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INTRODUCTION

This report contains the results of a ground water investigation conducted by the South Dakota
Geological Survey for the city of Keystone, Pennington County, South Dakota. Field work was
conducted intermittently from late August 1983 to late September 1984. The investigation included the
analysis of existing water quality data and well logs, collection and analysis of 42 water samples,
drilling a test well for monitoring and aquifer test (pump test) use, and conducting three aquifer tests.

The investigation was financed by the South Dakota Geological Survey, the Black Hills
Conservancy Sub-District, and the city of Keystone.

Prior to the investigation, the city of Keystone did not have a central water supply system. Water
was obtained from a number of private and a few city wells for domestic, lawn watering, and fire
protection. These wells varied greatly in depth, water production, water quality, and construction.
Water quality problems and a lack of adequate fire protection capabilities prompted the decision to
seek an adequate central supply source.

The assistance of the city officials, especially Mayor Siemonsma, the volunteer fire department,
Alexander Drilling Company, and the residents of Keystone in conducting this study were greatly
appreciated.

GENERAL TOPOGRAPHIC AND GEOLOGIC SETTING

Keystone is located along the valleys of Battle Creek and Grizzly Bear Creek in the rugged
Precambrian core of the Black Hills. There are two major aquifers in the area. One of the aquifers is
the Quaternary alluvium that occurs in the valleys of Battle Creek and Grizzly Bear Creek. The
alluvium consists of material derived from the surrounding Precambrian rocks and is usually a mixture
of sand, gravel, boulders, and some clay. It ranges from zero to 45 feet in thickness and averages 30
feet (Johnson, 1975). The other aquifer is the fractured Precambrian metamorphic and igneous rocks,
exposed on the uplands and valley walls and buried beneath the valley alluvium.

The Precambrian rocks in the area are often highly mineralized and have given the area a long and
colorful mining history. Numerous studies of these mineralized rocks and mines have been conducted,
too numerous to mention here. The reader is referred to Norton (1957, 1976), Powell and others
(1973), and Raymond (1981) for further information on the general geology of the area.

PREVIOUS WATER RESOURCES STUDIES

Previous water resources investigations conducted in the immediate vicinity of the city of Keystone
are limited to Gries (1960), Johnson (1975), Powell and others (1973), and Rahn (1983). Published
data on surface and/or ground water quality in the area can be found in publications including: Black
Hills Conservancy Sub-District (1973), South Dakota Department of Environmental Protection (1976
and 1979), South Dakota Department of Water and Natural Resources (1983), and Stewart and
Thilenius (1964). There are also some unpublished data on surface and/or ground water quality data on
file at the Department of Environment and Natural Resources and Black Hills Council of Local



Governments and numerous unpublished well logs on file at the Water Rights Program, Department of
Environment and Natural Resources. A report by the United States Geological Survey (1962-1983)
contains streamflow data for Battle Creek, Grizzly Creek, and their tributaries in the Keystone vicinity.

Reports by Gries (1960) and Powell and others (1973) deal with a water supply for Mount
Rushmore National Memorial. These studies indicate that adequate water supplies might be difficult to
obtain on the Precambrian uplands of the area.

Surface and ground water conditions in the immediate Keystone area are addressed in Johnson
(1975) and Rahn (1983). Johnson (1975) studied the surface and ground water quality along Battle
Creek and Grizzly Bear Creek through the city of Keystone. His study showed that nitrate
concentrations often exceeded the required EPA limit and that iron and manganese values were often
higher than the recommended EPA limits. Fecal coliform bacterial contamination was noticed in some
of the private wells. His field work was, however, conducted before the city of Keystone had
constructed a sanitary sewer system. Rahn (1983) recommended that a central supply system for
Keystone consisting of infiltration galleries or shallow large diameter gravel-packed wells.

A review of the previous studies and the available data indicates that the quality and quantity of
surface water (streams) in the area are quite variable. The present study was therefore designed to
examine water quality and quantity in deeper wells that penetrate the alluvium and/or fractured
Precambrian rocks beneath the alluvium, rather than examining the feasibility of infiltration galleries or
shallow large diameter alluvial wells. Generally, the cost of constructing infiltration galleries or shallow
large diameter wells is greater than that of constructing deeper, small diameter wells.

PRESENT STUDY

Forty-two water samples were collected from wells along and adjacent to the valleys of Battle
Creek and Grizzly Bear Creek were collected and analyzed during this study. Sampling localities are
shown in figure 1, results of analyses are shown in table 1, and well information and locations are
presented in appendix A. Examination of these analyses revealed that nitrate concentrations were lower
than those found by Johnson (1975) and all were below the required EPA limit. These lower values
could be attributed to the construction of the sanitary sewer system. However, like many of Johnson’s
samples, many of the samples collected for this investigation contain iron and manganese
concentrations that exceed the recommended EPA limits. Most of the other water quality parameters
analyzed are within the EPA required or recommended limits.

In conjunction with water quality analyses, production data from wells and well logs were also
examined. Well logs are presented in appendix B and locations are shown in figure 2.

Based on the available data, two areas were selected for further testing. One area was located in
the city park and the other located across the street from the City Hall. In the city park area, at the
recommendation of the Geological Survey, a 125-foot well was constructed by Alexander Drilling
Company. This new well was located 392 feet from the city park well. This new well and an unused
private well, located 341 feet from the city park well, were used as observation wells during an aquifer
test conducted on the city park well.



On June 7, 1984, the 60-foot deep city park well was pumped for 22 hours at a rate of 73 gallons
per minute. Total drawdown was 21.28 feet in the city park well, 0.27 feet in the new well, and 0.97 in
the unused private well. Recovery after shutoff in the pumped well was 18.67 feet in 1 minute and
20.92 feet in 10 hours and 5 minutes. Water samples were collected and analyzed and the results are
shown in table 1.

A second aquifer test was conducted using the 125-foot deep new well as the production well. The
city park well, at a distance of 392 feet and the unused private well at a distance of 156 feet, were used
as observation wells. Beginning at 12:00 noon on September 17, 1984, the production well was
pumped for 24 hours at a rate of approximately 92 gallons per minute. Total drawdown was 25.18 feet
in the new well, 0.49 feet in the city park well, and 1.53 feet in the and unused private well. Recovery
after shutoff in the new well was 10.8 feet in 1 minute and 24.83 feet, in 27 hours. Water samples were
collected and analyzed and the results are shown in table 1.

A third aquifer test was conducted using the 83-foot deep unused city well located across the street
from the City Hall. Beginning at 2:30 p.m., on September 18, 1984, the city well was pumped for 19
hours at a rate of approximately 90 gallons per minute. Leakage from the alluvium into the well bore
gave somewhat unreliable water level readings. Total drawdown was estimated to be 28 feet in the city
well and 1.17 feet in a fire sump located 15.92 feet from the pumped well. Recovery after shutoff in
the pumped well was estimated as 21 feet in 1 minute and 28 feet in 5 hours 35 minutes. Water
samples were collected and analyzed and the results are shown in table 1.

CONCLUSIONS AND RECOMMENDATIONS

The results of this investigation show that the two areas selected for detailed analysis, the city park
area and the City Hall area, would produce water of satisfactory quality (comparable to samples 8, 32,
34-38, 836648, 842720, 844534, and 844535) and quantity (75 to 100 gallons per minute) for
municipal use.

Each of the two wells in the city park or any similar wells in the same area could be pumped at a
rate of 75 to 100 gallons per minute during average precipitation years. The well in front of the City
Hall or any similar well in this location could also pump 75 to 100 gallons per minute during average
precipitation years. It should be noted, however, that closely spaced wells could reduce yield.
Deepening the 60-foot city park well will allow for the greater drawdown that will occur during
prolonged drought conditions.

Water quality from the wells in these two areas should be comparable to the previous water quality
results presented in table 1. During dry years a decrease in the pumping capacity and a variation in
water quality could be expected. It should also be noted that iron bacteria were detected in the city park
well. To minimize this problem, the city should periodically treat this well and other wells, using the
guidelines of the letter included in appendix C.

After the analysis of data, the Geological Survey presented the results and recommendations to the
city of Keystone (app. D). Considering these recommendations, the city utilized the new well and the
city park well in the park area and the unused well in the City Hall area for their municipal water



supply. Use of these three wells for the city’s municipal supply system has continued through the date
of finalizing this report.
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Figure 2. Locations of well logs. Refer to appendix B
for data on each map location.



