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TECOLCSY ANMD SROUND JATER RESOULNIES
AT HCWARD, 30UTH OLOAKOTA
by
Donald 5. Jorgensen
INTRODUCTION

i“resent Investiration

This report contains the results of a special investigation by the
South Dakota State Geological Survey during the summer and fall of 1959
in and around the city of Howard, Miner County (fig. 1), for the purpose
of helping the city to locate a water supply. The city now receives its
water from three wells, Two of the wells produce from a sand and gravel
layer in the glacial drift, and the third well gets water from the ""wash"
above the Sioux guartzitic sandstone. Decause of the inadeguate quantity
of water produced by these wells, the city wishes to construct a new well
or wells which will alleviate the problem.

A ground water survey was made of a2 36 square mile area within
a 3 mile radius of the city, The survey consisted of geclogic mapping,
water sampling, drilling 35 test holes, and meaking a resistivity survey
during which 72 stations were occupied (fig. 2).

The field work and the preparation of this report were performed
under the supervision of Merlin J, Tipton, The aid of James Hammell,
Clark Mulliner, Charles Mickel, Lamonte 3crenson, and Jonald Gapp
is gratefully acknowledged. The cooperation of the residents of Howard,
especially Mayor E. M. Tripp and City Auditor «alter Eggert, aided
the survey greatly,

Locaticn and Sxtent of Areg

The city of Howard is located in Miner County, in east-central South
Dakota, and has o population of appreximately 1250, The arva is on the
western side of the Coteau des Prairies (Frairie Hills), in the Central
Lowlands physiographic province (fig., 1).

Climate

The climate is typically continental temperate, with large daily and
seasonal fluctuations,

The average yecorly temperature of the area from 1940-1958 is 45,86 °F
and the average annuzl precipitation for the same period of time is 21,82
inches, at Howard Station, U, S. weather Bureau (fiz. 3).

Topography and Orainare

The topoaraphy of the area is typically sround moraine--gently
rolling hills, The area is drained to the south by the west fork of the
Vermillion River and its tributaries, and wolf Creck,
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SENERAL CEOLOGY

Surficial Jeposits

The surficial deposits of the Howard area are neerly all the result
of zlaciation late in the Fleistccene Epoch, These depcesits are collect-
ively called placiel drift, which can be divided intc till and cutwash de-
posits. Till consists of boulders, pebbles, sand, silt, and clay which
were carried by the ice itself. CGutwash deposits of boulders, pebbles,
and sand were deposited by meltwater streams of the glacier, 3ilt and
clay are also present where they were not washed away by the stream
water,

Alluvial materizal depositeld by streams is present in a narrow strip
along the west For k of the Vermillion River (fiz, 4), The alluvium con-
sists of silt, clay, and small amounts of sand and gravel,

Subsurface Deposits

EPeneath the surficial deposits lie stratified sedimentary rocks of
Cretaceous age, The Cretaceous rocks beneath the Howard area in
degeending crder are; Niobrara chalk and Carlile shale (fig. 5).

The Niobrara Formation consists of light- to meaium-zsray to blue-
zray marl and chalk, The Niobrara chalk is not present everywhere
in the Howard area because of ercsion,

The Carlile Formation consists of medium- tc dark-zray bentonitic
shale with pyrite concretions, and fine to very coarse calcarecus argzil-
laceous sandstone,

""wash'' is present above the 3ioux quartzitic sandstone, of Frecam-~
brian aze, and beneath the stratified ""bed rock'! of Cretaceous age, The
wash consists of a mixture of sand te pebble size frazments of Sioux
quartzitic sandstone, and frayments of the overlyiny sandstone or shale,
The "wash'" in the Howard area is about 19 feet thick,

The 5loux Formation consists predominantly of sandstone that has
been cemented very ti htly with silica into a quartzite, The Sicux quartz-
itic sandstone forms z buried ridre, the surface of which slopes steeply
tc the north and northwest,

v
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OCCURKRENCE OF GROUND WJATER

