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ARTESIAN CONDITIONS IN WEST CENTRAL SOUTH DAKQTA

GEOLOGY
E. P. Rothrock

Foreword

As part of a plan for furnishing a permanent and reliable
water supply for parts of South Dakota west of the Missouri River,
where water supplies have been a problem during the recent drouth,
the Legislature of 1934 appropriated the sun of fifteen hundred
dollars, for investigating the artesian possibilities of the region.
This sum was natched by the United States Geological Survey and the
investigation carried out as a. cooperative project by the State
and Federal Geological Surveys.

The hydrologic work was done by Mr. Thomas W. Robinson, Jr.,
Assistant Engineer of the United States Geological Survey, and his
conclusions are contained in this report. The data on the depth
and nunber of artesian sands was obtained by the State Geologist
fron well records selected from the files of the Survey.

The funds allotted were sufficient to deternine the hydros—
tatic head, and the sea level elevetion of the artesian sand. This
data together with the sea level elevations at the surface in areas
where wells are needed, will be sufficient to show whether flowing
wells can be obtained. It will also show how far water nust be
puniped to raise it to the surface in those areas where wells will
not flow. Though nuch useful detail had to be omitted, the survey
has been sufficiently inclusive t¢ furnish the information request—
ed by the 8tate Legislature.

The cooperation of Dr. O. E. kieinger, Chief of the Ground
Water Division of the United States Geological Survey, is especial-
ly appreciated. His interest in the State's problem and the fund
of information which he made available from his wide experience
with ground water problens nade the present report possible. The
cereful and thorough field work of Mr. Thomas W. Robinson, Jr. is
hereby recognized. His analysis of the hydrologic problems was
done with a detail and accuracy far greater than was thought pos-
sible at the beginning of the undertaking, Recognition should also
be made of the contribution of the nenbers of the Twenty-third
Seseion of the State Legislature, whose foresight made possible
this beginning in the attack on one of the State!s wost serious
problens, nanely, the conservation of its water supplies.

Previous Work

In the early days of artesian exploitation in South Dakota,
Dr. N. H. Darton published a series of extensive reports dealing
with the location of artesian flows from the upper aquifers in



South Dakota and the surrounding states.l No work has been done
on artesian water in western South Dakots since his last report
in 1918. This report presents only detail which has been added
to his classic work by the drilling of recent wells.

The Cause of Artesian Flow

Artesian waters flow because the Treservoirs from which they
come hold water under pressure. It is relieved wherever a well
is drilled into the reservoir. The force is somewhat similar to
that which is obtained in city water supplies. The water in the
city pipes is under pressure held by the colwmn of water in the
stand-pipe. When a faucet is opened or & hose is turned on, water
squirts upward to a height vhich is controlled by the heigh% of
The water tower and the friction of the pipes through which the
water flows.

Though this simple comparison does not account for all the
details of artesian flow, it will suffice to illustrate the gen-
erally accepted principle upon which such flow is based. The
water pipe of the artesian supply consists of sheets of porous
sandstone, separated and overlain by thick beds of impervious
shale through which water cannot flow. These great sheets of
porous sandstone separated by hundreds of feet of impervious shale
and clay underlie most of the state. The beds have been elevated
to the westward so that their western edges coie to the surface
about the Black Hills and in the foothills of tle Rocky Mountains
sonme three thousand feet above their position along the Missouri
River. The uplifted sandstones form the "stand-pipe" from vhich
the artesian water is to flow.

M

Water finds its way into these sandstones at their outcrops,
and has worked through the pores of the rock until the entire
aguifer has become filled and a Pressure is developed at the low-
er end, 80 that water rises to the surface when a well or other

opening is made into it in the lower lands. .

1. Geology and water resources of the southern half of the Black
Hills and adjoining regions of South Dakota, U. 8. Geol. Survey
21lst Ann. Rept., pp. 489-599, 1901.

Prelinminary Report on the geology and underground water resources
of the Central Grent Plaine, U. 8. Geol. Survey Prof. Paper 32, .
1905.

Geology and water resources of the northern Black Hills and ad-
Joining regions in South Dakota and Wyoming, U. 8. Geol. Survey
Prof. Paper 65, 1909. '

Geology and underground waters of South Dakota, U. 8. Geol.
Survey Water Supply Paper 227, 1909. .

Artesian waters in the vicinity of the Black Hills, U. 8.
Geol. Survey Water Supply g?per yog, 191%.
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The weight of the overlying rocks tends to compress the ar-
tesian formation when the pressure of the water in the formation
is relieved by wells. Although the resulting compression nust
be slight, it is apparently sufficient to squeeze out through the
wells a considerable volume of artesian water that would otherwise
remain in dead storage. To the extent that such compression has
occurred, and to the extent that the formation has been drained
by lowering of the water table near the outcrops, the water that
has been discharged through the artesian wells is derived by de-
pletion of the supply in storage rather than from perennial re-
charge with surface water at the outcrops.

Variations in atmospheric pressure produce small fluctuations
in the water levels in the artesian wells that do not overflow
and couparable fluctuations in the pressure and discharge of the
flowing wells. These fluctuations are too slight to be ordinarily
noticeable but in wells in which the water rises just about to the
surface they may cause the well to stop flowing during fair weath-
er and to begin to overflow on the approach of rainy weather. The
spouting of artesian wells sometimes observed during the passage
of a tornado is due to the great and sudden decrecse in the atmos—
pheric pressure at .such times.

In the geological section of this report an atterpt will be
nade to set forth the meager data on the character of these ar-
tesian sandstones, the nuuber of them that may be productive, and
the depth at which they lie in different parts of the area.



THE RAPID CANYON SECTION

The best place to see these aquifers is in the canyon of
Rapid Creek at the east side of the Black Hills. "The succession
of rock strata vhich may be seen here underlies the Great Plains
having been raised to the surface by the uplift of the Black Hills.
The artesian sandstones and other rocks of the succesgion have
been exposed by the erosion of Rapid Creek as follows.

Formation

Dakota sandstone
(Fall River)

Fuson formation
Lakota sandstone

Morrison formation

Unkpapa sandstone

Sundance forration
Spearfish formation

hinnekahte linestone

Opeche formation

Minnelusa sandstone

Pahasapa.linestone

Englewood limestone

Deadwood forratiagn

Thickness
in feet

119
125
112
0-121

218

307
320

36
124

554

204

60
319

Remarks

Sandstone; an irportant
aquifer

Shale and fire clavy

Sandstones separated by
clays; an important
aquifer

Clay and shale; sone
fi 3 Tre-—
SRS Fandetona ¢ er.

Fine grained sandstone,
separated by clays;
not sufficiently con-
tinuous to be an ag~= -

uifer.

Sandstone and shale; an
aguifer

Red sandy shale and
shaly sand.

Dense limestone

Red beds like Spearfish
formation

Upper 300 feet massive
sandstone: a good
aguifer.

Cavernous limestone: an
aquifer in places.

Lizestone; not cavern—
ous.

Two hieavy sandstones .

geparated by shale; a -
good acquifer.



Seven of these formations have been identified a8 the hori-~
zons which furnish artesian water in South Dakota. The Dakota
sandstone is perhaps the most widely productive and best known.
The Lakota sandstone has also furnished large supplies. Water
was reported from a sandstone in the Hunter well which was identi-
fied as korrison. 4 large flow was encountered near Pierre in a
sandstone corresponding to the Sundance formation in stratigraphic
position. The Minneluse sandstone is an excellent water bearer
where it has been penetrated but portions of it are too fine grain-
ed and calcareous to be productive. The Pahasapa limestone fur—
nished an artesian flow fifty miles east of Rapid City. The Dead—
wood formation furnishes an artesian flow at Rapid City and at
Edgemont south of the Black Hills. The other sandstone formations
appear to be either too discontinuous or to be too "tight" to per-

mit easy flow of water and therefore have not been recognized as
artesian aquifers.

A detailed description of the formations as they ocour in and
near Rapld Canyon will serve to give a clearer picture of the
nature of these aquifers and their associated formations, which
can be used for comparison with the well logs which follow.

Formations Overlying the Dakota Sandstone

East of the water gap at Rapid City a series of formations
are exposed which are of interest here becouse they overlie the
artesian aquifers and will have to be penetrated in any wells
which reach the artesian sands in west—central South Dakota. They
are all part of the Upper Cretaceous system. The upperimost of
these is the Pisrrc shale which makes the bed rock over the entire
area. It is approximately 1200 feet thick and is composed of dark
shales which are characteristically sticky and make the gumbo clays
which are prevalent over much of the surface of the area. Most
drillers log this formation simply as black shale.

Beneath the Plerre lies the Niobrara chalk, a formation com-
posed of chalk rock with some shale. On the ouftcrops along the
Missouri and about the Black Hills its color and composition are
very distinctive but the drillers note it only as shale. Cuttings
from wells show it to be a grey shaly material with white specks
through it and very calcareous. For this reason it is not easy to
identify from most drill records. 1Its thickness on the outcrops
is about 200 feet.

Beneath the Niobrara lies the Carlile shale, a black st icky
shale much like the Pierre in appearance. Concretionary layers
are encountered in it vhich usually are reported as limestones.
Its thickness is about 700 feet.

...5...



The Carlile formation rests on the Greenhorn limestone, a
formation of shelly limestone and shale. It makes prominent
escarpments in its outcrops east of Rapid City but is usually
unrecorded or noted only as & thin zone of "shells" in most well
records. It is 60 feet thick in its outcrops.

The Graneros formation directly overlies the firet aquifer,
the Dakota sandstone and is mostly an impervious black shale. It
outcrops along the eastern side of the hogback through which
Rapid Creek has cut a water gap at Rapid City. It is a persistent
formation, outcropping as far east as the Big Sioux valley at the
extreme eastern boundary of the state. It forms an impervious
cover for the Dakota sandstone over most of the state, effectively

confining water in the sandstone and thus cau51ng the development
of artesian pressures.

Dakota Sandstone

(Cretaceous)

1

The Dakota or Fall River sandstone as it has been called
is the first recognized artesian horizon and is overlain by some
thirty-three hundred feet of (Cretaceous shales and limestones
according to the figures given by Dr. N. H. Darton. These over-
lying formations which have been described above are so largely
impervious that they maintain the pressure of the water in the
Dakota sandstone in the country east of the Black Hills.

The sandstone itself ie composed of a shelly upper part of
thin sandstone beds separated by dark shale partings, below which
lies a massive sandstone of variable thickness. The section

measured in roadcuts and in the water gap at Rapid City revealed
the following:

Section of Dakota sandstone at Rapid Water Gap at
west side of Rapid City, S. Dak.

Upper part measured on south side of gap
east side of hoghack below Hangman Hill;
maessive sandstone measured at ¢liff on noxrth

side of gap.
Feet
3 Massive blocks of Dakota sandstone
Sandstone, fine grained, white, soft
20 Top 2 ft. shelly limonitic sandstone. Beds 1/8--1/U

inch thick. Ledge maker. Lower 18 ft. sandstone,
buff, shelly and shale.

1. Ruby, W. W., Lithologic studies of sedimentary rocks of the
Black Hills Region, U. S. Geol. Survey Prof. Paper 165, p. 5.

2. Darton, N. H., Central Black Hills folio, U. S. Geol. Survey,
Folio 219, Columnar Section.



9 Top makes a little ledge; sandetone, white sheklly,
: fine grained; weathers buff with some limonitic spots.

1 Sandstone ledge maker; prominent beds 1 to 3 inches
: thick; color buff. = - .
1 Sandstone, shelly, buff
1 Sandstone, shelly, light grey ,
1 Sandstone; bluish-black, weathers very light grey;
: : fine grained;. bedding indistinct.
10 Alternating brown shale and inch beds of buff sand-

stone; the sandstone weathers into limonitic chunks.
Where washed clean down the dip, sand makes pavements
of little rectangular blocks.

22 Brown.sticky shale

20 8hale; light grey, weathers in little blocks

gy Massive buff sandstone; makes cliffe and dip slope
of hogback near Water Gap; cementation poor.

163% Total thickness

Fuson Formation

(Lower Cretaceous)

The Fuson formation as exposed in the water gap at Rapid
City is nostly a clay which on . drying breaks: into little blocks
a somewhat characteristic feature. It separates the water~bearing
Dakota and Lakofs sandstone by 125 feet of impervious material.

Section of Fuson formation on the north
bluff of the gap at Rapid City

Massive sandstone cliffs of Dakota formation

Feet

100 Partly covered slope containing brown sticky and maroon
clays, some mottled when fresh. Red iron concretions
and iron veins are cormon in the joints.

25 Fire clay _ - :

- Massive sandstone of Lakota formation

A more detailed section was exposed in a road cut on the
south side, one-half mile south of the gap.



Section of Fuson formation in road cut one-half nile
south of Hangman Hill near Rapid City.

Feet

1 Block clay; light grey; some buff streaks on joints;
blocks & to % inch.

1% White sand, soft

1z Block clay, grey and nwuch like above

8

Buff sandstone; beds 14 to 3 feet
1 Grey-white sand like white sand above
bl Maroon block clay soft; easily dug with pick; not brittle.
6 Dark clay; blue~black when wet; weathers with bluish cast;
s0ft and not brittle; rmuch like above except in color.
= Buff, hard. clay; looks like bed of limonite; conchoidal
fracture having brownish surface.
2 Light grey brittle block clays, weathering reddish-
brown; break into small blocks 1/8 to 1/4 inch on
weathering.
4§ Light grey, brittle block clays; weathering with silver
i grey surface; blocks small like those above.
7 Massive block clays very brittle; makes cliff in road
~cut; clay is very light grey, but joints are all
-buff; contact between this and above is very sharp.

373 Total thickness

Lakota Bandstone

(Lower Cretaceous)

The Lakota sandstone at the water gap at Rapid City con-
siste of two cliff-making sandstones separated by forty feet of
shale. Although this is one of the important aquifers massive
sandstones are not conapicuous, the thickest measuring twenty-—
one feet. As in the case of the Dakota sandstone, shelly zones
eomposed of thin sandstone layers separated by dark shale make
a considerable portion of the formation.

Section of the Lokota sandstone on the north side
of the water gap at Rapid City, South Dakota

Feet
10 Covered slope; "float" indicates shelly sandstone
41 Upper cliff-maker, which forms the top of the hogback

21 ft. Massive, buff, cross-bedded sandstone.
20 ft. Shelly sandstone; ripple marks and cross
bedding very conspicuous.

- & —
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43 Slope largely covered, maroon shales outcropping here
and there; and prominent outcrop in valley farther
east show entire section to be shale.

1/3 Massive grey limestone. No fossils observed.

18 Lower cliff-maker.

13 ft. Massive sandstone much like upper cliff,
except color is grey instead of buff.
5 ft. Shelly sandstone.

112 1/3 Total thickness

Morrison Formation

(Lower Cretaceous?)

The Morrison formation outcrops in the water gap at Rapid
City, but is not well exposed. It occupics 121 feet stratigraph-
ically, between the lowermest Lakota sandstone cliff and the up-
pexr sandstone of the underlying Unkpapa. The upper twenty feet
and the lower thirty feet show outcrops of gray green shale char-
acteristic of the Morrison formation elsewhere in the Black Hills.

Though this formation furnished artesian water in the Hunter
well near Wall it is not probable that it will serve as an impor-
tant artesian reservoir. Its shale is impervious and but little
sandstone is included. Moreover, it is not a continuous sheet;
only a short distance north of the gap it is entirely missing
while to the south it disappears and reappoears again in small
patches. From this it appears probable that it may not be con-
tinuous under the plains to the eagt.

Unkpape Sandstone

(Jurassic)

This formation is characteriged by its very s0ft, medium to
fine-grained, white or brightly colored sandstone. In the out-
crop at Rapid Gap it is very white, so white in fact that it ap-
Pears like drifts of snow among the dark evergreen trees on the
west side of the hogback.

The outcrop at the gap at Rapid City shows two thick sand-

__.8tones separated by ninety feet of shale. These sandstones should

make excellent aquifers, but apparently the formation is not
sufficiently continuous to develop an artesian head. A short
distance north of the gap, the upper sandstone cuts out the
Morrison formation completely, while at other places the Unkpapa

itself is extremely thin. 1In the gap, however, the following
strata are exposed. 9



Section of Unkpapa sandstone in north wall of
water gap at Rapid City, South Dakota

Feet

L7 White, soft sandstone; sufficiently indurated to make
a cliff.
62 Covered; #float" indicates shale.
27 Shale, blocky, varicolored; maroon and grey-green bands

predominate; weathering shows purple, orange and -
pPink colors also. _

&2 White sandstone, very soft; lower part weathers white;
upper part weathers into 1light buff and yellow. The
characteristic coler of the outcrop is wery light and
the striking colors and lack of induration differenti-
ate it readily from other sandstones. The rock in the
lower part of this interval is very calcareous.

218 Total thickness

Sundance Formation

(Jurassic)

The Sundance formation does not outcrop well at Rapid
Gap, as it makes the lower grass covered slopes of the hog-
back. Seven miles south of Rapid City, however, there is an
excellent exposure on the east side of Highway 40. At this
place the same divisions which persist throughout the Black
Hills north of Rapid City are found so that this section is
fairly representative.

There are six divisions of the formation, which differ
considerably in thickness from place to place. South of Rapid
City we find the following menmbers:

Feet
4o Upper sandstone member
113 Upper shale member
43 Sandy, belemnite nember
98 Red and white sandstone menber
14 Lower shale member
2 Basal sandstone member

- 10 —



Details of the section are as follows:

Section of Sundance formation seven niles south of
Rapid City, 8. Dak. on east side of Highway 40

Feet

4o Upper sandstone nember; color on outcrop, yellow.

15 ft. Sandstone, soft, thinbedded, yellow
6 £ft. Limestone
5 ft. Sandstone, cliff maker, yellow, nassive
6 ft. Sandstone, like above but shelly
2 ft. Linestone
4 £t. sandy linmestone, shelly

1153 Covered slope; probably shale
L3 Soft sand, light buff, very fine grained, carrying
abundant belennltes
12 Sandstone

6 ft. Massive sandstone, white; makes small cliff.
6 ft. Sandstone, shelly
ol Sand, fine, red.
22 Sandstone; ripple narked, cliff maker, grey to buff.
14 Grey shale
2 Sancstone

310 Total thickness

Bpearfish Formation

(Triassic)

The Spearfish formation does not outcrop in Rapid Canyon
so that it can be measured but forris the floor of the Red Valley
just west of the Dakota hogback. The best information on its
thickness was found just east of Stage Barn Canyon, 1l miles
north of Rapid City, where 320 feet were measured. The formation
is composed of red sandy shales and fine grained red sandstones
with scattered beds and stringers of gypsu:.

Red beds of this character have been found in deep borings
nearly aes far east as the Missouri River, but apparently do not
give artesian flows. Whether this is due to the fineness of
grain or lack of continuity of the coarser beds is not known. It
1s certain that some of the sands are very "tight" because of clay
which occupies space between the grains.

- 1] -



Minnekahta Limestone

(Permian?)

The Minnekahta is a thin limestone which separates the two
red bed formations (Spearfish and Opeche) in the Black Hills.
It outcrops along Rapicd Creek on the west side of the Red Valley
opposite Rapid City and is the first formation outcropping in
Rapid Canyon proper. The limestone has a remarkably unifomm
thickness about the north end of the Black Hills. 1In Rapid Canyon
it neasured 36 feot. o

This linmestone is not an aquifer. It is dense, and while

it breaks in slabby pieces there are few caverns or solution
cracks along which water can flow.

Opeche Formation

(Perniant?)

Lying beneath the kinnekahta limestone in Rapid Canyon
is the Opeche formation, a series of red beds which appear rnuch
like the Spearfish, except that the color, especially at the
top, is more nearly maroon, while the Spearfish is in nost places
a brick red. Gypsum beds are absent in the outcrops of the
Opeche formation in Rapid Canyon.

SBection of Opeche formatlon on north wall of Rapid
Canyon opposite the state fish hatchery.

Feet
8 Upper contact
1 ft. 6 in. Shelly Minnekahta limestone

6 in. Sandy shale, purplish-red, calcareous, banded

2 in. Limestone, grey, sandy, dense.

7 in. Sandy shale, like above; calcareous, smooth
surface, rmuch very fine sand.

3 in., Linestone, dense, grey

b £, Sandy shale or shaly sandstone. Very sandy
and very fine grained. Brick red. Top 6 in.
finer laminations. Some thin limestone beds
and lenses (1/8 inch).

10 in. Linestone, dense, bluish-grey weathering
to buff. Some sand very fine.
6 in. Shale, light green, very calcareous.



106 Red beds of Opeche. Most of it in covered slope.

10 Lower contact; sandstone, massive, brick red, uniformly
fine to mediun grained; resembles underlying Minnelusa
sandstone but can be separated by sharp change in
oolor; becories shelly on longer weathering and crumbles
into slope while Minnelusa holds its cliff.

124 Total thickness

Minnelusa Formation

(Pennsylvanian)

~ The Minnelusa formation is of considecrable interest as an
artesian aquifer because the top half is a very thick, massive,
mediur to coarse grained sandstone. In Rapid Canyon this sand-
gtone was 319 feet thick. Beneath the massive sandstone lies
a. zone of sandstones with shale pertings. This zone is 138 feet
thick in Rapid Canyon and under it lies 111 feet made up largely
of limestones separated by thin shales. The base of the form-
ation is marked by 23 feet of red shale which seems falrly per-
gistent in the outcrops about the Black Hills.

No single outcrop exposes the entire formation in Rapid
Canyon, but by piecing together the information obtained fron
several outcrops the following section was obtained.

Section Minnelusa sandstone'in Rapi¢ Canyon

Feet

102 Buff sdndstone; appears massive in places, but in others
it is soft and thin bedded; 3 to 6 inch bedding
prominent. Supposed to correlate with the Tensleep
sandstone in Wyoning.

4 Linestone, dense, grey

4 Red calcareous nmenber; outcrop shows strata with contorted
appearance in some parts and well bedded in others.

3 Limestone

3 Sandstone

3 Limestone

0 Massive, cliff making sandstone; this is the bottom

menber of the upper sandstone.
60 Alternating limestones and sandstones; rost sections
show four liriestones from one to twenty-three feet thick.
78 White sandstone zone

3% ft. Massive white and buff sandstone
2t ft. Alternating limestones, sandstones and shales.
21 £ft. Massive white sandstone.

Note: Both sandstones are prominent cliff makers.
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121 Limestone zone; upper part contains alternating limestones,
sandstones and shales; lower part nearly all limestone.
23 Covered interval with red shales showing at the base.
: More than 15 ft. of this shale is exposed.

601. Total thickness

Pahasape Linestone

(kississippian)

This formation is a masaive limestone which forme prominent
cliffs in that part of Rapid Canyon known as Dark Canyon. The
limestone is fine grained, massive, light grey to dove colored.
It is very cavernous and takes a large percentage of the water
of many of the streams which flow across it. In Rapid Canyon
300 feet are exposed according %o Darton. It cannot be proved
that the caverns are continuous, but it is of interest to note
that the artesian water in a well fifty niles east of Rapid City
came from limestone apparently of this formation.

Englewood Lirestone

(Mississippian)

The Englewood limestone is not over 61 feet thick in Rapid
Canyon. It 1s not of interest as an aquifer as it is not
cavernous, but it might be possible to identify it in well -
cuttings as its purplish color and abundant fossils are char—
acteristic.

Section of Englewood limestone in upper end of
Dark Canyon, Rapid Canyon, 8. Dak.

Feet

10 Linestone, buff colored; in well defined beds about
.& foot thick; supports cliff above lese resistant
purple limestone. Not placed in Pahasapa because
of change in bedding. Fossil stromatapora found
here and below in purple lirestone.

