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CI1TY OF AILLER, SOUTH DAKOTE

INTRODUCIION

2urpose pi Investigation: The neced for adequate
information ¢ possible sources ol water supply wons
Torcibly brought rnowme to many cities 1n south Dukota
curing the drouth oi 18c4 wuen water shortage not only
killed vegetation, but cnzused near epldemics and water
fanine in sany communities. In order to forestall
anctier such catastropiie and enable the various communi-
tics to use thelir water supplies efiicientiy, tone wtute
Geological Survey inaugurated a program ol water investi-
gation wnich 1t 1s hoped can be extended to each: city in
the Ytubte.

Investigations of this nature had previously been
carried on at Watertown and Huron, but were not compre-
hensive enougn to cover all possible sources of supply.
The investigation here reported, therefore, is the first
atteant to assemble the available information on all
possible sources of supply for a single city. The City
of diller was ciosen because several reguests Ior assist-
ance with thieir water problems had been received froas
city officiiils.

1t is hoped that this work will not only be of
material benefit to the City of Miller, but will be the.
first of a series of such investigations which will
enzble our cities to improve their present supplies and
provicde for emergencies wiich are sure to come In the
future.

detnods of Work and Acknowledgements: Tiie iniorma-
tion contained herein was gathered from the files of the
Geclogical Survey and supplemented by a week?s study of
the area by a Survey Ileld party. Three lines of investi-
gation were followed.




1. A study oi the deep well or arteslian supplies
was made by collecting cata from deep wells in
the vicinivy and irom the aveilable inforama-
tion on the stratigraphy of this part of the
State.

. A searcn lor shallow cquifers such as outwash
bocdies at or near the surluace.

. A search for buricd aquilers made Irom observa-
- tions on the locations ol springs, by well

recorus, anc electric soundings.

The suriace geology was done by the State Geologist
and Mr. &dwarl Ries. The electrical soundings were made
by a party consisting oi Dr. Vayne V. idarshall, and
dessrs. nicnard Aroner and Dorien Lavier. The author
wishies to acknowledge the work ol the other members of
the party without whose entilusiastic and painstaking help
this report would unave been 1mpossible.

r'ﬁ,v

—v]

\

znks are also fue (¢ #dayor W. E. Burke and the
citizens of Miller and vicinity, wilo not only provided
COALOthble uarters i'or the party but assisted greatly
in supplying information and oifering aany courtesies
which mzde the work proceed smoothly.

[



IECLOGY

The ground water supplies of any region depend on
geclogicad factors which control not only the distribu-
ter, but the ease with which it can be extract-

tion oi wx

ec¢. The posi ulon ol the water tablie, the porosity anda
permeabllity of the rocks in which the water is carried
Lre refore o1 prise 1aportance. A briel discussion
of ¢eology ol the Miller area, thereiore, will not
be amiss, since 1t may explain the location or lack of
aoulfers with which the water prospector will have to

The pre-Cambrian basement: re-Cambrian
sroup of very dense, puard ocku which und

er

entire region and form the foundation on which some 1E00
feet of younger rockg lie. They are volcanic and meta-
morhic lOC“u, end thereiore hopeless ws water bearers
for any city project. Their gorouity is low and what
vater is obtained from thnem comes froa cre icks which are
not sui'ficiently abundant tc supply 1t in great quantity.

AT Huron the pre-Caxmbrian rocks consist of a2 white
! )

l./

granite. Av Vools y g 1ittle pink guartzite overlies a
Ofdnlpe #znelss. None of thesce are good aguifers. Vhnet
kind of rock comprises the pre-Caabrian in the Miller
aree 1s not known since no wells have peneitrated to its

rnoin the immediate vicinity. The general character
110 Mrz—mu“urlan rocks or the State, QOM@V@T, is
‘iciently well known to condexn it as a2 source o1
cr for city supplies din this region.

The depthh to the osre-Cambrian =t Hiller should not
exceed 1500 feet. At iiuron 1t lies at @ depth of 117%
L+

feet; at Woolsey 1t was encountered at 1181 Ifeet. At

Miiler it has not been encounbered in drilling 1145 feet,
and 12 @iles soutnwest & woell 1458 feet deen failed to

reacin it. Others aore dlstanu show that the pre-Cambrian
suriace slopes gently westward, and indicate 1200. feet as

P

tiie approxinate depth at which 1t will lie in #Miller.

YJesozoic Rocks: The bedrock which lies on top of
the pre-Canbrian belong. To a groug oi sediments formed
cguring the Cretaceous period oi the Mesozoic era.

Thece formations are soit, poorly cemented sands. and




L.0G OF WILLER CITY WELL 1941
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shales, for the most part, and offer easy drilling. 1In
general the section consists oi & zone of sand covered
with a series of thick, dark shales. The sands offer
excellent water prospecting, but the shales are too
impervious to yield a usable supply.