0.°9 £L9 2L-st ) S0°0> 0s” A 90°1 8°s 0°¢6 - 072y 07992 0°%e 0°LYy 0" %9 NSN 4}

$¥9°862
00°2 y6§ aL-é ) 2°1 92°0 50°0> $9°0 v'€ 0°8l 0-olL 0°261 0°91 0"yl 0°9¢ nSN L
827661
(1] R 28l 55"y ) 50°0> 82°0 26°0 2571 1°2 0°Ll 0°2> 0°20l 0'8 0°8 0°8l NSN ol
68°22
1] B2 009 (29791 ) 82°0 0¢°0 29°0 S0°0> 6°0l 0°09 0°0Y% 2¢2 0°82 0°91 0°89 NSN 6
1°s82
912 256 8L°sL ) 50 2£°0 20°0> 20000 2% 0°¢oL  2°92 £61 0°%2 'yl 889 VS 022248
022
—--- £29 (92°91 ) S'0 8570 S0°0> s0°0> 8% 0" %21 0°22 0°6l 0°91 0°08 NS 9¢
0°822
- 065 (79°51 ) 9°0 92°0 €170 S0°0> LY 0" %21 0°6lL  ----- 0'9l 0°91 029 NSN s
61°gg2
20°2 --- gL 82 0£°0 050 200> 8% 0°66 9°6G1 0181 v 6l (11 2°19 Vs 8999¢8
vge
--e- --- T —--- ---- 80°0 50°0> B T R R —-- SN 9
06°9 9¢¢ (g5°€L ) €6°0 85°0 £2°0 S0°0> 0°% 0°601 0°ol 0° €61 0°12 0°22 0°86 nSN 8
ls ige
12 219 (€0°61 ) Ll 8%°0 50°0> S0°0> &Y 0°2Y 0°ol 0°6¢€ 0°6€ 0°21 0°99 nSN l
9°62%
0.9 LYy (€50 ) $0°0> 050 2£°0 80°0 9°'0 0'8 0°02 07922 0t 07001 02 NSN 9
L6
059 0se 968 ) ¥9°0 62°0 50°0> 9070 2°¢ 06l 02 0°6/1 0°91 0°21 0°S¢ NSN S
82°€61
08°9 00S (s €L ) 96°0 6L°0 8s°2 s0°0> 8% 50l 0°¢ 0°912 0°6l 0°21 0°09 NSN Y
90°822
0L'9 882 992 ) 29°0 €2°0 20°¢S 90°0 0°¢ 0°Z1 0°9 0°05l 0°gl 0"t 0°L¢ nsN g
v6°0¢L
--- --- (6672 ) %0°0> ---- 960 90°0 - 0°12 02 0°sl 0°¢lL 0°0§ SN 2
89°9¢1
--- .- (8g €L ) 9¢°0 ---- ¥%°0 80°0 ---- 0°22 0°02 ---- 0°12 0°21 0°45 SN l
18822
\5°8 .- et 20701 0% 0870 ,50°0 --- ,052 052 --- --- --- --- --- v
59
nd (soyu £05e3 N 4 a4 UH A *0s 12 €oou 6W eN e) aunp  a)duwes
.OLU_EV se mmeULm: -9204d
ALLALY But)
-onpuoj -dwes

uol 11w Jad sigeqd

(v dde pue | "61j 03 43434 ‘uo13820) J404)
eaJe auolsSAdy Ayl wouy sajduwes JIleM JO SasAjeue |e3lway) °| 371GVl



089 I43% AMO.N ) 2°0> 2170 ¥9°0 9s°1 L°¢ 0°sL 0Lt 0°2s1 0ol 0°LL 0°8¢ NSN 89
0°9¢t
£2°9 02°0 02 0Ll —eeeee- AR ¢
00" 9te (162 ) €0 %2°0 50°0> S0°0> 7€ 0°82 0"yl 0°82l 0Ll 0Ll 0°9¢ NSN 0¢
6L7s¢gL
06°9 9%S (g2°¢l ) Sl 87°0 G0°0> S0°0> 6°¢ 0°02 0°Ll 0°8Lt 0°1e 0°%2 0°95 NSN 62
1g°922
0%°2 79y (9976 ) 2'0> 20’1 21°0 S0°0> 2°€ 0°6¢ 0°e 0122 0°8lL 0" Ly 0°s¢ NSN 82
187191
09°9 274 9L°L ) 20 6L°0 69°0 9L°0 2L 0°¢ge (14l 07961 0°11 0°Ll 0°¢g NSN 22
69°2¢1
6972 1]9% s1°g ) oL°0> 82°0 S0°0 8L 0 '8 0°¢g2 0°9 0°%¢l 02l 62’8 0°9¢ n 184
: 39343
0679 9¢9 (Ls°8L ) 6°¢ S¢°0 80°0 S0°0> 6°¢ 0°¢sl 0"yl 0°6lLe 0°2¢ 0Ll 0°%2 NSN 92
9S°91¢
09°9 82L (g2-12 ) 970 96°0 81 S0°0> 8% 0°2¢gl 0°9¢ 07292 0°sge 0°8l 0°g8 NSN 14
187 £9¢
02°¢L 6¢S (ge st ) 270> 19°0 L0 %170 AN 0"y 0°1l 0° 6% 0°1lg 0°12 0" %S NSN 22
§°292
06°9 k492 (gg 12 ) 9°0 £2°0 L0 S0°0> 6"y 0°861 0°82 0122 0°¢g 0°91 0°26 NSN £2
19769¢
06°9 66% (99°01 ) [ 06°0 S0°0> 507 0> 9y 0°2s 0721 0-26l 0741 0761 0°sY NSN 22
287281
05°9 8v¢e g6 ) 0l v¢°0 0%l §2°0 (283 0792 0°¢S 0°9¢2 0°sl 0°it 07 6% NSN 12
sl 6st
0879 6% (g2t LS L ANY S0° 0> o ] e 0782 0°02 07062 0712 0741 0°¢S NSN 02
28°81¢
0479 €9y (62711 ) €Y 02°0 S0°0> S0°0> Sy 0°S¢ 0702 0°822 0°st 0°8L 0°9¢ NSN 6l
97102
06°9 9¢ 298 ) 2670 6L°0 2570 20°0 0% 0°0¢ 0°gl 07621 0'9L 02t 0°gg NSN 8l
62°8%1
09°9 20y z2esot ) 0°2 €2°0 1970 S0°0> v'e 0762 0°8lL 08l 07l 'Ly SN Ll
§°9LL
£2°9 ----- 020 £0°0> 0°62  ----- - NN 111
(1] B2 8ey (sg-2t ) (S} 08°0 S0°0> 50°0> 8°¢ 0L 0708l 0702 071 0°6S NSN 9l
697612
0872 2Ly (o4t ) g% 0 Se L 80°0 S0°0> 22 0704 0°9 0°¢gge 0°ge 0°L 0°8% NSN St
968 6%
0072 0%y (6701 ) 500> 9% 0 021 9%°0 £t 0761 0'8l 07592 0°L2 0°%2 0°0% NSN 71
9¢° 98l
0479 28§ (69°21 ) 92°0 2£°0 92°0 28’0 2'9 0°0s 0°Lg 0°Lse 0°ge 0°v¢ 0°6% nSN el
90°2L12
Hd (soyw £ooe) N 4 34 UMW A *0s 12 oan Bl eN el aJnp  ajdues
-0JolWw)  Se ssaupJey -33044
AJtALl BuL)
-2npuUo) -dueg
uot) 1w sad sidsed ..
g o
*panutiuod -- | 3jqel



*J3U330s JalBM B YBnoJyl uIAQ pey 9 s)dues JIIEN

*uojieb Jad suiedb ul s sasayiussed uy Jaqunu dy3 pue
uot )t Jad sysed ul si asayjuased syl asoqe Jaqunu ay3 foje) se ssasupuey Japun ¢

(*S1IWl] 9)GeadJojul *19A3] IUBUIWEIUOD WNNILIXEH)
4661 JOQUIAON :,S91JOSIAPY YljeaH pue suoiienbay Jajep Bulyuligu ASuaby UO13D330Jd BIUBWOILIAUT °S°N ,

(°SIlWl| PapUBLOIIY *S19AI] IUBULWEIUOD WNWIXEW AJEpUoIds)
966] JOQUWIAON :,S3LIOSIAPY Y31BaH pue suolie|nBay aaiem Buiyulig, Aduaby uol123310Jd BIUBWIOJILAUT *S°N .

v o)duweg
pPa12939p 30U - N

a3euoqJed WNI31e2 - Sggen ((N SB 430Q) 331U 4+ BIBIILU - N

faptJon)y - 4 fuodt - 94 ‘assuebuew - ul ‘wnissejod - ¥ Is3ejns - Yos lapldojyd - 13 !a3euoquesiq - fogH ‘wnisaubew - BW lwnipos - BN fwnid)ed - €)