15 Massive appearing purplish limestone; weathers into
round surfaces; tends to conceal itself below riore
resigtant buff beds. Contains fossils.

26 Purplish linestone in massive qne foot beds. Looks like
overlying member except that it is rore prominent on
weathering and the bedding is riore pronounced.

1. Darton, N. H., U. S. Geol. Survey Folio 219, ps 7



10 Covered
__ Top cliffs of sandstone of Deadwood formation.

61. Total thickness

Deadwood Fornetion

(Cambrian)

This formation 18 of interest because it is the lowest
of the ummetamorphosed sedinentary strata and since it does
furnish excellent artesian water south of the Black Hills. The
formation is largely sandstone, the top and bottom being nade
of massive beds with sorie thin layers of conglonerate. Irmed-
iately below the upper sandstone lies a "flaggy" zone in which
thin sandstones are separated by shale. The "flaggy' zone is
separated from the lower nmassive sandstone by a zZone of green
shales which contein limestone beds. Thus, in Rapid Canyon,

we have two sandstones in the formation which night act as
aquifers.

Section of Deadwood Formation in Rapid Canyon on
north wall seven niles above Rapid City, S. Dak.

Feet

10 Upper liagsive Sandstone
’ Sandstone, red, mediun grained; in beds from 1 to 3

feet thick. This is all there is to show for the
upper rassive sandstone here.

110 Slabby Sandstone
Sandstone, red; grades fron the 1 foot beds above into
thin flagey sandstones; this is the upper flaggy riember.

136 Green shale menber
lfostly covered by grassy slope; conspicuous in all
outcrops in this vicinity. Float and small exposures
of red sandstone, green shale and sorie linestone con-

glonerate. Some float carries trilobite and brachiopod
fragnents.

72 Lower Massive sandstone
Sandstone; red, rediun to coarse grained. Sone
conglomerate near base and at top but no continuous

zone. lassive, but much cross-bedded; makes prorinent
cliffs.

328 Total thickness
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CORRELATION OF WELL RECORDS

It is not possible to follow the formations which have been
described with certainty beneath the plains between the Black
Hills and the Missouri River. Canyons and stream valleys expose
only Pierre shale and younger rocks, so that the only sources
of information are the records of deep wells. Only a few deep
borings have been drilled in the area and these are widely
scattered. The only record available for i0st of them is the
drillers' log supplemented in sore cases by the nenory of persons
who lived in the vicinity or who worked on the well. The problen
is still further complicated by the fact that many of the wells
were drilled with jetting tools and this method does not afford
easy exanination of the materials penetrated, especially when they
are all as poorly consolicdated as those through which wells in
western South Dakota must pass. With such information as can be
gathered from these wells, however, a correlation will be attempted.

The red beds of the Spearfish and Opeche formations are
easily distinguished in such drillings as they redden the rud
noticeably. The dense liniestone of the Pahasapa 1s also easily
recognized because it is difficult to drill. With these two
formations as markers the correlation of the rest of a log can
be made with a fair assurance of accuracy though it is inpossible
to recognize details of the stratigraphy. Red beds have been
- reported in all wells drilled deep enough to encounter then
fron Rapid City to Standing Butte, 20 miles northwest of Pierre,
and frou & uiles south of Red Elm in Ziebach County as far south
as the White River south of Kadokg.

Only two wells in the entire area have been drilled deep
enough to encounter the Pahasaps linestone but as one of then
was the Standing Butte well, and the other lay between it and
Rapid City, it is a fairly safe assuaption that this formation
underlies most of the area under discussion.

Hunter, Zeal and Tanburg Wells

Three wells, drilled as o0il tests carried a correlation
from the Black Hills toward the northwest for nearly 100 niles
with considerable accuracy. They are designated as the Hunter,
Zeal and Tanburg wells. Two of these wells were drilled with
cable tools, and cuttings from all three were carefully saved,
and studied by the geological staffs of the companies which
drilled them. The following logs are avallable through the
courtesy of these 0il companies. The well nearest Rapid City
is known as the Hunter No. 1 and lies about 20 niles north of
Wall and 50 niles directly east of Rapid Oity. It was drilled
by the Gypsy 0il Company in 1931 giving the following record.
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Feet

Log

4600

of the Hunter No. 1, of the Gvpsy Cil Company,

in S.W.

¥, sec. 28, T. 3 N., R. 16 E. in

Pennington County, South Dakota

)

1900
2120
2170
2390
2563
2575
2610
2690
287

302

3054

fF e

- 3077
- 3082
- 3145

- 3154
- 3178
- 3313
- 3323

- 3ﬁ85

[ I}
WA
oy
oL ON
02 O

SN O A T SO N N S B |
\O
(03]
(&

- 4660

S 3a.de, gray

Shale, gray, chalky

Chalk, gray to white

Shale, gray, sandy shale and thin fine sands

Shale, dark gray to black; chalky below 2470 ft.

Limestone, brown, soft

Shale, dark gray, limy

Shale, greenish-gray, silty

Shale, dark gray to black, chalky

Shale, greenish-gray to blgck silty shale,
sendy shale; thin fine sands

Sand, medium fineness, worous. Drill stem
tester showed 1400 f%. of fresh water in
one hour at 3041 ft. ‘

shele, greenish-gray

Sand, coarse

Shales, gray, drab, maroon; layers of sandy
shale

Snale, dark gray, silty

angle, dark gray, thin limestones, gray brown

Shele, gray, silty to sandy

sihale, dark gray; thin limestones, gray brown

Sand, pvrite cement _

Sznc, medium fineness, vorous; layers of shale
torard base; drill stew tester showed 2300
ft. fresh water in one hour at 3325 ft,.

Shales and siltstones, green

sieles and clays, red, wunite, brown and green

Sand, cowrse, porous; drill stem tester showed
3000 ft. fresh water in fifteen minutes at
3451 ft.

dShales, gray to green, soendy

Sand, fine, varicolored

Sneles, siltstones and fine sands, green

sand, fine, and sandy shale, pink to red

snale, red, gypsiferous

~imestone, dense, pink to white

Shales, red; lower part silty to sandy

annydrite

wlueetone, dense, waite to pink

Interbedded anhydrite, red shale, grecn shale,
sendy shale, tanin s:nds ¢nd thin limes.,

Limestone, brown; with thin fine sands and rare
annydrite. Drilled with cable tools below
4573 ft, Wine inch casing cemented at 4513
ft. One bailer of dilute wuter per hour at
4520 to 4580 f+t.

Interbedded limy sand anc sandy llme, brown
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4660 - 4693
4693 - 473
4722 - U73
L73h - L780
4780 - 4785
4785 - 4g12
4g12 - 4830

- h&30 - 493k
4934 - 5001
5001

Shale, red brown, with thin rhite limestones

Limestone, dense, white to pink

Shales, red, green, yellow and purple

Limestone, white to brown ’

Shales, red, yellow and green

Limestone, bright red at top, light brown below

Shales and fine sands, interbedded with variega-
ted clays

Limestone, dense to crystalline; white, cream,
and lignt brown. Oolitic at base; fresh water
rose 3850 ft. from porous zone at Y855 to LU&Y2
ft.

Dolosite, finely crystalline, porous; fresh water
rose 4000 ft. from porous zone at 4934 f+t.

Total depth

From a study of the cuttings of the Gypsy 0il Company geologists.
made the following correlation:

0 - 1900 Pierre
1900 - 2200 Niobrara
2200 - 2560 Carlile
2560 - 2590 Greenhorn
2590 ~ 3020 Graneros
3020 - 3120  Dakota
3120 - 3%20 Fuson
3250 - 3l25  Lakota
3425 - 3600 Morrison
3600 - 3700 Unkpapa
3700 - 3860 Sundance
Uncorrelated hiatus
4490 "Top Pennsvlvanian®
4490 ~ 4820 lilnnelusa
4g20 -~ 5001 Pahasapa,

Thirty-eight miles north of the Hunter Well, the J. S. Cosden
Company drilled an oil test in the bottom of Cherry Creek near the
old Zeal Post Office. &as this well was drilled with cable tools
and the cuttings saved and examined by the compeny geologists, it
gives an excellent correlation of the formations seventy milee
away from the outcrop in the Black Hills, even though it does not
penetrate the formations below the Lakota.

Feet

Log of the Zeal Well in the SEg, NWg,

section 16, T. 9 N., R. 17 W.,
umeade Co., South Dakota

l1-~50 Brown shale
50 - 100 Dark shale
100 - 117  Light shale
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117
1}
&6

1090

1240

1290

14h5

1985

2047

2060

2075

2077

2310

2313

J T TR T TN N RO NN N NN O N I |

2544
2551
2565 -

2570 -
2578 -
2600

2672
2681
2752
2820

2g22 -
2925

Dark shale

Brovn shele

Blue shele

Gray shale

Light gray shale

Gray shole

Brovm shale

Brown shale with a little sand

Lime shell

Black shale

Lime sheld

ark gray shale

Lime shell

Durk gray shale cnd at bottom some sand. 4t 2544
ft. struck water sand, possibly was in sand a
couple of feet.

Water sand and water raised within 300 ft. of top.

Send and lime in formation, mixture formation

Groy shale at 2566 ft., cemented casing to shut off
water.

Gror shale; or near the Dakota sand

Gray sond

White sand, Dakota sand and artesian water flow,
tasted salty and warm ater

Blue shale

Blue shale

Black shale and just goiny into & sand, the Dakota

Scend, and very hard; very lorge flow of artesian
water, very warm

Sand, toj%al thickness of sand 105 ft. Called the
Lakota; large flow of water

Gray shale and the formation ot bottom was sandy.

Tot al d\pth ’

The following correlation of this wsll s determined by krs.
E. R. 4pplin and published in the Journal of Faleentology.

Correlation of Zeal Well

0 - U440 No record

4o - 1198 Pierre
1198 -~ 1720 Niobrara
1720 - 2015  Carlile
2015 - 2331 Greennorn
2331 - 22 4 Graneros
2544 - 2672 Dakota
2672 - 2820 Fuson
2820 -~ 2970 Lokota

1. Applin, E. R., Journzl of Palsontologyy, Vol. VII, No. 2, pp.
215-220, 1933.
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The same company drilled a segcond well tventy-five miles
northeast of the Zeal Well and about ten miles south of Red Elm

in 2iebach County.

This well penetrated red beds well beneath

the Lokota formation, and so gives o longer section than the Zeal
Unfortunately it was drilled with & jetting machine, which
does not allow as clear cut & set of samples ¢s does the ceble.

tool rig.

Well.

pany geologists
tion from them.

 ond
o
o
Q
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Samples vere saved, hovever, and identified by the com-
who were able to obtain

a satisfactory correla-

Log of Ole Tenberg No. 1 (Red Elm) in the
N.W.¢, section §, T. 11 N., R. 19 E., in

Ziebach County, South Dcokota

Surface clay (yellowish sand)

Shale
Shale and boulders
Shale
Gumbo and boulders

Hard shaeles and boulders

Rock

Hard shale and boulders

Lime rock and gumbo

Hard shale and boulders

Lime and shale
shale and boulders
Sticky shale

Gumbo

Shale and shell
Shale ond boulders
Hard shole
Limestone and shale
Lime :

Shale and lime
Hard lime

Sandy linme

Lime cnd shole
shale ond boulders
Guiubo

Gypsum

Lime

Gunbo

Sticky zhele

Shale ond boulders
Gumbo

Sticky shele

Shale and boulders
Lime

Lime and eshale

L. Applin, op. cit., pp. 215220
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2281 - 2339

2339 — 2356
2356 -2 88
88 -2

0 - 242
29 - 24
-~ 25 o
2 o -2 71
71 — 2615
ggl 5, - 361
19 -
205~ oon
26 s - 26 8
2668 - 2673
2673 — 2683
2683 — 2697
2697 - 2713
2713 - 2712
— 272
272
2733 - 2 s
2; g — 2730
27 0 —~ 2747
2747 — 2767
2767 — 2771
2771 ~ 2787
2787 — 2749
289 - 2795
2795 - 2810
2810 —~ 2882
2882 ~ 2887
2887 ~ 2930
2930Q. — 2943
2943 — 2961
2961 ~ 2964
2964 ~ 296Z
296£ - 297
- 2986
2986 - 3000
3000 — 3045
3045 - 3057
3057 — 3100
3100 - 3108
3108 —~ 3120
3120 - 3161
3161 -~ 3180
- 3180 - 31842
3182 - 3220
3220 — 3231
358y - 35e
7= {
3287 — 3348

Line

Iime and shale
Sticky shale

Gumbo and boulders
Shale and gumbo
Gumbo

Shale

Lime

Shals

Lime

Shale

Shale and boulders
Broken lime and shale
Limy shale

Sticky shale

Limy shale

Lime

Limy shale

iime

Shale

Lime and shale
Shale

Sand

Sandy shale

Hard shale

Sandy shale and lime
Linme

Shale

Gypsum and gumbo
Sticky shale

Lime and gypsum
Shale

Shale and shells
Shale and gypsum
Rock

Lime rock

Hard shale and sand
Sendy lime and shale
Sand and shale

Hard sand

Sand and broken shale
Sandy shale

Hard shale

Sandy shsle

Black shale

Black shale and sand
Rock ‘
Sandy shale

Sandy shale

Sand and shale
Shalg

Red bed
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3348 - 3358

3358 - 3365
3365 - 3387
3587 — 3389
3389 ~ 3396
3396 - 3402
3402 - 3405
3405 ~ 3465
3465 > 3503
- 3503 — 3528
3528 — 3536
3536 — 35U43
3543 -~ 3550
3550 - 3556
3556 ~ 357
3575 =~ 358
3584 — 3587
3587 — 3588
3255 ~ 3280
3600 ~ 3604

Red bed and shale.

- Liny shale

Shale and line

Sandy lime

Broken sand

Broken sand and shale
Broken lime and shale.
Red bed

Flinty red rocks

Red bed

Broken red bed :
Broken red bed and rock
Broken red bed

Lime

Line and red bed
Broken red rock and line
Broken red bed

Hard sandy lime

Broken lime

Soft shale

Anhydrite and gypsun

The following correlation by Mrs. Applin has one notable
feature in that the Dakota is very thin and furnishes no water.

Correlation of Ole Tanberg No. 1 (Red Elnm)

Feet
0 -~ ko
4o - 280
280 - 1640
1640 - 1840
1840 - 2177
2177 = 2380
2380 - 2745
2745 ~ 2765
2765 ~ 2971
2971 - 3039
3039 — 3220
3220 - 3505
3505 - 3581

No record

Fox Hills

Pierre

Niobrara

Carlile

Greenhorn

Graneros

Dekota (no water)

Fuson

Lakota

Morrison

Sundance (red calcareous at 3430 ft.; 3U83-3Ua5 ft.
pink limestone)

Spearfish; non-calcareous red beds.
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Standing Butte Well

Another well west of the Missouri from which a fairly accurate
drillers' log is available has penetrated the formations below

the Dakota~Lakota zone.

It was drilled in Stanley County 25 miles

northwest of Plerre and about 60 miles southeast of the Tanberg

Well at Red Eln.

It is usually known as the Standing Butte Well

because of the butte which lies a short distance east of it. The
well was drilled by a local coupany who engaged several different

drillers before it was coupleted.

Only the drillers! loge are at

present available but they throw considerable light on the char-
acter of the formations penetrated since it was required that they
should be kept in coneiderable detail.

2190 - 2270
2270 — 2279
2279 - 2290
2290 ~ 2292
2292 -~ 2294
2294 ~ 2307
2307 — 2325
2325 - 2350
2350 ~ 2356
2356 — 2382
2382 - 2385
2385 — 2392
2392 —~ 2LQo2
2402 - 240

2405 - 241

2412 - 2559
2559 ~ 2560
2560 — 2564
2564 ~ 2570
2570 — 2615
2615 -~ 2620

Log of Standing Butte Well in

section 9, T. 7 N., R. 27 E., in
Stanley county, South Dakota

Pierre Shale

Gray shale rock

Gray sandy shale carrying dry gas

Shale

S8and and water

Shale

Dakota sandstone carrying water, with gas and
oil showing.

Fuson shale

Lakota stone

Morrison shale

Bage of the hMorrison or Upper Sundance

Line rock, penetrating lower sandstone

Water sand

Lime rock

Pyrites iron shell

Loose white sand

Gray shale

Water sand, with great water flow

Coal

Sandstone

White sand

Sandstone

Fuller's earth

Sandstone

Clay

Red beds carrying streaks of gypsuu and sand

0il sand carrying large quantity of o0il

Red beds

Tar sands carrying oil

Red beds

Sand showing tar



2620 - 2625

2625 - 2657
2657 — 2659
2679 -~ 2660
2660 —~ 2665
2665 ~ 2670
2670 -~ 2680
2680 — 2685
2685 ~ 2727
2727 -~ 2730
2730 -2753
2722 - 276

276l — 2771
2771 - 2781
2781 — 2787
2158 = 5436
2830 - 2830
2840 ~ 2348
2ghg — 2873
2873 — 2877
2877 - 2880
2880 ~ 2910
2910 - 2920
2920 = 2930
2325 ~ 298
2940 - 2967
2967 - 2990
2990 - 3010
3010 - 3027
3027 - 3090
3090 -~ 3160
3160 - 3170
3170 - 3508

Blacgk sand

Hard sand rock, showlng gas and tar
Black flakey shale

Gypesum '

Broken formation of sand and shale, more gas
Broken formation, some gypsum

Sand rock

Broken formation

Tough gray shale

Pink formation showing lime

Pink rock

Limestone shells, conglomerate between
Pink sticky formation

Conglomerate

Gray shale

Conglomerate

Conglomerate, gas showing

Broken formation, gypsum and lime
Lime and gypsum

Red shale :

Black shale

Red shale

Lime, gypsum, black shale

Tough yellow clay

Red shale

Hard sandstone, shell

Sand, small flow of water

Sand, very sharp

Light sandy shale

Gray sandy shale

Sandy, heavy water flow

White lime, medium haxrd

Lime, very hard

Lime, medium hard :
Lime with hard, medium and soft layers.,

Correlation of this log with those that have been described
above cannot be done with as much confidence as would be desirable.
The drillers! descriptions, however, indicate certain formations

which could hardly be confused with anything else.

The thick

limestone in the bottom 470 feet of the well, for instance; (3027

t0. 3508)

can be aseigned to the Pahasapa formation since it 1s

the only one in this position with this thickness in this part of
the great plains.

The 160 feet of red beds carrying streaks of gypewm lying
between 2412 ~ 2615 feet seems to indicate the Spearfish-Opeche

group of the Black Hills.

The fact that no hard limestone cor-

. responding to the Minnekahta was recorded in this interval might
be interpreted as indicating either that the two red bed form-
ations of the Black Hills had merged into one formation by the
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pinching out of the limestone, or that elther the Triassic-Spear-
fish or the Permian-Opeche formation had disappeared. From the

information at hand there is no way of identifing these formations -

rniore accurately. In either case the red bed group has become niuch
thinner than in thelr outcrops in the Black Hills.

Between the red beds and the limestone at the bottom of the
hole, lies 411 feet of alternate sand and shale with some line-
stones. This seens to correspond in position and general char-
acter with the Minnelusa formation as it appears in the Black
Hills and in the Hunter-—wells- It 1s noteworthy that the thick
massive sandstone which made the top member of this formation in:
Rapid Canyon is represented by only 40 feet of sand in the Stand-
ing Butte well. The base of the Mlnnelusa is placed at the top of
& white, hard, linestone, leaving the alternations of sand, shale,
and limestone found in the outcrop, represented by a zone of thin
sands and sandy shales.

It is 70 miles from the Hunter well to the Standing Butte
well and while this is a long distance over which to correlate
on lithological evidence alone, the persistence of the formation:
in the west and the lack of conflicting data to the east, seens
to warrant placing these two intervals in the same formation.
The gypsui reported at the depth of 2665 feet to 2670 at Standing
Butte may correspond to the gypsun zone noted in the upper part
of the Minneluss in the Hunter Well.

The sediments lying above the red beds are not s¢ easily
separated and the correlation has to depend upon the position
of the various sands gnd other hard members and on small details
in the shales which separate then. The 36 feet of grey shale
and grey sandy shale with dry gas, lying between 933 and 963 feet,
correspond to the position in which the Niobrara formation
should lie and corresponds fairly well with the position in
which line is reported from some of the water wells not very
far away.

Below this horizon lies 437 feet of shale underlain in turn
by 50 feet of sandstone which carries water. In other wells in
this vicinity lime shells and soile water are reported at this
horizon and thies seems t0 indicate the Greenhorn formation.
Without cuttings from any of these wells, these suggestions
are open to sorle Qquestion. It is certain, however, that the
Greenhorn underlies this part of South Dakota since it occurs
with undinminished thickness in the Black Hills and the Big Sioux
Valley. It seldon is reported in wells except as linmy shells or
hard sandy streaks.

" The Dakota~Lakota zone secems to be indicated by the sands
lying between 1735 and 1980 feet. This sand zone is separated
into two parts, the upper one a 170 foot sandstone and the. lower
one a 36 foot sandstone, Between the two lies 35 feet of shale.
Water and gas were encountered in the upper sandstone but no mens
tion was made of elther in the lower,
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Between the Dakota-Lakota zone and the top of the red beds
lies 346 feet of sediments which should correspond to the Jurassic
formations in the Black Hills outcrops namely the Morrison and
underlying Sundance. This interval corresponds closely to the
435 feet assigned to these formations in the Hunter Well north
of Wall and the 466 feet assigned to them in the Ole Tanberg Well
near Red Elu. The upper 200 to 300 feet of this interval has been
reported as shale without any further description, while the lower
242 feet is reported as sandstone, sandy shale, clay shale. One
thin limestone and a 6-foot coal searm also occur. There ie nothing
in the description of either of these portions on which to base a
correlation, except that the sands are mentioned as white in o

nutber of cases, and the association of thin limestones an
and beds of shallow water sedin

to those found in the Sundance

outcrop.
final correlation will, of course, have to be held in

d sands,

ents, such as the ocoal, are similiar
In view of these facts the
abeyance till

nore definlte information is available, but it seems reasonable,
to assign this interval in the well log to the Morrison and Sun—

dance formations.

The following correlation is therefore suggested for the

Standing Butte Well.

Correlation of Standing Butte Well

0= 7 Pierre
7T - 7 Niobrara~-top uncertain;
first hint of formation
at 927 feet.
7 - 1400 Carlile
.1400 - 1450 Greenhorn
1450 - 1735 Graneros
1735 ~ 1905 Dakota
1905 — 1940 Fuson
1940 - 1976 Lakota
1976 — 2190 Morrison
2190 —~ 2270 ?
2270 - 2412 Sundance
2412 - 2559 Spearfish
2559 ~ 2570 Minnekahta
2570 — 2615 Opeche
2615 -~ 3027 Minnelusa
3027 — 3508 Pahasapa

Conclusions Fro:; Four Deep Wells

It has long been known from outerops and data from wells
drilled through the Dakota, that the Cretaceous formations out-—
cropping about the Black Hille extended across the entire state.
iThe evidence of these four deep wells indicates that nany of the
§§ormations below the Dakota are also quite persistent, at least

s far eastward as the Missouri river. Variations in detail fron
the exposures in Rapid Canyon are, of course, to be expected, but
the general stratigraphic succession seems to be much the sane.
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The Pahasapa lirnestone and the overlying Minnelusa sandstone seen
to extend through very effectively. The red beds can also be
recognized, though it is not certain which of the red formations
eXposed in Rapid Creek Canyon, extend as far east as the Standing
Butte Well. Of the Jurassic formations the Sundance formation
seens to be the iost persistent. Shales tentatively classified

as Morrison are to be found in all logs but their thickness seers
to vary greatly.