The sands apparently belong to the Dakota-Lakota
group of formations and were iormed as beaches on the
pore-Cagbrian foundation. [Lecords of wells drilled in
the vicinity of Miller show 50 to 100 feet of this sand,
but do not penetrate its entire thickness. A well twelve
miles southwest of Miller (Puffer Well, Sec. 1, T. 102 N.,
R. 70 W.) reported nearly 300 feet of sand in two zones
which were separated by a rock listed as "granite."

As this was underlain by sand it is probable that. the
granite of the driller was really a section of sand which
has been cemented to a quartzite. The upper 200 feet
apparently contained some shale beds in this well, but

the record does not indicate how thick or how numerous
these are. There has been some suggestion that the lower
part of these sands belongs to the Jurassic Sundance forma-
tion, which is older than the Lakota. The evidence avail-
able, however, does not indicate that the Sundance reaches
this far east, though it was separated from the overlying
Lakota sand as close as Pierre, 70 miles to the west.

Overlying the sands are eleven hundred feet of dark
colored shales belonging to the Benton group and the
Pierre formation. In the Benton group there are repre-
sentatives of the Graneros, Greenhorn, Carlile and
Niobrara formations, as is shown in the accompanying log
made from cuttings of the well at Miller. These shaley
formations, however, are not of interest in this investi-
gation except that they indicate the depth of bedrock
which will have to be penetrated before any possibility of
a water bearing horizon can be encountered.

Mantle Rock: The surface of the entire region is
mantled with glacial deposits formed during the last ice
age (the Pleistocene epoc). During this time continental
glaciers spread westward from the James Valley over this
portion of the State, leaving deposits of unconsolidated
boulder clays, dropped by the melting ice, and sands,
gravels and clays sorted from the debris by streams of
ice water and deposited as outwash in sheets and channels
in the boulder clay. These deposits vary greatly in thick-
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thus increasing the friction and making them
"tight". Mos. sards have sufficient permeability to
make them good adquifers if they are saturated with
water, however.

DEEP WELL SUPPLIES

Artesian supplies have been used by the city to date,
and should prove a permanent and reliable source of water
if properly developed and maintained. The only source
of artesian water is the sandy zone which has been desig-
nated above as the Dakota-Lakota sandstones. These sands
cannot be easily separated into formations, as the records
available are not sufficiently detailed. Flows appear,
however, to occur in certain horizons and to be absent
at otners. Tnis is the characteristic effect of clean
sand layers separated by beds oif shale or by sand made
"tight! by its fineness or by the addition of large per-
centages of clays.

The depth to the top of the sand zone indicated by
the various wells tnat have been drilled in and near
Miller is about 1100 feet. The first flow is encountered
at 1130 feet and another one at 1160 feet. Still lower
flows can be obtained, tnough there are no records of
their depths in the immediate vicinity. The water pros-
pector, however, is not through until he has penetrated
the sand zone to the pre-Cambrian "granite". Thus a
total of some 400 feet of sands are available to the pros-
pector for deep well water.

The character of the upper waters is such that it
makes a very usable water for domestic purposes. Some
of the objectionable features of artesian water, to be
sure, are there, such as the slightly bitter taste due to
iron sulpnates and a low concentration of flucrides. The
water, however, 1s not saline. An analysis of the water
from the upper flows was obtained from the State Chemical
Laboratory, and showed the following:

- 6-



Analysis of Waterl
City of Miller

June, 1948
Total Solids 2120
Silica 5109 16
Sulphate S04 1214
Chloride C1 99
Fluoride F1 2.4
Calcium Ca 192
Magnesium Mg o8
Hardness as CaCO0z 721
Iron Fe 1.0
Manganese Mn 0.0
Alkalinity Methyl Orange 134
Alkelinity Phenolphthalein 0.0

The character of the lower waters has not been deter-
mined., since they are not used in the vicinity. Without
actual drilling into these waters, however, it is not
possible to tell what their character would be. There is
no geological reason, however, why they should not be as
usable as those in the upper {flows.-

1. Guy G- Frary, "Public Water Supplles in
South Dakota", State Chemical Laboratory.
University of South Dakota, Vermillion,
South Dakota. January 1939.
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CHANNEL GRAVELS

Aside from the artesian sands which have just been
described, there are no available water supplies in the
bedrock. Other sources, therefore, must be sought in
the mantle of glacial drift which covers the surface.
The boulder clay, which makes the largest portion of the
drift, 1s too nearly impervious to yield sufficient
gquantities of water for city supply, but bodies of sand
and gravel lying in it may make excellent aquifers where
they lie beneath the water table.

