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- PLAN OF STUDY OF THE HYDROLOGY OF THE MADISON LIMESTONE AND ASSOCIATED

ROCKS IN PARTS OF MONTANA, NEBRASKA, NORTH DAKOTA,

SOUTH DAKOTA, AND WYOMING

//- AﬁstraétA
.-/

A major part of the United States' coal reserves is in the Fort
Uﬁion coal region of the Northern Great Pléins. Large-scale develop—
ment of these reserves would place a heavy demand on the area's limited
water resources.

Surface water is poorl& distributed in time apd space. Itsbuse
for coal developmént in parts of the area would require storage reservoi;s
- " and distribution s&steﬁs, whereas in the rest of the area surface
water is fully appropriated and its use would deprive present users
of their supply. R

Preliminary studies by the U.S.'Geoldgical Survey aﬁd Sta;el.‘
agencies in Wyoming, Montana, an& south Dakota ihdicate thét the
Madison Limestone and associated rocks ﬁight p;ovid; a significant
percentage of the total water requirements for coal development.

This report briefly summarizes the.present knowledge of the geo-
hydrology of the Madison and‘associated rocks, identifies éhe need

for additional data, and outlines a S5-year ﬁlan for a comprehensive

study of the hydrology of these .rocks.
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‘ Introduction
. In this report, figures for measures are given both in English
i 4
: units and in metric units (with the exception of tables, which contain
English units only). Factors for converting English units to metric
units are shown in the following table:
English Multiply by  Metric i
short ton ‘ 4 0.907 t (tonne)
acre-ft/year (acre-feet .00123 hm3/year (cubic hectometres
per year) _ per year)
gal/min (gallons per minute) .0631 2/s (litres per second)
ft (feet) ' .305 ‘m (metres)
- mi? (square miles) 2.59 km? (square kilometres)
in (inches) - 25.4 mm (millimetres)
ft?/day (feet squared per .0929 m?/day (metres squared per day)
day) : o
(gal/min)/ft (gallons per minute .207 - (2/s)/m (litres per second
per foot) : per metre)
ft/mi (feet per mile) . S .189 m/km (metres per kilometre)
2




A mgjor part of the United States' coél reserves-—-an estimated 1.5
trillion shoft tons:(l;4-trillion t) of coal (Northern érea;'?lains
Resources Program, 1975)--is in the Fort Union coal region of the
Nértheru Gréat Plains (fig. 1). Major~d§§elopm§nt of the é;al, which
may include on-site steam-ﬁower generafioﬁ; gasificaiion;‘liqﬁefaction,

" and slurry-éipeline tranéport qf coal from this area, wouid place a
hea&y demand on the areé's 1imited-water resources. Lafge quantities
of water will be needed--estimates exceed 200,000 acre-ft/year
(250 hm3/year).

Surface water is poorly distributed in time and épage. Its use
for coal deﬁelopment in parts of ghé area would require storage
reservoirs and distribution systems, whereas in the rest of the afea
surface water is fully appropriated and its use Qould deprive.present
users of their supply.

Paleozoic focks,.which include the Madison Limestone, its
equivalents, th associated rocks~-hereafter Ealled the‘Madison
aquifer—eunderlié the FortvUnidp coal‘region and adjacent areas in
_Wyoming, Moﬁtana, the Dakotas, and Nebraska. .Preliminary studies
by>the U.S. Geological Surve& and State agencies in Wyoming, Montanma,
and South Dakota indicate that these rocks might provide a .significant
percentage of the total wa:er‘reQuirements for coal development. The
évailable data indicate that well yields from the Mgdisoﬁ-aquifer
range frém about 20 gal/min (i.3 2/s) to 9,000 gal/min (570 L/s);
most are less than 1,000 gal/min (63 &/s). The Madison | |

presently supplies water for domestic, stock, municipal, industrial,

3
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- - and oil-field water-flood uses but large-scale withdrawals could
'reéult in hydrologic and economic problems,‘such as decline in
potentiometric head, depletion of flow of streams and springs, or

deterioration of quality of water from existing wells. Large

declines in potentiometfic head in the Midwest; Wyo., area caused -

by gfound-water withdrawal for the past 15 yeérs is ;ﬁe*main result
of development that hés occurrea to daté (1975).

Additional data on the Madison aquifer are needed to evaluate
its potential as a gource fqr.wﬁter supplies ahd'to.prOQide the
‘necessary information:for-an orderly development éf the aquifer. The
cost of obfaining these data will bé high because of the large areal

. extent of the Madison, its complex hydrologic nature, and its great
iy " depth (2,000 to 16,000 ft (610 to 4,880 m)) below the land surface
in much of the area.

This report bfiefly summarizes the_present knowledge.of fhe geo—-
hydrology of the Madison aquifer, identifies the need for additional
data, aﬁd outlines a 5-year plan fbr a comprehensive study of the
Madison.

The study area includes eastern_Montané; western North and
South Dakota, a small part of northwestern Nebraska, and northeastern
Wyoming (fig. 1). It éomprises about 188,000 mizA(487,000‘km2) of
which 59,000 mi2 (153,000@2) is in Montana, 50,000 mi2 (129,000 km2)
in North. Dakota, 45,000 mié (117,000 km2) in South Dakota, 2,000 miZ2
. - (5,000 km2) in Néb:aska, and 32,000 miz-(83,000 km2) iﬁ Wyoming. The
area of greatest interest, ﬁowever, is the Powder'River Basin of
Montana and Wyoming and the area surrounding the Black Hills in Wyoming,

5




Montana, She Dakotas, and NeBréska; This aréa is about' 68,000 mi2
(176,000 kmz) in extent, and is bqunded on the south by the -
Laramie Mountains, on the west by the Bighorn Mountains, and on the
north by the Yellowstone River. The eastern part inqlgdes‘the-Black
Hills and. the gently sloping plainé to theleést,

The study .area is draiped by the Missouri Rivgr,’its major tribu-
taries, and the Souris River. Altitudes fange’from about 1,500 ft
(460 m) along the Missouri River in South Dakota to 14,000 ft
(4,300 m) in the Bighorn Mountaiﬁs, Wyoming. In the area of greatest
interest, altitudes range from about 1,800 ft (550 m) along the
Cheyenne Riyer in $outh Dakota to abbut 14,000 ft (4,300 m) in the
Bighorn Mountains. The ma#imum altitude in the Black Hills is about‘.
7,200 ft (2,200 m).