The Dakota~Lakota group of sands have been penetrated by
nany wells near the liissouri River and a nunber on the western
plains. The general practice has been to call the first sand
from which flowing water was obtained the Dakota horizon and the
next flow the Lakota. There is some basis for this distinction
-8ince the different flows offer water of different guality, but
it remaing to be seen whether this correlation can be followed
from the Black Hills to the Missourl River. :

In 1925 Dr. W. T. Lee pointed out that the sands of the1
Dakota seemr to be large lenses rather than a continuous bed.

In 1930 Dr. W. W. Rubey diagramed the encroachrment of the
Cretaceous Sea across South Dakota as an oscillating advance which
left long fingers or wedges of sand extending wegtward and
interfingering with the eastward pointed shales.

Recent work by Mr. Bruno Petsch in plotting the artesian
sands from Mitchell to the Missouri River and along the Janes
Valley where wells are very abundant, showed a similar fingering,
three artesian sands, one above the other, extending westwargd,
from the quartzite ridge which lies in eastern South Dakota.

In the correlation of these wells, however, it has been
assuned that the separation did exist, and such sands were
assigned to the Dakota and Lekota formations, separated by Fuson
shales. It is noteworthy, however, in these logs and in other
logs of water wells Grilled in western South Dakota that the
thicknesses of these sands vary greatly. In comparing the Dakota
in the Zeal and Qle Tanberg wells, Mrs. E, R. Applin states:
"The fine grained, light gray sandstones found in the State
School Lands No. 1 (Zeal) appear to be nissing in this (Tanberg)
well, and we include in this formation only the beds represented
by cores from 2,745 to 2,765 feet, showing a cparse-grained,
angular, clear quartz sand carrying no water."™ In the Zeal Well

1. Lee, W. T., Continuity of some 0il bearing sands of Colorado
and Wyoming, U, S. Geol. Survey Bulletin 751, Part II, 1925.

2. Rubey, W.W., Lithologic studies of fine-grained upper
Cretaceous sedinentary rocks of the Black Hills Region, U, S.
Geol. Survey Prof. Paper 165, p. 49, 1930

3. Petsch, Bruno, Water resources of South Dakota. Prelininary
report, State Planning Board Report, pp 1-20, June, 1935.

4, Applin, E. R., Journal of Paleontology, A wiero-fossiliferous
Upper Cretaceous section from S§. Dak.", Vol. 7, p. 218, 1933.
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the Dakota was 128 feet thick and carried a strong flow of water,
estimated at 5,000 barrels & day.

It will also be noted that in the Standing Butte Well the
Lakota is very thin as is also the separating Fuson shales; no
water was reported from the Lakota in this well. Whether these
formations are two entirely separate sand horizons which vary
greatly in thickness from place to place, or whether they are
modifications of a single sand zone, marking the base of the
Cretaceous section, will make but little difference in the matter

of artesian water, since at least one flow and sometimes several
are encountered in this zone.

Though quite a number of deep wells, aside from those
described, have been drilled in various parts of the area, few
have gone below the Dakota-~Lakote sandstone zone. In most cases
they were drilled to the first good flow of water and thus depihs
to the main flow are all that were recorded so that in many cases
it is not known whether the Lakota was present. By considering
records of welle close to the four which are described above it
is possible to extend these two formations over most of the area.

Graphic logs of some of these wells are given in the accompanying
sheet of colurnar sections.

Though wells are too far apart to carry the Dakota-Lakota
succession with certainty, a shale dividing iwo sands has been
found in all the deeper wells, which 1s assuned to be the Fuson.

It may be significant that the upper waters in the west-kissouri
country have a shlty taste while the lower ones are fresher. In
nearly all wells, however, waters from two or niore-flows are

mixed either by corrosion of the casing or by purposely perforating
casing at all water horizons to get the maximum flow. Analyses

of the separate waters, therefore, are not available and little

rnore than the above generalization can be made with the present
information.
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POSITION OF ARTESIAN FLOWS

Hunter Well

A study of the reported water flows from artesian wells and
0il tests brings out the fact that there are at least seven form—
ations which yield artesian water, some of them from more than
one horizon. In the Hunter Well at Wall, six flows were reported,
the artesian formations being the Dakota, Lakota, Liorrison, Minn-
elusa, and Pahasapa. All but the last reported only one water
horizon. The Pahasapa, however, gave two strong flows.

Water Sands Reported from the Hunter Well

Formation Position of Depth Sea level Height Sea level

flow below elevation of water elevation

top of form- of flow. column  of top of

ation. ‘ water column
Dakota 20 ft. 3041 - gl 1400 f£t. 1316
Lakota - 5 ft. 3323 -366 2300 ft. 1934
Morrison 36 f4. 3461 -507 3000 ft. 2500
kinnelusa 30 ft. 4520 -1563 1 Bailer per hour
Pahasapa 35 £4. g5 1898 3450 £4, |
Pahasapa 140 f+t. Lozl -1977 4000 f%. 2023

While none of these sands furnishes flowing water in the
Hunter Well, the pressures were strong enough to raise water above
the surface when the elevation was less than 1900 ft. and the
strongest flow would have reached 2500 ft. A4s reported, the Dakota
flow was under the least pressure for it raised the water only
1400 £t. above the sandstone or to an elevation of 1316 ft. The
Lakota flow woae under greater head for water rose 2300 feet above
the sandstone to an elevation of 1932 feet. Water from deeper
sands was under greater pressure, with the exception of that from
the Minnelusa. The pressure in the lower Pahasapa flow, the strong-
est reported was sufficient to raise water LOOO f%.

Zeal Well
The Zeal Well reported two water sands in the Dakota sandstone

and one at the top of the Lokota sandstone. The first Dakota "sand"
was struck at a depth of 2544 feet raising a water column 2244 feet
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to within 300 feet of the surface. The second flow, encountered
in a white sand 56 feet lower at a depth of 2600 feet, raised
water to the surface. The Lakota sandstone furnished a heavy
flow of very warm water from a depth of 2800 feet.

Water Horizons in the Zeal Well

Formation Depth Sea level Height Sea level
elevation of water elevation
of flow column of top of
water column
Dakota 2544 ~366 224l 1879
Dakota 2600 -U422 2600 plus 2178 plus
Lakota 2820 ~642- 2820 plus 2178 plus

Unfortunately no pressure records were kept on this well so
that it is impossible to give further data than that water flowed
from the two lower horizons.

Tanberg Well

The log of the Tanberg Well, south of Red Elm, contained no
statement on water sands except that the Dakota carried no water.

Standing Butte Well

The Standing Butte Well reported six water sands but little
information was recorded except that they flowed. The first water
was struck at 1400 feet. The driller reported that it came from
a sand. It may be a stray sand in the Graneros formation, but
it is noteworthy that it is present at the position occupied by
limy shells of the Greenhorn formation in other wells in this part
of the state. The Dakota at a depth of 1735 feet reported water
Yut none wae reported from the Lakota. The big flow in this well
apparently came frorm sands which perhaps can be correlated with
the Sundance formation.

1. Applin, E. R., op. cit., p. 218
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Water Sands of the Standing Bubtte Well

Formation Posgition of Depth Sca level
flow below elevation
top of the of flow
fornation

Greenhorn 1400 558

Dakota 0 ft. 1735 223

Lakota

Sundance 9 %, 2279 -321

Sundance 55 ft. 2325 -367

kinnelusa 320 £t. 2935 - =977

Minnelusa 395 ft. 3010 ~1052

Pahasapa No water reported

Other deep wells all draw from the Dakota—Lakota group of
sands. As nany as two or three flows are reported from these
sands in most of the wells and it has been difficult in nany
instances to determine which of the two formations furnishes
the water. In nost cases it has been custonary to call the first
sand the Dakotc and the second sand, the Lakota, but some wells
have reported at least two flows in the Dakota. The positions
of these flows are indicated on the acconpanying well log sheet.
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STRUCTURE AND DEPTH OF ARTESIAN SaNDS

Depth necessary to reach the artesian sands depends on the
elevation of the surface and the structure of the artesian forr~
ations. The surface forms a continuous down slope from the foot
of the Black Hills to the Missouri River. Its elevation at the
western end is about 3300 feet above sea level while ot the
liissouri River it is approximately 2000 feet. The total fall,
therefore, is about 1300 feet or about 7 feet per mnile.

If the artesian sands sloped uniformly, parallel to the
surface of the Great Plains it would be a simple natter to set
an approxinate figure for the depth at which they would be en-
countered. They have flexed, however, into a great northward-
Plunging trough known as the Lemmon Syncline which parallels
the axis of the Black Hillg. This trough is the major structural
feature of western South Dakota. Its axis passes through the
city of Lemmon, extends southeastwdrd near Philip and is lost
beneath the younger formations south of the White River. It was
nepped by Dartonl and later by Ward.2 It may be likened to a
deck of cards, the various formations which have been described
forming individual cards in the pack. If the center of the deck

is bent into a trough each layer will conform to the curve of
the others.

From the outcrops in the Black Hills all the formations
slope rapidly eastward and northward to the axis of the syncline
and then slope gently up from the axis as the Missouri River is
approached. This curvature is best ascertained from the position
of the Dakota sandstone since its elevation is knowm at nore
Places than any other formation of the succession. In the out-
crops in the Black Hills, this formation lies at about 3500 feet
above sea level. From this point it slopes eastward at a rate
of about 70 feet per mile and lies 63 feet below sez level in the
Hunter Well. 1In the Zeal Well farther east it lies 366 feet
below sea level, At Cherry Creek, 25 niles farther east, it has
risen to 15 feet below sea level. In the Standing Butte Well
it has risen still further to 223 feet above sea level, a total
rise of 589 feet above its position in the lowest part of the
syncline or at a rate of about 10 feet to the mile. At the
Cheyenne Agency the elevation of the Dakota is 225 feet above
sea level, at Plerre it ie 480 feet and at Chamberlain it attains
its highest elevation between the kissouri and the Black Hills
namely 834 feet.

The top of the Pahasapa Linestone shows a similar structure.
It lies 1863 feet below sea level in the Hunter Well, nearly a
nile below the elevation of its outcrops in the Black Hills. Fron
this point it rises on the eastern flank of the syncline toward

1. Darton, N. H., Geology and Underground waters of South Dakota
U. 8. Geol. Survey, Watsr Supply Paper No. 227, pl. XIII, 1909.

2. Ward, Freezcn, The structure of western South Dakota, §. Dak.
Geol. Burvey, Circular fo. 25, 1995,
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the Missouri River and in the Standing Butte Well, the easternmost
point at which it has been observed, it lies 829 feet higher or
at an elevation of 1069 feet below sea level.

Other formations have somewhat a similar relation but our
information on them is not sufficiently detailed to afford fur-
ther information on the structure.

Minor structures are doubtless superimposed on this big
syncline which will change the elevation of the artesian sands
locally. These minor structures have not been worked out in
detail, however. The general structure outlined above gives the
position of the artesian sands with sufficient accuracy to guilde
the driller in making contracts for deep wells.

Since the surface of the great plains is so nearly & plane
1t will be seen that the deepest drilling would be in the vicin-
ity of the axie of the Lemmon Syncline. Wells in the vicinity
of Wall will have to go deeper for artesian water than will wells
elther to the east or west. The depth to which wells nust be
drilled to reach the top of the Dakota Sandstone on the divides
between the large rivers in ecastern Pennington and lieade counties
is approximately 3000 feet over large areas. It will vary be-
tween 2000 and 2500 feet on the highlands and 1700 to 2000 feet
in the lowlands. These depths obtain to within a few miles of
the Black Hills where the formations rise sharply to the surface.

In Ziebach afd Dewe¥ Counties the top of the Dakota lies
2500 feet below the highlands between the Cheyenne and Moreau
River valleys and from 1600 to 1800 feet below the bottom of -
these valleys. In the Haakon and Jackson County uplands 2500
foot wells will be necessary to reach the top of the sandstone on
the highlands while in the valleys 1600 feet will be sufficient.

In the counties bordering the Missouri River the sandstone
lies about 2000 feet below the higher partes of the divides but
as the Missouri is approached, these divides lower until 1400
feet will be sufficient to recch the sandstone. Wells in the valley
of the Missouri itself will have an average depth of about 1300
feet, from the Cheyenne Agency south to Pierre. South of Pierre,
however, the sandstone begins to rise on a structural uplift which
carries it to within 700 feet of the surface ot Chamberlain.

Depths to the top of other artesian formations can be deter-
rnined for any locality by adding to the depth of the Dakota in
that locality the thickness of the formations between the tap of
the Dakota and the desired aquifer indicated in the nearest well
on the cross section sheet.

It is obviously impossible to predict accurately the position
in the formation at which artesian flows may be encountered since
they are not always at the top of the foimation. Though records
show considerable variation in the position of these flows, in all
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wells they occur under the shale partings at the top of the

various sandstone mewbers. Drillers frequently report increasing
flows in the deeper parts of the sandstone rembers. This is doubt~-
less due to the existence of layers of coarser naterials which
make the sands nore pervious. The practice of reporting the

main flow only, makes it appear that water occurs well down in
formations which sometiies yield lesser amounts nearer their upper
surfaces. A study of the maps and the sections acconpanying this
Teport will rtake it clear that nowhere in the area do artesian
horizons go wmore than 5000 feet below surface and that they are

all within 3500 feet in the shallower parts of the area. It should
be possible, therefore, to supply ample water fron flowing wells

or by shallow puuping in any part of the area under consideration
as the need for it arises.
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ARLESIAN CCHDITIOES IN WEST-CENTRaL SOUTH DAKOTA

HYDROLOGY
By Thomas W. Robinson

INTRODUCTION
Location of area

This report presents the results of a study of the artesian
conditions in the west—central part of South Dakota and of the
artesian water supply of the semiarid plains region between the
Black Hills uplift and the kissourl River, in which the Pierre
shale is at or very near the surface. (See pl. 1.) 1In general
the area studied includes all of western South Dakota except the
Black Hills uplift and the northern and southern rows of counties.
The Black Hills uplift, with its numerous streams and springs,
does not present any serious water—supply problem. Although in the
northern and southern counties there has not been much development
of the artesian water, there are over wost of their area deposits
of permeable sands, which so far have generally yielded an
adequate supply of water to wells of moderate depth. In the area
studied there are no extensive bodies of shallow ground water, and
local residents for the most part are forced to rely on the deeper
artesian waters or on surface water. '

Purpose of investigation

In this study the United States Geological Survey has
cooperated with the South Dakota Geological Survey. The study wae
made as & result of the severe drought of 1933 and 1934, during
which the surface-water supply was depleted to such an extent that
an acute water shortage existed in this area, as well as in other
seotione of the State. Recognizing this water shortage, the
South Dakota legislature at the session of 1935 passed Senate Bill
23, appropriating $1,500 for "making a survey of the need for
drilling artesian wells and the construction of reservolrs to
gtore and conserve water flowing from such wells and * * * making
a survey and report of the various artesian—-well basins throughout
the State and in gathering facts and statisties to enable the
State geologist and the governor to determine whether or not such
wells should be drilled." The bill further provided that "the
State geolosist and the governor are * * * empowered to accept and
use any funds provided by an agency of the United States or from
any other or private sources" to carry out this survey. As a
result an agreement was made with the United States Geological
Survey in the spring of 1935, whereby $1,275 of the regular
Federal appropriaztion for the investigation of the water resources
of the United States was provided for this survey.
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This report deals primarily with the artesian water from the
Dakota sandstone, which is the most widely extended artesian
aquifer in South Dakote. Sonme attention, however, was given to
deeper artesian aquifers, chiefly the Lakota sandstone and the
Minnelusa sandstone. The purpose of these studies was to deter-
mine (1) the static level of the artesian water, or height above
sea level to which the water would rise in tightly cased wells;.
(2) the rate and amount of decline of the static water level in
the past; (3) the possibility of developing deeper artesian ag-
uifers as a source of water supply; and (4% the temperature and
quality of the water. -

Field work was begun on June 21, 1935, and was continued
until September 4, 1935. The funds and consequently the time
available for this investigation and report were virtually only
sufficient to carry out the program of measuring the head at the
readily accessible wells and determnining the altitude above sea
level at some of the wells. A detailed study of any particular
locality was not possible. Consequently this report covers only
in a general way the artesian conditions of the area. All the
hydrologic studies were nade by Thomas W. Robinson, assistant
engineer, of the United States Geological Survey, under the
supervision of 0. E, lieinzer, geologist in charge of the division
of ground water. The geologic studies embodied in this report
were nade by E. P. Rothrock, State geologlst.

Previous investigations

1 .
During 1890 and 1891 E. S. Nettleton, of the United States
Department of Agriculture; made a general investigation to deter—-
tiine the depths of artesian wells, their pressures and flows, in
the artesian basin of North and South Dakota. Apparently at that
tirle there were no artesian wells in the western part of South
Dakota. 1In 1895 the South Dakota Agricultural Collegf and Ex-
periment Station published a report by J. H. Shepard, which had
to do chiefly with the chemical character of the artesian water,
mainly in the eastern part of the State. The first really con-
prehensive study of the artesian basin in South Dakota was made
by N. H. Darton,3 of the United States Geological Survey, and
published in 1896. This report also related largely to the east-
ern part of the State. At that time, according to Darton, there
was very little development of the artesian basin west of the
Missouri River. The few wells that had been drilled in the west—
“ern part of the State were mainly in the kHissouri River Valley, atho

P iy ———- -
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1. DNettleton, E. 8., Artesian ancd underflow investigation: 5’24
Cong., lst sess., S. Ex. Doc. 41, pt.2, 1&92.

2. Shepard, J. H., The artesian waters of South Dakota: South
Dakota Agr. Coll. and Exper, Sta. Bull, 41, 1895,

3. Darton, N. H., Prclininary report on artesian waters of a
portion of the Dakotas. U. §. Geol. Survey 17th Ann, Rept.,
pt. 2, p. 609, 1496. ’
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drilling was then in progress on & well in the Rosebud Indian
Keservation, on the highlands at the head of Oak Creek on the diwdc:
between the White River and the Keyapaha River. In 1898 J. E.
Todd,)+ then State geologist, published & report of his geologic
gtudies made in 1895 and 1896. This report dealt in port with the
artesian conditions of the State. The most extensive and somewhat
detailed investigetions of the geologyy and hydrology of the
artesien bosin in western South Dakots were made under the directm
of N. H. Darton, of the United 8tates Geological Survey, and numner-
ous reports? on the subject have been published. All these reports
relate to the peology and artesian conditions in the adjacent to
the Black Hills, and Water-Supply Peper 227, in addition, covers
the entire State. In 1915 the State Legislature passed Senate

Bill 128, which provided for investiguting the conservation of
artesian water and recommending to the governor such legislation

as should be found advisable. The State engineer, H. M. Derr,

was ewpowered to meke a detalled and exhaustive investigation of
the use and control of all public and privately owned artesian
wells in the Stcte. The funds provided for the investigation were
insufficient to vieit all the wells in the State, but a large
number of wells were visited and recorded. wuch valuable inform-
ation was obtained regarding the size and amount of casing, altibucc
depth, pressure and flow, both former and existing, temperature,
use of water, and condition of the well. The results of this
investigation and the recommendations for the conservetion of
artesian witer ere presented in a report by the State engineer.6
Two later reports by the office of the Stote engineer? give in some
detail the number, yield, and pressure of artesian wells throughout
the State. They also contein general deta on the decresse in
artesian head and recommendations for the conservation of the
artesian-water supply.
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original water levels and pressures, discharge, temperature, depth,
and location of artesian wells; and many residents of the area
furnished information and were helpful in many ways.

The writer is also indebted to the operators of the Black
Hills sugar plant of the Utah-Idaho Sugar Go. for the use of
their special equipment in calibroting the altitude gage used to
measure the head on flowing wells.

METHODS OF DETERMINING THE STATIC WATER LEVELS
IN OBSERVATION ¥ELLS

The static water level in nonflowing vwells was obtained by
meesuring down to the water level in the well from the top of the
casing or some other permanent point, with a steel tape weighted
on the end. It wes not possible to make a measurement of the
water level in some of the wells visited, because of the smaller
diameter of the casing and the type of pump installation. Most of
the wells were constructed with 3~inch caeing, although a few had
4 inches or larger. Many of the 3-inch wells had been recased in-—
side once, and some of the larger ones two and even three times.
Thus the inside diameter of the recused wells was only about 2
inches. 4s practically all the nonflowing wells were equipped with
1ift pumps, there was in the recased wells very little space
between the inside of the casing and the discharge pipe of the
punp, through which the tape could be lowered to the water level.
In such wells it was virtually impossible to make a measurement of
the water level without first removing the entire pump, a difficult
and costly operztion. In many of the nonflowing wells the pump
rested on top of the casing or was screved directly into it. In
order to make & measurement of the water level in wells where the
pump rested on the casing it was first necessary to raise the pump
off of the casing. This was usually done by means of a block and
tackle, which required the services of two men. The amount of
labor and equipment necessary to unscrew and raise the pumps
screwed to the casing was so great that no attempt was made to
make a measurement of water level in these wells.

The pressure head in flowing wells -- that is, wells whose
static water levels are above the ground surface —- was obtained
by measuring the shut-in pressure with an altitude gage. An
altitude gage is a pressure gage that has been calibrated to read
in feet the distance to which the weter would rise in a tight
pipe, above the center of the gage. The flow of the well was
first shut off by closing all the valves, and then the altitude
gage was attached to the discharge pipe of the well. In some well:
having a head of only 5 feet or less, the static level was obtain-
ed by attaching a 5-foot length of ordinary garden hose to the el
and raising the open end until the water just ce sed %o flow. The
vertical distance from the open end of the hose fo. the measuring
point was measured with a steel tape.
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As the altitude gage is a delicate instrument, it may become
inaccurate as a result of jars and bumps received in handling and
transportation. Thus in order to obtain accurate readings it was
necessary to calibrate the gage. The calibration was done at the
Black Hills sugar plant of the Utah-Idaho Sugar Co. at Belle
Fourche, with a special device known as the "dead-weight pressure-
gage tester.!

Measurements of the static water level of flowing wells were
confined for the most part to new wells that were in good condition
and equipped with valves for closing off the flow. MNany of the old
wells were suspected of having corroded or defective casing, which
would allow the water to escape underground and so not give a true
measure of the static level.

In order to study the relation of the static water level in
the wells throughout the area 1t was necessary to refer the measur-
ing points of the wells to sea-level datum. This was done by
determining the altitude of the measuring point in nonflowing welle
and of the altitude gage in flowing wells, by instrumental leveliny
by a sensitive aneroid barometer known as an "altimeter," or from &
topographic map. Level lines were run to wells that were at a
considerable distance from a bench mark, but for most of the wells
the altitude was determined by the altimeter or from a topographic
map. The longest level line was about 17 miles, to well 26, at
Whitehorse, in the Cheyemne River Indian Reservation. It would be
desirable and much more satisfactory to have the altitude at all
the observation wells determined by instrumental leveling. However,
the rumning of level lines is expensive, and the funds available
for the investigation were not adequate for this work. The alti-
tude of U43 wells was determined by an altimeter or from topographic
meps except for 9 wells.

