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COMMERCIAL RESOURCES PUBLAC ArT'AIRS

(505)-827-5724 (505)-827-5765
SURFACE RESOURCES State of New Mexico ADMINISTRATIVE MQMT.

505)-827-5793 'y : - -

(303} Commissioner of Public Lands (805)-827-5700
MINERAL RBOU':CES Ray Powell, M.S., D.V.M. LEQAL

(505)-827-574 310 Old Santa Fe Trail, P. O. Box 1148 (505)-827-5713

ROYALTY Santa Fe, New Mexico 87504-1148 PLANNING
(505)-827-5772 Phone (505)-827-5760, Fax (505)-827-5766 (505)-827-5752

September 10, 1998

Central Resources, Inc.
PO Rox 2810
Farmington, New Mexico 87499-2810

Attn:  Ms. Victoria K. Parise

Re: 1998 Plan of Development
Central Bisti Lower Gallup Sand Unit
San Juan County, New Mexico

Dear Ms. Parise:

The Commissioner of Public Lands has, of this date, approved the above-captioned Plan of Development.
Our approval is subject to like approval by all other appropriate agencies.

The possibility of drainage by wells outside of the unit area and the need for further development of the unit
may exist. You may be contacted at a later date regarding these possibilities.

If you have any questions or if we may be of further help, piease contact Pete Martinez at (505) 827-5791.
Very truly yours,

RAY POWELL, M.S., D.V.M.
COMMISSIONER OF PUBLIC LANDS

JAMI BAILEY, Director
Qil, Gas and Minerals Division
(505) 827-5744

RP/JB/cpm
pc: Reader File OCD BLM

“WE WORK FOR EDUCATION”™



COMMERCIAL RESOURCES PUBLIC AFFAIRS

(505)-827-5724 (505)-827-5765

SURFACE RESOURCES State of New Mexico ADMINISTRATIVE. MQMT.
505)-827-5793 s e . (505)-827-5700
(508) Commissioner of Public Lands

MINERAL RESOURCES Ray Powell, M.S., D.V.M. LEGAL
(505-827-5744 310 Old Santa Fe Trail, P. O. Box 1148 (505)-827-5713

ROYALTY Santa Fe, New Mexico 87504-1148 PLANNING

(505)-827-5772 Phone (505)-827-5760, Fax (505)-827-5766 (505)-827-5752

November 4, 1997

Central Resources, Inc.
P.O. Box 2810
Farmington, New Mexico 87499

Attn:  Ms. Victoria K. Parise

Re: 1997 Plan of Development
Central Bisti Lower Gallup Sand Unit
San Juan County, New Mexico

Dear Ms. Parise:

The Commissioner of Public Lands has, of this date, approved the above-captioned Plan of Development. Our
approval 1s subject to like approval by all other appropriate agencies.

The possibility of drainage by wells outside of the unit area and the need for further development of the unit may
exist. You may be contacted at a later date regarding these possibilities.

[f you have any questions or if we may be of further help. please contact Pete Martinez at (3035) 827-5791.
Very truly yours,

RAY POWELL. M.S., D.V.M.
COMMISSIONER OF PUBLIC LANDS
/ _V-x L

I /‘—V N 4

BY: :
JAMI BAILEY, Director

Oil. Gas and Minerals Division
(305) 827-3744

RP/IB/cpm
xc: Reader File OCD BLM
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RAY POWELL, M.S.. D.V.M. @ommissioner of Public Lends 05 527.5760
COMMISSIONER 310 OLD SANTAFE TRAIL P.O. BOX 1148 FAX (505) 827-5766

SANTA FE, NEW MEXICO 87504-1148

January 15, 1998

Central Resources, Inc.
2600 Mellon Center
1775 Sherman Street
Denver, Colorado 80203

Attn:  Ms. Irene Martinez
Re: Resignation/Designation of Successor Unit Operator
Central Bisti Unit

San Juan County, New Mexico

Dear Ms. Martinez:

We are in receipt of your resignation/designation of successor unit operator, wherein Giant Exploration & Production
Company has resigned as unit operator of the Central Bisti Unit and designated Central Resources, Inc. as the successor
unit operator.

