
UNIVERSITY OF UTAH 
RESEARCH INSTITUTE 

UURI 
EARTH SCr 

391 CHlf 
SALT LAKE 

801 L L 

y 
k 

Ed Sammel 
Water Resources Division 
USGS ) 
345 Middlefield Rd., MS 67 . 
Menlo Park, CA 94025 

Dear Ed: 

Attached are the Petroleum Information data I promised to send 
you. Included are descriptions bf 71 wells in South Dakota, which 
comprise all of our well temperatures in that state, and a few 
wells in south-central North Dakota. 

Also attached are a format tabulation and formation codes . 
to help you with the data listings. 

I hope these attachments will be useful to you. 
or write if you have any questions. 

Sincerely, 

Please call 

Ross W. Whipple 

RWW/smk 

End. 

cc: Mike Wright 
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C O R P PRGE 859 

^ S U B F I L E GEOTHERWH. LISTING 

.4 k, 

P " •••• ; 

• ^ ' • 

(A 

i 

-

< 

• • 

",.,a 

) 

m 

^ T ^ 

Q 

-̂ ..̂ -

\ 

p 

• - ^ . : . • • y 

;-\ ;:̂^ 

. - , -

^ ^ 

-, 

Ob/08/78 P E T R O L E U n 

n 2 
I N F 0 R n fl T I O N , 'C O R ' P 

SUS FILE GEOTHERWa. L ISTING 

pna 8M6 y 

33 N I b t U 93 3b 1QQ02 04898779102b79S 0>l898b68102b7881 
IQOIO 013 00607273 7*»0d 8325060 900S63MSSN 6927275 
10021 TUP N 164 R(Z U 93 SEC 36 055TH PRDKIPm. 
101 WWK BURKE fl 2061 FSL 736 FEL WU HE ^ D D 

"102 U lLHl t r . I J ETW. 1 STBie 

ObA 

33 I 

103 
1(» 
1(S 
107 
«>010 

1S)»7 KB SH08T CREEK 
W l 33 013 00607 00 

SPUD 0 3 > 0 9 / i 9 6 8 C ( M V i n t ' i 9 / i 9 6 8 ROTflRY / D&A 
0TB 5927 ra -TO 363HSSN 

g l K D S H , , ffll. ^-«^s r^^-m^ t o i 
H0131 FIKflL OP 
>«0201 DST 02 
••0231 FlNflL OP 

2H IFP 57 FFP 134 B H / 172F 
586^- 589<» 35inOSN .' 

2H IFP 9 6 FFP 121 flHT 1?HF 
OOH.. 

33 N I W H 36 32 10002 0^89836910316689 0H8983M81G316603 
10010 023 00093273 1299050 9!13Sim>SM 63<«0J66 
10&21 TU> M I6H R(Z U 96 SEC 32 055TH PRINCIPRL 
101 NDflK DIVIDE fl 820 FSL 1986 FEL SU SE UF UF 
102 Ca.UERT DRLG i PROO t -B WflJDSON 
103, 1896 KB 1 ^ 6 tS . UlLDCflT 
l o t - 1855 ES 188M l a P RPI 33-023- 00093 00 

l__3l-» 

105 SPUD 1 0 / 1 5 / 1 9 6 6 COW 1 0 / 2 7 / 1 9 6 6 ROTflRY O&fl-OG 
107. DTO 6 » 9 LTD 63H0 Ft l /TD 351H0SN 
••0101 DST C l 6 2 1 5 - <>2H9 35inDSN S002 
>«0110 S IS TS IN 2H 
t O l S l F I ( « L OP 3H iFP 88 FFP 352 BHT 170F 

"•O N 1 E 29 10 

E 2>« 18 

10807 
l f f i )10 07s 0505^273 
10021 TUP N I RGE 
ICI 
102 

J W : 
\0H: 
105; 
107-

-%H& 

G!>it|»«2310<!STli)2 0WUS24910O612&I 
SSS0550 90aiC9S0U)( 2800867 
29 SEC 10 198LRCKJilU.S 
510 FSL 1889 FEL t S T ^ Iff Uf 

1 HER?8Brt!»rtlTE 
UlLOCflT 

— 1 « - (BOSH M r p j ^ ^ 
SPUD 05/06/1966 C O ^ 05 /13 /1966 ROTffitY O&fl 
OTD 2800 LTD 26>i8 Fn/TD 109S0UX 

HOIOl OST 01 1386- IHH3 603(9K]i , . , , ^ nISRUN 003 
H0201 DST O : 1390- IHH3 bQSSiS' ^ T H 

H03ai OST 03 &iW^sr<*wwi. l . . , , > . 
H0302 OJERLBPS 109S0UX ^t-^liij 
H0331 FIH«. OP IH FFP 1359 BHT 123F 

..51^ 

10002 0!«<l2i78110126730 0HH2I69O1O126782 
J0O10.ra5.2OOlW73 . W W W 9Q1.6a?LRW _ ^ !s:.S373 

!01 SDRXgWaOtS A 1980 FSL 530 FEL m _ ^ U f UF J , 
102 iNytSTtBrS^LC VENTURES 1 U 6 L i t 
103 2178 KB 2170 GR UlLOCflT 
IOH ! 2212 OF 2 ^ ) GR P LSE NO flPi M0-G55- 20018-00 

_33_J 

O R P 
[ 

PRGE 860 

SUB FILE GEOTHERnflL LISTING 
06 /08 /78 

HO N 

MO N 

1 I 2H 18 

27 11 

B 2 

P E T R O L E u n ' I N F O R n f l T l O N , C O R P 

SUB FILE GEOTHERHRL LISTING 

PAGE 8 ^ / 

SPUO 01/06/1972 COnP 01 /13 /1972 ,ROTflRY 0&:.-G 
DT0\ 2530 LTD 26J3 ' Fn/TO 602FLFV 

HOlOl OST 
HQUl ^ . ^ 
H0201 6ST QT 
H0231 FlNflL 0 P \ 1 H 

1720- 1800 609CPCS 
BHT 

227f- 23aS"6O2lS<0T 
IFP 99 FFP,' 100 BHT 

92F_ 
MISRUN 002 

10002 
10010 117 06063273 
1002) IMP H_J._RGE 

• : . 1 
9HF 

ISW" 

101 
102 
103 
IOH 
105 

•.107_ 

OH1236H310083398 OHH2332010C83660 
888066C 90()fJ?Q9S0UX 280H8fc7 
2 7 , SEC J J i i l ^ l J 8 L « : K J H a i . S 

f l i ? FNL' 2 I 5 7 6 " I I L SH ' * ? W 
• y - r-HRLL • •"•• 

"ST" SDRK STHNLE-^ 
TENNECO OIL 

181b KB 1806 GR UI-uDCRT 
1832 ES 182H GR ? OP' MO-117- 060fej 00 

SPUO 0 5 / 1 9 / 1 9 6 6 COf lP. i05/23/1966 POTWY DiR 
P.T0...28C:H LTD 2 3 0 0 f _ - Fn/TO t09S0UX 

: Ob/O 

33 N 

33 N 



PRS 860 

FILE GEOTHERnflL LISTING 
Ob/08/78 P E T R O L E U N 

8 2 

I N F 0 R n fl T I O N C O R P 

SUB FILE gOTHERnm. LISTING 

PftiH r-47 

HO H 3 E 2H 18 105 SPUO 01/05/1972 COfff 01/13/1972 ROTRRY D&;i-G 
107 DTD 2S3Q LTO 2533 . ^ FH/TD 602FLRV y 
HOlOl OST 01 t72&- 18(HJ 609CRCS / I 60 niSRlW 002 t P 

~ BMT-- 9ZF .; '-^ 
^ 7 5 - 2330 W; 

JLdlL 
H0201 DST 02 
H0231 F inn . »> IH IFP 99 

BHt 92F 

Iffl] WF "ijor 

MO N 3 E 27 11 10002 
irailC 117 (SQ63273 

- lOMl JffiJjUJLgyRGE.E 
101 
102 
103 
IOH 
1(B 

JQZ-

0Hi»235H31G0S3398 OHM2332010)83550 
8880550 900109SOUX 280H867 

iff~ur sorafeTOaiYjnai i s ^ s T s r JBTSTEL 
TEWSnrWt*^ 1 KflLL 

1816 KB ISIS GR UlLOCflT 
1832 ES 182H O P R?' HO-117- 05063 (H] 

SPUD (S/19/t966 C(»> 05/^/1966 ROTRRY OOA 
DTP 2B0H LTD 2800 . . .. f R/TD 109S0UX 

'S 

HOlOl DST 0! 1168- 1182 603GRKR 
H0131 FIKRLiOP IH -FTP 
H0201 DST 02 . 2598- 2630 M 2 ! _ 
H0210 UTS TS IN 06n AT i i ^ w i n FfitSri UTS 
H0231 FIHRL OP OtlBn IFP UIOTTP 138H BHT UST 
tCSOl DST 03 2733- 27H3 glglTO-S" a Tp. f 
HC310 UTS TS IN 07n flf 2omi y W l T m S r i 
H0331 FIKRL OP OHlOn IFP 1230 FFP 1H33 BHT 129F 

'X3-
-87 BHT . 

F^^faT 

/ 

MO N 10 10002 
10010 
10021 
101 
102 
103 
IOH 
105 
.Jl 

ff»H3K781(S07H3Hl OHt3239H1007it60H 
117 0506H273 8880560 900109SOUX 2733867 
TUP N- > ?GE.E-1&...7MS. ^ifl_^.Aai.Kt,«iVk.s 
SOflHrawirD " 6 6 0 T N L 6 6 0 ^ W . ^ S S J W ^ UT 
TENJCte-erT', 1 eflKK;Tr"¥ffiST 
18H8 KB 1837 OR UllDCRT 
1837 ES 1829 GR P RPi MO-117- OSCbH (Sl 

-^-

6 £ 19 11 

SPUO 04/25/1966 COnP 05/OH/1966 ROTARY 

HOiBi OSfDi i icPi-TniOBaSKr ^ , , , m 
H0201 OST 02. 1181- 1310 603CRNa I ^ V U 
H0231 FlWa. OP IH FFP 211 BHT-' 83F 
H0301 OST 03 2695- 2733 SSinOSN 
H0302 OUCRLWS 1C9S0UX 

...H.033J._FiHS,-.9P-JH. .ffi.Ju»3 „ ^ - . -

10GO2 
IOOlO 055 20GOH273 
10021 TUP N>>S_^RG£ E 

O&fl 

oos 
006 

v 

10' 
'.02 
103 
IOH 
105 
107 
MOlOl DST 01 

OHitHl36810178608 0HHHm22l017865O 
26HI050 90t602SKCK 27IHJ70 

_ _ 19 SEC 11 l9a!iSa-»MJ,LS -....-
SOfitT^KOHN A 660 FNL 1980 FEt c O u ^ U F UF S 
EX|TK"WC»ETRl, 11-2 STflfF^ 

2 H 8 2 k f 2 H ? r i » ' 'u iLKBT 
2H7t OF 2H63 GR P LSE NO tS\ HQ-055- 2000H-00 

SPUO 10/01/1970 conp 10/03/1970 ROTflRY O&fl-G 
OTt 271M Fn/TD 602SKCR j • 

.lfc97- 18C0-601TEfa! 002 

PRGE 861 

LE GEOTHERHRL LISTING 
Ob/08/78 

MO N 5 E 

MO N 6 E 

19 

21 

n 
1 

P E T R O L E u n 

C 2 

i M F O R n f l T l O N C O R P 

SUB FILE GEOTHERnflL LISTING 

PflGE 8H8 

MiJ131 FINRL OP- IH IFP 9H FFP 302-BHTr 90F. 

10002 0HM60H331Q163H93 0HH6010610163H81 
IQOIQ 0a6 0606^272 99999M 9'":iOi»C?« M3239fa6 
10021" T u r n 6 ' R'sr£~2T " !EC Î ^ V - ? L W K riaL? 
101 SDRf, HRRKON R 7M0 FSL 681 FUL SU SU UF UF 
102 PLun CREEK OIL DEV 1 BE-.XY 
103 1969 KB , JILDCRT 
IOH RP: MO-055- 05056 00 
105 SPUO Il/i5.n9fc5 conp 12/20/19b6 POTMY 0&fl 
107 DTD 'M323 '•" ' " " " FnTTCJOIfClTir 
MOlOl DST 01 MOOl- M093 OOOUNKN 0L2 
M0131 FlNflL OP- IH IFP. 26 FFP 31 BhT 1M2F 

MO N b E 21 10002 
10010 056 200Da'27.-! 

0MMMM69M10161503 0MMMM623101blM99 

Ob/08/78 

33 N lb3 U 

i 33 N 1b3 U 

33 N lb3 U 

33 N 163 U 

33 N 163 U 

«)/08/78 

; 33 N 163 U 

33 N lfe3 :J 



PRS 861 

ILE GEOTHERnflL LISTING 

PflGE 862 

LE GEOTHERnflL LISTING 

C»>AI8/78 P E T R 0 L E U n 

C 2 

I N F 0 R n n T I O N C O R P 

SUB FILE gOT»€RnHL LISTING 

PAGE 8H8 

5 E 19. 11 .; Mai31.F|N«L op IH IFP. 9» FFP 302 BHT'..:9SF 

6 E 21 1 MMiZ 
10010 
10021 
101 
102 
103 
IOH 
1(S 

05055273_ 
QHH50H3310153H93 0HH5aiO510153H81 

9999950 9i?C2U3l<EPM H323966 
«&. t 21 m r — 1 — 1 9 B L I 

SDflKfgWK(»i> R THO FSL 581 FUL 
PLUn W E E l T D I L DEI' I BE!;RY 

1959 KB U l L K f l T 
«>•. HO-055-

SPlg) 11 /15 /1965 COtff 12 /20 /1965 ROTARY 

UF 

05055 00 
D&fl 

107 DTD H323 ~ r r 7 7 F n 7 T B ^ 3 R W u 
HClOl DST 01 H001- H083 OOmiNKN U - O f ^ 0C2 
H0131 FlNflL OP IH IFP 26 FFP 31'BHT ' 1H2F 

HO N 6 E 21 29 1(KI02 
10010 055 2001M273 

0HHHH59H10161503 04HHH62310161H99 
2bH1050 900602SKCK 2575J70 

10021 TUP N . - C i , aiar E 21 SEC 29 19BL 
101 SDflXglHaXOig fl 660 FSL 660 FUL ' 
102 EXETEStTJSra ETRl 29-13 BlEi 
103 23H0 KB 2330 S i UiLDCflT 
IOH 1880 DF 1872 GR P LSE NO flPI HO-056 
105 SPUD 09 /2H/1970 COnP 0 9 / 2 5 / ; 9 7 0 RQTHSY 

UF 7 
20008-00 
O&fl 

107 OTD 2575 . y , _ Fn/TD 6Q2SKCK 
HOIOl DST 01 STRD 2292- 233M- feOaTOOX . i - > / I 002 
H0131 F lWa. OP IH IFP 782 FFP 818 BHT 120F' 

10 E 25 1QG02 
10010 019 20010273 

0HH7946O1033H1M7 0HM79H1H1033H103 
- _ 9999950 900602DKOT 2900H71 

10021 TUP J l - J i L RGE E 6 SEC g ™ 1 9 a i « - K ^ l l l 5 
101 SDriWay^p fl 660 FSL 660 FUL G SU Sgtff UF 
102 K0CH^*CajflTI0N 1 R1 CH«aB=FRlERm. 
103 2 % 9 KB 2 9 H 9 GS urLDCfl t 
IOH 2956 DF 29H9 GR P RPI MO-019- 20010 00 
105 SPUD 0 6 / 2 9 / 1 9 6 9 COnP 0 7 / 0 2 / 1 9 6 9 ROTRRY 0&fl_ 
107 OTO 2900 ^,._ r n / t O 6020K0T 
M01Q1 DST 01 2553- 2626.602nDDY. 3 - ^ 9 o 002 
H0131 FINHL OP QHSON IFP MS r P f 60 BHT ' 92F-

12 E 22 10002 
10010 OHl 20005273 

OH503192101HM288 0H5O3116101HH353 
9999950 710203RDRV 5055H72 

H 1 9 B L M K - a a I ? ~ 
b E ^ ~ — J ^ — T7-«. -

INVESWlre DRLG 
2357 KB 23H7 GR UlLOCflT 
23H7 DF 2339 GR P LSE NO flPI MO-OHl- 20005-00 

SPUD 07/07/1971 COnP 08/-07/1971 ROTRRY Tfl-O 

t ZZ SEC M 198LHp«F*UJ,S r v 
fl 23H5 FNL 660 FEL Q E N Q U F UF ^ 
VENTURES 3 H O L L W S R " " ^ ' 

Ob/08 /78 P E T R O L E U n 

0 2 

I N F 0 R n f l T I 0 N , 

-

107 DTD 5065 
MOlOl DST 01 ; 
M0131 FINRL OP 
M0201 OST 02 ' 

- ^ Fn/TD 203RDRV / 
M975- 50H5-.ajff lD£JL_ r ( 3 / ( ? 002 , / 

2H IFP 65 FFP 230BHT t30F 1 / 
SOOS- 60M6 203RDRV hiSRUN OOM 

C 0 R P-

SUB FILE GEOTHERnflL LISTING 

PflGE 8H9 

MO N 12 E 22 10002 0M502850101H583S 0H502760101MS79H 
10010 O M I 20009273 99999 9999960 7103090WNN S078M72 
10021 TUP N 12 RGE E . 22 SEC M 19BLflCK HILLS 
101 SDflK OEUEY H 3665 FNL 660 FUL NU SU 0 0 

' 102 IM-iESTOSS'^RLff T H O i n i U H T 
103 Z3S8 KB 23MS GR UNNflnEO 
10M API MO-OMl- 20009 00 
105 SPUC' 0 3 / 1 4 / 1 9 7 0 COMP 01 /07 /1971 ROTRRY Tf l-0 
107 OTD 5076 LTO 5078 FM/TD 309DVNN • 
MOlOl OST OJ ^̂ _ 100b-_5066..2Q3RDRV____ - _nISRUN 003 
M0201 D 'Srea " 'SOOfc- SOtb 203RDrv S O O M " 
M0210 WTR TS IN IHBOM 
M0231 FlNflL OP ..2H IFP 1162 FFP 2203 BHT 176F 
60102 203RDRV l?ERF JET 6061-5061 ' 006 

MO N 13 E 22 29 10002 
l i imn nui 

^..^.i ^ C!M5Q55681QiM6230_QM6Q6M7E:iClM.6057^ 

Ob/08/78 

33 H 163 U 1 

33 N 163 U I 

33_N t6iLU__.( 

; 33 N 163 H I 

0bA18/78 

33 N lb3 U 81 

11 N \ ^ , 1 , u Rt 



P ( m 862 

ILE GEOTHERnflL LISTING 
06/08/78 P E T R O L E U n 

0 2 

N F O R H f l T I ON C O R P 

SUB FILE GE0T>€RnBL LISTING 

P A S 8H9 

12 E 22 10002 0H5O285GiaiH5835 OHS02760101HS79H 
10010 OHl 20009273 99999 9999960 710309DVNN S078H72 
10021 TUP H ^ f i S ^ RGE E 22 SEC H 19BLRCK,JOtLS , , 

4§J-
103 
IOH 
105 
107 
HOlOl DST 01 

23S8 KB 23H8 St UteWlEO 
RPI MO-OHl- 20009 !K) 

* U 0 d 8 / 1 ' i / i 9 7 0 conp 01/07/197! ROTrtiY Tfl-0 
DTD 5076 LTD 5078 FN/TD 3090WNH 

£006- 5066 203RDRV 
-m3Rfig.V < r o f ^ H0201 DST 0 2 SCKKi-

H0210 UTR TS IN IHSOn 
M0231 FINHL OP 2H IFP 1162 FFP 2203 BHT 17SF' 
50102 203RDH\( PERF JET 5051-6051 

niSRUN 003 
SOOH 

(m 
13 E 22 29 _icm2_ OH505558101H5230 gH505H781ClHM57 

10010 OHl 20026273 9999910139H11 110203RORV 203RDRV 5020K75 
10021 TUP N > t » v RGE E 22 SEC 29 19BLRQUU1.LS 
101 SDJWiCKUEYJ fl 660 FSL 1980 FEL flT SU SE>U0 DO / / 
102 Tuc i rSsor^ 1 LiTTn~simfK 
103 2288 KB 2277 IS UNNflnED 
IOH 2293 DF 2285 B? P LSE NO API HO-OHl- 20026-00 
1(B SPUD 07/10/1975 COnP 11/19/1975 ROTflRY OIL 
107 DTD 5020 Fn/TD 203RDRV 
20102 2a3RCRV PERF 500'.- 5020 GROSS 005 
20150 UTR 
HOlOl DST 01 
H0131 FlNflL OP 
5di;i2 203RORV 

5am- 5020'203RDfiV _ 
IH IFP M77'FFP 20H7 BH 

U/ M/FT 
B S > ' 

O S002 
_... '162F 
5001- 5020 GROSTCSSr 

MO N IM E 16 10002 OHS1826010375H96 0HS1829110375H57 
10010 019 20003273 891H0S0 9C0602SKCK 315H270 
10021 TUP N - O L Rffi E 3 SEC 16 19BLKfcJ4lLLS , o 
101 SOflK^UTfQ fl 658 FNL 661 FELrf f iTW NEJUF UF / ^V 

TEXflSTTOS t̂XPL ETflL 1-16 iiEtteHbUN»S1Hlt 
3127 KP. 3117 (9 UlLOCflT 
3118 DF 3110 GR P LSE NO BPI HO-019- 20003-00 

102 
103 
10M 
105 
107 

SPUD 10/'lb/1968 COflP 10/19/1968 ROTflRY O&fl 
DTD 31HM LTD 315H ,- , FN/TD 602SKCK 

HOlOl DST 01 
M01Q2 OVERLflPS 6a2SKCK 
M0131 Fl l t f IL OP 0H35n IFP 

3 0 H 1 - 315H 602NCSL 3 002 

158 FFP M i l BHT 105F 

MO N IM E 29 10002 » 
10010 019 20002273 

-10021 IMP N . M t ^ RGE E 
101 SDflK" 
102 
103 
lOM 
106 

0HSl5379 id3668H3 0H5i538210366737 
891H0SO 900602SKCK 32H1270 

H SEC 29 19BLflCliL.atU.S 
fl 659 FNL 660 FUL 

TEXHS^IBIS^XPL ETflL 1-29 DUNCF 
3J6S KB 3066 GR UlLDCflT 
3066 OF 3067 GR P LSE NO ' flPI MO-019- 20002 -00 

SPUO I 0 . / 0 S / 1 % 8 COMP 1 0 / 1 0 / 1 % 8 ROTflRY D&R 

7J 

06/08/78 

33 H 163 U t 

33 N 163 U t 

33 W 163 U t 

33 N 163 U I 

PflGE 863 

i G£0.THE.RnflL USILNG,. 
06/08/78 

MO N IM E 

M.I N IM E 

P E T R O L E u n 

E 2 

I N F O R n R T l O N , C O R P 

SUB FILE GEOTHERnflL L ISTING 

FflGE 860 

2y 107 DTO 32MlrLTD 32M0 Fn/TO 602SKCK 
MOlOl DST 01 317M- 32M1 >Jl?Mf«;i 3 Q . 0 % 0 ' ' ' 

M7 FFP 9M BHT:- 117F7 
MOI02 OVERLAPS 602SKCK 
.J01.3.1_i:.LNPL_0P._aH._.__LFl_. 

10002 ; 0M517S171033M66M 0M6iy611103.TM6b3 
10010 019 20007273 9S99960 900602FUSN 3fcMM 
10021 TURN IM RGE E b SEC !M 19BLRfK HILLS 
101 SOAK BUTTE fl 1980 FSL 660 FEL C NE SF. UF UF 
102 __K0CH EXPLORflllON LPLSEN . 
103^ 2920 KB 2910 GR ' UILDCRT 
lOM 2868 DF 2860 GR P API M0-Q19- 20007 00 
105 SPUD Dfc/17/1969 COM" 06/21/1969 ROTBRY • Difl 
107 DTD 3oMM . FM/TD 602FUSN 
MOlOl DST 0; ' 3213- 327b 602nD0Y 002 
M0131 FJNflL OP u20MJiFPJ060 FLP niO..BHT _98F - __ 

Ob/08./78 

33 N 163 U 81 

33 N 1b3 U 81 



PflGE 863 

LE GEOTHERMflL LISTING 

PflGE 86M 

GEOTHERHPL LISTING 

ObAH/TB P E T R 0 L E U n 

E 2 

I N F 0 R n fl T I 0 N , C O R P 

Sia FILE GEOTHERnflL LISTING 

PflIZ 850 

HO N IH E H 29 107 DTD 32H1 LTD 32H0 FN/TD 602SKCK 
HOIOl DST 01 317H- 3_2H1 602NCSL 017 
H0102 OVERLflPS 602SKCK 
H0131 FIWB. OP IH IFP H7 FFP 9H BHT 117F 

IM E b IH 10002 0H617S171033Hb6H OMSrSl 11033Hb63 
10010 019 20007273 9999950 900602FUSN 36HM 
10321 TUP N^JJ»^ RGE E 6 SEC IM l98Uftji-i i lLLS , , , 
101 S S S » ( ^ W fl 1980 FSL 660 FEL tf_«_^HF VS 1Q-
102 KOOjV" ' ' " " " ' ' - " ' * ' ' ni *JU ' LORflTION 1 OL 
105 2920 KB 2910 GR UlLDCflT ~ 
IOH 2868 DF 2860 GR P flPI H0-ai9- 20007 00 
105 SPUD 06/17/1969 CCW 06/21/1969 ROTflSY D&fl 
107 DTO 3iHH , ^ , .FlVtO 6d2FUSH 
HOIOl DST 01 i 3213- 3276 602nDDY 3 ^ V S - 002 
M0131 FINHL OP 20n IFP lOSOTFTTnO BHT 98f 

HO N IM E 11 20 10002 ^ 0H51565010280602 CH51571810280S93 
10010 i r a 20006273 8900550 901H19nNLS 5000K72 
10021 TUP » 4 j J U _ R a E 11 JEC 20 lOTLffiiWUU.S , \ 1 _ : 
101 SOflKgERKINa A 660 FSL 1980 FUL % I S _ ^ U F UF P 
102 TEXBCTnre"^ j_u^o-?BKn«Brrv ' 
103 2599 KB 2588 GR UlLDCflT 
IOH GR LSE NO flPI MO-105- 20006-00 
105 SPUO 09/17/1971 CONP 09/30/1971 ROTflR'̂  D&fl-G 
107 DTD 5000 LTD : , FK/TO HI9nNLS 
HOIOl DST 01 32H0- 33C1 feoamov !5a 7 / S003 
M0131 FINHL OP M5n IFP llOH-FFP 1208 BHT'-137Fc ^^ |_ 
M0201 DST 02 
H023-1 FII«L OP 

.M708- M791 M19nNL-
1H3Qn IFP 2M2 FfP 598 BHT 167F 

OOH 

MO N IM E 15 10002 
10010 105 20011273 
10021 TUF N^Ait-wJoE E 

MO N IM E 16 

101 
102 
103 
IOH 
105 
107 

3DRK« 
SnOKEY 
2H33 KB 2H23 13! 