68°9 cee e -—- .- 900 €0°0> ---- €21 . S - .- - NN S
299 --- e ---- .- €1°0 €0°0 aee- 6l . ceen- —.- .- ---- NN 9L
96" 9 --- - “—-- .- 00 €0°0 .- 56 cee e --- - .- NN €1
96°¢ oLg (0078l ) oL 0> 62°0  50°0 €0°0 %€ 0"l 0°9 0°9€l 072l $"6 0°S§ n 1221
. 8¢l
(AR 095 05°91 ) 09°1 %50 S0°0> 50°0> 0°9 0°%0L  0°LL 0°922 0°%2 0°62 0°sS Vs Ly
842 02°1 25670
022 “-- (60°61 ) 02°¢ 09°0 oL'0> 20°0> 0°§ 0°%llL  0°8L 07202 0°22 0°1LE 0°09 n 0y
852
002 --- (2891 ) 0§ ¢ S0°0 aN aN 8y 0°82L  0°l2 0°Sl2 0°82 071§ 0799 n 6€
082
0472 €85 (92°91 ) 270> 9¢°0 91°0 S0°0> 99 0°86L  0°8l - 0°52 07§l 0702 NSN £
911122
8272 965 {9791 ) €0 9570 lL'0 %0°0 Sy 0°0LL 2'%2 0°S6l 6°52 8¢l 9769 S 9£5998
082
--- oLs (80751 ) 8870 Ly 0 v2°0  50°0> 89 0°06 0°02 07902 0°22 0°8l 0°29 NSN €€
06°262
Sl 8¢ (96 ) L 0> G20 %0°0  %0°0 0% 0°82 2°¢2 0709l 89l 9-21L gLy VS SEsyy8
991
0§ €€ (126 ) 2°0> 22°0 00 500> 2 0°2% 06l ----- 0°91 02l 0°0% NSN 8¢
€6°461
—--- oLy (g2 oL ) 810 9270 9171 $0°0> 0°9 0" %% 0°22  0°65L 0"l 0°Ll 0729 nSN 2
10°S.1
Hd (soyw 0aen N 4 a4 UKW ! *as 19 0o B eN e) adnp  a)dues
-O._U.—Ev se mmeﬂ._m: -3204d
A1tALl 6ul)
-onpuo) -dwes

uot))1w Jad siyged

*panuiluod -- | ajqel



. *umMoujun saJunpadold juawieady pue Buyjdwes NN

iy *sisAjeue Jo awil 3yl I paJal)l4 SeMm ING ‘UoLlNI|102 JO WLl Yy 1B
Pa3J331)14 10U sen 3)dues 3Y| "SIAL1IBAJISAID JEILWAYD YIIM PIIBAJY 2JAM S$3]110Q 93JY) BY) jO OM) S31130Q 334y} Ul Pal1da||od SeM 2 dwes JIjeM ay| VS

*SiSAJBUR JO UO13123]102 JO aWII Yl 18 PaJal)ly
j0u sen 3)dwes 3yl °"P3ILIIIUN OMI JBYIO 3Yl PLIB DLINJINS YIIM BUO ‘plde D1JILU Yl 1M PIAJasasd U0 !S313310Q JNOJ Ul PIIII|102 SBM J3IBM AYl SN

*SISAJBUB JO UOL123]10D JO awl) 3yl ie
Palal)i}j J0u sem 3)dwes ayYyj| "pPide I1JN}INS YIIM JBYIO0 3Yl ‘P1IeB D1JIIU YIIM nm>;mmmgn SEM W0330Q U0 {$21330Q OM) U| Palda)|0d sem ajdwes Jalem ay) SN

24npasodd 6ul dues

T EEN
Jeag A1zz149 pue a)313eg 40 SA3)1BA 3y) 03 juddelpe Jo Buoje SY20J UBRLJGWEDIIJ4 PaJNIdEJS} JO/PUB WNLAN) IR WOJy aJe sajdwes Ja3IeM-punoJb ||y :23Jnos Jaiep

*S32JN0S3Y 1BJNIBN pue JaileM jo juawisedaq ‘Jalep BuLULJQ JO 3D14}0 ‘€961 BIeQ A1ddns Jaien o1)gnd elojeq yinos |y ajdwes
*U013293044 1B3UBWUOJILAUT jo JuawiJdedaq ejoyeq Yinos ‘g26L eiep Ajddns JaieMm 2119nd BIONEQ YInos :Q4 ajdwes

*U01322304d 1BIUSWMOJLAUT 40 JuawiJdedag BI0dEQ YINOS ‘94) BIBQ 1BIIWaY) Ajddns Ja3eM o1)1qnd B2303EQ YInos :4¢ 3jdwes

*UMOYS 3N)BA 3Yy3 03 jenba JO UeY) SSI) SUBIW >

*UMOYS 3NJBA 3y} UeY) SSI) SUBAY >

10



APPENDIX A -

Well information and locations of the water samples
Well logs with the same location as a water sample are in appendix A.

Sample Identification
* For water analyses, see table 1.
* For map location, see figure 1.

Location
All descriptions for the location within a section (1.e., NE NW SW SE) refer to quarter sections
unless otherwise noted.

Aquifer
All ground-water samples are from alluvium and/or fractured Precambrian rocks along or adjacent
to the valleys of Battle and Grizzly Bear Creeks.

Well Depth
The depths to water for wells and depth of the wells were obtained from the driller and/or well
owner.
Usage
D - Domestic
M - Municipal
OB - Observation
U - Unused
S - Stock
Notes
Samples 8, 34, 836648, 35, 36, and 842720 are from the same well. Only the number 8 is shown
on figure 1.

Samples TL1 and 17 are from the same well. Only the number 17 is shown on figure 1.
Samples RB1 and 27 are from the same well. Only the number 27 is shown on figure 1.
Samples TL2 and 31 are from the same well. Only the number 31 is shown on figure 1.
Samples 32, 38, and 844535 are from the same well. Only the number 32 is shown on figure 1.
Samples 844534 and 37 are from the same well. Only the number 37 is shown on figure 1.

Samples 29, 39, 40, and 41 are from the same well. Only the number 29 is shown on figure 1.

1"



Sample identification: 1
Location. SW NE NW SE sec.8,T.2S.,,R.6E.
Date sampled: 08-31-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: Wax Museum
Usage: D

Sample identification: 2
Location. NW SE NW SE sec. 8, T.2S,,R.6 E.
Date sampled: 08-31-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: Keystone Heliport
Usage: D

Sample identification: 3
Location:. SESW NE SE sec. 8, T.2S.,R6E,
Date sampled: 09-07-1983
Aquifer: See notes
Well depth (ft): 30
Depth to water from casing top (ft): ---
Well owner: Roggenthen/Leonard
Usage: D

Sample identification: 4
Location. NE NE NW SE sec.8, T.2S,,R.6 E.
Date sampled: 09-07-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): --—-
Well owner: Miners Motel
Usage: D

Sample identification: S
Location. NW SE SW NE sec. 8, T.2S.,R.6 E.
Date sampled: 09-07-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: Rushmore Borglum
Usage: D
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Sample identification: 6
Location. NE NE SW NE sec.8, T.2S.,R.6E.
Date sampled: 09-07-1983
Aquifer: See notes
Well depth (ft): 45
Depth to water from casing top (ft): 15
Well owner: L. Toskin/Ruby House
Usage: D

Sample identification: 7
Location: SE NE NE NE sec. 8, T.2S.,R. 6 E.
Date sampled: 09-07-1983
Aquifer: See notes
Well depth (ft): 95
Depth to water from casing top (ft): ---—-
Well owner: Keystone Public School
Usage: D

Sample identification: 8
Location:. SW SE NE SWsec.4,T.2S.,,R.6E.
Date sampled: 09-07-1983
Aquifer: See notes
Well depth (ft): 60
Depth to water from casing top (ft): 11
Well owner: Keystone City
Usage: M

Sample identification: 34
Location:. SW SENE SWsec.4,T.2S,,R.6E.
Date sampled: 11-21-1983
Aquifer: See notes
Well depth (ft): 60
Depth to water from casing top (ft): 11
Well owner: Keystone City
Usage: M

Sample identification: 836648
Location: SW SE NE SW sec.4,T.2S.,R.6E.
Date sampled: 11-21-1983
Aquifer: See notes
Well depth (ft): 60
Depth to water from casing top (ft): 11
Well owner: Keystone City
Usage: M
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Sample identification: 35
Location: SW SE NE SWsec.4,T.2S.,,R.6 E.
Date sampled: 06-07-1984
Aquifer: See notes
Well depth (ft): 60
Depth to water from casing top (ft): 11
Well owner: Keystone City
Usage: M