The climate is continental, charactefized by cold winters and hof

summers, and large extremes and fapid changes’ in weather. Pre-

"cipitation ranges from -about 10 in (250 mm) in the central part of the

Powder River Basin to 30 in (760 mm) in the mountains. Most of the
precipitation occurs from March through July; general rains occur
throﬁghout the area in May and June and thundeistorms prevail during
the summer. Precipitation from November through May is'usually snow,
and blizzards are common.

The regional geology of the area is summarized by the’Rocky
Mountain Asséciatibn of Geologists (1972)§ the‘geolbgy of fhe 
Williston Basin by Sandberg (1?62); the'geoloéy‘dfithe Pﬁwder River
Basin by Beikman (1962); and that of the northern Black Hills by
Robinson and others (1964). The geology of the Madison Group is

6
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described by Sloss (1950), Nordduist (1953), Andrichuk (1955),

Mickelson (1§56), Griés‘and Mickelson (1964), and Sando (1972 and

1974)." The geology of the Devonian rocks is described by Sandberg

and Hammond (1958), énd that‘of the Ordovician rocks.in'the

quder Rivér Basin by Richards and Nieschmidt (1961). Most of

these reports are regiﬁnal studies and contain little lithologic

and structure information that caﬂ be related directly to the hydrology.
Hydrologic studies include Whitcomb and others (1958), Gries and

Crooks (1968), Swenson (1968), Miller (1969), Gries'(1971), U.S. Bureau

" of Reclamation (1972), Feltis (1973), Rahn and Gries (1973), Hodson

and others (1973), Hodson (1974), and the Wyoming State Engineer (1974).
Water quality is discussed by Crawford (1942). Few of these reports
contain quantitati&e information on the hydraulic properties of ﬁhe
aquifer; on tﬁe recharge to, movement through,vand discharge from the
aquifer; or on the relation of the équifer to springs, streams, and
the underlying and overlying aquifers.

Current geoﬁydrologic.studies of the Madison aquifer being made
by the U.S. Geological Survey, most in cooperation with the State
and Federal agené&es, include: |

1. Availability of water from the Madison Group (Montana District
of the U.S. Geological Survey in cooperation with the Montana Bureau
of Mines and Geology and 01d West-Regional_Cammissién)—-The purposes
oflthe study are to evaluate existing data and techniques and to develop
a plan for a comprehensive investigation bf the Madison. A preliminary’

report describing the water resources of the Madison in soﬁtheastern




Mon;ana is in preparation. The information will be used to plan
drilling andvaquifer-tesfing programs. -

2. Evaluation of recharge to the Madison Limestone, northeastern
Wyoming (Wyoming District of thé U.S. Geological’Survey in cooperation‘
with the Wyoming Staté Engineer, sponsored by 01d West Regional
Commission)——The purpose of the study is to evaiuaté récharge‘to the;
Madison Limestone.. Streamgaging stations have been established at
32 locations on streams in the Bighorn Mountains, Black Hillé, and
the northern end of the Laramie Mountains to determine water losses
or gains from these streams crossing outcrops of'the Madison aquifer
around the perimeter of tﬁe P;wder River Basin. Also three sets of
streamflow measurements will be made each year on 30 additional streams
at sites upStream”and downstréam from the outcrop of‘tﬂe Madison
and associated rocks. '

3. Hydrology'ofvPaleozoic rocks in the Powder River Basin and
adjacentlarea, northeastern Wyoming (Wyoming Distfict, U.S. Geological
Survey program)--The purpose of :the study is to evaluate the Paleoz?ic
rocks in the Powder River Basin in Wyoming as a potential sou?ce of
water fof energy development, primarily coal developﬁent and éttehdant
conversions to both gaseous and liquid forms of energy and the gener-
ation of eleqtfic power.' The principal effort will concentrate on
the Madison Linestone, but both the underlying‘and overlying rocks,

mostly carbonate or sandstone, will be included.




4. H?drology of thé aquifer(s) in the Madis;n Group, South
Dakéta (S;uth Dakota District, U.S. Geological Survey program in
cooperation with 01d West Regional Commission)--The purposes of the
study are to delineate the water resources of the Madison .Group, to
determine the hydrologic fegimen of the‘aqui-fe‘rs in the Madison and
underlying and overlying limestones, and to predict the probaBle
results of thg ;arge withdrawals of wﬁtef from the Madison.

5. Preliminary evaluations and deyelopment of a plan of study,

‘Madison Limestone aquifer, Northern Great Plains (U.S. Geological:

Survey program in cooperation with 0ld West Regional Commission)--
The -purpose of the study is to prepare a systematic plan for evaluating

the water-supply. potential of the Madison'Liméstone and associated

( rocks. Also, this stu&y has coordinated the current U.S. Geological

Survej investigations of the Madison being made by the district offices
of the Water Resourceleivision.and has consolidated their results.

As aids in the development of the study plan, a liaison committee

was forﬁed, a preliﬁiné;y digital,simuiatiqn model of the aquifer

was developed, and studies using surface and borehole geophysics were
begun to test methods that may show permeability patterns in the
Madison aquifer.

The members of the liaison committee were draﬁn from ;gencies of
State governménts that have~an active intérest'in or respoﬁsibility
for control or development of water frém_the Médison aquifér. 'Tﬁese'
agencies include Montana Eureau‘of Mines and Geology, Montaﬁa Départment

of Natural Resources and Conservation, North Dakota State Water -

9
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Commissiona South Dakota Division of Geological Survey, and Wyoming
State Engineer. The purpose of the committee is to maintain open

communication between the investigating hydrologists and State officials

relative to all aspects of the study--progress, problems, and

significant results.
| A preliminary'digital simulation model was developed and used to

analyze regional ground-water flow in the Mgdison aquifer inlthe-;realb
of greatest interest. Although the many factors that affect the
ground-water flow in the Madison are not clearly defined or understqod,
'thé present model can be used “to make preliminarybestimates of'thé range
of the possible effects that énticipated'deveIOPments of the Madison |
aquifer might impose on the water level, redharge,. discharge, and
pattern of flow. It éan also serve as a guide to additional data
collection and to the location of moﬁitoring wglls. The modei and its
development are described in a separate report now in preparation.

~Preliminary.results of the study using existing borehole geo-

physical data to help determine some of the hydrélogic parameters in

‘the Madison aquifer look promising. Suites of good quality geophysical

iogs from Madison Limestone and Minnelusa Formation oil tests geo-
graphically distributea in the area were selected for analysis.

Porosity, lithology, and water quality>were examined. Maps of structure,
thicknesé, porosity, lithology, ahd pore-fluid resistance were prepared
for.ﬁar£S'of'the Minneluéa and the same parameters wer;vtabulated |

for the Madison.A However;,addigional borehole and surface geo-

physical data, and further analysis of available data, are needed to

10
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fully evaluate their use to extend poiﬁt information betweén welis and
‘to relate lfthology, porosity, and water quality to(the identification
of perméability zones in the Maﬂison aquifer.