0H51599H10222981 0M51699H10222911 
9999950 900203RDRV 650H376 
15 SEC 2H OSSItmBiHtflPHL 

1980 FSL 1980 FEL C L W L S ) "E ^ / b 
EDERflL 

BKIN^ fl 
33-2H flCKl 

UlLDCflT 
flpr HO 105 20011 00 

SPUO 11/27/1976 COW 02/20/1976 ROTARY D&A 
DTD 650H LTD 6603 FN/TD 203RDRV 

M0101 DST 01 ^ 9 0 - 6311 203RDRV (/> i <51 
M0131 FINRL OP: 2H IFP 1860 MP 2590 BHT "172F 

002 

10002 
10010 20010 
10021 TUP N. 

" roi seacgERKi 
102 
103 
IOH 
105 

SGE E 
S D ^ 
TRUE 
2381 KB 2369 GR 

0H618786102189H7 0H618765102i8923 
9026050 900203RDRV 6M5M775 

_16 SEC 8 198LfiC«.JttU.S . . . ^ 
1880 FSL 1995 FEL fSU NJT^UF UF f j 

33-8 m 
UlLOCflT 

flPI HO 105 20010 00 
SPUD 06/1H/1975 COn? 06/28/1975 ROTflRY D&fl 

Ob/08/78 

MO H IM E I t 

MO N 16 t 

• P E T R O L E U n 

F 2 

i N F O R n f l T l O N , C O R P 

SUB FILE GEOTHERMflL LISTING 

PflGE 85! 

107 DTD 6MM8 LTO bMSM FN/TO 203RDRV 
MOIC! OST 01 ! 6220- 6230 203R0RV 002 
M0131 FINPL OP 3H IFP 3H FFP 6H BHT 168F 
M0201 0 3 U 2 ; _b29g^J>3M0_2O3R0RV 003 
M0-2'3T FlNflL "OP ~1H IFP 20M3 "FTP "ZOSi'BHT" iTST . 

2 9 •• 10002 
10010 063 20017273 
10021 TUP N 15 ' RGE E 
IOL _ SDfiK_HfiRDlNG _ fl.. 
102 ^ UN'iON ore OF CRLlFORNIfl 

35M8 KB 3536 GR 
3M75 DF 3M67 GR P LSE NO 

103 
lOM 
106 
107 

0M52331310390268 0H6233b010390287 
9120660 900663MRSN 3800869 
2 SEC 29 196LflCK HILLS 

1980 FSL 1980 lEL C NU SE UF UF 
1"USfi-66M" 

UILOCRT , 
_ _ _ _ _ _ _ API MO-063- 20017-00 

SPUD 08/11/1969 COMP 08/17/1969 ROTRRY Difl 
DTD 3800 .; FM/TO 663nRSN 

0b/(»/7« 

33 N 163 U 8 

33 N 1b3 U 8 

J3.N_t«_U_.S 

. 33 N 1b3-U_Si 

33 N 163 U 8 

Ob/08/78 

33 N 163 U 87 

33 N 163 U 87 



f ' f m 86H 

LE GEOTHERMflL LISTING 
0bA)8 /78 P E T R O L E U H 

F 2 

I H f OR n fl T \ 0 N ; C O R P 

SUB FILE (EOTHERna LISTING 

PAGE 861 

HO N IM E 16 107 DTD 6HH8 LTD 6HSH 
H01G1 DST 0 1 6220- bZSa 2S^8SM 
H0131 Fiwa. OP 3H IFP 3H FFP 

JtQCTl PST 02 6290- 63H0'm^Cfl 
Tr0231 F I W i OP IN IFP 20H3 FFP 

, .., FH/TO 203HDRV 
fc3;Qs- 002 

(M3 
SH BHT 158F 

HO N 15 E 2 29 10002 0H52331310390268 0H5233601O39O287 
10010 063 20J17273 9120550 9(JtiS63lfiO« 3800869 
10021 TW >U i ' i - - J g E 2 SEC 29 19aLBeK-W44.S K-.-
101 S D f l K ^ D j N ^ H 1980 FSL 1980 FEL__VCJ01 ^ U F UF /7? 
102 UNIONTJnrOF Cf lLIFOlNl f l 
103 35H8 KB S 3 6 13 
IOH 3H75 DF 3H67 Ql P LSE NO 

1 usn-6 
UlLOCflT 

API HO-063- 20017-00 
105 SPUD 08 /11 /1969 COW 0 8 / 1 7 / 1 9 6 9 ROTWY D&A 
107 DTO 3800 Fn/TD 553nRSN 
HOIOl DST 01 i t77«;- 77?B fcHTfrnny "? g Q J ^ ' " ^ 
M0i02 OVERLAPS 602nDDY 
H0131 FIWB. OP I H IFP 3 FFP 230 BHT I I T F 

H 15 E 5 ' 2 1 10002 
10010 063 20mi6273 
10021 TUP N,^46—-Rg E 

0H52H37110352527 ff»52HM8310352H97 
9999950 90{«i02LKOL-. 3900068 

101 ^ fl 660 F ^ 6 ^ FUL g S U SWUF W / " f " 
102 C W H S T O S N CWIIS ETflL 1 JUJOiT ' 
103 30H2 KB 3036 GR UlLOCflT 
IOH 30H2 W 303H (a P LSE NO rolHO-teS- 20006-0] 
105 SPUDJI8.a2/1968 COHP (0/18/1968 ROTflSY D&P 
107 DTDC3898JLTD 3900 , _ _ _ _ FH/TD 602LK0T 
H0231 FINRL \»3en IFP 2H2 FFP 598 BHT 167F 

HO H 15 E 6 36 10002 0H521H72103331H8 0H5216291Q333116 
IOOlO 063 20di6273 9i20MO ?00563nSSN 3959969 
1(H)21 TUP \ i J B ~ BSL E 6 SEC 36 19BLfttlWm4.S ^ ^ 
101 S O R K ^ ^ i l ^ fl 735_FSL 198C FEL C S U ^ U F UF eg C / 

MO N 15 E 

102 
103 
IOH 
IOS 
107 

FEL ^ ^ ^ 

UILDCBT 
UNION OTL OF Cffl-lfOSNlfl" 
2975 KB 2866 GR 
2985 OF 2977 (» P LSE NO flPI MO-063- 20016-00 

SPiro 0 8 / l 9 / l % 9 conp 08/2H/1969 ROTWY o m 
. LTD 3959 5 S ^ 2 fH/TD 553ffl!SN 

HOIOl DST 01 . . 33H3r-3393 MBIDDY 002 
"M0102 OVERLflPS 602SKCK 
M0131 FIN«. OP IH IFP 835 FFP 1115 BHT " 128F 

10002 
10010 063 200H8273 
10021 TUP N_aS—JRg E 

fl 101 
102 
103 
IOH 
105 

^DflK? 

2%3 KB. 2952 GR 

0H62Bibd2l0327029 0H6286l2l0:26968 
8900550 raOSS3nR3N M26aK72 
7 SEC H 198M»6fr-W»HS 
660 FSL 1980 FEL 

1 U 
UlLDCflT 

flPIHO 063 
SPUD 09/09/1971 COW 09/13/1971 ROTflRY 

a/ 

200M8 00 
D&fl 

06/08/78 

33 N 163 U 8 

33 N 163 U 8 

33 N 163 U 8 

33 N 1b3 U 8 

33 N 163 U. 8 

PflGE 866 

.E GEOTHERna LISTING 
Ob/08/78 P E T R O L E U N 

G 2 

I N F O R n f l T l O N , C 0 R P 

SUB FILE GEOTHERnflL LISTING 

PAGE 862 

MO N 1 6 E 

MO N 17 E 1 

107 DTO M260 Fn/TD 553nRSN 
MOlOl DST 01 3650- 3716 6Q2n0DY 002 
MOI31 FIIWL OP i 1H30M IFP 1222 FFP 1267 BHT 130F 
M0201 DST 02 _ MJ1C-_M190 602FLRV _ 003 

'M"d231 FlNRL OP I H ' r F P ^ T O S M T F F T I S M ^ H r I b J T 

10002 0M6M7O161O39M368 0M6M708mO39M328 
10010 063 20066273 5661350 90KiOMSNHN 1533773 
10021 THP N 17,1 RGt E 1 SEC '. 19BLflCK HILLS 
101. SOAK HflgPJNG _ fl 1120 FNL L980_FEi 52 NH NE HF UF _ 
i 0 2 MONT-DflKOTfl UTILITIES STX-l STflTE ^ 
103 3553 KB 35M8 GR UlLOCflT 
lOM RPI MO 0 6 3 2 0 0 6 6 0 0 
106 SPUO 06/1M/1973 COMP Cb /2Z / \ 9?3 ROTRRY D&R-G 
107 DTD '.E33) FM/TD 60MSHNN 

.MOlOl. ,Q,ST_ni . J128::,.Ji i56.. .6.gMEGL.t„ _.sg.02_ 

06/08/78 

33 N 163 U S; 

file:///iJB~


i 

IL'E GEOTHERMflL LISTING 

>fl<a 865 

• 1 7 : ^ i 

PAGE 866 

LE GEOTHERMflL LISTING 

CSk'08/78 P E T R O L E U n 

G 2 

r N f 0 R n fl T I O H . C O R P 

SUB FILE gOT«RnflL LISTIWJ 

t a x 852 

HO N 15 E 107 DTD M250 „ ^ Fn/TO 553nSSN 
HOIOi ost 01 36S0>- 37iib 6daiD0Y 3 & g 2 i 002 
H0131 FINHL OP 1H30n IFP 1222T1-H 1267 BHT " ODF 
M0201 DST 02 Ml in- Miqn>n2Fl BU L j j S - c T rai 
H0231 FIH«. OP IH IFP lOSH - ^ I 36H Bkf l63f 

MO H 17 E 1 1 10002 OH5H70161039H358 0H5H708H1039H328 
10010 063 20065273 5651350 901&CIHSNHN 1533773 
10021 TUP H J b Z - = R g E 1 SEC •. t98J.86K-m44,S - , „ 
101 SDRKj^OiNGj fl 1120 FW. 1980 FEL ||g^NU lg> f f Iff f)7 cT-
i02 nOHT-TWBCODrtlTILlTIES 3 i x - l STflT 
103 3553 KB 35H8 GR UlLDCflT 
IOH flPI MO 063 20065 00 
106 SPlS Ob/iH/l973 COW 06/'22/l973 RdTfiSY O&fl-G 
107 DTO 1633 ^ Fn/TO 60HSNNN 
HOIOl PST 01. 1328- IMK 60HEG^E 1 ^ ^ ^ SC02 
MOI31 FINBL OP MH IFP 
50102 60HSNWI OPEmOLE 

6"* l-FH " 7H BHT 
1501-

^ 
1519 QIOSS OOH 

N 17 E 11 10002 
i ra iO CK>3 20031273 
ira21 TUP " F . f f f ' ' 

13H5H56SBid321915 (W5H576H103217S3 
9999950 900203RDRV 837H 
7 SEC 11 198LBa«-*HM.S SU^ 

101 SD»<rRmDlN» fl 6 6 0 P C 660 FEL 
102 LraJOTBTWCEUn l L W L T 
103 3188 KB 3178 GR UlLOCflT 
IOH 3186 DF 3l78 ta P LSE ,>» BPI M0-fl63- 20031-00 
105 SPUD 01/10/1970 COW 02/05/1970 ROTWY O&fl 
107 DTD 8371 LTD 837H_ . .FH/TD 203RDRV / y 
HOIOl DST 01 
M0131 F inn . OP 

8200- 8250 •ai.TBnRir 
lH30n IFP 138 FFP 308 BHT 

r^vXS^ ^ K ^ 

19 E 22 10(502 
10010 063 20115273 
ira21 TUP H,.-ML-..Rg 

(S»i59819i03261H9 0«5597371032H878 
29HOJ50 910203RDfiV 8537177 
7 SEC 22 055IH»PS-W&IPflL 

lOT SOfiKl i^OlNp fl 1980 FNL 1980 FUL JLgSE NHAff Iff y . Y 
102 VffBB KSBffiTCES-CENEX 22-6 S T f l T E " — ^ 
103 3050 KB 30H0 Qt UlLDCflT 
IOH . 3050 PF 3dH0 (a P LSE>« flPI HO-063- 20115-00 
105 SPUO 11/29/1976 COW 12/22/1976 ROTfWY O&fl-O 
107 DTD 8535 LTD 8537 FH/TD 203RDRV 
MOI01 OST 01 , 8 2 3 6 - 8310 203RDRV rr ^ -7-7 
HOI 02 OVERLflPS 259SLRN V c7 ' J> 
HOI31 FlNflL OP 2H IFP 132 FFP 329 BHT 180F 

soa2 

MO N 19 E 25 1(0102 ) 
10010 031 20008273 
10021 TUP N,,-!*w^R6E E 
101 S D f l K O R S ^ fl 
102 KOCH OPrafflT I ON 
103 20S0 KB 20HO GR 
IOH 

0H5633171010H267 OH5633911010M133 
9999970 901559JRSC 290M 
25 SEC 
660 FSL 

M 19BL 
660 FEL 

1 RICB 
UlLDCflT 

flPI MO-031-

s 9 - 5 ' 

20008 00 

Ob/08/78 P E T R O L E U M 

H 2 

I N F O R H B T I O N CO R P 

SUB FILE GEOTHERHflL LISTING 

PflGE 863 

1 MC N 19 E 106 -SPUD Ob/07/1%9 C O W Ob/10/19fc9 ROTBRY D&fl-G 
107 DTD 290H FH/TD e69JRSC 
MOlOl DST 01 26M1- 2612 602n0DY S002 
J0131_F INflL OP: 20n IFP 901 FFP 1021 BHT 96F : 

MO N 20 L 10002 0M57220'".0360H61 OM6721H010360329 
10010 063 20Q9C273 600C 7281061 110203RDRV 203R0RV 8662376 
10021 TUP N 20 RGE E M SEC 2 056TH PRlNCirflL 
101 SOflK HflROiNG R 660 FSL 660 FUL C SU S^ 0 DO 

._!02._ KOCH EXPL . . IM-2fl TILUS J 
103 '" 3072 KB 3060 GR " ' BUFFALO 
lOM API MO 063* 20090-00 
106 SPUD 07/17/1976 COMP 10/12/1975 ROTflRY OIL 
107 DTD 8652 PB 8558 FM/TO 203RDRV 
20102 203R0RV PERF - U/ 2/FT 8H26- 8M68 GROSS OOb 
20150 WTR. _ L__ 
MOlOi OST 01 8M21- 8M87 203RDRV 
M0131 FlNflL OPS IH IFP 186 FFP 680 BHT 2Q8F 

"SB03 

0b/(S/78 

33 N 163 U { 

33 N 163 U i 

33 N 163 U I 

CHJAB/78 

• 33 N 163 U t 

1 33 N 163 U « 



PflGE 866 

ILE GEOTHERMflL LISTING 
I 0bA)8/78 P E T.S O L E u n 

H 2 

I N f 0 R H B T I O N , C O R P 

SUB FILE gOTtfRHflL LISTIHG 

PAGE 8S3 

1 HO N 19 E 25 105 SPyX) 06A)7/1969 COW 06/10/1969 ROTflRY D&fl-G 
107 DTD 290H ^ T , FH/TD 6S9JRSC 
HOlOl DST 01 S H I - 2612 602nDDY_ J . ^ 7 7 S002 
H0131 FINW. OP 20n IFP 901 TrP~TIgl BHT 96f 

Ob/fH/n 

33 N 163 U 

MO N 20 E 10002 OH57220M10360H61 0H5721H01036O329 
10010 063 20090273 600C 7281Q61 110203RD8V 20380RV 8652376 
10021 TUP N, . . iD .—JgE H SEC 2 6SMH=l>*H*&t?9L _,-; , 
101 SOJWpraOltffiJ fl 660 FSL 660 FUL 'k^SUSUJ) DO . i ^ Co 

JffiS (S&irm^^P tH-2fl T I L ^ ^ 
103 3072 KB 3(KiO la BUFFflLO 
IOH BPI HO 063 20090 00 
105 SPUO 07/17/1976 COW 10/12/1975 ROTWY OIL 
107 DTD 8652 
20102 203RDSV PERF 
20150 UTR 

HO N 20 E AQ-

HOtOI DST o i : 
M0131 FlNflL OP 
M0201 DST C2-
M023i FI MAL OP 

10002 

PB 8 5 5 8 F H / T O 203RD8V 
U/ 2/FT 8H26- 8H68 GROSS 0% 

" ^ ^ S003 8H21- 8H87 m3RC 
3H IFP ISffTFPSBO BHT 

8570- 8652 20:^DSV OOH 
2H IFP 312 FFP 891 

0H571HHC10361571 0i>57155710361357 

33 N 163 U 

10010 (H>3 ( S 1 2 1 2 7 3 b C m 9999961 110203RDRU 203RDRV 8H20166 
10021 TUP » U ^ 9 = ^ g E M SEC 10 198L%K==W4.LS -, 
101 S O H K £ H H R D I N C ^ fl 1980 Fm: ' 2180 FEL £ ^ ^ O D 00 < 7 
102 P E W C W F f r ^ 32-lOfl t i L U S ^ * ^ = ^ 
103 3036 KB 302M SR BUFFALO 
IOH 3038 DF 3023 GR P LSE NO 29 RPI HO-063- 05121 00 

7-
"105 SPUO 11/21/1965 COW 01/01/1966 ROTRRY" OIL 
107 OTL) 8H20 FH/TO 203R0RV 
20102 2O3R0RW PERF U/ H/FT 8375- 8376 ra7 
HOldlDST 01 • 8372- 837M 2(]3RDRV ^ 7 3 S002 
H0131 FINHL OP 3H 
50102 203RDRV. PERf 

IFP 33:TrP~<I29 196F 

50202 203RDRV 
50302 2U3R0RV 

PERF 
PERF 

U/ H/FT 8375- 8376 
U/ 
U/ 

H/FT 
M/FT 

8375 
8375 ̂
m" OOH 

8376 
OOS 
006 

MO N 20 E 16 10002 0H56992610351297 0H56988510351187 
10010 063 20080273 H5000 317055 110203RDRV 203RORV 8653K77 
10021 TUP (ib«°^=^g E 5 SEC 16 198Uefc=m41S 
101 
102 
103 
IOH 
105 
107 

fl 20&" SOfflOmiDING) fl 20S0 FNL 2050 FEL ^aLSUJgJUF UFO Q P' 
6ULFTnT===^ 1 STBTrxBBP>IILLS ^ ° 

' 2923 (a JONES CREEK 
2733 OF 2723 P flPr HO 063 20080 00 

SPUO 12/19/197H COW OH/08/1975 ROTflRY OIL / 
DTD 8653 PB 8H62 FH/TD 203RDRV P 

111 CSG 5 1/2 a 8661 U/ 790 06 
20102 203RDRV PERF JET U/ H/FT 8362- 8368 009 
MOlOl DST 01 83SOV-8H00 2g3REgit_ ?,^TS" SOOM 
M0131 FINAL OP 2 H IFP 2S0rFTP750 BHT* 200F 
60102 203R0RV PERF U/ M/FT 8503- 8509 007 

33 N 163 U 

i 
I 33 N 163 U 

PflGE 867 

LE GEOTHERHflL LISTING 
Cb/08/78 

I 

! MO N 20 

j MO N 20 I 

P E T R O L E U H 

I 2 

I N F O R n f l T l O N , C O R P 

SUB FILE GEOTHERHPL LISTING 

Pf l« 8SH 

16 

22 

50202 203R0RV . 'PERF 

10002 ! 
_10010.061 20QH9273 
iO'CSl TUP N 20 R g T 
101 SOflK HflROiNG a 

L'EPCO INC 

U/ M/FT 83b2- 8368 008 

0M66815M103M9S5M OM568289103M9630 
23M2950 911203RDRV 8500572 

~ 5 " 'TEC 22 T9BLftCK HlLlS 
1980 FSL 2029 FUL NE. SU HF UF 

23-22 FEOERBL-GRUSE 
2926 KB 291M GR UlLOCflT 
2727 OF 2718 G? P LSE NO flP I MO-063- ?.00M9 0b 
SP J_D_10/n/1971 COW 11/09/1971 ROTARY• I - D&A-OG 

107 DTO ' 8600'LTD '8M91 " "^"^"FH/TO 203RDBV' 
MOlOl DST 01 8289- 8306 2O3R0RV S002 
M0131 FINAL OP 1 0H30n IFP 2S1 FFP 367 BHT; 222F 
M0201 DST 02 83M5- 8383 2d3RDRV S0O3 
M0231 FlNflL OP : IH IFP 60 FFP 85 BHT 20<»F 

CS!/Q8/7? 

i: N 163 U { 

102 
103 
lOM 
1Q5_ 



ILK GEOTHERHflL LISTING 

Pflg 867 

I •̂  .' 

> 

\ 

06/08/78 P E T R O L E U H 

I 2 

I N F O R H f l T I O N C O R P 

SUB FILE gOT>€RfW. L I S T I « 

p n s SSH 

20 £ 

20 E 

16 

22 

50202 203RDRV PERF U/ H/f T . 8362- 8368 008 

0H56815H103H955H 0H568e891Q3H3630 
23H295g.911203RD8V . 3500572 

"T—gr~^ "toSii tu? aysiK^^M&Lt ^—sec a — I M J ^ . 
101 SOflK{^Dlf^ fl 1980 FSL 2029 FUL 0 § . SU 
102 D E P C O ^ H S ^ ^ 23-22 fEOERTO^-
103 2926 KB 291H ® UittfCflT 
IOH 2727 OF 2718 GR P L g NO API H0-^0&3- 200H9-00 
105 SPUD 10/11/1971 COW 11/09/1971 ROTffliY i : D&B-OG 
107 DTS 8500 LTD 8H91 
HOIOl OST 01 
H0131 FINre, OP 
H02D1 DSt 02: 
H0231 FIWtL OP 
H0301 OST q 3 i _ 

FH/TO 2 0 

HCHCl OST OH; 
H0H31 FINra. OP 

8289- 8306 mMffi) '- i ^ % '•• 
OLSOn IFP 2 9 1 T F P T 6 7 BHT 222F 

83H5- 8 ^ 203RDRV t X ( M : ^ . Sd03 
IH IFP 6 0 T n ' 85 BHT 20Hf \ 

3 » t 8 - 3990 6 0 ^ W > HISR'JN OOH 

IH 
3992 6a3QtNR 

IFP 1323 FFP 1380 
SOOS 

20 E 27 10002 GHS66718103H8659 0H56662H103H866H 
10010 CK>3 20139273 HSCtHl 29H0a60 910203S0RV 8567178 
10021 TUP N , - . j a ^ R g E 5 g C 27 _ 055TH»BH»tqPAL 

TOI SOf^JWROTh© A 198ffTSL 660 FEL 
102 iffBr^Jseesas 27-9 NIE 
103 3002 KB 2989 Q) JONES CSEEK 
IOH 2OT9 OF 2989 P APIHO 063 2dl39 00 
105 SPUO 0a/2H/1977 COW 09/17/1977 SOTARY D&fl-O 
107 DTD 8567 LTD 8562 ^ ., -, FH/TD 203RDRV 

3c? 

HOIOl DST 01 
H0131 F i n n . OP 
H0201 DST 02 • 
Hd23i FI km. OP 

8316-8358 •203BDRV 
IH IFP 2 a T r P ~ j H M 

83H6- 8357 2038Dg.V 
IH IFP BTTFP 1̂97 

^ 

OF 'A 

sra2 

.'.S003 

MO H 20 E 20 10002 ' 
10010 063 20113273 

0H568520103H1M92 0H568H29103H1310 

102 
103 
IOH 

R g E 
„_ A 

UEBB •RE^BfES 
2933 KB 2923 GR 

H13 
3 ^ 

2933 OF 2'. m 

29H00S0 9 1 0 2 0 9 0 0 V C 8 6 3 9 0 7 7 
6 g c 20 055TH B84NHPAL _ , 

1980 FNL 2080 FUL ^EJ W A f f UF 2 / 
20-6 MBB-re^5!*FEDER«. 

UILDCAT 
RPI HO 063 20113 00 

106 SPUD 12/27/1976 COW 01/20/1977 ROTflRY D&.fl-0 
107 DTD 8636 LTD 8639 r,i I "'''") 20900VC 
HOIOl DST 01 • 8M01- 8H19 203RDRV h H - ^ SM'. 
H0131 FIKflL OP 2H IFP 529>I-P t363 BHT i9ZF 

MO N 20 E 18 32 0H565537101939b9 0HS656651019HaOH 10002 1. 
fOOlO 031 21H1H273 1652060 900202UNPG . 7515171 
10021 TUP N,;,=3Q=^Rg E 18 SEC 32 19BLKMWfeLS 
101 SOflK toss® fl 19H5 FNL 660 FUL ^ ^ ^ i ^ U F UF 
102 CONSOLlWfrD OIL & GflS 1 T R I B B F — " " ^ 
103 2383 KB 2371 GR UlLOCflT 

3 ^ 

pflg 868 

LE GEOTHERHflL LISTING 
06/08/78 P E T R O L E U H 

J 2 

I N F O R n f l T l O N , . . C O R P 

_ . SUB FILE gOTHERHRL LISTIHG 

Pflg 856 

HO N 20 E 18 32 lOM 2381 OF 2371 GR P flPI MO-031- 2001M 00 
106 SPUD 10/23/1970 COW I l . ' l7 /1970 ROTARY O&A 
107 DTD 7510 LTD 7615 FH/TO 202HNPG 
10101 OST 01 5M20- 5M90 352nSNC gg2_ 
.-.^,--=.. .- ... _. MlOFFP tM56""BHT M0131 FINAL OP 
M0201 OST 02 
M0231 FlNflL OP 

2H IFP 
6920- 6962 203RDRV 

3H 5H IFP bM3 FFP 2687 

" IM i r 
003 

MO N 21 E 2b 10002 
_1001 g _ 0 6 1 1 0 0 0 1 2 7 3 _ _ _ 

10021 TUP N "2V RGE E 
101 - SDflK HARDING fl 
102 
103 
l O M 
inc. 

2 "src 
1980 FSL 

niflni OIL PRODUCERS 
3179 KB 3168 GR 
3176 ES '3168 GR P 

0M67538210383396 0H57B5b310383339 
6H8OO60 900203RDRV ' y W .8600J67 

CRiin n7 /nu / i q f c7 rnnp rm/n7y iq f .7 snTOBv 

I S 19BLflCK\H|LL? 
660 FEL NE"SE UF UF 

1 PRINTERS: INC 
- UlLDCflr 
RPI M0-063r 20001 00 

06A»/78 

i : N 163 U 

33 N 163 U 

33 N 163 U 

(JVC3/78 

33 N 163 U ' 

33 N 163 U '. 



pflg 868 

• I UE gOTHERHBL LISTING 
06/08/78 P E T S O L E u n 

J 2 

r N F O S H B T I O N CO R P 

SUB FILE gOTHERHW. LISTING 

Pflg 866 

MO N 20 E 18 32 IOH 2381 W 2371 ( a P BPI H0-031- . 2001H 0 0 
106 SPim 10/23/1970 COW 11/17/1970 ROTARY D&fl , 
107 DTD 7510 LTD 7615 ^ , FH/TD 202UNPG I 
HOIOl DST 01 5H2D- 5H90_,35aiSKC y ^ g S „ 002 

y f HO N 21 

H0131 FIKflL OP 
H0201 DST 0 2 
H0231 FINRL OP 

~ S i I f p Hll) fl-H 1M55 BHT 
6 9 2 0 - 6 9 6 2 2038CRV 

3 » s n IFP 6H3 FFP 2687 

T i i r 
003 

26 10002 0H57S38210383395 0H57556310383339 
SHSOaO 900203iD«V 86raJ67 

" i ^ J SEC W 198L1 
101 S O f l K < ^ ^ T ^ fl 1980 FSL 660 FEL 
102 n iwnjTCT^aiUCERS 1 ffll 
103 3179 KB 3168 GR UlLDCflT 
IOH 3176 ES 3168 Ql P API HO-063 

J i S SPUD g7/0M/1967 COW 09/02/1967 ROTffliY 

33 

107 OTD 3uao 
HOlOl OST 01 8550- 85ffi) « ' - " " " ' 
H0131 fINHLOP 2H IFP 303 FFP 677 BHT 

20001 00 
O&fl 

C-t, < FH/TD 2O3R0RW T p 
t l » r 650 UTR 002 '^ 

lff»F 

MO N 21 E 22 10002 
10010 
10021 
101 
102 
103 
ICH 

063 05126273 
0H577132103735H3 CM5773HM10373HI6 

6000 1371510 91ia]3SD8V 8805369 
"fW N . J U — 4 g E 3 g r 22 1WLI 
SOflK^ffiDII^ fl 1980 Fl«. 1980 FEL 
CHWiPrSFPFTBOLEUn 1 CLARK! 