In any artesian well that is yielding water, whether by pump-
ing or by discharge through artesien pressure, there is invariably
a draw-down,® or a reduction in pressure of the water in the well.
As soon as a well ceases to yield water there is a decrease in the
amount of draw-down and an equivalent increase in the pressure of
the water. This increase in pressure is very rapid at first and
then continues at a gradually diminishing rate until the normal
static pressure of the water is reached, The theory of this
recovery of pressure is best explained by Meinzer.9 In any well
that discharges by artesian pressure this increase in pressure can
be measured by means of a pressure gage. The length of time requir-
ed for complete recovery of the pressure will vary according to
the permeability of the aquifer, the length of time the well has
been yielding water, and other factors such as an elasticity factor.
In some flowing wells the static pressure appears to be reached
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8. Leinzer, O. E., Outline of ground-water hydrology: U. S. Geol.

' Survey Water-Supply Paper 494, P. 61, 1923.

9. lieilnzer, O. E., Compressibility end elasticity of artesian
aquifers: Econ. Geology, vol. 23, pp. 277-280, May 1928.
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almost immediately after the well is closed; in others it may
require several hours, days, or even weeks. Repeated measurements
made in nonflowing wells after the pump has been stopped and in
flowing wells after the flow has been shut off indicate that in
wells drawing water from the Dakota sandstone recovery is relative-
ly rapid.

In making measurements of the static water level of flowing
wells it was not always feasible to leave the altitude gage attach-
ed until the normal static pressure of the water was reached.

Under such conditions the normal or total static head was estimated
from the available pressure readings. This was done by making
periodic readings of the pressure and recording the elapsed time
over a period of several hours. From these data a recovery curve
was drawn, usually at the time of the test. When it became evident
from the shape of the curve that the initial rapid rise had passed
and that the pressure was increasing only slowly the test was dis-
dontinued. The shape of the curve was then projected, and the
point of approximate complete recovery estimated. A typical
recovery curve for a well of this type is shown in figure 1, This
well (No. 24) is at Cherry Creek post office on the Cheyenne River
Indian Reservation.

Water~level measurements of all flowing wells having a high
pressure head were made in this manner, The estimated total static
head of these wells is shown in the appended table of well records.

Under certain conditions water will rise higher in a well than
its pressure head, because of the presence of bubbles of gas in the
water. The resulting water and gac mixture has a lower specific
gravity than rater alone, and hence the water rises higher than it
would under the smme pressure if the column contained no gas. In
practically all the wells in the north-central and northeastern
part of the area moderate to large zmounts of gas were mixed with
the water, Thus the observed static level for these wells is high-
er than in wells that do not yield gas. However, as the primary
purpose of the investigation was to determine the altitude of the
water level in the wells, no attempt was made to correct for the
effect of the ges 1lift.

Changes in atmospheric pressure will affect the water level
in artesian wells. An increase in atmospheric pressure will cause
a lowering of the water level, and a decrease in atmospheric pres-
sure will cause & rise of the water level. No attempt was made
to correct the measurements of water level for changes in atmos—
pheric pressure, as the investigotion did not warrant this degree
of refinement. Repeated measurements of water level in nonflowing
observation wells, however, indicate thet changes in atmospheric
pressure caused the water level to fluctuate as much as 2.5 feet.
Figure 1. - Recovery curve of pressure head in well 24 at Cherry

Creek, S. Dak.
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. GENERAL GROUND-WATER CONDITIONS

There are in western South Dakota seven recognized artesian
aquifers. In the order of their depth below the surface, they are
the Dakota sandstone, the Lakota sandstone, the korrison formation,
the Sundance formation, the Minnelusz sandstone, the Pahasapa lime-
stone, and the Deadwood formation. These artesian aquifers crop
out in wide zones encircling the Black Hills uplift and have a
steep outward dip that within short distances carries them far be-
neath the adjoining plains, where they are buried under a thick
body of sedimentary beds consisting chiefly of relatively imperme—
able shales. Because of this steep dip it is only along the edge
of the Black Hills, close to the outcrop zones, that the linnelusa
sandstone and the Deadwood formation lie near enough to the surface
to be econoinically utilized as sources of water supply.

In the region lying between the Black Hills and the Missouri
River there is need for ground water in most localities, as the
surface waters are inadequate or of bad quality. The principal
source of ground watcr in this region is the artesian water from
the Dakota sandstone. The only well drilled for water supply that
is known to penetrate the Lakota sandstone in this area east, is
the municipal well at Philip (No. 18). Two o0il prospects yielding
water and known to have penetrated the lakota sancdstone are No. 17,
drilled by the Weaver 0il Co. in Jackson County, and No. 27, the
Standing Butte well, in Stanley County. In two other oil prospects.
now abandoned and plugged, water was reported from the Lakota sand-
stone. These are the Zeal well, in the NW§ sec, 16, T. 9 N., R. 17
E., Meade County and the Gypsy No. 1, in the SW& sec. 24, T. 3 N.,
R. 16 E., Pennington County. The Zezl well yielded artesian flows
from both the Dakota and Lakota sandstones.

According to Darton 10 the intake area of the Dakota, Lakota,
and Minnelusa sendstones and the Deadwood formation is in their high
outcrop zones in the Black Hills. The outcrop zones of the Dakota
and Lakota sandstones occur for the most part at altitudes of 3,100
to 3,600 feet, and those of the Minnelusa sandstone and the Deadwood
formation are still higher. Here these sandstones receive water,
part of which comes from rainfall ond pert from streams that flow
across the outcrops. The water thus absorbed by the sandstone per—
colates down the dip through the interstices of the rock and passes
far beneath the surface. In genercl the direction of movement of
this water is outward from the Black Hills and thence eastward acro.
the State. The accompanying map shows the approximate head of the
artesian water in the Dakota sandstone in 1935 in all parts of west-
central South Dakota. The contour lines show the shape and position
of the piezometric surface -~ that is, the surface to vhich the watc
will rise in tightly cased wells thot tap the Dakota sandstone.

10. Darton, N. H., Geology and underground waters of South Dakota..
U. 8. Geol. Water-Supply Paper 227, pp. 60-61, 1909; Artesian
Water in the vicinity of the Black Hills: U. S. Geol. Water-~
Supply Paper 428, p. 28, 1918. Darton, N. H., and Paige, Sid-
ney, U. S, Geol. Survey Geol. Atles, Central Black Hills folio
(No. 219), p. 33, 1925,
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The piezometric surface is above the land surface in places where
flowing wells can be obtained. The movement of the artesian water
is alvays in the direction that the piezometric surface slopes -—
that 1s, at right angles to the contours of that surface. Thus,
on the accompanying map it is possible to trace the direction of
movement of the vrater.

Because of the similarity in structure of the other three

sandstones, artesian water in them is inferred to move in the same
general direction.
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ARTESIAN WATER IN THE DAKOTA SANDSTONE

Differences in static level

As water enters the Dakota sandstone at an altitude of 3,100
to 3,500 feet and is confined by relatively impermeable shale in
its eastward extension, it would be expected to have great pressure,
or head, in the plains to the east. This pressure wvas determined
in many wells in the central and eastern port of the area. The
greatest surface pressure, that of 120 pounds to the square inch,
indicating a head of 276 feet with reference to the measuring point
near the surface, was found in well 25, at Red Scaffold, in the
Cheyenne River Indian Reservation. The depth of the well was 2,385
feet, indicating a pressure at the bottom of about 1,160 pounds 1o
the square inch. Owing to the friction or resistance offered to
the water in its passage through the strata, there is a decrease
in pressure to the east. Thus from the accompanying map it may be
geen that the altitude to which the water would rise in tightly
cased wells decregses from about 3,200 feet in the vicinlty of the
Black Hills to sbout 1,700 feet near Chamberlain. The 1,500-foot
loss of head ig due to the frictional resistance offered to the
water., The loss in head is doubtless greatest in localities of
extensive withdrawal of artesian woter in the central and eastern
part of the States Before there was extensive artesian development
in South Dakota the pressure of the water, and the resulting
altitude to which the water would rise, was much greater than that
represented on the accompanying map.

fn some artesian aquifers the water from different depths will
rise to different levels. Such a condition appears to exist in the
Dakota sandstone. Although the writer has not had an opportunity
to verify this difference in static water level, reports from well
owners and drillers indicate it to occur. As drilling progresses
from the top to the bottom of the aguifer, the flow of the well
will increase. MNany well owners who do not desire a large flow of
water take advantage of this condition, and have their wells drille
into the aquifer only a few feet. Reports indicate that with in-
creased depth and flow there is also an increase in pressure. Such
an increase in pressure would explain apparent discrepancies in
the static level of wells close to.ether but penetrating the
aquifer to different depths.

So.far as the writer is aware, no one has ever attempted to
measure this apparent increase in pressure. Possibly this omissio:
is due %o the method of drilling. Commonly the hydraulic rotary
method of drilling is wused, in which mud-laden fluid is circulated
through the well and drilling operations are carried on without
interruption until the well is completed. Accurate measurements
of pressure or of depth to the water level as the sandstone is
penetrated would be difficult under these conditions. Moreover,
the results would be unreliable wnless the weter in the well were
clear when the measurements were made, because muddy water is
heavie{ than clear water and will accordingly not rise as high in
the well.
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Piezometric surface

The location and numbers of all artesian wells for which
information was collected are shown on the accompanying map. The
numbers on the map correspond to the numbers in the appended table
of well recorde. No atteapt wes made to obbain a record for all
the wells in the area, but only for those where it was possible
to obtain a measurement of vater level or to collect other sig-
nificant information.® The wap of the piegometric surface was
prepared from the data colliected on these wells. It shows the
height to which the water from the Dakota sandstone will rise ab-
ove sea level. The contours on the piezometric surface are based
on measurements of the static water level and the aititude of the
measuring points at the wells.

In many parts of the region there were no artesian wells or
none that penetrated the Dakote sandstone. This is true of the
area along the east edge of the Black Hills, froa the vicinity of
Sturgis south to Buffalo Gap and east as far as the west line of
the Cheyenne River Indian Rei-ervation and the town of Philip. To
artesian wells could be found in northern Stanley and Ziebach '
Counties, in Armstrong County, or in western Jones and iellette
Counties. Necessarily in these areas the contours are more or
less generalized. However, because of the failrl; uniform slope
of the piezometric surface in areas for which data are available
it is believed that the contours, as a whole, depict the form of
the piezonetric surface rather closely.

From the contours on the rmep it may be secen tnet the piezo-~
metric surface sloves eastward froxm the outcrop arca bordering
the Black Hills. It is steepest along the edge of the Black Hills,
becomes somewhelt less steep torord the east, and is alwmost flat
- west of the missourl River. Between well 1, north of Belle
Fourche, and well 26, at Whitehorse, the avercge slope is 8.4 f%.
to the mile; between well 14, near Sturgls, and well 39, near
Fort Pierre, it is 9.6 feect t0 the mile; and between well 16, at
Buffalo Gap, and well 69, at Iona, it is 7.6 feet to the mile.
Interpolations from Dartont's wap of the piezometric surface, pub-
lished in 1908, incicate that the average hydraulic gradients in
these three sections were then respectively 6.8, 8.0, and 7.6
feet to the mile. Thus in the period since the early vork by
Dorton the nydraulic grodient in the northern and central parts
of the area has increased about 1} feet to the mile, while in the
southern part it has remeined nearly the sanme.

The downstream or eastwverd bulge of the contours imuzediately
cast of the Black Hille is due to the curving trend of the out-
crop or intake area of the sandstone. There appears to be an
unusually steep hydraulic gradient between well 25, at Red Scaf-
fold, and well 24, at Cherry Creek, in the Cheyenne River Indien
Reservation, and between mell 21, at West Fork, and well 24, the
gradient between wells 25 and 24 being 14.8 feet to the mile and
that between wells 21 and 24 20.1 feet to the mile. As it was
not possible to measure the pressure of well 25, the driller's
report of 120 pounds to the square inch, which there is no reason
to question, was used in constructing the map. It is possible
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that the loarge difference in pressure is due to the different

depths to which the aquifer was penetrated. The vell logs in-
dicate that the Dakota sandstone was penetrated cbout 765 feet

in well 25 and to the bottom of the sandstone in well g7, but

only about 30 feet in well 24.

Because of the conditions just described, a distinct west-
ward or upstream bulge of the 2,000-foot, 2,100~foot, and 2,200~
foot contours of the plezometric surface is indicated in southern
Ziebach County and northern Heekon County. Other than this there
does not appear to be any major irregularity in the eastward-
sloping piezometric surface. The contour intsrval of 100 feet
is too great to indicate wminor irregularities, which doubtless
occur in the forw: of local cones of depression in the vicinity
of flowing wells. '

Decline in head

There has been a pronounced decline in the artesian head
since the first wells were drilled in the aren. The decline has
not proceeded uniformaly but has varied from place to place, de-
pending upon the local draft. It has been greatest in the east-
ern part of the aree, especially in eastern Stanley County in the
vicinity of Pierre and in eastern Lyman County in the vicinity of
Chamberlain. 1o periodic measurements of artesian head have been
made on any wells in this area, but a few records of head at dif-
ferent times are available, from which some conclusions as to the
rate of decline can be reached.

The earliest record of artesian head was obtained from the
city auditor of Chamberlain. 4n article by Scott Haves, then
city engineer of Chauberlain, in the Chasberlain Register of _
August 30, 1900, gives the following information: The first well
to supply the city with water vwas fiﬁished in kasr 1891. It ras
started at an altitude of 1,547 feet™ and drilled to a depth of
785 feet. At that depti it yielded & flow of 529 gallons a ain-
ute, and the water had a te:perature of 7W°F. "T.e hydrostatic
pressure at the end of a 24-hour test was 122 pounds to the square
inch, which is equivalent to a head of 280 fext. This stateme§§
agrees with the record given in the early report by Nettleton.

In April 1900 the flow was not more than 40 gallons a minute.
Heyes states that "the decrease in flow is accounted for by the
drawing away of the supply by six power wells in the city, sunken
at altitude 170 to 210 feet lower." Another wgll drilled in
August 1900 to & depth of 966 feet and started at & point 10 feet
higher had a hydrostatic pressure of 55 pounds to the square inch.
In regard to a third well Hayes states, "In the Fountain well
(altitude 1,744 feet) the flov ceased and the surface of the water
receded until now {August 1900) it ie more than 50 feet below
top of pipe."
11. Altitudes used by Hayes ale taken from the United States
Missouri River Commission surveys.
12. ©Nettleton, E. S., Artesian and underflow investigation:
52d Cong., lst sess., S. Ex. Doc. 41, pt. 2, pp. 52, 53,1832
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From these data it is concluded that the altitude of the
piezometric surface at Chausberlain was 1,828 feet in May 1891,
as recorded in the first well, and 1,684 feet in August 1900,
a8 recorded in the second well. - In the Fountain Well the water
level in August 1900 may have been a few feet higher than the
1,684-foot level. Thus in the period frowm kay 1891 to August
1900 there was a total drop in head of about 140 feet, or at the
average rate of 15 feet a year. This rapid rate of decline was
no doubt caused largely by the power wells referred to by Hayes.
Under the high head that prevailed in the early years the dis—
csharge was large, which of itself tended to produce rapid de-
cline in head. During the present investigation it was not pos-
8ible to obtain comparable measurements on these wells, and

therefore the amount of decline up to the present time is not
known.

On Qctober 13, 1915, observations were made by E. k. Derr,13
State engineer, on the torn well at Oacoma, about 3 miles west
of Chamberlain. This well was drilled in 1912 to a depth of
1,180 feet on land 1,388 feet above sea level, The pressure re-
corded on October 13, 1915, was 95 pounds to the square inch,
giving 2 head of 1,607 feet with reference to sea level. Some
notion of the amount of decline between 1900 ond 1915 is afforded
by a comparison of the piezometric surface between this well and
the wells at Chamberlain. Thus a direct comparison shows thet
the decline os recorded by the well at Qacoma amounted to 77 feet.
However, as the well at Qacoma is up the slope of the piezometric
surface, that surface stands higher at Oacoma than at Chamberlain,
and the decline would be greater by an amount equal to the dif-
ference in head between the two wells. From the accompanying map
this difference in head is estimated as between 10 and 20 feet.
Accordingly the amount of decline between 1900 and 1915 is about
90 feet, or at the average rate of 6 feet a year. The total de-
cline between 1891, when the first well was drilled at Chamber-
lain, and 1915 was about 230 feet, and in 1935 it was undoubtedly
greater.

Another record that affords data on the decline in head is
obtained from the McClure well, in sec. 31 or 32, T. 108 N., R.
78 El in northwestern Lyman County, which is described by Dar-
ton. A According to Darton the altitude of the well was 1,917
feet and the pressure 20 pounds to the square inch, which indi-
cates that the water had sufficient head to rise 1,96% feeb above
sea level. It is not known in what year thiis pressure vas de-
termined, but presumably in 1908 or earlier A later repcrt by
Derrl5 indicates that the well stopped flowing about 1911. The
writer visited the locality in July 1935 but found that the wall
had been destroved and that there were no other nearby wells that
13. Derr, H. k., Report on artesian wells: South Dakota State

Engineer 6th Bienn. Rept., for 1915-16, p. 237, 1916.

14. parton, ¥W. H., Geology and underground waters of South Da-

kota: U.S. Geol. Survey Water-Supply Paper 227, p. 120,1909
15. Derr, H. M., op. cit., p. 2k,



could be neasured. Between the year in which Dartonls rdported
pressure of 20 pounds to the square inch was measured and the
ear in which the well ceased to flow the decline anounted %o
o feet. By interpolating from the contours on the accompanying
map of the plezometric surface, it was estimated that in 1935
the head at the locality of the kcClure well was between 1,790
and 1,800 feet with reference to sea level. Thus in the 2ﬁ—year
period since the well ceased to flow the decline in head has ap—

parently amounted to about 120 feet, or at the average rate of
about 5 feet a year.

According to Todd16 the pressure of one of the first wells
drilled at Pierre for the Pierre Natural Gas & Power Co. was 210
pounds to the square inch. It is not clear in what year the well
was drilled, but it was either 1895 or 1896. Tocd reports that
the top of the well was 3 or U4 feet below the depot. (This refers
to the old depot; a new one was built in 1906 at a different lo-
cation.) From Todd's description, the altitude at the well is es-
timated as about 1,4U40 feet, and the head when the welil was drill-
ed as about 1,920 feet with reference to sea level. In 1930 well
4it, owned by the city of Pierre, was drilled by the Norbeck Co. on
ground at an altitude of 1,440 feet. The original shut-in pres—
sure of this well was reported by the driller as 80 pounds to the
square inch, making the altitude of the static water level about
1,620 feet. Thus in the 35-year period the decline in head am-
ounted to about 300 feet, or at the average rate of & feet a
year.

Some idea of the regional decline in head over the area is
afforded by a comparisen of Dartonts map of the plezonetric sur-
face, 17 published in 1908, with the map in this report. Such
a comparison, however, yields only general information, as the
data for Darton's map were drawn from various sources over sev-
eral years. Thompson, 18 in a discussion of Darton's map, states:

*Here again it becoites necessary to consider the data

from which the piezometric lines on Darton's map were drawn.
This subject is not discussed in the report that contains
the map, but the writer is informed by Dr. Darton that the
available data in regard to head were unavoidably of wvarious
degrees of reliability. Sone were obtained during the course
of hils own investigations in the period from 1895 to 1903,
but many of them were takig from a report by Nettleton based
on work done in 1890-91, Some of the pressures in Net-
tleton's report are quite evidently those existing several
years prior to the time of his investigation and possibly
ag far back as the completion of the first wells in 1882."

16. Todd, J. E., Geology of South Dakota: South Dakota Geol.
Survey Bull. 2, pp. 93-9k4, 1898.

17. Darton, N. H., op. cit., pl. 1ll. ,

18. Thompson, D. G., The origin of artesian pressure: Econ.
Geology, vol. 24, p. 765, November 1929.

13. Nettleton, E. 8., op. cit.

- 47 -



Thus it appears that Darton's map is really a conmposite
rnap covering a period of several years. However, a comparison
of the contours on the two maps shows that in the eastern and
east-central parts of the area there has been a total decline
in head ranging from a possible minimum of KO feet to a maxi-
murt of at least 250 feet.

In the western part of the area well 9, at Vale, affords
gome data on the decline in head. According to Darton 20 the
reported head of this well was 50 feet with reference to the
land surface. The year in which this measurement was made is
not given but must have been some time between 1909, when the
well was drilled, and 1917, when the text of the folio was pre-
pared. A measurement on August 7, 1935, gave a head of 29.5
feet with reference to the land surface. The decline has there-

fore amounted to 20.5 feet in the period since the well was firgt
measured. .

No records could be obtained as to the amount of desline
of the water table in the intake area. However, measurenents
of head in wells 1 to 13 miles frowm the outcrop zone, compared
with data of head reported by Darton, 21 indicate that it is not
large-—at least not as large as the decline in the eastern part
of the area. This may be due partly to the fact that records in
the intake area do not extend back to such early years as those
farther east. The longest record, that of well 9, at Vale, about
13 miles fror the intake area, shows only a decline of 20.5 feet
in a period that may have been as long as 26 years or as short
as 18 years. Interpolation from the contours on Darton's map

indicate that the decline at some wells may have been as much
as 80 feet.

During the present investigation an effort was made to ob-
tain the available data concerning the decline of the arteslan
head since the beginning of artesian development. Accurate re-
cords of the head in former years in the part of the State west
of the kissouri River are very scarce, and generalizations must
largely be based on the memories of well owners and drillers as
to the pressure or the height to which the water would rise in
certain flowing wells at the time they were completed or in souie
later year, or the year in wihich certain wells ceased to flow,
indicating a water level at the top of the well.

The data collected on tihe cdecline in head have been arrangecd
according to counties and are presented in the folilowing table.
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20. Dparton, N. H., U.S. Geol. Survey Geol. Atlas, Newell folio
No. 209, p. 7, 1919.

21. Darton, N. H., Artesian waters in the vicinity of the Black
Hills, South Dakota: U.S. Geol, Survey Water-Supply Paper
L2g, 1916
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A report by John Bery 22 gives general inforuotion congern~
ing the pressure and flows of wells Py counties. That part of
the inforwmation which pertaine to tLe areca covered by the present
report may be summarized briefly as follows: Taere is cangicder-—
able waste of water in nearly all the counties, with pressures
and flows decreasing fast. In Butte, Gregoxry, Heade, and Stanley
Counties flows are obtained only on the lower lands. In Hughes
County the artesian head is falling about 4 feet a vear, and in
Stanley County from 3 to 5 feet a year.

A table given by Berg 23 ghows that in 1921-22 there were
in the area covered by this report 220 artesian wells, of which
203 were flowing. Thewe 203 wells flowed about 5,900 gallons a
minute, acceording to assessors! reports. In 1910-12, according
to the saine table, there were 122 artesian wells having a com-
bined flow of about 5,300 gallons a minute. Although the number
of wells was nearly doubled in the 10-year period, the combined
flow remained nearly the same. Thus the average flow of the

wells in 1910-~12 must have been reduced to nearly one-half by
l921-22.

From the cata just presented it is apparent that there has
been & persistent decline of the artesian head. The decline has
occurred in all parts of the area, but the amount and rate of de-
cline have differed from one locality to another. The greatest
decline recorded is in the =issouri Valley, along the east margin
of the area——more than 230 feet at Charberlain and 300 feet at
Pierre. This is partly expiainable by the lack of cdefinite re-
cords of the head in other parts of the area for the early years
of the artesian developuent, but doubtless also by the much great-
er draft in the Missouri Valley and the part of the artesian basin
east of the river. The decline has proceeded at a nuch slower
rate in recent years, because it has caused a decrease in yield
of flowing wells and a consequent decrease in draft from the ar-
tesian basin.

