exploration, 

Empire State 11-10 
Rock Hill Drilling, 12-1 Government 
Union Oil of California. II Government 
Socony Vacuum Pegasus Division, IF-21-4-G 

Kimbark Operating, McBride Inc., and Western 
Crude Oil, #1 Federal - Five Mile 

Sohio Petroleum, #1 Government- Coltrane 
Husky Oil, II Armstrong 
Husky Oil and Wilshire Oil, II Tergeson 
William L. Dugger Jr., #1 Government Manderson 
Pan American Pet., 11 Tolman 
Mobil Producing, IT-34-32-P 
Socony Vacuum Pegasus Division, IF-41-32-P 
General Petroleum, IF-14-28-P 
Kimbark Operating, IF-23-28-P 
Florida Gas Exploration, 11-22 Manderson 
Empire State Oil, 11 Government 
Carter Oil, II Government-Horse Gulch 
Continental Oil, II Unit 
Pure Oil, II Unit 
El Paso Oil and Gas, #1 McDermott-Gulch Breene 

Atlus Exploration, 136-1 Atlus-Kenai 
C.M. and W. Drilling, II Government 
Tesoro Petroleum, #1 Federal 
Amerada Petroleum, #1 USA-Neal 
Justheim Petroleum Co., #1 Government 
Signal Uintah Basin Oil and Justheim, 12 Government 
L.M. Jones, II Fee 
Husky Oil, 110-12 Federal - Paintrock 
Shell Oil, 12 Unit 

Date 
Completed 

(mo/yr) 

6/70 
1/69 
1/66 

na 
8/70 

10/67 
8/68 
6/62 

5/69 
12/64 
9/53 

11/72 

12/52 
4/64 

na 
10/68 
2/70 
1/57 
na 

11/52 
10/70 
10/29 
4/57 
3/56 

10/62 
8/51 
8/69 

2/81 
2/56 
9/72 
8/63 
8/53 

11/53 
2/52 
3/79 
6/55 

Kelly 
Bushing 

Elevation 
{ft-msl} 

3943 
3880 
3989 
4173 
4211 
4349 
4375 
4314 

4264 
4214 
4350 

4384 

4325 
4231 
4236 
4184 
3989 
4030 
3927 
3971 
4016 
4208 
4116 
4175 
4203 
4394 
4431 

4341 
4302 
4146 
4352 
4313 
4294 
4185 
4432 
4525 

a Township - north, range - west, section, quarter - section, etc., U.S. Geological Survey well numbering system. 

na = Not Available 

Total 
Depth 
(ft) 

9157 
8587 
7107 
8135 
8350 
5576 
6923 
6165 

4460 
5137 
3389 

12,436 

11,934 
9497 

12,283 
11,614 
10,169 

8321 
7395 
7001 
7305 
7600 
5715 
4006 
3946 
4532 
3400 

10,020 
9428 
8077 
4797 
3584 
3404 
4142 
4210 
3142 

Formation at 
Total Depth 

Thermopolis Shale 
Thermopolis Shale 
Thermopolis Shale 
Phosphoria 
Amsden 
Thermopolis Shale 
Phosphoria 
Tensleep Sandstone 

Madison Limestone 
Gallatin 
Phosphoria 

Tensleep Sandstone 

Phosphoria 
Frontier 
Madison Limestone 
Tensleep Sandstone 
Tensleep Sandstone 
Phosphoria 
Phosphoria 
Phosphoria 
Tensleep Sandstone 
Phosphoria 
Phosphoria 
Tensleep Sandstone 
Amsden 
Bighorn Dolomite 
Tensleep Sandstone 

Tensleep Sandstone 
Phosphoria 
Phosphoria 
Phosphoria 
Tensleep Sandstone 
Tensleep Sandstone 
Amsden 
Precambrian 
Gallatin 



and Tensleep Sandstone are shown on Plate 3 and Figure 6, respectively. 

These maps show that the regional, basinward dip of the formations off 

the flank of the Bighorn M:>untains is not uniform, but is truncated and 

made complex by deformation associated with nurrerous faults and folds 

that trend northwest-southeast across the area. 
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CHAPrER IV 

WATER QUALITY 

Introduction 

This section presents and discusses ground-water quality data fram 

an area of the Bighorn Basin being considered for development for the 

Town of Manderson I s water supply. All published water quality data for 

the Manderson study area are listed in Table 4. The locations of all 

wells for which water quality data are available are shown on Figure 7. 