In addi;ion to these codperative studies, some State aggncies and
private companies are e#aluating fhe Madisoﬁ aqﬁiferia§ 5 potential
.source for wéter,suppliés or are evaluating thé yield qf the Madison
at specific sites. The.South Dakota‘Scﬁool of_Miﬁes and Technology
is studying the geology and hydfology of the Black Hiils. The Wyoming
Stéte Engineer prepared a report for the Wyoming Legislatdrg (December
-1974) describing the Madison and the need fér additional information..
The University of Wyoming ié'mapping geology, gaging:streams, a;d'
inventorying springs in the Bighorn Mountains. Private compénies
are test'drilling and evaluating well yields and water-levei declines
in the Madison aquifer néar Buffalo, Déuglas, Lusk,-and'Upton, Wyo.,

and near Colstrip and Hardin, Mont.

\
Summary of 'available data

Before a conce#fuallmodel of ‘the operation of the Madison aquifer
and its response to applied stresses (pumping) can be described, the
geologic framework must be understood. Study of the wateffsupply
potential'of'the Madison aquifer probabiy will require that the Beds
above and below the aquifer be studied also. Rechﬁrge to and dis-
charge from the Madison aquifer are dépéndeﬂt in §a¥t on'fhé hydraulic
chargdteristics.of the overl&ing and underlying Bedsués-wéll as on the

hydraulic characteristics of the Madison aquifer.

11
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The nomencl?ture and-correlation_of the Paleozoic rocks that may
'féonstitute‘the M;dison aquifer.arevsummarizéd in table 1. Im Wyoming
the Madison Limestone consists of the rocks from the base of the
Mississippian up to the base of the Amsden Formation or its.equivalents.
The Pahasapa Limestone is equivalent to part of the Madisoﬂ timestone-
in the Black Hills and western South Dakota'as is the Guernsey For- |
.mation.in\;he Hartville Uplift. In Montana, North Dakota, and central
South Dakota these rocks are the Madison Group and consist of, in
ascending order, the Lodgepole Liﬁestone,‘the Mission Canyon
Limestﬁne, and the Charles Formation. These three units are not
identified in Wyoming. |

The structural features, listed in table 2 and shown oﬁ figure 2,.
©ay significan;ly affect the movement of water in thé Madison‘aQuifer
and the well yields. Folding and faulting probably have fractured the
rocks and ipcreased their permeability. Later solution by.circulating
water has enlarged thesé fractures. The thickness of the Madison aquifer
'is not uniform over &he area as some,formaﬁions were not deposited
everywhere or they were removed by erosion before deposition of over-
lying rocks.

Table 2 gives a generai description of the Madison aqyifer and
presents the current status of information about such hydrologic
parameters a§ outcrop areés,Aporosity,.storage, vérticai and horizontal
permeaﬁility, transmissivity, potentiometric head, yields of wéllé,v¢

water use, and water quality.

12
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Data are primariiy from o0il tests within the study area. Some

information is available from water wells (fig. 3), but many of these

wells were originally drilled as oil tests and then completeq as water

wells.

Many oil tests have been drilied';o tﬁé'Madisbn aQuifer; lMost.
did nét 9omp1etély peﬁetnéfé the.équifer,'but were drilled:to.deﬁelop
oil fields or'weré exploratioh testé on knowﬁ'éeologic structures.
Few of.tge:data from these tests were collected for hydrologic purposes,
but they afe ﬁseful in défining the geologic framéwork and some of
the aquifer characteristics such as water quality aﬁd temperature,
porosity, and potentiometric head.

The first few oil tests drilled in an area géherally jiel& the
most data. Most of these provide information on formation tops and
depths, well cuttings, a suitevbf geophysicai logs, lithologic logs,
and céres and core anaiyses. D;ill—stem tests were made in some of

the oil tests ﬁhere the data were necessary to interpret geophysical

. logs or to plan production or secondary-recovery operations. A few

chemical analyses are available of water produced with oil and of
water recovered from drill-stem tests; |

Most of the available geologic and'hydrologic information has beeﬁ
compiled for the Madison aquifer in the Powder River Basin and it is

being compiled for the South Dakota part of the area of greatest '

. interest. These compilations include maps showing (1) the.configur—

ation of the top of the Madison in the Powder River Basin (Swenson

and others, in press) and in the Black Hills area (L. W. Howelis,

14
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written commun., 1975); (2) the thickness of the Madison in the Powder

River Basin (Swenson and others, in press) and in the Black Hills area

(L. W. Hoﬁells, written commun., 1975); (3)'the potgntiometric surface

of the Madison in the Powder River Basin (Swenson and ofhers, in press),
in the Black Hill$ area (Gries, 1971), andiin the érea of greatest '
interest (L. F. Konikow, written commun. , 1975); and (4) the quélity

of the water (dissplved-solids concéntration) in the Pgwder.River

Basin (Swenson and others, in press), in the Black Hills area (L. W.

: Howells, written commun., 1975), and in the study area (fig. 4).

Deficiencies of data

Most of the‘available geoiqgic and hydrologic data in the study
érea are from 611 and gas exploration. Because the oil tests
were drilled primarily on known geologic stru@tufes or to develop oil
figlds, much of tﬁe data are limited to the areas of these structures
and oil fields. Except in the Williston Basin most of the oil tests
are not deep enough t0'rgach the Madison, and of those that are
drilled to the Madison, only a few completely penetrate the aquifer;

" In the Powder River Basin, the oil tests that penetrate the aquifer are

near the edges of the basin. There are fewer than one test per
600 mi? (1,550 km?) in the northern end of the Powder River Basin and
less than one ;esf per 1,000 mi? (2,600 km2) in the‘centfal and
southern éarts of the basin. B “ A

Where oil tests have penetrated the Madison aquifer, information ‘ | 5%
to define the top and:the thickness is generally available. If a
suite of gecphysical logs and drill-stem tuéts were made, water-quality,

16
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temperature, porosity, and poteﬁtiometric—head data may be available.
However, the‘oil tests are not adequately spaced to provide the
geologic information necessary for § tegiona{“hydrologic study-of the
aquifer.

~In addifibn, information is virtually nonexistent for the deter—
ﬁination of regional values for fechargé, diséhérge,‘ttansmissivity.
storage, vertical leakage; water use, and waterfléQEI fluctuations.
' Values for these parameters are necessary to evaluaté:the water-
supply potential of the Madison-aquifer.

