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ARTESTAN CONDITIONS

m

ARFA SURROUNDING THE SI0UX QUARTZITE RIDGE

INTRODUCTION

Location and Area

The region covered in this report includes Buffalo,
Brule, Jerauld, Aurora, SanbBorn, Davison, Miner, Hanson,
Lake, McCook, Moodya and Minnehsha Counties in South Da-
kota. The north.nOLnty lines of Buffalo, Jerauld, Sanborn,
WMiner, Lake, and Moody (nuntles is the northern boundary,
and the south county limes of Brule, Aurora, Davison, Han-
son, McCook, and Minnehaha Counties is the southern boun-
dary of the area. The region lies between the Missouri Ri-
ver, the western boundary, and the eastern boundary of the
South Dakota and Minnesota state line.

In all, the area covers approximately 6900 square miles.
Some of the largest towrns and cities in the area include
Sioux Falls, Flandreau, Madison, Howard, Salem, Mitchell,
Woonsocket, Plankinton, Wessington Springs, and Chamberlain.

Purpose and Method of Investigation

The purpose of this investigation was To determine the
static level, or height above sea level to which the arte-
sian wgters coming from the Dakota and Lakota formatioms
would rise; and the rate and amount of decline of this wa-
ter lewel in the past fifty years.

A second purpose of this project was to investigate the
stratigraphy and structure of the ared.

This survey was made by a two man party consisting of
Fred V., Steece as assistant and the guthor as geologist.

-1~



An altimeter was used to determine the altitude above
" ses level of each well site, with levels carried from pre-
cise level bench marks near each well. A pressure gauge
was used to determine the pressure on any well that was in
good condition. The rate of flow was determined by obser-
ving the time required to fill a gallon measure, or where
the flow was too great it was done mathematically by using
a formula.

A well measured every three to six miles determined
the gradient of the water level. Wherever possible, pres-
s¥res were taken on wells that were in good condition. Im
certain parts of the area where there were no flowing wells,
information was acquired from pumped artesian wells. A

1line was placed in a well to determine how far the water ...

Tose toward the surface. Where it was impossible to get a
line through the pump into the well, the information came
from the well ownerso

Previous Investigations

a

- The first investigation of artesian water in the re-
gion covered by this report was made by E. S. Nettletonz,
an engineer working for the U. S. Department of Agriculture.
He made a-general investigation to determine the depths,
pressures, and flows of artesian wells in North Dakota and
South Dakota during 1890 and 1891.

L more comprehensive study of the artesian basin in
South Dakota was made for the United Btates (teclogical Sur-
vey by N. H. Darton® in 1896. Darton's preliminary report
investigated the location of water-bearing bedsg and the 1li-
mits of the territory in which artesian flows were expected
{n South Dakota and adjoining states. J. E, Todd4P made
several investigations of the geology and underground water
resources i% the region covered by this present report. In
1909 Darton™ wrote a second report for the United States
Geclogical Survey on, "Geoclogy and Underground Conditions
of South Dakota.® He investigated the geologic conditions
bearing on the occurrence of artesian waters.

Comparing these investigations with the data of this



survey made it possible to record the changes in head or
water pressure during the past 60 years,
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GEOLGOY OF THE AREA

“PROCEDURES FOR OBTAINING STRATIGRAPHIC INFORMATION

Examination of Well Samples

The data obtained for making well logs of this area
wWere interpreted from well samples and electric logs,

-Cuttings collected from different wells were studied

through a microscope to determine characteristics of forma-
tions. Eaeh formation has definite lithologic characteris-
ties, so the thickness and contacts can usually be identi-
fied accurately. A description of each formation according
to the character and the fossils present is made visually
and with the aid of a microscope. For example, the Green-
horn formation is identified as a limestone with many clam
shells present.

Electrical'Well Logging

Besides examination of cuttings fthere are other means
of receiving stratigraphic information. The electric log-
ger plays a great part in determining contacts and thick-
nesves of formations, For these purposes the State Geclo-
gical Survey owns a 2000 foot electric logger to obtain
aeccurate subsurface data.

Before the electriec logging procedures start, the well
must have good circulation to prepare the hole from obstruc-
tions: To log the well, a stationary electrode is placed at

- the surface, usually in the mud pit., A traveling electrode
assembly at the end of a wire line spooled on a reel is
lowered to the bottom of the héle.s A recording of the well
is made going down the hole and coming back up to obtain
a double check. As the electrode assembly is lowered and
raised in the hole, electrical currents are passed through
tlhie electrodes, and the electrical meter readings are auto-
matically plotted against depths on the recording drum.

- 4.»



Some of the following fundamentals of the electric
lOgG“f List b Enown in erder o therplﬂf,ﬂhe data.

In electrical well logging two electrical properties
are measured in the bore holeg potential and resistance.

Potential

Potential is a measurement of the natural electrical
potential between the surface electrode and one of the elec-
trodes in the well. It is measured in millivolts, 1 mil-
1ivolt being 0.001 volt. The electromotive force or poten-
tial gives rise to a current, which flows through permeable
layers, then spreads into the adjacent formations, and re-
turns through the mud Filling the hole.

Tt has been observed that in a bore hole tThe elec~
trical potential varies according to the nature of the beds
traversed., For example, salt water sands and brackish wa-
ter sands are usually more negative than the associated
shale or clay. On the other hand, fresh water sands may be
either more negative or more positive than the associated
formations.

By making potential measurements in a bore hole and
plotting them in terms of depths, a potential graph is ob-
tained, From the graph it is possible to pick the boun-
daries of most bheds and sometimes to have clues on the
nature of some of the formations traversed. An idealized
potential graph is reprecented on the left side of the
Diagram No. 1. ~

Electrical resistivity.is that property which tends
to impede the flow of electricity through a substance,
This property can be messured in volume of rock having a
unit of length and a unit of cross section. The resisti-
vity of rocks is expressed in {ohms m /m} or ohmmeters
This has been found to be a convenient unit for practical
purposes giving values between a fractlon of an ohm and
several thousand ohms,
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The electrical conductivity of a bed is determined
by the nature, quantity, and distribution of the water con-
tained in the bed. Inasmuch as these factors vary appre-
cisbly from one bed to another, conductivity measurements
made in a bore hole can be used to pick formation changes
and sometimes to obtain some idea on the nature of the for-
mations traversed. - In practice it 1s not the conductivity
but its reciprocal, the resistivily, or resistance, which
is measured. The measurements are plotted in terms of
depths and the resulting record is called a resistivity
or resistance graph.

Flectric Log

The combination of a poftential graph and of a resis-
tance graph placed side by side constitutes an electric log.

Application of Electric Logs

Electric logs give a detailed and continuous picture
of the formations penetrated in the course of drilling,
and they are, therefore, one of the most useful tools avail-
able at present for subsurface studies.

The principal applications of electric logs can be
divided into the following classes, corresponding to the
riature of the problems to be solved.

1. Geological problems

2. - Investigations of water supplies
3, Data for surface exploration

L. Production problems -



Geological Problems

The electrical properties of & bed are controlled pri-
marily by the amount, composition, and geometry of the
fluid, usually water, which it contains, Therefore, an
electric log reflects the lithologic character of strata.
Inasmuch as the electrical measurements are made with great
detaill in terms of depths, position and thickness of eatch
of these strata can be determined with accuracy. '

Since the average lithologic character of beds usually
does not vary greatly over short distances, electric logs
taken in neighboring wells which have traversed the same
strata exhibit an almost identical pattern. The beds can,
therefore, be correlated from well to well by comparing
the electric logs obtained in these wells. From this data
accurate geological mapping is possible.

If the wells are very shallow (seismograph shot holes,
shallow core holes), a surface map or a shallow subsurface
map can be established. This map will be of considerable
value in exploration work when the surface geology reflects
deeper structures. If the surface geology is not signifi-
cant, deeper wells {core holes) will have to be drilled and
logged for preparing a subsurface map from which the loca-
tion of exploratory wells will be determined. Many other
geological problems can frequiently be solved with electric
logs; such as bed identification, research on sedimentation,
et cetera.

Investigation of Water Supplies

Inasmuch as the electrical characteristices of rocks
are controlled by the amount and composition of the water
which these rocks contain, electric logs are a useful tool
for the investigation of the water supplies of an area. In
particular they permit determining exactly the depth and
thickness of fresh water bearing formation, They also fur-
nish information regarding the quality of the Watef% such
as fresh, brackish, or water high in salt content.



STRATIGRAPHY

STRATIGRAPHIC SYSTEMS PRESENT

The rock formatioms which are exposed in this area be—
long to four geologic systems: the Quaternary, Tertiary,
Cretaceous, and pre-Cambrian.

‘The Quaternary sediments, the youngest system exposed
cover most of the area under consideration. These sedlments_-
are mostly unconsolidated materials made up of glacial t111
loess, sand, and gravel.

The Tertiary sediments, the next older, are ancient
stream deposits of sands, gravels, and stratified quartzite.
The Bijou Hills in the southern part of Brule County are
capped W1th green quartZ1te of Miocene and Pliocene ages

The Cretaceous deposits include the Pierre, Niobrara,
Carlile, Greenhorn, Graneros, Dakota, Fusor, and Lakota
formations. The Pierre and ‘the Niobrara are exposed along
the Missouri River. The Niobrara and Codell sand member
of the Carlile are exposed along Firesteel Creek, and the
James River.

The oldest formation exposed is the Sioux Quart21te
which is pre-Cambrian in age. It is exposed in spots in
the area between Mitchell and Sioux Fallss

The geologic map of this area shows where these beds
outcrops



QUATERNARY SECTION

_Pleistocene Deposits

Alluvium

Alluvial deposits composed of clay, silt, sand, and
some gravel make up the flood plains of the Missouri, James,
- and Big Sioux Rivers, and the larger creeks. ’

Loess

Loess is a wind-blown deposit of fine clay, which makes
a thin cover on some Missouri River terraces. The material
is soft and unconsolidated, but well packed and held toge-
ther by bentonite.

Glacial Deposits

Till or Boulder Clay

Glacial till is composed of a mixture of sands, clays,
gravel, and scattered boulders. It is distinguished from
ordinary stream deposits by its unassorted character and
the absence of stratification.

The till or drift of this region exhibits the basin

and swell surface in a mild degree. The dralnage, which is

very poor, is characteristic of the basin and swell surface
and there are numerous small lakes and swamps.

The thickness of the till varies from a few feet to an
average of 75 feet.

The terminal moraines are recognized by stony, knobby,
hills mingled with circular and winding basins. The moraines

9.



usually present a large number of boulders, beds of gravel,
and till mixed together.

In this area there is one principal moraine, the Gary
Moralne, belonging to the Wisconsin stage. The name is de-
rived from the .town of Gary where it was first studied. It
enters the west boundary of Firesteel Creek, near the nort
boundary of Jersuld Coumty and continues southward along Lhe
east side of Firesteel Creek and follows in a scutheasterly
dire¢ticn until it crosses the north linme cf Ilutchinson
Gouﬂt}oll

. Other promlnent moraines in this area are the Pony
Hills west of Woonsocket, and the White Lake moralne1
approximately 2 miles in width, extending from the We551ng-
ton escarpment, 2 miles scuth of Wessington Springs, south-
westward through the town of White Lake.

As the glacier retreated, great amounts of water re-
leased by melting of the ice left little evidence of its
existence. A large part of it drained away over the sur-
face cutting channels into the moraines. As the meltwater
subsided, some c¢f these channels were partially filled with
gsand and gravel.

These channels vary in depth of 40 to 60 feet and in
widths from half a mile to a mile, Along the James River:
older channels changed to terraces appear at different alti-
tudes., Hast of Mitchell there are two old chamnels approxi-
mately 80 and 100 feet above the stream. The usual indi-
cation of such a terrace is a sharp, stony edge capping the
river bluff and a generally flat surface extending for many
rods. :

"The best known channel in this area lies between Lane
and Mitchell, and is occupied by the valley of Firesteel
Creek, About the middle of its course this channel splits
into three parts. Ten miles downstream the three channels
again unite into a single one.ml

10
10w



TERTIARY SECTION

Bijou Formation

The Biﬁou formation wa$ named by R. E. Stevenson for
the type section capping tlie Bijou Hills in Bfule County-.
It consists of gravels, sands, Vvolcanic ash, bentonite,
green quafrftzite, and conglomerate containing fossil mam-
mals indicating upper Miocene and lower Pliocene in age.

A section in the southwesternmost Bijcu Hills is a-
bout 120 feet thick, consisting of a lower member of flesh-
colored, sandy, and ashy silts separated by a thin green
lamlnated bentonite from an upper buff, cross-bedded, fine
grained sand. Irregular shaped limestone ooncretlons oc~-
cur throughout and there are petrified wood and mammalian
bones,"16

A typical section of the Bijou formation was measured
by Rs Eo Stevenson'in Gregory County.

