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EXHIBIT "B"

SCHEDULE SHOWING THE vmwnmzq>on AND KIND OF OWNERSHIP
OF ALL LANDS WITHIN THE CENTRAL BISTI LOWER GALLUP SAND UNIT
TOWNSHIPS 25 AND 26 NORTH, RANGE 12 WEST, SAN JUAN COUNTY, NEW MEXICO

SERI1AL No. & Basic OVERRIDING WORKING
TRACT No. oFf Date ofF Lease RovaLty & LESSEE OF ROYALTY AND I|NTEREST AND
NUMBER DescriPTION ACRES OR APPLICATION PERCENTAGE RecorD PERCENTAGE PERCENTAGE
FEDERAL LANDS
1 T26N, R12W 2038.78 mﬂcomemm USA SUNRAY MiD-CONTINENT NONE SUNRAY MiD=-CONTINENT
Sec. 31: Lots 2, m. y 2-1-48 123% OiL COMPANY OiL CoMmPANY - ALL
SE/U4 zzn , H.B.P.
s/2 NE/
SE/4, E/2
Sw/l
T25N, R12w
Sec. 5: Lots 3 & 4,
s/2 Nw/k
Sec. 63 (ALL) LoTs 1, 2,
3, 4,5, 6&7
SE/4 nw/b, S/2
NE/4, E/2 sw/k,
SE/h
Sec. 713 w>rrm Lots 1, 2,
3&
E/2 \wW/b, E/2 sw/h,
E/2
sec. 8; N/2
sec. 18: Lot 1 & NE/Y
A - NW/h
2 T25N, Rl2w 10%0.00 mﬂuowmowm USA SUNRAY MID-CONTINENT None SuNrRAY M1D-CONTINENT
Sec. 17: Nf2, SE/M, 2-1-48 12%% O1L CoMPANY: O1L CompaNy - ALL
Nw/h sw/l, E/2 H.B.P. |
Sw/l
sec. 18: NE/4, N/2 SE/U

Sgc, 20:

NE/Y4, NE/4 Nw/b



EXHIBIT "B" (ConTinueD)

3 T25N, R12w kko,00

Sec. 21: N/2, Nf2 -
SE/4, Ne/b
Sw/l

sF-078065
2-1-48
H.B.P,

USA

124%

SHELL Q1L Company

33% or 8/8 pivioep SHeELL 01t Company
AS FOLLOWS: ALt

G. E. Hatt &

CHRISTINE HALL

1/18

RarLen Lowe &
ErmMA Lowr

1/18

Hat C, Pecx &
Josi1E Fay Peckx

118

J. F. POSTELLE &
JESSI1E POSTELLE

118

J. R. MARTIN &
TUCILLE MARTIN

1118

Je« RALPH STEWART &
VIOLA STEWART

1/18

HARRY ADams &
AnNa EvaLYN Apams

1/36 -
C. B. YARBROUGH
1/36

KATHERINE B.
YARBROUGH

1/36

Je. HoLT JoweLlL &
Litvie B. JoweLrt

1/36



EXHIB!IT "B" {CoNTiNUED)

— - = = — KATHRYN-D+ASHBY — — - -
1/36
P. 0. SiLL
1/72

W. H, Sitoan &
ALBERTA SLOAN

1/18

RoBERT MURRAY FASKEN,
Exgcutor AND TRUSTEE
UNDER THE WiLL OF
AMDREW FASKEMN,

DeceaseD
1/18

GeraLo Fi7z-GERALD &
ELizABETH FiTZ=-RERALD

1/36

RoeerT D. Dusen &
Namcy Mae Dupen

1/18

Reese {LEVELAND &
RosgLie B, CLEVELAMD

1/18

Franx A, ScHLUTZ

1/18

R. M, Barron &
Luciire C. BARRON

1/18

LEE ETTA HEDBERT,
AS HER SEPARATE
PROPERTY AND ESTATE

1/72

Mrs. OLiVE MILLER

1/32 o 1/36



EXHIBIT "B" (ConTinueDp)

_THoMas M. &
MinNA GRODIN

3/32 oF 1/36

CHARLES D, &
Lucy S. KaruTz

1/40 ofF 1/36

GEORGE Bi1GAR

1/40 of 1/36

RoBERT B. AARONSON

1/40 of 1/36

Witti1aM & FLORENCE
D. DuBtLIER

1/40 of 1/36

WALLACE S. KaRrRUTZ

1/8 of 1/36

LAWRENCE L. LAVELLE

1/18 of 1/36

MrroN LiDELL

1/18 oF 1/36

MARIE HELENE WEILL

1/18 ofr 1/36

BENJAMIN J. &
HeLen, G, P1ENKOWSK]

1/16 of 1/36

Lewis OTERSEN

1/16 or 1/36

STANLEY F,. ZACHAREK

1/16 or 1/36

ALBERT WILKES

1/16 oF 1/36

ALEXANDER S. Lo Re

1/16 oF 1/36



o~

EXHIBIT "B" (ConTTNuED)
DANIEL ALAGNA

1/16 oF 1/36

DownNeYy EsTATE =
DEFERRED -

g\mz,

ConNOr ESTATE -
DeFERRED

1/72

Stp WEiIsSS

1/5 of 1/36

Morr1s Leving

1/5 oF 1/36

WitLiAM LEVINE

1/5 or 1/36

HARRY LiPSHY

1/5 oF 1/36

Lewis FREED

1/5 of 1/36

RoBerT Mims 1/4, E.W.

MubGe, JR. 1/4 AND Gas
Probucers Corp. 1/2 oF
$100/Acre O1L PAYMENT

out ofF 1% ofr 8/8

4 T25N, R12w - 479.84 NM-036254 USA SHELL O1L CoMPANY 3%% oF 8/8 oivioep  SHELL OiL-ComPANY
SEc. m" N/2 . 2-1-h48 124% : AS FOLLOWSS ALL
Sec. 4: Lors 1 & 2, H.B.P. _
s/2 NE/4 G. E. HaLL &
CHRISTINE HaLL
1/18
_ RALPH Lowe &
ErRMA LowE
118



EXHIBIT "B" (CowTiNUED)

Hat C. Peck &
Josie Fay- Peck

1/18

J., F. PosTELLE &
JESSIE POSTELLE

1/18

J. R. MARTIN &
LUucIiLLE MARTIN

1/18

J. RALPH STeEWART-&
VIOLA STEWART

1/18

HARRY ADAMS &
ANNA EVALYN ADAMS

1/36

C. B. YARBROUGH

1/36

x>4:mm_zn B. YARBROUGH
1/36

J. HoLt JowelLt &
LiLLie B. JowELL

1/36

W. He SLOAN &
ALBERTA SLOAN

1/18

ROBERT MURRAY FASKEN,
EXECUTOR AND TRUSTEE
UNDER THE WiLL OF
ANDREW FASKEN,
DECEASED

1/18



EXHIBIT "B" (CoNnTiNUED)

GERALD F17z-GERALD &
ELi1ZABETH F17Z-GERALD

1/36

RoserT D. Dupen &
Nancy Mae Duoen

1/18

Reese CLEVELAND &
RozeLLE B, CLEVELAND

1/18

FRANK A. ScHLUTZ

1/18

R. M, BarroN &
LuciLre C. BARRON

1/18

KATHRYN D. AsHBY

1/36

P. 0. SiLL
1/72

Lee ETTa HEDBERT, AS
HER SEPARATE PROPERTY
AND ESTATE

1/72

Mrs, OLIVE MILLER

1/32 oF 1/36

THoMas M, &
MiNNA GRODIN

3/32 oF 1/36

CHARLES D. &
Lucy S. KaruTzZ

/40 or 1/36

GEORGE BiGAR

1/40 ofF 1/36



EXHIBIT "B" (ConTinuED)

ROBERT B. AARONSON

1/40 oF 1/36

WiLL1aM & FLORENCE
D. DuBiLIER

1/40 of 1/36

WALLACE S. KARUTZ

1/8 oF 1/36

LAwrReNcE L. LAVELLE

1/18 or 1/36 -

Myron LiDELL

1/18 of 1/36

MARIE HELENE WEILL

1718 or 1/36

BENJAMIN J. AND
HELEN G. PI1ENKOWSK]

1/16 oF 1/36

Lewis OTERSEN

1/16 oF 1/36

STANLEY F. ZACHAREK

1/16 o 1/36

ALBERT WILKES

1/16 of 1/36

ALEXANDER S. Lo Re

1/16 oF 1/36

DANIEL ALAGNA

1/16 of 1/36

DownEYy ESTATE -
DEFERRED

1/2h

CONNOR ESTATE -
DEFERRED

1/72



EXHIBIT "B" (ConTinuED)

5 T26N, R12W ko.00
Sec. 32: Sw/l
. NE/b4

STATE LANDS

6 T26N, R12W 80.00
Sec. 32: S/2 SE/Y

7 T2%N, R12w 640.00

Sec. 16: AL

mw-onm:m‘a
3-1-48

EXTENDED

1-31-60
E-3148-7
H.B.P,

E-6597-2
H.B.P.

USA

124%

STaTE
oF New
Mexico

124%

STATE
oF New
Mexico

124%

Jack C. TuNsTILL

Sip Weiss

1/5 of 1/36

Morris LEVINE

1/5 oF 1/36

WitLi1AM LEVINE

1/5 of 1/36

HARRY LipsHy

1/5 oF 1/36

Lewis FReEeD

1/5 ofr 1/36

Rosert Mims 1/4, E. W.
Mubse, Jr. 1/4, & Gas
Probucers Corp. 1/2 of
$100/acre O1L PAYMENT
out of 13% or 8/8

C.H. Nve 2% or 8/8 Texaco Inc. - ALL
W. J. WEAVER
1/2%-or 8/8 (THis LEASE HELD
UNDER OPTION

AGREEMENT.)

Five FEDERAL TRACTS CONTAINING 4300.62 AcrEs or 50.3159% oF UNIT AREA

EL Paso NATuraL
Gas. PrRopucTts Co.

Lawrence C, Keriry,
TRUSTEE % ]
Ev Paso NATURAL Gas

PRODUCTS COMPANY %

EL PAso NATURAL GAS
Propucts CoMPANY - ALL

JOHN BurRroOUGHS &
JEAN BURROUGHS

5% or 8/8

As To N/2 oF Sec.16 Lawrence C. KeLLry,
T25N, Rl12w TRUSTEE - % .
LawrencE C, Kerty, EL Paso NATURAL
TRUSTEE, AND Gas Prooucts Co. -
INDIVIDUALLY 1/2

4.75% or 8/8

J. D. MiooLETON

.25% or 8/8



EXHIBIT "B" (ConTiNUED)

8 T26N, R12w
Sec. 32: SE/H zmnrv
s/2 Nw/
NE/4 sw/h,
N/2 St/

9 . T26N, R12w
Sec. 32: NW/4 sw/b

10 T26N, R12w
Sec. 32: S/2 sw/k

240,00

40,00

80.00

B-11370-4
8-3- H 3
H.B.P.

B-11370-31
I.m'v.

STATE
OF NEW
MEX1cCO

124%

‘STATE

oF New
Mexico

123%"

STATE
OF NEw
Mexico

meu_

PiiLLirps PETROLEUM
CoMPANY

PHiLLiPs PETROLEUM
CoMPANY

J. FELIX HICKMAN

As To S/2 Sec. 16

T25N, Rl2w

Lawrence C. KeLLry,

TRUSTEE AND

INDIVIDUALLY

17.25% or 8/8

J. D. MippoLETON

.25% or 8/8

NoONE

JAMES PALMER

3% or 8/8

J. FELIX HiCcKMAN

7% or 8/8

FIRsT NAT'L BANK
oFf ALBUQUERQUE AS

TRUSTEE

FOR JEFFERY LEIGH
HicKkMAN

244 or 8/8

_ CarroL T, PaYNE

148 o 8/8

MERLE HICKMAN

13% or 8/8

PHILLIPS PETROLEUM
CoMPANY = ALL

PHILLIPS PETROLEUM
CoMpPANY =~ ALL

VaL R. REESE &

Assoc. Inc. - 1/2

J. R. MooraLL - 1/32
JOHN P. VANDENBURGH =

1/8

E. R. RicHARDSON =
d\dm

Tuomas W. CABEEN -
e

OscAr M, Love - 1/8
Frep Lutuy - 1/32
JAMes E, SPERLING -
1/32

Ezra M. THOMPSON =

1/32

FIVE STATE oF NEw MEX!co TRACTS CONTAINING T080.00 AcRES OR T4.6174% oF UniT AREA
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EXHIBIT "B" (CoNTINUED)

— — — _— . ————————— %
WORK I NG
TrACT No. ofF CONTRACT NUMBER Basic RovaLTYy aAND OVERRIDING INTEREST AND
NUMBER DESCRIPTION ACRES AND DaTE ALLOTTMENT NUMBER RovaLTY PERCENTAGE
INDIAN LANDS
1M T25N, R12w 160.00 NAvAJO ALLOTTED CONTRACT 'Hoska bA woT (JiMMIE) _ Nowneg PHiLLIPS PETROLEUM
Sec. 5: Sw/k No. 14-20-603-1292 AJK/A Jim WHiTE A/K/A COMPANY - ALL
H.B.P, JiMm WHITE BENALLY - :
Foai-de 124%  (059289)
12 T29N, Rl2w 160.00 NAVAJO ALLOTTED CONTRACT | TAH NiP PaAn (Mary ) Qe cosed  None PHiLLIPS PETROLEUM
Sec. 9: SE/b No. 14-20-603-1228 (MaRY WHITE) A/K/A CoMPANY = ALL
: H.B.P. MARY WHITE CHARLEY
r1-10-~8§ 124% Aomwmmm )
13 T25N,R12W 159.92 NAVAJO ALLOTTED CONTRACT ToTaL Basic RovaLty 1244 NoNE EL Paso NATURAL Gas

Sec. 5: Lots 1 & 2
s/2 NE/4 (NE/Y)

No. 14-20-603~1448
H.B.P.
/L-26~56

-11-

DIVIDED AS FOLLOWS:
Ko DA PAH A/K/A Mrs. HERBERT

WiLLiamMs (059835) -
NW\mr \¢\\A\vw \S@M& Jue n Do i,

GLE NA NUP PAH

10/64

Hoska DA woT (JiMmiE)
>“M A Jim WhiTe (059289) -
5

A N1 NE PAH A/K/A SaLENA
wiiTe (059288) -
5/64

I N1 PaH A/K/A Joan
wiTe (059287)

5/64

Sam BENALLY

5/64

ProbucTs COMPANY -
ALL



EXHIBIT "B" (CoNnTiInuED)

14

15

s

T259N, R12w

Sec. 3

T25N, Rl12w

Sec.

Sw/k4

160.00

160.00

NavaJo ALLoTtep CONTRACT
No. 14-20-603-1423
H.BoP. 3-30.5¢

NAvAJO ALLOTTED CONTRACT
No. 1l4-20-603-142k
H.B.P. .

-2 -5h

-12-

I TAH NIP PAH (MARY WHITE)
A/K/A MARY WuiTE CHARLEY
Aowmmmmv ~

58

Ko DA PAH A/K/A MRs. HERBERT  NoONE
wiLs 1ams (059285) -
12%% , ‘

ToTaL Basic RovaLty 2% /2% % Nowne
DIVIDED AS FOLLOWSS

NA PAH Acozav >\x\w WiLLIAM

L. BenaLrLy (059292) -

10k /896

Hoska DA woT A/K/A Jim WhiTE
(059289) -
132/896

AH NI NE PAH A/K/A SALENA
white (059288) -
132/896

I N1 PAH A/K/A Joan WHiTE,
A/K/A MRs. JOAN HARRISON
(059287) -

132/896

| Tan nip PAH (MaRY WHiTE) Deccased
A/K/A MARY WHITE CHARLEY

(059286)

132/896

Joe Buackie (Cenus #11118) -
38/896

UsHKA NAH NO TAH A/K/A
ERNEST BLACKIE -

57/896

MaBEL BLACKIE ~

57/896

PanN AMERICAN PETROLEUM
CORPORATION = ALL

Pan AMERICAN PETROLEUM
CORPORATION =~ ALL



EXHIBIT "B" (ConTiNuUED)

GLE NA NUP PAH A/K/A
Mrs, JuaN DEVORE

56/896

Ka DA PAH A/K/A
MrRs. HERBERT WiILLIAMS

(059285) -
| 567696
16 T25N, Rl2w 160,00 NAVAJO ALLOTTED CONTRACT ToTaL Basic RovaLTy 124% NONE SOUTHERN UNION GAS
Sec. 10: Nw/Y No. 14-20-603-1449 DIVIDED AS FOLLOWS: _ CoMPANY = ALL
H.B.P. GLE NA NUP PAH
o 278 P Mo oo vere

KA DA PAH w\X\> -
MrRs. HERBERT z.rr,>zm

el

Hoska DA woT (JimMiE) A/K/A
m_ _\m..s.:m (059289) -

>=-z. NE PAR A/K/A
SALENA WHiTE (059288) -
1/8 R

| w1 pan AJK/A JoAN WHiITE

swmmm: -

1/

I TAH NiP PAH (MARY WHITE) Deceased
A/K/A MaRY Wi1TE CHARLEY

Aowmmmmv -

1/

Sam BenatLy -

1/8

13-



EXHIBIT "B" (CoNnTINuED)

17 T25N, R12w 159.92 NAVAJO ALLOTTED CONTRACT
Sec. h:. Lots 3 & b No. 14-20-603-322"
s/2 Nw/b YOT+93 //-iz-53
{
{ 18 160.00 NAVAJO ALLOTTED CONTRACT
Sw/4 | No. 14-20-603-321
10453 /12 -53
I.m.v‘
19 T25N, R12w 160.00 NAVAJO ALLOTTED CONTRACT

© Sec. 5: SE/h No. 14-20-603-323
10-7-53

H.B.P.

/- 12-53

-14-

ToTAL Basic RovaLty 123%
DIVIDED AS FOLLOWS:

Ka oA Pan A/K/A Mrs. HERBERT

nwvww)xm (059285) -

Hoska pa woT (JimmMie) A/K/A
Jim wiiTe (059289) -
3/6k4

AH NI NE PAH A/K/A
SaLENA WhiTE (059288) -
3/64

I N1t PAH A/K/A JoAN WHiTE
w\xx>mxwm. JOAN HARR1SON
059207) -

w\mm y

| Tar NiP PAH (MARY WHITE
A/K/A MARY WHITE CHARLEY
Aommmmmv -

3/6

SaM BENALLY =

3/64

GLE NA NUP PAH = B/
m\mz Mrs Joan devore

Ka DA PAM A/K/A MRS. HERBERT
wiLLiams (059285) -

124%

Lease ALoTment No. 011670

ToTAaL Basic RovaLty 1234
Divioep as morrozmm .
mrmz>zc11>=.xv\n,

N\m Mrs Juoan Deve. e

NONE

v Dec e asedd

NoONE

NoNE

AMERADA PETROLEUM
CORPORATION - ALL

AMERADA PETROLEUM
CORPORATION -~ ALL

AMERADA PETROLEUM
CORPORATION = ALL



EXHIBIT "B" (ConTiNuED)

20

2]

.

22. T25N, Rl12w
Sec. 9: SW/4

160.00

160.00

160.00

NavAJO ALLOTTED CONTRACT
No. 14-20-603-32}4
to=p=83 //—/2-53

Ilm.v.

NAvAJO ALLOTTED CONTRACT
No. 14-20-603-325
ta=p=53 /i-s2-53

H.B.P.
NavaJo ALLOTTED CONTRACT

No. 14-20-603-326
H.B.P., /t-712-53

|4ml

Ka DA PAH A/K/A Mrs. HERBERT

%vmr_>xm (059285) -

Hoska oA woT (Jimmie) A/K/A
%vm wiiTe (059289) -

Al NI NE PAH A/K/A SALENA
%VW4m (059288) -

I N1 PAH A/K/A JoAN WHITE
A/K/A MRs. JoaN HARRISON

05928
%\mw 7)

~ )
| TaH NIP PAH (MARY WHITE) FProcedsed

w\x\>mem< WHITE CHARLEY
m -
Awmw

SaM BENALLY

1/8

AH N1 NA PAH A/K/A
SaLena WhiTE (059288)

124%

Na DES PAH OR NAH DES PAH
Lease ArLoTment No. 011673

1244

I w1 PAH A/K/A JoAN WHITE
A/K/A Mrs. JoAN HARRISON
(059287) - |

12

NONE

NoNE

NoNE

AMERADA PETROLEUM
CORPORATION ~ ALL

AMERADA PETROLEUM
CORPORATION =~ ALL

AMERADA PETROLEUM
CORPORATION = ALL



RN

EXHIBIT "B" (CoNTiNUED)

23 ammz. R12wW 80.00 NavaJO ALLOTTED-CONTRACT NA Pal (Joun) >\x\> NoNE AMERADA PETROLEUM
Sec. 33 S/2 sw/k No. 14-20-603-327 WitLtam L. BENatLy CORPORATION = ALL

11-9-53 /2 -10-53 (099292)

73 TRACTS INDIAN ALLOTTED LAND CoNTAINING 1999.04 aAcRES or 27.0671% oF UNIT AREA

CENTRAL BIST! LOWER GALLUP SAND UNIT AREA  TOTALS: 5 FEDERAL TRACTS 4308.62 acres mm.wémmu
: 5 State oF New Mexico TRACTs 1080.00 acres 14.,6174¢
13 TrRAcTs INDIAN ALLOTTED LAND 1999.84 acres 27.0671%

7388.46 acres  100,0000%

-16-



TRACT

NUMBER

10

EXHIBIT C :
SCHEDULE OF TRACT PERCENTAGE PARTICIPATION
CENTRAL BISTI LOWER GALLUP SAND UNIT
SAN JUAN COUNTY, NEW MEXICO

SEri1AL NO. AND
DaTe oF LEASE PERCENTAGE
DescrIPTION OR_APPLICATION PARTICIPATION

FeperaL LANDS

-26N R-1 2W: sF-078056 43.36811
Sec. LOT h S* SE¢s 2-1-148
H.B .P.

T-25N, R-12w:
SEC. 2; Lots 3 ano 4, St NwE
Sec. 63 (ALL) Lors 1, Eé %Q&
6 & s SE
4 NEL, EJSW:, SEL

Sec. 73 Lors 1, 2, EX Nwi,

NE SE
Sec, 8; ui*’ $
T-25N R-12w- sr-018058 2.16406
SEC. Nwt, N& NEL, 2-1-48

sz\l.- NEL, NEL SEL H.B,P.
T-25N, R~12Q: sF-07806 0,57718
Sec. 21; NE NEt -T-Z ? L

- H.B.P.

T-25N, R-12w: NM-O§625’4 10.80302
Sec. 93

. H,B,P.

STATE LANDS

1’-25!4f R-12w: E-6597-2 6,91834
Sec. 163 ALL H,B?P. )

B-11370-31 0.3780k4

T-26N, R-12w:
Sec, 32; Sk Swi H.B.P.

A/é?‘é s A deserplTod
sncivdes only Grea
Lurﬂzﬁ /Dﬂ/"/IC'//-Ja'm?'
Areqg.



1M

12

13

1L

15
16

10
19
20
21

22

EXHIBIT C (ConT'D) PAGE 2
NAVAJO.:ALLOTTED

TRACT ConTrACTNoO, PERCENTAGE

NUMBER DESCRIPTION . ANDHDATE PARTICIPATION

INDIAN ALLOTTED LAND

T-29N, R-12w: 14-20-603-1292 4, 72964
Sec. 5; Sy H.B.P. ‘ "

T-25N, R=12W: 14-20-603-1228 4,61747
Sec. 9; = SEg H.B.P.

T-25N, R=12w: 14-20-603-1448 0.8410
Sec. 5; S¥ NEE H.B,P. 3 3

T-25N, R-12w: 14-20-603~1423 0.93458
Sec. 3; Swg H.B.P.
1-25N, R=12W: 14-20-603~1424 2.18277
Sec. 4; SEE H.B.P.
T-25N, R-12w: 14-20-603~1kk9 3.90585
Sec. 10; Nwg H.BP.
T-25N, R-12w: 14-20-603-321 3.479U5 =
Sec. 4; Swi Ao=p=53 /1253

H,B.P.
T-25N, R-12W: 14-20-603-323 4.36227
Sec. 5; SEg 0=F=58 //-/2-§3

H.B.P.
T-25N, R-12w: 14-20-603-324 1.95205
SEc. O; SWi = /)-i2-53

. H.B.P,

I-25N, R-12w: 1%-20-603-325 4.09958
Sec. O; SEE 0=Fe53 /- /2-52

H.B.P.
'T-25N, R-12w: 14-20-603-326 4, 74662
Sec. 9; Swi H.B,P. :

' /'/-,‘ /2-83
ToTaL 100.00000

By AGREEMENT THE AMERADA KA-=DA-PAH #1 WELL, S1TUATED oN TracT 18 was
CREDITED WITH THE MAXIMUM PRODUCTION FACTOR IN COMPUTING "TOTAL TRACT
OiL PRODUCTION DURING BASE PERIOD" WITH RESPECT TO TracT 18 IN
CONTEMPLATION OF THE USE OF SAID WELL AS AN INJECTION WELL,
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UNIT OPERATING AGREEMENT

FOR THE DEVELOPMENT AND OPERATION
OF THE
CENTRAL BISTI LOWER GALLUP SAND UNIT AREA
COUNTY OF SAN JUAN

STATE OF NEW MEXICO

THIS AGREEMENT, Made and entered into as of the day of

, 19 , by and between the parties who execute

or ratify this agreement,
WITNESSETE:
WHEREAS, the parties hereto as Working Interest Owners have
executed as of the date hereof that certain Unit Agreement for the develop-
ment and operation of the Central Bisti Lower Gallup Sand Unit Area, herein-

1"

after referred to as "Unit Agreement"” and which, smong other things, provides
for a separate agreement to be made and entered into by and between Working
Interest Owners pertaining to the development and operation of the Unit Area
therein defined.
NOW, THEREFORE, in consideration of the mutuel asgreements herein
set forth, it is agreed es follows:
SECTION I

CORFIRMATION OF UNIT AGREEMENT

1.1 UNIT AGREEMENT CONFIRMED. The aforesaid Unit Agreement and all

exhibits attached thereto are hereby confirmed and made a part of tﬁis agreement
and all terms used in this agreement shall have the same meaning as indicated

in the Unit Agreement unless otherwise defined herein or clearly indicated by



the context, Also, all land committed to the Unit Agreement shall constitute
land referred to herein as "Unitized Landsf or "landg subject to this agreement".

1.2 DEFINITIONS. A "working interest" is an interest committed
hereto which is obligated to bear or share, either in cash or out of production
(other than by permitting the use of Unitized Substances for development, pro:
duction, pressure maintenance, or secondary recovery purposes), a portion of
all costs and expenses of drilling, developing, producing and operating the
Unitized Landsunder this agreement and the Unit Agreement; and a "Working
Interesgt Owner" is the owner of a working interest. A Working Interest Owner
is sometimes referred to herein simply as an "owner" or a "party hereto". A
"Royalty Owner" is any party hereto who owns a right to or interest in any
portion of the.unitized substances or proceeds thereof other than a "Working
Interest Owner". "Unitigzed Substances" shall mean all oil and gas (which
includes gaseous substances, condensate, distillate and all associated and
constituant liquid or liquefiable hydrocarbons) within or produced from the
Bisti Iower Gallup Sand in the lands subject to this agreement.

SECTION IT

MANAGEMENT AND CONTROL

2.1 OVER;ALL SUPERVISION BY WORKING INTEREST OWNERS. Working
Interest Owners shall exercise over;;II supervigion and control of all metters
pertaining to the development end operation of the Unitized Lands pursuant to
this sgreement and the Unit Agreement. In the exercise of such power each
Working Interest Owner shall act solely in its own behalf in the capacity of
an individual owner and not on behalf of the owners as an entirety.

