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ABSTRACT

A pump test was conducted in the Dakota
Sandstones at Wall, South Dakota, on October 7,
1972. Two observation wells responded to the
pumping and an average value of permeability was
calculated to be 9.42 gpd/sq ft. No deviation from
the Theis type curve was observed during the 44
hours of pumping at 120 gpm.

INTRODUCTION

The Dakota artesian basin contains one of the
worid’s most famous but least understood aquifers.
The concepts outlined in Darton’s (1909) classic
paper have appeared in countless textbooks.
According to Darton’s theory, meteoric water is
recharged into the high outcrop areas on the flanks of
the Black Hiils and travels eastward down dip under
the prairie of South Dakota. Quantitative data in
support of this theory has recently been published by
Milier and Rahn (1974). Russell (1928) challenged
this theory and suggested that connate water in
storage could develop pressure by compaction of the
sedimentary deposits. Gries {1958) reviewed the
problem in the light of stratigraphic information
made avaiiable by new deep weli drilling. More
recently, Swenson (1968) suggested that upward
leakage from the underlying Paleozoic limestones
could recharge the Dakota aquifer. Bredehoeft, et al.,
{(in preparation) postulates yet another theory: that
of downward leakage from topographically high
western areas of the Cretaceous shale above the
sandstones of the Dakota group.

There exists, then, one theory of /n situ generation
of artesian pressure in the sandstones of the Dakota
group (Russell) and three steady-state recharge
theories: (1) lateral recharge from outcrops (Darton),
(2} upward leakage (Swenson), and (3) downward
leakage (Bredehoeft, et al.). These three steady-state
models are iliustrated in figure 1.

There is no pubiished information on a pump test
in the Dakota sandstones in South Dakota where
observation wells have been used. There is, however,
some data availabie where specific capacity {pumping
rate divided by drawdown) in a pumped well has been
used to estimate transmissibility. However, specific
capacity cannot be used to plot a time-drawdown
curve from which leakage conditions can be
determined. Such information requires an observation
well {Walton, 1962; Neuman and Witherspoon,
1971).

The purpose of this report is to describe a pump
test at Wall, South Dakota (see fig. 2). This test,
conducted on October 6-9, 1972, included two
observation wells which responded to the pumped
well.

We wish fo acknowledge our appreciation to Mr.
Paul Goldhammer, superintendent of the Wail Warter
Department, for his assistance during the test. The
project was financially sugported by a grant from the
South Dakota Water Resources Research Institute
(A-034-SDAK). Mr, John Bredehoeft and Ms. E. F.
LeRoux of the United States Geological Survey
kindly read the manuscript and offered suggestions
for improvement.

GEOLOGY

The stratigraphy of the basal Cretaceous
sandstones underlying South Dakota is more
complicated than was appreciated at the time that
Darton first suggested his mode! of the Dakota
artesian basin, Figure 3 iilusirates the
transgressive-regressive relationships of these
water-bearing sandstones, using the Greenhorn
limestone as a datum. At present the term Dakoia is
used in western and central Southi Dakota for the
delta of sandstones lying above the Skull Creek shale
(Gries, 1954; Schoon, 1972). Thin, western
extensions of this sandstone wedge crop out as
isolated channels and form the Newcastie sandstone
of western South Dakota and eastern Wyoming.

The lower sandstones, which form the large
outcrop areas on the flanks of the Biack Hilis, are
called the Fall River and Lakota formations. in the
wells at Wall, sandstones of the Dakota formation are
cased off because of lower hydrostatic pressure and
inferior water quality. The wells produce water only
from the lower, Fali River-Lakota, aquifer. In this
paper, for the sake of simplicity, we wiil refer 1o ail
of these sandstones as members of the Dakota group.

THE PUMP TEST

Figure 4 is a plat of Wall, South Dakota, showing
the location of the three municipal water wells used
in the current test. Well no. 1 is the pumped well;
wells no. 2 and no. 3 are the observation welis, Each
of the wells is over 3200 feet deep; stratigraphy,
pump settings, screens, and water levels are indicated
on figure 5.