Jl7i MP-
P 

107 
MOlOl 
H013I 
H0201 
H0231 
H0301 

3 2 8 0 KB 
3 2 8 8 ES 

m m irr 
DSi 01 
Firm. OP 

BUFFffl.0 
3280 SR P RPI H 0 - Q 6 3 - 0 5 1 2 6 ra 
17/1968 COW 1 2 / 3 1 / 1 9 6 8 ROTffliY D&fl-OG 

^ 

H0310 
M0331 
HOHOl 
H0H31 
Hceoi 
H(^J 
HOibOl" 
Ma631 
50102 
60103 
50202 

58Hd2' 
50502 
50602 
60702 
50802 

DST 0 2 
F \ W L OP 
SSLSL. 
UTR TS 
FlNflL OP 
DST (»:: 
FIHflL OP 
DST 05, 
FINW. OP 

"PB 8559 
68H0- 6910 353CRLS fe ^ 7 

2H iFP 6 7 ' T f P 3 7 8 BHT 
7110- 7168 36aiSK_ 7 7 ? , 

2H IFP 771 r r r i 2 9 9 BHT 181F 
73a3- 7H75 352nSNC 

FlNflL OP 
2038D8V 
203RDRV 
203aD«V 
2g3SDRV 
M3R0RV 
203SDRV 
203RDRV 
203RDRV 
203RDRV 

IN 30n • - HCU l i o 1-
IH IFP IHlO FFP 3232 BHT ' l83r 

8505- 8555 203B0RV . 
IH IFP 18TF?F '^MBHT 189f 

8S7H- 8616 203BDSV 
IH IFP HI fTT THH BHT 188F 

203RDRV / . / 

\ ' \ .3. ..„. 
ra3 

| C \ , 0 
OOH 

ig.fo 

9 b H 8 - T ? 2 0 F 
IH IFP 2 3 

PEBF 
PERF 
PERF 
PERF U/ 
-ms • — 
PEBF 
PERF 
PERF 
PERF 

8H8 BHT 19SF 
8572- 8576 009 
85*»- 8602 010 
8572- 8602 GROSS Oil 

3/FT 8529- 85HI 015 
8529- 85H1 016 
8529- 8SH1 017 
8529- 86H1 018 

CVOS/78 

33 N 163 U 

33 N 163 U 

'-̂  

nn N 163 u 

S(H}S 

S006 

33 N 16H U 

33 N 16H U 

Pflg 869 

ILE GEOTHERHBL LISTING 
Ob/08/78 P E T R O L E U N 

K 2 

I N F O R H B T I O N , C O R P 

SUS FILE gPTHERHflL LISTING 

Pflg 856 

HO N 21 E 

MO N 21 E 21 

22 50902 2n3RDRV PERF 
51G02 2C3R0RV PERF 
61102 203R0RV PERF 
51202 203RDRV PERF 

' " 5 1 3 0 2 203RDRV FERF 

8 6 2 9 - 85M1 
8 5 2 9 - 85H1 
8 6 2 9 - 85H1 
8 5 2 9 - 8SH1 
8529- 85Hr 

019 
020 
021 
022 

"i5Z3" 

10002 
10010 031 20018273 
10021 TUP N 21 RGE E 
101 ̂  SDflK_CgRJS(!N fl 
102" " -- -

0M58161H1015H121 0H5816621016M161 
1270650 9011630DUO 7M00876 
21 SEC 6 065TH PRINClPflL 
6̂ :0 FNL 1989 fit N2 HH NE UF UF 

CHEVRON OIL " "TOTr'SBBlLEY 
'03 2173 KB: 2162 GR • | ?; UILDCRT 
lOM ! . ^ API HO 031 20018 00 
106 SPUO 06/2M/1976 COHP 07/17/1976.ROTRRY -D&R-G 
107 DTD 7M00 '" FH/TO I6300U0 

_M0101_DSI 01_ 
M0i3i FiWSL O F 

,M867- MJSS 352nSNC 
0H"30H \ W Mig Ffp 737 BHT ITOT" 

._go6.. 

06/08/78 

33 N 16M U 

33 N 16M U 



FILE gOTHERHRL LISTING 

P f l g 869 
'. / 

I 
vhA&m P E T R 0 L E U n 

K 2 

I N F 0 R ^ H B T 1 0 H c O:R p 

SUB FILE g O T I g S f W . LISTIHG 

P f l g 8 5 6 

HO N 21 E 3 22 50902 203R0HV PERF 
51002 2C3ED8V PERF 
51102 2OJH0RV PESF 
%\mi aiJRPRV PERL, 51302 203RDSV PEBF 

8529- 85H1 
8629-;8SH1 
8529-', 85H1 
8529- 85H/1 
8M9- m \ 

019 
020 
021 
022 
023 

HO N 21 E 21 5 \ ( m i (M58161H1015H121 0H5816621015H161 
i ra iO ti3l i20dl8273 1270550 901 iS3t«»£D 7H00876 
10021 TW N ,J1 B g E 21 g c 5 (K5.TH RRlHtJPflL „ r--
UU SDffl<CfOSSgp fl 6HQ FKL 1980 F E L S ^ t g n g > U F Iff 3 - > 
102 cHEVRTS?Trrr̂  r n - s BflTrt 
103 2173 KB 2162 Q! UlUDCflT 
IOH f? I HO 031 2rai8 ra 
1(K SPUO 06/2H/1976 COW/d7/17/1976 BOTHRY , O&fl-G 
107 DTD i7Mm „ . , FH/TD 153DDUD 
HQIQI PST q i H867- H88S 352ng«C ^9^7(^ (MS 
H0131 FINftt: OP QH30n IFP M18 FFP 737 BHT 170F. 
H0201 OST 02 6325- .6362:maiBV L %tf^ 
H0231 f iWa. OP IH IfP 569 TfPlSSH BHT' 17« 
H0301 (KT 03 6362-i'&H'2fe-2d3BD8W L p l f 
H0331 f IWB. OP 0HH5n IFP' 1502 FrPTB23 BHT ' 168F 

17HF.-
S006 , y 

007 

y/iy^ 

HO N 21 E 2H 12 

35 

MO N 22 E 21 

l ' ^ r . 7? i2s ,o ia8325 OH67918010108253 
SbC-'- 'O S01353HIDL HOHOl70 
2H SEC 12 198LBCK,*Wt*S 
660 FSL 662 FEL ^ g j f f I f f 

1 B ST f lT t * ^ 
UlLDCflT 

C08P 

iora2 
i ra iO 031 200aH273 
10021 TUP K i _ 2 1 - « 4 g E 
101 a t w r c ^ o f O fl 
102 nUSmT"*M?=CWffeiN 
103 1983 KB 1972 (A 

" t m 1981 OF 1973 GB P L g NO flPI HO-031- 2000H-TO 
105 SPUD 0 6 / 0 6 / 1 9 6 9 COW 0 6 / 1 6 / 1 9 6 9 ROTffliY D&fl-G 
107 DTD H039 LTD HOHO FH/TD 353n i0L 
HOldl DSt d l 1 5 2 1 - i S S l 6d3N8RR lilSSUN 002 
H02C1 OST I f l 1 5 2 1 - 1551 603^fflRR HISRUH ra3 
H0301 DST IB 1 5 2 1 - 1551 603^aRR _ HISRUH OOM 

%P 

HOHOl DST IC 
H0H31 F INflL :dP 

1 6 2 1 - 1551,6qa!BFR 
3H IFP - - ' - ^ ^ -15 P T F 625 B H T ^ 

To 
87F 

005 . f / 
7p7<p73 

10002 C>H57Him910086088 OH57HH6710085903 
10010 031 20ra7273 9999970 900559JfiSC 2936 
ira21 TUP H J.^H-v R g E 26 g c _ _ 

- " ^ f E r T T N U NEJS 
1 SCHOTT̂ IWfflJSON 

UlLDCflT 
flPI HO-031- 20007-ra 

" 101 S S S T ^ l ^ fl 660 fHl 1 
102 KOCHTWTOJflTION 
103 2ira KB 2090 GR 
IOH 2098 Df 2090 GB P L g KO 
IDS SPUO 06/03/1969 COW 06/06/196? ROTARY D&fl 
107^_D.TO 2935_ _ „ _ ^ fH./TD 569JRSC 
MOioTo ' f ra i : 25HH-^bf3r6QgekY_""~ m i 
M0131 f l « l L OP "" " ' ' 20n IfP 955 f f l ' 1UHH H BHT~92r : V 
100O2 
lOOlO 063 20030273 

0H58583910376610 0H68593810376573 
1652050 911203RDRV 9067270 

06Aa/78 

33 H 16H U 

33 H 16H U 

33 H 16H U 

i__33JN J6H J L 

Pflg 870 

ILE gQTHERHflL LISTING 
06/08/78 

MO N 22 E 

P E T R O L E U H 

L 2 

I N F O R H A T I O N , 

TUP N 22 RGE E 3 SEC 
SDflK HflRD'NG fl 1980 FNL 
CONSOLIDATED OIL & GflS 
. 3 2 i u ^ | p 7 j jR^ . . . . _ „ „ : _ _ 
32H6 OF 32T7 GiTP LSE NO 

21 10021 
101 
102 
103 _ 
lOM 
106 SPUD 12 /0M/1%9 COW 01 /22 /1970 ROTflRY 
107 DTO 9057 LTD 9066 
MOlOl OST 01 6 7 1 1 - 6797 353KBeY 
M0131 FlNflL OP 2H IFP 818 FFP 2333 BHT 
M0201 DST 02 ^ 70.20- 7100 353CRLS 
"M023i F INflL OP 1H30H | F F T 0 2 0 FFP 2 9 I T T H T 

8686- 8729 203R0RV 
3H IFP 128 FFP M3M BHT 

8767- 8797 203RORV 
3H IFP 6M FFP 297 BHT 

21 l96LflCK HILLS 
660 FUL C SU NU UF UF 

1-21 FEDERflL 
UILDCBT 

» T M0-1!63^ 20030-00" 
0&fl-OG 

Fn/TD 203RORV 
002 

172r 

- J 9 1 -
M0301 DST 03 . 
M0331 FlNflL OP, 
MOMOl DST OM ' 
MOM31 FlNflL 0P{ 

. 501.02.,203.R_DRW lOPENROLE^. J6.76; 

l65r~ 
IBOF 

196F 
-.9.067 

SQ06 

.J)06 

C O R P 

SUB FILE GEOTHERHflL LIST ING 

Pf lg 867 
06/08/78 

33 N IbH U 

_33_N._1J,M_y 



pflg 870 

FILE GEOTHERHflL LISTING 
6/08/78 

MO M 2 2 E 

P E T R O L E U H 

1 - 2 

1H F O S n fl T r o H , COR P 

SUB FILE gOTHERHHL LISTING 

P«S 857 

21 10021 TUP N_J3==»Rg E 3 g c 
101 S D f l K ^ g o V ^ fl 1980 FW. 
102 coHsoSwrra OIL & GBS 
103 32H9 KB 3237 Bl 

3^. 
IOH 
105 
107 
HOlOl 
HOI 31 

UlLOCflT 
32HS OF 3237 Ql P L S KO : RPI HO-o43- 20030-ra 

SPUD 12A)H/1969 COW 01/22/1970 ROTffliY D&fl-OG 
DTD 91R7 LTD 9056 FH/TD 203R0RV 
os t 01 6711- 6797 3 5 » i | X 002 
FlNflL OP 2H IFP 818 FFP 2333 BHT^172F 
PST 02 7020-_7100_353CBLS _ 7 » ( ^ ^ ' 003 

1 6 ^ M0231 FlNflL OP lH30n iFP i f ad FFC 
M0301 DST 03 8686- 8729 20: 
H0331 FINffl. OP 3H IFP 128 FFF H3H BHT 180F 
HOHOl PST OH 8767-8797 2d38t«V 
M0H31 FIKBL OP 3H IFP 6H f r f ~ i 9 7 BHT 195F 
S0102 203SD8V OPEKMOLE 8676- 9057 

HO N 22 E M 2H 10002 ? 0H58587H10367M17 0H58572510357Hra 
i ra iO 063 20082273 99999 23H2951 110203BDRV 203RORV 9210M75 
10021 TW> H 2 2 = > ^ R g E H SEC 2H ImBCK HIUS „ ' 
101 soflyrp^Twsi n i830 FW. 2030 FULOElg K U W UFD 3 7 
102 gPCSh f t f ^ ^ 22-2H T B a » ^ s * = ^ 103 ! 320H l a UNNflHED 
lOH 321H OF 3206 GR P L g KO ffl>l H0-Q63- 20082-(H} 
i r e SPU0 11/10/197M COW OH/OH/1975 BOTffllY OIL 
107 DTD 9210 FH/TDV2O3B0RV 
20102 2038DSV PEBF U/ 2/FT 89H8- 8956 007 

_aiiaLuTt 

MO N 22_E. 

HOlOl 
HOI 31 
50102 
50202 

10002 

DSTor 8911- 9060 -iDsmn S l T l StB3" 
H6n IFP MMM 7 F P 5 7 1 BHT 218F 

2O3H0RV PERF U/ 2/FT 907M- 9080 005 
203R0RV PERF U/ 2/FT 89H8- 8956 006 

iTCO 063 20053273 
ira21 TUP K c ^ a ^ . ^ R g E 
101 SDf lK^WoT^ fl 
102 g P C 0 7 W = ^ 
103 2977 KB 2966 Ql 

JOH ,:.-
SPUO 12 /S7T97T 

-555! 
23H2" 
5 g c 

700 FNL 

l ^ ^ 9 1 l l 0 3 S i 
2698 (yi5?06O31ffi 

OSV 
5 1« 

1320 FEL 
H1-5 Jf 

UlLDCflT 
. ^ ., A^ AH. A " g j ' *0 - '» '3 - 20053 00 

COW 0 1 / 2 7 / 1 9 7 2 ^ 0 T W Y D&A-OG ios 
107 DTD 9127 
HOlOl DST 01 8858- 8892_ 
HOI31 FlNflL OP 2H IFP 63"FFP^ 99 Bl 
H0201 DST 02 9021- 9039 2O3R0SV 
M0231 FINaOP OHHSn IFP l a i S T f O S l a 
"Mosiyi'w^j "89B6-""9srra2Siu^TD-5ro'— 
M0331 FlNflL OP IH IFP 368TFP H76 BHT 226F 
H0M01 OST OM 8913- 897M 203aMK 
M0M31 FINAL CP IH IFP 36-fTP 98 
MOSOI OST 05 8 9 r a - 896H 203fiORV 

^ ^ FH/TD 203R0BV 

,¥'^^6F ^ 
SOOH 

§0(55" 

006 

HlSRUN oa? 

Oby'08/73 

33 H 16H U 

33 N 16H H 

Jl_NJl&H_J 

! 33 N 16H H 

nn N 16M k 

PRg 871 

fJLE__G£_Q.TiOHfll._LJST ING 
06/08/78 P E T R O L E U H 

n 2 
I N F O R H R T I O N 

MO N 22 E 10002 OH690627103535M6 0M690H9910363361 
10010 063 2008fc273 86000 6026011 110203RORV 203RDRV 9106076 

C O R P 

SUB FILE GEOTHERHRL L I ST ING 

P R g 868 

10021 THP N '22 RGE E 
igi SDR»;_HflRDING, fl 
1 0 2 ' LUFf" KENhSETM r r a r 

2986 GR 
2997 DF 2987 GR P 

103 
lOM 
106 
107 

6 SEC 5 .9BLflCK HILLS 
500„F.NL _ . l 800_ F HL HH NE NU UO UOE 

JflHVRTN 
'.TgflVERS RANCH 

LSE NO flP.|r'.«0r063- 20086-00 
SPUO 0M/in/t976 COMP 08/28/1575 ROTRR:Y**^ , OILi 
OTD 9106 - =F,ff>TO Z03R0RV 

2gi02^203RDRVLPEtr U/ 2/FT 900M- 901M 009 
'MOIOIDST Qi ; " 8903- B97I 203Rt)RV" nl?SUN~0D2^ 
M0201 DST 02 . 8903- 8971 203R0RV 003 
M0231 FlNflL OP lH30n IFP 98 FFP . 98 BHT 212F 
M0301 DST 03 ; 8968- 9002 203R0RV • . ^^^^ 
M033I FINAL OP 2H IFP 13M FFP ' 223 BHT 22QF 

06/08/78 

33 N IbM U 

33 N IbM U 



p f l g 871 

\LV. gOTHERHRL LISTING 

--i 

— i 

t)8/78 P E t fi 0 L E U H 

n 2 
\ N F 0 S n fl T I O N , C O R P 

SUB FILE gOTffiBnW. LISTING 

Pflg SSS 

/ HO N 22 E 10002 GHS90627103535H6 0H69aH991O353351 
iraiO 063 20086273 850O) 5025011 110203ftORv203BDBV 9106076 
10021 T W H ^ ^ — f i g E 5 g C 5 :wi.K6=kaj[s 
101 S D f l K ^ D I ^ H SCO FW. 1800 F « - . ^ ^ « ^ m »0£ 
102 LUFF «M. t<rETf lL ^ 
103 2985 Ql TSBVERS RRXCH 
IOH 2997 Of 2987 SI P L g KO API HO-063- ZOftSb-aO 
1(B SPUD (»/10/1975 C(WP (» /a /197S ROt«Y ; OIL 
107 DTD 9106 FH/TD 20SiDBV 
20102 2D3Bpv PERP K/ 2/FT 9a0H- 901H 009 

y / 

HOIOl DST d l m a - m \ mmt^^i 
HOail OST 02 8903- 8971 203BI»V 
,H0231 f IWB, OP lH30n IfP 9ffTFP ^ BHT 
H03dl DSt 03 8968- 91602 203SDRV Tfi 
90331 FIWB. OP 2H IFP ISHTf?—223 BHT 
•fpHOI PST 
HISOl DST (Sf 8972- 9020 203SDSV 
H(S31 FINRL OP 2H 
MObOl DST 06. 8972- 9028 203B08W 
MdblO (*S t s IN iHHSI " ^ 
H0631 FIKflL OP 2H IFP 223 f fP 617 BHT 

HlSRUN 0d2 

ra3 
' , .- SOOH 

HISRUK 005 SOOC 

S007 

222F: I'l' ' 
P 

06/08/78 

33 N 16H U 

22 E 5 23 T m K ' 0H58S972tC3H66H5 0H685779103H66HH~ 
10010 063 20102273 88000 666501 9I1203R08V 9200277 
10021 TUP N a S = = B g E 5 g c 23 055M=P«m»6JPBL 
101 SOflK^^!iW/ fl i6(m F«: 1980 FEL^ttJU iO«0 'Mi y P 
102 PET tt^=^ 1-23 FET"~~ 
103 3(a8 a YELLOU KflIB 

33 N 16H U 

TOH : RPI HO 063 20102 ra 
105 SPUO 08/06/1976 COW 09/0H/1976 BOTflRY D&fl-OG 
107 DTO 92tHJ FH/TO 203B08V 
HOIOI DST 01 8926- 8966 a J M a a . 5002 
H0131 FlWa. OP 2H IfP HMl FFP 1667 BMT 21g-

- » l - ^ ^ o r ^ r 5 » ^ ? ^ ^ W ^ % f i l f 3 ^ 2 - ^ 1J2E?3 

MO N 22 E 27 100)2 0H58IIZS7103H8171 OM58H238103H813O 
10010 063 20PH3273 99999 9999961 ll02a3RDBU 203808V 91Hra73 
ira21 TUP 

103 3202 KB 3190 Ql UtCO&SD 
IOH ffl>l HO 063 200H3 ra 
105 SPUO 12/16/1970 CCW 02/1H/1971 ROTWY OIL 
107 OTD 9130 LTD 91H0 PB 9109 FH/TD 203JDRV 
20102 2ggBD8V PEBF JgT U/. H/FT 8^)9- TOTO GBOSS g^D 

STB 
"MdTirDSrHI 
MOI31 Fl^«a. OP 
H0201 DST 02 : 
H023I FINAL OP 
H0301 DST 03 

?d8?r7iSS-35.' 
2H IFP I39TFP 

8876- 8912~OTSiav 
2H W IfP l 3 9 " F F P l t 

9018- 9082 M ^ i a j L 

696 BHT _192fV 

BHT.- 210F^: 

33 H 16H U 

33 H 16H U 

RU INDEX 

fl 33 N 
3 MO N 
C HO N 
D HO N 
E HO N 
F HO N 
S HO N 
H HO N 
1 HO N 
J MO N 
K MO N 
L HO N 
n HO N 

( - — — 
1 ' 
1- •" 

16M U 
3 E 
5 E 

12 E 
IH E 
IH E 
15 E 
19 E 
20 E 
20 E 
21 E 
22 E 
22 E 

'/ 

i 
1"! 
22 
M 

1& 

2I 
«i 

18 
3 
3 
e, 

l b 
18 
^̂  
H 

29 
8 
M 
H 

l b 
32 
22 
21 
5 

Q 

m ; 
1 

0 

"-• t 

1— 

P \ HH-! r ^ P r 
^ M A 

• 1 

lr' r' 
J y y >»-j 
_ j 
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1 

Pi 
\ 

7 

-

RU IfCEX 

B 33 N 1b3 
B 33 H lb3 
C 33 N lb3 
D 33 H lb3 
E 33 N lb3 
f 33 N lb3 
G 33 N lb3 
H 33 N lb3 

33 H 1b3 
1 3 ; N lb3 

K 33 N IbH 
L 33 M IbH 
H 33 N IbH 

- , : . 
1 " ^~ 

: 



I' PflGE 872 

B fILE GEOTHERHflL LISTING 
Ob/08/78 P E T R O L E U H 

fl 3 

I N f 0 R H flT I O N , COR P 

SUB fILE GEOTHERHflL LISTING 

Pflg 869 

MO N 22 E 27 M0331 f INflL OP 2H 
50102 203RDRV PERf 
50150 UTR 

IfP 150 ffP 201 BHT 21g 
JET U/ M/FT 8909- 9C70a!0SS 007 

"22"E"" 'Vam i]ii5JS93fMl03M3377 { 
i ra iO 063 2ra73273 502505C 91G203RDRV, 
10021 TUP M 77 BCT E 6 g c 7 1?B 
101 SOflK ^ D ] N 0 fl 12H0 FNL 1300 FUL< 
102 LUFF KOWETH D ETflL 1-7 KB. f 
103 292H KB 2911 GR HlLDCflT 
1(W 2921 DF 2911 (a > L g KO BPI HO-063- 20073-ra 
105 SPUO ll/OH/1973 COW I2/0H/1973 ROTARY D&fl-O 
107 DTD 9 i ra , rF"^TD 203RDRV 
H01Q1 DSt d l 8820- 8950 2d3SHHN ^ ^ \ . 007 
H0131 FIKflL OP 0H30n IFP 72-rrP—120 BHT 182F I^H 
M020I DST 02 8970- 9038 203SNnN e . , . ) 003/ 
H0202 OVERLFVS 203RDRV 
H0231 FlNflL OP IH30n IFP T 19tff 

i 06/08/78 

33 N IbH 

MO N 22 E 21 36 10002 
i ra iO 03i 05056273 
10!-21 TUP N 22— R g E 
101 SOflK i f lSsSo B 
102 
103 
IOH 
105 
_107 

701 FFP 1837 BHT 

0>»582CH8ldl'»6H56 0H582083101H6576 
8325050 9112a3RDRV 6680966 
_21 US, Si 198t,^^HIU 
660 FSL UF UF 1980 FUL 

UlLHIlt"!" J 1 STflTE 
2226 KB 2215 Ql UlLOCflT 
22H7 OF 2238 GR P RPI MO-031- 05056 M 
SPUD 08/23/1963 COW 11/01/1965 ROTRRY O&fl-OG 

LTD 6680 FH/TD 2C3RDRV 

Y ^ 

HO N 23 E 2H 

M0101 OST 01 
M0131 FlNflL OP 
MC201 OST 02 
M0231 FlNflL OP 

i(ira2 

6H6H- 6H95 203SDSV 
2H IFP 10H-pff>-t587 BHT.. ISHF 

6518- 6635 203BDBV 
lH30n IFP 83 H-H '208 BHT ISHF 

sraJ 
0OH< 

0HS9H13M103687H0 OHS9H01310368710 
iQ(iicr'56ra5099272 999W6a?oid'9"iranscrv -TvmTi 
10021 TUP H, , .^ - .^GE E 3 g c 2H 19BLflgumtLS , , ^ 
101 soflKWBDiigit - M _ ^ w > P '-rfc 
102 PETS()rearW I STflTE ̂ ^ ^ ' 
103 3068 KB 3057 Gfi IWNflHED 
IOH ^3066 OF 3066 Gfi P L g NO flPI HO-063- 20099-ra 
1(B SruinB;:*097l976"TlBffU77ri/l"97O15TWrY" CSfRSf 

DTD 9180 LTD 9187 _ , FH/TD 203RDRV 107 
HOIOl 
HCl 31 
H0201 
H0231 
"Mj)3<Jl 
M0331 

DST 01 
FlNflL OP 
OST 02 
FlNflL OP 

osroj— 
FlNflL OP 

HOHOl DST OH STRD 
M0601 DST OS STRD 
M0631 FlNflL OP 2H 

2H 

_?H. 

2H 

5 BHT 210F: i?.>) 
73HM- 737H 352nSWC 

IFP 320 FFI" SHI 
89H2- 8972 203RDBV 

IFP 20rTr''~~T27 BHT-" 222F 
9 0 7 ^ ^ 9 1 ^ aj3»;»v 

IFP 9H9 FFP JOTH 
9088- 9115 203B0av ^ 
9070- 911H, M^DfiV 9 6°! 2. 