2.2 PARTICULAR POWERS AFD DUTIES OF WORKING INTEREST OWNERS.

The matters to be passed uponand decided by Working Interest Owners in accordance
with Section III hereof shall include, but not be limited to, the following:
(a) The kind, cheracter and method of operation,

including any type of pressure meintensnce or
secondary recovery progrem to be employed;
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(b) Except where otherwise provided herein or in
the Unit Agreement, the drilling of any well
within the Unit Ares either for production of
Unitized Substances, for use as an injection
well or for other purposes;

(c) The recompletion, abandonment, or change of
status of any well in the Unit Area or use of
any such well for injection or other purposes;

(&) The making of an expenditure of more than
$15,000 exclusive of expenditures for drilling
vells and all expenditures expressly authorized
as part of some other expenditure; however,
whether the expenditure involved be more or
less than $15,000 prior approval of the Working
Interest Owners must be secured for the following:
The recompletion, or change of status of any well
in the Participating Area or uge of any such well
for injection or other purposes; provided that in
case of blowout, explosion, fire, flood or other
sudden emergency, Unit Operator may take steps
and incur such expenses as in its opinion are re-
quired to deal with the emergency and to safeguard
life or property, but that Unit Operator shall, as
promptly as possible, report the emergency to the
owners.

(e) The adoption or submission of any operating and
development plan to the Supervisor, Commissioner
and the Commisgsion or any regulatory body;

(f) The taking over of wells, property, and equipment
as provided for in Section V hereof;

(g) The designating of a representative to appear
before any court or regulatory body in mstters
pertaining to unit operations; provided, however,
that the authorization by Working Interest Owners
of the designation of any such representatives shall
not prevent sny Working Interest Owner from appear-
ing in person or from designating another repre-
sentative in its own behalf;

(h) The making of proper audits of the accounts of Unit
Operator pertaining to operations hereunder;
provided that such audits shell

(1) Not be conducted more than once
each year or upon the resignation
or removel of Unit Operator; and shall

(2) Be made at the expense of all Working

' Interest Owners other than the Work-
ing Interest Owner designated as Unit
Operator; and

(3) Be upon not less than thirty (30)
days written notice to Unit Operator;



(i) The subsequent joinder of any Working Interest Owner
or Royalty Owner in thisg agreement or in the Unit
Agreement as provided for in the Unit Agreement, and
the determination and revigion of the percentage
participation to be assigned to any tract committed
to this agreement and the Unit Agreement after the
effective date thereof, as provided in the Unit
Agreement;

(jJ) The preparation of any revision of Exhibit "C"
to the Unit Agreement;

(k) The taking of periodic inventory under the terms
of Exhibit "D" hereof;

(1) Any direct charges to the joint account for
services by consultants or Unit Operator's
technical personnel not covered by the over-
head charges provided by Exhibit "D" hereof;

(m) The appointment or designation of the purposes
of committees or subcommittees necessary for
the study of any problem in connection with
unit operations;

(n) The removal of Unit Operator and the selection
of a successor;

(o) The enlargement or contraction of the Unit Area
and the enlargement of the Participating Area;

(p) The adjustment end readjustment of investments;

(q) Any revision or amendment of the overhead rates
or any other provision in the "Accounting Pro-
cedure"”, attached hereto as Exhibit "D";

(r) Selling or otherwise disposing of any major item
of surplus equipment, the current list price of
any equipment similar thereto being $1500 or more;

(8) The terminetion of the Unit Agreement.

2.3 APPROVED ACTION BINDING ON ALL PARTIES. Any action, determination

or decision which has been approved by the Working Interest Owners pursuant to
Section IIT shall be binding upon each and every Working Interest Owner, even
though any such owner has not voted, or has voted to the contrary.

2.4 RESERVATION OF RIGHTS BY OWNERS., Working Interest Owners

severally reserve to themselves all their rights, power and privileges except as
expressly provided in this agreement and the Unit Agreement.

2.5 SPECIFIC RIGHTS OF OWNERS. Each Working Interest Owner shall have,

among others, the following specific rights and privileges:
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(a) Access to the Unit Area at all reasonable times
to inspect the operations hereunder and all wells
and records and data pertaining thereto;

(b) The right to receive from the Unit Operator upon
written request copies of all reports to any
Governmental Agency, reports of crude oil runs
and stocks, inventory reports and all other
data pertaining to unit operations. The cost of
gathering and furnishing deta not ordinarily
furnished by Unit Operator to all Working Interest
Owners shall be charged solely to Working Interest
Owners requesting the same.

2.6 UNIT OPERATOR. SUNRAY MID-CONTINENT OIL COMPANY is hereby

designated as the initial Unit Operator. Subject to the provigions of this agre&;
ment, and to the orders, directions and limitations rightfully given or imposed
by Working Interest Owmers, Unit Operator shall have the exclusive right and be
obligated to develop and operate the Unitized Lands for the production of Unitized

Substances.

2.7 POWERS AND DUTIES OF UNIT OPERATOR. To the extent necessary or

convenient for the conduct'éf Operatibns4her§under, and subject to the limitations
herein contained, Working Interest Owners hereby delegate to Unit Operator all
rights, powers and privileges granted to or conferred upon them by virtue of any
contract or lease covering any land in the Unit Area or by virtue of the Unit
Agreement. Unit Operator shall in the conduct of operations hereunder:

(a) Conduct all operations in a good and workmanlike
manner and, in the absence of specific instructions
from Working Interest Cwners, shall have the right
and duty to conduct such operations in the same
manner as would a prudent operator under the same
or similar circumstances. Unit Operator shall freely
consult with Working Interest Owners and keep them
advised of all matters arising in connection with
guch operations which Unit Operator, in the exercise
of its best Jjudgment, considers important. Unit
Operator shall not be liable to Working Interest
Owners for demages unless such demages result from
the gross negligence or willful misconduct of Unit
Operator.

(b) Keep the lands and leeses in the Unit Area free
from all lieng and encumbrances occasioned by
its operations hereunder, except the lien of
Unit Operator granted hereunder.



(c) Determine the number of employees used by Unit
Operator in conducting operations hereunder, the
selection of such employees, the hours of labor
and the compensation for services to be paid any
and all such employees. Such employees shall be
the employees of Unit Operator.

(d) Keep true and correct books, accounts and records
of its operations hereunder.

(e) Furnish to each Working Interest Owner periodic
reports of the development and operations of the
Unit Area.

(£f) Make all reports to Governmental authorities
that it has the duty to make as Unit Operator.

(g) Furnieh to each Working Interest Owner, upon
written request, a copy of the log of and copies
of engineering and geological data pertaining to
vells drilled by Unit Operator.

(h) Settle any single damsge claim not involving an
expenditure in excess of Two Thousend ($2,000.00)
Dollars provided such payment is a complete
settlement of such claim.

(1) Take such steps and incur such expenses as are
required in case of an emergency &s provided in
Subsection 2.2 (d) hereof.

SECTION 11T

EXERCISE OF SUPERVISION BY WORKING INTEREST OWNERS

3.1 DESIGNATION OF REPRESENTATIVES. Each Working Interest Owner

shall designate in writing the name and address of a representative who will be
authorized to act for such Working Interest Owner in all matters arising under
this agreement or the Unit Agreement. Each Working Interest Owner may likewise
designate an alternate to act for it in the absence of its designated representa:
tive. Such representative or alternate may be changed from time to time by notice
in writing to the Unit Operator.

3.2 MEETINGS. All meetings of Working Interest Owners for the
purpose of considering and acting upon any matter perteining to the develop;
ment and operation of the Unit Arees which requires the consent and approval
of guch Owners shall be called by Unit Operator upon its own motion or at the
request of one or more Working Interest Owners having a total participating

interest of not less than Ten (10%) per cent. No meeting shall be called on
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less than Fourteen (14) days advance written or telegraphic notice, with
agenda for the meeting included. The Working Interest Owners attending such
meeting shall not be prevented from amending items included in the agenda or
from deciding such amended items or from deciding other items presented at
such meeting. The representative of the Unit Operator shall be Chairman of

each meeting.

3.3 VOTING PROCEDURE., The Working Interest Owners shall act upon

and determine all matters reguiring their consent as follows:

() In voting on any matter each Working Interest
Owner shall have a voting interest equal to
‘his or its Participating Interest, determined
in accordance with Secticn IV of this agreement.

(b) Except as otherwise specifically provided, the
consent and approval of the Working Interest
Owners under the provisions of the Unit Agree-
ment and this agreement shall be deemed to have
been given if given by an affirmative vote of at
least three Working Interest Owners owning at
least Sixty-Five (65%) per cent of Participating
Interests; provided, however, that if any Working
Interest Owner owns a Participating Interest of
Thirty-Five (35%) per cent or more, its vote or
failure to vote shall not serve to disapprove any
matter approved by vote of Eighty (80%) per cent
or more of tke remsining Participating Interests,
and provided, further, that any project involving
a total expenditure in excess of $150,000 or any
determination with respect to the expansion of
the Unit Area or for the drilling of any well out-
side the Participating Ares pursuant to Subsection
8.5, an affirmative vote of at least Eighty (80%)
per cent cf Participating Interest shall be required
for approval except that should one Working Interest
Owner own more than Twenty (20%) per cent voting
interest, its vcte or failure to vote shall not
serve to disapprove a matier unless supported by
the vote of one or more other Working Interest
Owners.

(c) Any Working Interest Owner not represented at a
meeting may vote on any item included in the agenda
of the meeting by letter or telegram addressed to
the Chairman of the meeting provided such vote is
received nrior to the submission of such item to
vote. Such vote shall not be counted with respect
to any item on the agenda which is amended at the
meeting.



(d) Working Interest Owners may decide any matter by
vote taken by letter or telegram, provided no
meeting on the matter is called as provided in
Subsection 3.2 within 7 days after such proposal
is dispatched to the Working Interest Owners.
Unit Operator will give prompt notice of the
results of such voting to all Working Interest
Owners.

SECTION IV

BASIS OF PARTICIPATTION

k.1 PARTICIPATIKG INTERESTS. The "Participating Interest" of each
Working Interest Owner hereunder is equal to the sum total of the percentage
participations assigned to tracts in the Participating Ares in which such Wbrk:
ing Interest Owner owns an interest; provided that if the working interests in
any such tract are.ovned in undivided interests by two or more Working Interest
Owners, the percentage participation assigned to such tract shall be divided
among such owners in proportion to their undivided interests; and, provided
further that, 1f the working interests in any tract are divided with respect
to separate parcels of such tract and owned severally by different parties,
the percentage participation assigned to such tract shsll, in the absence of a
recordable ingtrument among all such parties fixing the division of ownership,
be divided among such parcels in proportion to the number of surface acres in
each.

k.2 PERCENTAGE PARTICTPATTONS OF TRACTS. The percentage participation

asgsigned to each tract in the initial Participating Area is set forth in Exhibit
"C" of the Unit Agreement subject to revision in the event less than all tracts
within the initial Participating Area are committed to this agreement end to the
Unit Agreement, all in accordance with the provisions of Section 11 of the Unit
Agreement. The percentage participation shall also be revised in the event the
Participating Area is revised as provided in Section 11 of the Unit Agreement
end in accordance with the formule and procedﬁres set forth in Section 12 of

the Unit Agreement. Said percentage participations as fixed and determined
pursuant to the Unit Agreement shall govern the Participating Interests of the

Working Interest Owners hereunder.
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h.3_ APPORTIONMENT OF COSTS AND BENEFITS., Except as herein otherwise

expressly provided, all costs, expenses and liabilities accruing or resulting
from exploration, development, operation and maintenance of the Unitized Lands
shall be borne by the Working Interest Owners in proportion to their respective
Participating Interests at the time such costs, expenses and liabilities are
incurred and all Unitized Substances produced hereunder and other benefits
eccruing hereunder shall be owned and shared by the Working Interest Owners

in proportion to their respective Participating Interests at the time such

production is obtained and benefits accrue.

SECTION V

INITIAL ADJUSTMENT OF INVESTMENTS

5.1 EQUIPMENT AND FACILITIES NOT FIXTURES ATTACHED TO REALTY. Each

of the parties hereto has heretofore placed and used on its tract or tracts
comitted to the Unit Agreement and this sgreement, verious well and lease
equipment and other property, equipment, and facilities. It is also recognized
that additional equipment and facilities may hereafter be placed and used upon
the Unitized Lands as now or hereafter constituted. Each of the parties hereto
conglders any and all such equipment td be personal property and not fixtures
attached to realty. Accordingly, sald well and lease equipment snd personal
property is hereby severed from the mineral estates affected by said agreements,
and it is agreed that any and all such equipment and personal property shall be
and remain personal property for all purposes. The provisions of thisg Section V
and also the provisions of Section VI constitute a separate agreement and under:
standing with respect to any and all lease and operating equipment or other per-
sonal property heretofore or hereafter placed in or on the land in the Unit Area
and to the extent necessary to accomplish such separate agreement, such lease and
operating equipment is taken over separate and apart from the unitization of the
working interests and production effected by the Unit Agreement and this agreement.

5.2 PERSONAL PROPERTY TAKEN OVER. Upon the effective date hereof,

Working Interest Owners shall deliver to Unit Operator possession of:



(2) All wells completed in the Bisti Lower Gallup
Sand Formation (sometimes called "Unitized
Formation") together with the casing therein;

(b) The tubing in each such well, together with the
wellhead connections thereon, and all other lease
and operating equipment used in the operation of
such wells which Working Interest Cwners determine
ig necessary or desirable for conducting unit
operations; and

(¢) A copy of all production and well records
pertaining to such wells.

5.3 INVENTORY AND EVALUATION OF PERSONAL PROPERTY. Working Interest

Cwners shall, at unit expense,; inventory and evaluate in accordance with the
provisions of Exhibit "D" the personal property so taken over. Such inventory
shall be limited to controllsble material (except casing) as defined by the
"Material Classification Manual"”, 1953 Print, prepared by the Petroleum
Accountants Society of Oklahoma. The material and equipment inventoried shall
be valued on the price basis prescribed for material in Paragraph 2 of Article
III of Accounting Procedure attached hereto as Exhibit "D", the applicable con-
ditions to be indicated on the inventory; provided, however, that material and
equipment not classified to be in condition A, B, or C as specified in Para-
graph 2 of Article III of Exhibit "D" shall not be taken over by Unit Operator
except by speclal agreement with the owners of said equipment as authorized by
the Working Interest Owners.

5.4 INVESTMENT ADJUSTMENT. Upon approval by Working Interest

Qwners of such inventory and evaluation, each Working Interest Owner shall

be credited with the value of its interest in all personal property (exclusive
of the casing in wells)so taken over by Unit Operator under Subsection 5.2(b),
and chaerged with an amount equal to that obtained by multiplying the total
value of all such perscnal property so taken over by Unit Operator under
Subsection 5.2(b) by such Working Interest Owner's Participating Interest

as determined in accordance with Section IV hereof. If the charge

against any Working Interest Owner is greater than the amount credited to
such Working Interest Owner, the resulting net charge shall be paid and in
all other respects be treated as any other item of unit expense chargesble

against such Working Interest Owner. If the credit to any Working Interest Owner is
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greater then the amount charged against such Working Interest Owner, the re-
sulting net credit shell be paid to such Working Interest Owner by Unit Cperator
out of funds recelved by it in settlement of the net charges described above.

5.5 GENERAL FACILITIES. The acquisition of warehouses, warehouse

stocks, leasehouses, camps, facility systems and office buildings necessary
for operations hereunder shall be by negotiation by and between the owners
thereof and Unit Operator, subject to the approval of Working Interest Owners.
There shall be no adjustment for lease roads or appurtenances thereto.

5.6 OWNERSHIP OF PERSONAL PROPERTY AND FACILITIES, Each Working

Interest Owner, individually, shall by virtue hereof own an undivided interest

in all personal property and facilities taken over or otherwise acquired by

Unit Operator pursuant to this agreement equal to its Participating Interests.
Personal property and facilities not taken over by Unit Operator shall be
reclaimed by the original owner thereof and shall be removed from the Unit Area
within ninety (90) days after the owners of such property are advised in writing
that the property shall not be retained by Unit Operator for operations hereunder,
unless said property and facilities not retained are necessary for use by the
owners thereof in the operation or development of horizons not unitized under

the Unit Agreement and this agreement.

SECTION VI

INVESTMENT ADJUSTMENT ON
ENLARGEMENT CF PARTICIPATING AREA

6.1 ADJUSTMENT ON ENLARGEMENT OF PARTICIPATING AREA. On enlargement

of the Participating Area as provided in the Unit Agreement, there shall be
investment adjJustments between the Working Interest Owners in the enlarged
Participating Ares who are parties hereto and the Working Interest Owners in
the former Participating Area who are parties hereto to the end that costs and
investments within the enlarged Participating Area shall be paid for by the

Working Interest Owners In the enlarged Participating Area in proportion to

-]l]



LN

their respective Participating Interests in the enlarged Participating Area,
and also to the end that the parties who have previously paid said costs
shall be reimbursed, all in the manner as set forth in Section V hereof per-
taining to the initisl adjustment of investments, except that a separate
adjustment for intangibles shall also be made as provided in Subsection 6.2
hereof.

6.2 SEPARATE ADJUSTMENT FOR TNTANGIBLE COSTS ON ENLARGEMENT OF

PARTICIPATING AREA, The Working Interest Owners in the Participatiné Area be;
fore its enlargement shall receive credit for the intangible cost of drilling,
comnpleting and equipping all wells drilled subsequent to the effective date
hereof which are capable of producing Unitiged Substances within the said
enlarged Participating Area or which are utilized or to be utilized as injection
wells or for other purposes within the enlarged Participating Area including
all intangible costs incurred subsequent to the effective date of this agree-
ment incident to recompleting and converting wells to injection wells and
intangible costs incident to the construction of pressure msintenance and other
facilities necessary to the operation of the Unitized Land. No credit shall

be given for intangibles in the area to be admitted to the enlarged Partici-
pating Ares and no credit shall be given for the previous cost of operating

any wells or for the intangible cost of repairing or maintaining other property,
nor shall there be any deblt for and on account of production taken from wells
prior to the effective date of the enlargement of the Participating Area. The
gsum total of said credit shall be apportioned to the enlarged Participating
Area, and a separate cash adjustment of intangibles shall be made among Working
Interest Owners through the Unit Operator to the end that the costs of said
intengibles shall be paid by the Working Interest Owners in the enlarged

Participating Area in proportion to their Participating Interests.
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SECTION VII

DEVELOPMENT AND OPERATING COSTS

T.1 BASIS OF CHARGE TO WORKING INTEREST OWNERS. Unit Operator

initially shall pay and discharge all costs and expenses incurred in the
development and operation of the Unit Area. Working Interest Owners shall
reimburse Unit Operator for all such costs and expenses in proportion to

their respective Barticipating Interests computed in accordance with Section IV
hereof. All charges, credits, and accounting for costs and expenses shall be
in accordance with Exhibit "D" hereof. The term "Operator" as used in Exhibit
"D" shsll be deemed to refer to the Unit Operator, and the term “Nonjbperators"
as used in Exhibit "D" shall be deemed to refer to the Working Interest Owners
other than Unit Oﬁerator.

T.2 BUDGETS. Before or as soon as practical after the effective
date hereof, Uhit'Operator shall prepare a budget of estimated costs and
expenses for the remainder of the calendar year and on or before the first
day of each October thereafter shall prepare a budget of estimated costs and
expenses for the ensuing calendsr year. Such budgets shall set forth the
estimated costs and expenses by quarterly periods. Unlegs otherwise specified
in the budget, it shall be presumed for the purpose of advance billings that
the estimated costs and expenses for each month of a quarterly period shsll be
one;third (1/3) of the estimate for the quarterly period. Budgets so prepared
shall be estimateg only and shall be subject to adjustment and correction by
Working Interest Owners and Unit Operator from time to time whenever it shall
appear that an adjustment or correction is proper. A copy of each budget and
ad justed budget shall be promptly furnished each Working Interest Owner.

7.3 ADVANCE BILLINGS. Unit Operator shall have the right at its

option to require Working Interest Owners to advance their respective proportions
of such costs and expenses by submitting to Working Interest Owners, on or before
the 15th day of any month, an itemized estimate of such costs and expenses for
the succeeding month with a request for payment in sdvance. Within fifteen (15)

days thereafter, each Working Interest Owner shall pay to Unit Operator its
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proportionate part of such estimste. Adjustment beiween estimates snd the
actual costs shall be made by Unit Operator at the close of each calendar month,
and the accounts of the Working Interest Owners shall be adjusted accordingly.

7.4 COMMINGLING OF FUNDS. No funds received by Unit Operator under

this agreement need be segregated by Unit Operator or maintained by it as a
Joint fund, but may be commingled with its own funds.

7f5 LIEN OF UNIT OPERATOR. Each Working Interest Owner grants to

Unit Operator a lien upon such Working Interest Owner's leasehold and other
mineral interests in each tract, its Interest in all Jjointly owned materials,
equipment, and other property and its interest in all Unitized Substances, as
gecurity for peyment for the costs and expenses chargeable to it, together with
interest thereon at the rate of Six (6%) per cent per snnum. Unit Operator shall
have the right to bring any action at law or in equity to enforce collection of
such indebtedness with or without foreclosure of such lien. In addition, upon
default by any Working Interest Owner in the payment of costs and expenses
chargeable to 1t, Unit Operator shall have the right to collect and recelve
from the purchaser or purchasers the proceeds of such Working Interest Owner's
share of Unitiged Substances up to the amount owlng by such Working Interest
Owner plus interest, as aforesaid, until paid. Each such purchaser shall be
entitled to rely upon Unit Operator's statement concerning the existence and
amount of any such default.

SECTION VIIT

INDIVIDUAL AND UNIT OPERATIONS

8.1 RIGHT TO OPERATE IN NON-UNITIZED FORMATIONS. Any Working

Interest Owner now having, or hereafter acquiring, the right to drill for and
produce oil, gas, or other minerals, other than Unitized Substances, within the
Unit Area shall have the full right to do so notwithstanding this agreement:. In
exercising said right, however, such Working Interest Owner shall exercise every
reasonable precaution to prevent unreasonsble interference with operationshere-

under., If any Working Interest Owner drills any well into or through the



Unitized Formation, the Unitized Formation shall be cased or otherwige pro-
tected in such a manner that the Unitized Formation and the production of
Unitized Substances shall not be adversely_affected.

8.2 DUAL COMPLETIONS. Except for those wells taken over by the

Unit which are dually completed on the effective date of this asgreement, no
other Unit wells may subsequently be dually completed unless and until the
approval of the Working Interest Owners is obteined and such completion is
made in accordance with the methods prescribed by the Working Interest Ouwners.
Dually completed wells will be handled as follows:

(a) A lessee who contributes & well producing

from more than one zone shall be obligated to segre-
gate such gzones prior to the well being taken over by
the Unit in a manner satisfactory to the Working
Interest Owners, the cost of such work to be borne
by the lessee contributing such well. If such zones
are not segregated prior to the effective date then
guch work shall be done by the Unit Operator as
directed by the Working Interest Owners at the
expense of the lessee contributing such well.

(b) Any lessee who wishes to recondition, redrill

or workover any dual well taken over by the Unit under
this agreement for the production of 01l or gass from
any formation other then the ILower Gallup Sand, shall
submit its plan to the Working Interest Owners for
approval, and upon such aporoval said work shall be
performed under the supervision of the Unit Operator

et lessee's own risk, cost and expense. The productive
capacity or injectivity of the Lower Gallup Sand in
any such vell prior to such reconditioning, redrilling
or reworking shall be ascertained by the Unit Operator -
prior to the commencement of such work, and the respec-
tive lessee o sdvised in writing. Said lessee shall
use all reasonable, practiceble and customary methods
in order to so restore the productivity or injectivity
of the Unitized Lower Gallup Sand to the satisfaction
of the Working Interest Owners, including the drilling
of a replacement well if the hole is lost.

(c) Should the Unit Operator at the direction of the
Working Interest Owners do remedial work on the Iower
Gallup Sand in any duslly completed well, and the cost

of such work, in the opinion of the Working Interest
Owners, 1s in excess of what it would have been had the
formdﬁion other than the ILower Gallup not been producing
in such well, the additional cost of such work shall be
chargeable to the lessee owning such other zone or forms-
tion in such well and such lessee shall be liable for

such additional cost upon notification of the smount thereof
by the Unit Operator. The words "Additional Cost" as used
above shall mean the difference between the normal charges
incurred in working over, reconditioning or redrilling e
dually completed well and the normal charges for doing the
same work on a well vhich is not dually completed.



(d) When and if the Working Interest Owners
determmine that the cperation of & well that has
been dually completed is interfering with the
efficiency of the Unit Plan of Operation, Unit
Operator shall advise the lessee operating such
zone or formation other than the Lower Gallup Sand
that such formation must be shut off or reworked
by lessee under the directlon of the Unit Operator
and to the satisfaction of the Working Interest
Owners. The work shall be done at the sole rilsk,
cost and expense of said lessee. If said lessee
shall fail or refuse to perform said work as
directed by Unit Operator, then sald work shall
be performed by Unit Operator at the sole risk,
cost and expense of said lessee. Sald lessee
and Unit Operator may agree upon the amocunt of
such costs, but if they fail to agree, then the
work shall be done on a competitive basis.

8.3 ACCURATE GAUGE OF TANKS. Unit Operator shall make a proper

and timely geuge of all lease and other tenks within the Unit Area in order
to ascertain the amount of merchantsble o0il in such tanks, abéve the pipe
line connections, as of 7:00 A.M. on the effective date hereof. All such
01l as is a part of the prior allowable of the well or wells from which

the same weas produced shall be and remain the property of the Working
Interest Owners entlitled thereto the same as if the Unit had not been
formed; and such Working Interest Owners shall promptly remove said oil
from the Unit Area. Any such oll not so removed may be sold by the Unit
Operator for the account of such quking Interest Owners, subject to the
payment of all royalty to Royslty Owners under the terms and provisions

of the applicable lease or leases and other contracts. All such oil as is in
excess of the prior allowable of the well or wells from which the same was
produced shall be regarded and treated the same as Unitized Substances pro-
duced after the effective date hereof. If, as of the effective date hereof,
any tract is overproduced with respect to the allowable of the well or wells
on that tract and the amount of such overproduction has been sold or other-
wise disposed of, such overproduction shall be regarded end included as a
part of the Unitized Substances produced after the effective date hereof
and the amount thereof charged to such tract as having been delivered to

the persons entitled to Unitized Substahces allocated to such tract.
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85h DRILLING .WITHIN PARTICIPATING AREA, All wells drilled after the .

effective date of this agreement within the boundaries of the Participating Area
to the Bisti Lower Gallup Send including injection wells, reworking operations,
and recompleting wells and converting wellsg to injection wells, shall be drilled
by Unit Operator for the joint account, at joint risk end expense, and upon
euthorization of the Working Interest Owners pursuant to Section IIT,

8.5 WELLS OUTSIDE OF PARTICIPATING AREA. The Unit Operstor mey drill

any well within the Unit Area but outside the boundaries of an established
Participating Area with the object of completing the seme in the Bisti ILower
Gallup Sand, which well is herein referred to as an "extension well", for the
Jjoint account and at joint risk and expense, upon authorization of the Working
Interest Owners obtained pursuant to Section III, Such "extension wells' may
also be drilled as provided by Subsection 8.6.

8.6 EXTENSION WELLS BY LEASE OWNER. In addition to the method pro-

vided in Subsection 8.5 hereof, "extension wells" may be drilled by a single
party on his or its own lease as provided in Section 13 of the Unit Agreement,
unless the Working Interest Owners within the Participating Ares elect to drill
the same as provided in Subsection 8.5 hereof. In the event there is more than
one party heving an interest in the lease on which the well is desired to be
drilled, the same may be drilled on the authority of the majority in interest of
the partiea in snd to said tract. Such wells may be drilled by the Unit Operator
for the account of the parties financing same. If any party or parties hereto
elect to drill a well or wells in eccordance with the provisions of Section 13

of the Unit Agreement, the basis of contribution to the cost thereof and the
finel adjustment or dispostion of such costs shall be by separate agreement
between the parties financing said well.