Sample identification: 36
Location: SW SE NE SW sec.4,T.2S,,R.6 E.
Date sampled: 06-08-1984
Aquifer: See notes
Well depth (ft): 60
Depth to water from casing top (ft): 11
Well owner: Keystone City
Usage: M

Sample identification: 842720
Location:. SW SE NESWssec.4,T.2S.,R.6 E.
Date sampled: 06-08-1984
Aquifer: See notes
Well depth (ft): 60
Depth to water from casing top (ft): 11
Well owner: Keystone City
Usage: M

Sample identification: 9
Location: SE SW NE NEssec.8,T.2S.,R.6E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): 100
Depth to water from casing top (ft): ----
Well owner: Keystone City
Usage: D

Sample identification: 10
Location:. NE NW SE SE sec. 8, T.2S.,R.6 E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): --—--
Depth to water from casing top (ft): ----
Well owner: L. Thomas
Usage: D
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Sample identification: 11
Locationn. NW SE SW NE sec. 8, T.2S.,R.6 E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: Four Presidents Motel
Usage: D

Sample identification: 12
Location: NW NE SW NE sec.8,T.2S.,R.6 E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): -—
Depth to water from casing top (ft): --—-
Well owner: G. Stiverak/Taffy Shop
Usage: D

Sample identification: 13
Location:. SW NESW NE sec.8,T.2S.,,R.6E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): —
Depth to water from casing top (ft): ----
Well owner: D. Demmers/Sandwich Shop
Usage: D

Sample identification: 14
Location: SE NE SW NE sec.8,T.2S.,R.6 E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): —--
Well owner: D. Demmers/Dip-A-Lot
Usage: D

Sample identification: 15
Locationn. NW NE SW NE sec. 8, T.2 S.,R.6 E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): 39
Depth to water from casing top (ft): 15
Well owner: E. Jelliffe/The Indians
Usage: D
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Sample identification: 16
Location: NW SE NE SW sec.4,T.2S.,,R.6 E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft); ---
Depth to water from casing top (ft): ----
Well owner: B. Rensch/Key Hostel
Usage: D

Sample identification: TL1
Location: NW NW NW NWsec.9, T.2S,R.6 E,
Date sampled: 10-00-1982
Aquifer: See notes
Well depth (ft): 60
Depth to water from casing top (ft): ----
Well owner: G. Kuhnel
Usage: D

Sample identification: 17
Location: NW NW NW NWsec.9, T.2S,,R.6 E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): 60
Depth to water from casing top (ft): ----
Well owner: G. Kuhnel
Usage: D

Sample identification: 18
Location:. SW NW NW NWsec.9,T.2S.,,R.6 E.
Date sampled: 09-08-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: J. McNeary/Keystone Country Store
Usage: D

Sample identification: 19
Location: SW SE NW SE sec. 6, T.2S.,R.6 E.
Date sampled: 09-09-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: G. Woldt/Kemps Kamp
Usage: D
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Sample identification: 20
Location: NESW NW NWsec.8, T.2S.,R.6E.
Date sampled: 09-09-1983
Aquifer: See notes
Well depth (ft); ----
Depth to water from casing top (ft): ----
Well owner: Battle Creek Campground
Usage: D

Sample identification: 21
Location:. SW NE SE SE sec.8,T.2S.,R.6E.
Date sampled: 09-12-1983
Aquifer: See notes
Well depth (ft): 40
Depth to water from casing top (ft): 107
Well owner: Litzenberg
Usage: D

Sample identification: 22
Location. SW NE SW NE sec.10,T.2S.,R.6 E.
Date sampled: 09-12-1983
Aquifer: See notes
Well depth (ft): 18
Depth to water from casing top (ft): -—-
Well owner: E. Metz
Usage: D, S

Sample identification: 23
Location. NW NE SE SWsec.4,T.2S.,R.6 E.
Date sampled: 09-12-1983
Aquifer: See notes
Well depth (ft): S0
Depth to water from casing top (ft): 15
Well owner: G. Grover
Usage: D

Sample identification: 24
Location:. NW SW NE SW sec.4,T.2S,,R.6 E.
Date sampled: 09-12-1983
Aquifer: See notes
Well depth (ft): 80
Depth to water from casing top (ft): ----
Well owner: V. Chase
Usage: D
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Sample identification: 25
Location: NW NW SE SWsec. 4, T.2S,,R.6 E.
Date sampled: 09-12-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: K. Meinecke
Usage: D

Sample identification: 26
Location:. NW NE SW SWsec.4, T.2S,,R. 6 E.
Date sampled: 09-12-1983
Aquifer: See notes
Well depth (ft): 42
Depth to water from casing top (ft): ----
Well owner: J. Halley
Usage: D

Sample identification: RB1
Location:. NE SW NW NWssec.9, T.2S.,,R.6 E.
Date sampled: 09-16-1980
Aquifer: See notes
Well depth (ft): 40
Depth to water from casing top (ft): ----
Well owner: Rushmore Bar
Usage: D

Sample identification: 27
Location:. NE SW NW NWsec.9, T.2S.,,R.6E.
Date sampled: 09-12-1983
Aquifer: See notes
Well depth (ft): 40
Depth to water from casing top (ft): 10
Well owner: B. French/Rushmore Bar
Usage: D

Sample identification: 28
Location:. SW NW NW SE sec.4,T.2S.,,R.6 E.
Date sampled: 09-14-1983
Aquifer: See notes
Well depth (ft): -—-
Depth to water from casing top (ft): ----
Well owner: B. Siemonsma
Usage: D
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Sample identification: 29
Location:. NW SE NE SWsec.4, T.2S.,R.6 E.
Date sampled: 09-14-1983
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: B. Siemonsma/Parkview (B and B Trailer Court?)
Usage: D

Sample identification: 30
Location: SE SW NW NW sec. 9, T.2S.,R.6 E.
Date sampled: 09-14-1983
Aquifer: See notes
Well depth (ft): 45.92
Depth to water from casing top (ft): 11.62
Well owner: Rohde/Brookside Motel
Usage: D

Sample identification: TL2
Location. NE NW SE NE sec. 8, T.2S,,R.6 E.
Date sampled: 10-00-1982
Aquifer: See notes
Well depth (ft): 45
Depth to water from casing top (ft): 9
Well owner: Hagen
Usage: D

Sample identification: 31
Location: NE NW SE NE sec. 8, T.2S.,R.6 E.
Date sampled: 09-14-1983
Aquifer: See notes
Well depth (ft): 45
Depth to water from casing top (ft): 16
Well owner: Hagen
Usage: D

Sample identification: 32
Location: NENW SE NE sec. 8, T.2S.,,R. 6 E.
Date sampled: 11-18-1983
Aquifer: See notes
Well depth (ft): 83
Depth to water from casing top (ft): 6.47
Well owner: Keystone City
Usage: U
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Sample identification: 38
Location:. NE NW SE NE sec. 8, T.2S.,R.6 E.
Date sampled: 09-18-1983
Aquifer: See notes
Well depth (ft): 83
Depth to water from casing top (ft): ----
Well owner: Keystone City
Usage: U

Sample identification: 844535
Location:. NENW SENE sec.8, T.2S.,R.6 E.
Date sampled: 09-19-1984
Aquifer: See notes
Well depth (ft): 83
Depth to water from casing top (ft): ----
Well owner: Keystone City
Usage: U

Sample identification: 33
Location:. NW SW NW SE sec. 4, T.2S.,R.6 E.
Date sampled: 11-21-1983
Aquifer: See notes
Well depth (ft): S2
Depth to water from casing top (ft): 12
Well owner: K. Gardner
Usage: D

Sample identification: 844534
Location: SE SW NE SWsec.4,T.2S,,R.6E.
Date sampled: 09-18-1984
Aquifer: See notes
Well depth (ft): 125
Depth to water from casing top (ft): ----
Well owner: Keystone City
Usage: OB (now M)

Sample identification: 37

Location: SE SW NE SWsec.4,T.2S.,R.6 E.
Date sampled: 09-18-1984

Aquifer: See notes

Well depth (ft): 125

Depth to water from casing top (ft): ----

Well owner: Keystone City

Usage: OB (now M)
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Sample identification: 39
Location. NW SENE SWsec.4,T.2S.,R.6E,
Date sampled: 07-00-1975
Aquifer: See notes
Well depth (ft): 100(?)
Depth to water from casing top (ft): ----
Well owner: B and B Trailer Court
Usage: D