The Commissioner of Public Lands has this date approved the resignation of Giant Exploration & Production Company
and the designation of Central Resources, Inc. as the successor unit operator of this unit.

This change in operators is effective August 30, 1996. In accordance with this approval, Central Resources, Inc. is now
responsible for all operations and the reporting of all production from the unit. This approval is subject to like approval by
the Bureau of Land Management.

If you have any questions or if we may be of further help, please contact Pete Martinez at (505) 827-5791.

Very truly yours,

RAY POWELL, M.S,D.VM.
COMMISSIONER OF PUBLIC LANDS

- G-
BY:
JAMI BAILEY, Director
Oil, Gas and Minerals Division

(505) 827-5744

RP/IB/cpm
xc: Reader File OCD-Roy Johnson TRD BLM Giant Exploration & Production Company

RESOURCE MANAGEMENT: COMMERCIAL (505)-827-5724, MINERALS (505)-827-5744, SURFACE (505)-827-5793, ROYALTY (505)-827-5772,
ADMINISTRATIVE MANAGEMENT (505)-827-5700, COMMUNICATION & PUBLIC AFFAIRS (505)-827-5764. and QENERAL COUNSEL (505)-827-5713
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SLO REF NO. 0G-672

W MBS Commissioner of Riblic Lands o sox

SANTA FE, NEW MEXICO 87504-1148

February 4, 1988

Hixon Development Campany
ATTENTION: Mr. Aldrich L. Kuchera
P. 0. Bax 2810

Farmington; New Mexico 87499

Re: 1988 Flan of Development
Central Bisti Unit
Sarn Juan Countys New Mexico

Gentlemen:

The Commissioner af Public Lands has this date approved your
1988 Pian of Development tar the Central Bisti Unit Areas San

Juan Countys New Mexico. Such pltamn calls for thke drilling Bt no
wells.

Qur approval is subject to | ike approval by the New Mexico
Qil Conservation Division and the Bureau ot Land Management.

Enclosed is an approved copy tor your tiles.

1f we may be ot further help please da not hesitate to cal l

DN usS.
Very truly yours:
W. BR. HUMPHRIES

/ COMMISSIONER OF PRPUBLIC LANDS

BY : ' s
FLOYD O. VPRANDO; Director
Oil and Gas Division
(505) 827-5744

WRH/FOFP/pm

encls.

cc: OCD-Santa Fes New Mexicao
BLM-Albuquerques New Mexico Attn: Fluids Branch



SLO REF. NO. 0G-397

WR HUMPHRIES Commissioner of Riblic [ands P.0. BOX 1148

SANTA FE, NEW MEXICO 87504-1148
September 3, 1987

Hixon Develapment Company
Attentiaon: Earlene J. Bickford
P. 0. Bax 2810

Farmington; New Mexico 87499

Re: Central Bisti Lower Gallup Unit
1987 Plan of Development
San Juan County; New Mexico
Gentlemen:

The Commissioner of Public Lands has this date approved the
above captioned Plan of Development. OQur approval is subject to
|ike approval by all appropriate agencies.

1+ we may be of further helps; please do naot hesitate tao call

on us.
Very truly yaurs:
W. R. HUMPHRIES
COMMISSIONER OF PUBLIC LANDS
BY:D'QT’Q“‘ v/ ‘
FLOYD O. PRANDO, Director
QOil & Gas Divisian
(80%) B27-5744

WRH/FOR/ams

enclosure
cc:Bureau of Land Management
Qil Cormservation Division



Central Bisti
Lower Gallup
Unit POD

3100 (015)

Hixzon Development Company
ATTN: Earlene J. Bickford
P.0. Box 2810

Farmington, NM 87499

Gentlemen:

One approved copy of your 1986 Plan of Development for the Central Bisti
Lower Gallup Unit area, San Juan County, New Mexico is enclosed. Such plan,
proposing the drilling of no new wells, the conversion of two wells to
active injection status and the return of four wells to production, is
approved this date subject to like approval by the appropriate officials of
the State of New Mexico.

Our records show that the Central Bisti Lower Gallup Unit wells No. 87, 89

and 90, from the 1985 Plan of Development, have not been drilled. Please
inform us of the status of the three wells,

If you have any questions, please contact Gail Keller at the above address
or telephone (505) 766-2841.