8.7 PAYING WELLS - DRY HOLES - MARGINAL WELLS. In the event any

well drilled under the provisions of this Section VIII encounters production
in quantities sufficient to justify the same being included in the Participating

Area, there shall be an investment adjustment between the owners of the working



interests affected in accordance with the pro#isions of Section VI hereof.

In the event any such well is a dry hole, it shall be plugged and abandoned

at the sole risk, cost and expense of the parties responsible for the drilling
of the well. If any such well obtains production in insufficient quantities to
Justify thq inclusion of the lands on which the well is located in the Partici:
pating Area, the same shall be operated for the account of and the production
shall be owned by the parties who participated in the cost of drilling the well
in accordance with Sectlon 13 of the Unit Agreement.

8.8 REQUIRED WELLS., In the event the Operator is required to drill

an extension well upon any regular well spacing unit outside of the boundaries
of the Participating Area or any development well within the Participating Area
by Government order (including any Federal or State agency), or demand, whether
such order or demand is initiated by the Government independent of consideratim
of any plan of development, or is issued as a required authorization of a plen
of development, the cost of drilling and completing said well if a producer,
and of plugging and ebandoning the well, if a dry hole, shall be borne by all
of the Working Interest Owners in said Participating Area in proportion to their
interests therein, except as otherwise may be provided by separate agreement.
Notwithstending anything in this Subsection 8.8 to the contrary,
in the event the Working Interest Owners do not elect, pursuant to Section III,
to drill seid required well, same shall not be drilled if either of the following
alternatives is available:
(a) If compensatory royalties may be paid in lieu

of drilling the well and payment of same receives

epproval of the Working Interest Owners pursuant

to Section III, Unit Operator shall pay such

compengatory royalty for the Jjoint account of

the Working Interest Owners who would be charge-

able with costs incurred in drilling the well; or

(b) If the drilling of the well may be avoided with-
out penalty by contraction of the Unit Area, Unit
Operator shall make reasonable effort to effect

such contraction with the approvael of the Director,
Conmissioner and the Commission.

-18.



8.9 - CHARGES FOR DRILLING WELIS. All wells drilled for the joint

account shall be drilled at rates comparable to competitive contract rates by
properly qualified contractors; provided, however, Unit Operator, if it so
desires, may employ its own tools and equipment in the drilling of wells but,
in such event, the charge therefor sghall not exceed the prevailing rate in
the area and such work shall be performed by Unit Operator under the same
terms and conditions as are customsry and usual in the area in contracts of

independent contractors who are doing work of a similar nature.

o 8.10 ABANDONMERT OF WELLS. If Working Interest Owners decide to
pérmanently abandon any well within the Unit Area prior to termination of
the Unit Agreement, Unit Operator shall give written notice of such fact to
the Working Interest Owners of the tract on which such well is located and
sald Working Interest Owners shall have the right and option for a period of
Ninety (90) days after receipt of such notice to notify Unit Operator of their
election to take over and own sgld well and to deepen or to plug back said well
to a formation other than to the Unitized Formation. Within Thirty (30) days
after sald Working Interest Owners have so notified Unit Operator of their
desire to take over such well and the salvage value has been determined, they
shall pay to Unit Operator, for credit to the joint account of the Working
Interest Owners, the amount as estimated and fixed by Working Interest Owners
to be the net salvage value of the casing and equipment in and on said ﬁell.
At the seme time the Working Interest Owners taking over the well shall agree
by letter addressed to Unit Operator to effectively seal off and protect the
Unitized Pormation, and at such time as the well is ready for abandonment to
plug and abandon the well in a workmanlike manner in accordance with applicable
}aws. In the event the Working Interest Owners of a tract do not elect to take
over a well located thereon which is proposed for abendonment, Unit Operator

shall plug and abandon the well in accordance with applicable laws.
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SECTION IX

USE AND SALE OF UNITIZED SUBSTANCES

9.1 USE OF UNITIZED SUBSTANCES FOR UNTT OPERATIONS. Unit Operator

shell have the right to use any one or more Unitiged Substances produced from
the Unitized Lands for all drilling operations, for pumping, transporting,
handling and treating Unitized Substances; for injection, pressure maintenance
and secondary recovery programs as may be authorized and approved by the
Working Interest Owners; for fuel in camps and houses of employees serving

the Unitized Lands, and for all other operations hereunder.

9.2 UNRITIZED SUBSTANCES SHALL BE TAKEN IN KIND, Each Working

Interest Owner shall take in kind its share of each Unitized Substance
‘excluding the Unitized Substances used by Unit Operator under Subsection 9.1
hereof or unavoldably lost. In the event any party hereto shall fail to take
in kind or to separately dispose of its share of Unitized Substances, when and
if produced, Unit Operator (or any Working Interest Owner if Unit Operator fails
to exercise the right) shall have the right to sell or itself purchase the same
on a day to day basis at the market price in the area, if obtainable; otherwise,
at the best price obtainable. Any cost incurred by Unit Operator in making

any such sale shall be borne by the party whose share is sold. Any such sale
or purchase by Unit Operator or any Working Interest Owner, as the case may be,
shall be subject always to the right of the owner of such Unitized Substances
to exercise at any time the right to take in kind or to separately dispose of

its share of production not previously delivered to a purchaserpursuent hereto.

9.3 DELIVERY IN KIND TO ROYALTY OWNERS. Unit Operator is hereby
authorized to deiiver in kind to Royalty Owners the amounts of the Unitigzed
Substances to which they are entitled under the provisions of Sections 11 and
12 of the Unit Agreement and to deduct such amounts from the share of each
Wprking Interest Owner responsible therefor. Settlement for royalty interest
not taken in kind shall be made by the Working Interest Owners in each tract

responsible therefor under existing contracts, laws, and regulations on the
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basis of the amounts of Unitized Substances allocated to such tract. If any
of sald tracts are burdened with overriding royalties, payments out of pro:
duction or any other charges in addition to the usual royalty, the Working
Interest Owners committing such tract shall bear and assume the same out of

Unitized Substances allocated thereto.

SECTION X

RENTAILS AND COMPENSATORY ROYALTIES

10.1 RENTAls; The Working Interest Owners in each tract shall pay
2ll rentals, minimum royalties, advance rentals or delay rentals due under the
lease thereon and shall concurrently submit to the Unit Operator the evidence
of payment. If the Working Interest Owners in any tract determine not to pay
any such rental, they shall notify Unit Operator at least Sixty (60) deys be;
fore the due date and they shall thereupon assign to all other Working Interest
Owners in the Unit Area proportionable to their interest on a surface acreage
basis all of their right, title and interest under said lease; provided,
however, all such assignments shall be subject to all obligations with respect
to reassignments, if any, of the parties making such assignments theretofore
created in favor of parties who are not parties to this agreement. In the
event of fallure of any Working Interest Owner to make proper payment of any
delay rental through mistake or oversight where such rental is required to
continue the leage in force, there shall be no money liebility on the part of
the party failing to pay such rental, but such party shall make a bona fide
effort to secure a new lesse covering the same interest and commit such lease
to the Unit Agreement . and, in the event of failure to secureithe new lease
within a reasonable time, the interest of the parties hereto shall be revised,
if required, so that the party failing to pay any such rental shall not be
credited with the ownership of any lease on which rental was required but was
not paid. The Unit Operator shall incur no liability for failure to psy any
rental due under the terms of any lease committed to said Unit Agreement;
howevgr, in the event any rentals are paid by Unit Operator, the same shall

be charged and billed to the party responsible for payment of same. In the
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event of loss of title to a lease for failure to pay rental, all losses
occasioned thereby shall be that of the Working Interest Owners who should
have paid the same.

1@.2H_COHPENSATORY ROYAITTES. Where the Working Interest Owners

determine to pay compensatory royalty in lieu of drilling a demanded well
such compensatory royalties shall be paid by Unit Operator and charged to

the Jjoint account.

SECTION XI
TITLES

11.1 WARRANTY AND INDEMNITY. EFEach Working Interest Owner represents

and warrants that it is the owner of the respective working interests set forth
opposite its name in Exhibit "B" of the Unit Agreement and hereby indemnifies
and holds the other Working Interest Owners harmless from any loss due to
failure, in whole or in part, of its title to any such interest, except failure
of title arising out of operations hereunder; provided, however, that such
indemnity shall be limited to‘an amount equal to the net value that had been
received from the sale of Unitized Substancesg asttributed hereunder to the
interest as to which title failed. FEach failure of title will be effective,
insofar as this agreement is concerned, as of the first dey of the calendar
month in which such feilure is finally determined and there shall be no retro;
active edjustment of development and operating expenses, Unitized Substances

or the proceeds therefrom as a result of title failure.

11.2 FAJILURE BECAUSE OF UNIT OPERATIONS. The failure of title to

any working Interest in any tract by reason of unit operations, including non-

production from such tract, shall constitute a Joint loss.

SECTION XII

LIABILITY, CLATMS AND SUITS

12.1 INDIVIDUAL LIABILITY. The duties, obligations and liabilities

of Working Interest Owners shall be geveral and not joint or collective; and
nothing contained herein shall ever be construed as creating a partnership of
any kind, joint venture, or an association or trust between or smong the Working

Interest Owners.



12.2 SETTLEMENTS. In the event claim is made against any Working
Interest Qwner or any Working Interest Owner is sued on account of any matter
or thing arising from the development and operation of the Unit Area and over
which such Working Interest Owner individually has no control because of the
rights, powers, and duties granted by this agreement and the Unit Agreement,
said Working Interest Owner shall immediately notify the Unit Operator of such
claim or suit. Working Interest Owners shall assume and take over the further
handling of such cleim or suit and all costs and expenses of handling, settling,
or otherwise discharging such claim or suit shall be borne by Working Interest

Owners as any other cost or expense of operating the Unitized Lands,

SECTION XIII

WITHDRAWAL OF WORKING INTEREST OWNER

13.1 WITHDRAWAL. If any Working Interest.0wner so desires, it may
withdraw from this agreement by conveying, assigning, and transferring without
warranty of title, either express or implied, to the other Working Interest
Owners who do not desire to withdraw herefrom, gll of the former's rights,
title and interest in and to its lease or leases, or other operating rights
in the Unit Area in 80 far as said lease, leases or rights pertain to the
Unitized Formation, together with the withdrawing Working Interest Owner's
interest in all wells, pipe lines; casing, injection equipment, facilities and
other personal property used in conjunction with the development and operation
of the Unit Area; provided, however, that such transfer, assignment or con;
veyance shall not relieve sald Working Interest Owner from eny obligation or
liability incurred prior to the date of the execution and delivery thereof.

The interest so transferred, assigned and conveyed shall be taken and owned
by the other Working Interest Owners in proportion to their respective Partici-
pating Interest. After the execution and delivery of such transfer, assignment
or conveyance, the withdrawing Working Interest Owner shall be relieved from

all further obligations and liability hereunder and under seid Unit Agreementj;
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and the right of such Working Interest Owner to any -benefits subsequently
accruing hereunder and under said Unit Agreement shall cease; provided, that
upon delivery of seid transfer, assignment or conveyance, the assignees, in

the ratio of the respective interests so acquired, shall pay to the assignor for
its interest in all Jointly owned equipment, casing, and other personal property
the fair net salvage value thereof; as estimated and fixed by Working Interest

Owners.

SECTION XIV

MISCELLANEOUS

1k.1 AD VAIOREM TAXES. Unit Operator shall meke and file for ad

valorem tax purposes all necessary renditions and returns with the proper taxing
authorities or Governmental subdivisions covering all resl and personal property
of each Working Interest Owner within the Unit Area and used in connection with
the development and operation of the Unit Area. Any Working Interest Owner dis;
satisfied with any proposed rendition or assessment of its interest in real or
persongl property shall have the right, at its own expense, to protest and
resist the same. All such ad valorem taxes due and payable on account of real
and personal property of each Working Interest Owner located within the Unit
Ares and usmed in connection with unit operations shall be paid by Unit Operator
for the joint account in the same manner as other coats and expenses of unit
operations.
1.2 INSURANCE. As to all operations hereunder, Unit Operator shall
carry for the benefit and protection of the parties hereto the following insurance:
(a) Workmen's Compensation Insurance sufficient to
comply with the Workmen's Compensation Law for
the State of New Mexicoj
(v) Employer's Liability Insurance with limits of

not less than Twenty-Five Thousand ($25,000.00)
Dollars per person;
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(c) Comprehensive Genersl Liability Insurance with
bodily injury limits of not less then Two Hundred
Fifty Thousand ($250,000.00) Dollars per person
and Five Hundred Thousgand ($500,000.00) Dollars
per accident and Property Damage Coverage with
limits of not less than Fifty Thousand Dollars
($50,000.00) per accident, and Two Hundred Fifty
Thousand ($250,000.00) Dollars aggregate;

(a) Comprehensive Automobile Iiability Insurance
with bodily injury limits of not legs than
Two Hundred Fifty Thousand ($250,000.00)
Dollars per person and Five Hundred Thousand
($500,000.00) Dollers per accident and Property
Damage Coversge with limits of not less than
Fifty Thousand ($50,000.00) Dollars per accldent.
Where Unit Operator charges for its exclusively
owned automotive equipment on a rate which
includes insurance, no additional charge for
such ingurence shall be made to the joint
account under this Subparagraph (d).

Premiums paid for such insurance shall be charged to the joint account. Unit
Operator ghall not carry fire or extended coverage insurance upon the property
under its control. Unit Operator shall require all contractors and sub-
contractors employed in operations hereunder to carry Workmen's Compensation
and Employer's Liebility Insurance, and satisfactory Comprehensive General
Ligbility end Comprehensive General Automobile Insurance.

14.3 INTERNAL REVENUE PROVISION. Each of the parties hereto elects

under the authority of Section T61(a) of the Internal Revenue Code of 1954, to
be excluded from the application of all of the provisions of Subchapter K of
Chapter 1 of Subtitle A of the Internal Revenue Code of 1954. If the income
tax laws of the state or states in which the property covered hereby is located
contain, or may hereafter contain, provisions similar to those contained in the
Subchapter of the Internal Revenue Code of 1954 above referred to under which

a similar election ig permitted, each of the parties agrees that such election
gshall be exercised. Each party authorizes and directs Unit Operator to execute
such an election or elections on its behalf and to file the election with the
proper governmental office or agency. If requested by the Unit Operator so to

do, each party agrees to execute and Jjoin in such an election.

-25a



P AN

14,4 FORCE MAJEURE. In the event any party hereto is rendered un-

eble, wholly or in part, by Force Majeure to carry out its obligations under
this contract other than the obligation to meke payment of amounts due hereunder,
it 1s agreed that upon such perty's giving notice and ressonably full particulars
of Force MajJeure in writing or by telegraph to the other parties hereto within
& reasonable time after the occurrence of the cause relied upon, then the obli-
gations of the party giving the notice, so far as they are affected by Force
Ma jeure, shall be suspended during the continuance of any liability so caused,
but for no longer period; and the cause of the Force Majeure shall, so far as
possible, be remedied with all reasonable dispatch. The term "Force Majeure"
as employed herein shall mean any cause not reasonably within the control of
the party claiming suspension.

1k.5 NOTICES. All notices required hereunder shall be in writing
and shall be deemed to have been properly served when sent by mail or telegram
to the address of the representative of each Working Interest Owner as furnished

to Unit Operator in accordance with Section III hereof.

SECTION XV

EFFECTIVE DATE AND TERM

15.1 SAME AS UNIT AGREEMENT. Subject to the provisions of Subsection

15.2, this agreement shall be binding on all parties who execute it regardless
of the joinder or non:joinder of any other party; provided, however, this agree-
ment shall not become effective until the effective date of the Unit Agreement
and the term hereof shall be the same as the term of said Unit Agreement and
thereafter until all unit wells have been abandoned and plugged or turned over
to Working Interest Owners in accordance with Section XVI hereof, and all per-
sonal and real property acquired for the joint account of the Working Interest
Owners hag been disposed of by Unit Operator in accordance with instructions

of Working Interest Owners.



15.2 EXECUTION. Unit Operator shall, prior to the final submission
of the Unit Agreement to the Director, Commissioner, and the Indisn Commissioner
(or their duly authorized representatives) for final approval, submit to the
Working Interest Owners a report as to the number and the percentage in interest
of the Working Interest Owners and Royalty70vners who have executed the Unitr
Agreement. The Working Interest Owners shall determine by the affirmative vote
of parties owning Participating Interests of at least Seventy;Five (75%) per cent,
determined on the basigsof the percentage participations set forth in Exhibit "C"
of the Unit Agreement, whether or not submission of the Unit Agreement to the
Director, Commissioner and the Indian Commissioner for final approval is justi-
fied. If an affirmative vote is obtained, all perties who have Jolned herein
shall be bound hereby and shall remain a party hereto regardless of the Jjoinder
or non;joinder of any other owner who might be entitled to Join herein, but in
the event of a negative vote, no party hereto shall thereafter be bound by the

terms of either the Unit Agreement or this agreement.

SECTION XVI

ABANDONMENT OF OPERATIONS

16.1 TERMINATION. Upon termination of the Unit Agreement the
following will occur:

(a) Possession of all oil and gas rights in and to
the separste tracts in the Unit Area shall
revert to the Working Interest Ownerg thereof;

(v) Working Interest Owners of any such tract
desiring to take over and continue to operate
a well or wells located thereon mey do so by
paying Unit Operator, for the credit of the joint
"account, the net salvage value of the casing
and equipment in and on the well and by agreeing
to properly plug the well at such time as it is
abandoned.

(c) With respect to all wells not tsken over by
Working Interest Owners, Unit Operator shall,
at the joint expense of Working Interest Owners,
salvage as much of the casing and equipment in
or on such wells as can economically and reason-
ably be salvaged and shall cause the same to be
properly plugged and abandoned.



(d) Working Interest Owners shall share the cost
of salvaging, liquidation, or.distribution of
assets and properties.used in the development
and operation of the Unit Area in proportion
to their respective Participating Interests.

SECTION XVII

COUNTERPART EXECUTION

17.1 EXECUTION BY SEPARATE COUNTERPARTS OR RATIFICATIONS. This

agreement may be executed in any number of counterparts and each counterpart

g0 executed shall have the same force and effect as an original instrument and

as if all of the parties to the aggregate counterparts hed signed the same instru-
ment; or may be retified by a separate instrument in writing referring to this
agreement. ZEgch such ratification shall have the force and effect of an executed

counterpart and of adopting by reference all provisions hereof.

SECTIOR XVIIT

SUCCESSORS AND ASSIGNS

18.1 SUCCESSORS AND ASSIGNS. The terms and provisions hereof shall

be covenants running with the lands and unitized leases covered hereby and
ghall be binding upon and inure to the benefit of the respective heirs,

successors and assigns of the parties hereto.

IN WITNESS WHEREOF, this sgreement is executed as of the date first
above written.
UNIT OPERATOR AND WORKING INTEREST OWNER

SUNRAY MID-CONTINENT OIL COMPANY

By

Vice President

address

ATTEST:

Secretary

Date of Signature:




ATTEST:

WORKING INTEREST OWNERS

AMERADA PETROLEUM CORPORATION

By

Vice President

address

Secretary

Date of Signature:

ATTEST:

PHILLIPS PETROLEUM COMPANY

By

Vice President

address'

Becretary

Date of Signature:

ATTEST:

PAN AMERICAN PETROLEUM CORPORATION

By

Attorney in Fact

address

Becretary

Date of Signature:




SOUTHERN UNION GAS COMPANY

By

Vice President

address
ATTEST:

Secretary

Date of Signature:

EL PASO NATURAL GAS PRODUCTS COMPANY
By

Vice Presgident

address

ATTEST:

Becretary

Date of Bignature:

SHELL OIL COMPANY

By

Vice President

address

ATTEST:

Secretary
Date of Signature:

VAL R. REESE AND ASSOC., INC.

By

Vice Piesident

eddress

ATTEST:

Secretary

Date of Signature:




STATE OF OKLAHOMA )
) s8.
COUNTY OF TULSA )

On this day of , 19 , before me appeared
' , to me personally
known, who, being by me duly sworn, did say that he is Vice President of SUNRAY
MID-CONTINENT OIL COMPANY, a Delaware corporation, and that said instrument was
signed and sealed in behalf of said corporation by authority of its Board of

Directors and said
acknowledged said instrument to be the free act and deed of said corporation.

My commission expires: Notary Public
STATE OF
) ss.
COUNTY OF
On this day of s 19 s before me appeared

, to me personally
¥known, who, being by me duly sworn, did say that he 1s Vice President of
AMERADA PETROLEUM CORPORATION, a Delaware corporation, and that sald instrument
vas signed and sealed in behalf of seld corporation by authority of its Board
of Directors and sald
acknowledged sald instrument to be the free act and deed of sald corporation.

My commission sxpires: Notary Public
STATE OF )
) 88,
COUNTY OF )
On this day of , , 19 , before me appeared

» to me personally
known, who, being by me duly sworn, did say that he is Vice President of
PHILLIPS PETROLEUM COMPANY, a Delaware corporation, and that said instrument
vas signed and sealed in behalf of said corporation by euthority of its Board
of Directors and said
acknowledged seld instrument to be the free act and deed of sald corporation.

My commission expires: Notary Public



STATE OF

)
) ss.
COUNTY OF )

On this day of , 19 , before me appeared
s t0 me personally
known, who, being by me duly sworn, did say that he is Vice President of

PAN AMERICAN PETROLEUM CORPORATION, a corporation,
and that said instrument was signed and sealed in behalf of said corporation

by authority of its Board of Directors and saild
acknowledged said instrument to be the free act and deed of said corporation.

My commission expires: Notary Public
'STATE OF )
) 88.
COUNTY OF )
On this day of , 19 , before me appeared

, to me personally
known, who, being by me duly sworn, did say that he is Vice President of
SOUTHERN UNION GAS COMPANY, a corporation, and that said
instrument was signed end sealed in behalf of said corporation by suthority
of its Board of Directors and said

acknowledged said instrument to be the free act and deed of said corporation.

My commission expires: Notary Public
STATE OF )
) 8s.
COUNTY OF
On this day of , 19 , before me appeared

» tOo me personally
known, who, being by me duly sworn, did say that he is Vice President of

EL PASO NATURAL GAS PRODUCTS COMPANY, a corporation,
and that said instrument was signed and sealed in behalf of said corporation
by authority of its Board of Directors and said
acknowledged saild instrument to be the free act and deed of said corporation.

My commission expires: Notary Public



STATE OF

)
) 8Ss.
COUNTY OF )

On this____ day of , 19 _ , before me appeared
, to me personally
known, who, being by me duly sworn, did say that he is Vice President of
SHELL OIL COMPANY, & Delaware corporation, and that said instrument was
signed and sealed in behalf of sald corporation by authority of its Board
of Directors and that sald
acknowlédged said instrument to be the free act and deed of said corporation.

My commission expires: Notary Public
STATE OF )
COUNTY OF )
On this daey of 4 19 , before me appeared

, to me personally
known, who, being by me duly sworn, did say that he 18 Vice President of
VAL R. REESE AND AS80C., INC., a corporation, and that said
instrument was signed and sealed in behalf of saild corporation by authority of
its Board of Directors and saild

acknowledged said instrument to be the free act and deed of said corporation.

My commission expires: Notary Public
STATE OF )
) 8S.
COUNTY OF )
On this day of , 19 » before me appeared

, to me personally
known, who, being by me duly sworn, did say that he is Vice President of
; &
corporation, and that said instrument was signed and sealed in behalf of said
corporation by authority of its Board of Directors and said
acknowledged sald instrument to be the free act and deed of saild corporation.

My commission expiress Notary Public
STATE OF )
) 88,
COUNTY OF )
On this day of s 19 , before me appeared

, to me personally
known, who, being by me duly sworn, did say that he is Vice President of

P
corporation, and that said instrument was signed and sealed in behalf of said
corporation by authority of its Board of Directors and said
acknovwledged sald instrument to be the free act and deed of saild corporation.

My commission expires: Notary Public
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EXHIBIT “D ” PASO-T-1955-2

Attached to and made a part of . UNIT OPERATING AGREEMENT .. . .. .. ...
_FOR. THE_ DEVELOPMENT._ ANQ_OPERATION._OF THE CENTRAL Bisti . ...
_LoWER GALLUP SAND UNIT AREA, COUNTY OF SAN JUAN, STAYE . ..

OF NEW. MEXICO

ACCOUNTING PROCEDURE

(UNIT AND JOINT LEASE QPERATIONS)

1. GENERAL PROVISIONS
Definitlons

*“Joint property” as herein used shall be construed to mean the subject area covered by the agreement to which this “Accounting Procedurc” is at-
tached.

“Operator” as herein used shall be construed to mean the party designated to conduct the development and operation of the subject area for the
joint account of the parties hereto.

“Non-Operator” as herein used shall be' construed 1o mean any one or more of the non-operating partics.

Statements and Billings
Operator shall bill Non-Operator on or before the last day of each month for its proportionate share of costs and expendituces during the preced-
ing month. Such bills will be accompanied by stat s, reflecting the total costs and charges as sex forth under Subparagraph A below:
A. Statement in detail of all charges and credits to the joint account.
B. Statement of all charges and credits to the joint account, summarized by appropriate classifications indicative of the nature thereof,
C. Statements as follows:

(1) Decailed statement of material ordinarily considered controllable by operators of oil and gas properties;

(2) Statement of ordinary charges and credits to the joint account summarized by appropriate classifications indicative of the nature chereof;

and
(3) Detailed statement of any other charges and credits.

Payments by Non-Operator

Each party shall pay its proportion of all such bjlls wichin fifteen (15) days after reccipt thereof. If payment is not made within such time, the
unpaid balance shall bear interest at the rate of six per cent (6%) per annum until paid.

Adjustments

Payment of any such bills shall not prejudice the right of Non-Operator to protest or question the correctness thereof. Subject 1o the exception
noted in Paragraph § of this section I, all statements rendered 1o Non-Operator by Operator during any calendar year shall conclusively be presumed
to be true and correct after twenty-four (24) months following the end of any such calendar year, unless within the said twency-four (24) month
period Non-Operator takes written exception thereto and makes claim on Operator for adjustment.  Failure on the parc of Non-Operator to make
claim on Operator for adjustment within such period shail escablish the correctness thereof and preclude che filing of exceptions thereto or making
of claims for adjustment thereon. The provisions of this paragraph shall not prevent adjistments resulting from physical inventory of property as
provided for in Section VI, Inventories, hereof.

Audits

A Non-Operator, upon notice in writing to Operator and all other Non-Operators, shall have the right to audit Operator’s accounts and records
relating to the accounting hereunder for any calendar year within the twenty-four (24) month period following the end of such calendar year, pro-
vided, however, that Non-Operator must take written exception to and make claim upon the Operator for all discrepancies disclosed by said
audit wichin said twenty-four (24) month period. Where there are two or more Non-Operators, the Non-Operators shall make every reasonable
effort to conduct joint or simultaneous audits in a manner which will result in a minimum of inconvenience to the Operator,

II. DEVELOPMENT AND OPERATING CHARGES

Subject to limitations bereinafter prescribed, Operator shall charge the joint account with the following items:
Rentals and Royalties

. I . . )
Delay or other rentals, when such rentals are paid by Operator for the joint account; royalties, when not paid directly to royalty owners by che
purchaser of the oil, gas, casinghead gas, or other products.

Labor

A. Salaries and wages of Operator’s employees directly engaged on the joint property in the development, maintenance, and operation chereof,
including salaries or wages paid to geologists and other employees who are temporarily assigned to and directly employed on a drilling well.