All three weils were:in alternate use by the City of
Wall prior to the test. However, none had been
pumped for more than 24 hours prior to the pumgp
test. A recovery trend for the two observation welis
was determined during this rest period. The pump
test started at 2:45 p.m. on October 7, and the
drawdown was determined in all three welis, These
drawdowns were corrected to include the effects of
the pre-test recovery trend. Weli no. 1 was pumped at
120 gpm; wells no. 2 and no. 3 were the observatior
wells.

Figures 6 and 7 are the time-drawdown curves for



wells no. 2 and no. 3 respectively. The data is plotted
and analyzed using the formulas shown in Walton
(1962). If more aquifer constants for the Dakota and
overlying shales were known, a more rigorous analysis
could have been attempted, such as the modified
leaky aquifer analysis developed by Hantush {1960).
The average values of transmissibility (T) and storage
(S} are 2,165 gpd/ft and 0.000,0233 respectively.
Since the average thickness of the sandstone unit
tested is 230 feet, the average permeability is 9.42
gpd/sq ft.

Figure 8 is a distance-drawdown plot for all three
wells after 44 hours of pumping. Using the Theim
sofution, a vaiue of transmissibility of 4,320 gpd/ft is
obtained,

DISCUSSION

The pump test data show that the Dakota
sandstones are moderately permeable at Wall. In a
region covered by reiatively impermeable Cretaceous
and Tertiary shales, the Dakota sandstones represent
a viable ground water resousce.

A significant conclusion of this pump test is the
fact that neither observation well shows the slightest
deviation from the Theis type curve {see figs. 6 and
7). There does not appear to be any evidence of
ieakage. This conciusion can aiso be confirmed by
plotting the time-drawdown data on semi-log paper; it
follows a perfectly straight line. The iack of teakage
suggests that littie recharge may be occurring, either
upward or downward to the Dakota. Rather, recharge
would appear to be laterally, according to Darton’s
otiginal hypothesis.

It should be emphasized that the pump test was
not run long enough to permit the conclusion that no
ieakage exists whatsoever, Indeed, it is doubtful if the
effects would be evident under even prolonged
pumping inasmuch as the vertical permeability of the
overlying Pierre Shale is undoubtedly extremely low.
Additionally, the underlying Paleozoics are not in
direct contact with the Dakota group at this point.

REFERENCES CITED

Bredehoeft, J. D., Getzen, R. T., McComas, M. R.,
Piskin, R., Rao, P. C., Rodriguez, C. A., and
Simonds, C. H., in preparation, Regional
ground-water filow in the Dakota artesian aquifer:
U.S. Geol. Survey.

Darton, N. H., 1909, Geology and underground water
of South Dakota: U.S. Geol. Survey Water-Supply
Paper 227, 156 p.

Gries, J. P., 1954, Cretaceous rocks of the Williston
Basin: Am. Assoc. Petroleum Geologists Buil., v.
38, pp. 443-453.

————— 1958, The Dakota Formation in central
South Dakota: South Dakota Acad. Sci. Proc., v.
37, pp. 161-168.

Hantush, Mahdi S., 1960, Modification of the theory
of leaky aquifers: Jour. Geophysical Research, v.
65, no. 11, pp. 3713-3725.

Miller, R. H., and Rahn, P. H., 1974, Recharge to the
Dakota sandstone from outcrops in the Black
Hills, South Dakota: Assoc. Engr. Geol., Bull., v.
11, no. 3, pp. 221-234.

Neuman, S. P., and Witherspoon, P. A., 1971, Flow in
multiple aquifer systems: /n Aquitards in the
Coastal Ground Water Basin of Oxnard Plains,
Ventura County, California Dept, Water Resources
Bulil, 63-4, pp. 21-62.

Russell, W. L., 1928, The origin of artesian pressure:
Econ. Geology, v. 23, pp. 132-157.

Schoon, R. A., 1972, Geology and hydrology of the
Dakota Formation in South Dakota: South
Dakota Geol. Survey Rept. Inv. no. 104, 55 p.