Frinciples of Occurrence

Nearly all srcund water is derived from precipitation, Iiain or
melting snow either percclates directly lownward to the water table
or drains off as surface water, Jurface water evaporates, escapes to
the ocean, or percolates downward to the ground water table, In general,
around water percolates downward from the grecund surface to the water
table, and then laterally down the hydraulic gradient. If the water is
moving down the hydraulic gradient of the water table, it is said to be
in transient storaze,

Recharge is the alddition of water to an aquifer (water-bearing mater-
ial), and is accomplished in 3 ways:

l. Direct percolation derived from rain or snow meltiny on the
vround surface,
2, Downward percolation from surface boclies of water,
3. Lateral underflow ¢r water in transent storage,
Discharye or the removal of yround water is accomplished in 4 meain
ways:

1. Zvaporation and transpiration by plants.,

2. JSeepege upward or laterally into surface bodies of water as by
sprinys.,

3, Lateral underflow of water in transient storage,

4, IFumpino of water,

The volume of water capable ¢f beiny stored in a saturated material
is equal to the volume of voids or pora space of the material, A measure-
ment of the capability of a materizl to store water is called porosity.
Therefere porcsity is the ratio of volume of voids in the matericl to the
rock volume., 7The shape and arranyement cf grains in a materizal affects
the poresity sreatly, but size of the yrains has no effect, Therefore a
container filled with sant and one fillel with gravel, if the sand and
sravel have the same shape and packiny, would hold the same guantity
of water, JSands and gravels usually have porosities that ranye from
20 to 40 percent. 3Sandstones normally have porosities of 15 to 25 percent;
the lower porosity is due to cioser packingy and cementation,

The ratio 2f the volume of watcer that will drain from a material by
Jravity, tc the volume of the material, is callel specific yielld, Values
for specific yiells vary from zero for plastic clays to nearly the value
of the porosity for course sands and yravels,

The rate at which water will drain or pass throush a material is a
function of the permeability ¢f the substance, ‘vater will pass threough
a material with interconnecte:l pores; but will not pass throu:h a material
with unconnected pores even if the latter material hes a hivher porosity,
Therefore, permeability and porosity are not synonymous terms, As an
example, till has hi~h porosity but will yiell little water becnuse it has
low permeability.
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If 2 water-yielding formation (aquifer) dips below an impervious
stratum, the water is nc lony>r under normaeal water table conditions but
is then under artesian conditions, ater under artesian cconditicns acts
as water confined in a pipe, anl will rise to the piezometric (pressure)
water level if tapped, except for a decline caused by friction. Therefore
artesian water can be compared to a water system using gravity pressure
(Fydrostatic pressure) from a stand pipe (water tower), to distribute water

to a city.

Ground Watex in Glacial Outwash Deposits

Outwash deposits occur as terraces alonz the west Fork of the Ver-

million River (fiy, 4},

as at the city of Howard.

Because of their high porosity, such deposits
hold largze amounts of water when their base is below the water level

Unfortunately, these deposits at Howard have

a high percentaye of silt and clay (table 1}; therefore they yield water

very slowly,

cipitation directly, and by the river during periods of flood,

Table 1, --Comparative Size Analyses of the Two Types
of Outwash Deposits

The terrace outwash deposits are recharzed from pre-

Test Hole Locations

Older Outwash
Deposit #15 SWiL3 wlk sec, 23, T. 107 N., R, 56 ., Miner County,

Main Outwash
Deposit #35 N WL.«3EYs sec, 2, T, 106 N,, R, 56 /., (on z0lf course), Miner Co.,

Test | Depth in (Sieve openings in inches) osand ﬁ

Hole feet Cumulative Percent of Sample Retained on FEach Screen  |silt be4

Nao, »1311,0931.065;.0461.0331,0231.016 1.012,1008]1.006 ifore
washing

15 44-49 0 0 0 0 0 7 21 51 ] 76| 91 17

35 29-34 0 3 17 34 52 71 84 931971 -~ 32

35 39-44 0 0 14 30 | 47 1 63 76 851911 95 48

A small area of older outwash deposits in the 3 wl4 sec, 23, T.