IFP 26STFP1665 BHT ' 250F 

002 

sra3 

'WS<* 
iP-

HISRUH 006 
,„< 5006 iy^P^ 

_,33_N.J.bM_ 

MO K 1 

HO H 3 

P PflGE -"73 

I FILE GEOTHER.IflL LISTING 
06/08/78 

MO N 23 E 

MO N 23 E 

31 

19 

B 3 

P E T R O L E U H I N F O R H R T I O N C O R P 

, SU.B„£lLE..6.E.0THER_riflL LISTING 

Pf lg 860 

100C2 
10010 0 6 3 7.0091273 
10021 TUP M 23 RGE 
101 
102 
103 
lOM 
105 
1G7 

SOBF. HBRDING fl_ 
HELHERICH S PAYNE 

3093 GR 

0H69I9681037919H 0M6918261037923M 
3M66050 9O02O3R0fiV 8897K76 
3 SEC 31 L96LWJU1LLLS 

660 FNL _ 660 FEL C N E NE UF UF 
T-"3l HHI fR-FI 

UlLDCfl 
flPi MO OS 

SPUD ,10/29/1975 COMP 11/30/1976 ROTARY • « 
; LTD 8897 FH/V 

MOlOl DST 01 __ 8669- 8695 203R0RV 
M0i3l FlNflL] OP 'iH iFP' '62"rrF"'Z9l''B"lfT'" 

10002 OM59M023103b766': 0M59388(P03b7600 
10010 063 201MM273 60000 866501- 110203RDRV 203RDRV 92M6J77 
10021 THP N; 23 RGE E M SEC 19 066TH PRINCIPAL 

' -^s^'""' 

.20091 00 
• O&fl 
'203PORV 

002 

-nov LiODn. u r ( t . - \ n r c i . 

06/08/78 

MO N 

MO N 3 



FILE GEOTHER.IflL LISTING 

Pflg P73 

* , - - -t-

06/08/78 P E t R 0 L E U n 

B 3 

I N F O R H B T I O N C O R P 

SUB FILE gOTHERMffl. LISTING 

PPta 860 

MO N 23 E 3 31 10102 
i ra iO 063 20091273 
ira21 TUP t U . 2 3 - . ^ g E 

. 101 sp f f lO imp i f f i Z -a -

0H5919681037919H 0H59.18261037923H 

102 
103 
IOH 
105 
107 
M0101 

Vi.\.\ PflYNE 
3093 l a 

3H66060 9002O3R0RV 
3 g c 31 19BI 

660 FN, m F z , ^ ^ ^ ^ 

8897K76 

UF UF V l 

HOI 

UlLDCflT 
flPI MO 063 

SPUD 10 /29 /1975 C ( t f S ' i l / 3 d / l 9 7 5 ROTflRY 
LTD 8897 

01 DST 01 8669- 8696 203RDRV 
31 F 

rs: 

•INBL OP IH IFF 62 FFP 

„ , FH/TD 203RDRV 

?cs-^ . ra2 
M l BHt 

-̂ sssr 

06/08/78 

HO N 3 E 

HC N 3 E 

HO N 23 E 19 10102 0H59H0231036756", 0H59388010367600 
i r a i O 063 20tHH273 500ra b66Sdl i10203RDBV 203S08V 92H6J77 
i r a 2 1 TUP N . « 2 4 = = R g E H SEC 19 055IH=ERaKCJPBL . , ; /> 
10 ; SDfllg>CTDiNG3 fl 16ra FSL 2Hra F E L ^ H , N H S D W UOE T / > 
102 P t I IKC'" 1-1 flRltHbUN-
103 3079 KB 3065 ( » S MEOICNE PLE HLL 
IOH 3075 OF 3065 Oi P L g NO flP I MO-063- 201HM-00 
105 SPOJ 09 /08 /1977 COW 11/03 /1977 ROTflRY OIL 
107 DTD 92H0 LTD 92M6 FH/TD 203R0RV 
20102 203RDRV PERF 9122- 9130 005 
201H1 a 9HM6FT BHT 192F _ - , 
HOlOl DST 01 8950- 8978 203RDRV h l i > ^ S002 
HQllO GflS TS IN IHSOn /NO GflUg/ ,t,t 
H0l3l FlNflL OP 2 H IFF 290 Ffp 617 BHT ,21Cf ' • 
M0201 OST 02 9090- 91M2 203RDRV f f l C , S003 
M0210 GflS_ TS IN lH52n /NO GflUg/'•^' ̂  -
M0231 f INflL OP " ~ — — — — 2H Ifp 38? Ffp 1082 BHT 2i6f 

MQ N 23 E 22 i raQ2 0M59M372103M8220 0M69M279103M816M 
i r a i O 063 2GCC'I'73 99999 23M2% 1 110203RDRU 203RDRV 9230973 
i r a 2 1 TUP H ^ J A — ^ t S . E 5 g c 22 198LSGK-Wy.S 
101 SDflK ^ D J J i g fl 660 fNL 660 fEL X NE > 0 Uf IffD 

T B 2 HflNOVER PLflNNING M l -22 OTTERNESS^^ : 
103 2966 KB 29H2 Ql UNNflHED 
IOH 2968 Df 2958 ( a P L g NO flPI HO-063- 2006H-ra 
105 SPUP 05 /06 /1973 COW 08 /27 /1973 ROtflSY OIL 
107 DTD 9230 fH/TO 203S0BV 

U/ 2 / f T 8970- 9150 GBOSS 015 

¥3__ 

20102 2038D8V PEBf 
MOI 01 
MOI 31 
M0201 
M0210 
M0231 
50102 

q o ie> 
BHT 222f 

l l . t l 

50202 
50302 
60H02 
50602 
60602 

^ r S t 89H5- 90?6 
f I NflL OP IH15n IfP I35"TPP 23H . . . . 
OST 02 9080- 9170 203B0fiV_ 9 / l C 
GflS TS 1N MOn HOT GBUGED , " , , 
f lKflLOP 0H55n IfP 172 f fP 2H7 BriT 22Mf l ^ ' 
203RDRV PERf JET U/ 2/FT 8970- 897M 008 

S002 

S003 
F " 

203R0RV 
203RDRV 
203RDRW 
2O5R0RV 
203RDRU 

PERF 
PERF 
PERF 
PERF 
PERF 

TST U/ 2/FT 9038- 9050 GR0SS~a09 
JET U/ 2/FT 909H- 9150 GROSS 010 
JET U/ 2/FT 8970- 9150 GROSS Oil 

8970- 9150 GROSS 012 
8970- 9150 GROSS 013 

MO N M E 

MO n 5 E 

Pflg 87M 

ILE GEOTHERHflL LISTING 
06/08/78 

MQ N 23 E 

MO N 23 E 

22 

30 

50702 2Q3RDRU', 

P E T R O L E U H 

PERF 

I N F O R H R T I O N , 

8970- 9 l 5 0 GROSS OlM 

C O R P 

SUB FILE GEOTHERHflL LISTING 

Pf lg 861 

10002 '. 0M5930221035MMM7 0M5929191035M359 
10010 0«>3 20126273 6Q000 29M0010 9112O3R0RV 9200178 
10021 TUP N 23 R g " E " ~ 5 SEC ^ ( T " 066TH PRlNOPPiL 
101 SDflK HRROING fl 1800 FNL 660 FEL N2 SE NE UO 0 
102 UEBB RESOURCES 30-8 NJOS-JflHVRIN 
103 30M8 KB 3U38 GR •- STflTE LINE 
lOM . , - , ,. .:,. API.Ma.063 ..20126 do 

. 105 SPU0_06'/037i977LC0nPJ)j>/lM_/I9.7ZJR.0TBR.Y__ D&fl-OG 
107 OTD 9200 LTD 9191 " FH/TO 203RORV 
MOlOl OST 01 ; 8986-'8998 203RDRW S002 
M0131 FINAL OP, IH IFP;' 86 FFP 125 BHT 216F 
M0201 DST 02 ' 910M-..,9168 203RORV S003 
M0231 FINAL Op- IH •79,= 363 FFP 355 BMT 22QF 

Ob/08/78 

MO N 5 E 

HO N 6 E 



LE GEOTHERMflL LISTING 

PAGE STH 
(Ki/08/78 P E t R O L E U n 

C 3 

I N F OR li flT I 0 H , C O R P 

SUB FILE gOTHERHRL LISTING 

Pflg 861 

/HO N 23 E 

MQ N 23 E 

22 

30 

50702 203RDRV. PERF 8970- 9150 QIOSS OlM 

10002 0H5930221035HHH7 0H6929191035M369 
iraiO 063 20126273 60000 29HraiO 911203RDRy 9200178 
inn7i TUP N 73 p p F 5 S ? ja (555" 
101 SDflK^^^> a 18ra FNL 660 FEL ̂ 3 E _ _ 
102 UEBB RESOOBCES 30-8 N J O S T H O T S T N 
103 30H8 KB 3038 Ql STflTE LINE 
IOH flPI MO 063 20126 00 
105 SPUD 06/03/1977 COW 06/1H/1977 ROTARY D&A-OG 

ro 

107 DTC 92ra LTD 9191 „ . , FH/TD 203RDSV 
H01C1 OST 01 8986- 8998 203SD8V ' h ° i ^ 7s S002 
M0131 FlNflL OP IH IFP 86 F F P l S JHT 21SF [%,'̂  
M0201 DiST 02 9idH- 9158 2d38bav q J ^ I S003 
H0231 F I » « L OP I H '7P 353 f f P "355 BHT ^ izOF 

7'"" 
I ' i , 

23 E 6 . 27 10102 0H59286610336328 0H69266810336O52 
i r a i O 063 2008H273 99999 5025051 110203B0SV 203B08V 9270775 
i r a 2 1 TUP " : ? ^ - P' i f E 6 g c 27 19BLf lC£g±U4S 
101 sDflktfiigolNGj 0 26Hd FNL i95d fEL l l 2 _ S f f ufo 
102 LUFF Rt/WtlH ETflL 1-27 n i L L E R ^ ^ * ^ 

a f l 3 2907 KB 2895 Qi UKKflHED 
^ / 

IOH 290H OF 2895 GB P L g NO flP I MO-063- 2ra8M-aO 
1(S SPUD 0 1 / 2 2 / 1 9 7 5 COW OH/29 /1975 ROTffliY OIL 
107 DTD 9270 f H / T D 203R0RV 
2 0 l d 2 203BDBV PEBf 8 9 8 6 - 9213 OIOSS 012 
20150 UTR 
HOIOl DST 01 ' 8 9 8 0 - 9050 g03BDav „ ^ , , ' ' S f f l i 
H0102 OVEBLfVS 
H0131 fl l f f iL OP 
MC201 DST 02: 
HC210 GflS TS 
HC231 fINflL OP 
H0301 DST 03 

-f^f^' 77 
15f !!(•%'• 

dP^re.fr.'iT'dHT 
- .HT, 2 l 7 f UK BL INCR 

912S- 9175 203B0BV. ^ I C <? HISBUK OOH 

2036NTN 
2H I f P 160 f f P M72 BHT 

9 0 6 6 - 9120-203SDRV 
IN l H 2 8 n - — — 

2H I f P 198 f f P M15 BHT 

S003 

BHT 217f-

BHT 2 l 9 f 

HISRUH OPS 
S006 

MO H 2 3 E 32 

H0331 
HOHOl DST OH 9126-9175 203RDBV 
MOSOI DSTOOS , 9130- 9175 mSgntV 
M0531 f INPL OP 2H IfP 21HTFPM06 BH' 
60102 2O3S0RV PERF JET U/ 2/FT 9166- 9213 laOSS 008 
50202_203R0RV PERF _ U/ 2/FT 8986- 9028 GROSS 009 

"60302 2O3R0gV P l R r " U/ &rT~"9d8f r9101 OlC 
50M02 203B0RV PERF U/ 2/FT 9109- 9110 Oi l 

10102 -. 0H591072103H1078 0H690888ld3H0796 
IMIO 063 201H5273 MOM! 502505 110 203RDSV 9110J77 

_ira2.1_TUP N ?T J f i f l - . . b ^SEC_ _ 32 198LBpUW44.S 
101 SDflKV&ROT^ A 1320 FSL 2375 FHL" C E j ^ H F UOE 

LUFF KESRETTT 1-32 SUANSi)fi™ -
2880 KB 2866 GR MWDING SPRINGS E 

102 
103 
lOM 
105 

' ^ 3 i 
API MO 063 

SPUO 0 8 / 2 5 / 1 9 7 7 COW l O / I H / 1 9 7 7 ROTABY 
201H5 00 

OIL 

PflGE 876 

E GEOTHERHHLJJST^G 
Ob/O' .'78 P E T R O L E U H 

P 3 

I N F O R H R T I O N C O R P 

SUB FILE GEOTHERHflL LISTING 

Pf lg 862 

MO N 2 3 E 32 PB 9060 
U/ 2/FT 

8886 2Q3R0RV 

107 OTO 9110 
20102 203RORV PERF 
MOlOl DST 01 8818 
M0102. OVERLflPS 2C3SNnN . 

GflS TT IN OHl^fr ' /NO GflUGE/ 
FINflLOP 2H IFP 279 FFP M15 BHT 226F 
DST 02 890M- 8962 203R0RW 
FlNflL OP 2H IFP 193 FFP 293 BHT 2iMF 
DST 03 8968- 9070 203RDRV 

8858- 9018 GROSS 006 
S002 

MOHO 
M0131 
M0201 
M0231 
M0301 
M0331 FINflL„OP ._2H_. ..lf.P_..2i6-.ffP M.66 BHT 226F 

S003 

SOOM 

MO N 23 E 8 19 10002 
10010 063 20097273 
10021 TUP N 23 RGE E 
101 SDflK HflRD'iNG fl 
102 SHOKEY_OJL 
103 28r2"KB 2800"GR 

0M59376110318037 0M69362910318138 
10235550 911203RDRV 9M3b6?6 

8 SEC 19 055TH PRINCIPRL 
660 FSL 1926 FUL H2 SE SU UF HF 

2M-J9_GRUBER 
UllB'fflT 

I 06/08/T8 

> HO H 5 E 

I HO K 6 E 
I 

HO K 6 E 

HO N 10 E 

HO N 12 E 

06/08/78 

HO N 12 E 2 



PflGE 875 

FJLE GEOTHERHflL LISTING 
O b / O ' 7 8 

HO N 2 3 E 

P E T R O L E U H 

D 3 

I N F O R H R T I O N C O R P 

SUB FILE gOTI€RnflL LISTING 

PAg 862 

32 107 DTD 9110 PB 9060 
20102 203RDRV PERF U/ 2/fT 
HOlOl DST 01 8818- 8886 203aDav 
HOlOg OyERLRPS 2C3SNre« 

8858- 9018 QIOSS 006 

^ ^ b ^ sra2 
H d i l d ( » § YS IN (Wl9n TSanSSBXT" 
HOI31 FIKffl. OP 2H IFP 279 f f P H15 BHT 22Ef 
H0201 DST 02 890H- 8962 2O3R0RV 
H0231 f INflL ( * 2H I f P 1 9 3 n T P ~ 2 9 3 BH 
HC301 DST 03 8968- 9070 2038DRV 
H0331 f INflL OP 2H I f P 216-FTT~i re5 Bd 

BHt 2 iH f 

Birr 2 a F ' 

HO N 23 E 8 19 10002 
i ra iO 063 20097273 
10021 TW> M 23 j R F E 
101 S0fiK(£ffiQib9 fl 

_1Q2. 

0H59375110318037 0H59362910318138 
10235550 911203RDSV 9H36676 

8 SEC 19 OSSIH-PBUg; JPflL 7_-
660 FSL 1926 FUL ^ g S U J U f UF J 3 

2H-19 ( a l P - ^ ~̂  
103 2812 KB 28ra QI HlLDCflT 
ICH 2810 OF 28ra Ql P L g NO flPI HO-063- 20097-ra 
1(B SPUD 0H/13/:976 COW 05/25/1976 ROTflSY O&fl-OG 
107 DTD i9H36 „ , JFH/TO 2d3SDSV 
HOIOl DST 01 912H- 9180r.2038DBV H I 5 ' S L S002 
H0131 FlNflL OP 2H IFP H63 F F F teH BHT 2 ; 
H0201 
H0231 

OST 02 
FIKflL OP 

9221^ 9 2 6 6 : a a W V ~ 7 X 
2H IFP M69 f fP 856 BHT T 22HF 

ra3 

MO K 23 E 27 32 10002 
i r a i C 031 20006273 
10021 TUP Hr-^ '^K, ."CT f 

MO N M3 U 29 IM 

101 
102 
103 
IOH 
105 
107 

SOflKUOSSSiP fl^ 
KOCHTmOSflTION 

21H9 KB 2139 GB 

0HS90726ira79927 0H58925810079821 
9999970 900559JRg . 3050 
27^ gc 32 . 198LBOt-WU^S 
660 FSL 

^ 
1980 FEL 

1 STI 
UlLDCflT 

flPi HO-031- 20006 ra 
SPra 05/28/1969 COW 05/31/1969 ROTflRY D&fl 

^^___ DTD 3050 _ . _ , _ FH/TD S59JRg 
MOlOl DST 01 2660- 2T1Ti6a2r^jY 1^0-8 ro2 

s , ^ V 

HC131 FlNflL OP 20n IFP 9ff iTFP~nj!»H BHT •̂ H-, 
10002 
i ra iC 095 (J50ra359 
10021. TUP ^ . 
" - "SBWfRtLLETTE: 101 
102 
103 
IOH 
106 

_10Z_ - -_ -
HdlOl DST O'l" 
H0131 FINHL OP 
60102 2021OIPG 
60202 202UNPG 
50302 202UNPG 

TH" 

(n37Qi66610dTm22 0H370652ira7H13H 
31705501900109PCKa 3196066 

-OS 066TH ja4*t&lPflL iHrrf^ Uf b p FHL tS-Z NUJffX 
GULF-^nii - ' 1 Busgce^ r roN 

1812 Ql UlLDCflT 
1825: KB 1812 GR P L g NO flPI MO-095- OSOM-ra 

SPUO 09/21/1965 COW 09/2H/1965 SOTflBY RECOWL O&flU 
DTD_ 3196 LTD, 3193 PB 316H Q-TD 3196 FH/TO 109PCfffl 

1H1(»1 IFP 3H2 f fP 3SS BHr 16HF f y 
PERF JET U/ M/FT 31H6- 31M6 OOn -
PERF JET U/ M/FT 31H7- 31MT MH 
PERF JET U/ ,M/FT 315T- 3157 005 

rai 

06/08/78 

MO H 12 E 

HO H 13 E 

MO H IM E 

MO H IM E 

PflGE 876 

•ILE GEOTHERHflL LISTING 
Q6.'08/78 

MO N M3 H 29 IM 

MO N 111 U 79 1 

P E T R O L E U M 

E 3 

I N F O R H R T I O N , 

50M02 202HNPG PERF JET U/ M/FT 3163- 3l63 00^ 

10002 0MMMMM25100:837M 0HMMM'270100283M3 
10010 065 20002273 150070^01b020K0T lb67K76 
10021 T U P ' N l T l ' "RGf H 79 S ic " T B 5 5 T H " P « I N C iTfl'L 
101 SDflK HUGHES fl 1610 FSL 1510 FHL SH NE SU S S 
102 ANSCHUTZ CORP 1 JONES , 
103 1807 KB 1799 GR UlLDCflt 
lOM 1811 DF 1803 GR P LSE NO API MO-065- 20002-00 
105 _ SPUD 09 /25 /1975 . C0nP_09/_29/L91M ROTARY 0&A-G 
107 DTO rb'67 •" • ' " ' " ' FH/"Tfr"6fl2'6K0T 
MOlOl DST 01 -. 151M- 1628 602DK0T S002 
M0131 FlNflL OP IH IFP 631 FFP 631 BHT ICilF 

C O R P . 

SUB FILE GEOTHERHflL LISTING 

Pf lg 863 i 

u n tj 111 

06/08/78 

MO N IM t 

M.-i N IM E 



p f lg 876 

ILE GEOTHERHBL LISTING 
0b.'08/78 

HO N H3 U 29 

HO N 111 U 79 

IH 

1 

P E T BO L E U n 

E 3 

I N F O R n f l T l O N , C O R P 

SUB FILE gOT»gRnflL LISTING 

Pf lg 863 

MO H 111 U 79 lb 

MO N IIM U 77 

MO S 1 E 18 28 

MO S M E 16 10 

5ff»02 202UWG .PERF. JET U/. M/FT 3163- 3l63 006 

10002 0HMMHH2Sim2837H 0HHHM2701Cra283H3 
iraiO (H6 20ra2273 ISraTO 9O1602DK0T " J k ' ^ ' ^ 
1C021 TUP H ^ u P j K S i U 79 SC i t ^ 1 ^ 
101 S D R J J ^ ^ S S a 1510 FSL 1510 F U L < ^ l g S14/S S O 0? 

103 1807 KB 1799 Ql UlLIKflt „ 
IOH 1811 Of 1803 GR P L g NO flPI HO-066- Z(SBi2-00 ^ 
105 SPUD 09/25/1975 COW 09/29/197H ROTflRY ' OtB-G P 
107 DTD 1667 [ - ^ fH/TO 6d2DK0T T ' 
HOIOl DST 01 161H- 1528 602DK0T I S Q ' l . S002 P 
H0131 F \ m . OP IH I fP . 631">>H 631 %HT . IGl f ' 7 . 

10002 0HMM15SH1033H331 0HMMlH021da3H387 
iraiO 066 20ra3273 15ra70 900602liK0T I651K75 
10021 TW N;U4.^Rg U 79 g c 16 QSBl^EaUfiJPflL r~^ 
101 spff l imBsa fl 1510 f g is io f i a . O a i w S / s s S / 
102 fWSCr^^^CwP. 1 STHI't^ 
103 i K 7 KB 1819 GR UlLPCflt 
IOH 1827 DF 1819 Q! P L g NO API H0-06S- 20003-ra 
105 SPUD C9/20/197M COW 09/2S/-.97H BOTBBY TOfl y p _ 
107 DTD 1651 . _. fH/TD 602DK0T y ; 
M01C1 DST 01; 151H- 1530 6O2DK0T P ^ B - ra2 W 

.M0131 Fl»«a. C?. I H . . |FP. 605' f f P. .605 BHT ,. 82F ^ . 

lQra2 ; 0HH696HQirai1559 0HH69886irail65M 
i ra iC 119 20001273 15ra7C 9O06O2DK0T 1637K75 
ira21 TW l l J * ! » - ^ R g U 77 SEC 9 056JB-«l.«4£Jf BL ^ 
101 S O ) K ^ L Y > fl 1610 FSL 1510 FUL O u K E a&S S S K 
102 »«SCraT2»raP 1 K(Mm2 " 
103 185H KB 18H6 GR UlLDCflt ^^ 
IOH 1858 DF 1850 Ql P L g NO BPI HO-119- 2OI01-ra P 
105 SPUO 09/30/19T5 COW 10/03/197M BOTBBY ^ f l X 

" f a r DTD 1637 ^ ^ ^ n n O 602DK0T 7 ; ^ 
HOlOl OST o r ; 1515- 153H 6O2OK0T / 5 SX (B12^*'^ 
H013I FlNflL OP IH IFP S9tr f fP "598 BHT lOlF 

10002 0H392751101978H7 0H3926TH1019TT52 
i ra iO QTl 200032T3 3321650-9002g3BDav WgTlSTT _: 

""iMz"i"Tig"ŝ  1- ig"i~T8' " i r r ^ r ^ T s g s s i E ^ TTT-T, 
101 SDfllCjaCKSONy fl 1980 FSL HlO FUL ^ ^ 3 J ! F W X 7 
102 WINflS«*PrimEUn 1 JRCKSOJFFtOERRL ' 
103 260H KB 2593 GR UlLDCflT 
IOH fl?I HO OTl 20003 M ^ 
105 SEUD iaiUi/19T6 COW I1/08/I9T6 ROTffliY D&fl / 
ro?"~ w " H s n ^ : Fii7re"2(S3S55v""' 
HOIOl DST~Ci^ /̂  HlSRUN ra2 
M0131 BHT IIOF' 

10002 0M371395102180M6 0H3T13961021799T 

PflGE 877 

LE GEOTHERHflL LISTING 
06/08/78 

MO S M E lb 

P E T R O L E U H 

F 3 

I N F O R n f l T l O N C O R P 

SUB FILE GEOTHERHflL LI ST ING 

Pf lg 86M 

10 

SDflK PENNGTON fl 
ISIELESS DRLG 

'-^MIS^ 

9999960 900109PCHB M829770 
16 SEC 10 l9BLftCK HILLS 

1980 FNL 660 FEL C SE NE UF UF 
10-8 FEDERflL 

S K"B;2MH7'i5R U I L K B T : — 
2H55 OF; 2MM7 GR P LSE NO flPi HO-103- 20006-00 

SPUD 06/26/1970 CCW 06/17/1970 ROTBRY ' Difl 
DTD M829 LTD M803 Fn/,tD 109PCHB 

MOlOl OST 01 1575- 1670 603GRNR r i ' . r o02 
Mgi31 FlNflL OP OHM|H IFP MM8 FFP :5S3 BHT lOSF-̂  , 
M02'Ol'D5T-02 • " " 2Q30^^2r6O2H00Y " ^̂ ^"n-I^TOiTODT 
M0301 OST 20 ' 2030- 2125 602n0DY OOM 
M0331 FlNflL 0P= OHIOH IFP 813 FFP 818 BHT 119F 

10010 103 20006273 
10021 THP S M R g E 
101 
102 
103 
lOM 
105 
107 

MO S M E 16 16 10002 i OM3699601022102M 0M369%M10220988 

I 0by1»/78 

HO H IH E 

Mn N IH E 

I HO N m E 

MO N IM E 

MO N IM E 

06/08/78 

HO N IM E 

HO N 15 t 



Pflg 877 

ILE GEOTHERHflL LISTING 
! 06/08/78 P E T R O L E U H 

F 3 

N r 0 R n fl T I O N , C O R P 

sus FILE gOTHERHflL LISTING 

PR(Z 86H 

M E 16 10 iraiO 103 20006273 
1C021 T W S, 
101 SDflK gENNGTONj 
102 tWELES 

9999950 900109PCHB 
E 16 g c 10 196L1 

fl 1980 FNL 660 FEL 
10-8 FE 

103 2H58 KB ZHM7 SI UILDCRT 
IOH 2H65 Df 2HM7 Ol P L g KO flPI t»0-tO3- 20006-ra 
1(B SPUD 05/26/1970 CCW 06/17/1970 ROTflRY, , V i D&fl 
107 DTD M829 LTD H803 , , ::̂ FrL'TO l09PCnB 
HOlOl DST 01 1575- 1670 6D3iaja. l < o ^ 2 ' . 5 , 002 
HC131 FlWa. OP OWSniFP HH8 FFP 553 BHT 108F ' ^ ' ' ^ 

MO S M E 16 16 

HQ201 DST 02 2030- 2125 602roOY ^ ^ , - , </ HlSRUN ra3 
H0301 DST 2n . 2030- 2125 MZanPX O . ' ^ ' V - / O O H 
.H0331 FIKffl. pp. OHIOH jFP .818 FFP. 818 BHt 119F: 3S '= ' 

\(3aoz 
i r a iO 103 20001273 
10021 TW S 
101 S D f l K ^ K K G T ^ fl 
102 U K L E ^ ^ O R T O T I N G 
103 2H5S KB 2H50 GR 
IOH 

OH3699601022102H aH36996H 10220988 
9999950 900553nRSN 2702770 
16 g c 16 1981, 

1980 FNL 1980 FUL 
16-5 STflt 

UILDCBT 
API H0-1G3-

(31 

105 SPUD 11/23/1969 COW 12/07/1969 ROTffliY 
2orai ra 

D&fl 107 DVD 2690 LTD 2702 „ , FH/TD 553WSH 
HOlOl OST 01 i 2695- 2626', 6D2FLau J -0 ,11 002 
H0131 FIKflL OP 0H3OM FFP 111 BHT 1 2 8 ^ . 