The importance of measureirents 8& the artesian wells in
South Dakota was recognized by Todd as. early as 1898. At
that time he recommended in part that "a careful record be kept
of the pressure in the variocus artesian wells in the different
parts of the State." It is to be regretted that systematic meas-
urements of pressure or water-~levels have not beecn made in the
rast. Provision should be made 1o obtain accurate and systematic
records of the head in a number of carefully selected and control-
lec wells, in order to accuuulate definite inforaation on which
to base conclusions as to the rate of depletion of the artesian
supply and as to rhether there is appreciable repleniehment of
the supply. A groundwork of such basic data is essential for
making sound and comprehensive plans in regard to the use and
conservation of the artesian water supply, whic. sooner or later
mnust be taken under consicderation.
22. Berg, John, Artesian wells: South Dazkote 3State Engineer 9th
Bienn. Rept., for 1921~-22, pp. 51-5b, 1922. _
23. 1Idew, pp. 51, 56.
24, Todd, J. E., Geology of Souti Dakota: South Dakota Geol.
Survey Bull. 2, p. 11, 1898,
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ARTESIAN WATER IN TEE LaKOTa SANDSTONZ

Beneatix the Dakota sandstone and separated from it by an
impermeable leyer of clay knovm as the Fuson shale lies the La—
Kota sandstone. 4s a source of artesian water in the western
part of the area it is at least equal to and periaps better than
the Dakota sandstone, larzely because of its greater thickness
and greater water-yielding capacity. In the outcrop area along
the northern edge of the Black Hills its average thickness is
about 150 feet, 25 but it thickens to wore than 400 feet in the
region south of Fairburn. In contrast, the Dakote sandstone in
208t of the repion from Whitewcod to Hermosa is less than 50 feet
thick but it increases in thickness south of Fairburn and reaches
a maximun of 200 feet at Buffalo Gap. Because the Lakota sand-
stone lies a2t greater depti than the Dakota sandstone, relativelv
few wells penetrate it except along the edge of the Black Hills,
close to its outcrop area. It seems to be the rule that wells
which penetrate the Lakota sandstone yield larger flows of water
uncer a greater head than those which draw from the Dakota sand-
stone. This may be due in part to the smeller draft from the
Lakota sandstone and & consequently smaller reduction in pressure
head. However, if the porosity and permeabilitvy of the Lakota
sandstone are equal to those of the Dakota sandstone, and there
is no reason to believe that they are materially less, the Lakota,
because of its greater thickness, especially in the outcrop ares,,
should contain a larger volume of water and should vield a larger
flow than the Dakota. The areal extent of the lLakota sandstone
is not definitely known, but according to the lox of the Standing
Butte well (No. 27}, it is present as far east as northeastern
Stanley County. Probably it underlies all or most of the area
covered by this investigation.

Some icdea of the difference betreen the Dakota sandstone:
and the rakota sandstone in both yield and pressure-is afforded
by wells that have been drillec through the Dakota to the Lakota
in search of additional water supplies. (See the table at the
end of this report.) The most easterly well for wiich a record
is available is the 2,293-foot municipal well at Prilip (No. 18)
drilled in 1934. according to hr. Junkman, carectaker for the
well, the first flow asouwnted to about 1 gallon a winute at a
deptn of about 1,980 feet. The flow increased to 4 or 5 gallons
a winute wiaen the well had reached a depth of about 2,080 feet,
presumnably near the base of the Dakota sandstone. The third flow,
wvhich is inferred to come from the Lakota sandstone, near the
botton of the vwell, amounted to 10 gallons a ainute. On June 30,
1935, the measured flow amounted to 14 gallons a 2inute, Accord-
ing to F. E. Phole, of Philip, Tne pressure of the water wvhen the
well had reached a depth of about 2,080 feet was alout 6 pounds
to the square inch.

25. Darton, N. H., and Paige, Sidney, U. 8. Geoi. Survey Geol.

atlas, Central Black Hills folio (No. 219), p. 12, 1925.
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It was not possible to measure the heacd when the vriter visit-
ed the well, in June 1935, because of the pump installation, but
two reported measurements of pressure after the well had been conm-
Pleted are available. The Norbeck Co.,_whigh drilled the well,
reported a pressure of about 25 pounds 25 to the square inch, and
kr. Junkman reported a pressure of 14 or 15 pounds to the square
inch. Hr. Junkmen questioned the accuracy of his iteasurenent, as
the gage he used was old and in poor condition. The report by the
Norbeck Co. has, therefore, been accepted as the 20re accurate of
the two. Thus in this well there was betveen the Dakota sandstone
and the Lakota sandstone an increase in yield of about 10 gallons
a minute and an increase in pressure of about 19 pounds to the
square inch, or an increase in head of about LU feet.

The 558-foot well of Frank Gruble (No. 1l4), drilled in 1931,
also penetrated both the Dakote sandstone and the Lakots sand-
stone. This well is within 3 or 4 miles of the outcrop area of
the two sandstones. at the time the well wes Adrilled the flow
from the Dakota sandstone was only about 1 gallon in 5 minutes,
but the flow frow: the Lakota sendstone was about 50 gallons a
minute. o measurement of pressure wos made at that time, but
Paul Gruble, the driller, statec that the pressure of the vater
from the Dakota sandstone was "very emall", and he estimated the
static level as not more than 10 feet above the laad surface. 4
measurenent made on Auzust 1, 1935, gave the static level of the
wvater in the Lakota sandstone as 110 feet above the land surfaoce.
Thus the head of the Lakota sancdstone is about 100 feet more than
that of the Dakota sandstone.

A well (No. 8) drilled at the Belle Fourche field station
of the United States Departizent of agriculture in 1935 penetrated
both the Dakote sandstone and the Lakote sandstone. On passing
through the Dakota between the.depths of 2,400 and 2,450 feet,
the wvater level rose within about 250 feet of the top of the well.
Drilling was continued tirouzh the Lekote sandstone from 2,540
feet to about 2,595 feet, and the vater level then rose within
about 75 feet of the top of the well. after cesing off the mater
from the Dakota sandstone the water level was about 65 feet from
the top. Thus there was an apperent difference in head of 185
feet between the two sandstones. On February 13, 1935, after the
well had been bailed for about 10 hours and about 22,000 gallons
of water had been removed, it began to flow at the rate of 25
gallons a alnute. A weasureizent on February 14, 1935, showed a
pressure of Y4 pounds to the square inch. On March 4, 1935, after
the flow had been shut off for daye, the pressure was 9 pounds
to the square inch before the well was opened. The flow, measured
imuediately after the well was opened, was 33 gallons a minute.
It seewms evident, therefore, thet the bailing operations removed
the muddy water and cleared up the well, as nudés woter has a
higher specific gravity than clear water, the water level evident-
ly did not rise to ite norual position until the water in the well
- becane clear. Ead this operation been carried on when the Dakota
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25. Norbeck, George, vritten communication.

- 52 —



sandstone was penetrated, the water level would no doubt have
stood closer to the top of the well than it did. 4is the result

of the bailing, the level of the water from the Lakota sandstone
rose about 85 feet.

It seews evident that the Lekota sandston: will vield o rger
flows under greater pressure than the Dakota sandstone, at leest
as far east of the Black Hills as Philip and probably as far as
the wmissouri River. 1If this condition does persist to the kis-
souri River, the lLakota sandstone forus a potential supply of
artesian water that hitherto has been but slihtly ceveloped. It
is of yreat importance to resicents within the area, especially in
localities wherce wells drawing from the Dakota sancstone have
ceased or nearly ceased to flow. In these localities it would
generally be poseible to drill new wells or despen existing wells
to the iLokots sandstone, and thereby again to obtain artesian
flows. In future development of water supplies in the central
and eastern parte of the area the Lakota sandstone offers pos-
sibilities that should not be overlooked. A4 statement in regard
to the chiaracter of the water is given under the heading "Quality
of water.

Locally, at least, there has been a decline in head of the
water in the Lakota sandstone. The only measure of this decline
wag obtained from the municipal well at Belle Fourche (No. 3).
This well, except in emerzencies, is 1o longer usecd as §6water
supply and has been shut off for several years. Darton gives
& reported pressure of 45 pounds to the sguare inch on this well,
equivalent to a static level of about 104 feet above the. land
surface. A measurement of the pressure on August 22, 1935, gave
a static level of only 32 feet above the land surface. 48 the
water supply of the Lakota sandstone has not been developed ex-
tensively, it is believed that the decline in head that has occur~
red up to the present time is largely confined to more or less
local areas in which there has been development. The principal
area in which the Lakota has been tapped borders the outcrop zone
along the northeastern edge of the Black Eills, from the viecinity
of Belle Fourche to the vicinity of Fort keade. kany wells are
reported to draw water from the Lakota aandstone in the district
around Beile Fourche.

. e o et O e s S P e e St B il Bt s s e (D N T i T e S e S i A A W ot S S e it V) e e St e Y S A o et S e Pt

26. Darton, N. H., Geology ancd undergrounc waters of South
?sggta: U. 8. Geol. Survey Woter-Supply Papex 227, p. 78,
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ARTESIAN WATER IN THE KINNELUSA S.uDSTONE AND THE DEaDW(COD FORLATION

Beneoth the Loakota sandstone and separeted from it by about
1,000 feet of shole, sondstone, and limestone lies the kinmelusa
sandstone. As a source of water supply the Minnelusa can prob-
ably be considered only in a relztively narrow strip close to its
outcrop arec along the ecdge of the Black Hills, where it can be
reached at noderate depths. Where it occurs in other parts of
the State it lies so deep that it cannot be cdeveloped es & source
of water except at very heavy cost. Wells that penetrate it along
the edge of the Black Hills yield water copiously. .The Bear Butte
well (No. 12), about 5.5 :iiles north and east of Sturgis, is per-
haps the best example. This well was originally drilled as an
oil test hole but was abandoned because of the large flow of water
encountered in the Limnelusa send. according to reports the flow
was about 3,000 zallons a minute ot the time the well was Crilled.
Various unsuccessful attenpts have been made to control the well.
When the writer visited it on July 31, 1935, the flow was esti-
mated as between 700 and &00 gallons a minute, coming through an
opening in the side of the casing.

The 1,225-foot well of St. kartints acadexy (No. 13) in
Sturgis, at an altitude of 3,465 feet, drilled in 1935, is too
high to afford a flow, the water standing about 288 feet below
the land surface. (See table of well records) Tihe well is
pumped and vields water of zood quality and in quantity more
than sufficient for the neeccs of the academy. Many flowing wells
in the vicinity of Spearfish and some in the vicinity of Rapid
City draw water from the kinnelusa sandstone.

4 comparison of the water-yieldiny capacity of the MNinne-
lusa sandstone and the underlying Detdwood formation is afforced
by the Rapid City municipal well (No. 15) drilled in 1935 to a
depth of .1,463 feet. According to E. L. Sneckenberser, city
wanager, the well passed through the Minnelusa sandstone at
about 920 feet ond penetrated the Deadwood formation. Mhr. Sneck-
enberger reported that the kinneluse sandstone at first yielded
a flow of about 300 gallons a minute and the shut-in pressure
of the water was about 11 pounds to the square inch, but the
Deadwood formation yielded only about 160 gallons a minute, al-
though the shut-in pressure was about 62 pounds. The etatic
level of the weter from the hinnelusa sandstone wes about 25 feet
above the land surface, or about 3,425 feet above seo level, and
that of the Deadwood formation about 143 feet above the land
surface, or about 3,543 feet above sea level. Water from the
Mjinnelusa sandstone had a temperature of 52 F. and that from the
Deadwood formation 6HURF. 2

On cowmpletion ¢f drillin. operations, with the liinnelusa
sandstone cased off, the well was shot at a depth of 1,460 feet
with 160 quarts of nitroglycerine, and the flow of the Deadwood
formation then decreased to about 60 gallons a minute. After
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the shooting the well was cleaned out and the casing perforated,
so that the water comes from both formations. The combined flow
of the two formations was about 340 gallons a minute in February
1935, but it had decreased to about 250 gallons a minute by July
1935. |

E. M. Sneckenberger, city manager of Rapid City, reported the
following results of a pumping test mede on well 15 in July 1935:

M
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Specific capacity

Draw-down Discharge (gallons per foot
(feet) (gallons a minute) of draw-down)
27 315 11
1 430 11.
2 460 11.0
4,5 496 11.1
64 640 10.0

When the draw-down exceeded 64 feet the specific capacity began to
decrease notably, and therefore the test was not carried further.

TEMPERATURE OF THE ARTESIAN WATER

There was no opportunity in this brief investigation to make
an adequate study of the temperature of the arteslan water and its
geologlc and hydraulic interpretation. However, the temperature
data that were obtained are recorded in the table of well records
for future use. Except as otherwise indicated the recorded temp-—
eratures were obtained by the writer at the mouth of the well aftd
it had been discharging for some time.

In general the temperature of the artesian water from the
Dakota sandstone increases eastward from the Black Hills for a
distance ranging from 100 to 150 miles and then decreases irregul-
arly toward the kissouri River, The computed depth-temperature
gradient, or number of feet in depth for each increase of 10 #, in
temperature of the water is not at all uniform. It ranges from
about 9 fcet in the vicinity of Chamberlain to about 23 feet at
the Whitehorse well (No. 26), in the Cheyenne River Indian Reser-
vation. Except in well 26 the depth-temperature gradient appears
to decrease from the Missouri River toward the west. At the J. T.
Singleton well and the Bierwagon well (No. 21), near West Fork,
and the Red Scaffold well (No. 25), in the Cheyenne River Indian
Reservation, the temperature increases 19 F, for about each 20
feet of depth.

The highest temperature recorced for water coming from the
Dakota sendstone was 120° F., at well 25.

The highest tewmperature noted in the area was 130° F., at the
deep well of the Weaver 0il Co. (No. 17), eouth of Kadoka. The
formations from which this water was coling is not certainly
known but is believed to be the Lakota sandstone.



QUALITY OF WATER

During the course of the investigation nunerous inguiries
were nade of well owners as to the quality of the artesian water,
_ especlally as to its potability and hardness. It was learned

that the water from all the wells along the edge of the Black
Hills is considered potable and is generally soft. A few well
owners reported hard water. Analyses of water from wells € and
25 (below) show more fluoride than is considered desirable in
water to be used by children. The dental defect known as "rot-
tled enanel" has been definitely associated with the regular
drinking by children of water with as rmuch as 2 parts per million
of fluoride. additional analyses would probably show excessive

anounts of fluoride in other well waters that have been consider—
ed acceptable for hunan use.

In the northeastern part of the area nost of the water was
found to be not potable though generally soft. In the south-
eastern part it is used for drinking and donestic supply, al-
though the water is hard except that a few well owners reported
soft water. 8o far as could be learned during the course of
the investigation all the water was suitable for livestock use.

All the reported nonpotable water carries varying gquantities
of inflarmable gas and is very saline. The high degree of sal~
inity renders it unfit for culinary use. As a general rule
the test by which the local residents deterniine potability is
whether or not the water can be used 0 make coffee. In the
area of nonpotable water the residents depend chiefly upon sur~
face water or rain and snow water collected during storms and
stored in cisterns. In some localities there are shallow wells
that obtain water fro: deposits of sand and gravel. These wells
are usually located in the gravel terraces clong streams or in
the alluviun of the strean valleys. The quality of the water
from sonme of these wells is good and that from others bad. Many
of these shallow wells became dry during the drought of 1933~3L4.

In the southeastern part of the area wells yielding soft
water were found only a few miles distant from wells yielding
hard water. Both the hard and soft water wells were apparently
supplied fron the Dakota sandstone. It was noted also that
practically all the wells in the eastern part of the area yield-
ed water containing a considerable amount of iron. Red and
reddish~brown deposits and stains were coryion in the tanks and
stock troughs and on plumbing fixtures.

No samplgs of water were collected for chemical analysis
during the course of the investigation. However, the records were
obtained by several chermical analyses which have been made from
tine to time by other agencies. In addition chenical analyses of
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the artesian water have been published in early repbrts.27 The
analyses that were collected are given below.

Well 8, 2,600 feet deep, 12~% inches in diameter, in the NE

sec. 24, T. 9 N., R. 5 E., Belle Fourche field station, U. S.
Department of Agriculture.

8a., Sample collected from Pierre shale at 50 to 60 fest.

8b. Sample collected at depth of 2,200 feet (200 feet

' above top of Dakota sandstone) after the well had

penetrated the Lakota sandstone.
8c, Sample from Lakota sandstone at depth of 2,580 feet.
8d., Sample from Lakota sandstone at 2,600 feet.

Analysts: & a, L. V. Wilcox; & b, 8 ¢, Wilcox and Hatcher;
g 4, Wilcox, Higgins, and Hatcher, U. §. Department of Agriculture.

12. Bear Butte well, 690 feet, 10 inches in diameter, in the
SWg sec. 18, T. 6 N., R. & E. Water from Minnelusa sandstone.
Because of the small amount of casing in the well it is possible
that some water from overlying formations may be mixed with water
from the Minnelusa sandstone.

15. Municipal Park well, 1,463 feet deep, 10 inches in
diameter, in the NWg sec. 9, T. 1 N., R. 7 E., owned by Rapid City.
Water from Minnelusa sandstone and Deadwood formation.

18. Well 2,293 feet deep, 6 inches in diameter, in the SWE
sec. 13, T. 1 N., R. 20 E., owned by city of Philip. Water from
Lakota sandstone.

19. Well 1,842 feet deep, 3 inches in diameter, in the NWE
sec. 13, T. 1 N., R. 23 E., at Nowlin. Owned by Chicazgo & North
Western Rallway Co. Water from Dakota sandstone.

Analysts: 12, Higgins, Hatcher, and Wilcox, U. 8. Department
of Agriculture; 15, Wilcox and Nelsen, U. S. Department of Agr-
iculture; 18, B. A. Dunbar, South Dakota State College; 19, Guy
G. Frary, State chemist.

21l. Well 2,090 feet deep, 4 inches in diameter, in the NWE
sec. 11, T. 6 N., R. 21 E., owned by Dan Bierwagon estute. Water
from Dakota sandstone.

25. Norbeck well, 2,385 feet deep, 6% inches in diameter, in
the SEx sec. 6, T. 9 N., R. 19 E., 30 miles southeast of Fair, on
Cheyenne Indian Reservation., Water from Lakota sandstone.

46. Well 1,836 fect deep, & inches in diameter, in the SWi
sec. 25, T, 41 N., R. 27 W., at Wood, owned by Chicago & North
Western Railwaey Co. Water from Dakota sandstone.

- S s ot S G S P e ot T G s S s W s i TS Sie Gwn S

- 27. S8hepard, J. H., The artesian weters of South Dakota; South
Dakota Agr. Coll. and Exper. Sta. Bull. 41, 1935. Darton,

N. H., Geology and underground waters of South Dakota: U. S.
Geol., Survey Water-Supply Paper 227, 1909; Artesian water in
the vicinity of the Black Hills, South Dakota: U. S. Geol.
Survey Water-Supply Paper 428, 1914.
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- 47. Well 1,681 feet deep, & inches in diameter, in the
WWi sec. 12, T. 40 N., R. 25 W., at liosher, owned by Chicago
& North Weetern Railway Co. Water from Dakota sandstone.

Analyasts: 21, Smith-Emery Co.; 25, Wilcox and Nelson,
U. 8. Department of Agriculture; U6, 47, H. D. Browne, Chicago
& North Western Railway Co.

A, Well in the NE{ NE: sec. 14, T. &, R. 4, near Nisland,
owned by Peter Vallery. Water from Dakota sandstone.

B, Well in the SE{ SE: sec. 11, T. 8, R. 4 near Nisland,
owned by William Burke. Water from Dakota and Lakota sandstones.

¢, Fort Meade well, 360 feet deep, % inches in diameter,
at junction of highway 24"and entrance road to Fort Meade
from the west, on the south side of the road, C.C.C. camp 1728.
Water from Lakota sandstone.

D, Zeal well, 2,970 feet deep, in the NW{ sec. 16, T. 9 N.,
R. 17 E., Mieade County. Water from Lakota sandstone.

'E, Well owned by South Dakota State cement plant at Rapid
City. Water from Minnelusa sandstone.

Analysts: A, B, C, E, U. 8. Department of Agriculture;
D, Guy G. Frary, State Chemiset.
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 Analyses of watel from wells in the west-central part of
South Dakota: (Numbers at heads of columns correspond to numbers
in table of well records)

_________________________________________ Parts per million _____.__
U, ga _____ g8b 8o _____ €4
Date (1934).......... ceeenan July 12 OGt 3 Oct. 3 Nov. 26
Silica (Si09)...vvvvvvnnns . - - -
Iron (Fe)e.r e iniennnn - - - —
Calcium (0a)e. .. vvuuernaens - 0.8 0.4 4.0
Magnesium (Mg).............. -- 2.4 2.0 2.0
Sodium (Na)....oovvewennnnn.. 5,055 261 393 410
Carbonate (COx).v.vvuveo.un. 51 124 50 2L
Bicarbonate (QCOZ) .......... hey 321 K24 589
Sulphate g ............. . _— &7 %37 361
Chloride 015 .............. . 2,616 39 2 2.9
Fluoride (F)evueeverenunnnsn. . - 2.2 k.o b2
Nitrate (N03) ............ ‘oo - .62 .62 Trace
Boron (B)eed e ' - g 33U 28
Sum of constituents reported 8,152 676 1,061 1,104
Total hardness as Caco3 ..... — 12 9.2 18
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Analyeses of water from welle in the west—central part of
South Dakota - continued. Parts per million

e o . — o} A St o o A e S et Y o o T ¥ S 8 e e e s VA A e At b e e S S g e S e e A My U e e PP " Al S ekt A i . o S T o T ot v T

X215 18 19
13- SO Ceeeean 10/16/34 UW/2/35 -— —
Silica (6102)..............d - - 38 28
I70N (F€)er e renneeennnennnn — —~— — -
Caleium (Ca)...... .o 288 43 8.8 6.4
Magnesium (Mg)........ PP 61 19 2.0 1.5
Sodium (Na).e. ieovuuennernnn 2.3 7.8 720 385
Carbonate (CO0z)ee. vevenenns 0 0 5l 13
Bicarbonate ( COz)evneenenn. 210 225 1,305 231
Sulphate (80))..%cecie.. coes 752 18 g.1 23
Chloride (013 ............... 5. 3 - 259 410
Fluoride (F)pevueeeeennnnnn .2 - -
Nitrate (NO3) ............... 62 — — -
Boron (B)e.”eeeenieenennnn. .07 .04 —_— -
Sum of constituents reported 1,213 199 1,733 981
Total hardness as GaCOB..... 970 185 30 22
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Analyses of water from
South Dakota - continued

welle in the west-central part of

_________________________________________ Parts per mwillion _._____. .
________________________________ 21 25 ... e _____ 47 ____
DBEE. .. v errraren e, - 3/13/35 - —
Silica (8i05).cuvvvvrvennun. 11 - 26 20
Iron and Al?minum oxides - ¢
Feo0z-A1,0%) ... . - 3. .5

Caloium (0a)...2...2.0 .. 70 9.6 10 71
Magnesium (Mg).......eviens 23 5 k.9 9.8
Sodium (Na)e:.cowerevannnnn 2,512 2,197 687 516
Carbonate (COx}.vvevvonenrnn 0 0 - -
Bicarbonate (§003).., ...... 12£ 1,696 1,033 451
Sulphate (SOy)..%..... . 4,55 A 172 768
Chloride (Cl)......... SN 632 2,417 362 120
Fluoride (F).oiveeerenennns —— 2.8 - -
Nitrate (NO;) ............. . - 1.9 —— —
Boron (B).od e eeeannnnann - 7.7 - ~--

Sum of constituents reported a/ 7, 870 5,477 1,774 1,727
Total hardness as CaCOsz.. L2 by 214
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Analyses of water from
South Dakota - continued,
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wells in the west~central part of
Parts per million

e et e S oy T s T i e s e et it s S e S e W e ) e o e WA S e

B e i o . A S S i S Wi et e i it S e S G ol i G b e

________________________ A B __ G D _______E____
101K 1Y - SR 10/34 10/34 3/21/35 — 10/23/34
Silica (8i02)........ — 8.5 -
Iron (Fe).o.enn.n Cee - 1.5 -

- Calcium (Ca)......... 7 2 uo U5 14 U5
liagnesium (hg) ....... 2.1 14 7 4.9 21
Sodium (Na)...... 250 111 8 776 3.2
Carbonate (C03)...... 0 0 0 - 0
Bicarbonate (%003) 291 24o 345 Les 231
Sulphate (SOy).. 300 208 795 KO 22
Chloride ?Ol% ..... . 19 5.3 7.8 b 3.6
Fluoride (F)e..ove... . .2 .2 —— .2
Nitrate (NOB) ........ Trace Trace 1.9 - 1.9
Boron (B)..%... R .18 .06 .11 - .04
Sum of constituents
Teported. voveeceernnn 734 512 1,379 2,183 211
Total hardnegs as _ '
Cal0greeeenneeeennns 27 157 920 55 199
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UNDERGROUND LEAKAGE

Causes of leakage

The chief causes of underground leakage of wells are defect-
ive construction and corrosion. Defective construction is usu-
ally the result of using inadequate equipment or of hiring in-
competent or inexperienced drillers who are not familiar with
the ground-water conditions of the area. It is not known to
what extent defective construction has caused underground leak-
age in wells in South Dakota, but, especially in recently dril-
led wellg, it is believed to be small.