Sincerely,
{Oria. Signed) - Sid Vogelpohl

For District Manager
Enclosure(s)

ce:
LNMOCD, Santa Fe
Comm. of Pub. Lands, Santa Fe
Micrographies 943B-1
Fluids Section FRAH
0&G Chron

015:GKeller:klm:12-23-85:1340M



State. cf New Mexico

JIM BACA Commissioner O( PuU.(c I_.ancls P.0. BOX 1148

COMMISSIONER SANTA FE, NEW MEXICO 87504-1148
December 4, 1985 Express Mail Delivery Uses

240 Q1d Santa Fe Trail
Hixon Development Company Santa fe, New Yexico 87501
P. 0. Box 2810
Tarmington, New Mexico 87499

Re: 1986 Plan of Development
Central Risti Unit
San Juan County, New Mexico

ATTENTION: Ms. Earlene J. Bickford
Gentlemen:

The Commissioner of Public lands has this date approved yvour 1986
Plan of Development for the Central Bisti Unit Area, San Juan Countv,
New Mexico. Such plan proposes to increase vour waterflood injection
capacity bv converting two wells to an active injection status and to
return four unit wells to production. Our approval is subject to like
approval by the New Mexico 0il Conservation Division and the Bureau of
Land Management.

Enclosed is an approved copy for your files.

Verv truly yours,

JIM BACA
COMMISSIONER OF PUBLIC LANDS

BY:’:?\N‘\D GT&L&W" \9}"%

RAY D. GRAHAM, Director
0il and Gas Division
AC 505/827-5744

JB/RDG/pm

encls.

cc: 0CD-Santa Fe, New Mexico
BIM-Albuquerque, New Mexico Attn: Fluids Branch
BLM-Roswell, New Mexico Attn: Mr. Armando Lopez



State of Nzw Mexico

JIM BACA Comm{ss{oner J quk IAI’\C!S P.0. BOX 1148

COMMISSIONER SANTA FE, NEW MEXICO 87504-1148

zs Maij fve
February 3, 1986 Express Mail Oelivery Uses
310 01d Santa Fe Trail

Hixon Development Company Santa Fe, New Mexico 87501

P. 0. Box 2810
Farmington, New Mexico 87499

Re: Amendment to 1985 Plan of Development
Central Bisti Lower Gallup Unit
San Juan County, New Mexico

ATTENTION: Ms. Earlene J. Bickford
Gentlemen:

This office is in receipt of your letter dated January 16, 1986, wherein
you have notified us that your 1985 Plan of Development has been amended and
at this point in time you have abandoned the drilling of the Central Bisti
Unit Wells No. 87, 89 and 90.

The Commissioner of Public Lands has this date accepted your notice and
has this date approved the amendment to your 1985 Plan of Development.

Very truly yours,

JIM BACA
COMMISSIONER OF PUBLIC LANDS

BY::\"Q"“(‘LU Q«u“/\

FLOYD 0. PRANDO, Director
0il and Gas Division
AC 505/827-5744

JB/FOP/pm

encls. R

cec: OCD-Santa Fe, New Mexico
BLM-Albuquerque, New Mexico Attn: Fluids Branch
BIM-Roswell, New Mexico Attn: Mr. Armando Lopez



JIM BACA Commissioner c[ Puuic Lanc}s P.0. BOX 1148

COMMISSIONER , SANTA FE, NEW MEXICO 87504-1148
March 12, 1985

Exn-era Majl Crliv.ry "oan

e 0T Tanta Ta T-i

Uevelopment Company -
- a Sarta Fe, MNow "o 1. o 270
P. G. Box 2810 i
g?‘

ton, New Mexico 87499

Re: 1985 Plan of Develcpment and Operation
Central Bisti Lower Gallup Unit
San Juan County, New Mexico

ATTEZNTION: Ms. Cindy A. Barnes
Gentlemen:

The Commissioner of Public Lands has this Jate approved vour 1985 Plan
of Develcpment for the Central Bisti Lower Gallup Sand Unit Area, San Juan
Countv, New Mexico. Such plan proposes to drill the Central Bisti Unit Infill
Weill Nos. 87, 89 and 90, water source well No. 4, convert six wells to active
injectors and return 5 CBU wells to production. Our aporoval is subject to
like approval by the New Mexico 0il Conservation Division and the Bureau of
Land Management.