Succession of Beds, Bijou Eormatlon Exposed
Gregory County, South Dakota

Comp051te Section
SE%, NEZ, Sec. 30, T. 9 N., Rs 67 .

Bijou Formation.

5, Irregular lenticular, siliceous, coarse sandstone
with green-siliceous clay, cohbles and green

sand = = = = = = = = = = = = = = = = = == L T,
4o Greenish, slightly lutaceous* sand of well

rounded medlum grained quartz - - - - - —11 ft.
3, Greenish, bentonitic clay - - - - - - - — 8 ft,
2. Greenish, sandy, lutaceous silts toneg weathers

pink, Ustatochoerus medius A(Leidy)**x- - — 11 ft,
1., Grey, lutaceous, fine sand - - - - - - --20 ft,

#* Cemented with clay
s Qreodont

~11-



The cverlying green qlartz;te contains some black sili-
cified weod, a few molliusk shells, lscally small quartz,
cherf and feldspar pebbles, its sand g?dlﬂb varylng from
coarse Lo fine, somewhat cross-bedded with local lenses of

uneonsolidated sand.+¥

Dr, Joseph Gregory idemtified the following mammalian
fossilsg collected by *the South Dakota Geological Survey
staffs

Fauna v;;uhe Bljau Formaticon in Soutr
Cenb“aj South Daksta TEERTEITT -

Horses Merychippus insignis Leidy
' M. republicanus Osborn

Protohippus cf. B. perditus
Pliohippus? sp. s
Neohipparion sp.
‘Nannihippus retrusus Cope
Hypohippus ef. H. equinus Scott
Calippus cf. C. placidus

Camels Procamelus cf. P. calcaneus
Megatylopus sp. {may be Alticamelus SPo.)

Deer Blastomeryx sp.
Dromomeryx? Sp.
Cranioceras? sps

E

Antelope Meryeodus cf. M. furcatus Leidy

Peccaries . Prosthennops sp.
(Pig family) '

Rhinoceras Teloceras? Spo
Aphelops? sp.

Mustels (weasels, badgers, skunks, otters, etc.)
Brachypsalis modicus Matthew

Horned Rodents Mylagaulid

Orecdonts Ustachoerus medius Leidy

Mastadons  Gomphetheriidae



MESCZOIC SECTION

Pierre Formation -

~Distribution

, The Pierre formation extends over the western part of
the ares thimming to the east and appearing along the bluffs
of the Missouri Valley. Surrounding the Sioux quartzite
ridge, the Pierre has been removed by erosiomn.

Character

The Pierre formation consists of a gray clay varying
from light to dark with numerous bentonlte beds and concre-
tions scattered throughout.

_ Bentonite 1s a finely divided, altered volcanic ash

that settled at varicus times during the geologic past in
shallow interior seas. The volcanic ash was altered to ben-
tonite by action of sea water.

The concretions are composed of hard limestone and iron
carbonate, which vary from two to twelve inches in thickness.

In the Chamberlain area along the Missouri River, irom
manganese concretions appear in the Oacoma member of the
Pierre. An example of this condition carn be seen north and
south of Chamberlain along the Missouri River bluffs. A
measured section south of the moutn of Crow Creek, Buffalo
County, shows_.the characteristics of the Pierre formation
in this area.?

Succession of Bedsy Pierre Formation, Exposed
at and South of the Mouth of Crow Creek,
Buffalo County, South Dakota
Composite Section
Becs. 23 and 34, T. 106 N,, Rs 71 Ws

13



Pierre Formation
Sully Member

Verendrxe facies

12, Shale, gray, weathers to gumbc; contains
large black sideritic concretions; not
measured, '

11. Shale, light gray, flakyeooceconcncacson 7%
10. Shale, 1ight grayeos...cvoo-oasccsasss con RF

9, Shale, light gray, with rusty zone at
top and two intermittent zones of white
rusty lime concretions in lower 15 ft...29% 4"

8. ©Shale, light gray, with zone of white,
rusty lime concretions at top, and
two similar, intermittent zones near
- DaSCseana Vessesesesecneacananasoe s ees 9

7. Shale, gray to yellow gray, flaky;
numerous iron manganese concretions
and many bentonitescosssoss vosesesesswned0l 1M

Lower Qacoma facies
6. Shale, dark gray, gummy, ccntaining 3
thick bentonites and a few layers of
concretionScas..«.. seoecevonvaanscossoos 22V 3N

Crow Creek facies

5u MaI’l, light graYQ_naansac ------------- a o 5i
4. Sandstone, brown, calcareous, slabby... v

Gregory Member

3, Shale, gray to brown, containing numerous
flat, rusty-brown concretions. Some cal-
careous layers, including an intermittent
5u_.6" ijmpure marl lying 7 to 10 feet be-
low the Crow Creek sand in some exposures
on each side of the river in this immedi-
ate arefcoescsonce PP 7

Sy



Sharon Springs Member

2. Shale, dark gray to black fissile, con-
~ tains fish fragments and numerous ben-
tonite beds; selenitic at base - - ~ - - ~ 140

Niobrara Formation

1. Chalk, impure, weathers yellow on out-
. Crop. ' '

Distinguishing and Drilling Characteristics

Since the Pierre is a soft; plastic clay that contains
numerous bentonites in certain zones and layers of concre-
tions, the formation drills easily, but the bentonites and
concretions that occur in certain zones may cause some
trouble. The bentonites have the property of absorbing
large quantities of water causing heaving and swelling which
might close the hole. The bentonites are useful in rotary
drilling as they make their own drilling mud, saving the
driller the expense and trouble of using prepared muds.

Fossils and AgeJ ' '

The most common fossils found in the Pierre are clam
shells of the genus Inoceramus, identified by heavy corru-
gations of the shell. Micro-fossils of the order, Foram-
inifera, too small to detect without visual aid, can be
identified under the microscope. Marine reptile bones can
be found at the contact of the Verendrye and Oacoma facies
of the Sully member. The age of the Pierre is upper Cre=
taceous and is the lower part of the Montana group. :

Thickness
Thickness

The Pierre formation varies greatly in thickness in
the region between the James and Missouri Rivers in Buf-
falo, Brule, Jerauld, Aurora, Sanborn, and Davison Countiess,
. Because it is the topmost of the bedrock formations, 1t has
been subject to much erosion. The maximum thickness is in
the western part of the area where 260 feet is recorded at
the Knippling Ranch located in the NEZ, Sec: 36, T. 108 N.y
R. 72 Ws ‘

' -15=-



Niobrara Formation

Distribution:_

The Niobrara is a conspicuous feature in the bluffs
along the Missouri River as far north as Chamberlain. It
underlies the Pierre over most of the area except where it
underlies the drift close to the Sicux Ridge. Exposures
are numerous along the James River, Firesteel Creek, Enemy,
and Twelvemile Creeks southwest and south of Mitchell.

Character

The Niobrara is composed of a dark gray to blue chalk
and marl. Under the microscope the chalk has a speckled
appearance due. to the micro-fossils which are made up of
white calcite, The Niobrara grades into a marl and chalky
marl in the Chamberlain area. There is an increase of ar-
gillaceous material with a decrease of CaCO3 material to-
wards the northern part of the state.l

In Kansas the Niobrara. has been divided into two mem-
bers on the basis of lithology. The upper part, called
the Smoky Hill member, is softer and conftains numerous
bentonites. The lower part, called the Ft. Hayes member,
is almost a limestone and has fewer bentonites.

In this area it is difficult te recognize a lithologic
subdivision. "Since the main basis for subdivision is
micro-paleontologic rather than lithologic, it remains very
difficult if not impossible to distinguish between the two
members in the field without additional laboratory study.n1O

The resistivity of the Niobrara is high which can be
seen on an electric log. The contact of the Niobrara can
easily be interpreted from electric log data.

~16-



Distinguishing and Drilling Characteristics

Wedthered chalk appears buff or white, but unweathered
or fresh chalk is a blue and speckled, and it is often mis-
taken for clay or shale. When a drop of hydrochloric acid
is placed on the chalk, it will bubble or effervesce brisk-
ly releasing carbon dioxide, while the clay will not react
to the acid.

The Niobrara drills guite easily and usually does not
present any problem to the driller.

Fosgils and Age

The most numercus fossils found in the Niocbrara are
micro-fossils called Foraminifera and Ostracods. Cther
prevalent fossils found are small, deep, cup-shaped oysters
{Ostrea congesta) usually found in clusters and clam shells
of the genus Inoceramus. Teeth of sharks, fish scales, and
fish bones are abundant throughout the formation. The age
of the Niobrara is upper Cretaceous placed in the Colorado
group.

The maximam thickness of the Niobrara is 150 feet re-~
corded in Buffalec and Brule Counties. It thins to the east
with a minimum of 40 feet recorded in Lake County. In Au-
rora, Jerauld, Sanborn, and Davison Counties the average
thickness is 100 feet,

Carlile Formation

Distribution

The upper part of the Carlile, known as the Codell
member, is exposed along the James River and Firesteel
Creek in the vicinity of Mitchell., The Carlile underlies

~17-



most of the area covered by this report sxce where it is
wedged out against the gquartzite,

Character

The Carlile formation varies from a light gray to dark
and bluish gray clay. Calcarecus concretions are more or
less abundant throughout the deposit.  The size ¢f the con-
cretions vary from 2 to 36 inckes in thickness, A consid-
erable amount of jiron pyrite and gypsum is abundant in the
formation. Shales or clays offer littie resistance, so the
resistivity "kicks" of the Carlile reccrded on the electrie
Iog are very small. The Codell sand member can easily be

qterpre ed because a sandstone or sand has more re81stance
than c1a‘zso

Codell Member

X near the top of the
Carlile is DeTSlStent OV’” most of the area. The Codell
consists of a fine angular te¢ sub-angular quartz sand with
some of the grains frosted or etched. In Brule and Buffalo
Counties, the Codell grades intc a clay. Part of the Co-
dell exposed along Firesteel Creeck 1s described belows

Succession of Beds, Codell Member
Exposed along Firesteel Creek
Davison County, Soagl Dakota
NWz, Sec. 35, T. L34 M., R, 61 VW,

6c LOOSG SOI‘ted Salldoauausm@.)a;\kuuw-:ua-0wg‘bauuo 6“

5, Hard layer consisting of reworked clay, coarse
sand and pebbles. Abundance «f sharks' teseth

found in This LaYeETovesccsaconvnsesooscooldM=16"
4o Ia¥er of eclay with thin seams of melanterite. 3»

3, Very Joose sand with thin clay seams inter-
spersed hetWesNocossosnsasosvooasoausocosoo &

=

2, Gray, loosely cemented sand congisting of a
number of shale streaksS. sovv vsscssvooeooas GO

1. Loosely cemented sand with stresks of red clay 24"

Total thickuness of Section & feet #
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Distinguishing and Drilling Characteristics

- In the stratigraphic section, the Carlile lies con-
formably between the Niobrara and the Greenhorn. The Co-
dell usually lies underneath the Niobrara and the first
sign of sand indicates the contact.

The Carlile is a dark colored, soft, plastic clay
that contains layers of concretions., It drills easily,
but hard concretions may cause some drilling trouble. The
Carlile can also be used as a drilling mud because it con-
sists of & soft clay and contains scattered bentonites,

Fossils and Age

Fossils are very sibundant in the formatior, especially
in the upper part. Fish remains are common throughout the
formation. Other common fossils found are Inoceramus shells,
previously described, and fossil oyster shells called Ostrea
congesta. The age of the Carlile is Cretaceous and is the
upper part of the Benton group.

In the western part of the area the Carlile varies
from 175 to 200 feet and in the eastern area it ranges from
70 to 150 feets

Greenhorn Formation

Distribution

The Greenhorn lies beneath most of the area except
where it is wedged out against the guartzite in the fol-
lowing counties: eastern Davison, Hanson, McCook, Minne-
haha, Moedy, southern Lake, and southern Miner.
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Character

The Greenhorn is a fossiliferous chalk and limestone
with an admixture of clay that cccurs in thin, but dis-
tinctive beds. It consists of a lower member of bluish
gray chalk containing thin secams of black shale and a few
bentenites; a medial member of hard, shelly, thin bedded
limestone containing numerous Inoceramus prisms separated
by partings of clay: and a top member of light blue-gray
chalk., Examination of the electric logs shows that the
Greenhorn may grade more into a chalk towards the northern
part of the area., Below is a section of exposed Greenhorn
measured by E. J. Bolin and the author in February, 1952.

Succession of Beds in the Greenhorn Formation
Measured at Quarry 1l2.3 miles SE of
Westfield near Highway 12, Plymouth County, Iowa.