107 N., R, 56 W., 2l2 miles north of Howard (fiz. 6), is unlike the other
cutwash Jdeposits in the area as it consists of fine clean sand with little
clay {table 1), This material is approximately 45 feet thick (fiz, 6),
and the lower 25 feet is water-saturated, This cutwash deposit is simi-
lar to the others in beiny recharzed by direct percolaticn from rainfall,
laterally from the high water table alonn the river, and by downward
percolation of surface water from the stream, Discharze is mainly by
plant transpiraticn and by a small amount of evaporation,
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Ground Water in Alluvium

Alluvium is present alony the entire stream valley of the west Fork
of the Vermillion River (fi7, 4). The alluvial materials consist larzely
of clay and silt with minor amounts of sand and gravel, The alluvium
holds larze quantities of water, but yields water very slowly because of
low permeability of the largse silt and clay fraction, Rechargse is due
larzely to direct precipitation and underflow of water into the reser-
veir, BDischarge is due mainly to evaporation and underflow of water
from the reservoir,

Zround Water in Stratified Sand Lenses:

Stratified sand lenses in till will yield water quickly, but the una‘nti-‘ ‘,
ty of water is limited because of the small size of the lenses and because
they depend upcn the till for , recharre, However, in the Howard area
there is a stratified sand .and Jravel deposit with liznite coal fra;ments
near the bottom of the zlacial material, which yields a moderate supply
of water, This aguifer has a lateral extent of more than a mile in the
western part of sections. 2 and 11; and in the N #/¥ sec, 12, and contains
a considerable amount of water; but, because it is only 17-20 feet thick,
its drawdown is rapid when pumped, '

Ground'Water in the Dakota Group and ''Wash"

The Dakota Group of sandstcnes and shales may be present in the
northwestern corner of the mapped area. The sandstone layers of the
Dakota are artesian water aquifers, The sandstones consist of predom=-
inantly quartz sand that has moderate permeability and porosity. The,
sandstone units yicld a moderate supply of water.

The rechar~e for both probably comes from the Black Hills and
Rocky Mountain areas where the JDakota Group is exposed at a hither
elevation, Some recharae probably comes also from the buried Sioux
Ridge, to the south, Discharve is Jdue to springs, seepage, pumpiny and
flowinz wells,

Althou~h the Jakota Group is not present at Howar., the porous
and permeable "wash' lirectly overlyin: the Sioux quartzitic sandstone
receives water from the Ockota where the latter lirectly overlies the
Sicux quartzitic sandstone to the north; this water moves updip in the
wash by artesian pressure, Therefore recharve and discharge of water
in the "wash' is the same as recharve and dischar e in the Dakota, ex-
cept that where the Dakota is absent scme sand lenses in the Carlile
Formation which are also ground water aquifers probably add additional
water to the wash at Howard,

The !""wash'' stores a lar e quantity of artesian water, The "wash"
has variable porosity and permeability dependinz upon whether the over-
lyin~ rock is sandstone or shale,



DUALITY OF GROUND WATER

Trincirples of Ground Water Jmuality

Precipitated water is nearly pure before it reaches the zround,
After the precipitated water reaches the ground it comes in contact
with many minerals, some of which are more soluble than others, There~
fore the mineral content of the water depends upon the time and the sol-
ubility of the minerals with which the water comes in contact,

Duality of water in the Qutwash Deposits

The quality of water from the shallow, 7lacial outwash deposits along
the West Fork of the Vermillion River is good (table 2),

The quality of the water from the older outwash materials in the
S s sec, 23, T. 106 N., R. 56 W,., is not known, because no wells pene-
trate this reservoir,

uality of water in the Stratified Sand Lenses

The water Jerived from the stratified sanc lenses at the base of the
drift is not of good quality, bLut is better than water from the '""wash'' or
the upper sanlstone of the Dakota Group (table 2),