Sample identification: 40
Location. NW SENE SWsec.4,T.2S.,R.6E.
Date sampled: 09-00-1976
Aquifer: See notes
Well depth (ft): 42(?)
Depth to water from casing top (ft): ----
Well owner: B and B Trailer Court
Usage: D

Sample identification: 41
Location:. NW SE NE SWsec.4,T.2S.,,R.6 E.
Date sampled: 08-25-1983 for standard analysis
Aquifer: See notes
Well depth (ft): 60(?)
Depth to water from casing top (ft); ----
Well owner: B and B Trailer Court
Usage: D

Sample identification: 1771
Location:. SW NW NE SE sec. 8, T.2S.,,R.6E.
Date sampled: 09-16-1980
Aquifer: See notes
Well depth (ft): 65
Depth to water from casing top (ft): --—
Well owner: Miners Motel
Usage: D

Sample identification: TL3
Location:. SE NW SW SWsec.4,T.2S,,R.6E,
Date sampled: 10-00-1982
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): —-
Well owner: K. Hunsaker
Usage: D
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Sample identification: TL4
Location: SW SW SW SWsec.4,T.2S.,R.6E.
Date sampled: 10-00-1982
Aquifer: See notes
Well depth (ft). ----
Depth to water from casing top (ft): ----
Well owner: Cullem
Usage: ----

Sample identification: TLS
Location. SW SW NE SWsec.4,T.2S.,,R.6 E.
Date sampled: 10-00-1982
Aquifer: See notes
Well depth (ft): ----
Depth to water from casing top (ft): ----
Well owner: Grover
Usage: D



APPENDIX B

Logs of Wells

MAP LOCATION (ML): A number arbitrarily assigned to the log according to the order in which it
is listed (see LEGAL LOCATION AND LOCATION). This number corresponds to the
numbers shown on figure 1.

LEGAL LOCATION AND LOCATION: The logs are listed by the smallest section number and
then by quarter section NE (A), NW (B), SW (C), SE (D). All logs are from Township 2 South,
Range 6 East. In a few locations, the smallest quarter section is followed by the number 1 or 2,
which designates the first or second well drilled at that particular location.

LATITUDE AND LONGITUDE: The format is DDD.MMSS where D is degrees, M is minutes,
and S is seconds.

DRILLING COMPANY: All the wells were drilled by private drilling companies. The company is
indicated where known.

TOTAL DRILL HOLE DEPTH, SCREEN LENGTH, CASING STICK-UP, AND TOTAL
CASING AND SCREEN: The numbers are presented in feet.

SCREEN TYPE AND CASING TYPE: Steel or PVC (polyvinyl chloride).

CASING DIAMETER: The numbers are presented in inches.

CASING TOP ELEVATION AND GROUND SURFACE ELEVATION: The numbers are
presented in feet above the National Geodetic Vertical Datum of 1929 (NGVD). This was
formerly called mean sea level. T — the elevation was estimated from 7' minute series

topographic map. I - the elevation was determined by surveying instrument.

NOTES: Water levels are given in feet below ground surface; production data are given in gallons per
minute (gpm) at depths (in feet) below ground surface.



County: PENNINGTON Location: 002S-06E-04ADCB
Map Location: 1

Legal Location: NW SW SENEsec. 4, T.28,R. 6 E.
Latitude: 43.5406 Longitude: 103.2438
Land Owner: KEYSTONE CITY
Project:
Drilling Company: ALEXANDER DRILLING
Driller: Driller's Log: X
Geologist: Geologist's Log:
Date Drilled: 07-28-1981 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4306 T
Total Drill Hole Depth: 60 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: MUNICIPAL
Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: STEEL Casing Diameter:
Casing Top Elevation:
Casing Stick-up: Total Casing and Screen: 38.0
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra;
Samples:

NOTES: Water level: 11.0 feet; water from fractures; 20 gailons per minute (GPM) from 39 to 40 feet; 50
GPM from 52 to 53 feet, 50 GPM from completed well.

0 - 30 Drift (alluvium)

30 - 39 Schist, gray; hard

39 - 40 Schist; fractured

40 - 52 Schist, gray; hard

52 - 53 Quartz; fractured

53 - 60 Schist, gray; hard
County: PENNINGTON Location: 002S-06E-04CACD
Map Location: 2
Legal Location: SE SWNE SWsec. 4, T.2S.,R. 6E.
Latitude: 43.5405 Longitude: 103.2450

Land Owner: KEYSTONE CITY
Project: KEYSTONE CITY STUDY
Drilling Company: ALEXANDER DRILLING

Driller: Driller's Log: X

Geologist: Geologist's Log:

Date Drilled: 05-00-1984 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4308 I

Total Drill Hole Depth: 125 Test Hole Number:

Water Rights Well: SDGS Well Name:

Other Well Name: MUNICIPAL

Basin: BATTLE CREEK Aquifer:
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Management Unit:

Screen Type: NONE Screen Length:

Casing Type: STEEL Casing Diameter: 6.0

Casing Top Elevation: ,
Casing Stick-up: 0.75 Total Casing and Screen: 125.0

Well Maintenance Date:
USGS Hydrological Unit Code: 10120109

Electric Log Information:
Spontaneous Potential: , Single Point Resistivity:
Natural Gamma: Extra:
Samples:

NOTES: Water level: 11.17 feet on 05-24-1984; fractures at 46, 83, and 105 feet.

0 - 35 Alluvium
35 - 125 Pegmatite
County: PENNINGTON Location: 002S-06E-04CCBD 1
Map Location: 3
Legal Location. SE NW SW SWsec. 4, T.2S,,R. 6E.
Latitude: 43.5357 Longitude: 103.2500
Land Owner: K. HUNSAKER
Project:
Drilling Company: ALEXANDER DRILLING
Driller: Driller's Log: X
Geologist: Geologist's Log:
Date Drilled: 10-19-1977 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4350 T
Total Drill Hole Depth: 170 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE
Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: PVC Casing Diameter: 6.0
Casing Top Elevation;
Casing Stick-up: Total Casing and Screen: 20.0
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:
NOTES: Water from fractures; 1 GPM at 90 feet, 3 GPM on final test.
0 - 4 Topsoil; clay
4 - 18 Schist; soft, broken
18 - 35 Schist; medium hard
35 - 90 Schist, gray; hard

90 - 148 Schist; medium hard
148 - 160 Schist; with granite
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160 - 170 Schist; medium hard, with granite

County: PENNINGTON Location: 002S-06E-04CCBD 2
Map Location: 4

Legal Location: SE NW SW SWsec. 4, T.2S,,R 6E.

Latitude: 43.5357 Longitude: 103.2500
Land Owner: K. HUNSAKER

Project:

Drilling Company:

Driller: Driller's Log: X
Geologist: Geologist's Log:

Date Drilled: 09-10-1971 Drilling Method:
Ground Surface Elevation: 4350 T

Total Drill Hole Depth: 45 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE

Basin: BATTLE CREEK Aquifer:
Management Unit:

Screen Type: NONE Screen Length:
Casing Type: STEEL Casing Diameter: 6.0
Casing Top Elevation:

Casing Stick-up: Total Casing and Screen: 22.0
Well Maintenance Date:

USGS Hydrological Unit Code: 10120109
Electric Log Information:

Spontaneous Potential; ) Single Point Resistivity:
Natural Gamma: Extra;
Samples:

NOTES: Water level: 14 feet; 0.5 GPM at 15 feet, 10 GPM from 34 to 39 feet; 10 GPM from 43 to 45 feet.

0 - 15 Slate, gray; hard, crack at 15 feet (schist)

15 - 28 Slate, gray; hard (schist)

28 - 33 Slate, brown; hard (schist)

33 - 34 Slate, brown; cracks are medium hard (schist)

34 - 39 Slate, brown; with cracks (schist)

39 - 43 Slate, brown; medium hard (schist)

43 - 45 Slate, gray; hard (schist)
County: PENNINGTON Location: 002S-06E-04CDAB
Map Location: 5
Legal Location: NW NE SESWsec. 4, T.2S,R.6E.
Latitude: 43.5402 Longitude: 103.2440
Land Owner: G. GROVER
Project:
Drilling Company: ALEXANDER DRILLING
Driller: Driller's Log: X
Geologist: Geologist's Log:
Date Drilled: 01-16-1973 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4318 T
Total Drill Hole Depth: 52 Test Hole Number:
Water Rights Well: SDGS Well Name:



Other Well Name: PRIVATE

Basin: BATTLE CREEK Aquifer:

Management Unit:

Screen Type: NONE Screen Length:

Casing Type: STEEL Casing Diameter: 6.0

Casing Top Elevation:

Casing Stick-up: Total Casing and Screen: 37.0

Well Maintenance Date:
USGS Hydrological Unit Code; 10120109

Electric Log Information:
Spontaneous Potential: ' Single Point Resistivity:
Natural Gamma: Extra:
Samples:

NOTES: Water level: 13 feet; cracks from 41 to 42 feet; 20+ GPM from completed well.