To overcome the deficiencie$ in the base data, it will be neceséary
to further evaluate the available data; collect new surface and sub-
surface hydrologic, geologic, geophysical, and geochemical data;
analyze and evaluate ;hgée data and use them to make predictions of the
‘péssible effects that proposed withdrawais may have on the.hydrologi;
system; and monitor water-supply developments and fefine predictions.

Plan of study

Objectives

The objéctives of this proposed study afe'to:

1. Determine the quantity of wate; that may be available from
the Madison aquifer.

2, Define thé chemiéal and physical pfoperties of tﬁe-water.

3.'-Determine the effects of éxisting developments ;n the
potentiﬁmetric head, storage, recharge and discharge, séringé,v

streamflow, and the pattern of ground-water flow.
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temperature, porosity, and potentiometric—héad data may be available.
However, the!oil tests are not adequately spaced to provide the
geologic Information necessary for a regiona;"hydrologic study of the
aquifer.

| . In additibn, information is virtually nonexistent for the deter-
mination of regional values for recharge, discharge, transmissivity,
storage, vertical leakage; watér u;e, and watgrj1é§él fluctuations.
Values for these parameters are necessary to evaluaté the water-

supply potential of the Madison aquifer.

To overcome the deficiencies in the base data, it will be necessary

to fu:thét evaluate the availaBlé,data; collect new surface and sub-

surface hydrologic, geologic, geophysical, and geochemical data;

analyze and evaluate these data and use them to make predictions of the

possible effects that proposed withdrawals may have on the hydrologic
system; and monitor water-supply developments and refinelpredictions.

Plan of study

-

Objectives

The objectives of this proposed study are to:

1. Determine the quantit& of wate£ that may be available from
the Madison aquifer. '

2. Define thé chemical and physical properties of tﬁe water.

3. ADetgrmine the éffects of éxisting developments on the

potentiometric head, storage, recharge and discharge, springé,

" streamflow, and the pattern of ground-water flow.
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ﬁ. Predict the probable hydrologic effects of proposed withdrawals
of water for 1arg;—scale developments at selected rates and locations.

5. betermine the locations of wglls and ;he type of con- |
struction and development of deep Qells that would obtain optimum
yields.

6. Design abnetwork of obserQation wells and stream gégesAtO‘
monitor the effects of additional developments-bn the-hydrologic
éystem.

The resulting study should provide a better understanding of the
aquifer and answer.some of the questions that are being asked about the
Madisoﬁ. |

1.. How much .water can be withdrawn from the aquifer?

2. How much water will the aquifer yieid to indiVidual wells?

3. where and how deep should wells Ee drilled fbr maximum yield?

4., What will theAdevelopment costs be?

5. What is the water quality'iﬁ the aquifer?

6. . Will.largeesééle developﬁent affect spring§ and streamflow--
if so, where, how much, and how soon?

7. Willrlarge-scale development cause land subsidence?’

8. Will development affect existing industrial, wmunicipal, and
domestic uses from the Madison aquifer or from aquifers above the
Madison?

9. What will be the long-term effects of development on aquifer
storage, water levels, and water quality? c

10. Will large-scale deVelépment of water in one State affect

water users in adjacent States--if so, where, when, and how much?

L
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11. What well design, construction, and development techniques
will give optimum yields for wells deepef than 5,000 ft (1,500 m)?

The evaliaiion'of.the Madison aquifet will be primarily in the
area of greatest interest (fig. 1). Howeven, data colleetion'and

anelysis will extend into morthern Montana, North Dakota, and South

Dakota because the aquifer extends into these States (figs. 1 and 2).

Approach

To -accomplish the objectives of the study, it is necessery to.
understand the stratigraphy and struetune of the regionm, deternine
the boundaries of‘the aquifer and the geologic parameters.that control
the permeability, and map or otherwise define these paraneters, trans-
late the geologic parameters into hydrologic terms, determine the
steady~state movement of water through the aquifer, pnedict the effects
of various patterns of water-supply development on the potentlometrlc
surface, recharge, discharge, springs, and streamflow, determine changes
in quality of the water that could result from these developments, and
operate a monitoring system and refine predictlons. ‘The approach
would be: |

1.4.Determine stratigraphy, structure, boundaries of aquifer,
porosity, permeability, and storage distribution, and significance
of adjacent formations.

a.A Study geologic history,. outcrops, cores, drilllstem-test

data, water-quality data, subsurface and.surface geophysical data,

and lithologic logs.
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b. Correlate lineaments with well production and drill-stem-

test data.
1)
¢. Determine facies trends that correlate with permeability

and porosity.
d. Construct simple models to test hypotheses.
‘2. Map geoiogic parameters that.#re.found ﬁé coptrol-or‘correlate
- with thé hydrologic parameters.. Maps of the aquifer- may include but
are not restricted to:
a.  Areal extent
b. Configuration of top
c. Thicknesé
d. Continuity
e. Exfent and orientation of fra;turing
f. Lithofacies
" g. Porosity
h. Degree of erpsion and karst devélopment
i. Geophysiéal data |
j. Geochemical data
3. Translate geologic parameter maps into hydrologic maps.
a. Shallow and'deep test drilling and hydrologic testing
b. Quantify relations determined in (1) above.
c. Map transmissivity and storage distribution and hydrologic
boundafies for each‘aquifer zone and adjacénﬁ‘formations.
4, Determine steady-state‘movement of water through aquifer.

a. Refine potentiometric map with new data (head, temperature,

salinity, etec.).
21
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b. Reconcile quality-of-water and head data.

cs Determine head variations with depth.
d. Refine and verify steady-étate model.
5. fredict transient response of potentiometric surface, recharge,
discharge, springs, and s;reamflow to variou# éatterns of development.
a,’ Refine digital mo&elA(adjustléransmissivity, storage,

aquifer boundaries, leakance).

b. Verify model (use data fiom water-well fields and oil and

gas fields).
6. Determine changes in water quality that could resuit from

various patterns of development.
a. Incorporate solute transport model.

b. Verify model.

c. Predict changes in response to selected pumping rates

and locatiomns.

7. Refine and operaté wmonitoring system (fig. 5), and refine

digital model and predictions.

a. Water level :in wells
b.  Gaging stations on springs and streams
c. Water—quality sampling stations

d. Precipitation statidns

22
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Personnel requirements
| . : The estimated man-year requireﬁént§ for the study are shown in the
following table. Fof-each of the fiscal years 9 man-years areAavailable
from personnel already on the rolls, so that the additional personnel
. needed foi each fiscal year is the différence between~thg total shown
each fiscal year and the 9 on the rolls, that is, 10 for the 1976
fiscal year, 12 for the 1977 and 1978 fiscal yeérs, ;nd 13 for the

1979 and 1980 fiscal years.