8, Highly weathered, soft, buff and light blue-
gray Chalkobor;oouvucuau_w-ns'nonmtﬂooobovoeo3033v fta

7. 8labby thin-bedded, white limestone. Beds
vary from %" to about 1" in thickness. Con-
tains abundant Inoceramus fragments and has
iron staining on SUPrfacCE.coccoscosconsossssoosda? o

6. Very hard, massive, white;limestone. Con-
tains abundant Incceramus fragments and has
iron staining on surfac€.ccvveoscconssososs 4ad flo

5. Highly weathered, soft, buff and light blue-

gray chalk. Contains a 1" seam of bentonite

2045 fto below topocucapweom@m&omo@aauosmo‘a 3072f‘t9
4. Black, slabby, calcareous shaleccecoosesses o4 fla
Bq Chalk aS a—bovenooonoo'sooemuo-oaanoaoq-a-aaomo -13 ftu
2, Bhale as ab0OVRoocoeoscasooossanancsusscscoss od It

1. Chalk as above - base Of qUarryesce.coa.ce0 3014 Th
Total thickness of section 2L:26 ft,
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Distinguishing and Driliing Charagterlﬂtlcs

The Greenhorn lies conformably under the Carlile and
oonformably over the Graneros., It can ea311y be recog-
nized by numerous fragments of Inoceramus shells. On the
resistivity graph the G¢e°nhorn n limestone shows the most
resistance. The Y"kicks® on the graph are very promlnent
easily distinguishing it from the other formations. It is
a hard formation, and may slow the drilling time, but it is
not toe difficult to penetrate.

Fossils and Age

The Greenhorn is a shelly limestone that consists
mostly of Inoceramus shells. Besides Inoceramus, the for-
mation contains fish fragments, sharks! teeth, fish scales
and Foraminifera. The age of the Greenhorn is Cretaceous
and is part of the Benten Group.

Thickness

The thickness of the Greenhorn varies from 50 feet in
the western part to 20 feet in the eastern part of the area.
The Greenhorn thins to the east and is wedged out around the
quartzite ridge. '

Graneros Formation

 Distribution

The Graneros lies beneath most of the area except where
it is wedged out against the Sioux guartzite.

Character

The Graneros consists mainly of fine grained, dark-
colored clay, with streaks of sand layers found interspersed
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through the formation. Concretions of iron carbonate vary-
ing from two to six imches in thickness cecur at different
horizons, and pyrite is abundant throughout the clay.

Distinguishing and Drilling Characteristics

The Graneros lies conformably between the Greenhorn
and the Dakota., Pyrite streaks and layers of coricretions
sometimes make the Graneros difficult to drill. The Gran-
eros, like the Pierre and the Carlile, can be used as a
drilling mud because it consgists of a soft, plastic clay.

Fossils and Age

Few fossils are found in this formation with the ex-
ception of some large reptile bones.48 The age of the Gran-
eros is Cretaceous and it is the lower part of the Benton
Group.

Thickness

The formation varies in thickness from one area to
another.  Four hundred thirty feet of strata logged at the
Loring Well in Sanborn County is the thickest section. One
hindred fifty feet of strata logged at the Biskeborn Well
in Brule County is the thinnest section., Over most of the
ares the Graneros averages 200 feet in thickness.

Dakota Formation

Distribution

The Dakota underlies most of the area covered except
where it is wedged out against the Sioux quartzite ridge.
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Character .

The Dakota formation is made up of sandstones with
some thin interbedded clays, some of the features of which
are given in the following exposed detailed section.

Succession of Beds in the Dakota Formation
Measured below the Mozth of Acwa Creek
Dixon County, Nebraska.4?

Sandstone, soft, porous, rust colored.........l0 ft..

Ciay, dark with thin sanpdstone layersS...sceses 2.5
Sandstone, nodular, rust colored..... ceereenae 1
Clay, dark, sandy at base...... csecssrecsnnan . 1

Sandstone, with layers of iron concretions.... 4.5

Sandstone, dark, rust colored, with shaly layers.25

Total exposed thickness L fT,

Diagram 1 shows the following intervals of sandstones
and clays in the next section of the Dakota taken from a
well,

Sucecession of Beds in the Dakota Formation
Electric Log of Fred Meyer Artesian Well
Sec. 22, T. 109 N., R. 63 ¥W.,
Beadle County, South Dakota.

Top of Dakota formation g17 ft.
SarndstonNe.ccccossnoosscscosasccansas ceese 3.5
ClaVoeosossssesossccocacas cetecsscsenoe eee 6.5
SandstonEcovecssvonncvonesenseasos cecooen 6
Clayooesaocs e esascsecenuunseeseceaane s 2
Sandstoneeseeccacesvovosaan seseecsesaceaes 2
Clay.eeoeceooascns secmoceuaoaes s cevesens 1.5
SandstONEsoeseecrsvoocssconsncsosoessass . 14
Clayoeosscoan cecsusvena csuscascosoesss e 6.5
SandstonCeocceesaoscsocooososoconsnnsns oe 5
Clayeeeoeooanooanaannons cecncanen ceessaceo bob
Sandstone.-ocveoo ceccecesssoe seeaesaesco 6
Clayoorosnocacosnoossoansess ceaspoonueoas A
Sandstonecscoossconss secesonesosocnasoas 4
ClaV.oosocecoeooooossosonocooosesnnnasao -« 5



BanASTON@c o srscnvonssssnsanasesscesannve 5 It
C‘la}ruao-,‘oda»an,m,..a-a.\ne-uzoasaq«yuwuz}:}no 1
Sandstone. .oovsionenanascasonssoncoanoso &
}.ay‘cnouvouo'.):vt-)'umomanu.floc'ne\:.-u(.x~)oouooauzn 2
Sand.stol—lemob’no:)uonauouoao:;on.‘cqooouuuunop 6
Gla-YUn3'\0@000‘00000000“)«‘oaac-oobornoouocoo 3 .
Sandstonea'-ooououudunonaﬁuucdoncpo_:ioqv:z‘vocr gbs
Total thickness of section 102 ft.

len

Distinguishing and Drilling Charsgteristic

The Dakota lies conformably between the Graneros and
mson formations. Water well drillers have divided the
Dakota into the first, second, third, and fourth flows.
These flows are mot persistent over an area, however, for
there may be a number of flows separated by clay layers.
As shown by. Diagram 1, there may be as many as 12 or 13
sands separated by clay lazyers that contain water,

Fossils and Age

: The formation contains numerous traces of plant life
in the form of carbormaceous strata, bits of charcoal, root
marks, and fragments of leaves, It is a fresh water de-

<

pogit with a few animal fossils that ocuur rarely. The

Dakota has yielded a large and characteristic flora con-
stsbing mostly of dicotyledonousz plauts, as well as a small
molluscan fauna of fresh water types.®?® The age of the
Dakota formation is middle Cretacecus,

Thickness

The Dakota varies in thickness in different parts of
~the area. A thickness of four hundred fifteen feet was
logged at the Biskeborn Well in Brule Countys This is a
tremendous thickness compared to other sections cof the Da-~

kota covering the area. An explanation Ior this thickness

may be an old stream channel forumed in the Dakota, The
minimum thickness recorded at the Knlppiing Well is 80 feet.
The average thickness ranges from 80 to 150 feet,
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Fusen Formation

Distribution

The Fuson underlies most of the area except where 1t 1s
wedged out against the quartzite.

Character

~ The Fuson formation consists of thin beds of fine
grained sand and different light colored clays mixed with a
great amomnt of bentonite.

Manganese pellets are found in great numbers throughe
out the formation, and are persistent from the Black Hills
to the eastern part of the state., The manganese pellets
vary in c¢olor from a light brown to deep purple.

DlSt;ﬂgUlShlng and Drllllng Characterishics

The Fuson serves as a good impermeable horizon between
the Dakota and Lakota., The formation can be recognlzed in
the cuttings because of numerous rounded manganese pellets
that vary in eolor. The pellets can easily be mistaken for
sand by the driller because of the similar size and shape
of the grains. The Fuson is full of bentonite and glacks
easily, so it should be cased as soorn as possibles

Fossils

No fossils have been found in the Fuson in this area?
but pieces of carbonized wood and thin streaks of lignite
are commonly founds

Thickness

The Fuson ranges from 10 to 30 feet over most of the
areas
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Lakota Formation

Distribution

The Lakota underlies most of the area except where 1t
wedged out against the quartzite.

P

U

Charscter

The Lakota varies in texture from a gray, fine, angular,
to a coarse, angular, subrounded, unsorted sand.

Distinguishing and Drilling Characteristics

The Lakota lies conformably under the Fuson and uncon-
formably on the Sioux quartzite. The formastion has the sane
drilling characteristics as the Dakota. There are some hard
streaks in the Lakota that make it difficult for drilling.

Fossils and Age

Carbonized wood and seams of lignite are frequently
found throughout the formation. Fossil fern trees called
cycadeoids have been found in the Lakota formation north of
Edgemont in the Black Hills region. The age of the Lakota
is middle Cretaceous.

Ihickness

There are no wells in this ares to show the thicekness
of the Lakota.
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PRE-CAMBRIAN SECTION

The largest extent of pre-Cambrian section, so far as
known, consists of pink quartzite called the Sioux quartzite
formation., Other types of pre-Cambrian found are igneous
and metamorphic rocks.

Sioux Formation

Distribution

The Sioux quartzite forms a subsurface ridge that out-
crops near Sioux Falls and extends west of Pierre for some
distance. The known exposures in this area are in Minne-
naha, McCook, and Hanson Counties. The areal extent of
exposures in this area are shown on the outcrop map, and
covers a belt approximately 70 miles long in an east-west.
direction and about 20 miles wide in a north-south direc-
tion. The western extent of the outerops are 5 miles east
of Mitchell, and the eastern extent are in the eastern part
of Minnehaha County. The northern extent of the Sioux out-
crops at Dell Rapids and the southern extent outcrops at
the McCook-Turner County line along the East Fork of the
Vermillion River. '

The black areas on the outcrop map indicate the approx-
imate location of the outcrops.

Character

"The Sioux quartzite is composed of fine, well sorted
angular pink quartz grains that are tightly cemented. The
rock has a characteristic greasy lustre due to the fact that
it breaks through the quartz grains instead of around them.
This quality of breaking identifies the rock as a quartzite
and is the result of the compact cementation of quartz by
silica. Although the greater part of the Sioux formation
consists of fine grained quartzite, a number of,%utcrops
show seams and beds of coarse grained quartzite.™
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Distinguishing and Drilling Characteristics

The quartzite is a very hard formation which is too
difficult to drill with the Jetting Machine and the Rotary
Rig. The best method of drilling the quartzite is to use a
heavy cable tool rig sc¢ that the formation can be smashed.
Jetting tools will not break the quartzite and rotary bits,
with the exception of the diamond bit, will wear out in a
very short time trying to grind it.

Fossilg and Age

The age of the Sioux quartzite cannot be determined
directly because no fossils have been found in the forma-
tion, and the relationship with other formations is ob-
scured by glacial debris,

On indirect evidence, the formation is probably pre-
Cambrian in age. On the basis of litholegy, absence of
fossils and gentle structures, the formation has been cor-
related by some geologists with the Baraboo quartzite in
Wisconsin, which is overlain directly and unconformably
by upper Cambrian sediments.

Thickness
The thickness of the formation is indeterminable with

no known boring going through it.

Igneous and Metamorphic Rocks

'_Distributiqn

Granite has been reported in several wells in Hanson
County and one well in Davison County. Granite was struck
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at a depth of 500 feet in BSec. 25, T. 103 N., R, 61 W. It
has been struck in twc or three wells about 5 mileg north
of Farmer.

The granite from wells north of Farmer, in Hanson
County, is a fine grained, light gray rock predominant in
transparent feldspar, while that from the wells southwest
of Mitechell is darker and coarser. At Madison a black horn-
plende schist was reported at a depth of 1300 feet.ll

It could be that the igneous rocks struck. in these
wells are dikes intruded through the quartzite similar to
the dike consisting of diabase north of Corson, South Dakota,

DisﬁingyiShing}and Drilling Characteristics

- Igneous rocks present the sanié problems as the Sioux
gquartzite for drilling with the Jetting Machine and the
Rotarv ngo

Thickriess

Igneous rocks, which form the crust of continental area,
have no known thickness.