0 - 10 Clay; rock (alluvium)

10 - 23 Gravel (alluvium)

23 - 28 Sand (alluvium)

28 - 34 Schist; broken

34 - 52 Schist
County: PENNINGTON Location: 002S-06E-04DBCB
Map Location: 6
Legal Location;: NW SWNW SEsec. 4, T.2S.,R. 6 E.
Latitude: 43.5406 Longitude: 103.2430
Land Owner: K. GARDNER
Project:
Drilling Company: ALEXANDER DRILLING
Driller: Driller's Log: X
Geologist: Geologist's Log:
Date Drilled: 01-25-1973 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4310 T
Total Drill Hole Depth: 52 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE
Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: STEEL ' Casing Diameter: 6.0
Casing Top Elevation:
Casing Stick-up: Total Casing and Screen: 42.0
Well Maintenance Date:

USGS Hydrological Unit Code: 10120109
Electric Log Information:

Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:

NOTES: Water level: 12 feet; water from fissures; cracks from 41 to 43.2 feet.

0 - 10 Clay (alluvium)
10 - 28 Gravel (alluvium)
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28 - 36 Sand (alluvium)
36 - 52 Schist; broken

County;: PENNINGTON
Map Location; 7

Legal Location: SESWNENE sec. 8, T.2 S.,,R. 6E.

Latitude: 43.5337
Land Owner: KEYSTONE CITY
Project:

Drilling Company: ALEXANDER DRILLING

Driller:
Geologist:
Date Drilled: 00-00-0000
Ground Surface Elevation: 4350 T
Total Drill Hole Depth: 84
Water Rights Well:
Other Well Name: MUNICIPAL
Basin: BATTLE CREEK
Management Unit:
Screen Type: NONE
Casing Type: STEEL
Casing Top Elevation:
Casing Stick-up:
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential:
Natural Gamma:
Samples:

Location: 002S-06E-08AACD

Longitude: 103.2520

Driller's Log: X
Geologist's Log:
Drilling Method: AIR HAMMER

Test Hole Number:
SDGS Well Name:

Aquifer;

Screen Length:
Casing Diameter: 6.0

Total Casing and Screen: 35.0

Single Point Resistivity:
Extra:

NOTES: Water level: 8 feet; water from fractures; some water from 34 to 44 feet; 50+ GPM from

completed well.
0 - 30 Topsoil; sand, gravel (alluvium)
30 - 34 Schist
34 - 44 Schist, gray; hard
4 - 64 Schist; with granite
64 - 835  Schist, gray; hard

County: PENNINGTON
Map Location: 8

Legal Location: NE SENE NE sec. 8, T.2S,,R. 6E.

Latitude: 43.5342

Land Owner: J. HALLEY
Project:

Drilling Company:

Driller:

Geologist:

Date Drilled: 08-30-1971

Ground Surface Elevation: 4450 T
Total Drill Hole Depth: 91

Location: 002S-06E-08AADA

Longitude: 103.2509

Driller's Log: X
Geologist's Log:
Drilling Method: AIR HAMMER

Test Hole Number;



Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE

Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: STEEL Casing Diameter: 6.0
Casing Top Elevation:
Casing Stick-up: ' Total Casing and Screen: 20.0
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:

NOTES: Water level: 24 feet; 0.5 GPM at 45 feet, 2 GPM from 59 to 65 feet, 3 GPM from 65 to 75 feet; 2

GPM from 80 feet.
0o - 14 Slate, brown; medium hard (schist)

14 - 18 Slate, light-gray; hard (schist)

18 - 30 Slate, gray; hard (schist)

30 - 35 Slate, brown; hard (schist)

35 - 50 Slate, light-brown; soft, crack at 45 feet (schist)

50 - 59 Slate, gray; medium hard (schist)

59 - 65 Slate, brown; soft (schist)

65 - 75 Slate, brown; hard (schist)

75 - 90 Slate, brown (schist)

90 - 91 Slate, black; hard (schist)
County: PENNINGTON Location: 002S-06E-08AADA 1
Map Location: 9
Legal Location: NE SENENE sec. 8, T.2 S, R 6 E.
Latitude: 43.5340 Longitude: 103.2515
Land Owner: RENSCH/BRIDGE
Project:
Drilling Company: ALEXANDER DRILLING
Driller: Driller's Log: X
Geologist: Geologist's Log:
Date Drilled: 03-24-1977 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4430 T
Total Drill Hole Depth: 44 ‘ Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE
Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: STEEL Casing Diameter: 6.0
Casing Top Elevation:
Casing Stick-up: Total Casing and Screen: 21.0

Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:



Spontaneous Potential:
Natural Gamma:
Samples:

Single Point Resistivity:
Extra:

NOTES: Water level: 19 feet, water from fractures; 20+ GPM from completed well.

0o - 7 Clay; schist, loose (colluvium)
7 - 15 Schist
15 - 19 Schist, gray, medium hard
19 - 28 Schist, gray; hard, with fractures
28 - 44 Schist, gray; hard, with quartz veins

County: PENNINGTON
Map Location: 10
Legal Location: SW SESW NE sec. 8, T.25.,R. 6 E.
Latitude: 43.5325
Land Owner: VILLAGE LAUNDROMAT
Project:
Drilling Company: ALEXANDER
Driller:
Geologist:
Date Drilled: 00-00-0000
Ground Surface Elevation: 4390 T
Total Drill Hole Depth: 126
Water Rights Well:
Other Well Name: PRIVATE
Basin: BATTLE CREEK
Management Unit:
Screen Type:
Casing Type:
Casing Top Elevation:
Casing Stick-up:
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential:
Natural Gamma:
Samples:

NOTES: Water level: 12 feet; 5 GPM pumping rate.

o - 3 Topsoil
3 - 32 Sand and gravel (alluvium)
32 - 126 Schist

County: PENNINGTON

Map Location: 11

Legal Location: NE NW NWsec. 8 T.2S.,R.6E.
Latitude: 43.5347

Land Owner: H. SHAFF

Project;

Location: 002S-06E-08ACDC

Longitude: 103.2534

Driller's Log: X
Geologist's Log:
Drilling Method: AIR HAMMER

Test Hole Number:;
SDGS Well Name:

Aquifer:

Screen Length:
Casing Diameter:

Total Casing and Screen:

Single Point Resistivity:
Extra:

Location: 002S-06E-08SBBA

Longitude: 103.2608



Drilling Company: ALEXANDER DRILLING
Driller:
Geologist:
Date Drilled: 10-13-1981
Ground Surface Elevation: 4490 T
Total Drill Hole Depth: 267
Water Rights Well:
Other Well Name: PRIVATE
Basin: BATTLE
Management Unit:
Screen Type: NONE
Casing Type: PVC
Casing Top Elevation:
Casing Stick-up:
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential:
Natural Gamma:
Samples:

Driller's Log: X
Geologist's Log:
Drilling Method: AIR HAMMER

Test Hole Number:
SDGS Well Name;

Aquifer:

Screen Length:
Casing Diameter: 6.0

Total Casing and Screen: 61.0

Single Point Resistivity:
Extra:

NOTES: Water level: 50 feet; trace water in fractured schist from 100 to 102 feet; 8 GPM from 246 to 249

feet.

0 - 53 Drift, clay and schist, broken schist

53 - 100 Schist, black; hard
100 - 102 Schist, brown; hard, fractured
102 - 170 Schist, black; hard
170 - 220 Schist, gray; hard
220 - 225 Schist, gray; hard, fractured
225 - 246 Schist, gray; hard
246 - 249 Schist; broken, with quartz
249 - 267 Schist, gray; hard

County: PENNINGTON

Map Location: 12

Legal Location: NW SEsec. 8, T.2S,,R. 6 E.
Latitude: 43.5318

Land Owner: H. HAUG

Project:

Drilling Company: ALEXANDER
Driller:

Geologist:

Date Drilled: 10-16-1980

Ground Surface Elevation: 4395 T
Total Drill Hole Depth: 84

Water Rights Well:

Other Well Name: PRIVATE
Basin: BATTLE CREEK
Management Unit:

Screen Type: NONE

Casing Type: STEEL
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Location: 002S-06E-08DB

Longitude: 103.2536

Driller's Log: X
Geologist's Log:
Drilling Method: AIR HAMMER

Test Hole Number:
SDGS Well Name:

Aquifer:

Screen Length:
Casing Diameter:



Casing Top Elevation:
Casing Stick-up:
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential:
Natural Gamma:
Samples:

NOTES: Water level: 15 feet; 5 to 6 GPM from 63 to 65 feet.