B Discipline ' Man years per fiscal fear
. . : on rollst! 1976 1977 1978 1979 1980
| AGeologiéts_ | '3 ' 4 4 4 4 4 .
‘ Engineers a1 2 2 2 2 2
Geophysicists : .5 2 2 2 3 | 3
Geochemists .5 2 2 2 2 2
‘Microbiologist °o 1 11 1 1
Hydrologists » 1 2 2 2 2 | 2
Technicians 3 6 . 8 8 8 8
' Total | 9 19 21 21 o2 22
1/

='Currently assigned to Madiscn or related study.
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Cost estimates.

L S st o vt R

A ¥
‘
E

i

i

i

'

The estimated cost of the 5-year study of the Madison is 11.4

million dollars. The breakddwn of the estimate is shown below:

Item - A Fiscal year
(cost in thousands of dollars)

1976 1977 1978 1979 1980

Personnell/ ' $ 680 $ 720 $ 720 § 760v $ 760
011 and Gas Branch 30 60 60 120 30

Geophysical data:

Surface 20 30 30 100 10

] Borehole 10 26 20 30 10
Grants | : 25 25 . 25 25 25
Special equipment and suppliés 70 o 130 40 .40 10
Computer time | 10 20 20 20 3

- Analytical services | 100 200 200 200 50
Test drilling and testing 1,355 1,360 1,600 1,600 0
Total ' $2, 300 §2;565 $2,715 $2,895 § 925

1/

=" Includes support costs, such as overhead, travel, trucks, supervisory

and clerical assistance, and so forth.
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Work plan (by fiscal years)

.‘The fol%pwing work plan is contingeﬁt on the availability'of‘funds,
..manpower, and contractors. Continuing’evaiuation of the results of the-’
many phases of the program coﬁld also necessitate some realignment of
the plgn. Reports and maps will be prepared‘énd»published'as‘inter—
pretati&ns and compilations are completéa.. Certaiﬁ ﬁhasés'of the
program may be done in cooperation with, or by gr;nts and congracts to,

Federal and State agencies, private companies, and universities.
1976 fiscal year (ending Septémber-30,,1976)4

1. Coﬁpile and furﬁher évaluate available data (emphasis on study
area outsiﬁg éf Powder River Basin).

2.. Prepare drilling specifications.

3. Continue evaluation of sﬁrfa;e and bqreholeAgeoéhysics as'
hydrologic tools to extend'point_data betﬁeeﬁ wells and fo determine
and deliﬂeate permeability zomnes.

4, Collect and‘analyze water samples (wells, streams, springs,
precipitation), énd.interpretnresults.

5. Determine sites for and construct additional gaging and
climatological stations forAmonitoring system.

6. EvaluateAexisting wells for monitoripg system.

7. Use éreliminary digital model to estimate the range of possible
effécts that anticipated develoéments of the Madison aquifer mighf
1mpose:on water leVels, rechargé, dischafge, ;ﬁd\patterntof flow.
Evaluate proposgd‘monitoring-well locations baéeélupon-thesé ﬁbssiblé |

effects.
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8. Operate monitoring systém.

9. Collect available data from current test drilling by oil and

13

coal companies.

10. Begin petrologic studies of surface exposures and cores to

determine the geologic parameters that control development of porosity

.and'permeability in Madison aquifer.

11l. Study moderm cagbonaté sedimentation and relate to Madison
aquifer.
12. Refine and extend existing maps (configuration of top,

thickness, potentiometric surface, quality of water).
13. Extend geohydrglogic“mapping on surface and .in subsurface

‘to include other Paleozoic rocks that may constitute part of the Madison

aquifer.
14. . Begin construction of maps of‘geolbgic parameters that control

or correlate with hydrologic parameters.

15. Conduct short seminar to discuss and outline work assignments

-and plans to complete various phases of the program.

16. Begin test drilling and aquifer testing.
. 1977 fiscai year

Continue items 1, 3, 4, 8-14, and 16.

Complete items 5-7.

17. As data become.available, extend and refine digital model to
“include area outside of present model Boundarieé and to include other
Paleozoic rocks that may be part of aquifer. Test hypotheses used

to modify model.
27
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18. Compiie and publish geohydrologic maps, basié data, and
technical reports as daﬁa become available.

19. Evaiuate(program and reorient any phase, if necessary.

20. Make seepage runs and dye studies on selected féaches '
of streams. |

21. Continue geochemical studies.

22, Prepare preliminary geéchemical mpdel.

23. Relate and integrate fesuits of geohydrblbéiC'studies.‘

24. Prepare progress report.
1978 fiscal. year

Continue items 1, 3, 4, 8-14, 16~21, and 23.
Complete items 11 and 25,
‘25.* Evaluate data ;ollécted from:moniﬁoring system and modify
system as needed. |
. 26. Combine geochemical model and digital flow model.
27. Evaluate all &ata and define 1imit and extent of aquifer (both
horizontally énd vertically).

28. Prepare progress report.

'1979 fiscal.year

Continue items 8, 9, 17, 18, 23, 25, and 27.
Complete items 3, 4, 10, 12-14, 16, 19-21, and 28.

29. . Relate results of all phases of program to operation of aqdifer

28




system (ground water, surface water, ptecipitéﬁien, and water
quality). [

30. Refine and.verify models.i

31. Predict responses of aquifer to selected #tresseé.

32, Prepare progress report.

1980 fiscal ‘year

Continue items 8, 9, and 30.
Complete items 18, 23, 25, 29, 31, .and 32.
, 33. Compile and analyze results of 5-year study and relate to
»geohydrology of aquifer. Prepare recommendations for continuing and
additional studies if needed.

‘ 34, Using models, make short- and long—term_pre&ictions of
responses of various schemes of'development;pf’aQuifer.- Prepare
_reéommendations for developmentvélterﬁati§és.

35f Present results of stﬁdies at techhical seminars.