STRUCTURAL CONDITIONS

Introduction

In the area covered by this report gentle foldsg flex~
~ ures, and troughs are the principal features ohowlng struc-
ture. The general slope of the area, which is due to the
- north flarnk of the Sioux quartzite rldg e, is to the north
and the west. The Greenhorn slopes northwest approx1mately
- 8 feet to the mile in the western part of Lake County as
~ far west as Jerauld County. A general dip of the Greenhorn
- slopes north 9 feet to the mile in the northern part of Da-
. vison and Aurora counties to the northern part of Sanborn
and Jerauld counties,

The structure map is controlled from elevations on top
of the Greenhorn formation. The elevations on top of the
Greenhorn were determined by subtracting the depth to the
Greenhorn from the surface elevation. The depths to the
Greenhorn were calculated from electric well logs and sam-
ple logs,

Sioux Quartzite Ridege

N ~ The dominant structure is the Sicux quartzite ridge
,}whlch rises to a crest up to 1000 feet above the surface
of the metamorphic and intrusive rocks to the north. The
ridge runs eastward across the state from a point north-
~ west of Pierre southeastward through Sioux Falls and be-
- yond into Minnesota.

Studies made by Brewster Baldwj’.n3 show that the sedi-
ments are laterally extensive and have been gently warped,
tilted, and jointed at some period in the past. The amount
of dip of the beds varies from 11 degrees at some exposures
to flat lying at others, but averages about 3 or 4 degrees.
The direction of dip also varies considerably. The direc-
tion of dip of the outermost exposures is toward the center
of the exposure area. At Dell Rapids the dip is to the
south and southwest, and at Parker the beds dip north.>
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- Very irregular topograéhy on the north side of the
ridge is evident by the difference in depth to gquartzite.
Buried hills and valleys are typiecal of the quartzite ridge.

Overlaps and Unconformities

During the time of deposition, stratigraphic over-
laps were formed near the shoreline of the Sioux quartzite
ridge which remained a high land until lower Cretaceous
time., The oldest sediment known in this area is the Lakota
formation which lies unconformably on the quartzite. It is
poscsible that the Morrison formation and the Sundance for-
mation, both of which are Jurassic in age, overlap unconfor-
mably on the guartzite into the northwestern part of Buffalo
County.

The records of well logs show that the lower part of
the Cretaceous including the Lakota, Iuson, and Dakota over-
lap on the Sioux quartzite ridge in the southeastern part
of Sanborn County, southern Miner Cowunty, and southern Lake
County. A boundary line of the Sioux quartzite near the
surface is shown on the geoclogic map in back of the report.

Minor Flexures

Although the structure map shows folds and troughs,
they are extremely gentle, suggesting compaction and set-
tling on an irregular pre-Cambridn surface..

A syncline extending from Brule County to the northern
part of Jerauld and Sanborn Counties strikes to the north-
east with a dip of 9 feet to the mile. The syncline may
extend across the Missouri River where, according to Baker,
the Niobrara chalk has its lowest altitude near the mouth
of Elm Creek in Sec. 18, T, 101 No.y, Ro 71 ¥. Though this is
not seen too clearly on the structure gontour map, a saddle
or lobe of the trough goes across the river where there is
not enough control to map.
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A long nosed fold strikes to the west in Aurora and
Brule Counties with the axis passing south of Platte Lake
and Kimball. The slope is approximately 16 feet to the
mile which is evident that the fold is due to the Sioux
ridge.

The Medicine Butte Anticlinel7 mapped on top of the
Crow Creek sand near the bottom of the Pierre formation,
is a long arch lying in the eastern part of Lyman County
and trending roughly northwest by southeast between the
Big Bend of the Missouri River and the Bijou Hills to the
southeast in Brule County. This structure is evident in

the northwestern part of the area under consideratiocn.

In Buffalo #nd Brule Counties a gentle fold, which is
nearly flat, strikes to the northeast with a dip 3 feet per
mile., This fold does not trend in correspondence with the -
Medicine Butte anticline. More well logs will have to be
collected from that area to plot a more accurate structure.



ARTESIAN WATERS

METHODS OF DETERMINING THE STATIC WATER LEVELS

IN OBSERVATION WELLS

The pressure head above ground surflace in flowing wells
was determined by measuring the shut in pressure with a
pressure gauge. The pressure gauge connected to a pitot
tube is calibrated to measure the pressure in pounds per
- square inch., The pitot tube 1s a small tube which is bent
_at an angle of 90° near the lower end. When the tube is in-
_ serted ina pipe line under pressure, the water will rise
~a distance equal to both pressure and velocity head at the
peint where the tube is inserted.

Pressure head in a2 well is expressed as the height in
- feet of a column of water that can be supported by hydro-
- static pressure. It has been proved mathematically that the

hydrostatic head is egual to 1 ib./square inch x 2.3 feet.
For example, a flowing artesian well that measures 8 1lbs./
square inch pressure will support a column of water 18,4
feet above the ground level. Another way of measuring the
hydrostatic head is to commne¢t a hose to the outlet pipe and
raise the open end until the water just ceases to flow., The
hydrostatic level 1s obtained by measuring the vertical dis-
tance from the end of the hose to the ground.

A Paulin altimeter was used to determine the altitude
on each well., The altimeter is an instrument graduated in
feet which depends upon the variation of air pressure with
altitude for its operation. The sltimeter 1s so arranged
that the force of air pressure reguired to bring the disks
of the evacuated boxes hack to their normal position is ex-
actly recorded when the tendency is brought to its zero po-
sition. The altimeter was checked with known altitudes
within short intervals to allow for sudden ch#mges in pres-
sure. )



‘Drav-down

_ "In any artesian well that is ylelding water, whether

by pumping or by discharge through artesian 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 yleld
- water there is a decrease in the amount of draw-down. An
equivalent increase in the pressure is very rapid at first
and then continues at a gradually diminishing rate until
the normal static pressure of the water is reached. In
any well that discharges by artesian pressure, this increase
in pressure can be measured by means of a pressure gauge.
The length of time required for complete recovery of the ..
~ pressure will vary according to the permeability of the
aquifier and the length of time the well has been ylelding
_water., In some flowing wells the static pressure appears
t0 be reached almost immediately after the well is closged;
in others it may require several hours or days. Repeated
measurements made in flowing wells after the flow has been
shut off indicate that in wells drawing wafer from the Da-
“ota sandstone vecovery is relatively rapid.®?

_ Atmospheric Pressure

A difference in pressure and water level that 1s due
7 to atmospheric pressure can be seen. A noted change in -
~ water level occurs during winter and summer. During win-
"ter months the atmospheric pressure is higher; causing an
increased pressure of the flowing wells. In the summer,
the atmospheric pressure is lower causing a decreased pres-
sure of flowing wells.

GENERAL GROUND WATER CONDITIONS

 In_tbhis area there are three main artesian aquifiers.,
" In the order of their depth, they are Codell, Dakota, and
- Lakota formations., These artesian aquifiers crop out in
wide zones encircling the Black Hills uplift and have a
steep outward dip that, within short distances, carries
them far beneath the adjoining plains where they are buried
under a thick body of impermeable shales and clays.
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~In the outcrop zones of the Black Hills, the sandstomnes
receive water, part of which comes from rainfall and part
from streams that flow across the outcrops. The Dakota may
receive in part some head from the Sioux quartzite ridge.
In general, the direction of movement of this water is out-
ward from the Black Hills eastward across the state. It is
believed that part of the supply of water from the Dakota
and Lakota formations is comnate, or water that remained in
the formations after the deposition of overlying sediments.
The accompanying maps show the approximate heads of the ar-
tesian water in the Dakota and Lakota formations in 1952 in
the area covered by this report. The contour lines show the
piezometric surface of the Dakota and Lakota formations.
The head or piezometric level is the surface to which the
water will rise in wells that tap these horizons. The move-
ment of "the artesian water is always in the direction that
“the piezometric surface slopes, from higher to lower levels.

ARTESTAN WATER IN THE CODELL MEMBER OF

THE CARLILE FORMATION

Piegometric Surface of Codell

In the previous report,l2 it was mentioned that the
Codell receives its head and source of water supply from the
Sioux quartzite ridge. The Codell may recelve some head
from the quartzite ridge, but it may also receive a head
from the elevated region of the Rocky Mountains in Colorado
and the Black Hills region. According to Baker, the Codell
is present in the form of a siltstome in the Marigold-Dunn
well located in the NE%, Sec. 22, T. 1 N., R. 9 E., in Pen-
nington County. This is good evidence that the Codell pro-
bably outecrops around the Black Hills. The Codell member
can be traced from the type locality in Colorado through
northwestern Nebraska, southern and eastern South Dakota.

It is fed also by the Missouri and James Rivers. At
Fort Randall it is lmown that the Codell comes close under-
neath the base of the dam. Water probably seeps through
cracks of the Niobrara and supplies water to the Codell
sloping east. In Davison County the Codell outcrops several
places along the James River and Firesteel Creek to rece€ilve
more replenishment. )
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The number of flows from this formation are very few,
Along the Missouri River and some of tThe larger creeks the
Codell may flow. A flowing well located in Sec. 3, T. 102
N.y, Ro 72 Woy reported a depth of 200 feet to the flow,
This well has very little pressure which indicated that it
might come from the Codell. It was reported that this well
contained some gas. ‘ :

Quality of the Water in the Codell Member

i

~ The Codell, known as the "tubular horizon", is an im-
portant supply for pumped wells. It varies in different
areas {rom soft to hard water. In the eastern part of Au-
rora County and the western part of Davison County, the
water coming from the Codell is soft. In western Aurora
County, the water coming from the Codell grades from soft -
to hard., Codell water is usually high in soda content which
21& not too desirable in some places: If a heavy clay or
gumbo soil is saturated with Codell water a white alkali
will be precipitated on the surface.

ARTESTIAN WATER IN THE DAXOTA FORMATION

Piezometric Surface of the Dakota Formation

 The location and numbers of all artesien wells for
which information was collected are shown on the accompany-
ing map and table.

~ From the contours on the map, the general slope of the
piezometric surface is from west to east, The steepest gra-
dient of the water level, which is 12 fee® per mile, occurs
in the eastern part of Jerauld and Aurora Counties. The
piezometric surface becomes mere level near the James River
and rises again to 1400 feet above sea level in the northern
part of Lake County. :
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 The short contour limes in the eastern part of the
area represent the 1limit of the Dakota formation which is
"pinched out® by the Sioux quarizite ridge.

Decline in Head of the Dakota Formation

_ ~ The greatest decline of head occurs near the Missouri

River where more wild wells are located. Comparing the
present survey to Dartonis survey in 1908, the head has
decreased as muich as 200 feet in Buffalc and Brule Coun-
ties, Table No., 1 shows a rough comparison of Darton's
survey in 1908 to the present survey in 1952. The great-
est decline appeared in T. 102 N., R. 65 W,, where a dif-
ference of 261 feet was recorded.

The following map, Table No. 1, compares Darton's pie~
zometric head to the present piezometric head. To estimate
roughly the difference in head, the present contour lines
can be subtracted from Darton®s contour lines.

Tod.d_@--z“EL as early as 1898, recommended that "a careful
record be kept of the pressure in various artesian wells.
throughout the state." In 1916, H. M. Derr, State Engineer,
made a report to the Governor on artesian conditioms of the
state. During the drouth, funds were appropriated in coop-
eration with the United States Geological Survey to investi-
gate artesian conditions in west-central Bouth Dakota. This
work was done by E., P. Rothrock and T. W. Robinson, Jr.

During the past few years plenty of moisture has ful-
filled the demands of water for many peopie, but when another
drouth occurs, the underground water system will be drained
more than ever, .

Quality of the Water in the Dakota Formation

Two different kinds of water coming from the Dakota are
present in the area of the following counties: the western
part of Jerauld County, northeastern Aurora County, northern
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Davison County, Sanborn County, nocrthern Miner County, and
northern Lake County. In this area, the soft water comes
from the upper stratum of the Dakota. Under these condi- -
tions it is hard to explain the occurrence of soft water
at the top of the formation.

"The water supplies from different parts of the Dakota
formation differ greatly in their chemical character--that
is, in the kinds and amounts of mineral matter that they
hold in solution. They differ from place to place and in
successive strata in the same place. In general, in ‘North
Dakota, South Dakota, and Minnesota the soft water occurs
in the upper part and the hard water in the lower part of
the Dakota sandstone. %

Samples of water collected from wells drilled to the
Dakota and Lakota formations were analyzed by the State
Chemical Laboratory.

A distinction can be made of the upper soft water hori-
‘zon and lower hard water horizons of the Dakota: Table No.
3 shows a comparison of the different chemical constituents
in the representative wells over the area.

The soft water is low in calecium and magnesium and high
in sulfate material. The hard water is high in calcium,
Jagnesium, and sulfate material.

"During the past few years it was found that too much
fluoride in the water will cause mottling of the teeth in
children under nine years. The maximum safety limit has
been placed at about one part per million., Fluoride may
be successfully removed from hard waters in the lime-soda
softening process, and if water contains considerable mag-
nesium, the ‘cost need be only slightly more than for sof-
tening alone. The presence of magnesium seams to be essen-
tial according to present knowledge of the reactions. Soft
artesian waters, having objectionablg amounts of fluoride,
have not been economically treated."