The most obvious of these aquifers are sand and
gravel fills of the small valleys which traverse the
region. These are forks of Wolf Creek, Little Turtle,
Turtle and Pearl Creeks. These creeks flow in shallow,
flat-bottomed valleys approximately a half mile across.
An examination of them shows that they are really small,
round-bottomed troughs cut in the boulder clays which
have been partly re-filled with sands and gravels washed
into them, in part by glacial waters from melting ice
and in part by floods of more recent origin. These fills
vary from a couple of yards to a score of feet in depth.
Ten feet was measured in a well on Little Turtle Creek
south of Miller and six or eight Teet were exposed in
constructing a bridge on Wolf Creek. Gravel bars were
noted on Little Turtle and other creeks south of Miller,
but the fill on Wolf Creek was composed of a dirty, fine
sand. '

It is apparent from the outcrops available that
there is considerable variation in the material of the
fills. That they are fairly efficient aquifers, however,
is attested by the lake at the northern end of Miller
and the farm well noted above on Little Turtle Creek two
miles south of the city. This well has furnished ample
supplies of water for as high as 100 head of stock,
failing in only one very dry summer since it was drilled.
Enough water was encountered in the Turtle Creek fill at
St. Lawrence to cause considerable inconvenience in
building abutments for the highway bridge across it.

These channels make excellent Tarm wells but are
probably. too small to supply the needs. of a commurity
the size of Miller. They are also too shaliow to .2
relied on in times of continued drouth. As a sugrie-

-8~



mentary supply, however, they might prove useful and
a considerable supply could be developed by building
a series of dams to prevent the run off of flood water
and a series of shallow wells or suaps, from which the

water could be pumped.

SPRINGS

A third possible source of water 1is offered in the
springs at the base of Ree Helights. Eight of these
were located between HMiller and the village of Ree
Heights. They lie near the base of this highland and
all occur in sharp valleys cutting the escarpment. The
seepage occurs anywhere ifrom a Iew hundred feet to a
quarter mile up the gully from the mouth. Their loca-
tion is indicated on the map accompanying this report.

It will be noted that five oi these springs lie imn
a two mile stretch, on the northeast portion of the
escarpment facing Miller. One more occurs about a mile
farther scuth and two additional lie to the west
separated by distances ci about three miles.

According to reports, these springs have never gone
dry, wnich indicates that they are seepages from a con-
siderable reservoir and therefore are worth serious con-
sideration as a source of supply for the city of Miller.

They are issuing at the contact of the glacial

drift and the shale bedrock, and evidently are fed by a
layer of gravel or sand which marks the base of the
drift. In other words they are seeps from a buried
outwash. The nuamber and disposition ol these springs
indicates that the sheet of gravel outwash is extensive,
but the size of the flow from the springs suggests that
it is not very thick. Around smse of the springs, gravels
are in evidence, but in mcst of them overlying boulder
clay has slumped and washed over them covering then
completely.

ade on these springs show that the
total amount of water Ilowing from seven of them during
the summer of 1941 wa, 24.8 gallons per minute. The
five springs nearest the city of Miller gave a total

Measurements xa
T
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flow of 13.1 gallons per minute. No individual spring
exceeded 10 galloris a minute, most of them giving about
one or two. The 10 gallon figure was reported for the
spring which furnishes the water supply at Ree Heights.
The highest rate of flow actually measured was found in-
a spring at the southwest corner of Sec. 5, T. 1182 N.,
R. 69 E. It measured 4.8 gallons. This measurement was
made from a pipe which was flowing into a watering
trough. It was not possible to obtain an accurate figure
for the water which was leaking outside this pipe, but
from the size of the stream it was estimated that about
the same amount of water escaped as flowed through the
pipe- Thus this spring would discharge about nine or
ten gallons per minute. A four gallon flow was measured
from the spring at the Boy Scout Camp in the northwest
guarter of Sec. 2, T. 111 N., R. 62 W. So far as could
be ascertained there was no leakage from this spring.
Other springs gave lower readings as follows:

OQwner Location Discharge
in Gallons
Per Minute

1. Percy Nicholas NWZ,Sec.12,T.112N,R.69 W. 1.02
2. Unknown SEL,Sec.22,T.112N.R.69 W. 2. 00
3. Unknown SWi,Sec.22,T.112N,R.69 W. 0.5

From the foregoing figures it is evident that thes=
springs in their present condition will not supply a
sufficient quantity of water for the city of Miller. If
the total flow of the five springs nearest the city were
used, the total discharge would amount to only 18,000
or 20,000 gallons per day-

This is hardly sufficient to supply a city the size
of Miller, but it is possible that a considerably larger
supply could be developed. As was stated above, these
springs are seeps from a large reservoir. It should be
possible, therefore, by drilling wells on the highland
at a proper distance back from the edge of the bluff, or by
cleaning and cementing the springs, or driving tunnels
into the sand from the outcrop to materially increase
the water flow It is impossible to state from this in-
vestigation just how much water could be developed, but
with the sand extending six miles around the outcrop and
an undetermined distance under the highland, i might

be possible to produce as much water as is needed, if

10
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dry weather water table, extensive enough

be pelow the
to foDiS] a large supplv of water, and close enough
to Miller to make long pipe lines unnecessary.