6 E 35 0H3H79H91038HM27 0H3H8O191038HMM3 
9999950 911HmHYpN 13H0370 

icra2 i 
i ra iO 033 00H1H126 

""roo2r?vr"L -̂6^B(* t "^ SEC SS BsrfrffiSjpsr 
101 SOrtlJaBIEW fl 6H7 FSL 2208 FEL /SU SE)W UF 
102 SOUTRTOCTTfl OIL g V 1 HEY ' * — = ^ 
103 MC60 KB M056 Gfi UiL0CflT_::-^ 
IOH RPI Ma-033- ooHiM ra 

J ^ _ SPUD 06/13/1966 O W 10/01/1966 SOTWIY _ Dtfl-QG 

( c . 1 

ICT^TTO 13HC , „ FH/-ro HOHHYON 
HOlOl DST 01 t l 93 - ^ l219 rH51C^ ySlOfe S002 
M0131 f INflL OP IN IfP 3H~FFP 1M6 BhT' 9CP-7 
50102 M51CflSS PEBf U/ 2/fT 1190- 12H8 gOSS OOH 

.HO S.. .7..E 1. 11 X0JK)2_ _ 
lOdld (ftT"Zoe7l 1 ^ ' " 
im21 TW 

i2gl.Q3ai22| 
^ d H i 9 H K L S ^ 

g c 11 055: 
10503: 

R g E 1 
101 SDfllQfflJ. SVJ fl 
102 flQUWTB-RE^UBCES 
103 3689 KB 3679 GB 
IOH .3687_Df 3679GB 

"105 ' SPia 12709/1976" 
107 DTD 2260 LTD 22H8 
MOlOl DST 01 ; 2060- 2082 .Mg5LEfi_l 
M0102 OVESLflPS M05LE0 2 '~~~^ 
M0131 FIHflL OP IH IFP 593 FFP 882 BHT 

H912ig: 

660 FSL 

C(«W ,12/22/19?6rT0TflfiY 

2217 FEL 
3H-11 PE 

UlLDCflT 
flPI H0-0H7- 20071-ra 

"D&fl 
FH/TD H19nNLS 

002 

78F 

PflGE 378 

.E GEOTHERHflHL ISTING 
06/08/78 P E T R O L E U H 

G 3 

I N F O R H B T I O N . C O R P 

SUB FILE GEOTHERHflL LISTING 

Pf lg 866 

MO 7 E 22 10002 
10010 0M7 200M6I26 
10021 
101 _ 
io2 
103 
l O M 

0H3M29O610399258 0M3M291110399191 
6603150 911M05LEC 25M6I'.70 

THP S 7 RGE E 1 SEC 22 066TH PRINClPflL 
S0flK_FRl,LJV__ fl_I980J-NL 660 FUL C SH NH HF UF 
PE"TRO-LEUIS"CORP' " " ' ' 5-l2"lrrES5(5N " 

36M2 ••B'353M GR HlLDCflT ' 
35MM 0F;3636 GR P LSE NO flPI M0-0M7- 200M6-00 

106 SPUO 11/17/1970 COHP 11/27/1970 ROTflRY 
107 DTD 26M5 

.oQiDi CST_01 U 238.1-.2395__H.0aiE0. 
M0131 FlNflL OP " ' " 0HM6H IFP 30 FFP 75 BHT' "9fcF 

D&fl-0G 
FM/TD M06LEQ . . 

MO 10032 
10010 0M7 20003l26 
10021 TUP S 8 RGE E 
101 SDflK FeLLL''V_ p 

rtoDv CQMiir.i. 

. 0M3362M5103789M1 0M336290103; 
29M0060 900M05LE0 3 ' 22l 
3 SEC 17 066TH PRINClPflL" 

'.9SO..FSL_.^)800_EUL _ NE_SU tF_ Ht 

70 

06/08/78 

HQ N IH E 

HO N 15 £ 

MO N IS E 

MQ N IS E 

HO N 15 E 

0bA>8/78 

MO N 15 E 

MO N 17 E 



Pflg 878 

ILE GEOTHERHflL LISTING 
Ob/08/78 P E T B O L E U H 

G 3 

I N F O R n f l T l O N C O R P 

SUS FILE gOTIffRHflL LISTING 

Pf lg 865 

MO S 7 E 1 10ra2 0H3H29O610399268 0H3M291110399191 
i ra iO 0H7 20dH5126 6603150 911H06LE0 25M6K70 
10021 TW jy. ? > f iK E 1 . g c 22 055-rtLE84«.l PHL 
101 SOfflC^BLLRljl fl 1980 FW. 660 FUL <<aSU Ntgtff UF 
102PETRO^ettffS'COSP 5-22 PET 
103 35H2 KB 353H Qi UlLDCflT 
IOH . . 35HH. DF 3536 GB P L g NO flPI M0-OH7- 200H5-ra 
105 SPUD 11/17/1970 COW 11/27/1970 fiOTHRY D&fl-OG 
107 DTD 25HS ^ _ „Fn/TD H05LE0 

QTL 

MOlOl DST 01 2381- 2395 H05LE0 3 3 g f SC02 

MO S 8 E 17 

H0131 FlNflL OP 0>«5n IFP 3l3 fFP 75 BHT 

10002 0H3352H51O3T89H1 0H3352901Q3T893H 
i m i O OHT 2(H103l26 29HO150 900H05LE0 3 22T16T0 
10021 TW S,==.8—^g E 3 g c IT 05STH.,38>«i£JPflL Q^C ' 
I f l l SDflK .ifHLL BV^ fl -.980 F a ISra FHL UF W 
102 S l B Y " » r a t = ' ' lT-11 CLEVELflinriSUflRRIES^ 
103 3596'KR 3589 Ql UlLOCflT 
IOH 35971DF 3639 W P flPI HC-0H7- 20)03 M 
105 SPUD 07/22/1968 COW 08/02/1968 ROTRRY ; D&fl 
107 DTD 2270 LTD 2271 FH/TD HQ6LE0 3 
HOlOl PST 01 
H0131 FIHflL OP 
Ha201 DST 02 
Ha231 FINffl. OP 

2 0 2 3 - 2037 M05LE0 
IH IFP 19«-TTrT06BHT 

2215- 2270 H05LE0 
IH IFP 196-~Fn'—E06 

' 98F 
002 /' 

ra3 

9 E iQra2 
IODIC 0H7 200H7126 
ira21 TW S ^ 9 sRg E 
101 SOflK J a i _ 8 ^ fl 
102 PETB^remTCORP 
103 3885 KB 3877 GR 
IOH 

0H32882810392839 0H32886310392871 
6603150 900H05LE0 2 _ 3250K70 

105 SPUD 12/07/1970 COW 12/18/1970 ROTRRY 

g c T OSSTK-SSJittlPflL 
M20 FNL 1960 FW. <&JttNU\HF V! O n 

3-7 TBOrrtSTECERffl. ^ ^ 
UILPCBT 

BPI MO-CHT- 200HT TO 

• IOT DTD 3250 
HOIOl DST 01 3C80- 3101 HI 
M0131 FlNflL OP IH IFP 53H~FF? 

D&fl 
Frt/'TO H05LE0 2 

2 2>09 / 002 
ITT BHT—108F 

'MQ S IV E 20 10)02 
i r a i O OHT 
10021 t i f f 
101 SDflK( 
102 UEBB RffSresCES 
103 36F.̂  KB 36HT GB 
IOH 
105 

0H3080T61036HM81 0H30T9881035MM98 
:9H005q 900602SKCK 22880T3 
5 s f c ^ M OSpH»W€JPflL / , VI 

2 i ra FNL Sra FEL < g g I ^ M Uf B / 
20-8 STATE* - ' ^ 

UILDCAT 
API MO OHT 20066 ra 

SPUC 12/31/1971 COW Ol/lM/1972 SOTflBY B&B^ 
107 PTD ^275 LTD 2288 " fH/TD bOlSKCK 
MClOl PST 01 2021- 2078 6C2Hi2Y, ^^<^5'C> 002 
M0131 fINflL OP 0H30n ^ f f P 3 1 1 BHT -158f 

MO S H E 22 iora2 OM308H7810352066 OM30839310352117 

.LXJEOTHERHflL LISTING 

PflGE 879 i 
06/08/78 

MO S H E 

P E T R O L E U H 

H 3 

I N f O R H B T I O N C O R P 

SUB FILE GEOTHERHflL LISTING 

Pf lg 8b6 

22 10010 OMT 20053126 
10021 TW S \ \ R g E 
101 SDflK FflLl RV fl 
102 .UEBB RESOURCES 

T O J 
lOM 
106 
IOT 
MOlOl 
MQ131 

"3668̂  Vi r ihbTW 

29M0050 9C0602miRY 2351073 
5 SEC 22 056TH PRINClPflL 

660 FNL 660 FUL C NH NH UF UF 
_2JrH_STflTE 

UILDCBT 
flPI MO 0M7 20063 00 

SPUD 10/19/197! CCW 10,'22/I971 ROTflRY DUfl 
DTD 2361 LTD 23M8 fH/TD .'602nHRY 
DST 01 , 2119- 2180 &02nHRY 002 
f lblflL_OPLOHlCn f fP 373 EHT lOOL 

MO S 12 E 10002 [ 
10010 OMT 20033126 
10021 TUP S 12 RGE E 
101 SDflK FflLl RW fl 
102 ECHO. OIL l̂ Tflk 

0M30M12010363333 OH30M0261036336M 
9999950 900602FLRU 196bJb9 
M SEC 3 066TH PRINClPflL 
660 FNL 1980 FHL C NE NH HF HF 

06AB/78 

HO N 15 E 

HO K 17 E 

MO N 17 E 

HO N 19 E 

MO N 19 E 

06/08/78 

HC N 19 E 

! HO N 20 I 

i 



i'flg 879 

ILE GEOTHERHflL LISTING 
(K>A)8/78 P E T R 0 L E U n 

H 3 

M F 0 R n B T I ON CO R P 

SUB FILE gOTHERHflL LISTING 

Pf lg 866 

HO S 11 E 5 22 10010 0M7 20(S3126 
10021 TW S 1 ' P ^ E 
101 SDBKgffllL RVJ fl 
102 UEBB^RgSCgfffs 

29H0050 9O)602roiRY 
6 g c 22 

660 FNL 660 FUL4 
22-H STB 

2351073 
iPflL 

C NU KU>ff W 6? 
103 3668 KB 36631S [ UlLDCflT , 
IOH flPI HO OHT 20053 ra 
105 SPUD 10/19/1971 CCW 10/22/1971 ROTffliY D&fl 
107 DTO 2361 LTD 2i3H8 „ , jF lV tD 602re«Y 
HOlOl OST 01 2119- 2180 602roaiY ĉ  I b O , 0)2 
H0131 FIKflL OP 0H1(91 TTP 373 BHT lOOF. 

HO S 12 E 100)2 0H30H12010363333 0H30H0261036336H 
i ra iO 0H7 20033126 9999950 900602FLRV , 1956J69 
ira21 TUP \ _ |7 _PKr r M SEC 3 d56TH PRINClPflL 
101 S O f l ^ ^ r i O fl 660 FNL 1980 FUL < 3 ~ S j i l f i W UF 

JflZ li^^S^ 1-3 F E K M ^ W m ^ CR 
103 3618 KB 3612 Ql UILOCRT 
IOH 3620 DF 3612 GB P L g KO BPI M0-0H7- 2ra33-ra 
105 SPUD 10/22/1969 COW 10/26/1969 BOTffllY Oafl 
107 DTO 1956 . "^ FH/TO WKTLBV 
HOIOl DST 01. 1268- 1358 602ro0Y / I / " ? , 002 
HCl31 FINffl. OP IN IFP 88TFr~~238 BHT 9HF 

iX 

MQ S 12 E M 16 10002 
i ra iO 0H7 2raiC126 
ira21 TW S. .^4«>.8g E 
101 SOfflCfW-L B O fl 

' . 102 GffllY 

0H3C02811036H725 0H3rai361036H893 
29HO)50 9a05ClSPBF 2619 
M g c 16 055SW*a>«SJPffl. 

660 FSL 1980 FEL J D L 5 H - ^ W W 
16-15 S T f i T e ? r " ^ 

>(7 
103 3620 KB 3615 Q l U l L O C f l T 
IOH 3e23 or 3615 Ql P ffl>l HO-OMT- 2rai0 ra 
105 SPUO 03/21/1969 COW 0H.'0T/1969 ROTffliY D&fl 
IOT DTD 2619 LTD 2615 fH/TD 50lSPRf 
HCICI DST 01 1366- lH58,6C3(aiffi. , , , , „ HISRUK ra2 
H0102 OVEBLflPS 602KCSL l ^ P 
H O ' U I T T K W L T T ' 30n IFP 52~FPP 93 BHT 88f 

06/0S/78 

HO H 19 E 

HC N 20 E 

; HO N 20 

HC201 OST 02 1365- IH58 6C3GBNR 
H0202 OVEBLflPV 602KCSL 
H0231 fINflL OP 30n IfP 92 f f p 92 

HISRUH 003 

..MO__S. 12_E.. 10002 '-
idoio EsraHSTVS" 
10021 TW _ 

_ L R)i 
UEBB' 

- 2 * ^ ^ i l i ^ ^ ^ ^^ iFJ i -
6 g c 5 055TH-Pi»K6JPm. 

1980 f a 1980 fUL < L « JUif f UF 
5-11 f EtgRBC "' - ^ 

UlLOCflT 
flPI H0_SH7 ZWSL\ 02 

SP"ue"d9/"ia/T97T''C6»"T397l"67T97r"R0f»'Y D&fl^G~"". 
107 OTD 236T LTD 2369 ., ^ fH/TD 609CRCS i 
MOlOl DST 01 : 2292- 231 T602iaax ^ ^ C ' S " S0G2 S 
M0131 flNAL OP 0H30n T f P H l l BHT 108f 

101 
102 
103 
IOH 
IOS" 

3T8H KB 

71 

HO H 20 E 

Pflg 880 

.E GEOTHERHflL LISTING 
06/08/78 P E T R O L E U H 

I 3 

N f 0 R n B T .1 0 N , C O R P 

SUB fILE GEOTHERHBL LISTING 

Pf lg 867 

H3 N I E 1 16 10002 
10010 OHT 302282M3 
10021 THP N 1 RGE E 

UTAH UXNTflH J L _ 
BSHER flHESTCWi INC 
5953 KB 59M2 GR 

I Q 1 „ 
102 
103 
tOM 
105 
107 
MOIO! 
M0201 
M0210 GflS 
M0211 GflS 
M0212 GR'j 
Mn213 -jflS 

0M0M88761L<f'8Ci:6 0M0H873710986116 
1H10350 911609CRCS 7176J77 

1 SEC 15 27SaLT IflKE 
712 FNL 75H FEL SU NE NE HF UF 

" ' rflSMERNRTrOSEvELT 
HILDCHT 

: BPl M3 0M7 3̂ 3228 00 
SPUD 08/22/1976 COHP 09/30/1976 ROTflRY O&fl-OG 
DTD 7176-
DST 01 
DST "02" 

rs 
TS 
TS 
TS 

6737^6860 b52USTC 
"'6767- 'feSbO'fc52uSTr 
16H /NO CRUGE,' 
OSH flT 31 MCFD /31. M/ 
30n PT 23 MCFO /23-3/ ' 
MSH flT . 19 MCFD 

FH/TO 609CRCS 
MISRUN C02. 

"S053 

06/08/78 

HO N 20 E 

MQ N 20 E 



South Dakota 

Rusis tance RS. Res is l iw i t y -n . Gamnia R a y - G R . N e u t i o n - N . Dens i t y -Den . Ternperature T. Calipejiv.C-' 

B i E I 3 3 H 

H,- i U 1 Ul) 



PI REF. tt 

G7199A 

G7iq9D 

G7199C 

G7iqqF 

"'"̂ '==̂ -*̂ -., 
G7199B ^ ' - - -

WELL NAME 

//2 T i l l i e J u e r g e n 

2 H . J . Mo.q.ser 

i n Smi th 

il] P a f . i l l o H i e e i n s J r . 

//3 lR6Bin,3. . U n i t 

^ ^ ^ " ^ ^ ^ ^ • - • ^ - - ^ 

COMPANY/OPERATOR NAME 

AUSTIN QUAD 

Burns P e t r o l e u m 

CORPUS CHRISTI OUAD1 
• • 3 . 3 

Texas Energy E x p l o r a t i o n 
•': ' t I 

CRYSTAL CITY OUAD; • 

• : P ' i . i 
T i p p e r a r y O i l & Gas ; ' 

SAN ANTONIO OUAD 

Hol lowav O i l Co. 

SEQUIN QUAD 

T.D. Coffman 

--===»-
"-̂ ~.-.-

"-**-... 

• 

, 

J 

TYPES OF 
LOGS RUN 

GR-N 

GR-N . 
..' 

GR-N 

GR-N 

GR-N 

— 

COUNTY 

F a y e t t e 

J im Wel l s 
7 7 : 

F r i o 

Wil son 

F a y e t t e 

"""̂ ^̂  

-

LATITULfi., _ 

T R SEC 

3 0 0 / 9 7 ° 0 3 . 7 5 ' 

?7O '^A.SA ' /q7O.57 . . 50 ' 

28° 4 r / 9 8 ° 2 3 . 2 0 ' 

29° 1 6 . 7 0 ' / 9 8 ° 0 2 ' 

2 9 ° 4 5 . 2 5 ' / 9 7 O 0 7 . 8 5 
ll 

._ 
^*"*'''===^ 

^'"'*'^=*^-

5000 

5334 

5010 

2660 

5000 

" ^ ^ - - ^ _ 

Resistance R S . R o s i s t i ^ / i t y - R . G a m i n a R a y G R . N o u t r o n N . D e n s i t y D e n . T e i n p e f d l u r a T , Caliper Cat. Spectral G a m m a - KUT, Self Po ten t ia l -SP 

H..-V a 1 « u 



t, ^-^T^ 
, -r- Jf«^..„----^ •« ^ < £ .,v--f/'̂  .. -'••'ir^ m * w - i h i - -

J ^ ? J(-



H ! ''̂  ^7 ' ' /̂REA . ^ "̂ '-̂ ''"̂  7 ' • 
SO . IliilfE^SiTY ©F MTI 

l / / c / / ^ ' ^ C ' ^ ' ^ ' ^ . ^ ' / ^ ' Haakon 
J±^_^J^ooD-07,uyyD7p-f-.,-^^-DoLk3(7J^ .__^- î' ̂ 11 P. 

^ 

»-.yi7y^:f7h.S3271_y3.,(3>.^L-C-.R-O..U-><^- t-_E7-) /^^$c, 1e/yyt/:xeAcc/vM xJcyucchfcmy} o7= 

iS i_ . .^ CoP)d7h^.^.7h.:J^^,A3.3?.S.>^3.--.3i±^d^..o€pf377s_.RaJju^^ 

|t31 y3 -77 37P̂ P.7:P373k* ?77J . '7_ .̂.L3PP7}3tP333.73pA'̂  -hak 5ch(f^(j /yUyy^jy>J'7fckf\(i.]o^P'6p- _ 

Op p j 4 h H i . - -,J73^y3.S^P^_U3.^ TDujî PiCp-.̂  Pcu/£//,J-F . 3̂ (0/1 Procnoyy) hefyl 
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^ ^ 7 f y /yuTbS / s-^yp^/Ooi î ^ yrx/is/e îaSi- / S7^2>ci7kc / ^ -' 5 .~2)A7< 5ch. fym-T^Sti.cM^o^' 5 7k£̂ > iS-

/k. 

0> 

-iTyyyn..̂ 777amcii£/>jj79G/̂  0?cotn >^ 722ipAc.<yLemmts €pi6t-y^' TTJ. ^7apt 37̂ 77̂  

:5̂ -.:..̂ _?.̂ .._M/e..-

^ l - . : 'PP.77P^)y7iP27l7Ul!6^'jJPM7^ „... 
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Robert A. Schoon and Duncan J. McGregor 
IN SOUTH DAKOTA 

For, a geothermal reservoir to exist, there must be 
a heat source, a suitable reservoir rock above the heat 
source, water m the rock to transmit heat in the form 
of hot water or steam, and usually a cap rock above 
the geothermal reservoir rock to prevent rapid 
dissipation of heat. This last requirement does not 
appear to be absolutely necessary In that Allen and 
Day (1927) measured temperatures o f . 101.5 C 
(214,7°F) at a depth of 3 feet at Steamboat 
Fumarole in the geyser area of California. In this area 
there is no apparent cap rock (McDonald, 1972, p. 
342), ' 

In areas of active geothermal production, all have 
some like similarities in that they are found in regions 
of geologically young mountains, usually associated 
with active or past volcanic activity or ' yvhere 
existence of faults are the rule rather than the 
exception This is not to say, however, that every area 
meeting the above criteria overlies geothermal 
reservoirs. The relationship between any of the 
geographic or geologic variable is not all that clear 
cut. For examples, at Larderello the nearest volcanic 
rock lies 15 miles to the north and the Hawaiian 
volcanic areas seem to possess only minimal 
potentials for geothermal energy. In South Dakota 
the Homestake Gold Mine has a rather low thermal 
gradient in that at a depth of 6800 feet the 
temperature is only 122 F (personal communication, 
Mr Olin Hart, Chief Geologist, Homestake Mining 
Company) This is in a structurally deformed area 
that exhibits evidence of nearby Tertiary volcanic 
activity but has some of. the lowest geothermal 
gradients in the State. 

SOURCES OF HEAT 

Sources of heat to create geothermal reservoirs 
involve much speculation but there appears to be 
general concurrence that the reservoir rock must have 
a direct relationship to a cooling igneous mass. 
According to. McNitt (1963, p. 37) those areas 
thtoughout the world where geothermal energy is 
used are all located in regions where Cenozoic 
volcanism has occurred. This indicates that a direct 
relationship exists between thermal areas and 
processes of volcanism and magmatic intrusions. 
However, there is not complete agreement on this 
point Levorsen (1967, p. 423) deals with aspects of 
the causes of the phenomenon by stating, "The 
source of heat o f the upper few miles o f the earth's 
crust may be in the outward f low o f heat f rom the 
central core of the earth, in the presence o f igneous 
magmas that are cooling, in the disintegration of 
radioactive elements, or in the heat o f subcr.ustal 
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thermal convection currents. Lesser amounts of heat 
i n c l u d e the f r i c t i o n a l heat formed during 
diastrophism . . . and exothermal chemical reactions 
that take place within permeable reservoir rock, both 
o f which sources, i f present, are temporary and local 
in their effects." Levorsen previously suggested (p. 
419) that in spme cases change in geothermal gradient 
is best explained by a change in thermal conductivity 
of the rocks. 

It is a known fact that temperature increases with 
depth in bore holes and that the rate of temperature 
increases or the thermal gradient varies considerably 
f rom place to place. There are a number of ways to 
formulate the phenomenon of the geothermal 
gradient, perhaps the most common is given by: 

where G = geothermal gradient, T = formation 
temperature ( F), tF - mean annual temperature ( F), 
and D = depth in hundreds of feet The formula is 
self-explanatory and is the same as that used in 
computing the thermal giadients found tn this report 
wi th only minor variations. 

In this report the mean annual temperature was 
considered to be a constant 45 F over the entire 
State. Also, the annual mean temperature affects 
subsurface temperature down to a depth of 60 feet 
Because of this, in computation of thermal gradients, 
the depth of the well was considered as 60 feet iess 
than factual to account for the influence of the 
annual mean temperature. The effect of these 
deviations is minimal and for practical purposes 
corresponds to the above mentioned formula. 

Mr. O. M. Phillips (1968, p. 138) states, 
"Gradients as small as 1 C per 140 m are measured in 
some locations and as large as 1 C per 10 m in others, 
bu t in spite o f this, the average over many such 
drillings in many countries o f the wor ld is very close 
to 1 C per 30 m . " If the foregoing is converted into 
degrees Fahrenheit and feet we f ind that some 
localities have geothermal gradients as low as 
.36°F/100 feet, some as high as 5.1°F/100 feet, with 
the average world geothermal gradient of 1.7°F/100 
feet. 

Schuster (1973) reports the average worldwide 
geothermal gradient is 87°F per mile (1.6°F/100 
feet). A t this gradient the boiling point of water 

, would be reached at a depth of about 2 miles Any 
area having a geothermal gradient several times that 
o f the worldwide average certainly warrants 

• investigation as a potential geothermal area. 
A casual inspection of the isogradient map of the 

State (fig. 1) reveals that large areas have geothermal 
gradients considerably higher than the world average. 

\ 
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Figure 2. Photograph of the municipal weH at Midland, S. D. The snnall 

building in the foreground houses the Midland city well. Hof water fronn 
this well heats the gynnnasiunn in left background and the classroonn 
building in right background. 

.imitmgr:^' 
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Figure 3. Photograph of the nnunicipal well at Philip, S. D. The wel 

yields water at a temperature of 158° Fahrenheit. 
•20 
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In northern Gregory County the 7. F/100 feet 
isogradient is present- Theoretically, this isogradient 
indicates that if one were to dril l a hole 2400 feet 
deep, the temperature at the bottom of the hole (if 
the annual mean temperature is taken to be 45 F) 
would be approximately 212°F, the boiling point-of 
water under atmospheric pressure If this same hole 
were continued to a depth of 27,600 feet, the 
temperature should be about 1976 F, equivalent to 
the temperature of molten lava being ejected f rom an 
active volcano. 

POSSIBLE CAUSES OF HIGH 
GEOTHERMAL GRADIENTS 

IN SOUTH DAKOTA 

The study of geothermics is in its infancy, but 
much attention currently is being focused on the 
subject In part this is because our nation is faced 
with a heating oil and natural gas shortage and 
additional heating sources are being sought. Then 
also, the exploration geologist has always been 
intrigued by the "anomaly" or the departure from 
Ihe norm. From previous pages it- is known that 
geothermal anomalies do exist in South Dakota. The 
cause of the hot aitesian wells in South Dakota is 
speculation at this time. However, mechanics or 
conditions suggested by previous authors are given 
brief consideration. 