~

A number of the wells that were analyzed during the
course of investigation -showéd an objectionable amount of
fluoride. The largest fluoride content was found to be
4.5 parts per million in a well located in the SWx, Sec. 4,
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COMPARISON:OF'DARTOQi§ SURVEY IN 1908 To PRESENT SURVEY IN 1952

DARTON!S SURVEY PRESENT SURVEL
Depth Head Depth Head Decline
Loecation (£%) (£t) (£t) (ft)  Since 1908

o=

Brulie County

T101N-R67W 750950 46--96 G00 ~30 76-126
T101N-R68W 815-960 27~57 8gx =45 70-100
T102N--RETW 750-888 72 200 -18 110
TI02N-R68W 800-1050 23 200 -70 93
TIOZN~-R69W 900 92 860 65 157
T102X-R70W 1000 92 870 =55 147
T105N-R68W 930 172 890 23 149

Jerauldrcoungz

TLO6N~-R63W 715-760 233 740 80 173
T106N-R6 LW 735-880 262 960 09 193
Aurora County

T102N-R65W 850 126 900 ~135 261
TI102N~R64W 800 179 840 ~£0 R_RY
T103N-R&66W 863 80 288 66 1
T104N-R63W 523 20 e yo) 34

Sanporn_County

T105N-R60OW 360~-6:30Q 8C 540 277 )
T105N~-R61W 348-670 184 843 oY 1

bt A2
(A WS]



T. 107 N., R. 64 W., Jerauld County. A majority of the
wells contain 3 parts per million of fluoride which is over
the safety limit. ‘

Temperature of the Artesian Water in the Dakota Formétioh

In general, the temperature of the artesian water in-
creases toward the western part of the area. The tempera-
ture ranges from 55° F, in Miner County to 79¢ ¥, in Buffalo
County.

In Charles Mix County4, at a well located in Sec. 16,
T, 100 N., R. 7L W., a temperature of 90° F. was recorded,
A careful check was made in Brule County to see if water
at that temperature could be traced further north. In Greg-
ory County, joining Charles Mix County to the west, some
temperatures vary from 90° F. to 120° F. The temperatures
of wells in Charles Mix and Gregory Counties indicate the
edge of the hot water belt that extends northwest through
Kadoka because of the corresponding temperatures recorded
in various wells through that area.

ARTESIAN WATER IN THE LAKOTA FORMATION

Piezometric Surface of the Lakota Formation

.. .. . The piezometric surface or water level of the Lakota

formation is shown by contours on the accompanying map.
From a general height of 1700 feet above sea level, loca-
ted mainly in Buffalo County, the surface slopes toward the
east. In the northern part of the area, mainly in Miner,
Sanborn, and Jerauld Counties, the Lakota is controlled by
the Sioux Ridge with the slope from north Lo south.

Decline in Head in the Lakota Formation

Inaccurate records in the past failed to separate the
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pressures of the Dakota and Lakota formations., It is dif-
ficult, therefore, to determine how far the water head in
the Lakota has fallen. Dartonts repcrtl showed that a gen-
eral high of 1800 feet above sea level existed in Buffalo,
the western part of Jerauld, and most of Brule Countiess
Probably some of the pressures from various wells in the
area taken at that time came from the Lakota and, if this
is true, the wa?er level has dropped 100 feet or more.

o

Quality of Water in the Lakota Formation

§

In this area, the'Lakota water doeS”not“differ'much”“*“““““

in chemical constituents and quality from Dakota water. The

only difference is that in the area where the upper part of
the Dakota produces soft water, there is a higher content of
CaC03 in the Lakota. Taking an average of four Lakota wa-
ters and nine Dakota waters, it was found that the Lakota
is slightly higher in most of the chemical consgtituents than
the Rakota, {See the following averages of the Dakota and
Lakota analyses). ' _

AVERAGE OF LAKOTA ANALYOES

meﬂotgl_golidsogooooooooooooocooe000002209o5 ppm
”inoridesoooo.aoooooqooooeoog.ooooaoyllﬂo5 n
Sulfatescceocee soooeensccsscseacoosollb02:s5 M
Silic8cocosnscocaconan cococccccesssacadlBl W
CalciUMoococccocooooccocononnaoe R 7 o Y
MagnesiumaoooooQoooononoog@o,coeeoon;°8105 n
Alkalinity
" Phenolphthaleincccoccoesccesoccono oo M
Methyl Orangeccccoooosccssoss 050000109 "
Total Hardness as CaCl0%occeocoeoass 1148 "
IrON.ccceecococonsooss cococoosecccoseon 33 "
Fluoridescceccescsococcoosonoooooanscos o0olof M
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AVERAGE OF DAKOTA ANALYSES

TOtal SOlid_S R e 2'} '75 7 ppm

ChloTides — = = = = = = = = = & = = = = G} 2
Sulfates - = = = = = = ~ = = = = = ~« - 1238 =
S119CE = = = = = = = = = = " w o o e =~ 12,3 M
Caleium — = - = = = = = ~ = = = — = ~ 2517 "
Magnesium — ~ ~ = = = = ~ « - « = - = - $2,8
Alkalinity |
Phenolphthalein - - - = = = « « « & =« 12,7 *#
- Methyl Orange =~ = = ~ = = = = = — - 132,2 *
Total Hardness as CaC03~ e e e~ o 8832 "
Iron - = = = = = = = =T = = - e = - = 5.3 1
Fluoride « ~ = = ~ = = = = = = w = = =« 2.2 N

Temperature of Water im the Lakota Formation

v The temperature of the water coming from the Lakota
varies from 56°¢ F. in Sanborn County to 72¢ F, in Buffalo
County. In the rest of the area discussed here, a distinc-
tion of temperature change camnot be made between the Dakota
and Lakota waters. The condition of temperature increase
from east to west described for Dakcta waters is the same
for both formations.

WATER WASTAGE

Defective well construction and casing corrosion are
the chief causes for underground leakage of wells. In
some cases there has been a tendency te drill the hole too
big for the casing. If the casing deces not fit against the
walls of the hole tightly, water will flow on the outside
cf the pipe to the surface or intc other reservoirs.

Corrosion of metal casing is the biggest factor re-
sulting in leakage and varies with the amount of corrosive
- constituents found in The water from one area to another.
The principal cause of corrosion is an electro-chemical
process, in which charged mineral particles tend to reaet
on the iron of the casing. This is especially true where
large pressures and flows tend to accelerate this reaction,
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Copper casing or brass lined casing wears much longer
because these metals are more resistant to chemical action.
Plastic ecasing which is resistant to chemical action has
been tested recently in scme wells. Casing lined with ce-
ment is also resistant to chemical action.

DEVELOPMENT OF A WELL

i e et

The art of developing a suitable well sometimes is one
of the main difficulties faced by a well driller. If the
“water-bearing sand is too fine and loose, the well has to
be properly packed with gravel in order to eliminate trouble
of pumping or flowing sand with the water. In flowing wells,
where there is a considerable amount of flowing sand with
the water, there is a chance for the well to clog shyt.
Sometimes it is hard for a driller to determine where to
perforate the casing. In this area the Dakota is separated
by clay layers in variable thicknesses. ~If the casing is
perforated at the contact of the clay layers, a great amount
of clay will come with the water. A well flowing in this
condition may cave in and clog shut in a short time.

The well drillers can gain valuable information. on the
thickness and contacts of strata from an electric log. The
log records exactly at what depths the different sand,
chalk, limestone, and clay layers appear. With this data
the driller knows where to perforate the casing or to place
screens in a well.

WILD WELLS

In this area there are a few "wild wells" which flow
unrestricted the year around. For all practical purposes
these wells are too large for beneficial use, and some of
them are not used at all.

The largest flows occur near the Missouri River which
is the area of greatest decline in head, because many wells
have been allowed to flow tremendous volumes for many years-
The largest well flowing at the present time is located at
Red Lake where it helps supply the lake. Undoubtedly this
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well has helped to decrease the water level in an area sur-
rounding the lake.

DETERMINATION OF HEAD AT PROPOSED WELL SITES

The altitude to which the water from the Dakota and La-
kota formations may be expected to rise is shown on the
following map by contours of piezametric surface., This in-
formation can be very helpful to the farmer and well dril-
ler in the area where the proposed well is to be drilled.
The depth at which the water will stand in a non-flowing
well may We estimated by subtracting the altitude of the
piezometric surface from the altitude of the land surface
at. the proposed site.

The piezometric map may deviate somewhat from the ac-
tual pressure or the level to which the water will rise, es-
pecially in lecalities far from wells on which measurements
of head were obtained, because interpoldation cannot always
be exact. It should be remembered that the accompanying
map represents the plezometrjic surface as it was inp 1952,
Therefore, -forecasts made after a few years will have some
error until the lowering of pressure through water wastes
which have been described can be controliled.
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TABLE NO. 3

ANALYSES OF WATER FROM WELLS IN THE
AREA SURROUNDING THE S10UX QUARTZITE RIDGE
from State Geological Survey Files

,Countcherauld
LocatloanH49 Sec. 4y To 107Ny R. 64W
Owner-Maynard Shyrock
Date-9/12/52 . | Depth-8411
' Parts Per Million
Total S011dB8cccoecscscncacessesse076
- Chlorides (Clgoounooo.oooaooogoqooés
Sulfates (804) ccedesrosococoooosldl?
Silica (Si02) cvccosceconeeo. Secceow3dl
CaleitiMiscooocossassovscoosooocoooldd?
Magnesivm (Mg) soopossocncaooosdoaab6B
Alkalinity
Phen@lphtha$einao9@,,,¢°oPanP;Ncne
Methyl Orange.cccocacscossnoanoldd
Total Hardness as CaCO3oooqonooob894
Iron (Fe)eoccoroooscsinsenncocsshosol
Manganese (M) sopcodonoosnoosno 0N
Fluoride (F)ooddbmaooédhoobbuoonQooA 5

) County=Jerauld
. Location-8W#, Sec. 2, T. 108N, R. 64W
~ Owner-Melvin Neumeyer
_ Datea9/12/52 : ' Depth-921°7

Total Solids. QD,,..aooo..ooan°°°213z
CthI‘ldPa (Cl ooonnaoobooovnbooéoogll
_ Snlfate% (s0 ,oooonoosunobon,nool?A)
! Sillba Di@ fooo)aqoboooocooaoooool?
Caleium (02)sovesseaossocncoooonolhd
Magnesium (Mg) ooooooooovocoosooocchd
Alkalinity

‘Phenolphthaleinoosorvsorsooss NONE
- Methyl Orangecccvososcsoonsonssilb
Total Hardness as CaG03u°oaoomooab54
Iron {F@)cioovooooososovonsnooosonond
Manganese (Mn).cecocscoososeoocsoNOne

- Fluoride (F)ocooscooccccsocosocosooscleb
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County=Jerauld ‘
Location-SW:, See. 25, T 108N R 62W
Owner-James Linefeller : .

Date-9/12/452 ‘ Depth=8753

Parts Per Million
Total S01idScscesecccccsocsvoosooodlIL
Chlorides (Cl)ccsivoecsceecaoosoesB2
Sulfates (S0/)coiccocoatooosonnsolls
Silica (SlO §o@.o oooooo PR 1
Calcium §ooe°°,o,boo;.,.G°0000017
Magne51hm. (Mg) OOOQQDOQQO,,OQDOdboodS
"Alkalinity
Phenolphthaleinececccocssooon NONE
Methyl Orangecccoccssescessosoooldd
Total Hardness as Ca0036090000°00063
Iron (Fe).cosocoossossssscscsasoNONE
- Manganese {Mn)cceooososcesscso . .None
Fluoride {(F)ceccesceccoccsoceaaaosonolod

- County-Buffalo
- Location-North Well, NH4, Sec. 30, T, 107N R. 71W
Owvner-<L. P. Christenson

Date-9/12/52 Depth-5751
Total S01idS.cesscccconscosssoco3IOR
Chlorides (01306,,.,5.°y oooooo 0002057
Sulfates coococececsasocossaolOl

~Silica SlO ? ,,,,,,,,,,,,, voovooold
Ca101um.(Ca oo oonnoococoasssosonookd
Magnesium (Mg) ccoesccnooscosscsoosld

Alkalinity
' Phenolphthaleinu-o 06 ® 0000000 ®© D00 o"'lé
MethYl Orangeoooouounauoa‘ooboo?lz

Total Hardness as CaCl03cc.cc.co os0R23

Iron (Fe)ooaouna@onqao-coeouon--uolAv

Manganese (Mn)oceoccsserecccoscon .None

Fl1_10rlda (_F) O 000 Q0@ O 2 0V-Pe OO @D o B © © o 0 0 01
CountyaBuffalo

 Location-SWi, Sec. 22, T, 107N, R. 72W
Owner-W.0. Peck Gov'it Farm _
~ Date-9/12/52 Depth-1350!