The sources of ground~ater quality data for the Manderson study area 

include: Libra and others (1981), Cooley and Head (1979), Lowry (1962), 

Lowry and Lines (1972), Crawford and Davis (1962), Swenson and Bach 

(1951), Buell, Winter, ~usel and Assoc. (1983), University of Wyaning 

Water Resources Data System (various), Wyoming State Engineer (various), 

and Wyoming Department of Agriculture - Division of Laboratories (1979 & 

1980). 

The ground-water quality for the study area is discussed in terms 

of four principal sources of water for the Manderson water supply. The 

four sources in the order of discussion in this section are the upper 

Cretaceous aquifers, Worland (Madison Formation) municipal well, 

Paleozoic aquifers, and the Quaternary aquifers. 
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Drinking Water Standards 

The U.S. Environmental Protection Agency (EPA) under provisions of 

the Safe Drinking Water Act has established maximum levels for 

thirty-four consti tuents in drinking water. These maximum levels, 

referred to as drinking water standards, have been divided into b;o 

groups: Primary standards and Secondary standards. Both sets of 

standards are listed in Table 5. The primary drinking water standards 

are federally enforceable water quality limits. The primary standards 

include substances which are capable of causing illness or death. 

Secondary standards are not enforceable, but rather represent criteria 

for drinking water quality. These standards include those substances 

which are generally associated with the aesthetic qualities of drinking 

water such as taste, odor, and color. 

Of the primary drinking water standards listed in Table 5, only 

fluoride and nitrate data are available on ground water in the Manderson 

study area. Data are also available for only four secondary standards 

(pH, chloride, sulfate, TOS) at most locations. Conclusions regarding 

ground-water quality suitability for a drinking water supply are based 

on these primary and secondary standards. 

The EPA at present has responsibility for drinking water quality in 

the State of vijaming and can legally enforce the primary drinking water 

standards on a water supply. The State of Wyaning has darestic use 

standards for ground water. However, these standards are used currently 

for the purpose of controlling and monitoring the impact of any ground 

water contamination, and they are not pertinent to this project. 
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Ground-Water Quality Analysis 

Two samples have been collected from the present Manderson munici

pal well cOI'C"pleted in the Upper Cretaceous aquifers. The data are ShCMn 

in Table 4. The well is carpleted in the Lance Formation. Total 

dissolved solids of the Lance water is moderately high with concentra

tions greater than 900 mg/l, and may impart a taste to the water which 

Salle may find objectionable. The present water supply is very soft and 

probably causes few scaling problems in water heaters and cooking 

utensils. Sodium is in relatively high concentrations in the present 

water supply. High sodium content in the water supply can cause two 

problems. First, high sodium intake is known to be related to hyperten

sion and heart disease in humans. Second, a high sodium content in 

water used for irrigation breaks down the soil structure thus making the 

soil more clayey, less perrreable and less productive. 

Sulfate concentrations greater than the secondary standard of 250 

mg / I in darestic water supplies can cause temporary gastrointestinal 

disorders in humans until stomach bacteria adapt to the higher sulfate 

waters. Concentrations of sulfate in the present water supply are 

infrequently greater than 250 mg/l, but never greater than 300 mg/l. 

The primary drinking water standard for fluoride based on the 

temperature at Manderson is 2.0 mg/l. The standard for fluoride is 

based upon the annual maximum daily temperature at a given site because 

of the established relationship between the amount of water consumed and 

the air temperature. Consumption of water containing levels of fluoride 

in concentrations above the drinking water standard has been known to 

result in mottling of teeth (dental fluorosis). Waters from the Upper 

Cretaceous system such as the Lance Formation fran which the present 

Manderson supply is drawn are known to contain high concentrations of 
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fluoride (Libra and others, 1981). Fluoride levels inte:rmittently 

tested at the present Manderson well during the period 1970-1980 varied 

between O. 75 and 4.5 mg/l. Variations in the fluoride concentrations in 

the Manderson water supply are shown on Figure 8. The Manderson water 

supply is at tirres in violation of the 2.0 mg /1 standard according to 

data on Figure 8. This violation is enforceable by the U. S. EPA. 