Inspection of the Vertical Intensity Magnetic Map 
of South Dakota (Petsch, 1967) reveals a. marked 
change in the general configuration of the contours. 
This change occurs in an area a few miles west of, and 
parallel to, the Missouri River, Many scientists 
contend that magnetic maps reflect structural, trends 
or Precambrian rock types and younger magmatic 
intrusives. In South Dakota the magnetic map (fig. 9) 
IS believed to be a reflection of basement rock types 
and/or structural trends and may mark a boundary of 
Precambrian Provinces. In North Dakota Laird (1964) 
separated these rock types into the Peace River, 
Superior, and Churchill Provinces of the Canadian 
Shield area. Similar to North Dakota, much of the 
structure and sedimentation in South Dakota may be 
governed by relative movements of two blocks or 
provinces of the shield area, Any relative movement 
betweeri these two blocks would generate heat and 
create fracture zones which are two main requisites 
tor an exploitable heat or power source. If this 
interpretation, based on the magnetic map, is correct 
then the logical area to search for geothermal energy 
15 near the boundary of the Peace River and Superior 
Provinces This boundary drawn by Laird in North 
Dakota has been projected through South Dakota and 
appears as figure 10 of this report. 

Unstable areas are often accompanied by volcanic 
activity and hot thermal waters. It has been shown 
that the thermal gradient in south-central South 
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Dakota is higher than the national average; however, 
it is more di f f icul t to establish volcanic activity in the 
area during or subsequent to Precambrian time Data 
concerning Precambrian rocks are l imited, but Steece 
(1961) indicates that extrusive rocks are present in 
northwestern Hyde County. This extrusive is 
approximately 40 miles east of the inferred boundary 
of the Peace River Superior rock masses, which is a 
rather extreme distance to postulate for a lava f low. 
This extrusive rock does strongly suggest the 
existence of an unstable area during, or subsequent 
to, Precambrian Time. 

A comparison of the isogradient map with the 
gravity map of the State is less striking. The gravity 
map of South Dakota is quite generalized but in the 
area of Murdo (see fig. 11) a negative anomaly of 
-110 milligals is present in Jones, Mellette, and small 
portions of northwestern Tripp and southwestern 
Lyman Counties. Lum (1961, p. 6) in his gravity 
traverse of the State recognized this negative regional 
anomaly just east of Murdo, but he also (p. 7) 
discovered the'existence of a broad positive anomaly 
of 11 rhilligals superimposed on the regional gravity 
minimum. He speculated this 11 milligal positive 
anomaly (fig. 12, this report) is possibly related to 
the Stanley- County magnetic high. The authors do 
not disagree with Lum but also recognize that the 
positive anomaly could.- be a reflection of a 
post-Precambrian volcanic intrusive body. If this is 
the case the thermal gradient should be higher than 
that of the surrounding area. From observation of the 
isograident map it is apparent that some of the 
highest recorded temperatures in the State are present 
near the gravity anomaly east of Murdo. This area 
may be an early target in the event of future 
exploration. 

An additionaf reason for singling out the area is to 
show the reader a difference of 11 milligals does e/ist 
between two surveys, If differences such as this do 
occur on a state-wide basis, the interpretation of the 
gravity map of the entire State could vary greatly and 
very conceivably agree quite closely with tne 
magnetometer map in suggesting that the boundary 
of the Peace River-Superior Provinces exists in South 
Dakota. If the gravity map does indicate the Peace 
River-Superior Provinces then the boundary probably 
occurs along the -70 milligal contour which roughly 
follows the course of the Missouri River (see figs. 10 
and 11). 

According to McNitt (1963, p. 41) gravity and 
magnetic surveys do not appear- to be particularly 
helpful in locating production fissures wi th in 
structural depressions. He does note that detailed 
land magnetic surveys reveal magnetic lows over 
thermal areas due to hydrothermal alteration of 
magnetite to pyri te. In south-central South Dakota, 
Petsch (1967) shows two rather extensive magnetic 
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SOUTH DAKOTA 
lows situated in eastern Mellette and Todd Counties 
and in northern Gregory and southern Brule, 
Counties. Lum (1961, p. 6 and 7) notes that the, 
broad positive gravity anomaly just east of Murdo, 
may be a reflection of basement rock that is more 
mafic in character than the surrounding basement 
rock. This gravity anomaly lies just to the north of 
the magnetic low in eastern Mellette and Todd 
Counties. Lum's gravity traverse passed to the north 
of the magnetic anomaly of northern Gregory and 
southern Brule Counties. However, Lum (p. 5) does 
state "a large positive anomaly o f 15 milligals is 
located immediately west o f Chamberlain. This 
anomaly is too large to be caused by either basement 
topography or by structure in the sedimentary rocks. 
Therefore, i t is probably caused largely by a density 
contrast in the basement rocks." The proximity of 
this gravity anomaly to the magnetic low in southern 
Brule County warrants additional study. 

From Levorsen (p. 11, this report) it is stated that 
heat is evolved from the disintegration of radioactive 
elements. If such a source is present near the area of 
Midland, the source must be in rocks of Precambrian 
Age, because Gamma-Ray logs of sedimentary rocks 
in the area exhibit no intervals of extraordinarily high -
gamma activity. However, there is no evidence, such 
as cores of Precambrian rocks with which to lend 
credence to the preceding statement. On the other 
hand, Koenigsberger (1910) states that in the locality 
richest in radium, the pitchblende deposit ih 
Joachimstal, the temperature gradients are normal. A t 
this time the heating effect that radioactive decay has 
upon thermal gradients is problematical. 

Any evolutionary process that produced structure 
in South Dakota would no doubt generate heat. Due 
to the masking effect of the Pierre Shale in the 
central and south-central part of the State, no 
structural evidence of sufficient intensity to generate 
a great amount of heat has been recognized in the 
area o f higher thermal gradients. However, 
earthquakes are results of structural adjustments. 
Inspection of the earthquake locations in South 
Dakota (fig. 13 and table 2) suggests that structural 
adjustments are occurring in the vicinity where high 
thermal gradients are present. Heck and Eppley 
(1958, p. 39) reported an earthquake on May 9, 
1906, in eastern Washabaugh County that was noted 
all along the Niobrara Valley from Rushniore 
(Nebraska) to Valentine (Nebraska). This quake was 
felt over an area of 7,000 to 8,000 square miles. The 
preceding authors also reported an earthquake 
occurring on July 23, 1946, at Wessington, South 
Dakota. This quake was generally felt f rom Pierre to 
DeSmet eastward and northward to Redfield, South 
Dakota. Agnew and Tullis (1962) report the 
occurrence of an earthquake 6 miles west of Pierre 
that had its focus at a depth of 10 miles. This report 
of the earthquake near Pierre is interesting in that the 

depth of origin or focus was located at a depth of 10 
miles or 52,800 feet. From the isogradient map (fig. 
1) the thermal gradient is at a rate of approximately 
3.5°F/per 100 feet of depth. Mult iplying the thermal 
gradient by the depth in hundreds of feet (3.5°F x 
528) the temperature at the focus of the quake is 
projected to be 1848 F. This compares quite closely 
with the temperature of molten lava (1976 F). Thus, 
if the geothermal gradient is correct, and if this 
gradient is projected downward to a depth of 10 
miles it is readily apparent that the temperature of 
the rocks is sufficient to cause these rocks to be in a 
plastic state and to yield to structural adjustment by 
f low rather than by rupture with subsequent shock. 
Perhaps a knowledge of the geothermal gradient of an 
area may enable one to accurately forecast the focus 
of earthquakes in any given area. 

At any rate, the foregoing examples do not 
constitute a complete history of earthquakes in South 
Dakota, but do indicate that the State is not a total ly 
stable area. These structural adjustments may be, in 
part, a cause of the warm artesian waters. 

Another type of heating mechanism which may be 
the cause of the hot spots in South Dakota is that 
produced by convection cell currents existing in the 
mantle. Figure 14 shows the possible correlation 
between the stages of an orogenic cycle and a 
hypothetical convection current cycle. If convection 
currents were responsible for creating the energy that 
elevated the Black Hills area, the general fall-out of 
data becomes simple to explain. For instance, in stage 
2 of figure 14, cooler temperatures exist below 
mountainous areas than in surrounding plains areas 
which is the reverse of what one would expect if high 
t e m p e r a t u r e s were evolved from structural 
deformation. Data in appendix I and plotted on the 
isogradient map indicate that the thermal gradients 
are indeed lower in the Black Hills area than in the 
plains area in south-central South Dakota. Stage 2 of 
figui-e 14 may also lend credence to the high 
geothermal gradient in northern Gregory County as 
being a true gradient and not a result of migrating hot 
water as discussed in the fol lowing paragraphs. 

Closely related to the stages of orogenic cycle and 
the hypothetical convection current cycle illustrated 
by Bullard (see fig. 14, this report) is the idealized 
cross-sectional view of a geothermal reservoir (fig. 15, 
this report) illustrated by Schuster (1973). The 
illustration by Schuster shows a smaller convection 
cell wi th the currents f lowing counter to the 
il lustration in figure 14. This type of smaller 
convection cells may in practice be superimposed on 
a convection cycle such as illustrated in figure 14. 
Due to the masking of structures in South Dakota by 
glacial dr i f t and Upper Cretaceous Shales, faults such 
as illustrated in figure 15 are not knovvn to occur 
outside of the Black Hills area. However, it is possible 
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SOUTH DAKOTA 

that differences in geothermal gradients in small areas 
are clues to the discovery of such structures. 

As previously mentioned it is surprising that the 
periphery of the Black Hills, an area of deformation, 
does not exhibit as high geothermal gradients as the 
area m the eastern south-central part of the State 
which in the opinion of most geologists has beeh a 
relatively stable area throughout geologic time. The 
preceding discussion of convection currents in the 
mantle appears a logical explanation of the high 
geothermal gradients in the eastern south-central part 
of the State. 

It is apparent from Schoon (1971; fig, 16, this 
report) that the 7°F isogradient is suspiciously near 
the area where the Madison Red River recharge to the 
Dakota Formation takes place. If the two do in fact 
coincide then it is logical to assume that the water 
from the Madison-Red River is heated by a thermal 
gradient of 3°F/100 feet a distance of 20 miles to the 
west of the recharge area and upon rising to the 
Dakota Formation increases the thermal gradient of 
the area that is characterized by the 7°F thermal 
gradient. 

The majority of geologic opinion holds that water 
movement Is generally from west to east in 
sedimentary rocks in the southern half of South 
Dakota, Therefore, it is logical to search for a source 
of heat in a westward direction from the Kucera No, 
1 Bartels Oil Test ( SW SE section 23, Township 100 
North, Range 77 West), From the isogradient map 
(fig, 1) of the State there is another large area with a 
5°F thermal gradient which surrounds the 6 F and 
7°F gradients and it logically follows that this area 
should be discussed further. This area is located in 
northwestern Tripp County and northeastern Mellette 
County For instance, at the Kucera No. 1 Bartels Oil 
Test (for location, see fig 17) the thermal gradient is 
3 1 F, approximately 28 miles to the east the therrrial 
gradient is 7 F At the location of the Kucera No. 1 
Bartels Oil Test the bottom hole temperature was 
117°F at a depth of 2387 feet. If it is assumed |the 
water from near the bottom of the test is transferred 
to the area of high thermal gradient with no heat loss, 
and using the average depth of 1100 feet in the wells 
located in the area of high thermal gradient, thenew 
assumed thermal gradient would be 7 F/100 feet. If 
the foregoing assumptions are true then perhaps the 
effect of circulating water on the thermal gradient 
should also be added to Levorsen's list of heat soui-ces 
that contribute to thermal gradients. 

The weak point of the foregoing assumption is, 
why should the temperature remain relatively 
constant between the Kucera No. 1 Bartels Oil Test 
and the area of the high thermal gradient and 
suddenly cool from the area of the high thermal 
gradient in an eastward direction? It is possible the 

area of recharge of the Madison-Red River interval to 
the Dakota Formation is quite restricted areally and 
as this warmer water enters the Dakota Formation 
and fans out in all directions the effect of warm 
waters soon becomes negligible. 

According to Heald (1930, p, 4) some students of 
earth temperatures feel that variations in these 
temperatures are in large part due to another means 
of circulating ground water. This school of thought 
believes that as the sediments pack down, water is 
squeezed out of the clays and shales and enters 
porous sandstones and limestones. The water thus 
released moves updip through these porous beds unti l 
it finally escapes where the beds crop out at the 
surface. Thus, waters deeply buried in a syncline 
would move updip and result in the temperatures in 
the updip areas being somewhat higher at a given 
depth below the surface of the ground than in the 
lower limbs of the syncline from which the water 
originated. Although this has been observed in 
Oklahoma and the regional picture seemed to support 
the conception, Heald noted that measurements of 
Individual oil, fields and individual wells seem to 
refute this theory. 

Examination of the isogradient map of South 
Dakota tends to convince the observer that the 
theory is not at work in the State. For example, the 
axis of the Williston Basin passes through central 
Jackson and central Perkins Counties. If the theoiy 
were at work in the State the isogradient contours 
would be steeper on the west side of the axis of the 
Williston Basin than on the east side because the 
flanks of the basin are steeper on the west than on 
the east. Thus, the hotter fluids should migrate faster 
to the west, A cursory review of figure 1 shows the 
reverse to be true. 

Unfortunately the data in the area of this high 
thermal gradient come from water wells which have 
not been logged. Thus, reliable data points upon 
which to base a structure are not numerous. About all 
that can be stated is that the possibility does exist. If 
a structure exists, the western end of the structure 
may be located in section 2, Township 4 South, 
Range 28 East, A t this point, the sea level elevation 
of the top of the Minnelusa is -290 feet (see fig, 17). 
A well immediately to the south has the Minnelusa at 
•440 feet and another well approximately 7 miles to 
the northeast the Minnelusa is at 415 feet below sea 
level. However, there are two reasons against 
postulating structure on this data: (1) the Minnelusa 
has been quite severely eroded in this area, and (2) 
the structure, if present at all, is more subdued on the 
Precambrian surface. 

In view of the aforementioned possibilities it is 
not possible with present data to identify the cause of 
the high geothermal gradients that exist in east 
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Figure 15. Cross section of northern 
geothermal electrical generating plant 
Schuster, 1973.) 

California's 
( from 

f-^— 

Idealized cross-sectional view of a geothermal reservoir. Hot ig
neous rocks at depth supply heiat to the water-filled reservoir rock above. 
The hot water is less dense and rises until the impermeable cap rock is 
reached. If fissures are present in the cap rock, part of the geothermal 
fluid may escape and form hot springs or fumaroles at the surface. When 
the water reaches the area of the cap rock, it begins to move outward, 
cool, and become more dense. The greater density or weight causes the 
cooler water to move downward and be recycled, along with recharge 
water that might enter the reservoir along faults or fractures. A power 
plant is shown, drawing steam and/or hot water from the upper part of 
the reservoir. 
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Figure 16, Schematic drawing illustrating the proximity of recharge to the Dakota 
Formation to the area of high geothermal gradient shown in Figure 1, (after Schoon, 1971) 
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• I 

south-central South Dakota. Perhaps the theory 

involving convection cui-rents originating at depth is 

most plausible. 

Farther west, in the area of the Black Hills, the 
thermal gradient is consistently quite low. However, 
the reader is advised that the condit ion may be true 
only at comparatively shallow depths. Frorri the 
isogradient map it is clear that there is virtually no 
data in the crystalline area of the Black Hills.| Also, 
the number of wells that penetrate tp the 
Precambrian rocks in the periphery of the Hills are 
few. These two facts in conjunction with the belief of 
numerous geologists that outcrops of younger 
sedimentary rocks take on significant quantities of 
surface runoff may explain the lower than expected 
thermal gradient. If the conjectured recharge of !warm 
water from the Madison-Red River interv|al in 
Gregory County is responsible for an increased 
thermal gradient in that area then, conversely,-; cool 
water in the form of surface runoff could lower the 
thermal gradient in the area of the Black Hills, j 

OTHER APPLICATIONS 

In the search for oil, Levorsen (1967, p. |:423) 
states that the crests of anticlines appear to have a 
small but measurable increase in thermal gradients in 
reliition to the flanks of these same anticlines.'Data 
points on known structures in South Dakota are riot 
sufficient to confirm Levorsen's statements, i The 
thermal gradients appear quite uniform in deeper 
portions of the Williston Basin. However, if 
Levorsen's statement holds true in. South Dakota, 

.undue attention should not be given to areas'with 
contours at the expense of large areas with no 
contours. Because of the selection of the designated 
contour intervals it is quite possible that small areas 
within contour intervals exhibit greater variations 
tlian that suggested by wide spaced contour intei^als. 
For this reason' all data points in appendix I; are 
plotted in areas that are considered to have oil 
potential. 

Increased temperature lowers the viscosity 
(resistance to.f low) of liquids. With this in mind the 
isogradient map may be instrumental in, locating 
migration paths of oil, 

In n o r t h w e s t e r n H a a k o n , no r theas te rn . 
Pennington, and,southeastern Meade Counties, there 
is an area with a geothermal gradient in excess of 
3^ F/100 feet (fig. 1). Immediately to the west, in an 
updip direction, the geothermal gradient is 2 F or less 
per 100 feet. Although the variation is not great it is 
sufficient to give a 5000-foot oil test a temperature 
differential of 5p°.F (195°F • 145°F). From Levorsen 
(1964, fig. 5-33; fig. 18, this report).an accumulation 
of 32 API gravity oil subjected to a change, in 
temperature from 90 F to 140 F could decrease, in 
viscosity from 75 to 50 Saybolt Universal secoiids. 

California Edison 
And Geo-Energy Sign 
Steam-Purchase Pact 

By a WALL STREET JOUHNAL Staff Reporter 
ROSEMEAD, Calif.-Southepi California 

Edison Co. said it signed a contract with 
Geo-Energy Systems Inc., Los Angeles, to 
purchase geothermal steam upon the suc
cessful conipletion of a test geothermal well 
program in. California's Imperial Valley. 

According to the agreement, the utility 
would build a 55,000-kilowatt generating fa
cility at the well site upon successful sus
tained production of a specified minimum 
amount and quality of steam required for 
economical electricity generation. Depend
ing upon additional sustained production of 
steam, the company would build subsequent 
generating units, it said. 

Geo-Energy, under terms of the agree
ment, must complete a test well -within 
seven months to verify the technology to be 
utilized and the geology of the Imperial -Val
ley area selected-five miles south of the 
Salton Sea. Additional wells will be pro
duced to verify adequate reserves, Southem 
California Edison said. 

Geo-Energy will be using a system called 
the -Van Huisen Downhole Heat Exchanger, 
a patented heat-transfer system that is de
signed to extract heat from geothermal res
ervoirs without bringing any of the under
ground materials to the surface, the utility 
said. Allen T. -Van Huisen, who invented the 
process, is the director of research and de
velopment for Geo-Energy, a Southem Cali
fornia Edison spokesman said. 

Southem California Edison said it 
couldn't estimate the price of the steam to 
be purchased or the cost of the generating 
facility at this time. Geo-Energy officials 
couldn't be reached for comment. 

This will be the third geothermal project 
for Southem California Edison, which Is 
seeking steam elsewhere in the Imperial 
Valley and in Northern Caltfomla. 

GEOTHERMAL 
REPORT 

BI.WEEK1,Y NEWSLETTER 
DEALING WITH GEOTHERMAL 

DEVELOPMENTS 

RICHARD A. SMITH 
P.O. Box 35-K 

Tracey's Landing. Md. 20869 

27 



GEOTHERMAL ENERGY,;- SEPTEMBER 1974 

Given the right combination of viscosity, pressure, 
and permeability this temperature variation could 
conceivably halt migration. Because permeability is. 
affected inversely with the viscosity, and temperature 
increases, result in a decrease in viscosity the 
possibility of geothermal trapping mechanisms are 
very-apparent. Perhaps additional study may f ind that 
some so-called permeability traps are in reality 
thermal traps or viscosity traps. 

CONCLUSION 

The cause of high geothermal gradients in South 
Dakota is not ful ly understood. Dutcher et al. (1972, 
p. 25) gives criteria for distinguishing between 
conduction and convection by saying that a rule of 
thumb IS, if the gradient is uni form, thus permitt ing 
an extrapolation to a reasonable mean surface 
temperature, heat f low is assigned tb conduction. 
Whereas, if high temperatures with small gradients 
extrapolate to high surface temperatures, heat f low is 
attr ibuted to convection. Whether this rule of thumb 
holds true in an area of extensively water flushed 
formations at depth is not known. 

In the area of the 7 F isogradient the Precambrian 
surface is approximately at sea level, or depending 
upon dril l ing site, at a depth of 1500 to 2000 feet. If 
a test hole were continued a few hundred feet into 
the Precambrian rocks a temperature log could be run 
to determine whether or not the high geothermal 
gradient continues below the Cretaceous sands. If the 
geothermal gradient decreases, one could assume a 
false geothermal gradient is caused by hot water 
moving into the area from another area. On the other 
hand, if the geothermal gradient is continuous, a 
geothermal reservoir suitable for. generating power 
might be present at a depth of 7800 feet. 

Burnham and Stewart (1971) report that an ideal 
power site should have rock temperatures above 
600°F at depths ranging frorn 6,000 to 10,000 feet, 
large quantities of surface water and an area remote 
from population centers. Using these criteria as 
requirements for a -power site,, the nearby Lake 
Francis Case and the rural nature of the area satisfy 
two requirements and there is left only one 
questionable requirement. This is determination of a 
completely reliable measurement of the geothermal 
gradient. 

One possible requisite not mentioned in the 
preceding paragraph is the existence of a permeable, 
interval at sufficient depth to insure a means to 
utilize high temperatures. Many wells drilled to and in ' 
Precambrian rock in South Dakota fail to yield water. 
However, if the change of the character of the 
contours on the magnetic and gravity maps of South 
Dakota represent the Peace River-Superior Provinces, 
it is quite possible that fractured Precambrian rocks 
are present in the area. 

In view of the projected fuel shortage faced by our 
nation, the area of high geothermal gradients should 
be researched as a potential power supply. Along the 
same line more attention should be given by 
exploration geologists to the possible effects that 
subsurface changes in temperatures have on the 
migration and accumulation of o i l . 

Perhaps there are other areas in South Dakota 
with high geothermal gradients. These may in time be 
discovered by carrying out an extensive dril l ing 
program. However, a dril l ing program is a relatively 
expensive means of exploration. In south-central 
South Dakota including the area of Shannon, 
Washabaugh, Bennett, Mellette, and Todd Counties, 
there is, a scarcity of data. The fact that all 
geothermal data points plotted in this area (with one 
exception) are higher than the world-vyide average, 
suggests that this rather large area merits further 
study. 
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We Would Like To Know Tool 
1 

"WHAT IS THE BEST WAY TO LOCATE AND EVALUATE 
POTENTIAL GEOTHERMAL AREAS." 

IF IT INVOLVES SEISMIC 
INSTRUMENTATION, WE WANT TO BE-
AND PROBABLY ARE ALREADY INVOLVED, 
SINCE WE DESIGN AND MANUFACTURE 
SEISMIC INSTRUMENTATION FOR A VARIETY 
OF USES - PORTABLE AND OTHERWISE. 
.' TECHNICAL DATA SHEETS AND PRICES 

ARE FREE FOR THE ASKING. 

'py 
KINEMETRICS INC 

336 AGOSTINO ROAD 
SAN GABRIEL , CALFORNIA 91 776 

Phone: 213 /287-9731 
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SUMMARY . 

A preliminary study has been completed which assesses the feasibility 

of developing the geothennal resources of the Madison formation for the com- . 

munity of Kyle, South Dakota, located on the Pine Ridge Indian Reservation. 

The key question considered is whether geothermal space heating can be cost-

competitive with conventional, space heating systems in the Kyle area.. To 

answer this question, a cost model for a community geothermal space heating 

system was developed for Kylej and used to compare costs of using geothermal 

energy with costs of using fuel oil and propane. 

The design analysis assumes that 125 homes in the Kyle area are 

converted so that each can use geothermal energy for.space heating. The 

analysis also assumes that the new high school planned for Kyle is heated by 

geothermal energy. 

The result of the analysis is that geothermal space heating does 

appear to be cost-competitive with conventional space heating systems. In 

fact, substantial monetary savings are projected, whether or not a reinjection 

well is required, provided only that the geothermal resource exists in a form 

similar to that which has been assumed. 

Moreover, the installation of a geothermal space-heating system would 

result in other important benefits for the Oglala Sioux: 

1) The redirection of money back into the reservation, 

2) New jobs, 

3) A move toward energy self-sufficiency for the tribe, and 

4) The availability of large additional amounts of energy 

(in addition to that used for space heating) for other 

purposes, such as greenhouses and fish hatcheries. 

The analysis which has been performed has led to several recommendations: 

1) The potential economic and social advantages of developing 

geothennal energy resources in the Kyle area are extremely 

significant, and it is urged that this development be given, 

serious consideration. 



2) It is recoiranended that a feasibility study, similar 

to that carried ,out for this "^report, be completed 

for the Wanblee, S. D., area. 

3) It, is recbtomended that the design of standardized . 

heat exchangers, suitable for either solar or 

geothermal applications in BIA and HUD Native , 

American housing throughout the United States, 

be pursued as soon as possible. 

4) It is recommended that the utilization of low-grade 

heat from the discharge of the primary side of the 

i:entral heat exchanger and the utilization of off-

peak energy from the transmission/distribution 

system at Kyle be studied in detail. 

5) It is recommended that, as a part of any effort to \ 

determine the magnitude and temperature of the 

Madison waters near Kyle for use as a geothermal 

resource, close attention be paid to the determination 

of water quality. If the water qtiality is sufficiently 

high, consideration can be given to using water from 

the geothermal well for drinking water and/or for 

irrigation. 



I. INTRODUCTION 

A large percentage of the western half of South Dakota appears to 

be underlain by a geothennal energy resource. This resource, an aquifer 

known as the Madison Limestone Formation (the Madison) varies in temperature, 

water quality, depth and thickness from place to place. 

The Madison contains vast amounts of hot water at temperatures 

between IZO'F and IGCF (Ag'C and Tl'C) . Much of the water is potable and 

has been used by some communities and individuals for many years. A few 

isolated projects exist or are underway to employ, the waters for space heating. 

These projects, however, will use only a small fraction of the energy resource. 

The geology of the Madison is reasonably well known and this know

ledge is being advanced further by studies now beiiig, carried out. Thus it can 

be stated that the waters of the Madison represent a major geothennal resource 

that is available, today, to the people of western South Dakota. Furthermore, 

no new technology is required to tap this energy source, and so it is possible 

to develop it in a relatively short time. 

It is especially significant that approximately one-third of the land 

over the Madison Formation in South Dakota lies within the boundaries of Indian 

reservations. Although the exact areal extent of the formation is unknown, all 

or portions of up to six Sioux Indian Reservations lie over the Madison. 

The lifestyles, beliefs, dependence upon high priced energy sources, 

and economic plight of the Indian people all contribute to make the development 

of geothermal resources on Indian land in South Dakota a unique opportunity. 

The close involvement of various federal agencies such as the BIA and EDA in 

tribal affairs, and the tribal governmental structure which existsj contribute 

to make the institutional mechanisms of geothermal development on Sioux lands 

unique. And the current disputes relative to sovereignty of Sioux Indian people, 

particularly with respect to water and mineral rights, serve to make the potential 

problems which surround the possible development of Madisori Formation geothermal 

resources unique. 