It should again be emphasized that the evidence of
the electric soundings must ve checked by drilling
before considering any development of this sort of
supply One or two wells, placed near the location where
the soundings were made, will be sufficient. These wells,
however, must be carefully drilled and logged. If these
preliminary wells check the electrical soundings then
development can be carried on wherever the soundings
indicate gravel or sand beds The area in which this
prospecting might be profitable is shown on the accom-

panying map

12



RECOMMENDATIONS

Artesian Supplies: The artesian supply is prgbag%y
ost easily obtained and the surest supply avail% e.
oing it., however, it must be remembered tha
thickness of the sand to the top of the
{pre Cambrian rocks) can supply water. Any
well short of this depth will give only a

81 test . The quality of the lower water cannot be
nterred from wellis thirty or forty miles distant as
the character is considerably different within that
3

0

©, especlally in a north and south direction.

er encountered at Miller probably comes from the
nd should resemble waters found at Wolsey more
ose found in Orient or farther west.

© should also be remembered that increase in the

¢ the hole makes only a small change in the volume
water thalt can be discharged by the well. If greater
umes are needed. aaditional wells must be drilled.
These. however. must be spaced far enough apart to pre-
vent interfering with each other when pumping is in
progress This spacing will depend on the rate of
pumping and the volume of water which is discharged, but
distances of 600 to 1000 feet are not too much. With
proper well spacing and proper control and care of the
wells to prevent leaking, corrosion and similar difficulties,
an unlimited supply of water is available from this source

T o

Springs: The Springs in the northeast face of Ree
Heights probably offer the next best supply. Theirp
water is hard, but very usable and does not have the
corrosive properties of the artesian water. They
apparently come from a continuous sand body which can be
developed to supply a fair amount of water and which can
be depended upon in times of drouth. They contain no
such volume of water as the artesian sands, however.
The engineering problems of such development cannot be
discussed in this report One possibility, however, might
be collecting of water from wells scattered along the
escarpment and high enough on the hills to reach the
sznds back of the face of the escarpment. Another alter-
native would be to clean out the existing springs and
construct such basins and retaining walls as would be
necessary to collech all the water they are discharging,
and if_possibie increase their present discharge.
Sufficient water coulc be collected from several springs

138



in this manner to make an imporbtant e
city's supplies

&%)
O
(@)

Other methods of development
y competent enginecers., but
show the sort of operations
taken if these supplies are

be recommended

will suffice to
have to be under
loped

Buried Qutwash: If th
by the electric soundings
and contains any thickne
supply Its main advant
it is near the city of
transportation than watce
apparently deep enougn
and will contain hard
water

outwash indicated
enslve as appears
be a very usaole
e Lﬂ the fact that
require less

in dry weather

the spring

This., now ;tlonable source

than either of the nich : mentioned I
the other sources do not prove adequate, however. this

one should be investligated

Gravel Channels: cribed
above in which Turtle. Creeks
flow could be used as supplement

to other water supplies
hard ., but not corrosive ]
nd the fineness of muech of

hannels 1is
the fills

ots vill not allow
sufficient volume of walTer S the size of
Miller Moreover the 1 sre at e rface and less
than ten feet in depth which allows them Co go dry in
times of continued drouth These channels are also
ubject to pollution since surface sewage can be washed

into the shallow sands easily vor this reason they
would have to be carefully safeguarded if they are to
be used for city ice supplies or for drinking water

The development of these channel fills should in
clude the construction of low dams to prevent the run
off of storm waiter thus allowing it to sink into the
gravels and sands of the 7ill ter uld then b=

co
pumped from a ser 25 of well spaced shallow wells or
Sumps- In case o exbreme necessity 1T might bhe possible

¥
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to develop a sufficient water supply from several of

these channels. However, this would be an expensive and
unsatisfactory source at best. Its main use probably will
be 2s an adjunct to the other supplies described and as
such its possibilities should be kept in mind in any con-
sideration of water for the city.

The development of a satisfactory water supply for
a community the size of Miller in a country where the
rainfall is light is a problem under any conditions.
This community, however, is fortunate in having adequate
supplies providing they are properly used. There is no
single development that will solve the entire difficulty
but the intelligent use of the sources described in this
report should give an ample supply of good water at all
times .

15