The source and the reasons for the geochemical variability of 

fluoride in the Manderson water supply are unknCMn. If the Lance 

Formation is selected for testing and development it is recommended that 

monthly monitoring of this constituent and for dissolved calcium content 

be conducted. Calcium is the most cammon element that could chemically 

control fluoride concentrations in Lance ground waters at Manderson. An 

understanding of calcium and fluoride content variations would help 

determine if these constituents are in equilibrium in this aquifer, and 

if the source(s) of fluoride are indigenous to the aquifer or are fram 

another ground or surface water body. If the results of this monitoring 

were to suggest that the source of fluoride is a leaky oil/gas 

exploration well, the problem could be alleviated by the plugging of the 

well. 

Water quality data are on record for other wells completed in the 

Upper Cretaceous aquifers. However, chemical data are not available for 

any wells corrpleted into the Lance Formation other than the present 

Manderson municipal well. Data are available for the Mesaverde, Cody, 

Frontier, Thermopolis, and Cloverly formations (a summary of these data 

is listed in Table 4). Water quality throughout the Cretaceous for

mations is poor, with TDS concentrations ranging fran about 1000 to 

near 9000 mg/l. The anionic composition of the Cretaceous waters varies 
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between sulfate, bicarbonate, and chloride character dependent upon the 

formation. The water hardness varies within each formation fram soft to 

extremely hard. Fluoride concentrations in these formations are within 

the EPA rnaxinrurn drinking water standard of 2.0 rrg/l. The overall water 

quality within the Cretaceous fonnations are generally unsuitable for 

domestic use because of very high salt concentrations. 

The WOrland municipal well which draws water fram the Paleozoic 

Madison Formation, has adequate quality for domestic consumption. TDS 

concentrations are quite low with concentrations near 200 rug/I. Fluo

ride concentrations are also very low in this Madison Formation well. 

The only undesirable characteristic of the Wbrland Madison well chemical 

quality is that the water is moderately hard to very hard. Excessive 

hardness of water (greater than 150 rrg/l as CaC03) in a public supply 

results in high soap consumption as well as objectionable scale in water 

heaters, cooking pots and pans, and bathing tubs. 

Other Paleozoic wells within the Manderson study area have waters 

with quality similar to that of the Wbr land Madison well. The 'IDS 

concentrations from these other Paleozoic wells are about the sarre as 

the Wbrland well and are generally suitable for darestic consumption, 

wi th sulfate exceeding the secondary drinking water standards of 250 

mg/l in one instance. The waters sampled from these Paleozoic wells are 

also very hard. 

A fourth potential source of water for the Town of Manderson is a 

water supply fram alluvial and terrace deposits in the Manderson study 

area. The water quality of the alluvial and terrace wells is poor. 'IDS 

70 



concentrations are greater than 1100 rng/l and sulfate is greater than 

500 rng/l in the alluvial wells. These two constituents render the 

alluvial and terrace waters undesirable for consumption. The alluvial 

waters are hard to extrerrel y hard, which also adds to the undesire

ability of the alluvial waters for dOIlEstic use. Nitrate concentrations 

were found to exceed the 10 mg/l N0
3 

as N primary drinking water 

standard at the one terrace well for which data were available. Elevat

ed nitrate concentrations in the drinking water supply can cause poison

ing in infants. Fluoride concentrations in alluvial and terrace waters 

were found to be bel~ the IrIClXimurn primary drinking water standard of 

2.0 mg/l. 
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CHAPTER V 

FAVORABLE SITE SELECTION 

Five favorable test drilling sites are identified in this report 

(Figure 9). The si tes and target intervals are listed in Table 6. The 

selected si tes are considered to have nore favorable hydrogeologic 

conditions suitable for ground-water development than surrounding areas. 

Selected favorable test drilling sites are intended to represent 

approxirnate drill hole locations in areas that have been carefully 

screened. Pinpoint drill hole locations should be selected " in-the

field". It will be necessary to consider land ownership and topography 

in addition to the screening criteria described in the following section 

prior to final selection of a test drilling site. 

Screening Criteria 

The site screening process was five-fold and included the follow-

ing: 

1. proximity to Manderson 

2. drilling depth 

3. favorable geologic structure and hydrogeology 

4. water quality 

5. known aquifer parameters. 

Land ownership and si te accessibili ty were considered; however, these 

factors were not heavily weighted because negotiations with land owners 

and/or site access rrodifications should be addressed on an as-needed 

basis. Construction and transmission costs were camputed; however, it 
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is the final responsiliility of the user of this report to determine cost 

feasibility. 