Total S013dSocsneesssnosscscscessalIl
Chlorides (C1l)eeeecccwocssencocaon9d?
Sulfate (SO04) ccvoococesoossosssssl4d
8314ca {5102) ccoecoonsosscoscsoeosld
Calcium.(0a§qgcJo ...... ceaeas oo o372
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Magnesium (Mg).obw.,,wo..oooqoomo°88
Alkalinity '
Phenolphthalelnoouoaoo°u¢vooooo°5‘
Methyl Orange:scsscccicscossooool3b
Total Hardness as €CaC03:i.ocq000.1290 |
Iron (F.‘)hoouuaoqaoaeoooodo’nne ooooo 006'
Manganese (Mn)oooaoooﬁ...u,.OOObNone
Fluoride (F)ococsoonseccoossaosoonold

- County=Buffalo

Location-NEZ, Sec. 36, T. 108N, R, 72VW

_ Owner-Knippling Brothers

_ Date-9/12/52 Depth-11501
, Parts Per Million
Total S0lidBoccoococococssnanocnesoccodl?3
Chlorides (Cl coosoeceotoenescsosLOb

Sulfates (80 ,,noo,,,,,oo..300001298
Silica {SiO §oooo,oo.000005000000015
Calecium (Ca§oooauo.. ,,,,,,, coeoooylb
Magnesium (Mg) cwoooosososcooonosooS?
Alkalinity
PhenolphthaleiNesccoosneecsoocNOnE
. Methyl Orangecoccosecesoossssosld0
Total Hardness as CaC03ccoaees0.1437
ITon (Fe)ococosasnasnsonooancesssool
Manganese (Mn) ccocscecosesssssooNONE
Fluoride (F)ocoasococossnavssooncoald

County—Buffalo ‘
" Location-South Well, NW%, Sec. 30, T. 107N, R. 71W
~ Owner-L. P. Christenson

,Date“9/12/52 Depth-775"

Total S011dS.eeeacesvosocscooooss2006
Chlorides (01; L
‘Sulfates (504 cesbosdacddenos oa0lll5
Silica (8102} cvccsecsocossocasosassld
Calcium {Cajeoeccasno sosccocsasoald3
Magnesium (Mg)oooocooscesvssoosoosd9
Alkalinity
Phenolphthalein.osocoesooocosaosol’?
Methyl Orange-scscsoosseesssoaldb
Total Hardness as €aC03sccsocsao0s849
Iron (Fe).coccacaecaononosossaooso 38
Manganese (Mn).oocoodoscsoocasascoo.NONE
Fluoride (F)oooccocsconssosocosos 0eo3
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County=M1ner
Location-N¥W%, Sec, 19, T. 105N, R: 5
Owner-Lloyd Schave

Date-9/12/5: - Depth-365t1
Parts Per Million
TOtal qo_,!,.idgoo ooooo 0090000000300224,6

Chlorides (Ll)poo,og.,o.O“Q.oqooolao
Sulfate (904 6ocoenBbo00doo0uoswooladd
Silica (810-5
Calcium (Cagoo,wqquo,OﬁQOﬂooodOﬁ9288
Magnesium (Mg) secccococaocssorooonsTh
Alkalinity
Phenolphthaleifoooocoscoacesss ool
Methyl Orange€scococococossocsicsssqlld
Total Hardness (CaC03)cccvoc....1023
Iron {Fe)ocoooonsccososvosooacsan e 0065
Manganese (Mn)ooooooovqo.ooouamoNone
Fiuoride (F).ooceoocoons cecoosecesanol

dbooo:evoo-eu‘qooononéolo

%00unty=8anborn
Location-SWg, Sec. 6, T. 108N, R. 62V
Owner-C.C, Jensen

_ Date-9/12/52 Depth-1200"
Total S801idSccccsoesasasssoosonsord0l
Chlorides (Clgooosowa,obo.g.,.bqolOA
»Sulfates (804) covovonsssossoases 1249
Silica (Si02) cvocococooowoscnconaocsood
Calcium {Ca§ooooo.ovo.a ,,,,,,, oo oRbl
Magnesium {(Mg) cocovocomcacannosoossHY
Alkalinity

Phenolphthalein.sococncoccovooooao 00

Methyl Orangesccocoess vonsososol3l
Total Hardness as Ca0030090000000885
Iron {Fe)o.cosoceccccssooo soooesasolod
Manganese (Mn,oo»o.wa.goqomqecooNone
Fluoride (F)ooooeeon ceeonne cevvacoal

"_CountywSanb01n »
Location-8W%, Sec. 27, T. 108N, Rs 61V
Owner-Mrs., Loring

Date-9/12/52 . Depth-9501!

Total 801idSccccovwsesoensconsonocddl
Chlorides (01)ooa,ooo,..,.,.qooo.“3@
Sulfate {SO0;)ccecccaansonsaconono 1255
Silica ( Dlé( cocscesebscdenacaoecDO
Calcium (Ca ooooo cesees ceesencean 275
Magnesium Mg)oooua.nuno ........... 72
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Alkalinity

Phenolphthaleinoo,,.eeeomaaoﬁﬂmone

Methyl Urangeccccecccsceos eeeoo 125
Total Hardness aS“ﬁaC®3°oooa;.,ono93°
Iron (Fe)oooouoaqooo.ooo.q.oao,ooolBO
Manganese gMn}OGOOQOODOQODQQPODUONone
Fluoride (F)oooo.- hesee eeoseseesssood
Sodium & PotassitMoceccrsncsooscsodlh

County¢8anborn

~ Location-NW%, Sec. 1, T. 106N, R. 61W
Owner-Forestburg Well
Date-9/12/52 Depth-705%
Parts Per Million
Total S01idScooccecccucocsoonoeosal082

Chlorides (Cl)cococcescescssccsasonn 72
Sulfste (304% ceesoetnusanssnesoslR22
Silieca (SlOg ...... Ciieesoecacon so7
Caleium (Ca)ooon,aooOO°oa°°aaooaaolé7
Magnesium (Mg)Goaoooq.aomoo.o..ooco49
Alkalinity

Phenolphthalelnooodooovoo boo‘ooooll
MethYl Ofangeooooovﬂooooceoﬂoﬂ50126

Total Hardness aS CaCOBoooooo-osmbélg
II'OI'I (Fe)ooonoaooopeo‘nnﬁooobocooeaeoozl,
Manganese {(Mn)coocwoveosssesossos NONE

<\Fluoride (F)oooaooopoovoooooooaooo’ool

CountymAurora
Location-8WZ, Secs 25, T. 105N, R. 64W
Owner-Warren Larson

Date-9/12/52 D§pth—750'
Total SolidS..... U~ K 3
CthI'ldeS ((‘l)eooooooooeuoo‘aoaanoan’?l?
S‘ﬂ.fate (6042oooooooooooo?opooooo*&Ag

UjliC” (Slﬁﬁ‘oooooogooooodoodooooeoo)
Cadiciuan Q(d,Dnoooaqoooqooogoopoono,/¢
Magnesium (Mg) cosscuooooosaancosscoB
Alwa11n1ty
PhenolphthaleiNoocososocsooocooa«3b
- Methyl QOrangecccosocccosoaosssocold9
Total Hardness as €aC03cccoonos..1188
Iron {Fé)ecosssaqoocacncoacsasssdiOne
Manganese {Mn) cccoocooccossvsccocsessolel
FluOrideooaaooqouoaooocoooooocnoooob3
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County Aurora
Location-NW%, Sec. 28, T. 104N, R. 63W
Date- 9/12/5L

Hoefort No. 1 0il Test Depth-1082!
' Parts Per Million
Potal S0lidSceesocaccccssoo coo0002385
Chlorides {C1)ceeecooceonoacanoosl22
Sulfate (so4§eod ooooooooooo 000001319
Silica (8109) cccecvccovacasanoosssad
Calcium (Ca§ooooooooaoenad °°°°° . 0396
Magnesium (Mg)oocsoveososoascsosscoedd
Alkalinity
Phenolphthaleinoo.coeooncacoao .18
Methyl Orangec.coo.. Ceoodeescesec <132
Total Hardnessooce.cooso 0000090501350
Tron (Fe)o.ooacocoococvobsosnnosooakb
Manganese (Mn) esocoeeo R o I A
Fluoride {F)ooeecocovosncscocas R

.F01u7ﬁv>?vwran
) Locat10n=NE42 Secs 22, T. 103N, R, 65W
Owner-Robert Maine

Date-9/12/52 Depth-320!
Total S0lidScooosoo sdomssnoan 20051671
Chlorides {Cl)occccooo R s 1 1
Sulfate (804200 ooooo Gooeaocsecseool049
Silica (8i0n)covccasson Y -
Calcium (Ca¥seoomoosconnoososossocld
Magnesium (Mg)oovoccoosooooons sonse8
Alkalinity

Phenolphthalein,oococcooococoo o o5

Methyl Orangeccoocsscocencos s 2 o hlib

Total Hardness as CaCOZicacooosococs88

Iron (Fe)OQUOQODQOngooooc oooooo ool

Manganese (MnjOOQOODDOO,OQOQOOOONone

Fluorlde \F/oooodooooob oooooo o ® 00000 2
,PountymAuroLa

' Location-S8WZ, Sec. 5, T. 102N, R. 66¥
Owmer- Ted_Gll;on
_ Date-9/12/52 Depth-810"

Total So0lidScovoeococaacos soooaool3IL3
Chlorides (Clgooaaoacoaaacoo ooooo 112
Sulfate (504)-ceacocseoenascasscl299
S1lica (8102} coccsocvscssoss VoonoeoooD
Calcium (Ca§oooocaao.oauucoego,°s4l4
Magnesium{Mg) cvoovoooosccscccccsoo 93



Alkalinity
Phenolphthaleincccococscvocoosoll
Methyl Orangecooccoccscccccoss « 137

Total Hardness as Ca00300000n°991416

“Iron (Fe)oesweoovonocusnss socaccaookal

Manganese (Mn)coocococoocsooso .« .None

Fluoride {F)o.ccoccoocosoacosossssool
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JABLE NO. 5

LOGS OF WELLS IN APEA SURE OUNDING

THE SIOUX QUARTZITE RIDGE

Brule County

NW%, Seco 14, To 103N, Ro 7iW.oceo€ooossooso0 Biskeborn Well
Altluudeqo_.PpolQSZ feet

Feet
Glacial driftcecoercocoococnso 0-55
Pierre clayocaseoses vocoboos H5=280
Nicbrara chalkooeansosonooon o R80-420
Carlile marl.c.ceoccoososcse /{:20'=°476
Codell sandcoececosassasooos ATH=605

~ Greenhorn limestonesiocscovo. 605-665
Graneros ClaV.sosoccoscscoces 665-815
Dakota sandstone

'11’”4 clp{ So s poeosoec0neanoo 815’}335
Fu.s@n c}-afo © 0 0.0 &8 0 0 P ooaoauo-013:§5=“1359

blOUlX q‘laI‘ttheo PV O CO GO0 0o 0135991400

_ Electric log by Bruno Petsch Driller-Carl Meier
' 8B%, Sec., 3, T. 102N, Ro 68W.ccooaooosoeosCarl Eckstum Well
"Altitude.......1685 feet

Casing setocvcocsoces.oanaso 0=-342
Niobrara chalkoccsosaonsasos 34R2-460
Carlile ela:y'roooa—aoannsouazrbo 460“670
Greenhorn limeston€.....vs.. €70-710
Graneros ClaVossessecisossao 110-890

Dakota sandstone ‘
and claYOonoe’ovaﬂunrymn@oo 890‘=940

_ Electrlc log by Brunc Petsch Driller-Jake Deischw
S¥4} SeOO 8 To }_D&N R O’Two 00O 000809 80 ¢ oF‘q Ho‘ Olsonwell
AlTluaaeoocooaoié?/ feet

Casing seltosooncecossoncsoce  0-380
Codell sanfoscocovocecovooaoss 300-392
Carlile clayioccsvsasassoooans 392-487
Greenhorn 1imestoni@.ccococooos AS7-518
Granercs clay vwith

streaks of sand.coooeoceo 518=732
‘Dakota sandstone with _
clay streakSecoscoosnooone 132-865

5]



Electric log by Bruno Petsch Driller-Carl Meier

sﬁﬁg Sec. 10, T, 105N; Ro 67Woooeesoovooncoassosofiould Famm
Altltudeoooooaolé99 feet

_GlaCial driftooodooooooood'oo O"‘_go
Pierre clayovscossscossousoo 90=350
Niobrara chalKosocsosoesoveose 350-500
Carlile cla¥ocseoococosooccooo 500646
Greenhorn limestoneéc.s.ccoos 646740
Graneros €layovoocsocsoosvoneo 140-905
Dgkpta sSandston€cocecseocsaeo. $05-945