Duality of Water in the Jnkota Group and ' Wash'

The quality of the water cbtained from the "'wash' and the sandstones
of the Dakota Group is nearly identical, beczuse the "wash! water is de-
rived directly from the sandstone units, The gquality of this water is not
known specifically, but an analysis of mixed "wash' water and basal
sand and gravel water indicates that this water is of slightly poorer
quality than that in the basal sand and sravel (table 2),
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CONCLUSIONS AND HTECOMMENDATIONS

The possibility of developing a water supply in the outwash deposits
alongz the Jest Fork of the Vermillion River at Howard appears unlikely
because of the high clay and silt content of the deposits, If a location
can be found where ""clean' sand and zravel is present beneath the water
table, then a properly constructed well or wells wculd probably yield an
adequate quantity of water,

The older zlacial outwash deposit 212 miles north of Howard appears
to be a goold aguifer because of the thickness of water-beariny sand and
its accessibility to recharrce. It is impossible to determine accurately
the guantity and quality of the water from this aquifer, unless a pump test
is conducted on an existinzy well or on a test well constructed in the
aquifer, It is suzgested that a well at least 6 inches in diameter be
drilled and cased, and that a 15-foot screen haviny the correct sieve
openings be set on the bottom of the sand aquifer,

The basal rlacial sand and sravel deposit beneath the city of Howard
could yieid considerably more water if another well was Jlrilled into it,
but the additional well must be located at 2 distance from the wells now
pumping from this zone, because the interference due to drawdown would
be larwe in an aquifer that is this thin,

Additional water could also be obtained from the "wash' Leneath
the town, c¢r from the sandstones of the Dakota Group nearby. The pres-
sent well beneath the standpipe is drawing water from the ""wash'" . If a
water supply is desired from the "wash!'', then a well site at nearly any
location Leneath the city would be suitakle; however, if the well is located
in the northwestern corner of the city, it probably would yielkd more water
than the present well yields because of the jreater thickness of the ''wash"
at that location (fig. 5). If a water supply is Jesired from the Dakota sand~
ntones, then the well would have to he located several miles north and
norrawest of the city, A well drilled into the Dakota sandstones or "'wash"
could be screened where the sand is soft and loosely consolidated,

The city should obtain a water permit from the State water Resources
Commission, and contact the State Boarl of Health as to the chemical
and biolozical suitability of the water. It is recommended that the city
contact a commercial well driller licensed Ly the State of South Dakota.
to o further test drilling, to find the most favorable site for a well or
wells,



AFPENDIX &

Lo~s of South Dakota Geolezical Survey Test ifoles

Test Hole §#1

Location: N WWSEW sec, 2, T, 106 N,, R, 56 W,
Elevation: 1554 feet

Total Jepth: 39 feet

Depth to water: 10,2 feet

Description

Clay, lark Lrown, and fine sand
Clay, dark Lrown, and :ravel
Gravel and tan clay

Gravel, medium rounded

Clay, Jark :ray, and sand

Test dcle #2

Location: SwWWSEY: sec. 2, T, 106 N,, E. 56 W,
Elevation: 1546 feet

Total depth: 49 feet

Depth to water: 8,2 feet

Description ™

Clay, Jdark gray

Clay, dark gray, and sand
Gravel, unsorted, and clay
Clay, brcocwn, and sand
Gravel, unsorted, and clay
Clay, brown, anl sand

Test Hole #3

Location: NwuSEY: sece 2, T. 106 N,, R, 56 /.,
Elevation: 1544 feet

Total depth: 44 feet

Depth to water: 10,7 feet

Description

Clay, dark oray

Gravel, unsorted, and clay

Clay, medium rray, anl sravel

Clay, medium :ray, with sand anl sravel
Clay, medium 7sray

Depth
(feet)
0- 1
4= 9
9-10
10-16
16-39

A

Depth
(feet)
0- 5
5- 6
6-~13
13-15
15-20
20-49

Depth
(feet)
0- 4
4- 9
9-14
14-39
39-44
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Test Hole 44