Swenson, F. A., 1968, New theory of recharge to the
artesian basin of the Dakotas: Geol. Soc. America
Bull., v. 49, pp. 163-182,

Waiton, W. C., 1962, Selected analytical methods for
weil and aquifer evaluation: lllinois State Water
Survey Buil. 49, 81 p.



'SOUOJSPUDS DIOYDJ 8y} O obupyoss oipjs-ApDalS J0j Seldodayy 994yl | 94nbi

uoljpup|dxs 40} }x9} 99s
9|DOS 0} UMOYS jou

N7 AS < £y >v NS¢ L .
. L ASAL s s AV Y NET DTS A < > A T o
TN A Pt ARSI O NG TR R N R e N L N e
P D e T D A N G VAP VIS SV ARSI A P 2y Ty TRV S L oy
N F‘VAJ,\ ~ b 77VLPVP B o Vs v v V4Vb.\4w T2 <L_\1.V b2 byo
Doyt ee Cob 2 T e\ 7 8004 UDIAGUIDOB I Y s
< v o2 viv <V N to>
9 7 > NP L
VAR N I P A IR SO P S S A
’ . >

9/pyYsS Snosopiled)d

3 BUOISPUDS DIOYD(J

souolsawl!ll 010z08[bd

So/DYS 0ISSDUNL PUD DISSDIA]




Precambrian
guartzite outcrop

Dakota sandstones
outcrop

2

%,

///

Figure 2. Map of South Dakota showing

location of Wall.

dj

Greenhorn Fm.

Belle Fourche Sh.

Mowry Sh.
Newcastle Ss.
Skull Creek Sh.
Fall River Ss.
Fuson Sh.
Lakota Ss.

western

South Dakota

wells at Wall, S. D.

southeastern
South Dakota

Jurassic or older

Precambrian

Figure 3. Generalized cross—section of Cretaceous sandstones

in South Dakota

(after Gr

ies, 1954).




O 500 1000 1500 feet

é 1/4 mile

Well No. 3

\

Well No. | (pumped
well) and fank

51

main

/g /7
W
/N‘y \
‘s
Y S

®
\ 0
Well No. 2

and tank

@ Well oTank

Straight line distance between wells:
Wells No. | and 2 = 2,450 feet
Wells No. "I and 3 = I,727 feet
Wells No. 2 and 3 = 3,600 feet

Figure 4. Map of Wall, South Dakota, showing
location of three wells.




‘S|jem 8eJyl oyl bBuimoys ‘g 'S ‘||DM ID U0I}08S-55040 |DOIB0J0BY G eunbi-

1o Burdwnd 4o sJnoy ti, 42440 20D4UNS  DIUJBWOZAH ——-- ——
'90DJNS  D1UjawWozald O/l

‘wdb Qg b
100 0} Jojud

‘uollpisbboxa
1se} dwind 2/6|

|DO1LdsA ON
‘l

| ON
tsnl

90D4JNS 01J}oW0ZAld —— ——

L1334 NI “13A37 v3S MOT3d ANV 3IA08V ‘IANLILV

‘13A37 v3S M0134 ANV 3A08v ‘3anlilv

1334 NI

3 "30D4JNS  21d}awWozZald Q98] 2088VHNN £ 'di9 opupy upkul Z 3INF009170 T
008~ 1 ‘w4 uosludon| g - 009~
O0b— - ‘Wo DYDY |- O0Ob-

- — Y |ip4] 21O L
00c- A s 5o nmis el = |k ooz-

e i P

alo
O | W DIOoNDQIZ It VIO
Cim

i ol =il
00<c - ys Kamow | @ | I 002

7 —oyouno4| @ -
oov A 3|leglo - OO0V
009 H ._._ ~____w_____.___‘_____. ____w_ _ I _ I _ I _ I _ I _ T _ T _____*_____ _MA_ U4 uJdoyuesdy HOO@
oog A ‘Wwo 8l|4D)D  |Fooe