Enclosed is an approved copy for your files.
Very truly yours,

JIM BACA

COMMISS%?FER OF PUB%IC LANDS
. /

BY:

RAY D. GREHAM, Director

0il and Gas Division

AC 505/827-5744

JB/RDG/ pm

encls.

cc: QOCD-Santa Fe, New Mexico
BLM-Albuquerque, New Mexico Attn: Fluids Branch
BILM-Roswell, New Mexico
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RECEIVED
BLM

Qi APR -8 PM 2:93
C19 FASMINGTON N.M.

April 4, 1991

Bureau of Land Management
1235 La Plata Highway

Farmington, New Mexico 87401

Subject: 1991 Plan of Development
and Operations
Central Bisti Unit
San Juan County, New Mexico

Gentlemen:

H
GIANT e

GIANT EXPLORATION AND
PRODUCTION COMPANY

e

Ajnﬂé)ozp

Enclosed for your review and approval are two (2) copies of
our 1991 Plan of Development for the above referenced unit.

Very truly yours,

Aldrich L. Kuchera
President

EJB/das

Enclosures

Ceoirira




RECEIVED

| BLM
1991 PLAN OF DEVELOPMENT
CENTRAL BISTI LOWER GALLUP UNIT 31 APR -8 PM 2:55
SAN JUAN COUNTY, NEW MEXICO Cls FARHIHGTON.N M

GENERAL
The Central Bisti Lower Gallup Unit was formed July 1, 1959
with the purpose of enacting secondary recovery operations.

Sunray DX 0il Company was elected Unit operator.

On January 15, 1971 Sunray DX (Sun 0il) and its partners
transferred their Unit working interest to Weidon S. Guest
and I. J. Wolfson. Guest and Wolfson succeeded Sun 0il as
Unit Operator. Guest and Wolfson in turn transferred their
interest in the Unit to Hixon Development Company April 1,

1971.

Hixon Development Company has operated the Central Bisti

Lower Gallup Unit from April 1, 1971 through the present.

On January 1, 1990, Hixon Development Company merged with
Giant Industries. Effective July 1, 1990 Hixon Development

Company became Giant Exploration & Production Company.

SUMMARY OF 1990 OPERATIONS

No further development of the Central Bisti Lower Gallup Unit
occurred during 1990. There was no change in geologic
interpretations or well and participating area boundaries
during 1990. Routine waterflood operations were carried out

during this period.



Plan of Development

Central Bisti Lower Gallup Unit
San Juan County, New Mexico

Page 2

CURRENT OPERATIONS

Current well status, production data and waterflood status

are as follows:

Well Status

Gallup 0il Producers - 54

1 - POW
4 - POW
6 - POW
8 - POW
9 - POW
10 - POW
13 - POW
16 - POW
18 - POW
19 - POW
22 - POW
23 - POW
24 - POW
26 - POW

Tnactive 0il Wells

11 - 0OSI
12 - 0SI
25 - 08I
© 27 - 081

29
30
31
32
33
37
38
43
44
45
48
52
53
55

35
36
40
42

POW
POW
POW
POW
POW
POW
POW
POW
POW
POW
pow
POW
POW
POW

- 13

TA
0SI
0SI
TA

Water Injectors (Active) - 10

WI-3 - WIW
WI-4 - WIW
WI-13 - WIW
WI-14 - WIW

Water Injectors (Inactive) - 5

WI-2 - WIW
WI-5 - WIW
WI-21 - WIW

WI-54
WI-56
WI-57
WI-75

58
59
60
64
66
67
68
69
71
72
73
74
76
77

46
51
61
65

WIW
WIW
WIW
WIW

WI-62 - WIW
WI-63 - WIW

POW
POW
POW
POW
POW
Pow
POW
POW
POW
POW
POW
POW
POW
POW

0SI
0SI
TA

OSI

79 -
80 -
81 -
82 -
83 -
84 -
85 -
86 -
94 -
g5 -
96 -
97 -

70 -

WI-78
WI-88

POW
POW
POW
POW
POW
POW
POW
POW
POW
POW
POW
POW

OSI

- WIW
- WIW
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Plan of Development

Central Bisti Lower Gallup Unit
San Juan County, New Mexico
Page 3

0il, Gas Production and Water Injection

0il and water production during 1990 averaged 6,857
BOPM and 30,128 BWPM, with a 4.39 WOR.
Gas production and water injection during this period

averaged 2,598 MCFM and 30,016 BWPM.