B. Operator’s cose of holiday, vacation, sickness and disability benefits, and other customary allowances applicable to the salaries and wages charge-
able under Subparagraph 2 A and Paragraph 11 of this Section . Costs under this Subparagraph 2 B may be charged on a “when and as
paid basis” or by “'percentage assessment” on the amount of salaries and wages chargeable under Subparagraph 2 A and Paragraph 11 of this
Section 1. If percentage assessment is used, the race shall be based on the Operator’s cosy experience. ‘

C. Costs of expenditures or contributions made pursuant to assessments imposed by governmental authority which are applicable to Operator's labor
cost of salaries and wages as provided under Subparagraphs 2 A, 2 B, and Paragraph 11 of chis Section 1I.

Employee Benefits

Operator’s current cost of established plans for employees’ group life insurance, hospicalization, pension, retirement, stock purchase, thrife, bonus,
and other benefic plans of a like nature, applicable to Operaror’s labor cost, provided that the total of such charges shall not exceed ten per cent
(10%) of Operator's labor costs as provided in Subparagraphs A and B of Paragraph 2 of chis Section JI and in Paragraph 11 of this Section 1.
Material

Material, equipment, and supplies purchased or furnished by Operator for use of the joint property. Seo far as if is reasunably praceical and con-
sistent with efficicnt and economical operation, only such materia) shall be purchased for or transferred fo the joint property as way be required for
immediate use; and the accumulation of surplus stocks shall be avoided.

Transportation

Tra.nsportmun of cn‘nployces, equipment, macerial, and supplics necessary for ¢he development, maimtenance, and operation of the joint property

subject to the following limirations: .

A, M material s moved so0 the joing property from vendor's or from the Operator’s warehouse or ogher properties, no charge shall be made to the
joine account for & dissance greater than the distance from the nearest reliable supply store or railway receiving point where such material is
available, excepe by special agreement with Noa-Operacor,



s

o
“SI9M f10 Swonposd se sutes 9y1 SNpPayds PYaIA0 3y1 Uy papnjoul aq 1[eys sj2m ee® Juranporg (¢)
S[eM (10 Supanposd se sures sy a|npayss peaysaAo syi ur papnjout aq [jeys suopresado Aurpoory 1a1eaM s05 pazinn spam Apddns snem (7)
S o Ru

~anpoid se aures iy apnpayss pesysarc oYy uy Papnjdour 3q fjeys poo‘; Jarem 10 arnssardas sof se ysns ‘sucnesado £19A0331 1oj sjpam worralup (1)
1sMoj[of se 3q |{eys S{]2A Jo sniess oY1 ‘sITIeYd> pPray1IA0 YA UONIIUUGI Ul g

*shep aannosactoa ssow g0 (1) usnjy sof suonedado Futjjup jo bosuadsns oYy Fuwnp spewt 3q fjeys sMreyd> ou eyl 3dadxs ‘aq Aewr ases
oy3 se ‘pafEnid st Jo uopanposd uvo st 31 uaym aseujwsay pue pappnds st |24 Yord arep ays uo u183q jjeys syppm SunIp 1o sRseyd peayAQ 'y

N VO ggg 00~ GEY 0T o02E TNOTIVWYO I 09 ZTT N}
:I:} M""l\tv) OAld XN AYd Msdy4 oM yI03 wideg jom
(yideq uopnejdwon espn) 11!M!$¥4r11|80

LYY TIIM ONIDNAONd

(QIUOI 2d 1IPM J2d 21eH) SISV T1AM

*Ka1adoad autol ayr 03 a81eyd> 1d311p e st soresadQ-uoN pur soressd() ussmiag uodn
pasaft aze sasuadxa pue sduefes yons oy sadzey> ssajun ydesSesed sty1 up sagseys peaysaro Aq pasaaod se pasapisuod 3q 14 3331jJ0 yons 01 pauss
-se saakojdwd [eduydas sayio Jo sasuadxa pur souejeg  dAoqe 'z ydeaReseg ‘I uondsg ur papraosd se pafaey> 3q |ia L1zadosd 3ujof a1 uo Furass
Apdanp pur 01 paufiisse Ajuaesoduian e oya 103e33d( jo saskojdws 1310 pur 515190038 jo saurejes 1ey1 1dadx3 ‘sa01y§o yons 01 paufiisse [auuosiad jo
sasuadxa pue satsees Suipnpour ‘3aoqe ‘[| ydesSeseg ‘[ uonaag Aq pasarod jou sowesad(y a1 Jo sadipgo |[e Jo sasuadxd [{e Jo N[ ur oq [leys YoIyA
‘safaeyd prayraso aanensupipe pue Juswaeurur Juimojjoy Ay £qaay pasarod Aizadoxd autof 3y suteSe ssasse 03 14T Y2 aary j[eys JoreradQ

PYIYIIAQ AP BNSIMIMIDY

saanoerd Sununodoe s soresddQ it 1uassisuod siseq dpqennba awos uo paazas sansadosd [fe 0y pauonizodde aq jjeys saSieyd

Yang  IUIuNSIAUT 3Y) o uotierIdap jo nay ut jeIuds AjyIuow arey ¥ 30 uotiedsdap JO IAISN|DUL 3Q PInOYs SINN|IIEJ IIYI ‘WO INUIAII AuE s53] ‘Jo
ssuadxd sy Anjesop awes ay1 Wi paesado sansadosd aatro pue Aisaderd auiofl sy uo suonesado syl jo 1dnpuod Y1 Ul pasn ‘pasinbax 1 saakojdws
105 sanyjioey Suisnoy Fuipnpour ‘sdwed Lsessadau jje pue ‘adnjjo pagiissap- ach mp JO UNUIAUCY Y1 Joj paurtiutews ‘(fue Ji) sadyjoqns Liessadau
pu: '(p:Suup uoueaol ] 931”0 a[qu:dmoa t 10) TOYYXIW MIN ‘NOl‘!’N'lANQVJ T 1eau 1o v paiedo| IdiJjo
TNOTLINAOHY LITHLIST s 101e2adQ st umouy adtyjo uondnpord © Junerado pue Juluterujews

Jo 1503 3y1 jo uonind rier oid ¥ pur ‘sansadord ayi 01 Ap1dastp paredofje 10u st duny asoym ‘vare Funesado awes ay1 w1 Joresad( a1 jo sansadord
13410 pue Airadoid jutol ayi Futalas sahojdws sayro pur juspuruniadns uonodnposd saciesdadQ jo sasuadxa pue sausrfes oy jo uonsod erer oid y

(asuadxyg dure) pue uosjaradng pfg) Isuadxyg dwe) puv 3PS|Q

Junoade utofl 3yl 01 pafreyd aq qjeys ‘sadtatas [eda| Suipnpur ‘sasuadxd ayr0 Lue pur ‘siuawSpnf ‘safe
-wep ‘swie]d ‘sasso| {je pue Aue Jo Juawepiles ut JoresadQ 4Aq pied pue parmour sannpusdxs [enide jje ‘patised 3q 03 painbas st adueInsur ou Jp g
‘JIIIEI IDUEIASUI WIOIJ PIIFA0INL J0U ‘s351atas [edd] Suipnppur ‘sasuadxad 1o pue ‘siudwdpn{ ‘sofewep ‘swie[d ‘sasso| [je pue Aue jo 1udwaIs
ur pred pur ponnouy sarmipuadxa e yia 13413801 ‘junoade ulof Y1 o 11jIUaq Y1 0§ paused aq 03 pasinbaz durinsul Joj pred swniwdg Y

surfe]) pue agueansuj

‘03a1ay sanred oY1 jo yaudq Yy Joy 101esadQ 3yl Aq pred udaq ey saxe) yorym pue ‘§oarayy uonesddo ayy 10 WoOIpAIN) Uon
-anposd >y “JuawassSe syya Jo 13Iqns Y1 axe yorym sanrsdord Y1 Yl UOIIDIUUOI UL JO Uodn PAAI| 10 Passasse UNITU pur puly L1342 Jo saxel |y

sIxe],

*I3pUnalAY 51531311 Y3 Jo Aolew dyi £q paziroyine ssHUn 3unodde Juiof Y3 01 padieyd aq 10U feys sAIus03IE 3PISINO Jo sasuAXI pue 532§ g
03343y sannsed
2a122ds31 oY1 10§ skousonre Jo jo savawasedsp [e83) a1 £q parordde [nun spewr aq [jeys Baeyd yons ou Ing faunodae Jurof ayy asuiefe aprw
aq Aews pasapuas sadiazas yons Fuiysiuang pue Fuipraoad 3o 1502 Yua Alransudwwod afzeyd v pur 01233y sansed Y1 Jo djow Jo o Jo pyers
[e93] ay3 Aq pajpuey aq Aew I3punaiay s1s2593uT awtof Y1 Funddyje swie]d Jo suondr ‘e 05 [jeys IIPUNIIIY $IINUT Y1 Jo Lyolew e g Y
‘Juawda1ge syl Jo Janew 123(qns Y3 Jo unodae Juwiof syx suiede padin 1o pandamosd unep o uonde
Aue asureSe Suipuajop Jo asodand Y1 30§ 23uapla2 Suumdas ut 01343y sawed Jo Aued Aue £q pasanduf sasuadxa [erade pue wudwaaide siyy sapun
suontesado Jutof 2y1 Jo 1unoesde U0 wday) jo Aue o satiyed ayy asutce paureiqo syuwEpal [je Yarm 3YI80) ‘papraosd 1arjeurasay se sasuadxa pue 533y
Shsusone Fuipnppur ‘sisazaur w0l Y1 Jo uondN0sd Y3 J0j 1WNPIDXI JO AIESSAIVU ASIMINYIO $INALIS [edd] Jo ‘uonef| jo sasuadxa pue 51503 ||y

ssuadxyg uopudnry

amesad() AQ paardas uaaq sey awes dy1 jo iiodas 1ajr Iqeanidead se uoos se pasnd
-ur $3550] 3o safrluvp jo 2anOU UINLM J01EIdQ-UON ystusng [jeys Joresad()  duABIIP ajqruoseds Jo IsI12I9X3 Y3 yInosys so1e12d() £q dqejjoan
~u0d 30U 3snEd 1y10 Aur Jo IUBPIddE ‘1JaY1 ‘W0 ‘pooj) ‘i) Aq parnsui sassop 1o sadewep sredas o adejdas 01 Aiessaddeu sasuadxa Jo $1s0) [jY
wdinby pue £j1adoag julof 0) SIS0 pue safvwreq

LSSNUPOEY paumQ A[ratsnpd

-xq saoresad(y,, papnud [j] uondag jo ¢ ydesSearg wr papracad ar sannpraey pue Juawdinba paumo £patsnioxs s,J03e33d() Aq 3d1asas pue jo i)
ssaptjaeg pue Juawdinbyy sa0eaad(y jo s g

sa3an0s APISING wodj paundodd sanppn pue SIOIALNE IIEIU0D JO 350D A,
152MALIG PBWIND Y
JAIIS

')ouudo-uoN FRILY AUIWIIINE |tl33d$ ,(q wdadxa 'mn:mdo [} :iu;ﬁunpq sagundqud 10 01 [eLltwW Jutaow 10§ un0IdE )ugo'( Y1 01 apew g fjeys
a81eys> oN s01e33d()-UON Yam IIWIIIIAE jedads £q wdanxa awod Huiaidoas Aempes g0 25035 Ajddns ajqeIas 3sa1edU Y1 Wwoa§ DdUEIIP A LE
2532348 22URISID € 0] 1UR0IDE JUIOE AYI 01 dpriu I [|Eys dHITyd ou “Jnod IFTIOIS IINYI0 JO JINOYIIEM 5I01E3d() 01 PIaowu 51 jeladle snfdms Jj[ g

e



13.

14.

4.

Other Expenditures

(4) Wells permanently shut down but on which plugging operations are deferred shall be dropped from the overhead schedule at the time the
shutdown is effected. When such wells are plugged, overhead shall be charged at the producing well rate during the time required for the
plugging operation.

(5) Wells being plugged back, drilled deeper, or converted to a source or input well shall be included in the overhead schedule the same as drili-
ing wells.

(6) Temporarily shut-down wells (other than by governmental regulatory body) which are not produced or worked upon for a period of a full
calendar month shall not be included in the overhead schedule; however, wells shut in by governmental regulatory body shall be included
in 1he overhead schedule only in the event the allowable production is transferred to other wells on the same property. In the event of a
unit allowable, all wells capable of prc;ducing will be counted in determining the overhead charge.

(7) Wells completed in dual or muldiple horizons shall be considered as two wells in the producing overhead schedule.

(8) Lease salt water disposal wells shall not be included in the overhead schedule unless such wells are used in a secondary recovery program
on the joinc property.

C. The above overhead schedule for producing wells shall be applied to the total number of wells operated under the Operating Agreement to which
this accounting procedure is attached, irrespective of individual leases.

D. It is specifically understood that the above overhead rates apply only to drilling and producing operations and are not intended to cover the
construction or operation of additional facilities such as, but not limited to, gasoline plants, compressor plants, repressuring projects, salt water
disposal facilities, and similar installations. If at any time any or all of these become necessary to the operation, a separace agreement will be
reached relative to an overhead charge and allocation of districe expense.

E. The above specific overhead rates may be amended from time to time by agreement between Operator and Non-Operator if, in practice, they are
found to be insufficient or excessive.

Operator's Fully Owned Warehouse Operating and Maintenance Expense
(Describe fully the agreed procedure to be followed by the Operator.)

e LOCAL WAREBOUSING. COSTS. INCLUDED IN DISTRICT EXPEMNSEa. oo o
e NONE  CHARGEABLE _ON. CENTRAL STOCKS e . i et

Any expenditure, other than expenditures which are covered and dealt with by the foregoing provisions of this Section II, incurred by the Opera-
tor for the necessary and proper development, maintenance, and operation of the joint property.

III. BASIS OF CHARGES TO JOINT ACCOUNT
Purchases

Material and equipment purchased and service procured shall be charged ac price paid by Operator after deduction of all discounts actually received.

Material Furnished by Operator

Material required for operations shall be purchased for direct charge to joint account whenever praceicable, excepe that Operator may furnish such
material from Operator’s stocks under the following conditions:
A. New Material (Condition “A")

(1) New material transferred from Operator's warchouse or other properties shall be priced f.o.b. the nearest reputable supply store or railway
receiving point, where such material is available, at current replacement cost of the same kind of material,  This will include material such
as tanks, pumping units, sucker rods, engines, and other major cquipment. Tubular goods, two-inch (2”) and over, shall be priced on car-
load basis effective at date of transfer and f.0.b. railway receiving point nearest the joint account operation, regardless of quantity transferred.

(2) Other material shall be priced on basis of a reputable supply company’s preferential price list effective at date of transfer and f.o.b. the store
or railway receiving point nearest the joint account operation where such material is available.

(3) Cash discount shall not be allowed.

B. Used Material (Condition “B” and “C”)

(1) Material which is in sound and serviceable condition and is suitable for reuse without reconditioning shall be classed as Condition “B" and
priced ac seventy-five per cent (75%) of new price.

(2) Material which cannot be classified as Condition “B” but which,
(3) After reconditioning will be furcher serviceable for original function a5 good secondhand material (Condition “B"), or
(b) Is serviceable for original function but substantially notr suitable for reconditioning,
shall be classed as Condition “C” and priced at fifey per cent (509:) of new price,

(3) Material which cannot be classified as Condition “B” or Condition “C” shall be priced at a value commensurate with its use.

(4) Tanks, buildings, and other equipment involving erection costs shall be charged ac applicable percentage of knocked-down new price.
Premium Prices

Whenever materials and equipment are not readily obtainable at the customary supply point and ac prices specified in Paragraphs 1 and 2 of this
Section 11 because of national emergencies, strikes or other unusual causes over which the Operator has no control, the Operator may charge che
joint account for the required materials on the basis of the Operator’s direct cost and expense incusred in procuring such materials, in making it
suitable for use, and in moving it 1o the Jocation, provided, however, that notice in writing is furnished to Non-Operator of the proposed charge prior
to billing the Non-Operator for the material and/or equipment acquired pursuant to this provision, whereupon Non-Operator shall have the righe,
by so electing and notifying Operator within 10 days after receiving notice from the Operator, to furnish in kind, or in tonnage as che parties may
agree, at the location, nearest railway receiving point, or Operator’s storage point within a comparable distance, all or pare of his share of material
and/or equipment suitable for use and acceptable 1o the Operator. Transportation costs on any such marerial furnished by Noan-Operator, at any
point other than at dhe location, shall be borne by such Non-Operator. If, pursuant to the provisions of chis paragraph, any Non-Operacor furnishes
material and/or equipment in kind, the Operator shall make appropriate credits therefor to the account of said Non-Operator.

Warranty of Material Furnished by Operator
Operator does not warrang the material furnished beyond or back of the dealer’s or manufacturer's guaranty; and in case of defective material, cred-
it shall wor be passed until adjustment has been received by Operasor from the manufacturers or their agents.

Operator's Exclusively Owned Facllities

The following rates shall apply to service rendered 1o the joint account by facilities owned exclusively by Operacor:
A. Water, fuel, power, compressor and othed auxiliary services ag rates commensurate with cost of providing and furnishing such service to the
joint account but nut exceeding rates currently prevailing in the field where the joine propenty is located.

»

—_—



—.v-—.

‘el os Liowwaaut a1 £q pausaan® aq jleys pue porussardas aq Heys saseqasnd arpy pue 1appas oy

Y10q 'sases yane uf casepd sayed 153151y Jo sagstrens sy aage ajqussod se Appomb se o1ssay sansed 1aq10 Jje Amou o1 Funpas Lused sy go Linp aya aq
lieys 31 pur fAasadoad anof sy3 Ut 1sa1a1ut go 3Furyd g0 aes Aue 8 sty Jarsuaym ‘ssseqasnd sty go ssusdxa ays se ‘waver aq Aedr satzorusawm jerdadg
s3fI0guIAL] [eoadg

"UIAP ajqeunseal Jo Y de| 01 anp s3Brrioys 10y A{un 1medO

-UON 01 2{qrIUNNIIE play aq fleys toresady ing ‘safertoys pur safeaano soy junodde uof oY1 yum zo3rsad(y) £q aprwr aq feys sausinisaflpe Asojusaug
Jo1esadQ-uoN prue Joressd( Aq paunnsarap Lyruof

3q qjeys soBrisoys pur saResano o asi) v pue ‘asaraiur ie Kysred yoea £q aprw aq jjeys unocdse jurof ays o3 safisreyd yam AIoausaut jo uoneijdsvoday
SILIOYUIAUY JO JUIUNSN{PY PUY UOIIVIIIU0IIY

*Joarayr Adod e yim JoresadQ-uoN ystwang IudA2

Yy Ut ppete oym ‘goresad Aq uayes Axowaaur oy adadde 03 sorraadQ-uoN puiq |jeys Azorusaur ue e paiuasardas 3q 01 101e13dQ-uoN jo arnjreg
‘uagrr 51 Lsotusaut Aue usym payuasazdas aq Avwr soaesad(y

-UoN 1ey1 o5 widaq o3 st Asosudaur Aue azogaq shep (pg) Aunyr aseap e a01wndQ Aq waa1R aq jeys A201UaAur aes 01 wonusug 3o aimou vanur

'sansadoxd sef pue o jo s1oterado £q sjqejjosruna parapisuod
Ajaeutpro Stost frisiew yons e AT [egs YytgM ‘[erdrew aunodde 1wof syl jo yoerad( 4q Uayey 3q [[eys SAIOIVAAUL 'S[rAINIUL F[qruosTas 1y

uonvIulIsaIdoy PUr INON ‘SILIOIUIAUY IIPOTIIJ
STIYOLNIANI ‘IA

'PRAPUAT AJALIS BYL JO AN[EA YT YIIM IUIISISUOY 1UN0IIE JuTel Y1 01 FaeyD 1N ¥ JAEI[ |14 Teyd siseq v uo padtad 3q [{eys [ELIAEW Yons ‘Anqe
‘g ¢ ydresficsrg ut papraoad se aoud ur uononpar Y3 Ajusal jou sa0p 1unodze ol 241 01 axasas st pue Aresodway ST [ElId1Et g0 asn ay) uayM

[ejrajenl pasn Aptrerodwag,
's9oud Rutpreasad ye ‘penzdirw deads pue smjosqe Suwq “(,,q,, wontpuoly) yunf

yung
-asodand ey 20§ pasn Ljjrwrou swt jo deyy yum sjqesrdwon siseq v uo pasud aq Tteys ‘asodind sayro awos
Joj 2fqrsn anping stoang 1503 siedas asssacxa anoyna asodind feuiFo su g0y dfqesn 1a8uo] ou st ymya ‘(, (1, Vonrpuony) uswrdinbs pue [rumely

JeHdIvI 19P10-PYd

‘ﬂU‘_Un!l!PUO.”?] JO’ dlgerns 10U :(“:l'lumsqns 1nq U(‘!IJU“} ‘!U!ﬂ!lﬂ 10} ameaaguas <1 ‘A

J0 (g, vonipuen) [ruarw purqpuodas pood se uoliduny [ewifiio sof [qEIdNAIS IoYINg aq [[1m SurONIpUOIII myy oy
Yo Jerdiews pasn Furaqg oud mau audnnd jo (940¢) 1uad aad Ly ae (0, uopuon) [euatw pasny

[CLIE I Pas() 19410
aotd mavw o () uad

13d aary-A1uanas ae pucypuosds se Aisadosd auiof oy1 o1 pafreys Afruifiro sem enaew g1 2oud mou auasma Jo (%,¢9) 1uad sad aan-Lixs 1y g
10 'mau st aunadde ol oy palseyd sem fetsatews g1 aoud mdu duaND Jo (3454) 300 3ad aa1y-£1uaads 1y Y

BUtUONIPUOIIT INOYIAM ISNIT 0 I[QEMNS ‘UOTHPUOD I[QEIDNAIIS puE punos ut [rLAlew pasn Funaq (¢, UONPUOD) [riidiew pasn poory

[EM2)CY Pas) poon
“(Aue g1 xey safes snjd) aoud moau uas
-1 jo (34001) 1033 1ad parpunyy U0 aE U PISn 133U Ing junodde ol Y1 Joj pandoxd jeudew mau Juiaq ‘(, v, UONIPUOD)) [eriatewt MAN

[R[IBI MAN
,.'Junr;ﬂav mof
01 saRsryD JO siseq,, Q1] ©v0NIAG Ul dAeqr pasn tryl sp uoneapdde pue Fuiuraw dwes apr asey jjeys sydesSesed Furmoqny ayl uy pasn se 2oud maN

paurjaqg aduag MaN

:sispq Jurmoppof aqy uo pangva
aq [(pgs ‘pas+8v aspmaaqio ssapun ‘pury up papiagp 40 1owaadQ-uoN 40 ioppiadQ 43qyr £q pasvqiand pragvy

INNODIV INIOL NWOHd AIYUAASNVUL TVIYILVIA DONIDIMA J0 SISVE A

s01e13d() Aq pied uaym pue 1 aunodde 1ol ayy 01 yoeq pafieyd 3q [[EYs ISTMIYIO IO [ELINTW IATIINGIP JO) dpuds Ag swiE[d) Auy  3apuda wolyg
101e32d) AG Pa13§|03 1unowr 13U Y1 1e 1unodde awof oy o) soread() Aq papard aq jfeys Liradord 1uol Yy wolj |etsiewr O SJIPISING 03 SIfTG

SIaPISINQ 03 SIS

suonterndo jo junuaiers Sjyauows ays w xeadde qreys sipasd> yong  tunodse quiol ayy 0y Jorezad(y apy Aq Iprw

29 a4 s31paad duipuodsaiiod pue ‘Aused yord Aq 2jqEAIIORI IV PIAIIN JENTW Y1 §O InjrA Y1 yum Ajenpraipur padacyd 3q uodnaaayl jpm Aured
Yorg e yons up s1eaaauy aantadsar sayr o1 wotodosd ur ag fleys Goressd(y-uoN pur soiesad() U3IMIIG IpEW JiI Uty UL ELIIEW JO UOIIAL(]

PUIy Ul uorsIAld

gaseyaand ayl Aq pasowas st rudrw
Y YOIy Ul Iuow a1 gap aunoade Jutol oy o) sored(y a1 £q panpard aq j(rys soreradQ-uoN 10 smEndQ ayi sayua Aq paseyound [runely

10jeradQ-uoN 10 10jeradQ ayy Aq pasevyaang jefdepl

*£349doad 3uof

3([1 UIOJ} 0|!S Jo Ja_‘suu) Aq J-‘H‘l!.’l ll‘!Jﬂl!lu deids pue )1(“1! }U $lm!1n|uumaaz |zuunu }(l amds!p 01 lllﬁ!.l M{l 3A¢q “l,'qs J(Hl'J.‘ld(_) pnpgA(ud fmanq
sa!uzd n ,(q UOLIBUILLIINIIP [EDNIDUE 0} ).'m!qm 3q fleys ‘spooi igjnqny pue ‘saun Hugdlund ‘mu!:(uo ‘Wum ‘np!.u.vp se ans ‘|Bg1.\nzu: mplms §0 swan

JO!!\U jﬂ UO!)!S()(“!F .’ILLL "I!!Jﬂlt\ll PU\'l“"UOJOS 40 Mmou H’lldll‘ls uy JU'ICJQ(.IO’UON ’0 182391Ul 3\![‘)1"(‘ ol ll()!]l!ﬂ”ql) ou npun -1(.‘ “El"' J()llu.‘)d() .‘\lLL

TVIMALVIN ANV LNIWJINODIE ISVIAT 40 "IVSOdSId “Al

"JUIIDLFEASUL SO DAISHIIND JIYUD 3Q 01 PUNOE UaYm W1 01 Wil Wnd) pasnlpe pur pastass aq [[eys smey

a%aeyd 01 sasodosd 3t sores ;g jo adueape Ut Joresad(-uoN WIofur Eys doesady pasanbar saaouayn Y
SAIGILIOGE] DAL IPINne A pawsog1ad g1 Furpreadrd A[1UILIND 25011 PIAIXD 10U [feys adaeyd Yons papiacsd a1 pue saskjrue 1ayio

Aut pur 20D ‘aoiEa ‘sed se yINs ‘junedde autol A jo agaudg A sog sneaad() Aq pawsogaad 2314338 Aaotrioqe] Jog patavys 3 {uys ks sicy ()
1a01dado ayl o ssuadxd put saliea apnpur AW sared pun Hukjng  saxrd
pue ‘uonerasadap ‘aduesnsuy Csapddas Huntedado dueuate pue saedss apapul jleygs gy tuonesado pur digsiaumo jo 1503 g1 fila Avansuaw
~wod sares AEnoy de padieyd g fjeys suun Hung  Cpaesop st fuadodd auof ayy azaym piaty aq1 ur Hugeadsd A{Iuaaing a0y) PARdKa e jeys
safaeyd yons deys papiaosd thasadosd quiel oyi paystuang aalsan ay pur ‘uonenaadap Ssaiedas fasuruajunewr J2aad o1 apdwie dOfeys Yargm e

-dinba 3o Assunyorw paumo )0y s s0reaad(y ju MENL IMPO AGE pUE S001 100-TWUEI PUE JUIHIP JO 28 a1 40y PatIed X [[eys N vy Y )
23AUP o savuadxa pue safem apnpaun Aew syes a01dr) pue
Wonap suoniesddo 1uneaE U0l L YA UENDIUIOD UL 10 U0 IDIAIIE (ERIDE UL B0 Uo paseq aq [[eys saifaeyd pue fuoredaadap pur asuadxa
#unesado JOio put ‘dduBIAEUL ‘saedal sTH Y0 JO 30 PRIIUL (R DIEE JANGWOINY U 01 JWEL WSy PIIAYL pue suonesado qunodoe Juel
WUlESE $IFUTYD WLOFIUN PIPUIUWINIIS SE CUGTITZIIETI0 PAZIUHOIAL 1010 AWOS 10 CUONELIOS Y WOdiUBL [ SO W01 Y Aq pmdope saed