" T T Y T i T i T i T T T T T T T i) T T T T T ) T | T i
oool AL T T [ L L T T T ] T L T T L LT T T L T 1| 1] wid oioiqon]| gl oool

i ] I | 1 ] I 1 1 1 1 | 1 I I I I L 1 I I ) I 1 1 T 1 1 T ' T 1 m K
oozl A A - oozl

i oIk
o0ov| A byl 1aNelet

- miL
o0s! A W - 009l

i Sk
008! - ‘s e-dsid m - 008

; 2 |-
000z 4 l«——bunjas dwnd— burjjes dwnd—— S1F ocoz

- 0022
- 00b2
‘w4 SjIIH X04 ~ 009¢
4 || , || wq oy ahyml Tl
00s8e 1 CS\\G\.&:Q /¥ Sasﬁ:;“:“7:;_i\_,:i_:i/d_,z:::\\_ ..:\.és\»\_’_..’\i,.i_/ _ :.,.S.‘..\__.3\:..3_.:..e_/:..::.::\?.:i:_‘2‘..J,:.:,_..SA:::_,.__‘\\,S\\:_...s,a!___..q:_. wa ~ .i_.s}. I L 0os8e
rlll||’.t 2221 f 14 OGbe {
00z d L 4 00¢z a L 14 022e a4 L
42182 A33 H p128e N33 W 92v8e AI3
¢ ON T1713M , | "ON 1713IM 2 ON 713M



100.0

CORRECTED DRAWDOWN,s, IN FEET

_CURVE| LL—""]
. 5 et e N LN
- £ _
Q=120 gpm i\,m,m,\\z%m 04 -/5=0.1
r-easo it Wall, S. D. pump, L~ L ¥
b= 1.0 test data M&W‘%W\\\\ ; =06
10.0 W{u) =10 I —
’ t=180 min. o
-7 o Match L
52725 ft. umso,. A
T T1L . X
A 7 =101
g
w\ , ﬂ 1889 .y (- F_mwm.m|w_w@w. (10) = 1895 gpd/ft.
LT |
1 nop o|I\ Tut _ 1895 (1) 180 _
\ X B & 2693 12~ 2693 (24507 000002/
1.0 \5 =1 eaky curves (from Walton, 1962)
/ 7/
oA/
\\\
P Figure 6. Time-drawdown plot for
<<®__ No. 2. dj
o_ I I 1T T1TT T T.1 1 1 1 L1711
IO 100 1,OOO 10,000
TIME AFTER PUMPING, t, IN MINUTES




CORRECTED DRAWDOWN.s, IN FEET

100.0

TING ypE CURYE——==r]
zozoozam_@\\\\\\
4\1m_m "
\Hnn“\\\ ™~
~ h Wall, S. D. pump_1] = | T =044 o= ||u
Q=120 gpm test data V,W\%Qu\% \m Om_.\\w \m Q.
r= 1721 ft MW L] /5=06
0.0 _ : A
/u=10 Match T
W(u) =10 %91 -
t=83.5 min. e
5= 565 fi, o T T]
/ 1 ﬁ\mn L0120
& r
/e = 2.04
7 R
L1
.0 2 N
i NN
¥ =Leaky curves (from Walton, 1962) _ 1148 Q _ 146 (120) | _ gpd B
7 T=—g W) Sos (1.0) = 2434 9P \:.H
7 Tut 2434 (1) (83.5) 1
el 572693 12~ 2693 (72n 000002940 \‘f
N O M T T TTT1]
(- A \
Figure 7. Time drawdown
plot for well No. 3. o
O _ I I L JVUUNE JUONNE S 2 | 1 7 I i i1 _Lﬂ
1) 100 1,000 10,000

TIME AFTER PUMPING, 1, IN MINUTES



CORRECTED DRAWDOWN, s, IN FEET

AFTER 44 HOURS OF PUMPING

80

=N

20

30

40

L~ AS=14.7 ft.

50

60

70

528 Q _ 528 (120) _ d i
Te = g = 4320 Py

yin
_L [ I T TIIIT] LT T TTTTH I __:_A

I

20

Figure 8. Distance-drawdown

U_Q, after 44 hours of pumping. |

[ T T TTTIII 1T T TTIIII ] ______

100
0.l

1.0 _0.0 100.0 1,000.0 10,000.0
DISTANCE FROM PUMPED WELL, IN FEET