The principal cause of underground leakage and often com-
plete failure of the well igs corrosion of the metal casing --
essentially an electro-~chemical process accomplighed through the
agency of water and resulting in deterioration and destruction
of the casing in wells. In many of the wells examined the sur-
face pipe and fittings were so badly corroded that they were
unfit for further use. Owing to the corrosive action of the
water many of the wells have been recased once and some two or
three times. With the possible exception of a narrow strip along
the edge of the Black Hills none of the area appeared to be en-
tirely free from corrosion of the casing. The corrosive action
wa.s much worse in the areas of nonpotable water —— that is,
water carrying gas and having a high salt content ~- than in
the area of potable water. It is a significant fact that the
casings of flowing wells deteriorate sooner than those of non-
flowing wells. This may be due, to some extent, to the mechan-
ical wearing away of the casging by flowing water, but it is
believed to be due in greater part to the larger amounts of
corrosive galts or acids that are brought into contact with the
casing. Thus to reduce the flow of the well would increase the
life of the casing.
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The history of well 41, used to supply gas to the city of
Fort Pierre, indicates that cast-iron casing laste longer in wells
in this territory than wrought-steel casing. Thise well was drilled
in 1905. 1In 1909 it was recased with 6-inch wrought steel casing.
In 1920, because of the failure of the 6~inch casing, it was re-
cased a second time with 4-inch cast-iron casing having wrought-
steel couplings at the joints. The lengths of casing were not
screwed far enough into the couplings to form a tight butt joint,
and therefore a small gpace wag left between the ends of each two
lengths. In August 1935 the yield of the well had decreased to
about one-half its normal yield and Anton Sather, well driller,
wags hired to recondition it. uir. Sather attempted to pull out the
string of 4—inch cast-iron casing, but found that the wrought-steel
couplings were so badly corroded that they would not hold together.
The couplings apparently were corroded where they came into contact
with the water in the narrow gpace left between the ends of the
lengths of casing. It was possible, however, to remove about 200
feet of U—~inch casing. As the well was found to be clogied near
the bottom, it was cleaned out to its original depth. The clean-
ing operations were difficult, because splinters and scale from
the top 200 feet of the b6-inch wrought-steel casing, vhich was
badly corroded, continually fell into the well. After being clean-
ed the 200 feet of U-inch cast-iron casing was replaced, and the
yield of the well returned to its former flow. The cast-iron
casing after 15 yeare of service was still in good condition. The
type of casing best suited to combate the corrosive action of the
‘water presents a problem that should not be overlooked in fubure
development. A relatively small amount wisely spent when a well
ig finighed may save much in the future.

In view of the general character of the formations overlying
the Dakota sandstone it would appear that there is little opportun-—
ity for underground leakage. There are, however, in these over-
lying formations thin strata of permeable sandstone that carry
water under a low head. The largest and most persistent of these
strata is reported to occur from 100 to 300 feet above the top of
the Dakota sandstone. According to Mr. Sather, who has drilled
extensively in the eastern part of the area, the water from this
stratun of sandstone has a higher head now than the decade 1900
to 1910. Such a condition suggests underground leakage of water
from the Dakota sandstone into this upper sandstone and possibly
into other permeable strata.

Well 40, in Fort Pierre, is suspected to leak underground, as
its static water level is considerably below that of nearby wells.
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Additional work and examination of wells by means of a deep-well
current meterc® would be necessary before the extent and amount of
underground leakage could be determined. '

Wild wells

Throughout the western part of the State, and doubtless in
the eastern part also, there are numerous "wild wells" --that is,
wellg which flow unrestricted or only partly restricted the year
around and whose water is not put to beneficial use. The largest
of these are the Standing Butte well (No. 27) and the Bear Butte
well (No. 12). hen visited during the sumaer of 1935 the Stand-
ing Butte well was flowing about 1,000 gallons a minute and the
Bear Butte well between 700 and 8Q0 gallons a minute. There are
numerous others throughout the area, especially in the lowlands
along the Missouri River and in the valleye and along tributaries
of the Bad and White Rivers.

No attempt was made to visit and record all the reported wild
wells, but some information in regard to them was collected.
Several such wellg in Chamberlain were drilled between 1890 and
1900 ag power wells and were used to operate a flour mill and an
electric-light plant. BEventually the pressure decreased so great—
ly that the wells were abandoned as a source of power. 5 e origin-
al yield of these wells, according to reports by Shepard~’ and
Darton,30 ranged between 1,450 and 5,000 gallons a minute. The
combined flow from six of them, estimated from these same reports,
- must have been in the neighborhood of 20,000 gallons a minute. In
1915, according to Derr,3t three of these wells, two 6-inch and
one 8-inch, becauge of defective or corroded casing, had broken
out underground and were running "wild." The cowbined flow of the
three wells at that time was estimated as about 3,000 gallons a
minute. A pool about 200 feet in diameter and of unknown depth
had been formed and a large channel eroded to the Missouri River
a short distance away. On account of erosion of the channel and
slumping of ground around the pool, a highway bridge had been
completely undermined, and the foundation of a flour mill had been
50 badly cracked that the building had to be moved. When the
writer visited the wells, in July 1935, they were reported to be
still flowing, bubt because of a high stage of the Missouri River,
backwater had flooded the eroded channel and well.
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Most of the wild wells are not equipped with shut-off valves,
and on those that are so equipped the valves are so badly rusted
that they cannot be closed. Some have been allowed to flow unre-
stricted since they were drilled 10, 20, or even 30 years ago.
There are other wells that flow unrestricted but are not classified
as wild wells because part of the water is put to some beneficial
use, though this part is usually a small percentage of the total
flow. The total wvaste from all these wells is great. Thus in a
vear the flow of water from the Standing Butte well is sufficient
to cover an area of about 2¢ square miles 1 foot deep. The total
amount of water wasted is without a doubt much more than the
amount used. Curtailment of this waste would lessen the rate of
the decline in head and would at least postpone the time when
present flowing wells will cease to flow. It is essential to any
effective plan of future water conservation. From time to time
lawg have been enacted to conserve the artesian water, but owing

to lack of enforcement there has resulted little if any real con-
servation.

An act passed by the State legislature, during the sesgsion of
1919, known as Senate Bill 25, is quite definite in its require-
ments concerning the control of the flowing wells with large yield.
It reads in part as follows:

"Every owner of a well capable of delivering more than
twenty-five (25) gallone a minute, shall provide and sustain

a valve or valves, capable of controlling the discharge of

the well, and only such escape of water ghall be allowed as

corresponds to the taxes assessed and paid for that year."

A penaity is provided for violation of this section of the
act.

DETERMINATION OF HEAD AT PROPOSED WELL SITES

The altitude to which the water from the Dakota sandstone
may be expected to rise is shown on the accompanying map by
contours of the piezometric surface. Thus by means of these con-
tours it is possible to estimate the altitude to which the water
will rise at a proposed woll site. In oxrder to determine whether
the well will be flowing or nonflowing it is also necessary 10
know the altitude of the land surface at the site. Wherever the
piezometric surface is below the land surface nonflowing wells
will be obtained, and wherever it is above the land surface flow-
ing wells will be obtained. The depth at which the water will
gstand in a nonflowing well may be egtimated by subtracting the
altitude of the piezometric surface from the altitude of the land
surface at the proposed site. The approximate height above the
land surface to which the water will rise in a flowing well is
found by subtracting the altitude of the land surface from the
altitude of the piezometric surface. To. obtain an estimate of the
shutin pressure, in pounds to the square inch, at a prospective
flowing well, the computed height in feet, to whieh the water will
rige above the surface should be divided by 2.3. For instance, if
at the proposed well gite the altitude of the land surface is
1,900 feet and that of the piezometric surface as showm on the map

-6 -



is 2,000 feet, the well may be expected to flow, and the computed
forecast of the shut-in pressure will be about ﬁ} poundg to the
square inch. It should, of course, be understood that the actual
pressure may deviate considerably from the forecast, especially

in localitles far from wells on whieh measurements of head were
obtained, Also, it should be remembered that the accompanyl

map represente the plezometric surface as it wag in 1935 and that
forecasts made after a lapse of a few years will be in error by an
amount equal to the decline in head since 1935.

: If, as is contemplated, artesian wells are to be drilled to
relieve water shortage in certain localities, further and more in-
tensive investigation of the localitlés ie desirable. It is quite
obvious that the scope and extent of an investigation such as the
present do not perialt an intensive study of every locality. In
fact, such a sgtudy can best be made after the limits and areal
extent of the locality have been determined. Strategic selection
of the gite for the first well drilled will give valuable informa-
tlon that can be used in selecting the sites of subsequent wells.
Ag topographic maps are lacking for most of the area, the altitude
of the land surface at the proposed well site will have to be
determined, preferably by instrumental leveling from a beneh mark
of known altitude. a perranent beneh mark should be establighed
at each well site, in order that the altitude of the water level
in the well can be determined at any tine in the future, regard-
lees of changee that may be made at the mouth of the well. If
flowing wells are desired it may be necessary to prepare a topo-
graphic map of some localities in order to determine the low
pointe of the land surface. After the well is coupleted provision
should be made for measuring the water level. In nonflowing wells
this may be done by leaving an opening through which a tape may be
lowered to the water surface. In flowing welle valves should be
provided so that the flow can be shut off and a pregsure gage
attached. leagurements of water level in the wells should be made
periodieally, as the resulting data will be valuable in future
studies of artesian conditions. o

The maximum gize of the well will depend upon the Quantity of
water degired and the cost of drilling. In view of all the factors
that might influence the life and usefulness of the well, it seeus
desirable that the top diameter should be not lesa than 4 inches
and preferably larger. '

In order that some idea may be formed as to the parts of the
area where flowing wells may be obtained and the approximate 1lift
that will be reguired in different parts of the area where the
artesian water will not rise to the surface, the subject ls dis-
cussed briefly below.

In the lack of topographic maps for most of the area 1t is
not possible to make specifie statements regarding the area of
flow or the amount of 1lift in the areas that are too high for a
flow. The area ia traversed by four principal streams -~ the
Migsouri River, the Cheyenne River, the Bad River, and the White
River -~ and is drained by numerous tributaries of these streanms.
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Some of thede streams and some of their tributaries have broad,
gently sloping valleys, but others are so deeply entrenched that
the relief may be as much as 500 feet. Thus the area of flow or
the amount of 1lift depends upon the configuration of the land sur—
face. The subject can best be discussed geographically by counties
or a grouping of counties.

Plains region bordering the Black Hills: This region comm
prises that part of Butie, Meade, Pennington, and Custer Counties
which lies east of the outcrop of the Dakota sandstone. 1In Butte
and iieade Counties flowing wells or nonflowing wells of moderate
1ift may be obtained in a district a few miles wide adjacent to the
outcrop area. There are no known flowing wells from the Dakota
sandstone in Pennington and Custer Counties, but flowing wells can
probably be obtained in the lowlande for a few miles east of the
outcrop. It ie not probable that any flows will be obtained on
the hogbacks or on the ridges between the gtream valleys. Flowing
wells may possibly be obtained in the southeastern part of Penning-
ton County in the viecinity of Conata. The northern and eastern
parts of Butte County and the central part of lieade County are
believed too high to afford flows in the Belle Fourche Valley. In
the eastern part of keade County flowing wells can be obtained in
the stream valleys of Cherry Creek and the Cheyenne River. 1In an
oil test (Zeal well) at an altitude of 2,177.8 feet, drilled in
1927 in the Nig sec. 16, T. 9 N., R. 17 E., a few hundred feet west
of the highway bridge over Cherry Creek, an artesian was obtained
from the Dakota sandstone at a depth of 2,600 feet. It is not
likely that flowing wells will be obtained in central and north-
eastern Pennington County and eastern Custer County except in the
Cheyenne River Valley and on some of its major tributaries.

Cheyenne River Indian Reservation: This area includes the
counties of Armstrong, Dewey, and Ziebach. Flowing wells may be
obtained in the valleys of the Moreau River, liissouri River, Chey-
enne River, and Cherry Creek and far up their major tributaries.
Here these streams are all deeply entrenched, and flows cannot be
expected on the uplands. For instance, it is estimated that at an
altitude of 2,360 feet, on the divide between the Moreau and Chey-
enné Rivers, the water will rise only within 500 or 600 feet of the
surface..

Haakon and Stanley Counties: These counties lie for the most
part between the Cheyenne and Bad Rivers. Except possibly in
southwestern Haakon County, flowing wells may be obtained in the
valleys and for a considerable distance up the tributaries of these
two rivers and in the valley of the Missouri River. Flowing wells
were formerly obtained on the uplande in Stanley County, but the
decline in head has been so great that this is no longer possible.
It is estimated that in the vicinity of the kilesville post office
(altitude 2,345 feet), in Haakon County, the water will rise within
about 150 feet of the surface; in the vicinity of Moenville post
office, between 150 to 200 feet of the surface; and in the vicinity
of Sansarc post office, in Stanley County, between 150 feet and
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more than 200 feet of the surface, according to the topographic
situation. At well 22, owned by Julius Roseth, about 1} miles

west of koenville, the water rose within 9 feet of the surface.
However, this well is on the valley floor of a small creek that is
entrenched about 150 feet below the surrounding plain. Thus the
depth to water on the surrounding plain would be greater than 150
feet. The post offices just mentioned are in the drainage area of
the Cheyenne River, the land surface rising to the south, and hence
on the divide between the Cheyenne and Bad Rivere the depth to the
water level would be greater.

At well 31, about 2 mileg south of Hayes, in the flood plain
of Frozenman Creek, the artesian water has a gtatic level of about
Lo feet above the land surface, but it is doubtful if a flowing
well would be obtained at Hayes, which is about 60 feet higher.
The depth to the water level in well 33, at the old Heers post
office, was reported as about 80 feet, and in well 30, owned by
Clyde Shaffner, about & miles northeast, 1t was reported as about
125 feet. In well 39, owned by Gradena Giddings, on a bluff over-
looking the Missouri River, the depth to water ig about 55 feet.

It is believed that for all of Stanley County and at leagt the
eagtern part of Haakon County the maxinmum pumping 1lift for wells
on the uplands would not greatly exceed 250 feet.

Jackson and Jones Counties: These two counties lie between
the Bad and White Rivers and occupy a position similar to that of
Haakon and Stanley Counties. Flowing wells can be obtained in the
valleys of the Bad River and some of the larger tributaries in
Jones County and to some extent in Jackson County. Flowing wells
can alsgo be obtained in the valley and major tributaries of the
White River in both counties. It seems probable, from a comparison
of the contours of the piezometric surface and the altitude of the
land surface, that flowing wells could be obtained in the southwest
corner of Jackson County in the vicinity of Interior and possibly
as far east as Weta, although this cannot be stated definitely.

On the divide between the Bad and White Rivers from Kadoka east to
Draper the water will rise within 200 to 400 feet of the surface.
The following figures are only approximate but will give some idea
of the 1ift that would be required: Kadoka 300 feet, Belvidere
200 feet, Stamford 350 feet, Okaton 375 feet, lurdo 375 feet,
Draper 325 feet.

Washabaugh and kellette Counties: Flowing wells may be ob-
tained in the valley of the White River and up its tributaries in
both these countiesg and far up the Little White River Valley in
Mellette County. Very little is known about the altitude of the
land surface in Washabaugh County, and therefore no predictions
can be made as to the amount of 1lift on the uplands. This is also
true of the western part of Mellette County. In the eastern part
of liellette County the wells at Wood and liosher, owned by the
Chicago & North Western Railway Co., afford data on the amount of
1ift. In 1930 the depth to water in well 46, at Wood, was about
160 feet, and in well 47, at iiosher, about 88 feet. Because of
the general decline in head since that time the depth to the water
level at present is somewhat greater.
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Lyman County: Fommerly flowing wells could be obtained in all
parts of Lyman County except the high ridges and buttes. At pres-
ent the area of flow ig restricted to the valleys of the iiissouri
and White Rivers and, for some distances, their tributaries. 1In
the broad valley of ledlcine Creek, which is the largest tributary
of the uissourli River draining Lyman County, flowing wells can be
obtained from a point about midway between Vivian and Presho to
its mouth. '

It ipg estimated that at McClure (altitude 1,917 feet) the
water level would rige within about 120 feet of the surface. it
well 48, owned by the Rural Oredits Board of South Dakota, near the
north boundary line of the county, the depth to the water level is
about 40 feet. In the eastern part of the county the water rises
about 32 feet of the surface at well 62, owned by Andros Kenobbie;
within about 55 feet of the surface at well 61, owmed by the town
of Reliance; and within about 115 feet at well 64, owned by Erwin
Blum and near the bluffs overlooking the lLissouri Valley. In well
69, owned by Ben Fulwider, about 1 wmile north of Iona, in the

gouthern part of the county, the depth to the water level is about
75 feet.

v Tripp County: Flowing wells can be obtained in this county
in the valley of the White River and far up its major tributaries,
such as Cottonwood Creek, Dog-Ear Creek, 0ld Lodge Creek, No
Hoccasin Creek, and Black Dog Creek. The water will not rise to
the gurface on the divides between these tributaries, but the
height that the water would have to be lifted can not be predicted
becauge of the indefinite information as to the surface altitude.
In well 73, about 5 miles northwest of Whitten, the water rises
within about 17 feet of the surface; in well 7&, about 4 miles
northwest of Winner, it rises within about 68 feet of the surface;
and in well 75, owned by Dr. 8. E. 8ibley and located in the valley
of the Vest Branch of Bull Creek, it rises within & feet of the
surface.

Gregory County: Flowing wells can be obtained in the valley
of the lLiissouri River and up its tributaries in this county. The
divides and uplands are too high to afford artesian flows, but
nonflowing wells with only a moderate pumping 1lift may be obtained
far up the slopes of the stream valleys.

SUMMARY

The Dakcta sandstone underlies all of western South Dakota
covered by this report from its ocutcrop along the Black Hills
eagtward to and beyond the limite of the area. It forms the prin-
cipal source of artesian water supply in the area. It dips s0
steeply toward the east from its outcrop that in almost the entire
wegtern part of the area it lies so deep that the only wells which
have penetrated it are oil prospects. The dip decreases farther
east, however, and in the eastern part of the area the Dakota
gsandstone has been extensively developed for water supply. The
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hydraulic gradient and consequenf movement of tHe artesian water

is eastward from the outcrop area along the Black Hills toward
the Lissouri River.

Since development of the artesian-water supply began in west
ern South Dakota there has been a pronounced decline in the static
water level. The decline at first was probably local, but with
extensive development it has become general and at the present
time affects the entire area. The amount of decline varies from
place to place over the area but is greatest in Lyman and Stanley
Countles, especially near the mouths of the Bad and White Rivers.
Thus the recorded total decline is about 300 feet over a 35-year
period at Plerre and about 230 feet over a 2U-year period at Cham-
berlain. The most rapid decline occurred in the early part of the
period of artesian development, when the artesian pressure and
flow were still great. Thus at Chamberlain the recorded decline
in the 9-year period from 1891 to 1900 was 140 feet, or an average
of about 15 feet a year, but in the 15 years from 1900 to 1913 it
was only 90 feet, or, an average of about 6 feet & year. The de-
cline in recent ysars has veen slower, apparently averaging from
less than 1 foot to & few feet a year, according to the local draft.

The Lakota sandstone, which lies beneath the Dakota sandstone
and separated from it by & layer of impermeable clay, is in the
western part of the area and probably elsewhere at least equal to
the Dakota sandstone as a source of artesian water. The areal
extent of the Lakota sandstone is not definitely kndwn, but prob-
ably it underlies all or most of the area covered by the investi-
gatlion. Available data indicate that it yields larger flows of
water under greater head than the Dakote sandstong:, and that it
forme & potential supply of artesian water that has been only slight-
ly develbped. koreover, the water appears bett¢r suited for dom~
estic use. Locally in the western part of the &rea whers develop-
ment has occurred there has besn a decline in the static water
level of the Lakota sandsione, and further decline is to be expect-
ed with increasing use.

The kinnelusa sandstone, about 1,000 feet beneath the Lakota
sandstone, yields water copitusly. So far as analyses have been
made, the water is moderately bhard but otherwise of good quality
and low in fluoride. Except in a narrow strip close to its out-
crop ared this sandstone lies so deep that it could be developed
as a source of water supply only at very heavy cost.

The Deadwood formation, which lies beneati the Minnelusa

sandstone, does not appear (o yield water as readily as the Linn-
elusa. '

Eastward from the Black Hills the temperature of the water
from the Dakota sandstone increases to a maximum and then decreases
irregularly toward the kissouri River. The depth—temg;rature grad~
ient appears to range from 23 feet of depth for each 17 F. increase
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of temperature in well 26, at Whitehorse, in the Cheyenne River
Indian Reservation, to 9 feet in depth for each 1° F. in the vicinity
of Chamberlain. In general the depth-temperature gradient appears

to decrease from the kissouri River toward the west, The highesgt
recorded temperature of water from the Dakota sandstone was 120° F.
and the highest recorded temperature of any artesian water in the
area was 130° F,

Along the edge of the Black Hills water from the Dakota sand-
stone was found to be of good quality and for the most part soft,
except that some of the water was found to have an objectionally
high content of fluoride. Both potable and nonpotable water were
found in the eastern part of the area, the nonpotable water being
to the north and the potable water to the south. The reported non-
potable water carried varying quantities of inflamrable gas and has
so high a salt content that it is unfit for culinary use. All the
water can be used for livestock.

The corrosive action of most water from the Dakota sandestone
on the well casing may cause underground leakage, but the extent
and amount of leakage are not known. This corrasive action is
greatest in the area of nonpotable water.

A great amount of artesian water has been wasted, and the an-
nual waste ie still great because of the unrestricted flow of "wild
wells" and of some of the wells that are under control. Curtail-
ment of this waste is essential to any effective plan of future
water conservation.