Cumulative 0il, Water, Gas Produced and Water Injected

(Since Unitization through December 1990)
Cumulative Oil Produced - 6,350,778 bbls.
Cumulative Water Produced - 13,191,049 bbls.
Cumulative Gas Produced - 15,780,926 MCF.

Cumulative Water Injected - 30,301,131 bbls.

Waterflood Status

The Central Bisti Lower Gailup Unit Waterflood is a

commercial secondary recovery project. During the past
12 years, temporarily abandoned and shut in wells have
gradually been returned to pump and water injection as

dictated by waterflood requirements.

During 1990 extensive maintenance work was carried out
on existing injection wells to improve injectivity. One

inactive injection well was reactivated during 1990.



Plan of Development

Central Bisti Lower Gallup Unit
San Juan County, New Mexico
Page 4

PLAN OF DEVELOPMENT -

During 1991 it is planned to return five Gallup wells to
pump, convert three wells to water injection, and plug and
abandon one existing water injection well and one producing

well. No new drilling is planned within this Unit.

Plan of Development

Approved by:

Title: Date:
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SUMMARY AND RECOMMENDATIONS

The Bisti Engineering Committee, as directed by the Operators Committes,

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

Exnibit 2.

Net pay thickness was determined by two methods, (1) Mic¢rolog 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 feets The 63 producing wells had a cumulative oil production of

1,844,431 barrelélas of February 1, 1959. Estimated ultimate recoveries

and sconomics of the operating plans studied are as follows:

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

Value of Net (7/8) Recovery
Investment Totals

Total Expenses

Salvage

Opsrating 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
$ 2.06

0

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
$ 3.2

$ 8,].17’191}

$10.00

Water
Flood

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

$26,397,600
$ 5,725,000
$ 7,640,300
$ 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, 19590

et v ar ma



1V, GENERAL FIELD INFORMATION

A. Location of Field and Unit

The Bisti Lower Gallup 0il Pool is located 20 miles south of Farmington,
New Mexico 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 shown by Exhibit 1, and are currently pursuing
unitization. The area studied 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 Operator

of the proposed Central Unit.,

This report concerns 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

4,900 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 permeability 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 ied 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-grained, 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 nortiwest to southeast trend. The trap which dips 70

feet per mile northwest, is of stratigraphic nature.

Co Development History

The Bisti Lower Gallup reservoir was discovered in December, 1955 when
E1l Paso Natural Gas Company recompleted their 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 wellis were completed
that ysar. Initial potentials of the oil wells have usually ranged from
100 to 700 barrels per day. 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 oll produced, are shown in Exhibit 4.

o




Ds Well Ccmpletion Practices

The common method of well completion in the unit area has been to set

8-5/8 inch surface casing to a depth of 230 feet and circulate cement to the

surface. 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 History

Exhibit 5 shows the pertinent oll production history for the Central
Bisti Lower Gallup Sand Unit. v 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 fécilities 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

similarity of fluid properties from both samples is shown in Exhibit 6. The

saturation pressure of the samples had a difference of 105 psi, 1.84,
Federal C Noe. 21 = 1,260 psia, and Marye Nos 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 400

Formation volume factor,res. bbls/STB © 1e26

Viscoslty = centipoises 0.83
-3-
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G. HReservoir Rock Characteristics

l.. 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 characteristics,
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, GConnate Water Saturation

The water saturations used in calculating roil in place were determined
by plotting values of irreducible water saturations from capillary pressure
analyses versus fluld 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™X
Where ¥ = permeability, K in md
= irreducible water saturations, Sy
= constant

= glope
2,718

o8 oK

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

K= be(“’sw)

S

PSPPSR ——

o pams

S e -




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

£it 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 engimeers 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 pemmeability
capacity was in reservoir rocks with permeabilities greéter than 1.1 mde.

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 lh.'b,B 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.