Location: NEWMIEY: sec. 2, Ts 166 Ino, ¥.o 55 v/,
Elevation: 1559 f2=t

Total depth: 73 izet

Jepth to watex: 17 feet

Description Co Jepth
(feet)
Clay, dark zray, and sand . N. 14
Clay, dark prewn 14-24
Sand, medium 2427
Clay, sand, and gravel 27-29
Clay, mediurm gray, and sand : 29-34
Clay and sand 34-75

I'zst Hele #5

Location: N wiaNEk sec, 11, T. 106 N,, K. 55 &
Elevation:

Total depth: 40 feet

vater level: 12 feet

Description Depth

(feet)
Clay and sand 0- 4
Sand and gravel 4~ 8
Clay and gravel 8-22
Sand, medium 22-39

Clay, gray 3940
| Test Hole #6

Location: SwiiuNEW sec. 11, T, 106 N,, R, 56 w,
Elevation: 1548 feet

Total depth: 45 feet

Depth to water: 8,7 fezt

Description i+ Jepth
(feet)
Clay, with silt and fine sand . 0- 11
Clay, brown, and sand 11- 16
Clay and sand : 16-24

Clay, medium gray, with sand and gravel 24 -45



Location: 3 «WYaNwls sec, 2, T, 106 N,, R, 56

Elevation: 1559 feet
Total depth: 34 feet
Depth to water: 16 feet

Description

Clay, tan
Gravel and sand

Test Hole #7

Clay, medium gray, and rock fragments

Sand and clay

Clay, medium gray, and rock fragments

Clay, medium gray

Test Hole #8

11

Jepth
(feet)
0~ 3
3-16
16- 17
17~ 12
19-29
29-34

Location: SWWUN WY sec, 2, T, 106 N,, R, 56 ./,

Elevation: 1550 feet
Total depth: 54 feet
Depth to water: 22 feet

Description

Clay, "black

Clay, brown, and rock fragments
Clay, medium gray, and sand

Test Hole #9

Depth’
(feet)
0- 4
4~ 9
954

Location: 3 wWWiNZY sec, 11, T, 106 N,, K. 57 .

Elevation:
Total depth: 54 feet
Depth to water: 267 feet

Description

Clay, dark gray

Gravel and sand

Sand and clay

Sand and gravel

Gravel, medium

Gravel, medium, and clay
Sand and <lay

Silt, sand, and clay

3iit, sand, clay, and gravel
C: 'y and gravel

Depth
{feet) -
0- 4
4- 6
6= 9
9-10
10-19
19-29
29-34
34-39
39-44
24-54
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Test que #10

Location: 3wWk3SEL sec, 2, T. 106 N,, K. 56 /.
mlevation: 1543 feet ax v
Total depth: 91 feet

Depth to water: 4,9 feet

Lescription Depth
(feet)
Clay, dark gray 0- 9 ~
Clay, and gravel 9-34
Clav, and fine sand 34-39

Clay 39-94
Test Hole #11

Location: 3 Wik3EL: sec, 2, [, 106 N,, H., 56 W,
Elevation: 1545 feet

Total depth: 49 feet

Oepth to water: 10,0 feet

Description Depth
(feet)

Clay, dark gray 0- 4
Clay, gravel, and sand 4- 9
Clay, sandy 9-24
- Clay ‘ 24-29
Clay, sandy 29-149

Test Hole /12

Location: 3 wWlk3EL: sec, 2, T, 106 N,, R. 56 .,
Elevation: 1544 feet

Total depth: 39 feet

Depth to water: 8,0 feet

Description Jepth

(feet)
Clay, dark gray, and silt -0-9
Clay, dark gray, with sand and gravel 9-14
Gravel, medium, with sanl and clay 1i-26
Sand, coarse, and clay 26-29
Sand, medium, and clay 2934