36. Complete final report.

29
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Table 2.—Descriptfon of Che Madieon acuifer (RralodY SCANted from Sandberr (1972}, 20d Rochy Souniale Asadciation ot Gealogisrs (}19774)

USGS

FC

Topic

Ares of grealeat Lotersst

T_

Horchetn Montana,
encludiog aree of greatest letefest

Morth Dakata

Souch Dekota,
excluding ares of greatest fntevest

Diatxiburlon of sgwlfer
(outcrop arass, swh—
surface extent, and svec-
1ying and wdrclying
bada)

Aquiler crops out ian dighoro, Prvor, end Laremie Mountains, Havtvilile
Bplifn, &nd Rluch Milla, aod occwrs La subswrface in vest of sres.
Madizon rochs are overlaim by Pemwylvanfae rocks. They are wnderlain
Py Devanlan rocks Lp mocchern parc of svea, $llurien rocks im & ama)l
atea 18 the borth-cantzal part, Ordovictlan vocks im cantral parc of ares
wnd sasr of Black M{lla, Camhrian rocks in southers part of ares and
pourheas: of Black Hilles, and Precambrimn rocks sovtheasc of Blech EBills
ip esatera Scuth Dsknta,

Aquifet crops out In aress west ol stwdy arra wod Decurs 1a aub-
surface in wntire acesa. Madimom Tocke are overlainm by Penniylvapnize
rocks 1n gx¢rese southern parc of srwa, Big Snowy Group roeky fm contrsl
and norrhasscern parce, aod Juraseic Tocka (p DOrthwestern pare.
Hadison rocks are wunderlain dy Devonlan recks in oot of mrya encept fOF
a small aras in vesg-ceatral part whete they are underlein by Orgoviclan
and Cambriso rocka. i

.

Angifer does Mot crom out but occurs in subsurface §n walire ares.
“adisom rocks sre overlain By Bigp Snowy Lyoup 1ocks in moxt of ares
ticept in northers and wasterr parces where thev are oveclaln by
Pronavivaniar Tocks and In wntrewe epsterpd pact where ther are ovetlain
by Irimssic and Jur Le rorka. ™adleon rocke ate underlsin by Bakken
Pormat fon excep! In qETrame vasterm and southecn pacis of area vhare
they are wnderlaln by Devoniun Tocks.

———

hquifer dosa ool crop out bul oceuts In subsurface Lo eutire ares,
wadison rocks sre overlain by Bl Snowy Crows rechs 1o morthweslers part
of srea an Penunvivaniar rocks §n rest of ares except in sasters part
visere Ches are owerlaln by Cretacecws vocks. Madipon vocks are wndar—
lain by Devoolac rochs 1n entire area except in wxtreme pouthern and
esateT® PATLA where they are underlein by Ordovician amd Prwcomdylos
Tocka .

A

: Seructuce and thickness

of squifer

Main srructures ary Mighorn, Pryor, and Lacamle Nowscains, Casper Avch,
Powder Rlver and Willinron Basine, end Bartvilla, cenctral Mootans, and
Jlack Wille Uplifta. (See figure 2.) HMadison aquiter dips steeply into
Powder River Basin froe Bighomn Mountatos ou weal and Larsmty Moumtxfos
o =south; folding and Zaulting sre sigaificent, Aavifer dips less
stweply Prom Black Hills. Top of Madimoo rocks ranges frae 10,000 fo
belov nea level (sbour 16,000 fr delow lmnd surface) i1n scuthwescern
parc of basin to land surfacs im outcror. Madison rochs ave O to 80D fr
thich eaat of Rlack H4lla, 200 fr thick ar mouthern end of Povder Piver
Basin, and 1,400 ‘¢t thick ac porthern #nd. Owverlviny rocks that may be
rort af asulfrr are an woch as 809 fr rhick. Underlviog tocks that wav
b pars af poulfer sre lems than "N 7t thick st southevn end of Powder
Fivetr Basfn, a8 much as 1400 ft tNfek ax northern end, snd sre absenc
iz southern part of Soukh Dakota.

Foldiog sod faulting are s1gnif1cant 18 eeagern dalf of arma. fop of

Madiscn yocks ranges frow about 6,400 ft hejow wen level (8,500 ¢x -

beice laod surface) to land surface 18 Swicrop juet weot Of wcody

sTes. Madison rocks ace sbout 700 ft thleh st ortiwestars edgs of ares
1

=nd 2,100 fr thich ot eestern edye. 5

=

- -

Hatlp srrocture le Williston Rasin. Top of Madison rocks ruppes

from adowt 6,700 It brlov ses Jevel (10,000 fc belov land wurface) to
the ceatsr of Cha Dealn te about 1,000 tr delovw aea leve)l (3,000 fr
below lsad surface) n sadtern marl. Medison rocks are adout 2,300 €t
thichk ia cenrer of deain and adout 00 fr thick i» portbeastxrn pave,

Eregr——
Mafo strocture s Villdecon Baala. Top of Madisoo Tocks ranpes
fros sboat 300 ft belov axa lewel (2,500 ft below Jand serface) 1o
wouthesstern part of sres to 5,000 ft belov ses loevwel (E,500 (¢t Delow
land murface) {a socibwestesrn part. Madisoo Frocks are wot present
in southeastsrn Dart of ares but are asbout 1,300 't thick im the
poctheestern parcz.

Phyxtca) descriprion of
aquifer (litholoxy. and
typer and discribution of
roroeity and petrmesbilicy
(Nydraulic conductivizvy
development )

*adison rocks sre malnly carbonate’ in northern rarg of avrca, basal
part is clavev, and yuner warf conrsine avavoricen. Oweriving
Pennavivanian 1ocks are cacrbomare. manéstone, mad shale basal nart in
calegreoun or ¢ ev widdle mart coatains matalv lMmestone, which

tn ssndy goward ton- gnd gprec rarc §a malalv sané ndy 1lme-
arore grading loto lowstoone sastvard. Devonian rochs sre interbedded
shale. sandstone. and carbonate at tov. and carbonate containing thin
shale and zfltstone interbeds at base. Stlurian rocks are carbonate.
Nrdovician rocke are rminly carboczts o woper rert, sandstone In middle
rart, and interbedded sandsronc, calcarecss sandstone, snd shaie at
bane. Cambrian rocks arc mainly sandstooe Coalsinlag some carbonate ac
top. and tnterbedded rocka Ln mlééle marc.

Beveloprent of poroeity and mermeabllity fn Tedivon aulfer is

roorly documentsd Bul Keews Lo S related to solution and ¢ollarse-
breccia ronen ansolated with wconforrities and Tractucing, Paroalry
and mereeablllty related to wnconformities occur mt tom of *adison

apd Ordovician rocks, mvd Lo & leeser extent at too of Pevonian and
Cambrlan rocks, in surface exroaures 1o Bighorn and Larasle Mountains
=nd §n Black Hille. Poroafty and rcrreadility related to fracruring
cauned by falding and favlting occur alomg flanks of Bighorn and Larmnie
“puncains snd fn Rlack H1)le. Ml-rest recordn of loat-circulation
zones, large yields frow wells, an drfll-stems (et iodicare thag
vorosity and termeability may bde well develovsd In the subsurface.
Doloritlzation of carbonste and sclulfon of evaborlces mav alss be
1ewortant faczors couttolling moroslty aod permeability. Ceonhvsical
loke fndfcare noresity, bSut indivi{dual rones have pot been correlsted
Ir subsurfaie.