This report is intended to examine, in a preliminary way, some 

possibilities which exist for the utilization of,, geothermal resources by 

the Sioux people. The outline of a plan is presented for resource utili

zation at Kyle, South Dakota, a town on the Pine Ridge Reservation pf the 

Oglala Sioux. 

The outline is not meant to be all inclusive; not all information 

needed to prepare a detailed plan for geothermal resource utilization at 

Kyle has been assembled. Likewise, this preliminary plan is not meant to 

be exclusive; Kyle is not the only, location on Sioux land in South Dakota 

where geothermal development is possible. 

The material in this report should be interpreted only as repre

senting possible options for those who wish to consider geothermal energy for 

local applications. Since certain resource data are still being investigated, 

this report must be considered as preliminary. Comments and suggestions are 

actively solicited. 



II. CHARACTERISTICS OF THE GEOTHERMAL RESOURCE 

The Madison is a well-known aquifer that underlies portions of 

South Dakota, North Dakota, Montana and Wyoming. Iri South Dakota it extends 

beneath the western half of the state. The entire aquifer covers an area 

of about 25,000 square miles and stores an estimated one billion acre-feet of. 

water;: The water temperatures are considered "moderate", ranging from about 

120''F td leCF (or 49''C to i V C ) . Although its exact extent is unknown, it 

is believed that the Madison underlies most of the northern and western portions 

of the Pine Ridge Indian Reservation. . The Black Hills, Big Horn aod Laramie 

Mountains are believed to recharge the Madison aquifer.at the rate of 150,000 

acre-feet per year. ' 

The estimated age of the Madison waters is between 15,000 and 30,000 , 

years. They reside in a limestone formation averaging 400 feet in thickness, 

at depths ranging from 3,000 to 6,000 feet in South Dakota. The porosity of the 
2 

formation averages 8 per cent; the transmissivity is estimated to be.0.013 ft / 

sec and tha storage coefficient is estimated to range from 0.0001 to 0.00025 

(South Dakota School of Mines Report, "The Geothermal Applicatiions on the 

Madison Aquifer System (Pahasapa) in South Dakota", 1976). 

The ability of the aquifer to transmit water is quantitatively des

cribed by its transmissivity. Transmissivity is the rate at which water passes 

through a uriit width of the aquifer under a unit hydraulic gradient (Lohman and 

others, 1972). The storage coefficient is a dimensionless number that is the 

ratio of the volume of water that an aquifer releases from or takes into storage 

per unit surface area of the aquifer per unit change in the hydraulic head 

(pressure) (Lohman and others, 1972). 

The southern region of the Madison, including the area around the 

Pine Ridge Reservation, contains water that is generally potable and with dis

solved solids' of 1000 to 3000 ppm. To the north the water becomes more saline, 

less potable. Dissolved solids may be as high as 20,000 ppm near the border with 

North Dakota, and this presents problems in the direct use of the water. 
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Detailed discussions of the Madison's geology and its geothermal 

potential are available in a series of publications by the South Dakota 

Geologic Survey (of particular interest is the Report of Investigations 

No. 110) and by the South Dakota School of Mines and Technology in its report: 

Geothermal Potential of the Madison (Pakasapa) Limestone, 1976. 

Sotne information relative to the geothermal potential of the Madison 

in the vicinity of the Pine Ridge Reservation is contained in a listing of 

potential geothermal resources done by the Bureau of Indian Affairs. (BIA) for 

The Department of Energy (DOE). Page 166 of the listing, which contains infor

mation relative to Pine Ridge, is attached as Appendix A* The information from 

Appendix A related to Pine Ridge is summarized in Table I. 

TABLE I 

PARTIAL LIST OF POTENTIAL 
GEOTHERMAL RESOURCES IN THE VICINITY OF 

THE PINE RIDGE INDIAN RESERVATION* 

Name 
Loca 

Longitude 

103°23.2' 

103°31.2' 

ld3'34.4' 

103"12.0' 

tion 
Latitude 

43''33.7' 

43°33.7' 

43''23.4' 

43°39.4' 

Type 

Spring 

Spring 

Spring 

Spring 

Temperature 
(Degrees F) 

81 

90 

: 68 • 

•? • 

Flow, 
(GPM) 

5000 

50 

7200 

7 

Hot Spring 

Hot Brook 

Cascade Spring 

Buffalo Gap Spring 

* Taken from a listing prepared iti 1977 fo-r DOE by the BIA 

As can be seen from Table I, only four warm springis are listed. 

Since all potential resources within 60 miles of the reservation, including oil 

wells, are supposed to be included in the listing, it is obviously incomplete. 

For example, the towns of Midland and Edgemont, both within 60 miles of the reser

vation, currently use geothennal energy. In addition, four oil wells in the 

immediate vicinity of the reservation have yielded geothermal-related data. 

(These wells are discussed later in this report). 
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Although the Madison can be used for space heating and other 

applications in South Dakota muich more widely than it is today, several 

important factors must be better known before extensive geothermal develop

ment can be shown practicable and economic. These factors, listed below, 

require the collection of data relating to the Madison, itself, and other 

aquifers that may interact with the Madison. 

1. The heat source and its life expectancy. 

It is considered probable that the thermal pro

perties of the Madison waters will remain relatively 

constant. However, the exact nature of the soiirce of 

heat that raises the water's temperature above that 

found at equal depths in other regions of the United 

States in not known yet. If the source is a concen

tration of trace radioactive elements in the Precam

brian granite which covers the Madison Formation, as 

has been suggested, the natural diminution of water 

. temperature is expected to be very slow, measured in 

tens of thousands of years. The USGS/WR Madison Study, 

in progress, should resolve the question of heat source 

and better predict the expected life of the Madison as 

a geothermal resource. ' 

2. Madison parameters 

Physical factors that affect the ability to with

draw water and the drilling for water are well known 

in some areas, but not for the parts of the Madison 

which underlie the Pine Ridge Reservation. These 

factors include the aquifer's thickness, porosity, 

permeability, potentiometric head (artesian pressure), 

temperature, depth below ground level and the thickness 

of Precambrian base rocks that must be penetrated to 

reach the Madison's hot waters. USGS/WR work and plan

ned work of the School of Mines should help to develop 

these data. Additional assistance is planned through 

the resource engineering program of the Division of 

Geothermal Energy of the Department of Energy. 
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3. Effects of substantial withdrawal 

Extensive use,of the water can affect the aquifer's 

thermal properties, quality of water and artesian 

, pressure. In turn, such changes would affect the annual, 

cost of a heating system by demanding higher flows, more 

rapid cleaning or replacement of components, and possible 

installation of additional pumps. Current USGS/WR work , 

is developing a detailed and quantitative model of the 

hydrology in the Madison aquifer and other aquifers that 

can effect its flow. The area of particular interest is 

currently the Powder River Basin because of the Wyoming ^ 

proposal to use Madison water to move coal via a slurry' 

pipe line. DOE is negotiating to have the study extended 

so that proposed Madison usage in the South Dakota area 

would be included. 

4. Thermodynamic model of aquifer 

A local (western South Dakota) model of the aquifer 

needs to be developed so that various rates of withdrawal 

and locations of withdrawal can be examined with respect 

to cooling the aquifer, well to well artesian effects, or 

the need to reinject water after use. The USGS model 

should be carefully examined to see if it would be adequate, 

or if it needs to be modified for purposes of utilization 

in the Pine Ridge Reservation area. 

To estimate the total geothermal potential of the Madison for community 

space heating (or other purposes where the assumptions apply) in western South 

Dakota the following assumptions are considered: the a-verage water temperature 

is 140''F, water is withdrawn at the natural recharge rate of 150,000 acre-feet/ 

year, and the load rejection temperature (water temperature at the end of the 
12 

process) is 100°F. On this basis, the quantity of energy available is 16 x 10 
BTU, or the equivalent of 2.7 million barrels of oil, per year. 

The above calculation, while providing a very rough estimate of total 

geothermal potential in western South Dakota, does not provide a particularly 
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useful estimate for the amount of geothermal energy potential on the Pine 

Ridge Reservation. Several factors contribute to, make the situation on 

much of Pine Ridge significantly more attractive than much of the surround

ing area of western South Dakota. 

One factor arises from the end uses to which the geothermal energy 

may be applied. An increased emphasis by the Sioux people on uses such as 

fish hatcheries, hydroponics and greenhouses would mean that the average load 

rejection temperature would probably be less than 100°F, resulting in more 

energy b^ing recovered from a given volume of water. For example, the water 

temperature after using it for the space heating of homes, then for heating 

a greenhouse, might be 70°F, resulting iri 240 BTU's per gallon more energy 

being recovered than if the,load rejection temperature is 100°F, as above; 

Another factor arises from an examination of geothermal gradient 

data for the Pine Ridge area. The geothermal gradierit is defined as the 

increase of temperature per unit depth below the earth's surface. Its average 

yalue in the United States is about 1.4 or 1.5 degress Farenheit per 100 feet 

of depth. (That is, if a 1000-foot hole is drilled, the bottom-hole temperature 

will be, on the average, 14 or 15 degrees warmer than the temperature near the • 

surface). Areas with geothermal gradients of 1.8 - 2.0°F/100 ft. are often 

considered as areas of potential geothermal resource. Areas with a gradient of 

over 2.0°F/100 ft. are almost always considered as promising geothermal resource 

areas. (The Ocean City, Maryland, area with a gradient of 2.1''F/100 ft, is con

sidered as one of the most promising areas in the Eastern United States). 

A series of geothermal gradient maps for the United States was 

published in 1976 by the American Association of Petroleum Geologists. A por

tion of one of the maps, with the boundaries of the'Pirie Ridge Reservation and, 

the location of Kyle and Wanblee added, is reproduced as Plate I. It is clearly 

evident from Plate I that the geothermal gradient for almost all (over 90 percent) 

of the reservation is over two degrees Farenheit per 100 feet. Even more 

significant is the fact that a large area in the north-eastern part of the 

reservation (and part of the Rosebud Reservation, to the east), including Kyle, 

apparently has a geothermal gradient of at least 2.4 degrees F per 100 feet. 
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In fact, as can be seen from the map from which Plate I was taken, this is 

the largest ^rea in the southerii two-thirds of South Dakota and the northern 

one-half of Nebraska with a gradient of 2.4 or higher. 

The existence of these relatively high geothermal gradients on the 

Pine Ridge Reservation is supported by data from four oil wells which have 

been drilled on, or in the immediate vicinity of, the reservation. The loc

ations of these wells, with gradients of 2.47,. 2.35, 2.30 and 2.18, are shown 

on Plate I. 

Using a gradient range of 2.35 - 2.45 degrees F per 100 feet, and 

a depth.range of 3500 - 3800 feet, the resulting water temperature range which 

might be expected in the Kyle area is 147 - 158 degrees F. 

ml 

11 



II 
II 
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III. PROPOSED GEOTHERMAL APPLICATION OF THE MADISON AQUIFER AT KYLE 

INTRODUCTION 

The sections above have defined the Madison aquifer as a geothermal 

resource that is already being used for space heating arid which has the 

potential for much broader application in the Pine Ridge area. 

In addition, geothermal energy is a clean source with few environ

mental disadvantages and, since it is located on the reservation,.its use . 

could reduce the problems that accompany the almost complete dependence on 

imported fuels: shortages, distribution and increasing prices. 

Therefore, it is suggested that the Oglala Sioux,.possibly in con

junction with assistance from federal agencies, consider developing local 

systems that tap the Madison and use the energy of the hot waters for heating 

homes and other buildings. 

The key question in considering this proposed conversion is whether 

or not a community area can afford the costs. Unless the monthly costs 

(capital, amortization, inaintenance, etc.) to a household (or other user) can 

be'less than current and projected costs of conventional fuel systems, the 

household (or other user) cannot be expected to be interested in converting to 

geothermal. 

To answer this question, a cost model for a community geothermal space 

heating system was developed for western South Dakota and used to show, in terms 

of town population, where the system is cost competitive with fossil fuels 

(Ref. 1). This model was then modified to more clearly reflect the conditions 

which exist on the Pine Ridge Resetrvatlon near Kyle, South Dakota, and used to 

make a similar cost comparison with fossil fuels for the Kyle community. 

• The.design analysis which follows assumes that 125 homes in the Kyle 

L.. cotnmunity are converted so that each can utilize geothermal energy for space 

heating. Ninety of these houses are assumed to be currently designed to bum 

propane; 35 to burn oil. The analysis also assumes ,that the new high school 

planned for Kyle is heated by geothermal energy. • 
' ' • . I - -• 
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The system design parameters, as well as most of the design and 

cost calculations, are in Appendix B. The calculations are considered to 

be conservative. For example, it is assumed that the geothermal will yields 

water with a temperature of only 147"F, the lowest temperature expected; and 

that the well is drilled to a depth of 3800 feet, the greatest depth expected. 

ESTIMATED COSTS FOR OIL AND PROPANE 

Current Average Heating Fuel Cost for Homes in Kyle, S. D. 

8 
Assuming an average heating load of 1.725 x 10 Btu/year for a house 

in Kyle, the monthly average (over the entire year) is 14.4 x 10 ,Btu/mo 

(see Appendix B). Using a cost for propane of $.39/gallon ($4.24/10 Btu), and 

a cost for heating oil of $.45/gallon ($3.26/10 Btu), the average cost of 

heating a home in Kyle with propane is $733 per year ($61/mo.); with oil is $563 

per year ($47/mo.). Table II stimmarizes the estimated current cost of heating 

the 125. homes in.Kyle which are being considered for conversion to geothermal . 

energy; As can be seen, the total estimated average yearly fuel cost is $85,675, 

TABLE II 

ESTIMATED YEARLY RESIDENTIAL COSTS 

Oil Heat 

Propane 

Exist 

One Home 

$563 

$733 

ing System 

No. 
of Homes 

35 

90 

Total Yearly for 
Fuel Type 

$19,705 

$65,970 

TOTAL . $85,675 

•I 

Projected Heating Cost for New High School (Oil Heat) 

Making cost calculations (and comparisons) for a heating system for 

the new high school is difficult. For the purpose of this report, however, it 

is assumed that the cost of the system to transfer and distribute heat from a 

central location to individual rooms In.the school is the same regardless of 

whether the heat.is obtained froin an oil-fired boiler or a geothermal. resource. 

13 



The three factors which then enter into a cost comparison for the school 

are: ' •".'-' 

1) The cost of an oil-fired boiler for the school; 

2) The school's share of the cost of a geothermal well/ 
distributioii system; and 

3) The cost of fuel oil to fire an oil-fired boiler. 

- 9 
Assuming an average heating load of 13 x 10 Btu/year for the new 

9 
high school, the monthly average (over the entire year) is 1.1 x 10 Btu/month 

(see Appendix B). Using a cost for heating oil of $.4l/gallon ($2.97/10 Btu), 

the average cost 'for fuel of heating the new high school would be $38,610/year, 

or $3217/month. (This price reflects the lower price of fuel oil to the school 

than the $.45/gallon charged to homeo-wners). In addition, the amortization of 

the $50K, oil boiler results in a yearly cost of $7,500, or $625/month. The 

total cost, for purposes of this report, then, is estimated to be about $46,110 

per year or $3,842 per month. (Note that the cost of the heat distribution 

system within the school has not been Included, and is assumed to be the same 

.as a distribution system for geothermal energy.) 

DESCRIPTION OF GEOTHERMAL COMMUNITY HEATING SYSTEM FOR KYLE 

Introduction 

The geothermal space heating system is divided, for cost modeling 

purposes, into five main components: 

(1) geothermal well, \ 

(2) central hpat exchanger facility, 

(3) two-way transmission from central heat exchanger to 
community, 

(4) reinjection well and transmission from central heat 
exchanger to reinjection well, and 

(5) community distribution system (two-way pipeline, 
residence hookup and conversion of home heating 
system). 

The Supply Well (and reinjection if required) 

Based on current prices the cost of drilling, casing and enclosing a 

7" diameter well drilled 3800' into the Madisori formation was estimated by 

14 
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Francis-Meador-Gellhaus, Inc. to be about $155,000. This figure is used to 

calculate total community costs for Kyle in tihe example below. Such a well 

is assumed to be artesian and have a flow rate of 933 gpm. 

The Central Heat Exchanger 

A central heat exchanger is used to transfer heat from the well to 

a secondary, closed-loop system containing treated water and thus, increase 

the overall system reliability. A stainless steel, plate-type heat exchanger 

with removable covers permitting ready access for periodic inspection and 

cleaning was selected. This type is considered to be extremely reliable and 

so a backup exchanger is not considered to be required. 

To allow for growth it is assumed that the central exchanger for 

Kyle is designed with approximately ten percent excess capacity. 

Town Distribution System for Kyle 

The required cross-sectional area of the transmission pipe line is 

directly proportional to the population it supplies. Similarly, the cost per 

mile of installed pipe line varies linearly with the cross-sectional area of 

the pipe. This relationship is shown in Figure 1 for the closed-loop, two-

way distribution line and in.Figure 2 for the one-way line to a reinjection 

well, which might be considered desirable or required. 

It follows, then, thai: pipe-line costs are directly proportional to 

the population served and costs per house can be determined. 

The costs of transmission and distribution lines are based on the 

use. of cement-asbestos pipe, on-site installation of 1" foam insulation for 

the feed line, burying the pipe 5' deep and compacting the refill soil only 

where the line crosses roads. 

Individual Connections to Municipal System . • , 

Residential hook-up charges and conversion, including the local 

heat exchanger using the closed-loop heating fluid, are fixed costs per house

hold. 

15 
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COST MODEL CALCULATIONS FOR KYLE 

Introduction 

Figure 3 illustrates the total costs for Kyle, S. D., with the 

production well one mile from town and one reinjection well located one 

mile from the production well. (Whether or not a reinjection well is 

required has not been determined.) 

Energy Demands • 

the design requirements, both peak heating and average seasonal 

demands, were determined for weather conditions existing in western South. 

Dakota and the type of housing in Kyle (see Appendix B). The peak heating 

demand waa estimated to be 11.89 x 10 BTU/hr for 125 homes and the new high 

school. The distribution system consists of a six-inch main pipe and six 

thre^-inch feeder lines. Houses were assumed to be uriiformly distributed 

through the town area for estimating the required pipe lengths. Homes were 

considered to be converted from a conventional forced-air system by installation 

of a heat exchanger. 

COST. MODEL RESULTS FOR KYLE 

Using the estimated component costs, monthly costs for a.geothermal 

heating system were calculated. 

Iri these calculations it is assumed that the 125 homes to be converted 

have forced-air systems. (Conversion from oil or propane fired, forced-air 

furnaces, is relatively inexpensive since existing ducts can be used for hot 

air distribution.) 

The conversion cost includes bringing the hot water into the house, 

the home heat exchanger, inserting the heat exchanger into the distribution 

ducting, thermostat and wiring for automatic control. 

The monthly costs, assumed to be 15 percent per year, include capital 

amortization, maintenance, and services. 

Table III, then, provides an answer to the question, "Can Kyle, 

South Dakota, consider geothermal space heating to be cost-competitive with 

conventional space heating systems?" The answer is yes, whether or not reinjection 

is required, providing only that the geothermal resource exists in a form similar 

to that which has been assumed. 

18 
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Moreover, the installation' of a geothermal space-heating system 

would result in other Important benefits for the Oglala Sioux: 

i) The, redirection of money back into the reservation 

2) New jobs 

3) A move toward energy self-sufficiency for the 
tribe, and 

4) The availability of large additional amounts of energy 
(in addition to that used for space heating) for, other 
purposes, such as greenhouses and fish hatcheries. 

TABLE III 

SUMMARY OF ESTIMATED YEARLY COSTS 

Propane/Oil 

Geothermal with 
Reinjection 

Geothermal with
out Reinjection 

125 
Homes 

$85.7K . 

$68.IK 

$48.8K 
• 

New High 
School 

, $46.IK 

$34.8K 

$23.OK 

TOTAL 

$131.8K 

$102.9K 

$ 71.8K 

Yearly 
Savings 

-0-

$28.9K 

$60.OK 

p 

I 
II 
'I 

It is anticipated that the energy would be sold by a public utility 

type of organization which is owned by the tribe. Thus, revenues received 

(or at least a portion of them) will remain on the reservation. This is in 

marked contrast to the current cash flow off the rese-rvation for fuel oil and 

propane. 

It is anticipated that most (if not all) of the labor required to 

install the transmission and distribution systems, the hook-ups, and the heat 

exchangers, would be done by Oglala Sioux people. This would result in perhaps 

10-15 jobs (rough estimate) being created for the period of time it takes to 

get the system on-line (perhaps two years). In addition. It is anticipated that 

perhaps 3-5 full-time long-term jobs will be created (for example, maintenance 

persons, and bookkeepers). 

20 
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It is anticipated that a large amount of additional heat energy 

will be available at minimal cost'for additiorial applications. The dis

charge temperature of the ceritral heat exchanger is designed to be 107°F. 

Assuming that energy is extracted such that the water temperature is lowered 

from 107°F to 87°F, an additional 8.9 million BTU's per hour will.be avail

able from the well side of the central heat exchanger. In addition, during 

most days, the transmission and distribution systems will be working at 

considerably less than peak design capacity. Significant energy (several 

million BTU's per hour) would therefore be available for uses which might be 

considered to be "interruptable", i.e;, could be disconnected from the geo

thermal source for a few days or a few weeks each year. 

Underscoring the job and cash flow advantages described above is 

the potential for saying significant amounts of oil and propane. Conversion to 

geothermal energy in Kyle could result in a yearly savings of about 138,000 

gallons of oil (43,800 in homes; 94,200 in schools) and 169,000 gallons of 

propane. 

In summary, the potential economic and social advantages of developing 

geothermal energy resources in the Kyle area are extremely significant, and it 

is urged that this development be given serious consideration. 

21 

http://will.be


• p 7 • 

IV. OTHER IMPLICATIONS OF GEOTHERML DEVELOPMENT AT KYLE 

INTRODUCTION 

The positive nature of the results of this study suggest se-veral 

other projects which appear quite promising. Four of the most promising are. 

discussed below. 

UTILIZATION OF GEOTHERMAL ENERGY AT WANBLEE . 

As can be seen from Plate I, Wanblee is situated almost in the center 

of the highest geothermal gradient contour on the Pine Ridge Reservation. It 

is possible that a geothermal gradient as high as 2.5''F per 100' exists, which 

would result in water temperatures of about 153 - 160°F at depths of 3500-3800 

feet.- The population of the Wanblee area (about 500) may be sufficient to sup

port the development of gecithermal resourced. It is recommended that a feas

ibility ;Study, similar to that carried out in this report, be completed for the 

Wanblee area. 

DESIGN OF HEAT EXCHANGERS 

The heat exchangers which are designed for use at Kyle may have a 

much wider potential application than just at Kyle. Indeed, the potential 

application may be nation-wide. 

The heat exchangers are being designed for Native American housing 

built by HUD and the BIA, and are designed for an inlet water temperature of 

about" 140''F. Thousands of BIA and HUD houses exist on Indian Reservations all 

over the United States; thousands more planned or under construction. The design 

inlet temperature of about 140*^ is appropriate for many potential geothermal 

resources, and it is expected that a number of other tribes, mainly in the West 

and Southwest, could utilize the heat exchanger design in developing their 

geothermal resources. 

Possibly even more significant, however, is the fact that most solar-

thermal flat plate collectors have outlet water.temperatures of about 140°F. 

It would therefore seem possible to utilize the same basic heat exchanger design 

for all solar Installations on BIA and HUD Native American Housing. 
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It would seem that a relatively large industry, hopefully organized 

and run with Native American labor, could be established to manufacture these 

heat exchangers. It is recommended that the design of standardized heat 

exchangers be pursued as soon as possible. 

UTILIZATION OF LOW-GRADE HEAT 

As was outlined earlier in this report, it is anticipated that a 

large amount of "lowr-grade" heat energy will be available at Kyle, at very 

minimal cost, for additional applications. The design discharge temperature 

of the central heat exchanger is 107°F. 

Temperatures as low as 60°F are useful for fish hatcheries and green

houses. Assuming only that energy is recovered such that the water temperature 

is lowered from 107"^ to 87''F, an additional 8.9 million BTU's per hour will be 

available from the well side of the ceritral heat exchanger; lowering the tem

perature to 77''F would make 13.4 million BTU's available. 

In addition, during most days, the transmission and distribution systems 

will be working at considerably less than peak design capacity.. Significant 

amounts of energy (several million BTU's per hour) would therefore be available 

for uses which might be considered to be "interruptable", i.e. could be discon

nected from the geothermal source for a few days or a few weeks each year. Such 

Interruptable customers could either supplement the geothermal source with con

ventional sources, such as electricity and fuel oil, or shut down completely 

during the coldest periods of the year. It is recoimnended that the utilization 

of low-gTade heat from the discharge of the central heat exchanger and the 

utilization of off-peak energy from the transmission/distribution system be studied 

in detail. 

UTILIZATION OF DISCHARGE WATER 

Although the quality of the Madison water ih the Kyle area is unknown, its 

quality in other communties in southwestem South Dakota is relatively high. This 

relatively high quality might make it possible to use the water from the geothermal 

well (before or after extraction of low-grade heat) for drinking water and/or for 

irrigation. The design flow of 933 gpm in the well would mean that up to 1.3 
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million gallons per day could be available for these (or other) uses. It 

is recommended that, as a part of any effort to determine the magnitude and 

temperature of the Madison waters near Kyle for, use as a geothermal resource, 

iclose attention be paid to the determination of the water quality. 

91 
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vV FINANCING GEOTHERMAL PROJECTS . 

As discussed, previously, the Madison geothermal resource is 

known to exist and known to be readily available in specific locations. 

However, for the broad utilization of the Madison, more precise reservoir 

and well data are needed in many areas. Department of Energy assistance in . 

obtaining these data is available in PRDA's and PON's which are defined and 

discussed below. 

In areas where the resource availability is proven, communities must 

obtain, financing for the conversion project. Total project costs for conversion 

to geothermal energy space heating for 125 homes and a high school in the Kyle area, 

for example, would be approximately 500K-700K dollars. Various federal depart

ments offer assistance in the grant, loan, and loan guarantee areas and some of 

the more, promising possibilities are discussed below: 

A. Department of Energy , 

1. Grant and Cost Sharing Programs 

The DOE provides grants and participates in cost 

sharing programs for geothermal projects in the private 

sector. This is done through two vehicles: The Program 

Research and Develppment Announcement (PRDA) and the 

Program Opportunity Notice (PON). 

a. PRDA 

Each such announcement soliciits proposals for studies 

and analyses that will lead to new and improved tech

nology for extracting and utilizing energy from geo

thermal resources. PRDA's are Issued from the depart

ment's San Francisco Operations office and can provide 

total funding for approved projects or sharing of costs 

when a proposer could benefit independently from 

participation in a project. State, municipal or non

commercial applicants are chosen on a competititve 

'basis. 

b. PON 

This type of notice solicits proposals for geothermal 

field experiiiients and applications that, will demonstrate 
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adequacy of the. -reservoir as,well as provide 

technical and economic data, and address legal, 

environmental and institutional issties for 

assessing the practicability of further resource 

usage. PON's are issued from the department's 

San Francisco Operations office. Applicants are 

selected competitively and projects are funded 

through federal and local cost sharing. 