Clay, medium gray 34-39



Test Hole #13

TLocation: S wWW3EL sec, 2, T. 106 N,, K. 56 W,
Elevation: 1548 feet )

Tetal depth: 150 jeet

Depth to water: 18,5 feet

Description

No sample

Clay, sandy

Clay

Silt and gravel

Clay, sandy

Clay, and medium-~coarse sand
Clay, sanly ’

Test Hole #li

Location: 3W: 2537544 sec, 26, T, 107 N,, E, 56 .,
Flevation: 155
Total depth: 4
Depth to water: 8,0 feet

Description
Clay, dark gray

Clay, sandy
Clay and gravel

Gravel
Clay, with sand and gravel
Sand

Clay, sandy
Test Hole #15

Location: 3WY3 Wi sec, 23, T, 107 N,, K. 56 .,
Elevation: 1572 feet

Total depth: 64 feet

Depth to water: 13.0 feet

Jescription
Gravel anl clay

Gravel and sand
S3and, medium and fine

13

Depth
{feet)
0- 4
4- 9
9~ 14
1124
24~ 39
39~ 44
44-150

Depth
(feet)
0- <
9-14
14-19
19-24
24-~29
29-49

Jepth
(feet)
0- 9
9-27

LT -6



Test Hole #16

Location: NEWN wl4i sec, '35, T, 106 N., R, 56 W,
Elevation: 1562 feet I
Total depth: 29 feet

Depth to water:

Description Depth
(feet)

Clay, tan, with rock fragments 0-14

Clay, blue gray, with rock fragments 14-29

Test Hole #17

Location: S WS whs sec, 23, T. 107 N., R, 56 W,
Elevation: 1584 feet h
Total depth: 59 feet

Depth to water:

Description . ODepth
{feet)
Clay, brown, with pebbles . 0-24
Clay, blue gray, with pebbles Zadd
Sand, very fine +4-59

Test Hole #18

Location: N/245 whi sec, 23, T, 107 N., R, 56 .
Elevation: 1622 feet
Total depth: 24 feet
Depth to water:

Description Depth
(feet)
Clay, brown, with scattered pebbles 0-24

.Test Hole {19

Location: 3 wILN WY sec, 23, T, 107 N., K, 56 W, =
Elevation: 1574 feet

Total depth: 84 feet

Depth to water: 37 feet

Description Depth

: (feet)
Clay, brown, with pebbles 0-17
Sand, fine , 17-39
Sand, fine-medium 39-64

Clay and fine sand ' 64-84
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‘Test Hole §#20

Location: NENEY: sec, 22, T, 107 N., R. 56 i/,
Elevation: 1570 feet

Total depth: 14 feet

Depth to water:

Description Depth
(feet)

Clay, brown S . 0-9

Clay, blue - 9-14

Test Hole 421

Location: 3EW3IELY sec, 22, T. 107 N., R. 56 w.
Elevation: 1573 feet : ‘

Total depth: 3 feet

Depth to water: 25 feet

Description _ Depth
, (feet)

Clay and dark sand ' 0-15

Clay, blue gray . 15-34

Test Hole #22

Location: SwWLiSWY: sec, 23, T, 107 N., R. 56 .,
Elevation: 1585 feet

Total depth: 36 feet'’

Depth to water:

Description ) Depth
, (feet)
Clay, brown fl 0-36

Test Hole 23

Location: NWYWi3W¥ sec, 23, T, 107 N.,, R, 56 W,
Elevation: 1571 feet -

Total depth: 69 feet

Depth to water: 10.8 feet

Descripticon ' , Depth
(feet)
Gravel, sand, and clay 0-10
Sand, clean ) 10-39
Sand and clay N . 39«44

Clay and sand oL 44-69
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Test Hole 24

Location: N &3 w4 sec. 23, T. 106 N., R, 56 W,
Elevation: 1568 feet

Total depth: 64 feet

Depth to water: 13,7 feet

Description Depth
(feet)
Clay, dark zray 0- 3
Gravel 3~ 11
Clay and yravel 11-17
Sand, medium, clean 17 -44
Sand and clay G4 -6k