WELL RECORDS

Records of artesian wells in western South Dakota are given
in the two following tables, which include reaspectively artesian
wells drawing from the Dakota sandstone and artesian wells draw-
ing from the Lakota sandstone and deeper formations.
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Records of Artesian

Wells Drawing
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) 1909 and 1917 accord-
[ ing to Darton.
b 1.7 |augl9/35| Flows % | Domestid Soft | - |Originally drilled to
' and stodk Lakota sandstone but
! caved in so water row
........................................... i breeeeanniaacadieraa. o dee...{comes from Dakota
' i| sandstone.
-34.75 Augl6/35| None - Unused - - bfi&iiﬁé"égﬂﬁiégéé-ln
Aug.1935.71i1l be used
. T U Ut e as HmnlCipal water
b L E=Ab 0o 1 A R
+40 + [June 28, Flows ‘Jéo Railroad &/ 112|0verflows tank about
1935 4o feet above ground.
Original pregsure
- about 72 pounds.
;%?-”.".u“-""."",".MHMW".".EUH"” R I At gy SRR
350 do 15 | stock | Soft | 96
453 |Aug 9/35 do |0 do TsalindlOk|Pressure when drilled
reported as 30 pounds
s U NSNS PR oot Yiedd reported as
~10.00|June 22 | Lift - do |saling - 320 gal. a minute.
1935 ‘ _ T



MEASURING POINT

odl |27 8
Owner and 3 3 %83 . q;:
Location o :
N 2% | % |®| Description |[29%5 |88 3
= 3 jo § - | Q0
A g. o O o]
a A s -
8 a "M o
Ft. |In Feet
. C /
{23/ Wm.B.Alleman, SE&, 1934 |1662 |4 |Discharge Pipe [156%.61 4+ 2.4
..... Sec.32, TON, Rehw. 0 T b b T
ZIEBACH COUNTY cl

|24| cheyenne River Indian 1934 {1878 |4 |Discharge Pipe [L741 + 2.0

a- - IS REEEEER (RREEELERE] SRR CETERETE e mm e mEun g am ol w ....................
{eb| do, SEi Sec.6, TIN,RIGE|1934 |2385 [6&|Top casing 1996.01 + .5
B S SEi sotE SRS A L R Y S
26| do, SEg Sec.l2,T1SN,R¥E1934 [2021 4 |Discharge pipe [L720.89] + 1.5

....................... R i T S A A

STANLEY CQUNTY
28| 8ioux City Stock vards, 1918 (2000 |4 0

........................................

129 2.0 . Leoy, WM sec.zs, || TTTT ey T [
T RESE. L .[1918 1500 3 |land surface Q71l | v
|30{ Clyde Shaffner, St 1911 [1925 |3 !Land surface | 0

| 8ec.29, T6N, R2TE,

131 Rural Creditﬁ"Eagggﬁ“”'"l93¢'“1599"'

| Diseharge P1pe Iags — 4101

[ ]

32| Stanley County, 8Wk  likgo 3
sec.3, TUN, R2EE

...................

33| lieers Township
Sec.8, TEN, R2

fo N
23]

34"W2@Tiéﬁi51'éﬁ%'§éétéoj“‘i§ib"'i?€d"'3 Land surface | 1dss | 0

. TON, REQE . . N S I S TTRSSUURS NSRRI ST
35|krs. George Huston, Nit!l 09 11980 do

““lsec.g, T6%, megp. | |Y 780 P 0
36"Rﬁrax'créaité"gaafa;f“-Igog”'Iugg"“j" """"""""" e o S "
_|NE& Bec. 10, T5N, R29E.| | | |

371do, SEL Sec.22 T8y 1911 0768 B |Land eurfrce {1074 TR
yRE9E.

38 |do, NE& Sec.28,T5N,R30E| T I R

39|Grandena Giddings, SEX |1909 (1600 Top of casing [803.5 | 4 1.0
Sec. 12, TSN, R30%Z. 0 [T ° 7+

.......................................................................................................................



Water Level
+T g - o
S Nt a o . .q‘ g
g g 20 tg ﬁ Og; ﬂf ki »s +2
2% b ® B 2.5 o °8 s g Remo.rks
= Pg B0 3 oL ~ o
= 3 Bt 4 a g <3 g-n
W o © D E 3
o a o o & o
Feetg | . ]
e/ =
+228 4 July 29) Flovs I~ ko do Saline| 101 a
1935 B
............................................. éj”.__ } i
4224 4] July 30 Flows 40 | Stock Soft, {111
—11935 Saline
e e R 7 At R N e E R
1276 |Feb.19% do | 500 | do  Balinme|1200 ..
e/ .a/ g
4+ 66 +|July2§$| Flows 50 | Stock Palinel| 8§
P S R TR PR e T B
- 60 1 Lif ¥ Sali heported to have flowH
P30\ ety | ) Seock PALIN  kd when fizet drilled)
__________ Foness 38 Flews. 1215 | Tde . BATine| @fcported to have flow-
W ed 50 wallons a min-
£/ “ute when drilled. . .. |
-125 April/3k| Lift do Salinei [Flowed about 1 year |
b bfter drilling. §
................................................................ &?---.--....... ...,_-....,......,...._.-.......-....._"1:
+ U8 quy29/3%| Flows 22 | do  Baline|l1l0 s
T A R R B p_-:/ ..................... Q:j ............................ '-,.’ --------------
Tune 29 do 30 | Unused 94 Plowed 160 gallons |
_______ 1935 ) a minute when drilleg
L9 2 A R A G/ 'f/| Recased in 191h.
- 80 Bpringf35] Lift Stock {Soft |1®0Originally flowed 26
Saline gallons a minute; i
D B S AR TR S ceaged about 1910, . .
75 June/34 do do af Flowed about 2 vears
B A SR ] Nt T ORI affer.drilling... ........ '
= 257 1934 do do aline do :
July /35| Flows 12 do .%£1ine 93{Flowed 45 gallons a
| minute when drilled. |
ST NNNUNUUSURE SURUUPRII SRS PRSP RUUS SRR minute when arl
‘?{99_ Lug 1934 Lifs 1 do | Saline| “‘ater level 6 feet
""""" TUeTpTT iy" gj ifbelow ground when
........... July 1985 Flows /25|  do. .. [Soft | 92idrilled.. . ...
dq/ - lRecased. ahout. 1928 . .
~55.35Muly 2735 Lift do Saline Orizinally flowed 20
pallons a min.jceased
- I ISR NSUPPEIE SURRPPPUSIPEPTY PO R hetween..1923..and. 1925



REASURING POINT
~~ D
: I ICON:
Ovmer and B e - %,8'?) 0E H
. Location el g | Description 29515883
o &3~ b [0 Het Qo
= Aol A ol 2D <0
g o o g g
o <ty O Hd
(& ~r 0 O
Ft. {In Feet .|
Lg celia samuelson, I 190&} 1315 |4 | Top of tee on | 1Ho4 |+ 3.8
sec.33, THN, R31E. discharge pipe
4 Glty of Fort Plerre 1905 1169 |4 Land surfaoe 1443 0
Si Sec. 33, THN, R31E
42 Frank Obele, NE4 Sec.2l| 1917|1570+#|3 |Top of 4 by 6 | 1834.5 4.2
T109N, R79W -7 |inch timber
43 Rural Credits Board, 1910|1644 |3 | Land surface - 0
| s¥ sec.22, T109M,R79H.
HUGHES COUWTY | | | i oyTTUTUTGUUTTY
4 city of Pierre, SEE 1930|1226 [10|Vent in dis- 140 |4 3.5
Sec.4, T110W, R797. charge pipe.
........... e e B
Lsl c.F. Williams, SEE Sec.| 19281730 |3 [Discharge pipe | 1891 |+ 2.0
&, T1N, R29E,
MELLETTE COUNTY '
46| Chicago & North Western| 1930|1836 |§ |Land surface 21L7 0
.-...S‘"u Sec.2h,. T)"'lN: RETH G N SRR NN SRR
L7inwEk sec.l2, THON, R25W.| 1929{1681 |& |land surfa.oe 2040 0
-......CLQ ........................... DR RS U S SO IS ST
LYMAI\I COUNTY
4&| Rural Credits Board, 1918 {15004 |4 |{Top of casing | 1815 |+ 1.0
NE: Sec.6, T108N, R{74 -
49| jim. Gorma.n, S, Sec.32,"l9._23“ -li4-3(—) 3- Top of casing |1787 |+ .5‘
T107N, R75'
50|R.C.Brodrecht, NEL 192011520 i3 |Top of casing |1819 {4+ .8
Sec.21, T106N R77W
51|0. J.iuthier,NE} Sec.l,| 1922 |1640 4 !Top of caeing |1870 0
TO5N, R79V.




fant

Water Level
0 A :
+© 4 Ry
LB fory o] Q.. \ G > +
B & B o3 © ° g s 8 Remarks
Q0 A 5 &g d (O 4 ® :
-2Q g O H o~ © g g e
23 B Q = 5
H W @ @ o~ @ ®
o 8 (=] 8 ) [
Feet o S o
0.0 | 7/19/35 ©None - Unused B/ - Originally flowed 50
gallons o minute.May
eeewoo).. keBk underground,
- 771/35 | Flows |2300|8 Gas & 90 Recesed in 1909 and
again about 1920
~67.50[ 7/ 3/35 Lift | -~ Stock  Ba line| - |~ UUTTTT
-66.20| 8&/25/35
-65.25|10/17/35
B .
30 ? - Lift - Stoock Baline| - Recased
-‘---~t----.-..-..............,-.,_.,--.......e; ....... ..g:i ..................................................................... |
4152 ¢| 7/27/35 Flows —%ooo ~ Gas i/ _ 90| City has 3 dmilar t
wells.Pressure at this
well reported as 80
+ 1.5 | 7/10/35| Flows 1% [Btock Soft | 96
Saling
g{ .................................................................................................................
-160.5| 2/27/3%0| Lift - Railroad| - -
E-Z-~-------‘--u--u-~-.~.-.....~-~-..-...........-..,......‘......-.......4.._.....-..-.....v.n..---.-.-..-..--.—--- --------------- {
..88.0] 2/25/30| do | = l..de T ot U
- 40,91 7/25/35| Lift - |Domestic|Soft | - |Water level & or 10 |
- 41.6| 8/25/35 Stock feet below ground :
- 43.9110/17/35 when drilled. *
4+ 1.7 7/12/35| Flows = [Stock Hard
Saline -
- 6.8 7/18/35| Lift - Domestic |Soft |-~ |Ceaged to flow in 193]
- 7.50 &/25/35 Stoek
PAEZ L2 VE L] S N N N US|
~ 31.7 7/25/35| Lift - Domestic {Soft |- {Water level 18 feet
Stock below ground when
.................................................................................. drilled. ... . .|




.......................................

.....................................................

KEASURING POINT
PO
O3 e e 03
Owvmer and g B o B &
Location 5 o %'S b5 0
v D o + | Description S0 80
. +2 e +2 ® + 42 et QT
2 S8 | & |§ Pog| Ha
o Q o 4 O o~
o (] af) ~r
Feet
52 |Chicago,iilvaukee,St. 1934 1480 | 6 - - - -
Paul & Pacific R. R
~ |SW{ Sec.10,T105N, R77J
53 |City of Presho, Sk, | 1929 1475 | 6| - — - 0
Sec. lO T105N R??w
54 [Burney, Nt Sec.15, | -  |1530+ | 3 | Top of suction|1829 W 3.5
T105N, R77h - pipe
55 City of Kennebec, Nk 1917 11310 | 4 | Discharge pipe|169056F 2.3
Sec.1l7, T105N, R75W-
56 (Spielmann Bros., SEL - 1249 | 3 | Discharge pipe|l746 # 2.1
Sec.20, T105N, ﬁ]ﬁf ________________________ TR FUUUUTRUTRRUES SOOI RO
57 |[Fred Menard, Nl Sec.32| 1921 {16304 | 4 [Top of casing 1904204 .7
T10UN, R79W -
58 |C. Blenke gt sec.17, 1914 1490 | & Top of inside [1891 # 1.0
T104N, R??u casing
O S L o iieiactabacncrcemnbanvndieatannsecnsaaananvacaacdaancnnannon e e
59 7. Stewart N Sec,13| 1918 | - 3 (Top of 2 by 6 {1826 §# 1.5
T104N R76W. inch pump sup-~
wort.
60 G.C.Mclianus, NEE,Sec. | 1918 1219 | 3 | Top of casing {1799 F .5
32, T1O05N, R7&.
61|City of Reliance, SW& | 1916 [1130 | 4 |Top of 4 by b [T796.6% .5
Sec.2l, T105N, R734. inch timber
- 1 ...........................................................................................................................
62 lAnderos Kenobble SE 1919 {1280 | & |Top of casing {1803 |41.5 |
Sec.10, T106N, 3731. i
6% [W. M. Dinehart, sif, | | 1934 liko T3 T == 2 LT
sec.19, T105N, R71W. J



Water Level
S0k I = 2
. 4 © G- ny S
kg 85 | O 8 By | F |3
O o O M ® g‘ o 2 & Remarks
528 38 | BA | 3 85| % |
LB Ag | E | SE & %
Feets a > £
- 7/ 2/349 Flows 10| Railroad Hard | 99
E-J ......................................... AR R B e B
+ 69 1929 do 125| unicipall do -
- 5.15| 7/24/3%9 suction - Domestic| - -
.......... N N S S DU SR S |
+ 121 | 7/24/34 Flows - Municipal Hard |96 water ceased to over-
; flow elevated tank
122 feet above ground
in July 1935,
+ 28 7/24/38  do 9 Btock Hard |72
~15.68 7/24/38 Lift | - | do | -~  }'iFlowed 1& gallons |
-16.70 &/29 /35 _f/|a@ minute when drilled
-16.35 10/21/35 Ceased to flow in
________________________________________________ fall of 1925.
~5%.90 7/15?5\ Lift - PBtoek | Hard | ~|¥atér level aboit
56.10 &/26/% 15 ‘below ground
..................................... de L1 |when drilled.
- 2.85 7/12/% suction ~ Domestic| Hard | -|Ceased flowing in
- 3.15 8/28%5 Stock | March 1935
- 3.40 10/21/39 '
Zex.3y 71y nigv | U Btook | Hard | Z|vater Tevel wae BL T
-22.00 8/28/35 feet below ground
-22.00 10/21/35 when drilled.
-52.80 7/11/39 Lift ~ [Unuged ard | —|Water level wag 2 or
-55.10 &/2845 ' 3 feet below ground
5759 10/2154 7hen drilled.
-33.448 7/1155 Lift - Domestlagdﬁard -
Stock
- 7/12 55 do - do | S



MEASURING POINT
—~ D
o IR0
: 327 |ouk
. Owner and oh | a |0 S53b | bod
2 Location £ | ® | 4| Description LS 183°
a8 5] g e oo
O A « :"c?.: 8 b g
© 8 -.'VCQ (ol
Feet
64 Erwin Blum, SW&, Sec.30|1918 |1200+| 3|Top of casing | 1784 | + .8
T105N, R71W. -
I ot ind B R U NS I SSTUURUUURNUDRRN NS SO
65| City of Chamberlain, - 6Ll 4% — - - -
American Island,ungurveyed
66| H.R.Wagner, NE%,Sec.21,{1919 1132' 3iTop of casing | 1804 | 4+ .4
T10LN, R73W.
cedfeaccrciscccananas maraovoraraunenananenafracccerasedeancavmomabssuubivacsan et e it aar sl
67| E.S.Carpenter,Se¢.5 & 71934 | 700+4| W -~ ~ - -
T103N, R72W -
68| stover Istate, SE, 1926 | 750 | 3| -~ - - -
Sec.29, T103N, R72W
........................................... t".'-'--"-'-.-"--"-'.---i'-"-"'".."—"-.------_- ...._.--.--------..v.-»---i
69| Ben Fulwider, SEL Sec. | 191l |1280 | 6|Top of casing | 1802 0
1310, TI0LN, Ry2w,
TRIPP COUNTY
70/ W.P.Kelley, SW& Sec.27 | 1919 {1475 | 3|Top of 2 by 12 | - +1.0
L RA0CN, RIIWa e inch.plank . .....loodes o
71 Royal Union Life Ins.Co| 1918 |1510 | 3{Top of casing | 1910 | +1.5 |
SEL,Sec.33,T102K,R77H.
72| Lone Tree Township,NEX | 1917 1490 | 3] -—- - - -
Sec.28, T10IN, R77W
7% Rural Credit Board, - - ‘LiTop of casing $+1.3
sWi Sec.33,T101N,R/&W
74 Royal Union Life Ins.Co 1927 (14804 | 3|Top of casing | 1991 | + .6
NE:Sec.11, T99N, R77W
75| Dr.8.E.Sibley,SEL 1928 |1500 | 3{Top of casing | 1831 | $1.0
Sec.l, T99N, R7WI.



Wa.teg Level
I R T ;
G; g %ﬂ o3 ‘g o A qé‘ ] 3 42
O~ O N O £ & ® 40—'3 :} g Remarks
QO H + 3 &g e 0] g g ()]
<Q 3 d 0 ol —~ o 2
o Ag E- © €5 g
o 8 g 5 o z
Feets > = ,g
-113%65 13/3% Lif% - Domestic - -~ |Water level was about |
-11560] 10/20/ 39 btook 40 ft. below ground
.................................................................. Jdwhen drilied. i
bl
- 7/13/3% Flows 120Na§ﬁaltor1— Hard |70
~gl.00| 7/11/3% Lift | - Btock | Hard | - [Water level was about
~-&L.,90 8/28/3E Saline 50 feet below Pround
| when drilled.
e e , ............. f f./......_.._.‘.......-........-...,-....-».'-.--w-.]l
- 7/17/35 Flows - ;[rllgatlorb Hard |80 |Group of 3 wells with
a combined yield of
__________ 1100 ga.llons a mlnute
................................ Y A Ol EE SIS SRRt M
- 7/1755! do 125istock - |85 |
-75.858 7/13/35 Lift - do Hard | -|Water level was about
~-76.05 &/27/35 30 feet below ground
........................................... ] (When drilled
~2h.,0| 7/15/35 Lift - Domestic | Hard | -
ﬁtock
---------- wae s s whe . e ...{..‘,.g,...,‘... i s Cee S . 2 T R
- 2.80 7/15@5 Lift - 1 do do ~|Ceased flowing in
- 3.00 8/26/% | 1932
- 7/15/‘55 Flows —E/BO Unused - 114 '
-18.75 7/15;35 Lift - | Unused - -
-18.95 &/26/% |
-64.20 7/16/35 Lift —~ |Unused | Bard | —|Water level about 60
feet below ground
when drilled.
. LI ---'-——w--v---rv-.- ________________________ e mas mmm b o m e ma
- &.60 7/17/% Lift ~ | Stock Hard ' -
1,_




.Footnotes
{For records of artesian wells drawing from the Dakota sandstone)

a. The altitude of bench mark at most welles was determined by an
altimeter or from topographic maps. Altitudes determined by
instrumental leveling are specially indicated.

b. Estimated.

c. Bench-mark altitude determined by instrumental leveling.

d. Water carries gas.

e. Drillers! report.

f. Reported.

g. Only the gaes carried in the water is utilized.

h. Measured by the Chicago & North Western Railway Company.

- 80a -



Records of Artesian Wells drawing from the

kEASURING POINT
‘ ®
281278
3 $8% {7 Fh
Owner and ® ~ Sk 003
S Location 0B o 2| Dpescription |B,.35 1537
= + + b FERR 0o 0 d
8% | B |3 188 |~
[ o] ot ~ @ Onﬂ
O o
Feet
BUTTE COUNTY _pé
2 |U.8.Bureau of Reclamat~|{1906 27| 2 Top of T on 2999 | + 3.0
~_|ion, SEg Sec36,T9N,R2E | | | _jeaging 4 |
3 |City of Belle Fourche, - :Eégl 4 IDischarge pipe | 3019 | 4+ 2.6
NWi Sec.1l, T&N, R2E
4 |do NEW Sec.10,T&N,R2E - - 4 do 3016 | + 2.8
5 |Belle Fourche Field 1935 i 2600 |124Discharge pipe | 2868 | + 2.5
Station, NE: Sec.24,
T9N, RSE.U.S.Dept.
of Agriculture |
MEADE COUNTY _pé
11| Chas. Baker, Nif Sec.22[1906 771 2 - _— - -
T6N, RSE.
......................................... o SURPOTURUTUSRSTU NS S
12| Bear Butte Well,SWH 1919 | 69010 - - - -
Sec.l&, T6N, R6X
13 s;ic""iw;a}?oi};'"s"}iéa&élix}',”' 1935 | 1225 | 6 {Top of casing | 3465| - 6.6
SEL, Sec.l4, RSN, R5E.
1k 'ir':':'alrik'Ez}iiﬁi'é;""s‘&v@, """""""" 1931 | 558| 3 |Diecharge pipe | 3270 | + 2.9
sec. 17, T5N, R6E
PENVINGTON COUNTY Ng oot o
1l 1 Ra, 1 1 10 |Land surface 0]
0| RAEYg28 ooy Olyy 1990 | YOS |10 tend ORI Caki T
- |7 JACKSON COUNTY 5
17 ¥ 1 3 1 00+
17| Heavsg Qut fiompany,, | 1935 | 39003 &)land surface | 213719 .
HAAKON COUNTY :
18| ity of Philip, SW 1934 | 2293| 6|Top of caging 2158 | + 1.5
Sec‘lj, T1N, R20E,
---.S-'i‘-A.l\i':,L:EY-(-'Joij__\]_-']:"-Y ---------------------- J-Q-] ----------------------------------------------------
27| 8tanding Butte - 3508 | -|Land surface 1958 0
.1 8ec.10, TTN,. Ré?"‘ __________________________________________________________________________________



Lakota Sandstone or Deeper Formatlons

Water Level K
Camn e =4 !
L . . |
Te g B m« o o P §
o & ©F o o ©H i - Remarks
29 28 | &8 || 8% | § %
Q' 3 g uw &Q. — Dg S o
< H O QO B (0] € 4 g.
o o ] -4 2
Feet & = > E+
5.6 &/ 5/35 Flows 1 |Domestic| Soft (5%
............................................... Stock |
+29 8/22/35 do - |Unused | - -
+26 | &/22/35 do P- do - -
“nRRPI N, m wen wewMedmabavesumme vy EEEE TR R S AR AL LR b e R LR
</ water level of Dakota -
+23 | 3/27/35 do 30 |Unused - sandstone during dril-
ling reported as 250
feet below discharge
.............. JRIPE.
i —_
- &/12/35 Flows 30 |Domestic|Soft |55 Darton reports pres-
Stock Eure head was origin- -
ally 50 pounds to the
?quare inch. :
"""" - V7731735 a0 ¥5000|Unused | - |58 hquifer reported as
Minnelusa sandstone.
Flow partly restricted.
2860 7/31/35 Turbine - Domestlc - - Aqulfer ig hlnnelusa
sandstone.
R B N L L d .................................... Ef N
+105 | 8/12/39  do 450 | Domestic Soft TUg Static level of water
Stock from Dakota sg during
drilling reported as
about 10 ft. above
SRR SRS USSR NS WO N N land surface.
5% R duu_.éy ..................... S
£ 1935 | Flows 50 Municipal] - - Water from Kinnelusa
R R e 1 1 | |ss.and Deadwood formatim
ST Gy IS 1 ikt fad
210 1 , _ Drilling in progress .
1 + 935 do '“gSO Unused ljoJuly/BB Aquifer urknown
&t o B TR R T but probably Lakota ss.
e _ Flow partly restricted
+57.5 1935 | Flows 14 Yunicipal Soft |11Cpressure of water from
- {Dakota ss during dr11~
%1 reported as about|
.......................... e iemen b b e L0 9 bssd 0 Fhe square  Ank
- 1.6/22/35 E;?W?.huxgﬁQQQ_Ugyﬁed - . 1102Aquifer unknown... |




Footnotes

(For records of artesian wells drawing from the Lakota sandstone
or deeper formations.)

a. gltltude of bench mark determined by an altimeter or by a hand
. eve:’. .

b. By N. H. Darton, U. 8. Geol. Survey Water-Supply Paper 227, 1909.

c. By Beyer Aune, superintendent, Belle Fourche field station, U. S.
Department of Agriculture.

d. Reported when drilled.
e. Reported.
f. See p. 54.
7. Esgtimated.

h. Depth when drilling ceased. Reported to have caved below 2,500
feet. '

~ 83 -



WATER SUPPLY FOR WEST«CENTRAL SOUTH DAKQTA
Gensral conditions and recommendations

The scarcity of water in the plains rezion of west-central
South Dakota has greatly retarded its growth and development.
Surface water over most of the area are meayger in volume and in
places highly mineralized. Springs are rare, and the flow of the
streams that cross the area are variable in both quantity and
quality. During years of subnormal precipitation the water-supply
problem over mogt of the area becomes acute. The conditions were
especially critical during the drought of 1933-34, when many farm-
ers and ranchers were forced to haul water long distances for dom-
estic use and to sell livestock while there was still fair pasture
left. Critical water shortages for human and livestock use may be
expected again in the future unless plans can be made and carried

out to provide an adequate supply of water during the periods of
drought.