}0 Q‘K\P;({DC ﬁl{] L{ll& .)Ul‘ ul nq l‘“flﬂlli):‘ p‘nmp sdEd I|JI\S 'U(}!]!]Jd’l pUI: d!!|\JJ(I,M() !() W0 lq]l"ﬁ DILINVUIWIWGTD s3Ied e lqulld!llllJ 94\!1()(ul)|l|v 'u



iun vosiol \ 8508L0 -VSN 8508L0-vSNn ss0y 550y SN vsn : '
]
|
| + " - Y- L
]
. |
ga-av
| N
€z FO R L - = 4 e 2 22 1z NOILD3ES ONILIVEA NOILVHO d X3
ANINILNOD-AIN AVENNS AS O3dva3sd
L]
s2-2v 3 41334 NI 3V
= [SS e e e
sz-19 O 18 el R - 000¥ 000z 0001 o E>
2%mnn e g
RRECT T3Hs RRETT xas . ; NVOIMINY HSILING 5 NVOIMINY HSILibg [, /NVOININY HSILive xas OYN _ Itwmﬁousioﬂ o_b*ml asnp :ulwl Juncy
Jiun vosios »-291111vd us A1 950820-vSN ' v/ vy oS MPITEI'Z] ~ seduey N9ZR GZ diysumol
prov®  wiove® gy, ot ® g [ eeee™ 0010y ini % et Jo suoljlod
s
* 4 700d 110 dNTIV9 Y¥3IMOT 1LSI9
Ikt o JILLIANOD ONIYIINIONI 11518
14l L]l ) ————— Y €l vl s! 9l
950840- VSN
v1-22 ® ony -z ® g o2 ® 01-21® gy
-1z @y !
*om o Lt Col] () L
priv ® uo TR i i oiz® = 0| 18 - — NAS - ne
T3NS T13Ks 4ONg3® me xas xas 2/ , NYOININY HslLlvg osvd 13 J9s NOSIHOMNW '3 NS | weuwayy o JILNVILY
Jun vosion »-%d1//14d 2 -c\ o/4m voop Yoo - $9G-YoN UM oulDS oiow %/ %/  ddwssn £508L0-¥SN L
ey ® ov®  o1vee iy 0142® 01w %y, Pema | Reera 1
S o oy
g @
e ® oras®im oty OFE2 @ 141y o121 %y 2 %mn 2% e
i ; NNS
i o sdi J_xav b \cﬁzui VOVNINY i o = 0 “N« & " i- 4y o o n
- 14 -
° o>l 1040p04 291 A
o 3 ® e2ehy  em® 2% Oars S s0® awn 20
4 = o o
“ b 4 Yy
AT
orig® v e1e® 2% eai%un [z 991 % >u1® smn 11 Wy 2% s 1906 - S
T3NS TIaKs NOINN 0§ TaHs xas xas NVOININY HSILINE NVOININY HSILINE NVOININY HSILI¥E xas xas ‘oYM NAS 5 Sl ¢ JILNVILY
®0/s 10s0p84 Yoo 0G-oN -/ ¥od-00 -0 Yag-dnN-oN-9/9 A1joueg 2, PO odon ooy - Aj1ox L2 e )
L 1% 1% 509 1O u.M_.:.z. o g !
", o ¥
& . I
2 %upn 1% 221 ®uma 2-9 Yumn 8° vy 1 ¥
WY_NVd VAN INY 8d1T11Hd . s ,.L [l
lllllllll e -] R L B, L L R Y CNRNIY _ — o 1 2z v s L] + i <1 1
4 0, P07 ° = €
e ®
5.0!‘ 2 ® e ~
LR s
ke et s 3 ¥ ¥ ™ i - w T T T T T . T - * i ™ iR F * b &= 4
-6 @ . . 7
osvd 13 NOSIHO¥NN vavuINy dond3 xas DA n e wany Liud © b doNd3 NYOIRY HEILING NVOININY HEILlIve xas NnS NOS e
1] 2 £ 3 iy 3 [ » P » (M 3 €, v n 3 5 v iy 3| €| » | 3 [ VL) i 3 518 / » PR T 3 £ » il 3| 3 ol
¥204y20/8 owy G 1un  yodsoy .8, 0N Y .4, *0ps 74 .8, o008 = O, P8 W N !
g wdu PO . W
0085y ® Ll
|
vaNy _OSvd 13 _ | 3533 M WA e | _ sdmimd | u w o
35334 ¥ WA_|
| | I
! |
" _ " .._-OI_ Id o& 1 2% 0% oy e2® e "% ot om 2% o
sVX !
= = __swxai L vaveany 43NV | e e s se ve w ze o .
|
" 1% iy 1858
\\\\\\\\ (T y
| 20, %0IS NN %
| | WS L 7 '
| | RS a1 o e2® s =r® un 019 aon| as® smen g 4 | o
osvd 13 osvd 13 NS svxaL | u3avam SvXaL | sdITlHd xas | sdiming NINTONOH NVOIMINY HSILl¥g NVOININY HSILING NVOININY HSLlug xas ‘INY Liyg [ SdMIKd ) e B T | A113xs
“ 1 woAsjns woA/InS i » 0, YOAIIINS 8, dunog 8, tuineg W8, Huneg o3
|
" " = 02 s AT ) P ) e01® e 2% 0
-l
! | S - ._+ A
I
I I >
! [ og® e %o -6 ® 09 ®un L il
1101113 J NOIT | L osvd_13 dONd3 ' |
|||||||||| PB=—=mm sy Lz 0z 6z oe = e e S s e e e = = e Lz oz 62z og- 4 Y% sz
)
| ; - ®
| FH.H S (O 06 ® o L] -t LA
g "
! TN e H - D Y o
|
I
i 91 % 901 %0 1 % " L
NVAXOIH osvd 13 NnS NNS ] ¥IAVIM doNd3 dONd3 ¢ N0 SdIMIHd NVOININY  HSILINE NVOINIWY HSILING NVOININY HSILivg '974Q M8 WD, . - SILNVILY
Josp07 TITH ¥ poo/4 94505 781507 19/505 770 7 ¥ 4077 Y 4
84 ® LT z® we .Qo—- (g o
- Y - LS Y of
2% 1® € % % omu s
Sevary .
,,,,,,,,, - zz— W08 2 ot o — v e 2 i oz S S v
|
|
| * %ms 8 fme o Cun e
| = 3 L 9y o
/ i% - L . - % o
| A=Y
| e s o ® uw®
ATI3NS | 21419vd ONININ SQTONA3Y doNd3 dONd3 d9Nd3 i TIH 8 NVAITINS Y3349 - NILNOW-NOSN3IE 43349 - NILNOW - NOSN38 ¥3LS04 L AT13NS ATIANS m i OlINYILY
Y
= J; e i A 7
A A 5 M € ¥ M 4

N

0
A\




CENTRAL BISTI LOWER GALLUP SAND UNIT
. BISTI POOL
SAN JUAN CO., NEW MEXICO

" ENGINEERING STUDY

= Prepored By —
Central Bistl Lower Galjup Sand Unit
“Engineering Committee '

MAY 5, 1959



ENGINEERING STUDY

CENTRAL BISTI LOWER GALLUP SAND UNIT

BISTI POOL, SAN JUAN COUNTY, NEW MEXICO

SUNRAY MID-CONTINENT OIL COMPANY (OPERATOR)

Engineering Committee

N

Company

Amerada Petroleum Corporation

El Paso Natural Gas Prod. Company
Pan American Petroleum Corporation
Phillips Petroleum Company

Val R. Reese and Assoc., Ince.
Shell 0il Company

Southern Union Gas Company

Sunray Mid-Continent 0il Company

Representative

B. M. Boggess

Lee Ayers

G. W. Eaton

E. F. Lewis

Val R. Reese

M. W. McGarry, Jr.

A, M. Wiederkehr

R. E. BrOOkS, Chairman



ACKNOWLEDGEMENT

Appreciation is extended to the numerous engineers
and geologists who worked with the Engineering Committee

and its subcommittees on this assignment.



TABLE OF CONTENTS

I. PURPOSE OF REPORT
I1. SUMMARY AND RECOMMENDATIONS
III. CONCLUSIONS
Iv,. GENERAL FIELD INFORMATION
a. Location of Field and Unit
b. Geology
cs Development History
d. Well Completion Practices
es Production History
f. Reservoir Fluid Characteristics
g+ Reservoir Rock Characteristics
Ve STOCK TANK OIL IN PLACE AT BUBBLE POINT
a. Pore Volume per Acre Foot Determination
b. Sand Thickness and Acre Feet Determinations
¢. Oil in Place Determinations
VI;‘ PREDICTED PRIMARY RECOVERY FROM CENTRAL BISTI UNIT

a, Fluid Expansion
be Solution Gas Drive

VIiI. DISCUSSIN OF LPG PILOT PERFORMANGE

a, Production History
bes Pilot Predicted Performance

1. 0il in Place
2. Production Performance Predictions

ce LPG Slug Recoveries
VIII. LPG ON FIELD BASIS (PLAN II)

a. Discussion
b. Example Calculation LPG Flood

IX, WATER FLOOD ON FIELD BASIS (PLAN III)

a., Discussion
b, Example Water Flood Calculations

X. 704 PRODUCED GAS RE-INJECTED (FLAN IV)
XI1. PRESSURE MAINTENANCE AT 1200 PSIA BY GAS INJECTION (PLAN V)

Xil. ECONOMICS



EXHIBIT
EXHIBIT
EXHIBIT

EXHIBIT

EXHIBIT

EXHIBIT

EXHIBIT

EXHIBIT

EXHIBIT

EXHIBIT

¥ WD

vt

10

LIST OF EXHIBITS

Map, Area West of Shell's Carson Unit
Map, Central Bisti Unit
Electric Log of Lower Gallup Reservoir

Tabulation by Tracts -~ Number of Wells in Participating
Area, Cumulative 0il Produced, and Current 0il Production

Tabulation of Production History
Reservoir Fluid Properties (Six Sheets)

A. Mol Composition and Calculation of Gas
Volume Factor

B. Graph, Solution Gas-0il Ratio and 0il
Formation Volume Factor vs. Pressure

C. Graph, Solution Gas-0il Ratio vs. 0il
Formation Volume Factor

D. Graph, 0il and Gas Viscosity vs. Pressure
E. Graph, Reciprocal of Gas Volume Factor

F. Graph, Calculated Gas Compressibility Factor
vs. Pressure

Graphs Effective Permeability vs. Irreducible Water
Saturation

Graph, Permeability Frequency Distribution (Three Sheets)
A. Zone 1 and 2 Components

Be Zone 3

Cs All Zones Composite

Tabulation of Core Analysis Calculation Summary of HCPV
A. 3P Interval

Bs Miecrolog Interval

Electric Log Analyses and Net Pay Determinations

ii



EXHIBIT

EXHIBIT

EXHIBIT

EXHIBIT
EXHIBIT
EXHIBIT

EXHIBIT

EXHIBIT
EXHIBIT

EXHIBIT

EXHIBIT

EXHIBIT

11l

12

13
14

15

16

17

18
19
20

22

LIST OF EXHIBITS (Cont'd.)

Isopachous Maps ~ Microlog Net Pay

As Zone 1

B. Zone 2

Cs Zone 3

Isopachous Maps - SP Net Pay

A, Zone 1

B. Zone 2

Ce Zone 3

Tabulation of Acre Feet and Oil in Place by Leasss

Tabulation, Calculation of 0il HRecoveries by Fluid
Expansion

Graph, Permeability Ratio (kg/ko) vs. Total Liquid
Saturation (SL)

Tabulation; Material Balance of Natural Depletion
Recoveries

Volumetric Balance Calculation of Pilot Withdrawal

A. Graph, Monthly Over or Under Withdrawal
Replacement by Injection

B. Graph, Cumulative Over or Under Injection

Cs Volumetric Balance Calculations

Map of Pilot Area

Decline Curve of Pillot Performance (QS/Qr vs. acre prod.)

Calculation of (Qs/Qr) One Stock Tank Barrel per Barrel
of Reservoir Voidage

Efficiency Calculations of LPG Flood Based on Pilot
Performance

Theoretical Sweep Efficiency. Graph of Enclosed
Five-8pot vs. Enlarged Five-Spot.

iiji



EXHIBIT 23

EXHIBIT 24

EXHIBIT 25
EXHIBIT 26
EXHIBIT 27

EXHIBIT 28
EXHIBIT 29

EXHIBIT 30

EXHIBIT 31

LIST OF EXHIBITS (Cont'd.)

Graph, Concentration in Separator Gas (Mol %) vs.
Cumulative Produced Gas (MMcf)

A, SMC Federal C Well No. 1

B. SMC Federal C Well No, 2

C. Phillips Hospah A Well No. 1

D British American Marye Well No., 1

Graph, Cj, in Stock Tank 0i1/C, in Separator Gas and
g,?;tiﬁ Stock Tank 0i1/C3 in Separa.tor Gas vs, Gas-0il

Tabulation, Monthly Excess Propane and Butane Production
from Pilot

Map Showing Location of Injection Wells on Five-Spot
Pattern

Recoverable 0il Calculations for LPG and Water Flood in
Sixteen Individual Five-Spots

Water Flood Susceptibility Curves

Tabulation, Material Balance of Dispersed Gas Injection
of 70% Produced Gas

Graph, Laboratory Measurements of Displacement Efficiency
for Pressure Maintenance by Gas Injection and LPG Slug
Followed by Gas

Tabulation, Summary of Calculated Economic Benefits of
Unitization Projects

iv



1. PURPOSE OF REPORT

The purpose of this report is to compile pertinent engineering
data used by the Bisti Engineering Committee to determine the feasi-
bility of unitization and to recommend the most economic pressure
maintenance and/or secondary recovery program for the Lower Gallup

Reservoir in Central Bisti Pool.



11, SUMMARY AND RECOMMENDATIONS

The Bistl Engineering Committee, as directed by the Operators Committee,

studied the area of the Bisti Lower Gallup 0il Pool West of Shell's Carson

Unit which now consists of two proposed units referred to as Western and

Central. This report covers only the Central Unit which is delineated in

Exhibit 2.

Net pay thickness was determined by two methods, (1) Microlog net pay

and (2) Area under the SP curve corrected to core footage.

The oil in place

at bubble point conditions was calculated to be 38.04 million barrels from

Microlog net pay acre feet and 62.23 million barrels from corrected SP net

pay acre feet. The 63 producing wells had a cumulative oil production of

1,844,431 barrels as of February 1, 1959.

and economics of the operating plans studied are as follows:

Ultimate Recovery (8/8)
Stock tank Oil, bbla.
Gas sales, MMcf
Plant products, bbls,.
LPG slug, bbls.

Value of Net (7/8) Recovery
Investment Totals

Total Expenses

Salvage

Operating Profit After Salvage
Total Operating Profit/$ Inv.
Benefit Operating Profit after

Salvage
Total Benefit Profit /$ Inv.

Natural
Depletion

5,929,100

7,238

740,000
0

$17,082,555
$ 4,800,000
$ 2,793,599
$ 400,000
$ 9,888,956

$ 3.06

0

LPG-Gas
Miscible

Phase Flood

11,888,553
9,058
367,400
118,825
$32,166,419
$ 5,612,000
$ 9,750,719
$ 602,450
$18,006,150
$.3.21

$ 8,117,19,

$10.00

Estimated ultimate recoverises

Water
Flood

10,029,200
4,070
278,000
0

$26,397,600
$ 5,725,000
$ 7,610,300
$ 581,500
$13,613,800
$.2.38

$ 3,724,845

$ 4.02

It is recommended that the area delineated in Exhibit 2 be unitized and

operated as an LPG-gas miscible displacement pressure maintenance project as

described in the Engineering Committee report entitled "Plan of Operation"

dated April 6, 1959.



1.

2.

3.

III, CONCLUSIONS

The primary oil recovery to an abandonment pressure of 100 psi will

be approximately 16% of the oil in place.

The Bisti LPG flood pilot project has been successful.

An LPG-gas miscible phase pressure maintenance project will return

a larger profit in less time than a water flood.

vii



IV, GENERAL FIELD INFORMATION

Ao Loeation‘of Field and Unit

The Bisti Lower Gallup 0il Pool is located 20 miles south of Farmington,
New Mexice in San Juan County. The 25,000 acre pool has a northwest to
southeast trend that is approximately 30 miles long with a width variation
from one-half to three miles,

The Operators west of Shell's Carson Unit have made joint engineering
studies of all of the area shownvby Exhibit 1, and are currently pursuing
unitization. The area studled has been divided into two separate units
also depicted on Exhibit 1. British American has been elected Operator of

the proposed Western Unit. Sunray Mid-Continent has been elected Opsrator

of the proposed Central Unit.

This report concermns only the Central Bisti Lower Gallup Sand Unit
which is outlined in detail by Exhibit 2. This exhibit shows participating
area and unit area for affected tracts with operator and royalty ownership.
The participating area is that portion of the reservoir which has been proven
productive, whereas the land between the participating area boundary and the
unit boundary has not been proven. The unit boundary is extended for pro-
tection of the participating area from drainage of secondary recoverable

oil and/or injected substances.

B, Geology
The Lower Gallup sandstone of the Mesa Verde group is of Upper Cretaceous

age. The Bisti Lower Gallup reservoir is found at a depth of approximately

L,900 feet and has an average gross thickness of 130 feet of alternating



layers of sandstone, sandy shal e, and shale, with only 10 to 20 percent
having a_permegbility greater than one millidarcy. The low permeability
sands have required heavy fracturing to stimulate production.

Exhibit 3 is a typical log illustrating the six sand stringers which
compose the Lower Gallup reservoir. For the purpose of engineering work,
the stringers were classif jed into three separate zones as shown in this
exhibit. The upper stringer (Zone 1) is the principal oil horizon; it is
a light gray, medium-gralned, clean, well sorted sandstone. The lower four
stringers (Zone 3) are silty, fine-grained sandstones with irregular dark
gray, micaceous shale inclusions and partings. Zone 2 is similar to Zone 3
but generally is a better quality sandstore,

The best developed productive sands follow the axis of the long narrow
sand bar which has a northwest to southeast trend. The trap which dips 70

feet per mile northwest; is of stratigraphic nature.

Ce Development History

The Bisti Lower Gallup reservoir was discovered in December, 1955 when
El Paso Natural Gas Company recompleted thelr Kelly State No. 1 in the reser-
voir for 646 barrels of oil per day. Drilling on adjoining leases began in
February, 1956 and the majority of the Central Bisti wells were completed
that year. Initial potentials of the oil wells have usually ranged from
100 to 700 barféls per daye Since all apparent good sand development in the
Central Bisti Unit has been drilled, future drilling will probably be con-
fined to a few infield locations for development of a secondary recovery
drainage pattern. The number of wells completed in the participating area,

cunulative oil produced, and current oil produced; are shown in Exhibit L.



D. Well Complgtion Practices

The common method of well completion in the unit area has been to set
8f5/8 inch surface casing to a depth of 230 feet and circulate cement to the
surfaqe, When the Lower Gallup reservoir is drilled; an electric log and
Microlog survey are conducted. The oil string of 5-1/2 inch casing is run
to total depth and cemented from the casing shoe to 500 feet above the top
of the pay zone. The pay zone is then perforated, sand oil fraced, and

put on production.

E. Production Histogz
Exhibit 5 shows the pertinent oil production history for the Central

Bisti Lower Gallup Sand Unit. Limited local market and lack of pipe line
outlet restricted production until May, 1958 when pipe line connections
were completed., Several wells are now establishing a normal production

decline. Delivery f&cilities for gas should become available in 1959,

F, Reservoir Fluid Characteristics

Samples of reservoir fluids have been analyzed from British American
Marye Well No. 1 and Sunray Mid-Continent Federal C Well No. 21. The
;sirgé.l_arity of ‘ﬂuid properties from both samples is shown in Exhibit 6. The
saturation pressure of the samples had a difference of 105 psi, i.e.,
Federal C No., 21 - 1,260 psia; and Marye No. 1 - 1,155 psia.

The average bubble point properties used in reservoir studies are:

Bubble point pressure at 145° F, psia 1,207
Solution gas content; cu. ft./bble 406
Formation volume factor,res. bbls/STB 1.26
Viscosity - centipoises 0,83



Go Reservo:l_.r Rock Characteristics

1l,. Core Analysis

The Engineering Committee studied all of the cored wells west of Shell's
Carson Unit, completed in the Lower Gallup reservoir. Data from these wells
were employed in the determination of pertinent reservoir rock characteristies.
Core data in a few wells were excluded from the study because the analyses
did not represent pay zones; the well cored was dry, or the well was far
removed from other development. None of the wells were cored with oil
base mud, consequently, capillary pressure analyses were conducted for studies
of water saturation.

Since the wells cored were dispersed throughout the field and not con=-
centrated in any one particular area, it was assumed that the data represented

average properties for the entire unitized area,

2., Connate Water Saturation

The water saturations used in calculating oil in place were determined
by plotting values of irreducible water saturations from capillary pressure
analyses versus fluid permeability on semi-log paper, The data were fitted
to a straight line using the method of least squares. The mathematical model
used fof this fit was:

Y = be™*

Where Y = permeability, K in md

= irreducible water saturations, Sy
= constant
= glope
= 20718

B oK

Rewritten in terms of the variables used, the equation becomes:

K = be(mSy)



A plot of these variables (K and Sy) and the results of the least squares

fit are shown in Exhibit 7.

3, Porosity and Permeability
The Ergineering Committee did not determine porosity and permeability.

However, early in 1957 Sunray Mid-Continent engireers made statistical studies
of the Bisti Lower Gallup rock characteristics. Core amlyses from 20 wells
west of the Carson Unit showed that 97.35 percent of the total pemeability
capacity was in reserwoir rocks with permeabilities greater than 1.l md.

From histograms using all samples with permeabilities between 1.1 and 432 md.
the average Lower Gallup rock properties were found to be 9,05 md. permea-
bility and 14.43 percent porosity, with a water saturation of 24.5% from
capillary pressure data or 28.6% from electric log studies. Exhibit 8 is
frequency distribution diagrams of permeability. In this study, Zone 1 and 2

were not separated, but Zone 3 is the same as considered by the Committee,

4o Hydrocarbon Pore Volume
Having established the relationship between permeability and connate

y:atexf saturations by the Vlea.st squares method, core samples were selected by
correlation to agree with the Microlog and SP intervals in each of the wells.
The average value for § (1-8,) in each zone was calculated by substituting
values of K in the least squares equation, solving for Sy and evaluating

@ (1-S,) for each foot of sample. The summations of @ (1-Sy) divided by the
number of feet represented in that zone for the Microlog amd SP intervals,
gave the average values in each well, The summation of @ (1-8,) in each zone
for all wells divided by the total number of feet represented in that zone;
gave average values for the fleld. The results of these calculations are
shown in Exhibit 9.



Average values from the results of the Engineering Committee work are

as follows:

g (1-8y)

ML
Zone 1 0.12158
Zone 2 0.07833
Zone 3 0,07027

sp.

041059
040643
0,0661



V. STOCK TANK OIL IN PLACE AT BUBBLE POINT

A, Sa.nd Ig_clqiega‘ and Acre Feet Determinations
Two criteria were used to calculate the acre feet of pay. One included

only the thickness of the net pay zones shown by Microlog separation, while
the other, using the electric log, included the feet of pay calculated by
determining the area under the SP curve.é in millivolt feet divided by the
static SP in millivolts. The SP acre feet were corrected by a factor
derived from core analyses. A tabulation showing net thickness is presented
as Exhibit 10.

The procedure used is as follows:

l. Miecrolog Net Pay

A1l positive Microlog separation was counted to the nearest half-foot,
provided the .separation was located opposite zones indicated by the SP curve
to be porous. No isolated interval was counted unless it was more than one
foot thick. Thin shale laminations were deducted from the net footage if
they were indicated by the Microlog to be one-half foot, or more, in thick-
ness. _

The count was obtained from the 5-inch to 100-foot recording of the
Microlog instead of the 25-inch to 100-foot recording, since only a small

percentage of the logs included the expanded scale.

2. _SP Area
An SP shale base line through Zones 1, 2, gnd 3 was marked on the logs
to be planimetered. Since an SP drift was noted on most of the logs analyzed,

the base line was obtained by connecting the SP minimum opposite two



characteris tic shales, located within the first 100 feet above the top of
Zone 1. On many logs, this produced a slanting base line which compensated
for the drift of the SP curve.

A consistent shale base line could not be selected below the productive
zones, since most of these sections contain varying amounts of sand, As a
result, the SP curve does not return to the base lins.

The SP curve through the cored intervals was planimetered separately
for the purpose of establishing a means of adjusting the net SP footage in

the cored interval to the squivalent core footage.

3, Static SP - (SSP)

The SSP was obtained from the nearest water-bearing sandstone approxi-
mately 1,000 feet above the Lower Gallup. This sand occurs at 3,600 feet in
Sunray Mid-Continent!'s Federal C-14 well. This was considered more reliable
than a theoretical SSP calculated from the mud data. A new shale base line

was picked in the vicinity of the zone selected for the SSP valus.

Be. Acre Feet Determinations

7 Two isopachous maps were prepared by the Engineering Committee for each
of the three zones, one representing the Microlog pay and the other represen-
ting‘t.he _SP pay. These six isopachous maps are shown in Exhibits 11 and 12,
inclusive. rAcre‘f.eet for each lease was determined from the lsopachous maps
by reading the average sand thickness within each ten acre grid, and then
summing the product of thickness times grid acres within a lease.

In the evaluation of SP acre feet, it was necessary to apply a correc-
tion factor so as to adjust values of SP feet to the corresponding values

from the core data, This was done by dividing net pay from core data in
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each zone by feet of pay from electric logs (SP feet), For net pay from
cored data, all samples above one md. were counted as one foot, and those
with less than one md. were given a fraction of a foot equal to its permea-
bility. This calculation is shown on the last page of Exhibit 10, entitled
"Electric Log Analysis and Net Pay Determination." The results of .these
calculations are as follows:

Correction Factor
Core Footage/SP Log Footage

Zone 1 1.0203
Zone 2 06204,

Zone 3 0.4634

Ce 0il in Place at Bubble Point

The o0il in place was calculated by the volumetric method.

7758 ¢ (1-Sy)
0il in place in STB = By V-Sw x acre feet

Where @ = porosity
Sy = conmate water saturation
Bo = formation volume factor at bubble point (1.26)
From the values of ¢ (1-5,;) determined for each zone in both Microlog
and SP intervals, the following values of stock tank oil in place per acre

foot were calculated:

ML SP
Zone 1 748 .6 652,0
Zone 2 4823 397.1
Zone 3 432.7 407.0

The results of the isopachous picks of corrected acre feet and the

0il in place calculations are found in Exhibit 13,



The differences in values for oil in place using Microlog and SP is
attributed to the fact that the SP curve will show sands of lower permea-

bility than does the Microlog.
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VI. PREDICTED PRIMARY(RECOVERY FROM CENTRAL BISTI UNIT
PLAN I)

The primary recovery mechanisms causing fluid flow in the Unit Area are

fluid expansion and solution gas drive.

A. Fluid Expansion

0il recovery by fluid expansion occurred from the time the Kelly State 1
was completed until the reservoir pressure reached bubble point pressure of
1207 psi. O0il recoveries as estimated from fluid expansion data are com-
pared with field performance data in Exhibit 14. Difference in the compara-
tive values may be attributed to (1) fluid migration to this area of early
development from undeveloped areas, (2) inaccurate determination of average
weighted original reservoir pressure, (3) an error in the average field
pressures which were used to arrive at field production at the time bubble
point is reached, or (4) a cénservative estimate of oil in place. The
original reservoir pressure would need to be 3200 psi for theoretical data to
check field data, and this is improbable since none of the wells exhibit an
original pressure approaching this value. The field pressures are obtained
from areally weighted isobariec maps. 1t is lmprobable that average pressuﬁs
would measure less, for most surveys were shut in for 48 hours which is
inadequate for true build-up in many wells. Also, a volumetric weighted
averaged pressure‘would be higher because the highest pressures are in the
best developed part of the reservoir. Therefore; it seems that some addi-

tional recovery was contributed by fluid migration as in (1) above,

Be _Solution Gas Drive
Primary recovery by sclution gas drive has been estimated by material

balance calculations. Relative permeability was determined by laboratory



measurements upon 1l samples within a permeability range from 299 md. to

0.48 md. as shown in Exhibit 15. It should be noted that laboratory curves

in the range of 200-299 md. are of the same order of magnitude as the average

curve published by Mr. John Arps; which indicates the dirty nature of sands

in Bisti. All relative permeability data were used to construct a kg/ko

curve which represents average reservoir rock conditions for the Central

Unit. The tabulation of material balance natural depletion calculations

for this average kg/ko curve is shown on Exhibit 16. The estimated recoveries
by solution gas drive are 13.66% as indicated by the material balance calcula-
tion.