Proximity to Manderson 

I t was arbitrarily assumed that test drilling si tes in excess of 

fifteen miles from Manderson were not economically feasilile. Emphasis 

was assigned to identifying sites nearer Manderson to maintain lower 

transmission costs. 

Drilling Depth 

Favorable si tes include those areas where drilling depths can be 

minimized for a particular target aquifer, thus minimizing drilling and 

well construction costs. 

Favorable Geologic Structure and Hydrogeology 

Priority was assigned to areas where the various aquifers are 

structurally deformed. An ideal favorable structure was identified as 

one having excellent secondary permeability and large saturated 

thickness. 

Favorable hydrogeologic characteristics provide a qualitative 

indicator of the developrrEnt potential for a site. Favorable charac-

teristics at a site include the following: 

1. Springs discharging from target interval rocks which indicate 
saturated conditions. 

2. Springs and seeps located along fracture zones indicating 
ground~ater circulation along fracture zones. 

3. Perennial streams flowing across target interval rocks which 
indicate saturated conditions. 

4. Proximity of a site to areally extensive recharge areas. 
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5. Large saturated thickness. 

6. Good fracture permeability. 

7. Known production from wells completed in similar hydrogeologic 
settings near the site. 

8. Good potential for hydraulic connection with other favorable 
productive aquifers. 

Water Quality 

Water quality was estimated on the basis of total dissolved solids 

('IDS) concentrations. Anticipated water quality was considered as good, 

fair, and poor for respective 'IDS concentrations of less than 1000 reg/I, 

1000 to 2000 reg/I, and greater than 2000 reg/I. 

Estimated 'IDS concentrations for a favorable site are based on 

chemical analyses for wells and springs near the test site. For areas 

where chemical analyses were not available, TDS was estimated on the 

basis of drilling depth and site proximity to a recharge area. In 

general, TOS increases with increased drilling depth and distance fram 

principal recharge areas. 

Known Aquifer Parameters 

Aquifer parameters were determined, where possible, wi thin the 

vicinity of favorable sites to provide a quantitative assessment of the 

potential producti vi ty of the aquifer. Aquifer parameters including 

transmissivity, permeability, specific capacity, storage coefficient, 

and yield were derived from published and unpublished sources, drillers' 

logs, drill-stem test analyses, and State Engineer well permit files. 
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Site Rating 

Prospects for developing ground-water supplies at the five favor

able sites are good because all of the sites satisfy in part or in total 

the screening criteria. Although the development potential at all sites 

is good, there is little quantitative comparability between sites. The 

user of this report should understand that the designation of a favor

able site specifies only that the site has more favorable hydrogeologic 

characteristics than its surroundings for the respective target aquifer. 

Test Drilling Sites 1, 2, and 3 (Paleozoic Aquifers) 

Screening criteria for test drilling Sites 1, 2, and 3 are listed 

in Table 6. The locations for the sites are shown on Figure 9. It is 

the opinion of the authors of this report that test Sites 1, 2, and 3 

have the best hydrologic potential for a municipal water supply well in 

the study area. 

Site 1 

Test drilling Site 1 is located along the axis of the Paintrock 

Anticline. This structure is faul t-cored and has excellent fracture

enhanced permeabilities. Water qualities are expected to be good with 

total dissolved solids concentrations less than 500 rrg/l. Based on 

reported yields for existing wells along the anticline, production fram 

the Paleozoic group is expected to be greater than 500 gallons per 

minute. Maximum reported yields for existing wells are about 2700 

gallons per minute. I t is anticipated that the potentiaretric surface 

at Site 1 will be within about 300 feet of the ground surface. 

Anticipated drilling depth to the uppermost Paleozoic aquifer 
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(Tensleep Sandstone) is about 3700 feet. Assuming that the required 

yield could be obtained fran the Tensleep Sandstone, the total well 

depth would be about 3960 feet. Anticipated drilling and developrrent 

costs for the well would be about $201,000. Costs for purchase and 

installation of a pump would be an additional $25,000. 

The hydrologic feasibility for developing a ground~ater supply at 

this site is excellent. If the required yield could not be obtained 

from the Tensleep alone the well could be extended through as much of 

the Paleozoic group as necessary. Well costs would increase 

accordingly. 

Site 2 

Test drilling Si te 2 is si tuated along the flank of an unnarred, 

fault-cored anticline. The fault and subsidiary fractures are hydrau

licall y important because they establish vertically and horizontally 

integrated zones of large permeability in the Paleozoic rock sequence. 