Buffalo County

_ Electric log by Bruno Petsch - Driller-Carl Meier
"NEZ, Sec. 36, T, 108N, R. 72Woooiososoenoss.Knippling Ranch
Altitudeo b o dwoono0 1633 feet

Casing setcoccvovoocesoonssono 0-390
Niobrars chalKeossooososmonves 390438
Carlile clayoosoosovescowmoos 438=-650
Greenhorn limestonesocccocosso. 650-740
Graneros clay and -
-sarnglstone streakSococooon 7401035
*Dakotg sandstone and
¥ streakSoecoscasbonossl035-1115
Fason’ clay, Mn. pellets....-1115-1130
 Liakota sandstonesccsvovsovs.1130-1154

Aurora County

R Electrlc log by Bruno o Driller-Carl Meier
864’ SeCG 24y T 105N R 66300000‘0DdoboooobooduKIligge FaI’m
Alt1+ude00000001614 feet

Casing sef.cocpossnsennonona 0-290
Pierre c¢layooooconcovecoocos 290-378.
Niobrara chalKosocosoooscadoo 378=480
Carlile clayocsooccoecsseoescos 480-630
Greenhorn limestoneiscoecoseco. 630-670
Graneros Ccla¥ocoscsocesoonocaes 670-782
Newcastle sandstone ?.c...005 782-798
Graneros claFooocsseasooonsss 138-908
Dakota sandstone ,

and claY.ooonosconconsnosr F05-957

=52+



Jerauld County

Electric log vy Brunc Pefsch Driller-Huron Drilling Co.
SE%, Sec. 35, To 108N, Ro 64Weoocooosioosoos .elvin Newmeyer
Altitudecsoooool40 feet -

Feet

Glacial Ariftecsccccocssosboe  0=60
Pilerre cloVoocooocsosovssosos 60-275
Niobrara chalKoecoeseeceaosooos 275-440
Carlile claYoocvoosssoscssooo 44O-61E
Greenhorn limestonescccessaos 618-650
Graneros ClaYeocsecococosscscaascso 0©50-822
Dakota sandstone

" and €layScoocccoccocecosssa S22-921

Sanborn County

_ Electric log by Bruno Petsch  Driller-Kuborn Drilling Cos
sE%g SeQ -] 27'9 To 1081‘19 R"o 61Wo 0 G 0.00 M 000bBOOO o‘r:iv- oo oLOI'ing Farm
&1titH6600065051322 feet

~ Casing setocococconocsosessoonas 0~175
Niobrara chalKccococooossooovss 175-235
Carlile clay and
sand streakSceveacscsnocoo 235=438
Greenhorn limestonecococococoss 438-468
Graneros claVovococsvocooenss 4O8~8I5
Dakota sandston€cccescecccoocs 895-950

Miner County

- Electric log by Bruno Petsch Driller-Kuborn Drilling Co.
. Ng%s SeC'o 19‘3_'1‘0 105N9 Ro 58“‘-6“0'0:"0}:»o‘obooobo‘nuooo'shave Fam
AltitUde oooooe 01.308 feet

,Glaeial driftbba¢voooheodooao 0ml48
Carlile clay 2accccvooscscooe LAS-234
Greenhorn Limeston®c.cocsocoe 234—247
GTainaros ClaYoeseoobooosonosss 47=270
Dakota sandstone

.and él&YSogoobodoonowqaoon“270f350
Pink sandstOnGUOOoocawmomQOOA 35@“365
Sioux quartzite.sccccccorvocs 365==—=

Lake County
__Electric log by Bruno Petsch Driller<Huron Drilling Co.
8WL, Sec. 15, T, 108N, R. 54Wococcoosovcoocsesso.Carmody Farm.

~53



Altitudesooovosl774 feet

Feet
Glacial riftcecessvcoceccones  U=80
Pierre clayeoscecocscscososos 80=195
Niobrara chalKcoocoocoococoocasnae 195-248
Carlile clay-csvoovavsoonsoss R48-320
Greenhorn limeston€coooocoocons 320-345
GTraneros Clayoocococsovvosoooo 345-570
Dakota sandston€o.cscocssvosseo 570-682
Fuson clayocosoosossooaponoos 682=702
Lakota sandstonecccccoosrocoss 702-760

5



.. 203

. Pregs- Rate
o o Date De pﬁh M., P, sure Piez. Discharge
nﬁg. pre:.& Logati9ng;wggzilled  ( ) ¢§;p04 {los) _Head .. Gal4Min i
Buffalo Countz
188 E. A. Harris App. B
NEz 827—¢¢06N—R69W' 1947 960 1591 50 1655 3
189 Leland Larson Apps » _
SEZ S18-T1O6N-R70W 950 1556 7 1572 6
190 Robert Krog v
%.W_VWSW% SSleO7N~369W 1946 937 1603 2 1608 2
191 ,Knlpnllng Brothers et
NEZ S9-T107H-R70W 1949 1310 1681 None 1681 None
192 F. B. Cable
SW: 830-T107N-R70W 1942 840 1465 40 1557 12
193 TLes Christenson e
NWa S30~TlO7N*R7lW 1947 575 1365 1 1367 - 1.6.
194 Les Christenson | App.
NW: S530-T107N-R71W 1947 775 1350 70 511 - 90
195 Robert Stewart App.
. SW: S9-T1O7N~-R72W 1949 750 1466 30 1535 2.7
196 L. P Christenson ApDo,
SEZ 811-T107N-R72W 1948 Q75 1482 30 1551 100
197 U. 8., Gov't, Well , Apps
SW: S22-T107N-R72W 1942 1350 - 1370 200 1508 150
198 Hat Ranch -
ﬁnlppllng Bros. ‘
SE: S15-T108N-R71W 1948 1220 1703 10 _1726‘ 85
199 Bert Thompson Apps _
. SH% 83-T108N-R72H 1944 1271 1729 4 1739 5
200 pert Estate
88wT108N~R7aW New well 1300 1722 22 1773 20
201 L. E, Anderson
SEX 810-T108N-R69W 1916 1280 1839 1605
202 Willis Venekamp App.
SEX 823-T108N-R72YW 1200 1728 8 1746 L9
Rooer+ Knippling o
E: 524~-T108N~-R72W 1950 1050 1591 8 1609 _”3v5



Pres~ Rate ,
- Date Depth M, P, sure Piez. Discharge
No. .Owner & Location Drilled ‘(ft);.JAlt?% (1bs)  Head Gal/Min
204 Bussel Kinsen Appe
SEZ S$31-[108N~R72W 0ld well 1000 1452 18 1493 8
205 Knippling Bros, | | : - -
NEZ 536-T108N-R72W 1952 1150 1633 10 1656 25
Brule County |
206 Jake Backus e
NW: S11~T101N-R67W 1940 1000 1631 1611
207 Brumbaugh 7
NE} 824-T101N~R67W 1909 821 1610 1603
208 Karl Straub .
SW3 S27-T10IN-R67W 1928 900 1624 1594
209 John Paulson App. ApD.
' SWz S1-T1O01N-R68W 1922 950 1664 1614
210 Robert Novak ‘ 7
NWi S521-T101N-R68Y 800 1671 1626
211 John Vasicka h
HW% 835-~T101N-R68Y 1942 e8s 1630 1595
212 Joe Brtna
S8FE: S25-T101N-R69W 950 1718 - le71
213 8. C. Kiehn | | |
SW¥ S17-T1O01N-R70W 1917 1160 1924 1664
214 Gus Kiehn ,
SE: S18-T101N-R70W 1948 716 1555 20
215 Joe Milady
NEX 823-T101N-R70W 1927 1040 1836 1656
216 Carl Olson , X - ,
SEF S24-T10IN-R71IW 1944 1320 5 1332 20
217 Fred Olson v ‘
SE: S58-T102N-R67W 1952 900 1644 1626
218 John Chmells App: ,
SEF S15-T102N-B68W 1912 900 1704 16 40
219 Township Well e ,
NE} S16-T102N-R68W 1743 1633



BT

Pres- Rate
v _ Date Depth M., P, sure Piez. Discharge

No. Owner & LoeatiOn_ Drilled (f ) Alt.* (1lbs) Head = Gal/Min
220 Ed POSpluhaL ‘

SE:X S13-T102K-~-R69W 1924 860 1700 1635
221 Ws G, Andera

SE2 82«TL0RN-R70W 1918 826 1691 1685
222 Frank Hrabe

SEZ 825-T102N-R70W 1929 929 1710 1656
223 George Boyer #1 Before _

NW: S5-T102N-R71W 1930 750 1375 60
| 224 George Boyer #2

NWz S6-T102N-R71W 1940 780 1395
225 1Ivan Eastmen

N¥%: S12-T102N~-R71W 1907 1118 1760 1760
226 Wyman Randal ‘ |

SE: S14-T102N-R7IW 1947 1090 1737 1656
227 Alton Creamer Before

NE: S2~T102N~R72¥ 1930 775 1390
228 Al Urban _

SW: 813-T103N-R68Y 1913 960 1753 1620
229 PiercevBros;' _

SE% 827-T103N=R68W 1930 960 1722 1656
230 Charlie Helma

NEZ 526~-T1L03N~-R69W 9607 1715 1628
231 Lou Kaufmen

NW% 828.T108N~R70W 1907 956 1616 8 1634 12:1
232 Ronald Feltman Apps ,

NW: S32+T103N-R71W 1922 970 1652 1627
233 Art Martin Appe

} N¥% S13-T103N-R71¥W 1950 1000 1630 2 1634 3,7

23, Liake Brothers

SW: S9-T104N~-R69W 1915 860 1589 15 1624 yANG
235 Garnet Ashley Over

NE2 S15-T104N-R69W 1915 800 1611 None 1611 1
236 Lake Brothers Apps

NE: S17-T104N-R69W 1921 850 1591 18 1632 3



Pres- Rate
. v Date Depth M. P. -sure Piez. Discharge
Noo Owner & Location . Drilleéd _(ft) Alt.* (1bs) Head .Gal/Mln
37 GG_LQ Purcell :
SW# S26-T104N-R69H 1943 856 . 1626 Norie 1626
238 Xepmeth BSabin App. _
NEz S17-TI04N-R70W 01id well 900 1583 11 1608 1.8
239 Tden B, Meyer _ :
8T S25-T104N-R70W 1950 1030 1624 Nome 1619
240 John Glsus
’ ﬁEi BuR-Ti0AN=-R7IW 1940 900 1743 1683
241  Raymond Young
SE@ S8-TL05N-R6TH 1950 980 1615 1614 -
e (‘J‘ .
RAR Clarepue Viereck ADpD- : '
NW; 87-T105K-R68W 1913 900 1600 16.5 1639 4
243 7 m Heath o
Sz ©31-T105N-R68¥ 1940 -840 1626 10 1648 5.8
244 Kenneth Berchan
Sﬂ% $33-T1G5N-R68W 1941 890 1614 10 1637 558
245 1ke Screnson App.
S¥* 515-T105N-R69W 01d well 1000 1580 33 1656 &.3
246 Warren Dusseau ' .
NW%: S13-T105(-R70E 1949 1108 1635 30 1704 307
247 Byvarett Duval - : e
hmé S 3-T105N-R70W 1949 1033 1621 25 1679 50
24% Virgil Rose o
SW¥ S10-T105N-R71W 1947 900 1447 130
249 Kemmey Dusal App. : :
SEz S811-T105N-R71W 1950 1474 - A0 1566 . 10
250 Eldon Shive B
SE: 314-T1C5N8-R71W 1950 1430 50 1545 12
Jerauld County .
251 Murshitz N
SEX 824~T108N-R65W 1490 16 1527 2
252 Melvin NHeumeyer | o
SE: S3-T108N-R64LY 1952 921 - 8,5

msgus

40



| _ Pres- Rate
, _ Date Depth M. P, sure Pilez. Discharge
No, Owner & Location Drilled (ft) Alt.* (1lbs) Head™* Gal/Min

253% Jake Heuther-
Elbert Wenz-Renter 1944 782 1394 40 1486 20
SWE 813-T108N-R64W

254 O0tto Bathke

SWE 821-TLOBN-RO6LH 1948 860 1452 30 1521 20
255 Edwin Bauer

SE: 86-T108N-R&63W 1920 800 1387 16 1425 1.3
256 John Ollinger _

SEZ: S534-T106N-R63W 740 1338 35 1418 6
257 0tto Krueger

SW: SLO-T106N-R64W 1951 961 1473 30 1482 12
258 Eldon Beckuan 7 ‘

NE} S29-TL0&N-R64W 1915 975 1552 1534
259 Bernard Wills _

SW: S26-T106N~-R67W 1939 1100 1670 - 1630
260 M. A, Zinc

NW%: S7-T107N-R63W 1951 780 1387
261 A. T, Welr

NW; S24-T107N-R63W 1916 756 134k 40 1432 b
262 John Klemm 40 o

SW: 831-T107N-R63W 1929 800 1372 60 1464 5
263 Nielson

SW} $36-T107N-R63W 1942 680 1320 60 1412 7.8
264 Delvert Shyrock

SWE S4-T107H-RELW 841 1495 14 1527 6
265 John Waybright

SW2 S1LO-T107N-R6AW 1922 900 1463 9 1484 L
266 TLester W. Scheel | , v

NY%18W: S529-T108N-R63E 1951 765 1371 45 1463 15
267 Skinner .