The problem is by no means hopeless, but in order to be suc-
cessful in solving it a careful study of the geology and hydrology
of each locality is required. The method that will solve the
problem in one locality ie not necessarily one that will solve it
in another locality. It is not possible in this report to recom-
mend a definite solution for each locality, but some practical
advice is given as to the proper solution of the whole water—
supply problem of the area and in some detail for different parts
of the area.

West—central South Dakota has three sources of water swpplv-—-
nawely, deep artesian water, shallow ground water, and surface
water. The surface water includes not only the water that mav
flow in the stream channels but also the water from rainfall and
snowfall that is stored in house cisterns and the storm water that
is stored in small reservoirs. The water from all these sources,
with the possible exception of some from the shallow ground water,
is suitable for livestock, but not all is suitable for human con-
sutption. In some localities the supply from a single source is
not always adequate, and hence it ie necessary to utilize differ-
ent sources.

_ The artesian water is at many places in the area unsuitable
for domestic use, because of its salinity and fluoride content.

The shallow bodies of ground water, though not extensive, in some
localities furnish valuvable supplies, some of which is of fairly
good quality. However, during & prolonged period of drought, when
there 1s little or no replenighment, this source of supply way
fail. With proper precautions the water that is stored in cisterns
is suitable and generally adequate for domestic use but totally
inadequate for livestock. In addition to stream flow, the surface-
water supply is augmented by impounding storm vater in reservoirs

~ &l -



formed by building dame across the gmall drains and valleys. This
water is everywhere subject to contamination and not generally
suitable for domegtic use without treatment.

In the localities where there is no shallow ground water and
where the artesian water occurs at great depth, the cost of wells
is too great to make it economically feasible to have wells close
enough together to form the sole supply of water for livestock.

In these localities small reservoirs have furnished and must
continue to furnish a large part of the water supply for livestock.
In the last year or two considerable progregs has been made in the
congtruction of dams to provide reservolrs throughout the State
According to a report by the South Dakota State Planning Board,j2
there were in the fall of 1934 a total of 368 dams in the State
that had been built with funds provided by the Federal Emergency
Relief Administration. Of this number 247 were west of the kis-
gouri River, and it is estimated that 200 are in the area covered
by this report. 1In addition, many private dams have been built by
farmers and ranchers, and doubtless more dams have been constructed
by emergency relief work during 1935. 1In areas which depend
larzely upon surface water in which the arfesian water lies at
congiderable depth, the function of the artesian wells should be to
furnish a reliable reserve for use in extreme drought, when the
reger girs and shallow wells fail. According to the State Planning
Board”/’/ "it is the opinion of many ranchers that range cattle
gshould have adequate water supplies within at least 3 miles of
their pasture." Thus, to provide artesian water within reach of
all livestock in times of extreme drought, artesian wells would
have to be spaced about 6 miles apart and would serve as community
wells. However, the spacing and location of the artesian wells
muet be determined largely by the available pasture and other
sources of water supply, as well as the topography and the depth to
the artesian formations. In areas where the drilling of arteslian
wells is not feasible because of the great depth to the water-bear-
ing strata, and where the pumping 1lift 1ls excessive, the impounding
of storm water and the development of any exiseting bodies of shal-
low ground water is of paramount importance.

It is essential that sources of water for human consumption
in all parts of the area should be of satisfactory qualitv. Pos~
sible sources of water supply satisfactory for domestic use on
the farms and ranches are (13 artesian wells where the artegian
water does not contain undesirable amounts of salt or fluoride;
(2) ghallow wells that are protected from surface pollution and
yield ymater that does not contain undesirable amounts of mineral
matter; (3) properly constructed cisterns in which are stored
supplies of clean rain and snow water or good clean water hauled
from some satisfactory source. A thorough survey would probably
gshow that much of the water that hae been considered fairly ac-
ceptable for human use is unsatisfactory in respect to fluoride,
32. Water resources of South Dakota, p. 6, South Dakota State

Planning Board, 1935.

3%. 1Idem, p. 25.
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The rural regidents of the area who have no other source of
supply largely use the storm water for domestic use, frequently
taking it from the reservoirs that also supply the livegtock.
Such a supply is uncleanly and repulsive and constitutes a menace
to health, as the water may become dangerously contaminated. The
follow1ng sugzestions, if observed, will reduce but not eliminate
the hazard of contamination of the water:

The drainage area of the reservoir should be frece from dwel-
lings, garbage or gevage disposal dumps, barnyvards, stock corrals,
or any concentration of human beings or livestock. The rescrvoir
should be enclosed br a gtrong right fence, preferably woven wire,
built several feet above the high-~water wmark. Thils would prevent
access by livestock to the water in the reservoir, and the usual
trampling and wallowing that result when animals have free access
to a body of water. Care should be exercised to prevent the res—
ervoir from being used as a place for swimming, bathing, or boating.
If it 1s desired to swnrly water for livestock use from the res-
ervoir, a short pipe line ghould be constructed fronm the reservoir
to a watering trough or a series of trougns. By installing an
automatic float control at the discharge end of the pipe the troughs
could always be kept full, and no water would be wasted. A valve
in the pipe line could be prov1ded for withdrawing water for dou-
estic use.

The State Planning ]?:oza.rd},+ has madec the following recommen~
dations, which are heartily indorsed:

-"The development of pure and adequate urban water
supplies is & thinyg of major consideration. The exe-
cution of a survey to test the quality of water in the
State from the standpoint of bacterological and chemical
content, and especially to determine the amount of fluorine,
is highly desirnble, and should be one of the most impor-
tant enterprises contemplated.

"Enlarzing of the staff of the State Board of Health
and requiring them to make perlodical exaiinations and
reports on all urban water supplies in the State secws
hizhly desirable in the interest of public health."

It would seem that the best solution of the problem of dom-
‘estic water supply would be to provide safe, reliable, and other-
wise satisfactory supplies at the urban centers and other conven-
ient places. These supplies would be derived from wells where
practicable and from reservoire of adequate size in other places

and should be provided with proper sanitary protection and treat-
rnent of the water. All these supplies would be regularly inspect-
ed by the State Board of Health and would be under its control.
Water from these supplies could then be hauled as needed in clean
tank cars to fill the cisterns on the farmg and ranches, thus
making it Dracticable to disoontlnue entirely the use of water



from the farm and ranch reservoire for domestic purposes. The
State and local health authorities could be of further service
in educating the people in respect to cleanly and sanitary meth-
ods of constructing and operating cisterns and of handling water
supplies.

Conditiong and recommendations by counties

In the following discussion the writer has endeavored to
point out the type of solution of the water-supply problem best
adapted to the different parts of each countr.

Arnstrong Countv.--Armstrong County, 1n the Cheyenne River
Indian Reservation, is bounded on the east by the Missouri River
and on the south by the Cheyenne River and is drained by numerous
tributaries of these streams. There are no towns in the county,
which is sparsely settled and devoted principally to grazing.
Heither are there any artesian wells, al though flowing wells
could be obtained in the stream valleys. The artesian water from
the Dakota sandstone would be go saline as to be unpalatable for
human use, but it would be satisfactory for livestock. Water for
livestock can be obtained from the two rivers tounding the county,
and at distances from the rivers by impounding storm water in
reservoirs constructed on some of the numerous drains. Whenever
the economic situation warrants, artesian wells could be drilled,
to serve as a standby reserve in periods of drought. Water for
human consumption can be obtained by the developrient of shallow
wells in the stream valleys and gravel terraces bordering the
streams, by the storage of rain and snow water in cigterns, and
by using the water from such reservoirs as are free from contam-
ination. Some of the bodies of shallow ground water could also
be developed to yield adequate supplies for livestock.

Butte County.~~In the southwest corner of Butte County an
adequate supply of water for human and livestock use is obtained
from artesian wellsg of moderate depth, although in some localities
the supply for livestock ls supplemented by water stored in res—
ervoirs. The south-central part of the county, in the irrigated
area served by the Orman Dam, is amply provided with water during
the irrigation season. At the end of the season it is customary
to fill the reservoirs and water holes with surplus irrigation
water, thus providing a supply for livestock through the fall
and winter. This irrigation water with proper treatment is also
suitable for domestic use. Along the southern edge of the county
the Belle Fourche River, below the mouth of Redwater Creek, pro-
vides water for livestock, though generally the water is not ac-
ceptable for human use. above the mouth of Redwater Creek the
river often goes dry during the summer and fall. Water wmay also
be obtained from shallow wells dug in the alluvium of the Relle
Fourche Valley, but as & rule it is too highly wmineralized for
domestic use.
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In the northern and eastern parts of the county the artesian
water lies 80 deep that no artesian wells have ever been drilled,
The water supply of this section of the county consists largely of
water stored in reservolre and such bodies of sghallow ground water
ag occur in the stream valleys. The shallow ground water is likely
to fail during periods of extreme drought. The solution of the
water-supply problem in this section of the county seems to lie
in the construction of large reeervoirs, capable of impounding
water in gufficient quantity to carry throuzh periods of drought.
Before the water from such reservoirs is used for human consumnp-
tion it should be approved by the State Board of Health. If the
water is not acceptable and the stored cistern water is not ade~
quate, it may be necessary to haul water from acceptable sources,
such ag Belle Fourche or other nearby towns.

Custer County.--The western and central parts of Custer County,
which lie mostly in the Black Hills uplift and have numerous springs
and streams, do not present any water-supply problem. In the east-
ern and southeastern parts of the county the depth to the artesian
water 1s so great that it is not economically feasible to drill
artegian wells except in a narrow strip close to the outcrop area
of the Dakota sandstone.

Several large creeks flow eastward from the slopes of the
Black Hille uplift to the Cheyenne River. In the alluvium of these
stream valleys there are bodies of shallow ground water, which
yield water to shallow wells. In general this water is adequate
and satisfactory for domestic and livestock use, although in sone
localities it is hard and contains considerable mineral matter.

The construction of reservoirs to impound storm water for livestock,
although not so necessary as in other counties, is desirable, es-
peclally on the divides and uplands. ’

Dewey Countr.--In the western part of Dewev County there are
deposits of sand which in many places will yield water to shallow
wells. In addition there are bodies of shallow ground water in
the fill of the lioreau and lMissouri Rivers and in the gravel ter-
races along these streamg. One gpring is reported about a nile
northwest of the Indian school at Whitehorse, and there may be
others in the county. Flowing artesian wells from the Dakota sand-
stone can be obtained in the valleys and tributaries of the Moreau
and Migsouri Rivers, but the water is too saline to be used for
domestic supply, though satiefactory for livestock use. On the
divides and uplands water for livestock use can be supplied by
constructing large reservoirs for impounding storm water. Thie
supply may be supplemented during periods of drought by artesian
water from wells drilled in the stream valleys. Water for domestic
use can be obtained from the bodies of shallow ground water wher-
ever the quality is ys00d, from reservoirs when acceptable, and
from stored cistern water. It is possible to obtain large sup-
plies from the alluvium of the Missouri Vallevy.
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Gregory County.--In the gouthwestern part of Gregory County
water can be obtained at shalloew depths from deposits of sand,
and in the eastern part from the vailey fill in the Missouri
Valley. In the northern and northeastern parts of the county
flowing artesian wells can be obtained from the Dakota sandstone
in the Missouri River Valley and ite tributaries. On higher lands,
where the 1lift is not excessive, water may be pumped from the
artesian wells. 8o far as lg known the artesian water does not
contaln large amounts of mineral watter and is satisfactory and
adequate for domestic and livestock needs.

Although the artesian water over most of the county ls prob-
ably ample to supply livestock needs, it is desirable that reser-
volrg to impound storm water should be constructed. The use of
reserveir water in place of artesian water for livegtock would
pernit many of the flowing artepian wells to be shut off for at
least a part of the year and thus reduce the draft and gonserve
the supply of artesian water. '

Haakon County.--There are in Haakon County areas of consid-
erable extent in which ghallow ground water, adequate for domes-
tic and livestock use may be obtained. The principal areas where
shallow ground water occurs are in the vallevs and tributaries
of the Bad and Chevenne Rivers and in the gravel terraces border-
ing them. Most of this water ig of good quality and acceptable
for domegtic use. Because of the cunulative effect of the recent
drought, the shallow wells at Philip failed in the fall of 1934,
and it was necessary to drill an artesian well to supplement the
city wmater supply. There are no large known bodies of shallow
ground water in the central part of the county, on the broad drain-~
age divide between the Chevenne River and the Bad River, although
locally, in the larger drains, there probably are small bodies
that could be developed.

In the northern part of the county artesian water from the
Dakota sandstone is too saline 1o be satisfactory for domestic
use, but in the southern part, although also saline, it can be
used. The municipal well at Philip, drawing from the Lakota
sandstone, yields artesian water eatisfactory for domestic use.
Except in the southwestexn part of the county, flowing wellg from
the Dakota sandetone may be obtained in the valleys and for a
considerable distance up the tributaries of the Cheyenne and
Bad Rivers. On the higher parts of the drainage divide between
these two streams the pumping 1ift may excecd 250 feet.

In the central part of the county and elsewhere where shal-
low ground water is not available and the pumping 1ift for the
artesian water is excessgive, livestock will have to depend chief-
ly upon storm water impounded in reservoirs, to be supplemented
during periods of drought by water from artesian wells located
on low lands. The best domestic supplies can be obtained by
utilizing the available shallow ground water of good Quality,
such artesian water as is not objectionable, stored cistern
water, and reservoir water that is free from contamination.
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Jackgon County.--Bodies of shallow ground water occur in the
valleys and tributaries of the Bad and White Rivers, in gravel
terraces along these streamg, and in sand deposits in the south~-
wegbtern part of Jackson County. Flowing wells also can probably
be obtained over most of these same arecas from the Dakota and
Lakota sandstones. On the drainage divide between the Bad River
and the White River, however, the artesian water occurs at great
depth and requires so high a 1lift that it cannot be considered a
source of water. Thus over a large part of the county, where
ground water cannot be obtained, surface water must form the chief
source of supply. The construction of resexrvoirs to lmpound
storm water and the storage of water in cisterns on the divides
and uplands, and the development of both shallow and artesian
ground water wherever feasible, as in the stream valleys, appear
to afford the logical seolution of the water~supply problem in the -
county.

Jones County.--Jones County, which lies largely between the
Bad River and the White River, 1s similar in many respects to
Jackson County, on the west. The water-supply problems are similar
and the solution essentially the same for both counties. Briefly
thig solution is to conserve the surface water on the uplands by
the construction of impounding reservoirs and to develop the shal-
low and artesian ground water in the stream valleys.

Lyman Countv.~~Lyman County does not have as serious a water—
supply problem ag some of the other counties west of the river.
Flowing artesian wells or nonflowing wells with only moderate
lifts can be eobtained from the Dakota sandstone over a large part
of the county. The artesian water is adequate and is used for
beth domestic purposes and livestock, although in some localities
its hardness and mineral content are objectionable. However, in
order to conserve the artesian water supply, a surface water should
be utilized to the greatest extent possible. This may be done by
impounding the storm water in reservoirs and using it for livestock
in place of artesian water. By so doing the flowing artesian wells
can be shut off whenever the water is not needed, thus reducing
the draft and conserving the artesian water.

It should be possible to obtaln adequate supplies of water
for domestic and livestock use from the alluvium in the valleys
of the White and Missouri Rivers, but so far the development of
shallow ground water in the alluvium has not received much attention.

~ Meade Countv.--In the western part of Meade County adequate
water of satisfactorv character can be obtained from streams and
springs and from artegian welle drilled to the Dakota, Lakota, or
¥Minnelusa sandstone. In the northeastern part of the county there
are rather extensive deposits of sand, which yleld water to shal-
low welle. Such wells if properly developed should yield an ade-
quate supply of water for domestic and livestock use. In the
central and eastern parts of the county, however, there is need
for additional water supplies. Locally in this area there occur
bodies of shallow ground water which may be developed. These
are principally in the alluvium of the valleys of the Belle Fourche
and Chevenne Rivers and their tributaries. In some localities
during periods of drought this supply of ground water may fail.




The artesian water over nearly all of the central and east-
ern parts of the county lies so deep that it cannot be developed
except at great cost. Thus for areas in which a permaneny supply
of ground water cannot be obtained reservoirg must form the prin=
cipal source of supply, especially for livestock. The flow of
the Belle Fourche and Cheyenne Rivers is also available for live-
stock.

The water supply for human needs will depend upon the local-
ity. It may be obtained from the shallow ground water, from res-
ervoirs free from contamination, or from water stored in cisterns,
or it may have to be hauled from acceptable sources.

Mellette County.--In the southern and central parts of liel-
lette County there are more or less extensive deposits of sand in
wnich occur bodies of sghallow ground water. There are also bodies
of shallow ground water in the alluvial deposits of the White
River and Little White River valleys and their major tributaries.
This water may be recovered by welle of shallow to moderate depth.
So far as is known, the water is satisfactory and adequate for
domestic and livestock needs, although in some places it may have:
a rather high mineral content.

Flowing artesian wells can be obtained in the White River
Valley, for a short distance up its major tributaries, and for
& considerable digtance up the Little White River Valley. Non-
flowing wells with only a rmoderate 1ift can be obtained in the
eastern part of the county. BElsewhere in the county the artes-
ian water lies at considerable depth, and the lift would be s0
great that the cost of developing it is prohibitive. Thus on
the divides and uplands in the northern part of the county im-
pounding reservolrs must form the principal source of water supply.

Pennington County.--The western part of Pennington Countw,
from Rapid City west to the State line, is well supplied with
water from the numerous streams and springs in the Black Hills
uplift. Throughout the central and eastern parts of the county
there are rather extensive bodies of shallow ground water. These
occur for the most part in the alluviuz of the stream valleys,
in the gravel terraceg bordering the valleys, and in sand deposits
of Tertiary and Cretaceous age. The sand deposits occur largely
in the eastern and southern parts of the county, although locally
there are also gome in the central part. So far as is known, an
adequate and satisfactory supply of water has been obtained from
these bodies of shallow ground water.

The artesian water, except in a very narrow strip close to
the outcrop of the Dakota sandstone, lies so deep over the cen-
tral and eastern parts of the county, that ite development ag a
gsource of water supply is not feagible. The 1ift would be ex-
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cessive over most of this area, except in the southeast corner
of the county, in the vicinity of Cdnata, where there is a pde-
sibility of obtaining flowing wells. In the parts of the county
where ground water cannot be obtained, storm water impounded in
reservolrs nust form the chief source of supply.

Stanley County.--The artesian water in Stanley County lies
closer to the surface in the eastern part than in the western
part, but artesian wells can be obtained over practically all
of the county without undue cost. Flowing wells from the Dakota
sandstone can be ¢btained only in the valleys. The lift in non-
flowing wells on the uplands depends upon the topographic sit-
vation. OQOver practically all of the oounty the artesian water
ig too saline to be suitable for domestic purposes, although it
is satisfactory for livestock.

Bodies of shallow ground water occur in the alluviua of the
valleys of the Missouri, Cheyenne, and Bad Rivers and their trib-
utaries and also in the gravel terraces bordering these streams.
This supply of ground water is believed to be adequate in nost
places for domestic use and livestock, though not everywhere
satisfactory in quality. On the higher lands and divides, where
shallow ground water cannot be obtained and where the pumping
1ift of the artesian water is considerable, the construction of
regervoirs to impound storm water would add materially to the
water supply of the county. Nonflowing artesian wells having a
moderate or small 1ift and flowing wells in the stream vallevs
can be used to supplement this supply when needed. By closing
the flowing artesian wells when the water is not needed, the
draft from the artesian basin would be reduced and an effective
start made on the conservation of the artesian water.

Water for domestic use can be obtained from the bodies of
shallow ground water or from reservoirs where the qualitr i sat-
igfactory, and from cisterns. If these supplies fail or are
inadequate water must be hauled from acceptable sources.

Tripp County.--In the south half of Tripp County there are
deposits of sand which, according to reports, yield an adequate
supply of water to shallow wells. In the north half of the
county, from Winner to the White River, there are numerous artes~
ian wells drawing from the Dakota sandstone. Flowing wells are
obtained only in the valleys, so that it is necessary to pump
wells on the divides and uplands. 8o far as is known, the ar-
tesian water is satisfactory for both domestic and livestock use.
Shallow ground water can also be obtained in the alluvium in the
valleys of the White River and its tributaries in the northern
part of the county.

The water supply of the county can be greatly augmented by
the construction of impounding reservoirs to provide water for
livestock. Such a program would also tend to conserve the ar-
teslan water, as flowing wells could be shut off when the artesian
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water was not needed. Where reservoirs are located on the higher
lands, water from them could be used in place of water from the

pumped artesian wells and thus effect a considerable saving in the
puiiping cost.

Waghabaugh and Washington Counties.--These two adjacent coun-
ties are similar in many respects, and as not a great deal is
known concerning their water supply they are here treated together.
Both counties are rather gparsely populated. In both there are
deposits of sand in which occur bodies of shallow ground water.
Except possibly in the White River Valley, the artesian water in
both counties lies at too great a depth to be developed as a source
of supply except at heavy cost. The construction of reservoirs

to impound storm water would add greatly to the readily accessible
water supply.

Ziebach County.-~~In the northern part of Ziebach County there
are extensive deposits of sand in which occur bodies of shallow
ground water. So far as ls known, this water is satisfactory
as to both quantity and quality. In the southern part of the
county the only bodies of shallow yround water of consequence are
confined to the alluvium in the valleys of the major streams, such
ag the Chevenne River and Cherry Creek, and to the gravel ter-
races bordering them. In most localities these hodles of ground
water should yield adequate supplies, although the quality is
uncertain. Flowing artesian wells from the Dakota sandstone can
be obtained only in the major stream valleys. Nonflowing wells
can be obtained elsewhere in the county but only at great cost.
The artesian water, morecver, is too saline for domestic use,
although satisfactory for livestock. :

On the divides and uplands reservoirs must form the principal
source of water for livestock. 1In the areas where shallow ground
water cannot be obtained, water for domestic use must come large-
ly from cisterns or from reservoirs that are free from contamination..
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