Based on available potentiometric data, it is possible that Site 2 

overlies a potentiometric sink. 

Water qualities are expected to be good with total dissolved solids 

less than 500 mg/l. 

Maximum reported production rates for existing wells completed in 

the entire Paleozoic aquifer system in the vicinity of Site 2 are about 

2900 gallons per minute. It is likely that a properly sited, drilled, 

and completed well along the structure could yield similar quantities of 

water. It is anticipated that the potentiometric surface at Site 2 

would be within about 400 feet of the ground surface. 

Assuming that the necessary yield could be obtained from a well 

caI'pleted only through the Tensleep, the total well depth at Site 2 
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would be about 3360 feet. Drilling and developrrent costs at Site 2 

would be about $171,000, and a pump would cost an additional $30,000. 

Pump costs are greater than at Site 1 due to greater pumping lifts. 

Prospects for developing a ground-water supply at Site 2 are 

excellent based only on hydrogeologic considerations. If the required 

yield could not be obtained fram the Tensleep alone the well could be 

extended through the remaining fonna.tions of the Paleozoic aquifer 

group. 

Site 3 

Si te 3 is si tuated along the axis of the Paintrock Anticline, near 

the City of Wbrland municipal well. The Paleozoic aquifers underlying 

this site are known to be prolific ground water units. Reported yield 

from a well recently drilled for the City of Wbrland is about 14,000 

gallons per minute. Water qualities are excellent. Prospects are good 

that the potentiometric surface will be less than 300 feet belCM the 

ground surface. 

A well completed through the Tensleep Sandstone would be 

approximately 2960 feet deep. Well costs would be $151,000, and an 

additional $25,000 would be required for the pump. Well costs would be 

increased accordingly if it were necessary to drill through the entire 

Paleozoic aquifer group to achieve the required yield of 75 gpm. 

The hydrologic potential at Site 3 is excellent. 

Test Drilling Sites 4 and 5 (upper Cretaceous Aquifers) 

Sites 4 and 5 do not afford the same high success potential for a 

municipal ground water supply well as Sites 1, 2 or 3. Sites 4 and 5 

are closer to the Town of Manderson and the potential for success is 
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based on their being in a hydrogeologic environment similar to that of 

the Manderson municipal well. It is the opinion of the town that the 

existing municipal well is failing because of declining well efficiency. 

Therefore, a new efficient well carpleted in the same hydrogeologic 

environment as the existing well would meet the water demands of the 

town. 

It is recorrm:mded that if ei ther of these si tes is drilled the 

lance Formation be thoroughly evaluated before continuing drilling to 

the M=saverde Fonna.tion. Based upon reported production rates and 

lithologic logs for the existing Manderson well and similar data from 

the recently drilled test well there is fair potential that the lance 

Fonnation contains sufficient saturated and permeable uni ts to meet 

Manderson's requirement of 75 gpm. 

On fully penetrating the lance Fonna.tion the test hole should be 

evaluated for water production. This can be accarplished by bail 

testing. If significant quantities of water are encountered the hole 

should be electric logged and specific water-bearing zones identified. 

The hole should then be cased, screened or perforated and pump tested. 

Site 4 

Site 4 is located along the west flank of the Manderson Anticline. 

The target intervals for a test well are the Cretaceous Lance Fonna.tion 

and, if necessary, the M=saverde Fonna.tion. It is believed that Site 4 

overlies a conplete stratigraphic section of the Lance and Nesaverde 

Fonnations. 

It is possible that a well at Site 4 will be capable of a 

production of 75 gallons per minute. It is known, based on electric 

logs for selected wells in the vicinity of Si te 4, that saturated 
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sandstone units underlie the site. The areal extent, source of recharge 

to the sandstone units, and the ultimate long-term productivity of the 

units are unkn~. 

Water qualities are expected to be fair to poor. Tbtal dissolved 

solids are anticipated to range from 900 to 2100 rrq/l. Although the 

water qualities will not be as good as those expected at Sites 1, 2, and 

3, the anticipated water quali ties should be similar to the existing 

water supply and are acceptable to the t~. 

Drilling depths are expected to be about 2500 feet if it is 

necessary to go to the Mesaverde, but only about 950 feet if the 

required yield and water quality can be obtained in the Lance Formation. 

The 950-foot well could be constructed at a cost of about $51,000, and 

an additional $20,000 would be required to purchase and install a pump. 