0 - 30 Drift; gravel (alluvium)
30 - 63 Schist, gray; medium hard
63 - 65 Schist; with pegmatite
65 - 84 Schist, gray; hard

County: PENNINGTON
Map Location; 13

Legal Location: SE NENW SE sec. 8, T.2S.,R. 6 E.

Latitude: 43.5321
Land Owner: MINERS MOTEL
Project:
Drilling Company: ALEXANDER DRILLING
Driller:
Geologist:
Date Drilled: 00-00-0000
Ground Surface Elevation: 4390 T
Total Drill Hole Depth: 103
Water Rights Well:
Other Well Name: PRIVATE
Basin: BATTLE CREEK
Management Unit:
Screen Type: NONE
Casing Type: UNKNOWN
Casing Top Elevation:
Casing Stick-up:
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential:
Natural Gamma:
Samples:

NOTES: Water level: 14 to 18 feet, 7 GPM pumping rate.

0 - 103 Schist

County: PENNINGTON

Map Location: 14

Legal Location: SW NE SE SEsec. 8, T.2S,,R. 6 E.
Latitude: 43.5307

Total Casing and Screen: 37.0

Single Point Resistivity:
Extra:

Location: 002S-06E-08DBAD

Longitude: 103.2527

Driller's Log: X
Geologist's Log:
Drilling Method: AIR HAMMER

Test Hole Number:
SDGS Well Name:

Aquifer:

Screen Length:
Casing Diameter:

Total Casing and Screen:

Single Point Resistivity:
Extra:

Location: 0025-06E-08DDAC

Longitude: 103.2515



Land Owner: LITZENBERG

Project:
Drilling Company: HAMM DRILLING
Driller: Driller's Log: X
Geologist: Geologist's Log:
Date Drilled: 00-00-0000 Drilling Method:
Ground Surface Elevation: 4415 T
Total Drill Hole Depth: 32 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE
Basin: BATTLE CREEK Aquifer:
Management Unit;
Screen Type: Screen Length:
Casing Type: Casing Diameter:
Casing Top Elevation:
Casing Stick-up: Total Casing and Screen:
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:

NOTES: Water level: 12 feet.
0 - 32 Schist; weathered
County: PENNINGTON Location: 002S-06E-09BBBC

Map Location: 15
Legal Location: SWNW NW NWsec. 9, T.2S.,R. 6 E.

Latitude: 43.5346 Longitude: 103.2507

Land Owner: L. ROHDE

Project:

Drilling Company: ALEXANDER DRILLING

Driller: Driller's Log:

Geologist: Geologist's Log:

Date Drilled: 03-26-1978 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4350 T

Total Drill Hole Depth: 64 Test Hole Number:

Water Rights Well: SDGS Well Name:

Other Well Name: PRIVATE

Basin: BATTLE CREEK Aquifer:

Management Unit:

Screen Type: NONE Screen Length:

Casing Type: STEEL Casing Diameter: 6.0

Casing Top Elevation:

Casing Stick-up: Total Casing and Screen: 42.5

Well Maintenance Date:
USGS Hydrological Unit Code: 10120109

Electric Log Information:
Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
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Samples:

NOTES: Water level: 12+ feet; water from fractures; 50 GPM from 44 to 46 feet, 50+ GPM from completed

well.
0 - 15 Topsoil; boulders (alluvium)
15 - 34 Gravel; boulders (alluvium)
34 - 44 Schist, gray; medium hard
44 - 46 Granite; quartz
46 - 64 Schist, gray; medium hard
County: PENNINGTON Location: 002S-06E-09BBCA

Map Location: 16
Legal Location: NE SWNW NWsec. 9, T.2S8,,R. 6E.

Latitude: 43.5343 Longitude: 103.2500
Land Owner: T. HERSRUD
Project:
Drilling Company: ALEXANDER DRILLING
Driller: Driller's Log: X
Geologist: Geologist's Log:
Date Drilled: 08-25-1978 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4360 T
Total Drill Hole Depth: 43 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE
Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: PVC Casing Diameter: 6.0
Casing Top Elevation:
Casing Stick-up: Total Casing and Screen:
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:

NOTES: Water level: 16 feet; 30 GPM at 28 feet.

0 - 19 Drift (colluvium)
19 - 27 Schist, brown to gray; hard
27 - 43 Schist, gray; hard
County: PENNINGTON Location: 002S-06E-09BBCB

Map Location; 17

Legal Location: NW SW NW NWsec. 9, T.2S.,R. 6E.

Latitude: 43.5343 Longitude: 103.2505
Land Owner: H. MORRIS

Project:

Drilling Company: ALEXANDER DRILLING



Driller: Driller's Log: X

Geologist: Geologist's Log:
Date Drilled: 11-03-1977 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4340 T
Total Drill Hole Depth: 64 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE
Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: STEEL Casing Diameter:
Casing Top Elevation:
Casing Stick-up: Total Casing and Screen: 50.0
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:

NOTES: Casing diameter 21 feet of 6-inch, 29 feet of 5-inch. Water level: 28 feet; water from fractures;

30+ GPM from completed well.
o - 27 Drift; boulders (alluvium)
27 - 35 Schist; medium hard, broken
35 - 44 Schist; fractured, with quartz
4 - 64 Schist; medium hard, with quartz
County: PENNINGTON Location: 002S-06E-09BBCD

Map Location: 18
Legal Location: SE SW NW NWsec. 9, T.2S.,R. 6 E.

Latitude: 43.5338 Longitude: 103.2503
Land Owner: L. ROHDE
Project:
Drilling Company: ALEXANDER DRILLING
Driller: Driller's Log: X
Geologist: Geologist's Log:
Date Drilled: 03-28-1978 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4350 T
Total Drill Hole Depth: 70 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE
Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: STEEL Casing Diameter: 6.0
Casing Top Elevation:
Casing Stick-up: Total Casing and Screen: 36.0
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:

Spontaneous Potential: Single Point Resistivity:



Natural Gamma: Extra:
Samples:

NOTES: Water level: 10+ feet; water from fractures; 20 GPM from 42 to 44 feet, 20+ GPM from completed

well.
0o - 12 Topsoil; drift (alluvium)
12 - 32 Gravel; boulders (alluvium)
32 - 60 Schist, gray, medium hard
60 - 70 Schist, brown; medium hard
County: PENNINGTON Location: 002S-06E-09BCBB

Map Location: 19
Legal Location. NW NW SWNWsec. 9, T.2S,R 6 E.

Latitude: 43.5335 Longitude: 103.2505
Land owner: C. STYGLES
Project:
Drilling Company: ALEXANDER DRILLING
Driller: Driller's log: X
Geologist: Geologist's Log:
Date Drilled: 05-17-1978 Drilling Method: AIR HAMMER
Ground Surface Elevation: 4355 T
Total Drill Hole Depth: 84 Test Hole Number:
Water Rights Well: SDGS Well Name:
Other Well Name: PRIVATE
Basin: BATTLE CREEK Aquifer:
Management Unit:
Screen Type: NONE Screen Length:
Casing Type: STEEL Casing Diameter: 6.0
Casing Top Elevation:
Casing Stick-up: Total Casing and Screen: 43.0
Well Maintenance Date:
USGS Hydrological Unit Code: 10120109
Electric Log Information:
Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:

NOTES: Water level: 15 feet; water from fractures; 10 GPM from 56 to 57 feet.

0 - 36 Drift (alluvium)
36 - 43 Schist, gray; medium hard
43 - 56 Schist, gray; hard
56 - 57 Schist; fractured
57 - 84 Schist, gray; hard



APPENDIX C

Letter on iron bacteria contamination and treatment techniques

DEPARTMENT OF WATER AND NATURAL RESOURCES
SOUTH DAKOTA GEOLOGICAL SURVEY
Science Center, USD
Vermillion, SD 57069
(605) 677-5227

March 1, 1984
Town of Keystone
Box 689
Keystone, SD 57751

To the City Council:

Following is the information on the iron bacteria problem in the city park well and information on treatment
chemicals and techniques.

As I reported at the February 15, 1984 city council meeting, we found iron bacteria contaminating the city
park well. In order to extend the useful life of this well, particularly if it is used as one of the central city
water supply wells, it will be necessary to periodically treat this well for iron bacteria control.