Test dole 425

Location: 3 &3 Wi sec. 23, T, 107 N,, R, 56 W,
clevation: 1573 feet

Total depth: 29 feet

Jepth to water:

Déscription Depth
(feet)
Clay, brown 0- 5
Gravel and clay 5- 9
Clay, gray,anl pebbles : 9-29

Test Hole [f26

Location: NwWWLSwWii sec, 23, T. 107 N., R, 56 w,
Elevation: 1567 feet

Total depth: 64 feet

Derpth te water: 10,2 feet

Description Depth
(feet)
Clay, dark pray 0~ 2
Gravel and sand 2-11
Clay, medium ray,and pebbles 11-21
Sandl, medium and fine R < 21-49
Sand, fine-medium, and clay £9-54
Clay anl fine sanl < 54-64

Test Hole }27
Location: NEYS wi, sec, 23, T, 107 N., R, 56 /.
‘Elevation: 1558 feet
-Total depth: 50 feet
Depth to water: 8,0 feet

Description Oepth
{(feet)

Clay, dark gray 0-15

Gravel and clay 15- 19

Clay and pebbles 19-50



17
Test Hole 5#28

Location: 3EV.NWy: sec. 23, T. 107 N., R. 56 W, -
Elevation: 1559 feet ’
Total depth: 49 feet

Depth to water: 12 feet

Description ‘ Depth
(feet)
Clay, dark gray and pebbles : : 0- 4
Clay and gravel 4- 5
Clay and coarse sand 5~ 9
Clay 9-49

Test Hole 129

Location: N LNl sec, 14, T, 106 N., R, 56 /,
Elevation: 1516 feet

‘Total depth: 29 feet

Depth to water: 3,0 feet

Description - Depth
(feet)
Clay, dark gray and aravel 0~ <
Clay, sandy 4- 9
Clay ' : 9-14

Clay, sandy ST 14=39
Test Hole j}30

- Location: NEVWN wls sec, 14, T. 106 N,, R, 56 v,
Elevaticn: 1539 feet

Total depth: <9 feet

Depth to water: 7,0 feet

Description DJepth
(feet)
Clay and sravel ‘ 0- 9
Clay, sandy 9-24
Gravel, fine,and clay 2:-39
3ani, fine, and cray clay : 39-49

Test Hole 31

Elevation: 1527 feet
Total depth: 15 feet
Depth to water:

Location: SE¥3 wl: sec, 11, T, 106 N,, R, 56 ./,

Description Depth
(feet)
ZGravel and clay 0- 7

Clay, brown, and pebbles 7-19
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Test Hole #32

Location: 3Eia5FL: sec, 11, T, 106 WN., R, 56 /,
Elevation: 1516 feet i ' '
Total depth: 24 feet

Depth to water: 4, 2 feet

Lescription

Clay, brown
Clay and sand

Test Hole #33

Location: SE#3 wi: sec, 9, T. 106 N,, R, 56 .,
Elevation: 1512 feet
Total depth: 44 feet
Depth to water.

Description
Clay, brown, and fine sand
Test Hole /434

Location: 3WLL3WYi sec, 2, T. 106 N,, R. 56 #/,
Elevation: 1571 feet

Total depth: 49 feet

Depth to water:

Description

Clay, brown
Clay, brown, and sand

Test Hole #35

Location: 3WiANEW sec, 2, T. 106 N., K, 56 W,
Elevaticn; 1560 feet

Total depth: 5 feet

DRepth to water: 5.4 feet

description

Clay and sravel
Clay with gravel and sand

Clay with Jdecreasing amount of sand with depth 25

Depth
(feet)
0- 5
5-24

Depth
(feet)
0-44

Jepth
(feet)
0-24

244L49

- Jepth
{feet)
0-24

24=29

29-54
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AYPENDEC B

Loos* of Deep i/ells and Test Dorings at Howard
Howard Town ell

Loceticn: (at stand-pipe}) N #4NEY: sec, 11, T, 106 Ney R. 56 /., Miner Co,,
South Dakota