Madison rocks are malnly carbonaie; baual pare iv clayey md wpper part
conteine abundant evaporites. Big Smowv Crowr s sai=ly comtfoencal
clastic rocks and has abrup: tucles changex. Tenosylvaning rocks

ary zalnly shaly carbonate and shale vherz thev are Ln cootat with
“adizon. and ghaly carbonate apd carbonatx in rest of aras. Jurasnit
rocks ary mainly shale Dut sowe sve sandstone. [Pevonian 10%¢ ace shale
#¢ top end cacbonate ar base snd conraic tMich evaporites (0 morgh-
easter pare of arex. S$§lurian vochs are mainly carbonate. Ordoviclsw
rocks are mainly carboosre at [op, »andsrone and shaly sandstone tn
riddle, snd carbonate ut Dawe. Caubrlan cocks are =mainly msndstnpe

in esstern part of acea, and interbedded sandatons, shale. and carcnale
in Twst of area.

Development of povosity and permesbillev in “adison acuf’er s

Toorly documented Dut octurs 10 outeTeps west of Itudv area and [«
probably sigoiflcant in subsurface vhere unconformitiec occur, or
where soluction of evaporites or enlarsement of fractures ham oceurred,
Drlll-star tenra and borehole grophvafcnl data ace avalledie fu much of
rera bu Trw have been snalvzed.

“adluan rocks are wAldly carbonate: basal nart 1s caléareous shale
xnd phalv [1~eniome ln western netl of area, and shalv limeacone and
llreutone ‘o carlers nart: odddle marg 1a =ainlv cacbooate concalning
evararires at [(ro and unner part ix ~ainly evanorices containing
intetbecdad carsonate. Plp Smow~ Croun rocks are malnly calcaceous
ahaly mandstone and sandv shale. PFemnuvlivanisn rocks are maloly car-
bonare: basal rart 1a ahale, sandy ahale, limv shale, sandacone, and
carbonate wiTN abrurt facles changee- widdle narc (s |lewstone and

TNevgolan rocr= arc hlack ahale (p Che noTthern rart of ares and sand-
stope, shale, snd Carbopair In Che pourtherm and rantern parit al cthe
top, and main'~ carbonatx ar base contalnlng thick evaporices in The
norchern parc.  Silurlan rocks are carbonate. Ardovician toc\s are
mhaly Jimesrons ac top, carhonate ia »iddlr, ahale and mandv shale al
Mare. Carbrian rocks are sandscone (n the easrem rart of aren and
Interbedded sandstone. mhale, and limescone In the wwatecn narfc,

physicat data are svatlable but faov have been aralvang,

shale lirrarcne’ and woner nary fs vhalv and raadv carbooate and carbonate.

vadizon rocks are rainly carbonate: some evararires OCCUF near

tap in morchern cars of ares. Bip Snowy Group rocka sre wataly
¢alcorecus zandv ahale and mandy carbonate, “ennavlvanien rocks are
wainlv carSonats and clantic; basal part La sintlar to Yorth Dakoctw
sectlon] mdlle pert {3 shaly carbonace' and uvoper pxrc s similar o
Nocth Dakota secilon but contains more clastice. Devonfan rocks are
salnly zarSonace containing larerbeddrd sandstone and shaly 1o wrner
pari. ahale 1n riddle parc, and carbonare 1o lower part. Silurtsp and
Upper Ordeviclan rockn are rainlv carbonace. >iddle Ordovician cocha
are mainly ahale and sandy shale. Lover Ordovicisan and Uoper Cambring
rocks are rainlv sandistone containing sore calcarecus sandstone at top.

Drvelopeent ©f potoaloiy amd Prerseadlifey Lo Yadisor aculfer dn
toraltles, soiution nfl evaporiten, or enlarpewm - nr of fractures

roorly documented, hut I8 readahly alpnificant where uncon=
oveur in Lhe subsarface. Nridl-niem teatn and borehole peo-

Kydrauvlic characterisei:s
(tracsmiamdvity, srocage
coeflicient, and verticaZ
hvdraulic conductivite

Iranscdasivicy of Madison, extiwmered froa an souifer Lest 1a Montana, (s
5,400 ft*/dav, and estivsred frow snecific capncity of one well In
wyortng, I8 & 000 f¢" /dav. Flow-net ana)vsie of pocent flome LFs¢ surface
rear “dwest. “vo., indicares rranysissivity of abour 1,000 (i /day.

Data *tor drill-scer testes and water wells iodlcate Bott Nigher and Llower
21} data have wor devn analvied. Daca to detererine tranamis-~
sivitv are avallable fox overlsing rocks, bur scarce for underlying Yocks
Stozsge corfflcient bas bren estimaced 1o rappe betvern 1.5 X 10 ™ and

b [ ) Vercical hydreulic conductivity lm nor keown dut rrobable s
variable and wverv aipnificant.

Tranmmiczivity dara Nave not been calculated for these arvas,
weazern Xurech Dakota; lewwr tests are avalladle ‘or ganterp Noreh Dabora and Sourh Dadora.
Verrical hvdraulte conductivity (a nor knowen.

“anv drill-stem lexte are aviilable for the “adisom anuifer 15 northern Montana and
Starare eoefffcizat has hren ratlmated (6 be abour 107",

spnm & ¢

Potentiometric surface
and wovement of water
(shape, direction, alei-
tude and depth, relstles
Lo aprings end strears,
and water lyvel changent

=

Potentausetric daca for Madison sadfec are catnly fros dri)l-szer
crurs or water wells on flanke of Bighors and Laras{y Nouncaetns zad
Black Hilla: few daca are avatlahle §n central or deeper parte of bestn.
Dats for Pennasylvanian rocks are mnut abundanc: dats for underlving
Tocks are availadle owlv for northern par: of sres. Potsntiometvic
zradfent 18 3lecen In western and aouthero rarts of area, yentle fror
outérepn dn Blpck ¥ille, smd essenctally flet in center of Powder River
Rasin. Potentiovatric contours indlcste water movemeat i3 [Yom outcrop
sTras to center of basio and then northwsrd; scwme water woves southeast
around aouthern end of Rlack Fills and somc ‘sovea 1nta basin from Cesver
Aych. Faet of Blach ¥1))a water movement £8 east-northeast. Porentie-
werric sufface o aw woch sa 1,200 ft below land surface In high areas
northeast of Casner, Wvo,, and on fntrvatrean divides, above land
surface alomg most ma'or streama, and a8 wuch a3 1,000 fr above land
sur“ace Along Yellowstoone Nlwer at narthers ead of acea. Springs occur
in eulcYov arvea of “adison agyuifer and palning and loting strrans crosas
thepr QuTCTOUN, Potunt {ometric lows caumed by pumeiny preur near
Miduest, Clenrock, and “evcastle. Wro., but dacs in rest af ares

are not sulficient to deterwine water-leve] chanwves, 1f anvy.