The iron bacteria, when they contaminate a well, can lead to such problems as yellow or red colored water,
odor problems (bad egg smell), clogging of casing, pipes, and pump impeller intakes, and may lead to
corrosion of iron and steel components. These can lead to the water becoming unsuitable for domestic use
and significantly decrease well yields, and even lead to well abandonment. Fortunately, they can be
controlled to avoid these problems, but can seldom, if ever, be completely eliminated from the well system.
Therefore, periodic retreatment is necessary.

General treatment guidelines: Regardless of the type of chemical treatment used, the following general
guidelines apply.

It is really not necessary to know which type or types of iron bacteria (or other bacteria) are present. The
idea is to kill as many of them as possible. The pump and pipe should be pulled from the city park well to
visually inspect for the degree of contamination. The amount of visible contamination will determine the
type and/or strength of the chemical to be used and give some idea how often retreatment will be necessary.

Before treatment begins, the pump and pipe should be placed back in the well so that the bacteria on these
items can be treated. The chemical used can be poured into the well or it can be pumped into the well.
Pumping the treatment chemical into the well will give better treatment, as it is necessary to get the
chemical into all parts of the well bore and even into the water formation. After the chemical is pumped
into the well and formation, it is advantageous to periodically agitate the water to break up the slimy
bacteria deposits. The treatment compound should remain in the well for 24 to 48 hours depending on the
degree of contamination.
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At the end of the treatment period, the treatment material can be pumped to waste, with regard given to
proper disposal of the waste material. The waste material should be pumped out slowly at first and the well
should be pumped and surged alternately to break up the slimy coatings of bacteria. It is important to
remove all of the waste material, so the well should be pumped for some time after the well has cleared up.

Chemical concentration used will depend on chemical type and should be given on label directions. No
matter which chemical is used, a specified amount per gallon of water in the well will be needed. This can
be determined with the following formula: V=pir2h, where pi=3.14, r2 is the radius of the well bore
squared (0.0625 square feet in this case--radius of well is 0.25 feet so r2=0.25x0.25=0.0625 square feet)
h is the height of the water column in the well (49 feet in this case--60 feet deep well minus 11 feet water
level=49 feet) =9.61625 cubic feet. One gallon of water=0.1337 cubic feet so 9.61625 cubic feet=72
gallons of water in the city park well. Since this is the amount of water in the well bore only, the chemical
should be mixed a bit stronger so that it can be surged into the water in the rock formation.

Nearly all the types of chemicals that can be used are hazardous to some degree, so a qualified well
contractor or well driller should be hired to do the work.

Chemical types that can be used: various chemicals are available for the treatment process. Some of these
have proven field experience while others have only been lab tested or only suggested as being effective.
They include chlorine, inhibited muriatic (hydrochloric) acid, sulphamic acid, acetic acid, LBA (Liquid
Antibacterial Acid), sodium hypochlorite (laundry bleach, Javex, Chlorox), calcium hypochlorite (HTH),
quaternary ammonium compounds (quats, QACs, e.g., Benzethonium CL, Bardac-22, Barquat), Johnson
Nuwell acidizing compound, iodine, copper sulfate, potassium permanganate, and polyphosphates.

All of these have their (1) advantages and (2) disadvantages, as follows:

Chlorine: (1) widely available; relatively inexpensive, (2) extremely corrosive; can cause staining
problems; if incrustations involved, does not dissolve them.

Muriatic acid: (1) widely available, inexpensive; requires no special equipment or skills; disperses
mineral incrustation, (2) highly corrosive; does a poor job of dissolving organic deposits of iron
bacteria.

Sulphamic acid: (1) and (2) as above.

Acetic acid: (1) widely available; disperses mineral incrustation (2) costs more; may change
chemically in well and become a nutrient for the bacteria.

LBA: (1) easy to use; non-volatile; has no toxic fumes; formulated especially for iron bacteria control,
disperses iron and manganese deposits and bacteria (2) expensive ($43.70/5 gallon pail $362/55 gallon
barrel in 1981); hydrogen ion concentration (pH) must be maintained at 3.5 to 5.0 throughout
treatment period to be effective, so pH must be continually monitored during treatment; water analysis
prior to treatment recommended (which we have).

Sodium hypochlorite: (1) widely available; inexpensive; requires no special skills or equipment
(2) will not penetrate slime; inhibited by high dissolved iron content and cold water.

Calcium hypochlorite: (1) and (2) as above.



Quaternary ammonium compounds: (2) good killing and slime dispersing action; better penetration
into incrustation (2) inhibited at low water temperatures requiring long contact time to be effective;
some compounds severely restricted by hardness; has not had field application in water well
disinfection.

Johnson Nuwell acidizing ccmpound: advantages and disadvantages unknown.

Iodine, copper sulfate, potassium permanganate, and polyphosphates: these all have more severe
limitations than the compounds above.

The calcium and sodium hypochlorite treatments are shock treatments and are used in 1% or more
strength. The hypochlorites and muriatic or sulfamic acid can be used together to be more effective
with a 7.5 to 21% concentration.

Bardac-22 and Barquat are tradenames of Lonza, Inc., Fairlawn NJ 07410, telephone (201) 791-7500.
I do not have any price information. These products have apparently not had water well application but
are claimed to have hard water tolerance.

LBA is a trademark of Compaction Engineering Co., Water Well Chemical Division, One First St.,
Los Altos, CA 94022, telephone (415) 948-5900. It has had application as a bacteriocide in water
wells since 1962, requires a 5% solution for initial treatment, has controlled iron bacteria for 4-6
months or longer after initial treatment, and the amount needed for subsequent treatments is reduced by
80%. However, as stated above, it is expensive.

The other treatment compounds listed above can probably be obtained from the contractor doing the work
for you or from one of the local chemical companies.

If you need further information or the names, addresses, and telephone numbers of chemical companies,
please contact me.

Sincerely,
Richard Bretz
Geologist
For the State Geologist
RB:mjr
cc: M.J. Tipton
Assad Barari
Doug Sperlich
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APPENDIX D

SUMMARY OF FINDINGS AND CONCLUSIONS FOR
KEYSTONE GROUND-WATER STUDY

by

Richard F. Bretz and Assad Barari
South Dakota Geological Survey

1984

The following is a summary of findings and conclusions for a ground-water study which was
conducted at the request of the city of Keystone by the South Dakota Geological Survey during
1983-1984. A complete report, including figures and tables of water quality, will be furnished to the
city after it is published.

A review of the previous studies and the available data indicated that the quality and the quantity of
surface water (streams) in the area is quite variable. Also, previous ground-water data from the area

showed nitrate concentrations in many wells were higher than the recommended limits established by
the EPA.

Forty-two water samples were collected and analyzed during this investigation. These samples
contained lower nitrate concentrations than previous studies indicated. These lower nitrate
concentrations could be attributed to the construction of the sanitary sewer system in the city. However,
many of the recent samples showed higher iron and manganese in the wells than recommended EPA
limits.

Based on general water quality and available data on well productions, the city park area was
selected for further testing. A 125-foot well was drilled by a private driller at a distance of 392 feet
from the city park well. The new well was used as an observation well during a pumping test on the
city park well. On June 7, 1984, a park well was pumped for 22 hours at a rate of 73 gallons per
minute with a total drawdown of 21.28 feet. The recovery was 20.92 feet 10 hours and 5 minutes after
shutoff. Water samples were collected and analyzed, and the results are enclosed.

A second test was conducted on the new well and the park well was used as an observation well. A
24-hour test was started at 12:00 noon on September 17, 1984. This well was pumped at a rate of
approximately 92 gallons per minute. The total drawdown was approx1mately 25 feet. The results of
the water sample collected during the test are also enclosed.

A third test was conducted on a city well located across the street from the Fire Hall. A 19-hour
test was started at 2:30 p.m. on September 18, 1984. The pumping rate was approximately 90 gallons
per minute. Results of water samples from this test are also enclosed.



CONCLUSIONS

This investigation shows that each of the two wells in the park or any similar wells in this location
could be pumped at a rate of 75-100 gallons per minute during average precipitation years. The well in
front of the Fire Hall or any similar well in this location could also pump 75-100 gallons per minute
during average precipitation years. However, closely spaced wells could reduce yield.

Water quality from the wells in these two areas should be comparable to the enclosed results.
During dry years a decrease in the pumping rate and a variation in the quality of the water could be
expected. It should also be noted that iron bacteria were detected in the city park well. This well and
the other wells used by the city should be treated periodically to minimize this problem. The available
data show that the park area and the City Hall area could produce water of satisfactory quality and
quantity for municipal use.
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