Elevation: 1572 feet

Total depth: 402 feet

Date drilled: May, 1953

Source of data: 35, Dak, Geol. Survey files

Depth Formation and Remarks
0- 20 Till, poorly sorted yellow sand, calcareous sandy clay with
gypsum fragments,
20~ 50 3and, poorly sorted, with clay .
50- 60 Sand with medium gray clay and sandy clay, '
60-150 Sand and gravel poorly sorted with clay as above, :
150-170 As above but with much lignite,
170-180 Sravel, pebble and zranule size.--
180-190 Gravel and sand with much lignite,
190-200 Niobrara Formation, marl, light zray, with abunuant small
white chalk spots, also lirnite Wmch may be cavin s,
200-260 Chalk and spotted marl as above, :
260-270 Same as above with scattered Incceramus prlsms and shell
frazments,
270-280 ' Chalk-spotted marl as above, with some lignite,
280-290 Same as above,
294 (Carlile Formation top £, L. )
290-3090 sand, fine to very coarse 3rained, anpular to subrounded,
poorly sorted, loose and calcareous arzillacecus sandstone.
300-320 Sand, and sandstone as abcve and medium dark gray benton-
itic shale with pyrite,
320-343 Siltstene, yellow-brown and sanly siltstone concretions,
socme slizhtly calcarecus,
340-350 shale, micacecus, sandy, medium lark-gray; some fine-
srained sandstone.
350360 Sandstone, white, fine=~jreined, calcareous, micaceous,
vlauconitic liznite,
360-370 Shale, medium dark-7ray,
370-380 Shale, dark r~ray.
380-400 3and, fine-~rained with bentcnite,
400-~402 Sioux Yormation, well cemented, 'silicecus quartzose sand-
stoune,

Formation Tops picked by Electric Logzs



290
Howerd Test well

Location: {3outh end of Athletic Field) N/ sec, 2, T, 106 ., Lo 56
Miner County, S. DJak,

Elevation (G, L.): 15831 3 feet

Total depth: 52012 feet

Date driiled: May 2, 1957 ‘

Source of data: Frederickson's Inc,, iutchinson, Minnesota

Jepth Formation and Jescription
D- 2 Topscil, black
2- 70 Clay (till? )} brown
70- 85 Sand, coarse
8§5-152 Clay, dark rray (blue)
152-15% Sanl
154-153 Clay, blue
156-161 Sand
161-175 Sand with clay ("'lirty")
175-230 Clay, medium rray
200-24% . Clay, Jdark jray
240 Nigbrara Formation top from £, Lo
244-340 Shale (marl?) lizht sray
340 Carlile I'ormation top from &Z. Loy
340-478 Shale, rray
478-480 San’l
48904500 Shale lensel with sand

500-50012 Sicux Focrmation, well cementel siliceous sandstone,

Was



Howard City .Jell

Location: (Ni/is0f y0f course) 35vY=Nidu sec, 2, T, 106 N,, R. 56 ., Miner
Cownty, 3. Dak,

Llevation {G. L.): 1562 feet

Total depth: 405 feet

Date driiled: May 15, 1957

Source of data: Frederickson's Inc,, iHutchinson, Minnesota

Depth ¥Formation and Description
0- 3 Topsoil, black
3- 18 3and, coarse, brown with clay
18-179 Clay, dark rray, with sand
170-175 Sand with clay ("dirty')
175-182 Sand
182-184 Clay, dark zray
184-1986 3and, coarse with silt and clay
196-226 Shale {marl?), dark sray
209 WNiobrara Tormation top from &, Loz
226-27x Shale, sandy, sray
274-344 Shale, vray
29 Carlile Formaticn from &, Log
344-3890 Shale, hard, wray
380-405 Shale, -ray and dark yray
405 Sioux Formation, well cemented, silicecus quartzose sand-

stone,