SWi 824~T108N-R63W 1926 6002 1321 20 1385 2.6

268 James Linefeller
SW} 525-T108N-R63W 1907 875 1320



Preg~ Rate
: _ : Date Dep th M. P. sure Piez, Discharge
No. Owmer & Lecation  Drilled ( £ ALt % (1bs) Head™ Gal/Min

e - - e

Aurora Lounty

269 Jobn Peters
SWz S6-T101N -R66W 1944 840 1586 1561

270 Peter Dockendorf
NEL 529.TiCIN-RG6W 1932 927 157

(93

10 1601 1.5
T 02N RE3W 1437 1437

SU4 b32 ”ﬁOZN -RE AW 1508 840 1600 1£50

273 ﬁkqnu _

hw; 1771020 -R6 5W 1917 900 1644 1509
274, :d Gillon

7% SELTI02N-REEW 1953 810 A5 50
275  HErank PLeg

U4 S35-T1CRHU-REGW 1948 835 1621 1571

276 Rotért Maine 900~

NWl 535-T103N-R65W 1000 1589
277 Claude GlLS@HdO“f ' )

SWL S19-T1O3N-R6GW 1952 848 1405 %0 16T 20
278 Harvey Johnson '

Shy 813-TLlO4N-RE3W 458 1373 7 1290 4
277G 041 Test | 20 or

ﬂW% 828 - T104N- RéBW 1404 more 1450 150
280 Dsn Th /e* ' App.

NE% Sl 104H-R6 LW 540 1445 2 1450 1.25

2831 Harold Bovd

SWE 824-T1040-REAW 1940 14548 10 1491 1.7
282 Cari Preifer ) ) ~ _

EEx S834-T104N-Ré5W 1945 800 1584 5 1596 LoH
283 Henry Bisenius _

SiWE S17-TL1OAN-RA6W 1952 325 1590 5 1607 6
284 T. Asbenson App, '

SW2 812-TI0:N-RE3W 1948 500 1361 7 1377 2

i:“
&
O



_ Pres- Rate
_ Date Depth M. P. sure Piez, Discharge

No, Ovmer & Location _Drilled (ﬁﬁ;-u ALt ¥® (1bs) Head** Gal/Min
285 0Otto Schmidt , App. 10

SWF 518-T1050- R‘BW 1542 T40 1414 or 12 25
285 D. A, Spenc@f

NEZ S19-T105N~-RO4AW 1552 875 1549 2 1554 1
287 Vernon Niles App.

NW: S35-T105N-R65W 1939 870 1563 10 1586 2
288 Morris Swenson

NW S24~T7105N-R66W 1951 1000 1632 1592

Sanpborn County

289 Alexander~Rented

from Johnson _

NWZ S1-T105N-R59W 1952 AT5 1326 10 1349 6
290 DBen Kolp

KE: S518-T1O5N~-R59W 1950 590 1304 20 1368 15
291 E. H. Hewer

SW: S18-T105N-R60W 1949 500 1316 9% 1338 5
292 Walligan-Mitchell

SE: S20-TL0O5N-R60W 1951 1310 15 1344 15
293 Vernon Amick

SWZ S86-T105N-R61IW 1942 843 1320 30 1389 12
2904 Forestburg Well Co.

WWg 81-TLO06N-R61W 1952 705 1R76 - 25 1333 77
205 Aleec Vetter

HEZ $21-T106H-R62W 1940 580 1294 55 1420 50
296 Sam Floholm App.

SE: S7-T107N-R59H 1945 600 1300 5% 1313 1
297 William Ischen App. App. ,

SWZ S26-~-T107H-R59W 720 1322 5 1333 1.5
R98 App. App. )

SW: S8-T107N-R60OW 1914 700 1291 5 1302 3
299 Frank Ferguson

8% 83/-T107N-R60W 1950 902 1281 25 1338 20
300 Robert Underbruner

SW: S5-T108i1-R59W 1952 740 1317 10 1340 4

~61=



Pres- Rate

_ Date Depth M. P. sure Piez. Discharge
No. Owner &% Location  Drilled (ft) Alt.* (Ibs) Head** Gal/Min
301 Jerome Kemp _

SW% S35-T108N-R59W 1950 . 926 1333 30 1402 30
302 George Rhodes

NW: S9-T108N-R60OW 1951 965 1323 35 1403 90
303 Otto Brveske

SEZ 84~T108N-RE1E 1949 720 1297 15 1332 L
304 Mrs. Loring

SEx S27-T108N-R61W 1952 950 1322 35 1402 42.8
305 Loring App-

SEZ S27-T108N--R61W 1902 750 1322 8 1340 .5
306 C. C. Jensen

SW: S6-T108N-R6RW 1948 1200 1300 50 1415 12
307 John Sims . :

fA: 814-T108N-RE62W 1952 750 1310 13 1339 6

Miner County

308 W, G. Henry _ Apps .

NW: S31-T1058-R56W 1950 130 1388 3 1394 10
309 Neal Oswald

SWE 833-TIO5N-R56W 1952 96 1474
310 Leonard Krouse /

Wi 87-T105N-R57W 207 1360 2 1362 .75
311 Ben Sieverding

SW: S29-T105N-R57W 1502 400 1354 1336
212 Nick Muller

NW: S11-T105N-R58W 1944 606 1362 10 1385 10
313 Forrest Johnston |

NEL: S12-T105N-R58W 1942 200 1352 10 1375 5
214 Lloyd Schave

NW: S16-T105N-R58W 1952 365 1308 11 1333 5
315 George Kennedy . _

SWZ S23-T105N-R58W 1932 205 1318 1 - 1320 .20
316 James Hanson

NEX S10-T106N-R57W 1917 519 1418 1397

62~



a3sfd T Pres- Rate

Date Depth M. P, sure Piez, Discharge
8 (£t) Alt.* (1bs) Head:¥ Gal/Min

No. Owner & Lowation Drilled

317 William Neises

NWE 834-TI0&N-R57W 1949 93 1387 1 1389 1.5
318 Ed Banks ' |
NWZ S32-T106N-R58W 1940 600 1320 6 1334 3
319 C. 0., Bamsey
NW: S21-T107N-R56W 1910 530 1535 1405
320 Melvin Windendahl . -
NEZ 89-~T107N-R57W 456 L1446 1436
321 Dahms
NE: S30-T107N-R57W 1951 LO7T 1426 1376
322 o86fh Hall App.
SEX S4-T107N-R58W 1908 900 1384 3 1391 3
223 M, Thomas _
SE:X S21-T107N-R58YW 1380 3 1387 2
32/ Ray Davids | _
NWi S34-T107N-R58W 1951 370 1368 1 1369 2
325 A. R, Cross
SWZ 827-T108N-R56W 1922 609 1574 1538
326 Carthage '
SW%  S8-T108N-R57W 1949 1070 1440 1422
327 Don Amsbury
NEZ S12-Ti08N-R57W 1906 1000 1548 1494
328 A. J, Windendahl |
~NEz S32-T108N-R57W 1936 450 1452 1402
329 Russell Swanson Apps _
NW: S18-T108N-R53W 00 1368 3 1375 2
330 [Fish Brothers Apps
NW: S24-T108H-R58W 450 1356 10 1379 2.5

331 C.: McGuire ,
YW 525-T108N-R58W 1948 806 1400 3 1411 2

Davison County

332 Er?enbach ]
SWe S1-T101N-R6OW 1942 225 1326 2 1331 6

b3



Pres—- Rate ,
. ‘ Date Depth M. P. sure Pilezs Discharge
.ygg;_Owner‘&wL@catian - Drllled (ft) ;tA;ig%__(lbs} Head** Gal/Mln

333 Ress Henglefelt ' Appu _
' SW: 825<TI101IN-R60W 1202 413 1372

334 Will Schoenfelder | Apps |
NE} S21-T1OLN-R6IW 1937 1441 5¥10 1446 4

335 Paulis ,_ , o Apps
SW} S30~T102N-R6IW 1902 | 1300 5 1312 10

336 Miller | L . |
SW: 533-TI0RN-R6LW 1948 334 1400 5 1412 10

337 snyder . | - Appe |
SE4 S34~T102N~361W 1931 410 1390 a2 1394 w5

338 John Jorgenson | ,
NWE §9-TI103N-R62W 1378 12 1406 4

339 VWallace Scott | B . -
SUE S12-TLO3N-R62W 1940 390 1390 2 1395 245

340 Morrison Brothers | .
SW: SI5-T1O4N-R60W 1950 480 1305 1.5 1308 30

B4l James Fraser } | N N |
BWE S3-T10AN-R6IW 1940 600 1312 20 1358 12

'§42 As Ko Koempke Recased .
8¥g Sl?leGAN R6IW im 1939 575 1338 9 1359 k

343 , . "
SW% S31+T104N-R61W | 1370 7 1386 3

344 Burchfield | y |
SE: 834-TIOAN-R6IN 1911 350 1323 1 1325 2

345 Iundgren . - x
SEZ Slﬁ«TIGANwﬁézﬂ 1357 12 1385 3

Henson County

346 George Heiman | | N )
8B} S7+T101N-R59W 1947 300 1318 1.5 1322 3

347 Urban Weiland o
SW2 SlSéTlOleREQW 1948 270 1328 1328

348 John E, Baxter ey
8W: 827-T101N~R59W 285 1336 1266

w-é 4.;:'-



‘ _ - Pres- Rate
o Date Depth M. P» sure Piez. Discharge
No, . Owmer & Location __ Drilled (ft) Alt.* (1bs) Head® Gal/Min' '

349 Gardner , L
SW: S19-T103N-R58W 125 1400 1 1403 2.5

350 Norman Jorgensou S D
B8W% S4-~T103H-R59%W 1945 158 12086 10 1229 B

351 Eugene Doering
NWZSE: 58-T103N-R59W 1952 194 1215 6 1228 2

352 Tom Green ‘ - bt e ot
NU: 518-T103N-R59W 320 1220 8 1238 6

353 Irving BEich o : -
WW: S1C-T104N-R57W 400 1364 1 1366 o5

354 Dissing
NW: S28-T104N-R57W 1950 312 1360 1245

355 O, A, Moe , _
SEF 82-T1O4N-R58W 1948 470 1320 9 1341 30

BEdgar Dewald )
SEX S13-T10LN-R58W 1944 565 1348 6 1362 2

R
U
.

357 Dale Nopens , . .
NE: S823-T104N--R58¥W 1951 402 1350 1 1352 - 20

358 Robert Heisinger
NE: 86-T104N-R59W 1952 100 1305 +5 1306  1.25

359 Ewing v
NW: S519-T104N-R59W 1912 165 1315 1307

360 Osear Rougsted
SEZ 824-T104N-R59W 1948 165 1280 1 1280 o5

Lake County

361 Ben Abraham
NE: S15-T107N-R54¥ 1902 Thh 1824 1544

362 BRaymond Carmody
SWz S15-T108N-R54¥ 1952 762 1774 ‘ 1519

363 Ole Danl |
NEF S27-T108N-R62W 734 1792 1512

364 Floyd Kirsten | ,
SW: S15-TIOBN-R53W 840 1767 1507



Pres-

# Measuring Point Altitude Above Sea Level

*¥% Height of Piezometric Head Above Sea Level

ol

- Rate
‘ o Date Depth Ms P. sure Piez. Discharge
No. Owmer & Location ~ Drilled (ft) Alt.*  (1bs) Head** Gal/Min
365 Fred Miller |
S¥W: S15-T107N-R51W 626 1690 1440
366 Leonard Crow _ _
SE% Slé_m107N~R52H 1948 660 1705 1405
McCook County
367 Earl Boggs .
NW2 SZO*TIOAN R56W 1940 190 1380 4 1389 «33
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ELECTRIC LOG

FRED MEYER

ARTESIAN WELL

SecdZ TIO9N RE3IW
BEADLE COUNTY

Drilled by HURORM DRILLING CO.
Eleciric og and sample studies by

STATE GEOLOGICAL SURVEY / ]
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Weil produces 24 g/m from Lakota

Copper lined, 4lengths perforated
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