Because Si te 4 is located near the crest of the anticline, water quality 

and yield should be somewhat better than at Site 5. 

Site 5 

Site 5 is located at approximately the same location as the exist-

ing municipal well. The rationale for siting a new well at this 10-

cation are as follows: 

1. It is reported by Emerson M. Parks, consulting geologist, that 
the existing well was capable of prcrlucing 84 gallons per 
minute with 149 feet of drawd~ (Parks, 1955). Full recovery 
of the well occurred wi thin 0.5 hours. Based on Mr. Park's 
daja' the transmissi vi ty of the prcrlucing unit is about 1. 1 x 
10 gallons per day per foot. 

2. It is reported by the T~ of Manderson that the existing well 
is failing due to declining well efficiency. It has in the 
past been necessary to reperforate the existing well when 
production significantly decreases. It is reported by the 
t~ that after reperforating the prcrluction of the well 
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increases. It is possible that the well is scaling-in and 
artificial stimulation of the well is the answer to the 
problem. However, it is believed that the well casing can 
wi thstand no further stimulation. Therefore a new well is 
necessary. 

3. Drilling costs for a well at this location will be relatively 
low. 

4. The location is near town. 

5. Transmission pipelines and storage facili ties exist at the 
site, therefore a new well could be readily tied into the 
existing system. 

6. Water qualities in the producing water bearing unit are 
acceptable to the town. 

Although the actual productivity of the existing municipal well and 

the effects that well efficiency have on the productivity cannot be 

verified at this tim:, it is a fact that the town is producing variable 

quantities of tolerable quality water from the well. It is reasonable 

to assume that if well efficiency is the only problem with the existing 

well, then a new well in the Upper Cretaceous sequence will satisfy the 

needs of the town. 

It should, however, be noted that a Cretaceous well was attempted 

during December 1982, near Site 5. This attempt ended in failure with 

essentially no water being produced and no reported technical 

justification for the failure. Review of data fram this well indicates 

the possibility that the consultant in charge of the drill-stem testing 

of this well simply tested a relatively tight shale sequence instead of 

the saturated sand. 

If a test hole is drilled at Site 5, the hole should fully pene-

trate the lance Formation. This can be accarplished wi th drilling 

depths of about 950 feet. If no significant water bearing zones are 

encountered, then drilling should proceed to the upper 200 feet of the 
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Mesaverde Formation. If no significant water bearing zones are 

encountered in the Mesaverde Formation, the hole should be abandoned. 

Tbtal drilling depths should not exceed 2500 feet. 

Estimated drilling and well construction costs for a Lance well 

at Site 5 would be about $51,000, and a pump would cost an additional 

$20,000, similar to costs at Site 4. 

In sumnary, Site 5 is attractive because of relatively low drilling 

costs and proximity to the town's transmission facilities. The target 

intervals contain saturated and penreable units; however, the aquifer 

parameters and long term productivity are uncertain. Water quality is 

not good but should be similar to the town's existing supply. 

Alternative to Test well Drilling 

A possible al ternati ve to test well drilling would be to use an 

existing ground~ater supply well located in the study area. One such 

well would be the City of Wor land's municipal well. This well is 

located along the Paintrock Anticline, about 12 miles southeast of 

Manderson. This alternative would require the construction of a 

pipeline from the well to the town. 

Cost C~arison of Alternatives 

The costs of incorporating a new well into Manderson's water supply 

system include costs of drilling and canpleting the well; conducting and 

analyzing aquifer tests; selection, purchase and installation of a pump; 

construction of any required pipelines and appurtenant facilities; and 

costs associated wi th obtaining any necessary easerrents and 

rights-of-way. Well and pump cost estimates are presented in the 

previous section. Procedures used to estimate pipeline costs for the 
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various alternatives are illustrated by example in Appendix A. Table 8 

presents a stmlTlarized cost comparison of the various water supply 

alternatives. Excluded from Table 8 are costs of pump test and analysis 

and land acquisition. Also excluded are costs of drilling supervision 

by a qualified hydrologist. This is a critical item, and cost estimates 

can be readily provided once the town has selected a developnent 

alternative. 

Total project costs vary fran $71,000 for a well at Site 5 to 

$1,680,000 for a well at Site 2. The major cost item in all 

alternatives except Site 5 is the pipeline cost. Site 5, the 

alternative with probably the worst hydrologic potential of any 

alternative, is by far the lowest-cost project since no pipeline would 

be required for a well at Site 5. 
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Table 8. Cost Comparison of Water Supply Alternatives, Town of Manderson, Wyoming. 