L, Hydrocarbon Pore Volume

Having established the relationship between permeability and connate
water saturations by the least squares method, core samples were selected by
correlation to agree with the Microlog and SP intervals in each of the wells.
The average valus for @ (l-Sw) in each zone was calculated by substituting
values of K in the least squares equation, solving for Sw and evaluating
@ (1-S,) for each foot of sample. The summations of @ (1-Sy) divided by the
nunber of feet represented in that zone for the Microlog ard SP intervals,
gave the average values in each well, The summation of g (1-8,) in each zone
for all wells divided by the total number of feet represented in that zons,
gave average values for the field. The results of these calculations are

shown in Exhibit 9.

eyt ot o A o st e 3




V. STOCK TANK OIL IN PLACE AT BUBBLE POINT

A. Sand Thickness and Acre Feet Deperminations

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 curves 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 tﬁickness is presented
as Exhibit 10,

The procedure used is as follows:

le. Microlog Net Pay

All 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-
nesse.

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.

ﬁ72. SP Area
An SP shale base line through Zones 1, 2, and 37wgs 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
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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 line.

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 equlvalent core footage.

3. Static SP -~ (SSP)

The S5P was obtained from the nearest water-bearing sandstone approxi-

mately 1,000 feat above the Lower Gallup.
Sunray Mid-Continent's Federal C-14 well.
than a theoretical SSP calculated from the mud data., A new shale base line

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

B. Acre Feet Determinations

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 the SP pay. These six isopachous maps are shown in Exhibits 11 and 12,
inclusive. Acre feet for each lease was determined from the isopachous 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

This sand occurs at 3,600 feet in

This was considered more reliable
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each zone by feet of pay from electric logs (SP feet)e 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 Nét Pay Determination." The results of these
calculations are as follows:

Correction Factor
Core Footage/SP Log Footags

Zone 1 1.0203
Zone 2 046201,

Zone 3 044634

Co 0il in Place at Bubble Point

The oil in place was calculated by the volumetric method.

7758 @ (1-Sy)

B x acre feet
o -

0il in place in STB =

Where @ = porosity
Sy = conmate water saturation
Bo = formation volume factor at bubble point (1.26)

From the values of @ (1-S,) determined for each zone in both Microlog

and SP intervals, the following values of stock tank o0il in place per acre
foot were calculated:

Y SP_

Zone 1 71846 652,0

- Zone 2 482,3 397.1
Zone 3 432,7 407.0

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

oil ih place calculations are found in Exhibit 13.
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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 tiﬁe the Kelly State 1
was completed until the reservoir pressure reached bubble point pressure of
1207 psi. 0il 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 cdnservative 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 improbabie since none of the wells exhibit an
original pressure approaching this value. The field pressures are obtained
from areally weighted isobaric maps. It is improbable that average pressuré
would measure less, for most surveys were shut in for 48 hours which is
inadequate for true build-up in many wells. Also, a volumetiric weighted
averaged pressure would be higher bscause 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.

B. _Solution Gas Drive
Primary recovery by solution gas drive has been estimated by material

balance calculations. Relative permeability was determined by laboratory
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measurements upon 1) samples within a permeability range from 299 md. to

0,43 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 Mre. 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

Unift. The tabulation of material balance natural depleﬁion 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 of 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 fluld expansion plus solution gas drive which was estimated to

" be approximately 16%.
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VII. DISCUSSION OF LPG PILOT PERFORMANCE

A, Production History

Since August, 1957, an LPG-miscible displacement pilot flood has been
opérated by Sunray Mid-Continent in Zone 1 of the Bisti Lower Gallup Field. |
This project area is shown in Exhibit 1. Through January, 1959, the pro-
duction from the pilot 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. Volums
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 7 Gy ¥ Shogy = Net reservoir injection vol.