Low primary recoveries are also indicated by production data in the
Central Unit. As of January 1, 1959, 32 wells in Central Bisti depict a
definite production decline. The remaining 32 wells lie along the longi-
tudinal axis in best developed sands on the structure,.

For the purpose of estimating oil recoveries from decline curves, it
was assumed that wells which have not established early natural decline will
have an average recovery qf 150,000 barrels per well or 4,800,000 barrels.
The estimated recovery from the wells which have decline curves that can be
extrapolated was added to the 4,800,000 barrels. This estimate gave an
ultimate recovery factor of 15.5% and checks the overall estimated primary
recovery by fluid expansion plus solution gas drive which was estimated to

be approximately 16%.

o] Dee



VII. DISCUSSION OF LPG PILOT PERFORMANCE

A, Production History

Since August; 1957, an LPG-miscible displacement pilot flood has been
operated by Sunray Mid-Continent in Zone 1 of the Bisti Lower Gallup Field.
This project area is showri in Exhibit 1. Through January, 1959, the pro-
duction from the pileot producing wells during the LPG flood displacement
was 262,407 barrels of stock tank oil.

In August and September, 1957, 15,800 barrels of butane and 15,215
barrels of propane, or a total of 31,015 barrels were injected into Zone 1
of the Lower Gallup Sand to form the LPG zone of miscibility. Gas injection
was started immediately after the completion of the LPG injection.

Calculations were made to determine if the total volume of gas injected
was greater than the total volume of withdrawals from the pilot project area.
The results of these calculations are presented in graphical form in Exhibit 17.
These calculations consider reservoir pressure wherein volumetric balance of
the net withdrawals and injections give total net volume changes. Volume
determinations are presented in tabular form in Exhibit 17C.

The following relationship was used in establishing the net reservoir

injection volume:

Vi - Vrpg = NpB X Eg 5 Cy § Shgy) = Net reservoir injection vol.

Where 2
V1 = is the reservoir volume of gas injected

Vppg = is the reservoir volume of free gas produced

is the reservoir volume of oil produced

=
8 B
4 L]

is the volume of gas expansion

Co = is the volums of oil compression

Shgy1 = is the volume of oil shrinkage
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VI=ngVi

Where: Bg - is the injected gas formation volume factor (res. bbls./SCF)

V4 - is the volume of injected gas (SCF)

Vrpe = Np (R-Rg) Bg

Where: N, - volume of stock tank oil produced

P
R - is the producing gas-oil ratio (SCF/STB)

Rg - is the solution gas-oil ratio (SCF/SIB)

Bg = Vg(1) (Bga/Bgy) - Vg(1)

Where: Vg(l) - is the cumulative free gas volume in the reservoir, (total
reservoir volume of gas inj. - free gas prod.), previous
month (res. bhbl.)

Bg(2)

Expansion Ratio - is equal to B 7y

Where: Subseript (1) - is previous month

Subscript (2) - is present month

Co = Vo(1) x C (PR(2) - Pr(1))

Where: V - 1s the 0il volume in the reservoir during previous month
o(1) A
C - is the compressibility factor for oil (vel/vol/psi)

PR(2) - is the reservoir pressure

Since the compression (or expansion) is continuous, oil volume at the

end of each month was calculated as follows:

Vo(2) = Vo(1) = Co(2)

SHo31 = (NBo)2 - (NBo)2 (SH ratio)



Where : (NBo)g - is the oil volume in the reservoir - present month
(res. bbls,)
Bo(2)
Sh ratio ~ is equal to E‘o'('i')'

By, ~ is the oil formation volume factor (res. bbls./STB)

B. Piiot Performance Prodictio_n

1, 0il in Place in Pilot

The o0il in place was calculated separately for an enclosed LO-acre five-
spot and a 90-acre area which extends 1/4 of the distance between the producing
wells in the 40-acre five-spot as shown on Exhibit 18, The 40 acres enclosed
by the four pilot producers are calculated to contain 560,869 barrels of stock
tank oil. The large area contains 1,180,017 barrels of stock tank oil.

The oil in place for the four 10-acre grids lettered A, B, C, and D, on
Exhibit 18 was calculated using average porosity and saturations determined
from the injection well and the producing well draining the area. For
example, the GI #1 and the Sunray Mid-Continent Federal C #1 rock properties

were average for the D grid, etc.

2. Production Performance Predictions

The total predicted production from the pilot project was calculated
from the actual performance of the four wells in the pilot project. These
predictions are presented in graphical fomm on Exhibit 19. The graphs for
each well were construe ted by calculating the ratio of the stock tank
production in barrels, divided by the reservoir woidage in barrels, This
ratio was then plotted vs. the cumulative production in stock tank barrels.
These calculations which are shown on Exhibit 20 were obtained by the

following method ¢

15~
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reservoir barrels of ’space occupied by one SCF of gas.

bage pressure, psia

reservoir pressure; psia

reservoir temperature, °R

standard temperature; °R

gas compressibility factor

0il formation volume factor
producing gas-oil ratio, SCF/STB
solution gas—oil ratio, SCF/STB
stock tank o0il production in barrels

reservoir widage in barrels.

In Exhibit 21 the recovery efficiencies for the pilot project wells ars

listed. These recovery efficiencies were calculated with the assumption

that there are three different possible flooding patterns occurring in the

LPG project area.

These three possible flooding patterns are: (1) that

the production is from the LO-acre area enclosed by the four producing wells;

(2) that 15% of the production is from the area outside of the area enclosed

by the four producing wells; (3) that the LPG-miscible flood is sweeping an

area greater than the area enclosed by the producing wells, i.e., that the

total area sweep includes the 90 acres.
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Theoretical calculaﬂ:ionsl’2 were performed to predict the recovery from
(1) the enclosed 4O-acre five-spot and (2) the 90-acre area. The results
of thesé calculations (shown graphically on Exhibit 22) indicate that the
sweep efficiency from an enclosed 4O-acre area should be 1.915 timss greater
than the 90-acre open area. These theoretical calculations provide a method
of converting recoveries predicted from the (%5) decline curves to a common
basis as is done on Exhibit 21, 0il recoveries for each well were estimated
from the Qs/QR curves at first signs of gas breakthrough and at a producing
gas=0il ratio of 20,000 cubic feet per barrel, These recoveries were divided
by the oil in place calculated for each quadrant. The calculations were
reduced to the enclosed five-gpot basis under the assumption that an LPG

flood would be operated on a true closed five-spot injection pattern.

C. Production of the LPG Slug from Pilot Area

A method was devised by which the amount of the LPG slug that has been
produced each month from each of the four pilot area wells could be estimated.

The method consists essentially of comparing the measured concentrations
of propane and butanes in the produced separator gases from the four pilot
area wells with the concentrations of propane and butane that would have besn
found in the separator gases if no LPG slug had been used. The differences
in concentrations, assumed to be due to the slug breaking through, when

associated with the volume of produced separator gas, gave a measure of the

l. Caudle, B, H'. s Brickson, Ro A.; and S8lobod, Ro Les, "The Enchroachment
of Injected Flulds Beyond the Normal Well Pattern,” A.l.M.E., Petroleum
Transactions, Vol. 204, 19555 po-T9.

2. Dyes, A. Bsy Caudle, B. He, and Erickson, R.A.;, "0il Production After
Breakthrough as Influenced by Mobility Ratio," A.I.MeE., Petroleum
Transactions, Vol. 201, 1954, p. 8l.
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volume of propane and butane that had been a part of the slug. In order to
give a complete accounting of volumes; the volumes of propane and butane that
remained in the stock tank oil were estimated and added to the volumes in the
separator to get the totals Details of the method will be shown with an
example calculation.

The samples of separator gas that have been collected and analyzed
periodically have been collected at various separator pressures and tempera-
tures, Before the observed propane and butane concentrations could be com-
pared with calculated values, it was necessary to select a "base" separator
pressure and temperature and then ccrrect the observed concentrations of
propare and butare for the difference between the sampling temperature and
pressure and the "base" values. The "base® values were 60° F and 30 psig.

A set of correction charts were prepared from the results of a series of
equilibrium flash vaporization calculations made for a range of temperatures,
pressures and feeds that included the values encountered at the time the

samples were taken. These charts allowed the observed concentrations of
propare and butane in the monthly gas samples to be corrected to base
temperature and pressure., The corrected concentrations were then plotted
versus cumulative separator gas volume in Exhibits 234, 23B, 23C, and 23D. These
curves are labeled "actual.® The dates shown on the exhibits are those on
which the gas samples were taken.

A second set of equilibrium flash vaporization calculations was prepared
that, in effect; predicted what the propane and butane concentrations would
have been in the separator gas if the well effluent were composed of only
injected gas and reservoir oil. In other words;, this assumption approximates

the case of no LPG injection. The computations were made for the base
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conditions of 60° F and 30 psig. Values for the vaporization equilibrium
constants for the components were taken from the NGAA Equilibrium Ratio Data

Book, 10,000 psi convergence pressure. The results gave propane and butane
concentrations for various gas-oil ratios. The monthly reports fumished
values for the gas~oil ratio of each pilot well for each month. Using the
monthly reports and the calculations, the propane and butane concentrations
were plotted as in Exhibits 23A, 23B, 23C and 23D. These curves are labeled
"no-slug”,

Actually two sets of flash calculations were required to establish the
"no~slugh® curves of the exhibits becawse the composition of the injected
gas was changed from the lean gas of the El Paso tap line to rich separator
gas during April, 1958. One set utilized the composition of the lean gas
and reservoir oil to simulate well effluents and the secord set used average
separator gas composition and reservoir oil. It was estimated that all the
lean gas in the pilot area had been displaced by the rich gas by August 1,
1958. Accordingly, £he propane and butane concentrations calculated for
the "lean" well effluents wefe plotted in Exhibits 23A, 23B, 23C, and 23D
for the period ending A@st 1, 1958 and thereafter the concentrations for
the rich well effluents were plotted.

The dif ference between the "actwm 1" curve and the "no-slug" curve at
any given dabe is considered to be the evidence that a part of the LPG was
being produced in the separator gas. The volume of the LPG slug produced
with the separator gas duripg one month was obtained by integrating the area
between the curves and betweén the limits of the initial and final dates,
For some months early in 1958, the actual C, compositions in the separator
gas from the Hospah #1 and Marye #1 did not exceed those calculated for the

"no-slug" situation. No explanation is given for this.
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The aforementioned flash vaporization calculations also provided data
to show the relationship between the volumes of propane and butane contained
in the gas and their volum?s retained in the stock tank oil. In order to
save time and effort, it was believed that the computations made for the
"base" conditions would be a suitable substitute for the more accurate
method of making the computation for the conditions of temperature, pressure
and gas-oil ratio that prevailed at the time each gas sample was taken., Thus,
Exhibit 24 was constructed from the "base" condition calculations and used
to estimate the volume of propane and butane retained in the stock tank oil.
The volume of propane and butane contained in the stock tank vapors was
neglected because the flash vaporization calculations indicated that the
amounts were less than two percent of the sum of the amounts in the separator
gas and stock tank oil.

The results of the calculations are summarized in Exhibit 25,

The details of the procedure for constructing Exhibit 25 are demonstrated
by the example that follows.

Reference is made to Exhibit 23D for the period 7-29-58 to 8-29~58.

Average gas-oil ratio during period (monthly report) 1645 cu. ft./bbl.

60s0-4662 = 13,8 MMscf

Cumulative separator gas produced

Average propane concentration (actual) = 10.65%
Average propane concentration (no-slug) = 8,108
Average butane conecentration (actual) = 5,08%
Average butane concentration (no-slug) = Lo 4,OF

Volume vaporous propane per barrel liquid propane 1530 SCF/bbl »

Volume vaporous butane per barrel liquid butane 1311 SGF/bbl.
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Volume butane from slug
in separator gas

Volume butane from slug
in stock tank oil
(Exhibit 24)

Volume of propane from
slug in separator gas

Volume propane from
slug in stock tank oil
(Exhibit 24)

13.8 x 10® (.0508-.0440)

1311 TL.5 bbls,
71Q5 X 0031 = 2203 bbls.
Total 93-8 bbls.
6

13.8 x 10° (0,1065-0,0810) -
1530 230 bbls,
230 x 04092 = 21 bbls.
Total 251 bbls.

These results are found in Exhibit 25 for the month of August, 1958.

EA



V111, LPG ON FIELD BASIS (PLAN II)

A, Discussion

Sixteen five-spots or modified five-spots were studied for possibility
of LPG-miscible flooding, as outlined on Exhibit 26. Of these areas studied,
only eleven of the five-spots were considered economically feasible for
LPG-miscible flooding.

The recoverable oil for each individual five-spot and an example cal-
culation are included in Exhibit 27. These calculations show that the best
areas for miscible flooding are the wells located on the falrway of the sand
bar which comprises the field. Only the upper sand was considered in the
calculations.

The 0il in place was calculated by the standard volumetric method for
each five-spots The porosity and water saturation [Ii-sw) g _7>used was
the Zone 1 average.

The recovery factors were determined by comparison of each of the
individual five-spot kh values to the kh values of the wells in the pilot
project. The reduction of recovery with permeability was also indicated
by laboratory experiments where various pore volumes of LPG were injected
at 2000 psi into ;il saturated cores and displaced with gas at 2000 psi.

The volume of LPG injected was as follows:

Pore Volumes of LPG Injected in Laboratory
Displacement Tests Shown in Exhibit 10

Run No. Core L 284 Core L 285
1 1.765 1.846
2 +823 974
3 484 ollly
L 314 +193
5 Dry Gas Dry Gas
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B. Example Calculation LPG Flood

Phillips I-Tah-Nip #2, 9-25-12, Injection Well

0il in place (res. bbls.) = 7758 x ¢ (1-S,) AF

= 7758 (.145)(,.755)(1730) = 1,470,179 RB

Stock tank oil in place = 1470,179/1.26 = 1,166,809 STB

Recovery by LPG floeding = 1,166,809 (recovery factor)
= (1,166,809)(,30) = 350,048 STB

Blow down recovery

Note: Assume that 10,000 cubic feet of gas is produced from

the swept area for each barrel of oil produced.

350,048 x 1.26 x 1400 g%g- x 2281 /10,000 = 24,398 STB

14.7 »835

Total recovery = 350,048 + 24,398 = 374,446 STB

LPG flood - gas volume calculations
(1) Voidage replacement of 350,048 bbls. = Vs,

1
Vse = (350,048)(B,) B,

1400 20 5.61
VE,c = 350,048 x 1,26 L4,7 X %65 X ,835]

= 244, x 10° scF

(2) 01l compression and gas resaturation

(HCPV)(1-SL)
(1-8w)

Reservoir bbls. of oil at 800# = HCPV - HCPV (

Free gas space at 800# =

1-55,

TS,

= 1470,179 Zi - i::22§%;7 = 1,291,180

Reservoir bbls. of oil at 1300# = (1291,180)(115‘327

= 1,330,800
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Reservoir bbls. of gas needed to swell oil from 800# to 1300# =
1,330,800 - 1,291,180 = 36,300

Reservoir bbls. space occupied by injected gas = 1,470,180 -~
1,330,800 = 139,374

Reservoir bbls, space vacated due to compression and
resaturation = 139,374 - 36,300 = 103,074

MMef of gas to fill space = 103,074 x.Bg = 103,074 RB x
553 SCF/RB = 57

(3) Total gas production handled throughout LPG flood displacement
period.
From pilot project = 2,5 bbls. res. void/bbl. STO

Bbls. of res. void. space = 2,5 bbls.sggs. void. _

o bb L]
1,26 2282008 _ g o) RB/STB (free gas prod.)

1.24 x 5.61 x 1/Bg = 1.24 x 5.61 x 98.6

<
a
)
%

686 CF of free gas/STB

407 CF of sol. gas/STB
1093 CF of gas/STB

<
w0 [+]
[+]

| ] [}

<
7]
N

Ultimate gas handled = (1093)(350,048) = 383 x 106 SCF

(4) Fuel requirement at 5% of total gas handled

Vse = 383 x 106 (.05) = 19.2 x 10% SCF

(5) LPG requirement and gas equivalent

_ 31,015 Bbls. -
Required LPG %ZE?)B—H@V x 1,470,179 HCPV = 64,700 Bbls.
Gas equivalent = é&ﬂ%%llﬁiLﬁ; x By = 64,700 x 1.16 x
g
553 SCF/RB = 41.5 x 10% SCF
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(6) LPG recovery = 80% recovery x 35% lease share =
(64,700)(+80)(.35) = 18,100 bbls.

(7) Total gas in reservoir and sales volume

MMcf
0il1 and sol. gas voidage 244,0
0il compression and gas resaturation _51.0
Free gas at start of blow down 301.0
Sol. gas remaining in unswept area
(816,761)(407) 2.0
Total gas in reservoir at start BD 633.0
Less residual gas after BD 156.5
Total gas recovered L7645
Shrinkage, fuel, and losses at LO% 190.6
Total gas sales 285.9

(8) Total plant products = 143 bbls./MMcf x .35 lease share
= 143 x 135 x 476.5 = 18,100 bbls,

(9) Gas purchase

MMcf
011 and solution gas voidage 24L.0
01l compression and gas resaturation 57.0
Fuel requirements 19.2

320.2
Less sol. gas prod. (rec. x 407) 142,5
Gas purchases (cycling thru plant) 177.7



IX. WATER FLOOD ON FIELD BASIS (PLAN III)

A. Discussion

Sixteen individual five-spots or modified five-spots were studied
for the possibility of water flooding. These five-spot areas are shown
on Exhibit 26, Of these areas studied, only nine of the five-spot areas
were considered economically feasible for water flooding.

The recovery obtained from water flood susceptibility data is
shown in Exhibit 28, A field average was used for porosity and water
saturation, and oil in place was calculated by the volumetric method.

Recoverable oil calculations of each of the individual five-spots
are shown in Exhibit 27. The method of calculation is shown for one

five-spot by the following example:

B, Water Flood Calculations (Examples)

Phillips, I-Tah-Nip #2, 9-25-12, Injection well

Recovery factor - §l§i_§£ (CF)

Where 84 = initial oil saturation
Sp = residual oil saturation

CF = conformance factor (estimated 60%)

re = QCTBedh (60) - 29.2%

1
0il in place = 7758 @ (1-S,) (§;) (acre-feet)
Where @ = porosity = 14.5%
Sy = water saturation 24.5%

B, = formation volume factor

(&]
7758 (W 145)(.755) (1=35)(1730)
1,166,809 STB
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Recoverable oil = 1,166,809 (.292) = 340,708 STB

Saleable Gas

0il recovery will be carried out at a constant pressure.
Gas sales = gas recovered less fuel,losses and shrinkage.

Vg =nxRhg ~-F

Where n = recoverable oil, bbls.

Rg = solution gas-oil ratio at 800#

F = shrinkage, fuel and other losses at 4O% totsl gas produced

Vg = 340,708 x 308 - 42,000,000 = 62.9 MMcf

Plant products ~ 143 bbls./MMcf at 35% to lease hold
(104.9) (143) (+35) = 5,250 bbls.

Life of five-spot based on Unit Area average properties

(Note: The I-Tah-Nip is below average and five~spot life is not representative)

Average injection rate for area:

Set water injection rates equal to oil withdrawal rates

q - 3.07 Ky h AP _ 3.07 Koh &P
By 10810 Fe/Tyw By log1o re/Tyw
By = 0f5 Pr,, = 2400 psi re = T42 Py = prod. well press.
By = 0.8 Kzh = 770 rw = 0.23 Pg = reservoir press.
Q
Pe Py Kyt Kro BOPD
1100 400 0.33 1.0 580
1625 800 0.33 1/2 346
1352 800 0.167 1/2 224

1,470,179 bbls. x 1.25 PVWI
(T=-245) (346 bbls./day)(365 days/yr.) = 19.3 years
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X, 70% PRODUCED GAS RE-INJECTED (PLAN IV)

Material balance calculations were made for a dispersed gas drive assuming
that 70% of the produced gas would be re-injected. The tabulation of these
calculations for 100% conformance are shown in Exhibit 29. It may be observed
that the increased recovery estimate of five percent is minor, which would
be further reduced after conformance corrections are made. Economic analyses

of this process were not made since the method is obviously unattractive.

XI, PRESSURE MAINTENANCE BY GAS INJECTICN (PLAN V)

Internal sweep efficiency at a pressure maintenance by gas injection was
determined by laboratory measurements of two reservoir samples, one of 4.26
md. and one of 133 md. Results of these analyses are shown by Exhibit 30.
The curve applying to straight gas injecting is that which is dashed from
zero pore wlumes injected throughout the displacement process. Using con-
formance factor of 0,50, it was estimated that the recovery by gas injection

into the tight edge of the Unit Area will be 22.4% of the oil in place.

XI1, ECONOMICS

Economic evaluation of the Central Bisti Unit will depend upon the plan
of operation. For that reason;, a separate report entitled "Plan of Operation"
contains the details of economics which may require revision if changes in
unit boundary or plan of operation are necessary.

Therefore; only a summary of economics is included in Exhibit 31.
Recovery calculations are based on material balance, analysis of the pilot,

and laboratory analyses.
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EXHIBIT 4

OIL PRODUCTION AND WELL DATA BY TRACTS
CENTRAL BISTI LOWER GALLUP SAND UNIT
SAN JUAN COUNTY, NEW MEXICO

Cumilative 0il Prod. Producing
S.T. Bbls ' Current 0il Prod.#¥* Wells

7fl-§8 Fraction Bbls, Fraction Wells Fraction

18 0 0 12,908 0,0367791 2 0.031.2500

19 40,708 0.0397435 18,272 0.0520629 2 0.0312500

20 33,205 0.0324183 55499 0.0156685 2 0,0312500

21 475719 0.046588L 18,272 0.0520229 2 0.0312500

22 49,415 o,og%zgg; 18,272 0.0520629 2 0.0312500
171,047 0.16699,5% 73,223% 0,2086363% 10% 0.1562500%

7 200,312 0.1955721 18,484 0.0526270 9 o.1u02250

13 13,258 0,012 2,446 0.0069 25 1 0.0lg 250
213,576% 0.,2085160% 20,930% 0,0596365% 10%. 0.1562500%

11 32,934 0.0321537 18,272 0.0520629 2 0,0312500

12 27,806 0.0§§5§62 11,899 0,03390 2 0.0%12500
90, TLO* 0,0885902% 30,171%  0.0859670% L 00625000

14 6,913 0.,00674,92 2,132 0,0060748 2 0.0312500

15 152225 0,0148623 7,893 0,0224897 2 0.0%12500
22,136% 0.0216115% 10,025%  0,02856/5% L¥* 0,0625000%

10 2,391 0,002 954 0.,0027183 1 0,0156250
25,3913 0.00233,5% 954%  0,0027183% 1# 0,0156250%

3 2325h 0.00327L5 6 584 0.,0016640 1 0,0156250

I 46,692 0.0455858 36,544 0,1041258 8 01250000
50,046% 0.0,88603% 37,128%  0,1057898% g% 0.1406250%

1 h12,299 064027260 157,707 O.hh93289 21 043221250
2 34,605 0.02%2851 2,550 0.00%2 58 3 0.0468750
LIT ;1043 0.4365111%  160,257#  0Q.,45662L7# 2% 0.3750000%

16 27,22 0,0265819 18,272 0.0520629 2 0,0312500
27,227% 0.0265819 18,272%  0,0520629% 2% 0,0312500%

BISTI 1,024,267 1.,0000000 60 1,0000000 64 1,0000000
1,024,267% 1.0000000%  350,960%  1,0000000% b4 1.0000000%

# Formula: 1/3 ML oil in place + 1/3 SP oil in place + 1/3 current oil prod.

#3* 3 Months, July, August, September, with exceptions.



EXHIBIT 5

TABULATION OF MONTHLY OIL PRODUGTION
CENTRAL BISTI LOWER GALLUP SAND UNIT, SAN JUAN COUNTY, NEW MEXICO

No. of Wells 0il Prod. Cum. 0il
Produced Bbls./Mo. Prod., Bbls.

Sept., 1955 1l 2,155 25155
Oct. 1 2,963 5,118
Nov. 1 2,514-8 7’666
Dec. 1 2,320 9,986
Jan., 1956 1 3,258 13,244
Feb. 3 5,089 18,333
March 4 10,535 28,868
April 10 16,155 45,023
May 12 24,560 69,583
June 20 26,718 96,301
July . 25 47,927 144,228
Aug. 35 42,485 186,713
Sept. 32 36,918 223,641
Oct. 31 31,538 255,169
Nove. 33 21,526 276,695
Dec. 32 20,782 297,477
Jan., 1957 25 30,862 328,339
Feb. 27 42,917 371,256
Mar. 29 61,449 432,705
April 29 53,250 485,935
May : 25 22,411 508,346
June 26 26,523 534,869
July 29 31,459 566;328
Aug. 28 17,717 584,045
Sept . 27 10’ 05 1+ 591+) 099
Oct. . 32 22,838 616,937
Nov. 32 19,982 636,919
Dec., L 29,117 666,336
Jan., 1958 ' 53 20,843 691,175
Feb, 59 28,431 719,610
March 56 ~ 33,873 753,483
April 57 © 50,344 803,827
May 58 128,763 932,590
June 59 116,483 1,049,073
July 60 127,609 1,176,682
Aug. 58 118,714 1,295,396
Sept. 62 116,203 1,411,599
Oct. 62 122,747 1,524,614
Nov. 62 103,057 1,627,671
Dec. 62 112,321 1,739,992

Jan., 1959 63 104,439 1,844,431



EXHIBIT 6A

RESERVOIR FLUID AND GAS ANALYSIS

(5)

(1) (2) (3) (&) (6)
Reservoir K : Res. Gas b
0il at 1155 psia 145°F Mol % Mol wt, Mol
Component Mol & Equilibrium Const. (2) x (3) #/Mol (4) x (5)
Gy 19.80 4.10 81.18 16.0 13.00
C2 5-10 1020 6012 3001 lo&&
Ch 7.[41 0.26 1093 58.1 1.12
Cs Ll-o?l} . 0-11 0052 72.1 0037
C7+ ' 47.80 0.0066 0.32 228.0 0.73
100,00 100,00 20.77
Sp. Gr. of gas = -2-%;-71 = 0,715 (Air = 1.00)
Density at 60 OF = 0.8553 gn/ce
OAPY at - 60° F = 36.7°
CALCULATIONS OF GAS VOLUME FACTOR
Factor at 1459 F .
Pg = 670 psia Ty = 390° R
Pressure Pr Tr : Bg 1/8
Psia P 605 2 Z/p 3.049 z/P  Bbl Res Gas/SCF sck
P Z70 T 8t 1450 F - _10™h 10— 10-3 Bbl
1155 1.72 1.55 0.86 Tobhb 22,703 2,270 440
1100 1.64 1.55 0.87 7.905 24,102 2.398 Ay,
1000 1.495 1,55 0.88 8.800 26.831 2,683 373
900 1.34 1.55 ° 0.89 9.910 30.215 3,012 332
700 1.045 1.55 0.91 13,000 39.637 3.968 252
600 0.896 1.55 0.92 15.333 46,750 4,675 214
500 0.747 1.55 0.94 18.810 57.352 5.682 176
- 400 0.598 1.55 0.95 23.750 T2.414 Te241 138
350 0.523 1.55 0.955. . 27.320 83.298 8.404 119
300 0.448 1.55 0.96 32,162 98,062 10.000 100
250 0.373 1,55 0.97 - 38,700 117.996 12,048 83
200 0.299 1.55 0.98 49.000 149.401 14.940 67
150 0.224 1.55 0.985 66.625 203.139 20,000 50
100 0.149 1.55 0.99 99.000 301.851 30.185 34
4.7 0.022 1.55 2074.149 207.415 L.83

1.00 680.272

Calculation of gas volume factor:.