Well Site1 Estimated \vell Total Annual 

Target Well Pumping Construction Pump Pipeline Capital Pumping 

Aquifer Depth Depth 2 Cost Cost Cost costS Cost6 

(ft) (ft) ($) ($ ) ($ ) ($) ($) 

Site No. 1 Tensleep 3960 550 201,000 25,000 1,218,000 1,444,000 3200 

Site No. 2 Tensleep 3360 700 171,000 30,000 1,479,000 1,680,000 4100 

Site No. 3 Tensleep 2960 550 151,000 25,000 1,187,000 1,363,000 3200 

Site No. 4 Lance-Upper Meeteetse 950 400 51,000 20,000 151,000 222,500 2300 

Site No. 5 Lance/Upper Meeteetse 950 400 51,000 20,000 4 71,000 2300 

Worland Madison Limestone flowing 3 1,363,000 1,363,000 7 
0 

Bonanza Well well 

1 Well Sites are shown on Figure 9. 

2 Pumping depth estimated for peak discharge rate of 75 gpm and aquifer parameters and potentiometric surface data 
shown on Table 6. 

3 Well already exists. Assumes Worland will give permission for Manderson to tap into this well. 

4 Site No.5 is near existing well. Assumes.existing pipeline can be used. 

5 Does not include any costs for land acquisition or easements. 

6 Assumes power rate of $0.035 per kilowatt-hour. 

7 Does not include any purchase costs which may be assessed by the City of Worland. 
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APPENDIX A 

RF£ONNAISSANCE HYDRAULIC ANALYSES 
AND COST ESTTh1ATES FOR PIPELINES FRa-1 

PROPOSED OR EXISTING WELLS TO THE 
'IGVN OF MANDERSON, WY~G 



Introduction 

Cost estimates were developed for pipelines to convey water fram 

proposed or existing wells to the Town of Manderson, Wyaning. In order 

to assess the pipeline costs, a reconnaissance level hydraulic analysis 

was performed to select potential pipeline routes, size the line, and 

determine if gravi ty flow is possible. 

Hydraulic Analyses 

Potential pipeline routes are shown on Plate 5. Routes were 

selected to minimize pipe materials, avoid excessive river and road 

crossings, and allow gravity flow of water fram the suggested well si tes 

to the Town of Manderson. Land ownership, land acquisition, easements, 

and geologic conditions were not considered in the reconnaissance 

evaluation. 

A six-inch ductile iron pipeline (DIP) was selected for 

transmission of the design flow of 70 gallons per minute. A smaller 

diameter pipe would suffice, but the larger pipe allows for future 

development. Head losses in the pipelines were estimated by the use of 

the Darcy-Weisbach equation: 

where: f = Darcy-Weisbach friction factor 
L = length of pipeline (feet) 
D = Diameter of pipe (feet) 
V = velocity of flow in pipeline (feet per second) 
g = gravitational constant (32.2 feet per square second) 
~ = head loss (feet) 
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Table A-I presents reconnaissance hydraulic parameters and the pipeline 

head losses due to friction for pipelines from WJrland's "Bonanza" well, 

and the wells at potential drilling sites 1 and 4. Pipelines fran 

drilling sites 2 and 3 would be very similar to those fram the Bonanza 

well and the well at si te 1 and were not subjected to separate hydraulic 

analyses. 

The figures on Plate 5 show the hydraulic grade line in relation to 

the topographic profile of the three selected pipelines. From the 

figure, it can be concluded that gravity flow of 70 gpn is possible and 

pumping need not be considered in the cost estimates. 

Cost Estimates 

The cost estimates of the pipelines from the proposed or existing 

wells to the Town of Manderson, rlyaming, are presented in Tables A-2 

through A-4. Since adequate geologic infonnation at the point of the 

river crossing was not known, it was assumed that difficult excavation 

and construction conditions would be encountered. Excavation for the 

major portion of the pipeline was asstnned to be "typical." Pipeline 

appurtenances would be relatively minor compared with the cost of the 

pipeline and were canbined in a lump sum estimate. 

The amortized costs of the three example pipeline routes are shown 

in Table A-S. Interest rates of four and eight percent were used to 

obtain the annual costs. The four percent interest rate would be about 

the lowest that might be obtained while the eight percent rate is the 

approximate rate at which federal financing has been in the recent past. 