Of twenty-two proposals submitted in reponse 

to a 1977 PON eight were selected, four in South 

Dakota. These were to the School of Mines -and 

Technology for heating ranch buildings and agri

culture uses; to the community of Box Elder for 

heating the Douglas School complex; to the Haakon 

School District for heating school buildings in 

Phillip; and to the St. Mary's Hospital in Pierre 

for space heating the hospital and neighboring 

business structures 

2) Loan Guaranty Program 

This program is Intended to assist lenders In 

the private sector by guarantying them against loss 

of principal or Interest on loans made for evaluating 

economic poteritial of geothermal reservoirs, for 

research and development in the technology of extract

ing and utilizing resources, for obtaining rights in 

resources, and for developing, constructing and operat

ing geothermal energy producing facilities. 

The San Francisco office is responsible for 

supplying information on the program and for analyzing 

guaranty applications from South Dakota. (Mailing 

address: Department of Energy, Geothermal Loan Guaranty 

Program Office, San Francisco Operations Office, 1333 

Broadway, Oakland, California, 94612, Telephone: (415) 

273-7151). 
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B, Department of Housing and Urban Development 

Title 1 Community Development Block Grants are currently 

available in at least three areas, two of which appear to be 

applicable to the Kyle, South Dakota, area; 

1. Small Cities Grants ' 

The first type of grant is the Small Cities Grant, 

which is a discretionary grant limited to non-SMSA areas. 

(An SMSA is a Standard Metropolitan Statistical Area, of 

which there are none on the Pine Ridge Reservation). 

These grants are awarded on a scoring system which includes 

factors such as the need for the project and the.types of 

impacts on various types of people. It.appears that the 

Kyle area is eligible for this type of grant. 

2. Urban Development Action Grants 

The second grant type is the Urban Development Action 

Grant, which is a one-year grant available to non-SMSA's. 

This type of grant is appropriate when private investment 

money is also available. Kyle would appear to be eligible 

for this grant type. 

3. Entitlement Grant 

The third grant type is the Entitlement Grant, which 

is available only to SMSA's. This is a formula grant, based 

upon factors such as population and income levels. Kyle 

does not appear to be eligible for this type of grant. 

An application for a grant by the Oglala Sioux will, of course, be 

iri competition with other applications within the HUD Region (Regiori 8 for 

South Dakota). A major consideration in awarding grants is the inclusion of 

low-lricoming housing. The Oglala Sioux Housing Authority is currently irivolved 

in, and aware of, a number of HUD-sponsored programs. 
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APPENDIX B 

SYSTEM DESIGN-'^PARAMETERS FOR. 
SPACE HEATING OF OGLALA SIOUX 
HOMES AND NEW HIGH SCHOOL AT 

KYLE, SOUTH DAKOTA 

3 • • • . 

Average Volume per House (ft ) 7700 

- 3 • 
Heat Loss Factor (Btu/hr ft ) 7,7 . 

Based upon: 70°F inside design temp. 
-2G''F outside design temp. 
Assume roof insulation 

4 
Peak Heat Load per Home (Btu/hr) 5.93 x 10 

Residential System Peak Design Size (Btu/hr) (125 homes) 7.41 xTO-

' 3 
Estimated Volume of New School (ft ) , 640,000 

3 
Heat Loss Factor (Btu/hr_,ft ) 7.0 

Based upon: 70'F inside design temp. 
; -20''F outside design temp. 

Assume roof and wall insulation 

New High School Peak Heat Load (&Peak Design Size) (Btu/hr) 4.48 x 10 

Total Kyle System (125 homes & new high school) g 

Peak Design Size (Btu/hr) 11.89 x 10 

Well Flow Rate (gpm) 933 gpm 

Well Temperature (°F) 1 4 7 ^ 

Well Depth (ft) 3800' 
2 

Assume 6" Main Dist. Pipe: 0.20 ft area 

If V = 7 ft/sec in pipe, then 1.4 cfs is flow 

84 cfm = 628 gpm = 5024 Ib/mln in central heat exchanger output 

Assume At at homd^/school of 137° - 93" •= 44°F 

Then heat avail = 221,056 Btu/min =13.26 x 10^ Btu/hr. AVAIL 

And peak flow/home = 2.8 gpm 

In secondary of main heat exchanger: . 

fi 

Assume 628 gpm. At = 54''F; then heat = 16.28 xTO Btu/hr 

In primary: 

Assume 90% efficient main heat exchanger, then heat in = 17.90 x 10 .Btu/hr. 

Assume At, for main heat exchanger = S C F , flow =933 gpm in well. 
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Assume main heat exchanger is sized for full.load (with respect to well and 

distribution system) to allow for future growth: 

Central Heat Exchanger Sizing 

A ^ 2 9 
Area(m ) ̂  

KAt 
m 

where 6 = peak heat load, Kcal/hr 
(0.252 Kcal/Btu) 

k = 3050̂ Kcal/m̂ ,h,''C . 

At„- 8.4''C m 

6 BTU ,,.-.- Kcal\ , , „ , „6 Kcal e= (16.28 X 10 ^ii^) (0.252 | ^ ) - 4.10 x 10 
hr • BTU ' T'.-- ^ ^v. ^ ^ 

, 4.10 X 10^ , ,^2 
Area>= =. 160m 

3050 X 8.4 

Cost = (160m^)($150/m^) = $24,000 
7,000 Installation 
15,000 Building 

$46,000 TOTAL for central heat exchanger facility 

Distribution, Hookup and Conversion Costs for Residential part of Kyle, S.D.. 

Distribution 
2 ' 

7200 ft (1.70 mi) 3" (.05 ft ) pipe, 2-way, insulate 1-way =• $72K(~$10/ft) 

2500 ft (0.47 mi) 6" (0.2 ft^) pipe, 2-way, insulate 1 way = 42K 
$114K Total 

Hookup 

$210 per house for hookup in Philadelphia District Heating with 50' 
connection length - Brookhaven National Lab. Study - Science v. 195, p951 

Use: $250 per house x 125 houses =$31K 
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Conversion 

(Assume forced-air heat exists now) 

Heating, coil = $270/home 

8hr. installation (? $10/hr = $80 

Heating coil and installation = $350/house x 125 houses = $44K 
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AVERAGE ANNUAL HEATING.DEMAND 
FOR HOUSES AND NEW HIGH SCHOOL 

IN KYLE, SOUTH DAKOTA 

Heating season: 287 days (6888 hrs). 

Average heating season outside temperature: 32.ST (use 32''F) 

Design outside temperature: -20''F . 

Average heating season Inside temperature: 70''F 

. -, \ H - annual heating requirements. 
Using H = 24hD(T;̂ -Ta; ; h = hourly design peak heat load 

(T -TQ) T -Inside temperature (70''F) 

T •= average outside temperature (32°F) 

T = outside design temperature (-20''F) 
o , 
D •• number of days in heating season 

For each house, on the average, 

24(5.93x10^)287(70-32) 
70-(-20) 

8 
= 1.725 X 10 BTU/year average for each house 

= 14.4 x 10 BTU/month average for each house 

For the new high school 

u 24(4.48 X 10^) 287(70-32) 
" " 70 - (-20) 

Q 

= 13.0 X 10 BTU/year (average) 

= 1.1 X 10 BTU/month (average) 
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TOTAL GEOTHERMAL SYSTEM COST 
FOR KYLE, S.D. (without reinjection) 

Well 

Central heat exchanger 
facility 

Double transraissiori 
pipeline 

Kyle distribution system 

SUBTOTAL 

Based upon relative sizes of peak heat loads (7.41 x 10 Btu/hr for homes, 

4.48 X. 10 Btu/hr for new high school) assign 62% of the $404K to homes and 

$155K 

46K 

89K 

114K 

$404K for 
sys 

well 
tem 

and dis Jtribution 

38% to the new high school. 

Residential System 

$250K well/distribution 

75K hookup & conversiori for 125 homes 

$325K TOTAL RESIDENTIAL COST . 

$48.8K 15% yearly cost 

$390 per year per house (average) 

$ 33 per month per house (average) 

System for New High School 

$154K well/distribution 

$ 23K 15% yearly cost 

$1,920 per month (average) (does not include distribution 
system inside school, which is assumed to cost the 
same as one for oil heat). 
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TOTAL GEOTHERMAL SYSTEM COST FOR 
KYLE, S.D. (with reinjection) 

Well 

Reinjection well 

Reinjection pipeline 

Central heat exchanger 
facility 

Double transmission 
pipeline 

Kyle distribution system 

SUBTOTAL 

$155K 

155K 

52K • 

46K 

89K 

114K 

$611K for wells and distribution/ 
reinjection system. 

Based upon relative sizes of peak heat loads (7.41 x 10 Btu/hr for homes, 

4.48 X 10 Btu/hr for new high school) assign 62% of the $611K to homes and 

38% to the new high school. 

.Reg.idfflti.aJ. System 

$379K well/dlstribution/reinjection 

75K hookup & conversion for 125 homes 

$454K TOTAL RESIDENTIAL COST 

/• 68.1K 15% yearly cost 

$545 per year per house (a-verage) 

$ 45 per month per house (average) 

Svstem for New High School 

$232K well/distribution/reinjectlbn 

34..8K 15% yearly cost 

$2,902 per month (average) (does not include 
distribution system inside school, 
which is assumed to cost the same as 

: one for oil heat) 
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PROPOSAL POR GEOTHERMAL RESEARCH 

iM 

Gthm !"' \ ^ ^ OlOO'PdM- ( 
RShPrO 1 «„«„^^«T «« r,̂  . . . . „„„r, . » .1 I , 

Robert Schoon and Duncan McGregor undertook a study of 
tho geothermal potential in South Dakota. This study culminated 
by publication of Report of Investigations No. 110 of the South 
Dakota Geological Survey. Since publication several inquiries 
have been made as to the validity of the high geothennal gradi
ent (see pp. 17 to 25, and fig. 1 of Report of Investigations Ho. 
110, enclosed). This question cannot be concretely answered 
using current data. 

Thus, the primary objective of this proposal is to deter
mine the reliability of the geothermal gradients as illustrated 
in figure 1 of Report of Investigations Ho. 110. In other words, 
doea the geothermal gradient continue as high in the Precambrian 

^ 3 B ^ rocks as in the overlying sedimentary rocks. If the gradient 
£̂ft4i ^° continuous, temperatures equal to the boiling point of water 
^^63 could be encountered at the relatively shallow depth of 2,500 
Sfe,̂ M ^eet. Basically, this submittal requests financial aid in the 
fes^ drilling of a geothermal test well to a depth of 2,500 feet to 
^0«® determine if the geothermal gradient is true, 
^ ^ WBk aasa " 

S ^ hsa 

&^ffi The foregoing constitutes stage 1 of this submittal and 
S ^ w cost estimates include only those relative to stage 1, If stage 

1 is successful, i.e., finds the geothermal gradient true as 
illustrated in figure 1 of Report of Investigations Ho. 110, 
the project will have been successful and completed at the end 
of stage 1 and the heating mechanism can be assumed as either 
due to convection currents within the earth's interior or to 
rati!©active decay in Precambrian rocks. 

Perchance the test well proves the gradient to be false, 
i.e,, due to preheated, circulating ground water derived from the 
west, a stage 2 submittal will be made at a later date. This stage 
2 pcrop>osal will have as its primary objective the location of 
the heat source that causes abnormally high temperature of 
grcnind water underlying an area of 14,000 square miles. From 
Report of Investigations No. 110, if the high geothermal gradi
ent existing in Gregory, Lyman, and Tripp Counties is false, 
them the geothermal gradient is due to circulating ground 
watier and the heat source is located basinward in southern 
Haaikon, Jackson, and WashfOsaugh Counties. However, implementa-
tican of stage 2 is directly dependent on the findings of the 
staige 1 program. 

A stage 3 of this proposal might have as its objective 
the drilling of a geothermal production well. However, this 
staige 3 is also premature because it hinges on the outcome 
of stages 1 and 2. 

.' The projected implementation of this proposal is June 1, 
19T3. Drilling and testing procedures should be completed no 
lrt=er than September 15, 1975. A completed technical report is 
envrisioned as ready for final editing within four months of 
cesiEation of drilling and testing programs. 
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LAKE D.VKOTA PLAIN AREA, SOTJ-TH DAKOTA T27 

(hti entire ai'ea are of Recent age, but, in general, are composed of 
scathered and reworked Pleistocene deposits. Their total volume 
probably is no more than one one-hundiedtli as great as that of the 
i;!atial deijosits. 

The thickness of the unconsoliclatecl Quaternary deposits ranges 
i(vm a fcatheiedge around the peripheiy of bedrock exjjosures to 
.more tlian 256 feet in the Lords Lake buried channel a few miles 
©ulhwest of Aberdeen. Available logs of holes drilled to bedrock 
imlicate that the average thickness of the cleposits is 76 feet. 

.•\bout 30 percent of the wells shown on plate 1 tap the Quaternary 
• ds'ito.̂ îfs. Ho-\vover, not all these wells are sources of water supply, 
auiiiv being used only for observation of watei'-level fluctuations or 

; Cot used at all. Unlike the wells tapping the Dakota sandstone, these 
..fe-i'llsdo not flow. 

G R O U N D VVATER 

;. IvKcept for the.very few -svells that t ap Cretaceous rocks other than 
;. ,wio Dakota sandstone, all wells in the Lake Dakota plain area either 

I : bp tlie Dakota or the glacial deposits. Because the two aquifers differ 
P.M SO many respects, they are discussed separately in this report. 

|,:.^, -WATEB IN THE DAKOTA SANDSTONE 

• he presence of an artesian aquifer beneath the James Eiver low-
I . wul was known at least 10 yeai-s before South Dakota became a State. 

'A v̂cll at Aberdeen, 1,066 feet deep and drilled in 1881, was among 
. *«) fii-st in South Dakota to tap this aquifer. Hundreds of deep wells 
*''tl tx>ei\ drilled by 1920, and while still new most of them had a 

'"̂ iig flow. The availability of such an ample supply of gi-onnd 
'*'t-r without the need for pumping equipment prompted early writ-

•̂ '̂ •* 'o describe the James Eiver lowland as a "Garden of Eden." 

j E E C H A R G B 

^ because the Dakota sandstone in this area is overlain by a tliick 
I ,?^'^^'oii of beds that are practically impervious to water, the places 
I •ciu water enters tlie formation obviously are outside the area. 
L ' " ' ' '^cause w^ater in the Dakota in this area is under sufficient pres-
[ "̂̂  'o flow from wells, tlie places where w^ater enters the formation 
1^^ '« at a higlier altitude. Hydrologists long have i-ecognized that 

\\uter in the formation throughout the James Eiver lowland is not 
^^i origin and generally have agreed that the formation is i-e-

j. S«d principally where it crops out in the vicinity of the Black 
ii V'^ ^^stern South Dakota. Plowever, G. A. LaEocque and J . E . 
' ''i of the Geological Survey, who made a hydrologic study of the 
'; *"iit as originally proposed, believe that only a small par t of 

W-J86&-C3 5 

u 

f i ^ crro ?aS 

S ^ «»»l 

i / 

. ! . 
-t,-. 

J -. 

I f , - ^ 

||f-:^^?-:i:?'35'^^^r^pjpji5^?^3^ 'i.y'.'fif^i.'^.ii " r ',-

file://�/bout
file:////uter


^^SiMi^ 
T H E "UNITED 

^v-= TO THE HYDROLOGY - . . . ^ « 
T9R CONTRIBUTIONS TO l » , , , I 
Tib t̂ urvi u ic. exposed and much. {,.,. h ^ Ol'l-

t\C' 
51 ^ 1 ^ ' ^ ' ' 

most of tue ruoiio'-b-- Kiii-fTOP outai-a'i"&— 'Ide. Tji^ ij 0̂.1 
S r t e s t e r n p^vrt of « - S U t e ^ ^ g ^ Umestone and ^hnn«^-^^ 
^ e r l y i B g formations n o U O ^ y ^ ^ ^ ^ doesthe Dakota f^ | - ^ e 
uiiu^ J c= _ •„„ much ffieawi. it,^ o -TTin., i-omnn (Hrovi-T •- * 

the western pun, va. .̂  
miderlying formations, notably the Pahasapa um. 
sandstone, receive much greater recharge than does the Dakota i 
streams crossing their outcrop in the Black Hills region (Brown '•^'^ 
p. 1), and, because they thin eastward to a knife edge v̂est of''v̂ * 
James Eiver low4and, the water in them percolates under pressureui^ 
the overlying Dakota. LaEocciue and Jones believe also thal'.T 
Dakota may bo recharged by downward movement of vrater in •7 
large area where the hydrostatic pressure in the Dakota is loss iV. 
enough to raise \\\& water in wells to the top of the zone of satur^ji' 
in overlying rocks. 

MOVEMENT 

According to Darton (1909, p. 60-61), the hydraulic gi'adiont'a^l ' 7 'Vl"" 
therefore, the direction of percolation) of w^ater in the Dakota is ^ ^ v. î ''̂ '̂ '' 
erally eastward throughout South Dakota, The rate of c:\sl\vi,4 I t -̂̂ ' 
percolation toward the James River lowland in T. 129 N. (the sô iiK '% -'?" ^ 
ernraost east-west row of townships in North Dakota) was csiin\c«J| 
by Meiiizer and Hard (1925, p. 90) to be 400 to 500 gpm (gallon.'; t^j 
minute), and this estimate probably is equally applicable to each t;̂ -̂  
west row of townships in the Lake Dakota plain area. The avcŝ s% 
rate of discharge from the Dakota that could be maintained indcrinitcW' 
without a regional diminution of hydrostatic pressure would be wi^^ 
to the rate of eastward percolation across the west boundary of li^ 
area of withdrawal. 

If the casing of a flowing w êll tapping the Dakota were to 1)(} <%. -.1 
landed upward to a level that flow no longer occurred, the watftr Wx>2 a - '̂'" 
in the casing w-ould coincide approximately with the piezometric, t*r 7 '*'''" 
j)ressure-indicating, surface of the water in the Dakota at that \^Pu 1 '''̂ '̂  
Because some v^ells tap only one -svater-bearing stratum and some un . -•"'̂  
two, three, or possibly more, t\\& Avater le-\'el in the extended Ciising <4 
one well would not necessarily represent precisely the same pic/.̂ mHr 
ric siu'f ace as the water level in another well. However, they pr> .̂  
ably would differ in such a small amount, all other factors being c<ju\ , 
that in this report the water in. the Dakota is considered to ha -c enl̂  I ^̂ '̂  
one piezometric surface. This imaginary surface is contimion.-: \7\i\. •• 1̂  '-"̂  
tho water level in nonflowing wells that tap the Dakota oviLside tV# t ;'"̂  
report area, provided the failure to flow is not due to jilugging o( 0.̂  :̂  "'• < 
well screen or escape of water from the well into rocks overly in.;,' iH | '•'•'̂  
Dakota. Because maps showing the configuration of the pic/.oirifri?̂ " .̂  
surface, iprepared by Erickson (1954, 1955), show that a trough vS .i| 
that surface coincides Avith the James Eiver lowland and thfî  '̂̂ 'i'i '̂  

• r - i 
. •} 

. ^ :aiirt 

^ p ' 

'nini '4 

' •1" 

-k 
to* 

in 

file:///7/i/


-*̂  

s d 

GEOLOGICAL SURVEY RESEARCH/1968 

TEMPERATURE VARIATIONS OF DEEP FLOWING WELLS 

IN SOUTH DAKOTA 

By D. G. ADOLPHSON and E. F. LeROUX, Rapid City, S. Dak., Huron, S. Dak. 

"Worh done in cooperation wilh ihe South Dakota "Water Resources Commission 

Abstracl.—Measurements from about 200 deep artesian wells 
in South Dakota indicate that temperature differences in water 
flowing from wells of similar construction arc related to the 
depth of wells and volume of discharge. Geothermal gradients 
nt wells in the Dakota Sandstone east of the Missouri River 
range from 0.7°C jjer 100 feet in the southeast and l.I°C per 
JOO feet in tho northeast to 1.6°C per 100 feet along the Missouri 
liiver. Immediately west of the river, geothermal gradients 
average 1.5°C per 100 feet. In a "hot water belt" farther west, 
average geothermal gradients of 2.2°C per 100 feet may be due 
to deep high-temperature recharge to the Dakota Sandstone. 
Relatively low geothermal gradients in pre-Cretaceous rocks 
in the Black Hills may be due, in part, to rapid downward move
ment of recharging water in very porous formations. 

Artesian aquifers tapped by thousands of flowing and 
nonflowing wells underlie much of South Dakota. "Wells 
have been developed in both the pre-Cretaceous and 
Cretaceous Systems. 

, Temperatures of water flowing from about 200 wells 
of similar construction have been found to be related to 
the depth of the w-ell and the volume of discharge. For 
large volumes of discharge, the temperature of the 
water discharging at the surface is very nearly that of 
the water in the producing formation. For wells of low 
flow, the temperature of the discharging water has 
been cooled during the relatively slow movement of 
water up the casing and is not as representative of 
formation temperature. For example, in 1960 a weU in 
western South Dakota, drilled to a depth of 2,225 feet 
in the Minnelusa Sandstone, flowed 75 gallons per, 
minute at a temperature of 39°C (Celsius). By 1962 
the flow had decreased to 24 gpm and the temperature 
to 36°C. In 1965 the flow was 7 gpm and the tempera
ture 32°C, and in 1967 the floAv was 3 gpm and the 
temperature 27°C. 

The southeastern, northeastern, and western areas of 
the State, shoxviign-figure-—l7~^'esignat'e~units--\vithin_ 

which water-temperature variations with depth and 
volume of discharge from flowing wells are character
istically similar. Temperature plots indicate that tem
peratures for flows of less than 20 gpm are not repre
sentative of formation temperatures. Lines in the 
graphs, computed by the least-squares method, show 
that most of the plots for small flows fall between 13° 
and 17°C, regardless of the depth of the well, whereas 
for wells flowing more than 20 gpm there is an increase 
in the temperature of water vvith increase in depth of 
wells. 

SOUTHEASTERN AREA 

Depth of well, temperature of water, and relative 
volume of discharge for 67 flowing weUs that yield 
water from the Dakota Sandstone in the southeastern 
area are shown in figure 2. The measured temperatures 
of water discharged by flowing wells in the area ranged 
from 11°C for a well 200 feet deep, in Hutchinson 
County in the center of the area, to 24°C for a well 

FIGURE 1.—Index map of South Dakota, showing approximate 
location of "hot water belt" and areas of similar geothermal 
gradients-in.tjie Dakota Sandstone. 
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FIGURE 2.—-Variations in water temperature with depth of 
well and volume of discharge for flowing wells in the 
Dakota Sandstone in southeastern South Dakota. 

1,240 feet deep, in Buffalo County near the Missouri 
Eiver. The average geothermal gradient in the south
eastern area is 0.7°C per 100 feet. 

NORTHEASTERN AREA 

The 31 wells in the Dakota Sandstone represented 
by temperature and depth plots on figure 3 range in 
depth from 530 to 1,450 feet. "Water temperatures range 
from 11° to 34°C. The water temperatures and geother
mal gradients decrease eastward from the Missouri 
Eiver. Temperatures as high as 34°C, and geothermal 
gradients of about 1.6°C per 100 feet are recorded for 
wells in Hughes and Buffalo Counties along the Missouri 
Eiver. Farther east in Spink, Beadle, arid Sanborn. 

Counties, temperatures average about 20°C and geo
thermal gradients about 1.1 °C per 100 feet. 

WESTERN AREA 

I n the area immediately to the west of the Missouri 
Eiver, known depths of wells flowing naore than 20 
gpm from the Dakota Sandstone range from 720 to 
1,500 feet, and water temperatures range from 21° to 
33°C (fig. 4, group B). Geothermal gradients at 22 wells 
average 1.5°C per 100 feet. Farther west there is a 
"hot water belt" (fig. 1) where well depths range from 
1,180 to 1,830 feet and water temperatures from 36° 
to 54°C (fig. 4, group A). Geothermal gradients at 14 
wells average 2.2°C per 100 ft. This "hot water belt" 
is in an area in which many of the deeper pre-Cretaceous 
formations are wedging out (Sandberg, 1962) and may 
be recharging the Dakota Sandstone (Hopkins and 
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FiGURK 3.—Variations in water temperature with 
depth of well and volume of discharge for flowing 
wells in the Dakota Sandstone in northeastern 
South Dakota. 
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F I G U R E 4.—Variations in water t empera tu re with depth and 
volume of discharge for flowing wells in t he Dako ta Sandstone 
in western South Dako ta . A, wells in " h o t water be l t ; " B 
(shaded) , other wells. 

Petri, 1963) with high-temperature, water. The munic
ipal well at Philip, which is west of the "hot water 
belt," was drilled to a depth of 4,010 feet and produces 
400 gpm from the pre-Cretaceous Madison Group at 
a temperature of 67°C. 

BLACK HILLS AREA 

Table 1 summarizes the water-temperature data for 
wells in the Black Hills area. The mean annual tempera
ture in the area is about 8°C. WeUs tap aquifers in the 
Pahasapa Limestone, Minnelusa Sandstone, Opeche 
Formation, Minnekahta Limestone, and the Spearfigh 
Formation. Eecords are available for 42 wells ranging 
in depth from 300 feet near the outcrops to 4,900 feet 
36 miles east of the outcrop area. Although the water 
temperatures range from 11° to 67°C, water tempera
tures of 26 wells ranging in depth from 300 to 1,300 
feet are below 16°C. 

The relatively low temperatures and geothermal 
gradients in the Black Hills area may be due to the 

Principal source 
Average 

Well depth Temperature geothermal 
range (ft) range (°C) gradient 

(°C per 100 ft) 

Speaxfish Formation 400-560 11-17 1.3 
Minnekah ta Limestone 360-680 11-22 . 9 
Opeche Format ion 640-1 ,310 12-16 . 7 
Minnelusa Format ion 300-4 ,900 11-60 . 7 
Pahasapa Limestone 460-4 ,110 11-67 1.0 

Average of 42 wells . 0. 9 

rapid downward movement of recharging waters in 
very porous formations such as the Pahasapa Lime
stone. Or, it may be that, for many wells, a meaningful 
temperature gradient cannot be calculated because they 
are uncased holes which allow mixing of water from 
several aquifers (Cox, 1962). 

CONCLUSIONS 

Temperatures of water flowing from deep artesian 
wells are related to the depth of the well and the volume 
of discharge. 

In South Dakota, temperatures and geothermal 
gradients at wells in the Dakota Sandstone generally 
decrease eastward from a "hot water belt" west of the 
Missouri Eiver. The abnormally high geothermal 
gradients (Levorsen, 1958, p. 401) in the western area 
may be due to deep high-temperature recharge to the 
Dakota Sandstone.- Throughout most of the eastern 
part of the State, where temperature gradients are more 
nearly normal, the Dakota Sandstone rests on crystal
line basement rock and is not recharged from below. 

The relatively low geothermal gradients computed 
for the Black HiUs area may be due, in part, to rapid 
downward movement of recharging Avater in very 
porous formations. 
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