Bg = (1) () (-5-%) (?.%i) « Res bbl gas/SCF gas = 3.049 Z/P



EXHIBIT 68

FORMATION VOLUME FACTOR & GAS-OiL RATIO vs RES. PRESSURE

Formation Volume Factor B, (T =/45°F)

e
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EXHIBIT 14

CALCULATION OF OIL RECOVERY BY FLUID EXPANSION
CENTRAL BISTI LOWER GALLUP SAND UNIT

(1) Np = NaP (Co+ CR)

SAN JUAN COUNTY, NEW MEXICO

Np = cumulative oil production

N = stock oil in place

AP = pressure decline from original pressure
to saturation pressure

Co = 0il compressibility at 1459 vol/vol/psi

Cr = rock compressibility

Co = 11.1 x 107, Gp = 4.2 x 1075, N(ML) = 38 x 100 bbls, N(SP) = 62.2 x 10% bbls.

By
1612
1440
1612
1440

Note:

Pg

1207
1207
1207
1207

P N SosCr e
38,0 x 106 . 15.3 x 1076 235,500
38.0 x 100 15.3 x 10-6 135,500
62,2 x 106 15.3 x 1076 385,400
62.2 x 100 15.3 x 106 221,700

233

The areally weighted average pressure in Range 12 for the October,

1957 survey was 1229 psi when the cumulative production was 616,937 bbls. A

volumetrically weighted pressure would be higher. O03il recovery to bubble

point pressure of 1207 psi is estimated to be approximately 850,000 bbls. from

decline curve analysis and material balance calculations.
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EXHIBIT 16

CALCULATED RESERVOIR PERFORMANGE
NATURAL DEPLETION
CENTRAL BISTI LOWER GALLUP SAND UNIT
SAN JUAN COUNTY, NEW MEXICO

Res,
e R o BT o e MW
19207 142602 4755 406 476 +823 406
19200 L0015 00015‘ 142595 755 4998 404 472 ;825 411 4obm=
14100 .0313 00329 162513 4750 4970 383 417 0848 448 52e2=
19000 40328 40656 162437 o745 4941 358 371 2868 792 35-3-‘
900 L0203 -0859' 102352 740 4921 333 330 «895 14559 2841~
800 40119 . +0978 142257 4734 4908 308 291 +930 24566 2643~
700 .0078 21055 142154 4728 4896 285 253 972 39702 260 7~.
600 40058 41114 142047 4722 4886 263 214 1-017 43863 2669=
500 40049 41163 101940 ..715 o877 240 175 140686 54903 . 2545~
400 40047 41210 101832 4709 4868 215 137 lel26 = 69715 2la7=
300 40047 41257 141710 .762 - o858 185 100' 14217 Te256 1543~
MéQQ o00851_ 1208 141554 4692 4847 151 66 14371 . 7529 648~
.. 100 . 40058  +1366 141324 5678 4831 110 .34 le841 ... 79019 2e8.
_xil_ ;12 G- N-};—?X) xél‘ (52 - Ra) - (Lmy) (Boy x}: 57

(

Bg x+1

——

-Rg)_ . +R (1-1)
'Bs x+1 avg X

1
1+mi)Bos A5
Pg ( m)oiBL'

¢0151
0151
0149
¢0146

W 0144

+0136
«0132
20128

20125

00122

+0119

40140

)

5e53=.
6987~
5786~
51e51=
48,88-
48435~
48464~
48,478~
48414~
46439~
43455~

¢0116 . 39495~

- kg 1 Bo
Rx+l_ ko (EE ﬁg)x+l * R§x*l

N B !
Sy = (180 (o 001) () * S0 -
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EXHIBIT

MAP OF PILOT AREA
BIST!I LOWER GALLUP OIL POOL

San Juan County, N.Mexico

Ph“ﬂpl
Has h Unit |
36-26-!3
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NE NE l-|25-l3
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ENCLOSED FIVE SPOT OPEN FIVE SPOT

BRID AGRE OIL IN ACRE OIL IN
—— FEET _PLACE_ FEETY _PLACE_
A 168,50 121,295 309.03 222,458
B 173.94 131,798 374.97 263,967
c 199.96 166,215 428.) 3 355,883
D 181. 76 141,66 40792 317,709



o9

+-01X 801S NOILDONAOHd 3AILYTINWND
*13

SS

%.

*h:4

Qo

(0}

se

02

3]

ol

-n

T

v
CTION
BBLS.

o
10 _PR
RES VOID.

@
s,
Qr

01

-0 Ivy¥3034
Vel L1i8IHX3



£-0I X BOLS NOILLONGOHd 3AILVINWND

06 S8 (8] sL 0oL g9 09 27 oS SY v 1213
T T T T T T T ! ~— _ T T
2-2 v¥3034

861 1I18IHX3

Qs_ STO _PRODUCTION

RES VOID. BBLS.

Qr



+-0IX80LS NOILONGOHd 3AILVINWND
ov

Ge

06

Ss
T

0’6
T

St
L

T

RES VOID. BBLS.

Qs_STO PRODUCTION

ar.

o 3]

V-1 HYdSOH
961 1181HX3



-0 X 80LS IAILVIAND

© <8 8 S 4 <9 9 SS G 154 v St 3 ge ¢ Sl 1 S 0
T

gl

1 JAYVA
gst Li8IHX3



052€00°
Y100
SOTL00°
160£00°
296200°
996200°
$26200°
26L200"
969200°*
f10%1200°
9¢8T00"
£78700°
£8€T00"

€67T00°

2TET00*
€8ce00°
69Tc00°
€61200°
$9T00"
T80200°
890200
826100°
6£LT00"
92L100°
8€9100°
TLSTO0"
0T9TO0"
16LT00°

ﬁmmvﬁdm.
3g

1E%70T00°
¢800T00°
71966000°
6266000°
L0S6000°
8156000°
88€£6000°
TE88000°
£998000°
91LLO0O"
T685000°
9165000°
o'r'r1o00°
26L71000°

£$%L000°
£2€L000°
€969000°*
6£0L000°
6769000*

8L99000°

8£99000°
68T9000°
2855000°

608 *190
e 90t T ot [A% AR 659 4] 44-Y *qdeg
A% N €T €z 082°T 099 a3 Le8* *gny
e oT7°1 6z 682° 1T 659 058 9¢8° £rup
o0s8* 9T 1 Leh 9621 099 968 Mg aunp
0s8* o T oz N6ET 099 768 freg* Ley
68° TOETeT 6TH W6E° 1 099 Y68 zes” Trady
g oLt ge £9¢°T 099 006 zes: yogey
geg L6E°T cen LT T 659 €6 1998 *qed
918" 8¢ T 8ch e T 859 £v6 188° 8G6T Cruep
108° L8e T 9En GLG°T 659 8¢0T (45N *o9Q
LoL* 86z T 99 €81 44} 00zt 096° *AON
VA 90¢°T £9% 2B T §%9 00z 111% *40Q
099° 90£*T €9 RS (A © 699 A At €56 *adeg
TL9® - 90€°T €9 LET"2 $99 0oYT £e6* LG6T ¢*8ny

$901 *300
z08* oot rda 2€9°1 659 9L0T 6%8° *qdeg
oT8" . oz T ge Gl9°T 099 90TT -The* *3ny
8L 18¢°1 9eh 80L°1 699 9eTL e £Tnp
66L" €Tt 8e7 6TL°T - 099 SETT osg* sunp
qéLe €01 € . EEL'T 099 Tt 998° ) Leyy
8LL® T8¢ T ach OLL"T 899 GoTT 9L8" Trady
o6L* O LeET (A% S08° 1 659 0611 L98* YOIER
G994 qLeT o'y 8L8°T 899 9€2T 188° : *qsyd
I{TANEE 76€°1 ey Mmoe 659 LMET 898° 8G6T €cuep
9hL* 18¢°1 8ch A (V)4 899 LheT 8.38° *09Qq
€eL: gee 't o' gTl2 - 849 W6€T ¢88° * 80N
869° 6ee T e ] 90T*2 LS9 8T &6 *390
LoL* . 62¢°T 14 280°2 LS9 89¢€T 626° +qdeg
6zL* e T 444 &6°T LS9 8921 626° L96T €*Sny
Uy ¢ "T105/G00 ~ *dmeg aInssalg aInsesdgd aJnssaxg *Jn *dg *I] DUE °*Of

*duoy, TeoT3TI) peoupey  TEOTITID a8egeay
peonpsy :

HOLOV EHNTOA NOI IV QI SVO 40 SNOIIVINOTYD

ODIXTW MEN ‘ZINNOD NVRP NVS IOErOu¥d IOTId TISIE

aEONA0Yd TIO INVI M001S 40 STmuvd (S0) uad mOHVAIOA YIOANESTY 40 Ve (8) 40 SNOIIVINDTIVO

2 ITATHXE

¢-0 Tedopeg

T1-0 T®aspay

TTem



geezoo*
Lrzeoo*
T6T200*
¢TTe00’
921200°*
610200
g70z00°
20LT00"
T08TO0*
86£T0O0*
0LZTO0*
862T00°
SO0
79100

9%1ze00*
¢LTe00"
T92200°
18T200°
T€0z00*
9LT200*
T€zz00°
£50200"
SYLTOO"
109700 .
€C9100°
094700°
TLYTOO*
9T9100°*

2 L
w.mvw.ﬂm

3g

Z 99eg

S8TS000"

(€ meN

L90T *300
Y108° 9T 1 pral TIL T 859 9zTT 098* *qdeg
218 oLyt £z T T 8499 92Tl ovg* *Sny
2hL* €01 e Tt 849 92Tt 968° Ltop
G6L* oT7*1 6zh z8L°T 849 €LTT Lge sunp
Gog"* ot 1 %Al €6L°1 859 08TT 9€g* £Ley
8L’ oov°T rA%| 908°T 859 68TT L98° Trady
96L° £z 1 qeh ov8°t 869 TTeT 6¢8° YoIBR
089° 2621 89 768°1T 159 AT 168° *ged
qsL’ GlLeT ol 066°T 949 90¢T 288 8G6T euep
¢89° geeet coh Lze e 9%9 L2ST 26° *oe(
0£9* irARE T 89€°C 669 ShsT 796" *AON
019° 09z°1 osh =1 XA %69 - 79T 866° *320
™m9* 092°1 o8Y 086°1 749 g6zt 866° *qdeg
9 092°T osY 86T 79 8621 866° LG6T €*3ny

¢80T *420
cog* et 2l 069°T 699 7Tt L8 *adag
L18°* oY T 9TY SLLT 099 LTI 808° *8ny
zes” LS T ST 12l 1 099 8¢TT Log* £ap
ocg* z8h1 80% 6L 1T 199 98TL €8l sunp
g18"* LS T T T06°1 099 T 908" L=y
zest A €Ty LU T 299 LLTT b6L° TTady
[45:M [A AN 80% Gel°1 299 29T1T 18L° Yoxey
Teg* z8' T 80% z88°T 299 SUrAY 28l *qed
g8l L6€°T £er 9%0°¢ 899 1314 298° 8G6T fruep
L69° 81¢°1 65Y 790°2 949 WeeT o6 *deQ
889* 90¢° T coh sTo0e 999’ 22eT £56" * a0}
299° 82°T i 02 69 Z2ET qL6* *190
0$9°* EE:TANY LY T2 %149 LLET qlLé* *qdag
zL9°” 182°1 AN} 1861 149 9621 GLé* LG6T ‘rEny
Uy S *100/909 dwa J, aanssadd aJanssodd aanssald *JIn *dg *J] pPue O}

*dus ], TeoT41ID peonpey  TEOTITAD eFeasAy
paonpey

YOLOVd EWNTOA NOTIIWREQd SVD J0 SNOTIVINJIVD

00 IXEW MEN € AINNOD NVAP NVS €I0drodd JIOTId TISId

QE0Naoy¥d TIO INVI Y001S IO STEuvd Amdv ¥dd FOVATOA UTOAYISHY 40 Tmauvd (D) J0 SNOILVINOTVD

(°P13u0)) 0z IIGIHYH

T sfaey

¥~1 yedsoy

TieM



gszeh
86z 8¢
L9TELE
882 9T
L1gfée
STO‘0E
€oLeeT
991¢0T
919°¢9
920¢9
p ALY
£86°¢¢
95T
8£0°‘¢e

TBg(syu)+Fen =
Uy

€ o8eg

Y (A

T
/o

zeh 6L0° 009°¢t 0szz* 1
088 8L0° IVAAS gg8zz 1
€90T €90° LSL'ST  Oee°T
SLOT 060° 060°TT 00g2 1T
4201 860° 002°0T 8eee T
[AAN1 z60° 8£8°0T 8L T
€621 A A% 790°L oee 1
G191 ‘reee urY oleeel
€091 gge’ 96T°Y JASARN
€60z 222 628"z Sotz T
ehie 96 LU T 009¢*1
Love g 88T°1 92°1
€L0T Les* S6T°T 9¢°1
191 org* 06T°1 B IANY
06YzeT .
orms 6T’ 89L°L 0052 T
868Y S TA R T18°L [SATAR
€815 96T 29 omseT
1966 68T 662°S 652" T
€L 261 002°¢ 265e° 1
6499 e LTS Glse T
LT64 8¢ 6L°2 9z°1
T0TS 20 €66°T %1
Z8TY 29 289°T 9¢°T
LY 6L G9¢° T 9c°1
ot - l8le 21 9z°1
85T ¢l et 92°T
o6sT T et 92*1
L2z €40 ge"T 9z°1
S  TFglsguyd Fgspud @

So/ a(Sey) + & = B

. 818¢ €T
GLESTT  052€00°  00SE  STE
CIS* 1T ZVTE00" 799¢€ (449
82S*NT  SOTE0O®  6loW - €2€
098°6 760£00° L81E r4%
996°8  296200*  LZ0f €€
7096 996200° geee cee
0£8°S  S26200° €661  SEE
Wz € 2SlZ00°  SLTT €€
896°C 969200° L60T ahe
2861 wo%7200° 849 T99¢
18 9€8100* 082 oyl
2lo-  €M8T00°  66- LoT
g90°=  €8€T00° - Lh- LoV
oLo*-  €TTo0° L~ Low

099z €LE

8169 2eEe00°” 082 . GLE
846°9 28ec00* .82 Z238¢
LTS 69T200" 68eeT 98¢
Moy £61200° 81 88¢
a6t g9Te00" 281 T16€
6se°¢ T80200°* 9991 86€
LES'T  890200°  €ML . zoW
€eLe 826T00°  OB€ LOY
zeee 6ELTO0"  S8T LaY
g00° 92.L100* € Lo
TT0" 8E9TO0° L Lo
280° TLSTOO* 2§ Lot
180" 0T9T00°  W§ Lo
980° T6LTO0* Y Low
&% Fg D &

€™
ST8¢

986¢

2005
(4149
09¢e€
TLSE

g2tz

8TeT
(AR
7201
$89
89¢

09¢

££0E
28Te
992¢
TLLe
(4544
€1ee
%1961
gt

(434
oth
yavi
34
9%
49

1

608 °300
AL *qdeg
a8 *gny
0$8 Lmp
948 sunp
%768 Ley
768 Ttady
OOm thmz
f1¢6 *qsd
€6 8GHT fruep
8£0T *98(Q
00z *A0N
0021 *390
871 *qdsg
oohT LG6T ‘*8ny
6901 *390
90T *qdeg
90TL *3ny
92Tt Anp
“GETT sunp
7T Ley
S9TT Trady
06TT yoaey
9¢eT *qag
LhET 8961 ¢euep
LET *09(
16€T *AON
18¢T *390
89¢€T *adeg
8921 LS6T fe3uy
aInssadd ..H.mmH pue O
afersAy

0OTXEH MAN “XINMDD NVOP NVS ‘lofirodd 10714 11sIg
QEONA0Yd TI0 ANVI M00LS J0 STEuuvE (S0) udd movalon MIOAMTESEM £ ToMvd (¥0) 40 SNOLILVINOTYO

(*Pi9u0D) Oz IIGIHXH

¢—0 Tedspeyg

T-0 Tedepsayg

TN



¥9L¢TE
¢80°ce
oLLéoL
Lh9ee
627481
TEEEST
65101
£€65°0T
9L0°g
6569
LZ0%s
56
990°2
.0

90L‘2E
566
962492
168 1E
8862
892¢ge -
TEN6T
82821
TEE6
€599
9TEY
099
LEZT
Tt

[Be(sgu)+e/sy =
iy

% a8eg

€96L
T1I08 -

6.8
£29L
L9
girés
959%
%6
9sEY
oTTS
718¢€
r43%1
ST9T
£65T

oLse
86Te
Lee
696¢
qome
£89¢
95sh
€50
LET
GLos
bLLE
€06¢
8201
6L6

62
e
f18e*
[44%
£nee
88"
8aqh*
Lo
6€6°
qeL®
6L
0e8*
c8Lt
89L°

6L0°
€Lo*
6L0*
€60*
8eT*
oeT’
wee
9TE"
8
€9L*
9.8*
8€8°
jts:h
w1s8°*

686°¢
ot Y
L1S*¢
20T ¢
9162
6L5°C
181 2
ont'e
768° 1T
9¢° 1T
8Te° T
1A
6L T
20e'T

9zl*el
829°¢T
£65°¢1
62L°01
Tee L
TL9'L
§9zY
o1 ¢
6Lo*e
e T
[A B0
6T 1T
€0z T
LT T

S Ta(sgu)re Ja(egu)a
T
/o

06%2* T
omse T
orse T
onee T
0852° T
0862° T
0652°1
092° T
092°1
092° 1
092° T
092°1

9e°1
092°T
092" 1

0 0T AN
MATANN
0862° 1
05521
0662° 1
0921
0862°1
TATANY
0921
09e°1
092t

92T

ge 1
9c°1
92°T

g

So/2a(u-u) + &7 = W

yIrAl €LE

geEL e 62ee00° Y AAN 98¢
9l8°2 Lreezoo® o8el 98¢
1T Add T6T200° £€01 98¢
™Mee1 ZTTZ200° €L8 86¢
869" 1 - 92T200* 08L 66€
oze't 6%70200°* 9 ooY
1z6°* 870200° TN Lo
088* 20LT00* LTS LoY
H65° TOSTO0® oce Lov
T0T"* 86£T00" L Lon
860° 0L2T00* 9% Loy
650~ 862100°~ - Low
610" 2159100 LT LOY
r4/(o T75100° L2 LOT
- SLOY 8lLe

L1t 9Y1zz00° 80TS 4219
0LE°TT ZL1e00" G696 86¢
8¢ TT 162200° LE0S 08¢
oLy 6 18T200° A% oof
196°¢ T1€0200° 494 oo
€T7*9 9LTZ00" 6T 86¢€
L06°2 1£2200° £0eT S6¢
G06°1 £40200" 1) Lo
¢18°* 97, T00* Loh Low
T60* 709T00" (A3 Lov
81T~ 22900~ €L~ Loy
790°~ 095100~ ™~ Lo
LS50~ TINT00 - b€~ Lo"
680"~ 919100~  §§- LoY
(sy-4) 2g 3g (su¥) Sy

OOIXEH MEN ‘LINNOCO NYAL NYS €IO¥POMd IOTId IISIH

- L9T

4191
9791
6TT
et
6LTT
0T
88

26

‘LEL

6Ly
€57
59¢

el

£506
€675
£609
LTS
(AN
Geee
ghee
8691
SELT
18
6e
nee
99¢
89¢
(449

L90T *390
9zTT *qdeg
92TT *ony
9211 Lnp
LTI sunp
08Tt ey
68TT Trady
E KA yozey
et *qed
90¢T 8G6T ¢ uep
L28T *o8(
viqy *AON
ot *100
c62T *qdeg
86CT LG6T ¢*3ny
6801 *3490
71Tt *qdsg
IAANS *Bny
8¢TT ATap
98TT sunp
G2t Lel
LLTT Trady
2911 yoaeH
9¢zT *qeg
€SeT 8661 Feuep
9¢T *08Q
2eET *a0N
TeET *390
LLET *qdeg
9621 LG6T €r8uy
Ohﬁmmmhm *Jd} pue ‘Ol
a8raoAy -

@¥ONG0¥d TIO JNVI ¥OOIS J0 STRNvE (SD) ¥¥d ¥OVAIOA YIOAWHSHEY JO Tawyve (HD) J0 SNOILVINOIVO

(*p,3u0)) 02 IIEIHYH

T sfaey

T-Y yedsoy

TisM



AN 19
S én
T°69
L*He
7°TE
6°2S
T
L*6s
.ﬂg
achL@
T€€
6°52 .
g°zs
q0dg 3ATY 0, vv..nmpﬁ.o
PeidaAlon worg 95T
A1an000y Burmassy
¢ Lasnodsy
(1) (oT)

voﬁ,ms Loustotzge deams Lq

£354008d PejETNOTRD TEOT3OI08YJ

8°6e
¢
T°81
791
9L

(AL LTO‘08TT Te8‘9sv 1

c BB TTieT o L8T 9%9T cresey
g C l9efEsr  6LELSE o't 9T Le™LE
9*z 9svzee  L6LCOsT §*9z  6°ST-  €0°60€
(414 6OLELTE  €TECOOM g€z 9°91T z6°LON

poyjeuw Lousrotyye deams £q
Axenooea peqeTnoTED TEOT]eJ08U]

€S
T°6L
0°6€
§*0¢
L9

‘patd Mdmg

Lisaooay

(6)

L8 005°70€  698€09¢ wm@.oo>

“SL°% OSL'8T GTc'99T  TeT'60e  0S°€T LestT 9°91 96° 661
L 0S2TS  B6LTET  $90°99T  OE°2T 0°52 q.oﬁ._ 76°€LT
L WSLE  S62TTT  2E8EST  69TT  §'9T  6°ST 057891

et 006€L8  T9STHT LOE8LT  69°2T- 8°€T 9°91 9L° 18T

S SOAINY a1s ‘Tag % g NS ¥ g  Feei-aI0y
y3noays Up/SH 41s N atoaresey P(Ms-T) uoty - £31soaod
~jeesag 2A008Y N . -sJangeg
JoqeM

(8) () 9 (¢) (") € - (2) (1)
OOIYEN MEN ‘XINNCO NVOP NVS
IIND GNVS dNTIVD ¥IMOT TISIH TVEINED
EONVASOSEd IOTId NO QESVE GOOTd HJIT 40 SNOIIVINDIVO ZOMEIOILY

¢ II9IHXX

Teyol
T edaey
T 9Tupn yedsoj
2-5 Tedepeg

1~0 TeJepad

{6535V 06) Sutoeds TIoN /1
- qodg aaTyg usdg

Te10]
T eLxey
T 3Tuf yedsoy
2-0 Teaepay

T-0 Teaeped

' '30dg 9ALl4 pesoroum



408 30Vd NI AdOH
308 nn—um_._.umﬂz_ wmdw w>C.<mJ.DSDU

z

1«

T T T

T

Kien0201 jods aay
pabipjue woJyy jods
A1 PISOIOUS Of

4eauo3 o) 101003 g1t = SUED

rAlgY

(v 06) 1005 sa1d pobiopg =0
oV OF) 10dS 8asd posOIUI = X

L6670

|
<

I
(2]

1
w

1
~

o1

O2IX3W M3N 00 NYNr NVS
103rodd 107d LLSI8
ELDIE]
22 LI8iHX3

No , CUMULATIVE OIL PRODUCTION STB

Ol IN PLACE ST8

N



SOSWHN SV9 aGIINA0Yd  JFNILVTIIWNNO

06l Sel 02! SOl 06 Gl 09 St 0¢ Sl 0
\\\' IZ
o —T anvinég
9178 - ON
L — T~ \O
] WQWKQ%/ - —_ e /
F—— T — . —° — T° \
- // _-9° .\.ﬂ\‘. /
— IO||I.\|\ 4‘5-&“ o
\\
— T on1s-08 | 3INVIOHd
- /0
s =y
_— — T TR o ,
—— al \ ~\B/ \ /
I N b \ VA 2 \
m - o 01\ ~_l )
- © 0 / \& o~ w /
) 173 ] N ] '
= & a \ i © ©
8 \ / /
P ® / /
/D\\
©
&
]
¢ \ &
N
0]
o 8 C
Y @
T mow®
o) b :
¥ & 5
" L

v-g€Z 118IHX3
-3 Ivd3d3d ONS

o]

2l

b1

9

CONCENTRATION N SEPARATOR GAS MOL PER CENT



ob

JISHW SV9 dIoNaold IJAILYINNNDO

(03 02 (o]
9175 - ON Lo—_
~
Z SN
o’ /o/
(- IR \K j S //
/’I ’ A\V‘O\ [=]
—— (=] .
VV\»/&.UT/I”O.III‘OIIO/ \%ﬁo i /
< 3 /k/
A7 \
\\ // M
iy N .
/& S N\
\\ A o N\
a— T I’B R.u
— — T \M\%ZKQQ /. \ //
G — /
. A Ve w©
c .mv ©n o] 0 0 L]
[} T ] U 1]
: B : - |
- ° L) © - © \
2\
o\
« )\
\
\
W_

g-¢€2 1181HX3
€-0 vd3g3ad OINS

ol

21

bi

91

CONCENTRATION IN SEFPARATOR GAS MOL PER CENT



JOSWW SV9 d32N1004d JAILY

nwno
09

osi sel oz! so! 06 SL S o¢ Gl
\\\\l )
91TIS -ON Inving | o ‘  o—1 aNviNg
—o T
L~
— —_ \ % o
[~ )
—. a0 - \/
~N o1 4&0
TNo o I /

- 91717s -on .

\\_U,/ \
B“‘I T - — ‘e . \\ / . /
N0y ~g \ \ /
\ = /n\
/1 - M\ —
N
O— —a 1 v \
\
B
I ? 2 38 3
: e |8 3 ; i g 8 ¢
- o mu K- © 0 [ 2] .0 -
J-€2  1I8IHX3

I-V. HVdSOH SdIT11Hd

(

~ _

- 01

[4

1 4!

St

CONCENTRATION IN SEFPARATOR GAS MOL PER CENT



06!

Sel

oet

SOl

JISWHW SV9I dFoNnNaosd IJAILYINHNND
S - 09

06

124

o¢

1

91775 - ON

[}

INVLINE

—Q e

Loy

S

Nwio\_\

)
|

I-14 -59

4
Yo

9-22-58
8~-29-58

7-29-58

7-2-58

5-15-58

2-23-58

2!

mm—
1-17-58 m4+— "

10-10-58 [

14l

g-g¢ 1i18IHX3

{ ON

JAYVA V-8

S

IN SEPARATOR GAS MOL PER CENT

CONCENTRATION



03

o

0.l

o]
l l

8BL. Cs IN STOCK TANK O/L

BBL. C3 IN SEP. GAS

EXIHIBIT 24

CU FT. PER BBL.

GAS O0O/L RAT/IO

Y

/4/ |
1

BBL C4 IN STOCK TANK O/L

BBL. Cy N SEP GAS

l

14

12

1.0

| ,
0 ©
Q Q

04

02

5000

4000 -

3000

2000

1000



8°ME6S B8°8T6°0T "8zl Z*Loz: 6°LET 0°20¢€ 0°268 €°9621 §°99"2 go9veYy 66T T *asd
. 03 SATRETIWUMY .