The amortization period used was 30 years, corresponding to a typical 
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Table A-I. Reconnaissance Hydraulic Parameters and Pipeline Head Losses, Manderson Study Area. 

Head 
Well No. Existing (E) or length of Diarreter of Fraction Velocity in Loss 
or Name Proposed (P) Well Pipeline (ft) Pipe (ft) Factor Pipeline (fps) (feet) 

Bonanza E 64,000 0.5 0.02 0.79 25 

1 P 56,750 0.5 0.02 0.79 22 

4 P 4,300 0.5 0.02 0.79 2 

::t> 
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Table A-2. Cost Estimate for Pipeline Route A fran the Bonanza Well to 
the Town of Manderson, Wyoming. 

Unit 'Ibtal 
Description Quantity Cost Cost 

(LF) (per LF) 

6-inch Ductile Iron Pipe to 
gravity flow 70 gallons per 
minute including materials and 
installation 64,000 $15.00 $960,000 

Nowood River crossing, subgrade $50,000 

Highway 31 crossing, subgrade $20,000 
Subtotal $1,030,000 

Contingency and pipeline appur-
tenances (gate valve, air relief 
valves, blowoff valves, connection 
to treatment facilities and/or 
distribution system) at 15% $155,000 

Subtotal $1,185,000 

Engineering at 15% $178,000 
GRAND TOTAL $1,363,000 

Estimate does not include land acquisition or easement costs. 
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Table A-3. Cost Estimate for Pipeline Route B fram Proposed Site No. 1 
to the Town of Manderson, Wyoming. 

Description Quantity Unit Cost 'lbtal Cost 
(LF) (per LF) 

6-inch Ductile Iron Pipe to 
gravity flOW' 70 gallons per 
minute including materials 
and installation 56,750 $15.00 $851,250 

Nowood River Crossing, 
subgrade 50,000 

Highway 31 Crossing, 
subgrade 20,000 

Subtotal $921,250 

Contingency and pipeline 
appurtenances (gate valve, 
air relief valves, blowoff 
valves, connection to 
treatment facilities and/or 
distribution system) at 15% $138,000 

Subtotal $1,059,250 

Engineering at 15% $159,000 

GRAND TCJI'AL $1,218,250 

Estimate does not include land acquisition or easement costs. 
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Table A-4. Cost Estimate for Pipeline Route C fram Proposed Site No. 4 
to the Town of Manderson, Wyoming. 

Description Quantity Unit Cost 'Ibtal Cost 
(LF) (per LF) 

6-inch Ductile Iron Pipe to 
gravity flow 70 gallons per 
minute including materials 
and installation 4,300 $15.00 $64,500 

Nawood River Crossing, 
subgrade 50,000 

Subtotal $114,500 

Contingency and pipeline 
appurtenances (gate valves, 
air relief valves, blowoff 
valves, connection to 
treatment facilities/distri-
bution system) at 15% $17,200 

Subtotal $131,700 

Engineering at 15% $19,800 

GRAND '!OrAL $151,500 

Estimate does not include land acquisition or easement costs. 
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Table A-5. Annual Cost of Pipelines from pro{X:)sed Sites or Existing 
Wells to the Town of Manderson, Wyoming. 

Pipeline Route A (Fran the w:>rland Bonanza Well, Plate 5) 

Capital Cost = $1,363,000 (Table A-2) 

Amortization Period = 30 years 

4% interest 8% interest 

Annual Cost $78,900 $121,000 

Pipeline Route B (From Site 2, Plate 5) 

Capital Cost = $1,218,250 (Table A-3) 

Amortization Period = 30 years 

4% interest 8% interest 

Annual Cost $70,500 $109,000 

Pipeline Route C (From Site 4, Plate 5) 

Capital Cost = $151,500 (Table A-4) 

Amortization Period = 30 years 

4% interest 8% interest 

Annual Cost $8,800 $13,500 

Note: Capital recovery factor for 4% interest = 0.05783 and for 
8% interest = 0.8883. 
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econanic life of similar projects. Cost COIrputations as shavn only for 

pipelines fran the Bonanza well and sites 1 and 4. No pipeline would be 

necessary for drilling si te 5, and per-foot costs fran si tes 2 and 3 

should be very similar to those for the Bonanza well and si te 1, or 

about $21.50 per foot installed. 
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