Potentiloericle daca for Madivon aquifer are main)v froe ded l-mte~
Breats. 1In santern pare of eres data are availatle for both “adisen and
underlylog rocks: In aouthern nnd southwescern aares few data are
availably. Daca for overiying rocks are avallable for mowt of ares.
Potrntiowetric data for Madizos indicare vacer rovement s smast-sorth-
cant; average gradleat 13 about 15 fr/mi. Porentfosecric aurface in
above Land murface 10 much of area; springs occur In oulcropn wwsxr gof |
area and wells compleced In aquifer along major styesmm wily flow.
Sufliclent dats o detevmine vater-lével changes ars 0ot avatlable,
Vertizal hesd relagionships 1o Madison aguifer have notl berd determined,
Vatry from Madison aquifer $5 used majoly for mecondary raciwvery of
oll; mome |9 waed for stock waler 1o agudy azas ond for Srrixetion weat
of sten: toral aumber of wella and coral use are oot kmown, “oet data
are from drill-atem teain, 40we are from wate upply welle. Lagpext
confirmed reported virld frow Hadivon (s 270 gal/ain, wncon ) remd
reported yleld (o mbour |, 400 gal/min, ¥

Eotentiaretric data for Tadison snuifer aye masnlv froe dridl-stew
Terts. oar avallable dats sce {07 wmsiera oart of area. Internre-
titions have aot beea made.

Fotentiomelric Jara for Madison asquifer are mainlv free drill-aiez
rents. Dats Indfcage water movement 1s qasf-nurcheant. Motentiowmerric
aurface iz above or tear land surface v moac of ares

Water wae and wel| Yo lom
(ume, ylolds, and wpectrror
copacition)

Matar from “adizon seoifer 1w wsed for snicipsl, stock, dossstic,
irrization, Tish hatcherv, and fodumtrial asuwplies: tot nurber of
wells 12 POl known. Nacer wee e 197) vaa sbour 23,000 acre-ft in
Vyoming and 1,600 acte~Tt 18 Nonrasa. MNowimem masured yield from
Madlson war 7 200 gal/wmin oo ahort-ters teet of well oesr Nidwest, ¥Wro.,
other wall yialde fu Weoming rasge frow less than 30 gal/min to abowt
3.000 pal/min. “Uximes vield 1 “oatsns vas [,300 pal/ata st Bel? Crvah
oll fiald. Daty ‘or owerlyfng scod wmderlying rocke have pot been cow-
slled. Srecific cepacicies lo Waniap range [rom 0.23 to 49 (ael/min)itc
drovdonn; for Yidwwet, “vo., . tout vera lems than 2.3 (galfmin)/fc
drovdown. Yater-use, well-yield, omd specific-canaciry data have not
oo fully documeured Lo South Dekota.

Water froe Madleon aquifer i» veed mafnly for wecondary recaverv aof
S11; soms 19 used for stock waler ie study acea and for frrigatico wvesrt
of ar=a; rotal nusber of welly end total uae are not known. Moe! data
are frow drill-etew tests; wome are from water-awoply welle Larpest
confirmed repotted vield fyom Madieon 1s 270 gal/mis, smcon!irmed
reportad yield 1s adout 1,400 gal/mio.

J Yater whe and well yiald for Madison savifer are poarly docwwen(ed;

most dats are from drill-stem casts. Sowe water 18 pumped with ofl,
and poms |8 puspad Trom vater wells and wed malnly for secoadary
tecovery af oll.

Water wse and well Yield for Madison aquller sre poorly documeated;
et data are frow drill-stem teacs, Walla, flowing a8 wuch as
100 galifsdnm from Nadimon, have Bewn developed for steck and
wwnicipal serplisn Lo cemiral part of ares, Spacific copacity
dsta avs mot svallable.

Water quality

Diveclveé-solidn concencrarion of water from Madiaow Limeetowe ranpes
from about 150 wy/! im Bighorm Mowmiaiss asd Black Fille' to ea much an
3,000 s/l 1n morchanacern part of Powder River Basin. “out data are
fron vells mear Médwnr, Glomroch, Hewcostle, Wyo., and Balle Crask,
Mont.; otMer data ars meimly from dril)-atem tewta. Datas are mot
avalladble for cowtrel sary of Fowder River Basia. Deta for owerlyins
rocks heve WOt boen commiled. Bote sre avallabis for wndevliylap roc
caly im morthars part of erea. Quality of weter fn “edison
of Dlack Hills 45 powrly decwseated. Calciem, magpnestum, and ou
are retor chemical cowaritments of watar nsar adge of Powder River
Basiu; oodivm aad chlawide cascealTalisws LACresse basipward snd to
marthaast. Detalled pmeiheaical dove ore met svalladls.

Olsselved-salida coucwatrarion of water from Madiaon Limuateas

ranges Prom ebout 1,430 mg/l from wpTiogs wesr of sRwdy eres Le wore
than 100,000 mg/l from welle in asnCers pary. Most date are from
drill-gtes Lesta, Bbut sowe anslyees are for wiger produced with ofl.
Dota tor vater from rocks olhar than Mudisen heve mot bewm compiled.
Caleiwn, magnealum, and aulfote oTv mejor chamicol covwtitmaats of
Madimom warer in the westers snd southumatern paris of ares: sedivm amd
chioride iscresse easrward, ood are maiy cowstigwents 1a ssateve part.
Detailed gaechomical dats ere mor svailable.

Mater—qualicy dara sre availabla frem drill-stem teuta and frow watevr
rumred with oll; date ary set comniled. Dissclved—wallde concwntratlom
sredsbly excawda 33,000 me/l and may be ¢ «r them LOO, 000 ug/l.
Sodican and chioride are the metor chenical Comstitummie.

Littls dace sre avallebla; maimly from drill-atem tewca. Vater
apparencly countaims ises them 2,000 wg/]l dlasolwed-golids (8 seuthara
part &f srwas, but comt larper smowaty 1n merthery parc. Calelmm,
magreslvm, aod aulfat a (ha major chomical comaritwmats.

e —

195 HLY¥YI
T L e L ) |

|
=l

*gy1 300



http:Ll.aII.&it
http:uckn.atf
http:t'bn.a;1