T°98¢ £°99L 6LT g'zze T°0eT 0661 95" 168 0° Tz 1692 656T *uep
0L . 6°0€8 ze88T 8 ST 8°T$T ZRe 6°0L 70T T€0¢ §* 562 *23(
L*0€S T°099- 28T T°0T2 T°02T 9°$9T 8¢ zezl . 0°TLT AR AT ‘ *s0N
gL 0°€00T g8 cee egé6e T°06T 0°*0Le T°6L - G*86 £e6ee T 6€C *300
fezns. 9°€geT  L°zsl 9%eg 6°€62 6°9¢€Y 29 $*L6 S zée 9z *qdeg
8°6£9 0°s8z1 8°€b 0°*16C L*Toe 1oz £°08 6°18 0°*h9e L 628 *Bny
8°8€s « §°0LTT 6°68 et 6*801 fezee €91t 6°64T T 622 8°1¢s £map
§*0z€ 9L Z°TU T°10T 49 T°L92 z°19 816 Le€8T T*€TE . eunp
9°TeE € STl - T°08 £°9L 9°.LSs2 e L*OL 6°102 6°90¢ Ley
o8z 6°L50T - 0°86 - 9°0€E€ € L8 T°86 Le9ee AR Trady
62T 8109 - 81 - 0°T6T TS . 6 0° 1L S*ge . - yoaeR
8°L01 L*L6E 6°91 o'tz - T°L0T 49 €*L0T 8°9¢ €291 *qegd
L*18T 9°09€ €gs T gy 0*1Z 1°86 0°68 TOET . 79T €°€8 8G6T ¢ *usr

8Tqq ‘70 ~ s1aq ‘€)  sSTqd ‘7D sTad ‘€0  sTqd ‘7o s1aq ‘€9 sTad ‘7D sTaq ‘6p  sTad ‘7o STAq ‘€D : U uoR
Te30] Te30], T oLien T# Uedso T CF wonm tedoped T# udu 1e10p5d :

I09L0Ud DTS TIATOSTH I0TId 1ISIE -
NOTIONAOHd ENVING ANV ENVAONd SSHOXE XTHINOK

¢¢ 1I9THXE



12

W

VAN & Wi § N 11 [T [1111] REYNOLDS MINING PACIFIC ] onELLY
. |
- \ & l
EXHIBIT #% b
»e - " 30 .o
BIST!I ENGINEERING COMMITTEE
\
L - BISTI LOWER GALLUP OIL POOL
» Portions of
S # MRt |
. o an Juan__ _ State__ ico __ __
; /W
-t [
i -y ®ALE W FIRT
L ) SREPARED BY SUNRAY MID-CONTINENT ;
L T T ~ 20 2 EXPLORATION DRAFTING SECTION o
-
o -
 Sutiven Suilivea ! 1
PHILLIPE #‘ T a0k PHILLIPS | vEXAR WEAVER | TENAS [TT] 5L Mso &7 NS0
-V
S ! ‘
|
Rl NG M SSRGS S ﬁ— ‘—l i
| i
N a - .
» - » ’m"un'": I vt "'I” TAMERADA T} TENAE s
e + '
d LPG. PiLOT | : !
& As80C. T e '
- ; { b UNIT AREA
Mo /s ' Nistwen ry
L h ] m v
BAIT AMER. B o1 Jus, 0 _ 80X __ .L'Hfl;' I oo apuse avEnAcA " wuncuison T new
i plat TS U]
‘.. 4 + : -L.' b 4 + + + £ ir + - + [ S OO R G
swiges | g l - 1 : .
i
. waan | WLy ) W l M b
i PHILLT iNERa0A AN 1 B
(e LN AP L1 2 (T VA R Y S U Y - - - g W
I N w W A, | l i
. :0:: AcTt : W4 M TH | 99 b ) ' i ..‘.l" AT -
9 o | m xn | gy : et ! o o o
ol R 300'/0! S1e-Ho-Nup- A m_ /--Av*-ﬁg_n -Peb Foderel Srete
N ANEBRICAN 1 sox i I sox i SHELL i 90. UNjON OhELL L L1
CN DY O- SR T3 1Y BT ¥ s 1 R egecd e mpoe ey
|
“ | WA, ; mu.n : 1306 MTL. l 1160 AFF, -
Lﬂ’"'ll-; \ IL-‘L i W':.lmu \ e Imn " lun we }5 X oW 100
| Fpderal i PAILIpe -4 ] -Gy
s - T MM | & -““ . FrTITTTy T .; 0 1]
_____ P U] P R N T LY RSN T 'y WU Wy S, + Mg ate g aae N gy BUgHe MU
t mixh | ' o
4 | R '
wong | “"II [ W RFEE | o Wit gl I RIE g erian 0.y o004
. rod'" Seing Wity | Neb-Deg-e voon wivre s | 1r i Sha sy Phittipe -4 Caroon Uit
(11 .l - (111 I ;-,\‘!‘N" SHELL L
kit ot hiad i erh g _--gJ' LU EWIREY bl T “n g red
o — : u‘Kh g eine
W gd L 9T [YTeTY g hre "y e
v34-0raose
n " " - " "
l LE ML uu~‘ 4 bm\" ’ “‘ll o 441 g aaia Wil pate g 4344
L' -+ I SNBSS RS jl l
- M“, haadl} L] mr-ll g lee ey nen » 944
s L34-07008 i Ay g Palitigs- 4 Garoon 4wl
AwEhCAN I ¥oR Y WELL T oLL
A L "y "t g 8 e
e
Ir - A
™
» - 1] - " | ------- » Py
OKELLY
T ) 'oni
¥
g )
J - !
1
L ke4-preert Y84~ 078089 Mudge~ ¢ ! Corsen yall

ce-2ip




€Tt 0*05L 09tz oS 0°09 kisi 00T*8LS LES ‘00§ LECTLES  LETEST 0061159 ’ [s4:280 Pootls D31

Z2°89zZ o78¢oL8 09EZ9T 09T 6sE 09T 65€ - oes‘t POOTH AwIBH,
008961 008°96T  9T° €18 000°0EZ‘T  00B'6YS‘T  oZB 1 uoy3sTdeg Termiey

OT§ O Tedsped oW
z°6T2 SoNSTT 0°29¢ $°2bl §°26 00,  0§9°068 €STUL  ESE*TLO°T €00OL  0SE°700°T 2% 6082 PooTd 0d1
T 009 TE*T  OvI'0sz  OWESEsS orEcess 26e” 608°z PooTd aw3ey,
002 ‘E0t ocZEOE 9T° 0°0LL 000°668°T  ooLfletz 608°2 uor3e1deg TeIngen

. WF O tedeped ONS
§°95T 0°¢E9 [s)g414 0°10€ 0°Ls e T9L9T8 L5L5L8T gTIMLE  B6EVTE 8Y0°05¢€ 0ELT Poold Hd1
kA i : T0T¢928 6T0*7ST  BOLOME goLO%E 0ELT POOTZ I99EN.
689°98T 689°98T  9T°  6°MY 60BF99T°T  6LTOLT'T  OEL‘T woryetdeq Temgey

TF JT-9el-1 edTT1Tad
0°0TT T907  0'8R f4¢:14 z8E T 096°609 TI686 TEO*Y8T  TE6TT  OW0‘Tll 1945 ¢ POoTd HIT
§*0LT 969°€SS YeZE0T  TIECeRR meE‘eze 8411 POOTJ aeqey,
w16zt 0TT ST 9T* 8T¢ 000°28L o447 8ST°1 ucyjeTdeq Termjen

Tf Ued-e0-IN-UL Geottowmy Ued
2*16 2U69€  O"M6T st fAd11 ST 0009l 6TTC60T  6T2‘sTe  6TZ*TT 000702 ot 0T0°T Poold a1
[4:1a8 oIy 09L°68 095861 095861 zéz* 0101 POOTZ J09EN
008°80T oog‘g0T  9T* Lz 000089 008958 o0t uopyardag feangeN

GTF O Tedeped OnS
o YeSLT 0°L0T 789 79T z5 aeo‘ese TIE‘ST TLO*6L  'STYS 026°CL zz* 96% Pooti HIT
€€l 888 LEe 25E ZTT‘86 ZT1‘86 z6ee 867 PoOT 1a8qep
09L€s [« 7421 91" @'let 000°9EE ogEcETy 86Y wotyeTdeg Teangen

BTF 0 Teaopeg ORS
1°06 S'ELE O"el $*6LT [3419 9Tt SL0°gly LBRETT  L97°tze  Z9SMT Se6soz | sof* ™ot PooTd a1
wo6TL 086 78Y o706 020°00e 020°00Z zé2” ™ot . POOTy Jegey
005607 009°60T  9T° alz 000589 00T¢£98 ™ot uopmetdeg TRIMIEN

TF 0 TeIoped OWE
§=2€T 0°869  0'6T2 a6 095 €z OSTUeEs LEEETY  LYTUENS L&Y 0§8°90% £¢° POOTS HJT
Leéte 099018 oY TST oTEnee onEEe be* POOT aejepy
00z €81 00TeE8T  9T° 9% 000°SHT'T  0OL'ETTT  QMLCT :
Loeét L*gl6  0°T9¢ LoLTY L8l 65 oozlLEs 050°695  059°928  0SB°ES  00BTLL gy 98E‘T PooTd HJT
T°T6€ 0BB6ET T (RS TTR  (RTOLY ozToLY e 9.Ez PooTy JeqeN
009°¢L52 00915 9T* 559 000°0T9°T  006°920°  98¢‘T uopyeTdeq Ternjey

GZTF 740D L1405
°791 LegoL [Owid L*69E Ay 80t 056028 oLLfOLE 0582y 008°0E 0502 sg° sle‘t POCTd DJ1
5L 00z Y68 05z°99T  008°89t 008489¢ zéz* $L8°T POOTJ Jo9EM
[ -eo 4 ogo‘ezoe 9T° 94 000°€92°T  00B°ZEST  §L8°T uotgeTdeg TeImyEN

) . TF €F-eg-ey eoedswy
L=0€T £*689 09T €c (2411 8T 00T TS 058° 657 059‘0ry  0SL‘TY 0064865 €s 8L9°T ©  PooTd 9J1
o 010008 0OTENT  096°42¢ 00h‘AZE zhZ* 8L9°T PoOTY Jegel
008081 oogfogT  9T" 097 00CFOETST  00§°S7°T  8L9°T voryeTdsg TeImyey

FIF O Tedeved TRS
0°961 0196 0°L9E 0°L6¢ 0°6L 915 00T‘els 00E‘ES  OOL*Y6L 008°TS  006°TTL 9 séccz PooTd 5J1
FAr44% . OETIETT'T  0BTETR 085 1LY 08S ‘TN z62* (13544 POOTg I03EN
007852 oov‘gse  9T° 159 000°STYT  0S5°ME0°T  SE‘T voTjetdeq Teamyen

TF Ged-dNN-EN-91D ePeasmy
€°65T €°698 oz €565 €°L9 :149 000°g"9 © RE‘ZYS 008‘2pL  008'2S 000°0EL 13 moe PooTd HAT
$°00f 0£9°5L6 006°T8T  OLE‘Zov oLE“ZON 262° o'z PooTg Jegep
087402z ogreoze  9T° 188 D0O'BLE‘T  OOWF9EL'T  ‘MO‘T uoTy eTdeq TeamyEN

T LTeueg saviirud
z €z 0°0TTT  0°66¢ oS 0*16 9 008°6%6 00Z€669  009°LS6  0OW‘Z9 002568 i [ TALA POty 9d1
Le90% EYRET 0819z eSS 085 “r$ (544 9L POOTS Jogen
007362 ooviger  9T* 9L 000°598°T  0O9TIE'T O9L‘T uopyeldey TeInqey

ZEF * 31400 TLeus
6°20T ST [\):4r4 1°L6T ka2 [+28 006°9€S [ dfxad oo OM0°9T oot otz ofe LET'T POOTS HJT
£°L9T 050°EYS 0E24T0T  0%6°€ze 0s6°czT z62* LET°T POOTS J078K
ozl'zet ozlzet  9T* ZIE 000°L9L 006596 LET°T uoryeTdeg Temgeny

T 93TW, ueor epexeary
Loiet T E59 (4 i<+ Legég L8 ™me ooz Ly 056 LYE 0STLZS  0SEME 00B“zéY e Z99°T PooTd HI1
2 096 26L o8N ovoflze om0“LeE 262" 299°T POOTS JeyEp
002 64T 00z 6T 9T 957 000°02T T OS8°TIV'T  299°T uopyeTdeg TeAmyEN

T D Teteped RS

U8 3993V ~ OF 30 3demstfi @@ 39 “jeeey  &Feptol (€3S) ITepuooes TT0 -oo§ UNOQ MOTH -JUfeN AI®wTad J0%9e3d  (JORA)  °514Q 'dI0I6 o164 ‘AdOB (%nd

S85 *80Y 4IBQE 4° UL w85 4Je3g J©  §UD pUe sEp*Tog  (F ¥e3IE £q peuten  Telo) amneesld *o0y  @9%Ig Ul 80
*soy Ut *Tog s®p eexg °dwop TFO  PU% TE0  TT0 *Se¥ *sey “E1ad *1F0 o1qeieacoeq §B] *TO§ sx0y
sen°30] . :

T JOWW Teep etqeaeacses

OOTXEN MEN ‘LINACO KVDP NVE ‘IIND GNVS dOTTVO BHMOT LISTd TVELNGD
$10d5~$ TVIIIATINT 9T NI SU0O0T WAIVM OGNV HJT ¥Od SNOLIVINDTV) 110 FIVEIAODEH

Iz II8IHYX



1154
68
80T

(174
80T

601
80T

&8

T

80T

80T

™

80T

601

$01

892
S0T

(2%
63
80T

80T

ke

0T

80T

slz
801

%4
801

80T

3V/5 148

Aieacday
qTIeuUSyg

00L*7E T

056186 ‘€

00E£4502 ‘T

000°8L7¢T

00z€582°T

o0°5€9

0597621

050791 ‘e

05 om0

00Z468E T

0S2°8€T T

008“150°€

009092

006°915°¢

058971

SLLELTTZ

TOWSITUbeY  £¥D “T0L/F
patsacosy

Jde9ep

9051
0T8T

5Ty
080°¢

z9efe
05T°S

o7Lr ST
0sL.

7006
00LS

oozt
050

SETEST
oszL

08T
ooz‘y

€€2¢8T
o078

069°%
0574E

070407
000§

a1

sIEqg TuUn

00T*6T

oomée

00181

0512

056 °0T

00e*¢

008LT

000152

00961

055 LT

05052

00384

006°TT

6C* LT

Pelarcoayg
s od1
eIeys 3TUn

Leen

L9

T

ot

[ % 4

Lear

zeLs

o°s%

LS

06"

(2]

8°6¢

(650
*aTnby
§%) DIT

05821

050°SL

00£ 08

00L ‘e

SLSTE

2204

099°€L

OL7“E0T

ozE T8

0SL el

0ZB E0T

62988

059 “6TT

00L* &

oS0 2L

A CT]
JT0ATCSRY
odl

002489
050°$0T
00L*9
05E“En
00L‘LE
009 8T
056°4E
006 €9
002 68
00T*0L
N«p.wo
00568
0079l

8L6

("c1ad)
squemerbey
o1

OOIXEIN MEN ‘IINAOD NVAL NVS ‘IINO ONVS dNTTVD ¥IMOT IISTE TVIINED

0°%¢

0°¢¢

261

21T

€€

€€

6%

2

[ 472

0°8601

07¢8¢

0°881

0°€ze

0°T8

0'gze

0°€99

058

[s)d2:44

04559

oz

0864

L 66E

(i34

0°6£5

ETUomeT (NDGY PeTPURH

Tong

gen
Telol

Lewge

Lesen

LoLLT

9°L6

€01

6°50T

07492

zeone

8L

(474

9°4E€

fAe-144

€°9¢

L9TT

1622

Ge-CEHgI+T
seseqaIng
sep

£°59¢

8*80Y

[ A

0*0L

T°0¢

0768

o*Lre

STE

676LT

8¢

1°20€

T 462

o 6%

Lees

9*00z

“poIg 595
uopynTog

Z°19¢
2207
645

658z
6°29
koY

9°€zt
[ALXS

T°2TES
9°00T
0°55

$°L8T
T
9'ez

$I046-5 "IVIITATINT 9T NI SUOOTLI UIIVM NV DJT ¥O4 SNOTIVINOTVD TIO TTEVHHACOEH

("P43u0D) L2 I

[24

T93E Tong

efeyuLIug

[4g-140

891

ka5
Loge

)
oTqRIeA00sy
TeWwL

POOTI DJT
POOTI Jaqey,
uotjeTdsg TeIngey

OT# 0 1eioDed OHS

POOTd 541

POOTI Ieqey

uotyerdeq TeInjey
%¥ O TeIopel ORS

POOTd 5T
POOTI J83EM
uotyeTdeg Teamey

2F QTN-Yel~1 SATTTrUd

POOTY 51

pOOTd JegEy
—__uemetdeq Temaey
TF eI eq-IN-ul weoiieny Geg

POOTd DIT

PooTd Iajep

uotqatdeg Teanyey
9T O TRIepSd OKS

POOTd 54T

POOTJ Jeqey

uotyetdeg Teanyey
8TF C 1eIeped DRS

POOTa OIT
pooTd asiey
uotqeTdaq Teanjey

# O Tedspag Oug

POOTd OdT

POOTS a93eN

uotrgeydeq TeIngey
# O 1edspod CKE

PooTd od1

PoOOTd JeqEN

uotyetdeq TEITEN
6~TT# *31400 TTSUS

POOTI DAT
UOOH,W hwum@.

uotgerdeq TeamieN _

TF qed-e(-ey, Tpedemy

POOTs Od1

POOTS J39EB)

uotgeTdeq TeIngeN
TTF O Tedopsd DS

POOTd HdT
POOTJ J23ep,
uotysidag TeangeN

TF Tea-GnN-eN-o1D) CPedeny

pooTd OJT

POOTd J93EN,

uotqeTdeg TeamyRN
TF Atieueg sdririad

POOTJ DIT
POOTd 263K
uotyeqdeg Temyey

E~CLF 31400 Lieus

POOTS Bd1
POOTY 28%EN
uotgetdeg TeMyEN

TF TIoF TUT o3Tuy, Ueo[ epedemy

POOTd DT
pooTd Jeyer,
uomaeTdeq TERITMAEN

TI# O 1=19pad RS



30vdS 34O0d JO NOILOVMS :G3LO3CNI 3NIYE
g0 90

0

20

00

P g

€1

P92 P

odxop MmN ‘Aunoo uonp uDg
a73t4 11818
II3M I'ON 19 IW¥303d
ANYANOD O LN3NILNOJ-GIN AVMNNS

ALITNBILH3D2SNS QOO071d dH3ILlvm 31VIS (d3¥0LS3H
82 ligiHX3

00

20

+'0

9°C

80

FRACTION OF PORE SPACE

OIL SATURATION:



e B ey T
T+Xs,, , T+X 28
LS om:mny: ;--wmez,,‘il-x..l-“ . e
X
) (1) 3%y . T¥(sy - 7§ .
B T+X °g
...... ns o+ TX(gD) (x fony (reom) = TP % T T
+ [+) - =
g v om) (mr) - (B-29) v @1 Nk
lllllllllllllllllllllll T T T H...un..“:.‘ R ¢ - O T+% - N - T
-G6°6€  9TTO0*  8°2Z  66£ST  T#9°T ¢ OTT  %6L* 8L9® %2ZEI*l 2061¢ §6C0° 00T
~GetEw  6110° =-8°9  Ewyiil TLl€°T 99 IST  Z18® 269° weslI'l 9l8l* =2l00° 00Z
~6£°9y  ZZIO® <-€°ST  9€9¢LT  LIZ'T 001 BT  #g8* 20L* OTLI*T €%LI* 6900° 00€
~#1°8v  §ZT0® =L°TZ  150¢L1  92I°T L€l STz~ S£8° 60L® <ZEBI®T 6LST* €900° O©O%
-8L°8B%  BZIO0® ~G°GZ  489¢GT  99C°T  GLT  O#Z  SH8* GIL® O¥6TI*T 9T9T* €90C° 00§
~#9°8y  ZET0* =697  TegeeT  LI0°T 41z €92 gS8% Z2L® L0zl ESST* TL00° 009
-GE°8%  9ET0° ~L%97  6E60T  2L6® €6 S8Z  §98° 82L* %GTZ*'T Z8wl® 6800° 00L
~88*8y  O0v10° ~-€°9z  8c0f8  0Ot6*  Téc 80  L/8° wEL® leZTPl E€6EI* B8ZI0° 008
~T5°T6  #910°* <T%8Z  9LT%¢  668*  0Ee  €E€ 168" OwL® ZGEZ'l §921* LIZ0® 006
~98°L5 9410 =g'ge  9Iv¢Zz  §98°  TLE 8GE  2T16% GyL® LEWZ®T 840T* 6Z%0° 00041
TL8°69 6wl0® -e®es 589 w8 LIy €8E  Bwe® 06Lt €162 619C% 0650 00T
veets _tsior -9ty Iv 28t ety vOv 166" 66LP S6SZ'1 6200 6200 00Zf1
_1st0° 904 €28% 9Ly 904 SGL*  Z092°1 L0Z*1
P to o P enfgn T W TSgm - - &g N 57
Sy~ or T % X i 8d
._” og(TmeT) (5u vd g/ .nmpoa Asmlﬂvll ay I  ‘ssead
sy
memeeseeeooeso-oo oo COTXSH MEN LINOCD NVAP NVS ¢ IINA GNVS dNTIVO ¥EMOT LIST TVINGD - - B,
EATSQ S¥D QESUEISIA umisy £e9 0L
........ F e meemeseisaooeooo . SVD Q90NGOBd ¥OL J0 NOTIOEONI~®N . - ..o __________________
HONVIHOJNEd ¥IOAVESTH QELVINOTYD



SVY9O ANA™T T T 3INIT Q3HSVA
3NVdO¥d ™ 3NIT AINos

Q3123rNi QN4 30 S3WNI0A 3¥Od

s2

0?2

S

PWEE ALNIBY3IWY3d

3H02

N

00

20

$0

20

80 .

Ol

00

PWITY ALINBYINYI
82 1 3800 !
" ) o o s -
o e ——— — o o — = — S PRV NP PO A E—— SR e i
by
P
X
_ =T o
SIS Lt
[l veetendks vyl vpstpslpsiu mtreionty.i% Ambaplrpiies ek Sttt e ekl Sl \
PR W
—_—f = =
—— g ] —=—
T T oI T= e e el 2 S o >
———=== .

COXON MmaN ‘Ajuno) ubnp uDS
G314 11si8
TI3M I'ON 19 Tv¥3Q3d
ANVANOD 70 LIN3INIINOD-GIN AVHNNS
S1S31 IN3N3OVLSI S5NS INGEIOSIN
0g LIgiHX3

m _ r l [ ( _ , {

PORE VOLUMES RESERVOIR FLUID RECOVERED




coe
S8hrelét
005 T8t
recEnse §

ooh.ﬂw:w $ 02TALSEC9 & TE6°09LS ¢
00 1 106°29T°1

0

o]

0
000“SET*Y &

000°626 ¢

S70°STE6 § 98 ER0°cT8 8OY ..p.mnw..mmm

00°0T$
6TFLTT S
os¥‘ece
TILTECL &

08L4659°T
0sLes0c‘e ¢

000z ¢

w1ecs

00T LLESS
€z1z08
LL6ML8 L §

000°9*1
0064€20°T
08L¢659¢1
05L89T‘T &

00S°TE9°T §

0 928761 0
(Sofreost) (5€9°509) (S99¢EL)
(oow*gee) 006°'r'1E 0094502
OT6°EOT0TE CLLWZTSTS  ELL™RTSTd
o ses‘sTl 000°22Z2
{ooc29m) (009°2LE) 000¢T62
(99T°¢€) 0z8‘T z8l
00T*00T*Y £S4656%¢ £5M656°S
0 - SZBSTL 000222
(coo‘e9m) . (oo9fele) 000162
(s91°¢C) 81 L
00T 00T*Y £S°656°¢ £6N°656°S
0 0 0
0 0 o
FiJeusq Trseueg Tigodeg
€ 8VId T WVId T AV14

180 § e %28 90°%%
008°CT9“ET 051900481 950°992aT 95698846
00$°T8S 051209 . £2T°206 000°00"
00€ 2EO°ETS 00LEOTE LT , £E6¢E9E‘ LTS 9668976 &
QOE“OT79°L & 6TL05L°6 & OES“H56 ‘s & 665°C6L T
020°¢ T F4 owsTuT e mqumolnLa
0 000¢$6 000¢ 91y ]
o 000°T9TT 005 €€20°T 0
0 08L°659¢T 08L€669°T 0
000°029°S ¢ 05LC06L°E & 05Le€s6C ¢ 000°587°T ¢
000°$2LES ¢ 000°219%¢ ¢ 005 °TEm°9 ¢ 000°008°Y ¢
009°L6E9ZE 6T 99T 2z £06 6L ece §96°230° LTS
0 |Jmmo~w <t ooL*otr 0
" 000fosY 0E8“165 008°¢92L SO0 T
009 86" 006°T9T°T 009°210° T 00°LEs
000¢6'1 528 £98€69T°0cS €98°60T¢0c% 060°510° S8
0 [24:1F 10 000¢zEe 0
000°8L2 oo eLoE 000° 6t 000 QML
0Lo*Y 806 0208 gEeel
002 €620°0T £45°888°TT £65°888°TL 00T 62666
o $Z8°STI 000°222 0
000‘gle ooveL9t 000° & 000°0tL
oLoY 8506 o0y el
o0zTIB L £S5¢T0L%6 €SS°TOL 6 ooT ehLE
000°C 0002 000°2 0002
000°L812 000°L8Te . 000¢L81%C 000°L8T¢2
T Wvid T NVid T Rvid ToT3etdeq
POOTI J87EM dn-oseR dn-axeR snTd Temaey
snyd svn : sen Jojeredeg

enpisey queld Sutyosfuy peonpoxg Supaoefuy

OOIXEK MEN “T00d LISIE ‘LINA GNVS JOTTYD ¥EMOT IISTH TVAINED
ROIITIAEA TVHERIVN TATIIIRAROD SA SROLIVUEIO LINMD

HOSTHVANOD OIWONOOE XHVHRAS
T€ LI4THXE

Pe3SeAUT §/utmges 3tyoad Buijetedo Tejor
efeaTes JoqJe gtJoxd Burqexedp

. edvaTeg

eBeaTes eJoJeq 1Joad Butgexsdg

8Teq0]
19°L 1% sexe] ejelg
uopyeaedo pue S6OUBURAUTER Jossexdwon
saseyoand sep
uotqoefut pue seseysand 5JT
*oofur Jeqem FULPNTOUT TTaM pue &SEBOT
sasuadiy

8Te40], Juounsosuy

sTe30]
$8° T8 1® oJeys o8 ‘Suts HI
$8°T§ 3% s3ounpoad quelq
6961 #ST
96T T F656T FET 3% JOWR ‘soTes sep
06°2¢ 3% *sTdq ‘TTO JUey Joog
ALxerooey (8/L) 38N JO enTep

*sTqq ‘areys osT ‘2nts HAT
eleys osT ‘sqonpoad quels
IO} fseTes sey
*879q ‘TTO 3ueq ¥O0Ag
(8/8) Atesovey eqem(3TN SS0ID pejEWI}ST

*sTqq ‘edeys esT ‘Snfe pdl
*sTqq ‘eJeys esT s3dnpoxd queld
JON no.ﬁdn $8H
*67qq “TTO U®y VO3S
66T T Trady Je93v Lleaoosy pejentisy

se8 pesySuisep
*$TQq ‘TTO YuUe} 3003g
6561 ‘T Trady 03 Lisaooey pejewyysy