Where:
VI = is the reservoir volume of gas injected

VFpG = 1s the reservoir volume of free gas produced

is the reserveoir volume of oil produced

=
B

Eg = g the volume of gas expansion
Co = is the volume of oil compression

is the volume of oill shrinkage

5
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Vi = Bg x Vy

Where: Bg - 1s the injected gas formation volume factor (res. bbls./SCF)

V; - is the volume of injected gas (SCF)

VrpG = Np (R-Rs) Bg

Where:s Np ~ volume of stock tank oll produced
R - is the producing gas-oil ratio (SCF/STB)

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

Eg = Vg{1) (Bga/Bgy) - Vg(1)

Where: Vg(l) -~ i3 the cumulative free gas volume in the reservoir, (total
reservoir volume of gas inj, - free gas prod.), previocus
month (res. bble)

Bg(2)

Expansion Ratio = is equal to ﬁékl)

Where: Subscript (1) - is previous month

Subscript (2) = is present month

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

Wheres Vo(l) ~ is the o0il volume in the reservoir during previous month
C ~ is the compressibility factor for oil (vol/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).

SHos1 = (NBg)2 - (NBp)2 (SH ratio)
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Where: (NBo)2 = is the oil volume in the reservoir - present month
(res. bbls,)

Bo(2)
Sh ratio - is equal to ﬁ;‘("f)‘

B, - is the o0il formation volume factor (res. bbls./STB)

B, Pilot Performance Prediction

Lo Qil in Place in Pilot

The oil in place was caléulat.ed separately for an enclosed 4O-acre five-

spot and a 90-acre area which extends 1/4 of the distance between the producing

T i -

wells in the L0-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 determmined }
from the injection well and the producing well draining the aréa. For !
-

example, the GI #1 and the Sunray Mid-Continent Federal C #1 rock properties |

P
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 form on Exhibit 19, The graphs for !
each well were constrw ted by calculating the ratio of the stock tank
production in barrels, divided by the reservoir woldage 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 E

following method:



or,

Where: Bg = the
Pg = the

PR = the

Tp = the

Ty = the

Zg = the

By = the

R = the

Rg = the

Qs = the

QR = the

In Exhibit 21 the recovery efficiencies for the pilot project wells are
listed. These recovery efficiencies were calculated with the assumptlon
that there are three different possible flooding patterns occurring in the
LrG projegt areas
the production is from the 4O-acre arsa 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 mroducing wells, i.e., that the

QR - Qs ﬁo + (R"Rs) Bg _7

Qs 1

Or /B, + (R-Rg) B _/

Pg TR Zgr

reservoir barrels of'space occupied by one SCF of gas.

base pressure, psia

reservoir pressure; psia

reservoir temperature, °R

standard temperature, °R

gas compressibility factor

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

reservolr widage 1in barrels,

These three possible flooding patterns are: (1) that

total area sweep includes the 90 acres,

~16=
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Theoretical ca.lculaticnsl’2 were performed to predict the recovery from

(1) the enclosed LO-acre five-spot and (2) the 90-acre area. The results

of these calculations (shown graphically on Exhibit 22) indicate that the

* sweep efficlency from an enclosed LO-acre area should be 1,915 times greater

vhan the 90-acre open area. These theoretical calculations provide a method

of converting recoveries predicted from the (%%) decline curves to a common

basis as is done on Exhibit 21, 0Oil recoveries for each well were estimated

from the Qs/QR curves at first signs of gas breakthrough and at a producing

gas-oil 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-spot basis under the assumption that an LPG

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

G

Pmduction 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 sach 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 been

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

1.

20

Caudle; B. Hey; Erickson, Re Ae; and Slobod, Re Ley "The Enchroachment
of Injected Fluids Beyond the Normal Well Pattern," A.l.M.E., Petroleum
Transactions, Vole 2045 19555 pe-T9e

Dyes; Ae B., Caudle, B. H., and Erickson, R.A., "0il Production After
Breakthrough as Influenced by Mobility Ratio," A.I.M¢E., Petroleum
Transactions, Vol. 201, 1954, p. 81.
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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 Detalls of the method will be shown with an
example calculation.

The sampies 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 ooncentrétions could be com-
pared with calculated values, it was necessary to select a "base" separator
pressure and temperature and then correct the obser{red concentrations of
propare and butame 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

propane 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 23A; 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 olle In other words, this assumption approximates

the case of no LPG injection. The computéti.ons were made for the base

=18-
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corditions 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
vaiues 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 ﬁrves are labeled
no-slugt,

Actually two sets of flash calculations were required to establish the
¥rio=slug™® 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
lsan gas in the pilot area had been displaced by the rich gas by August 1,
1958, Accordingly; ;c,he propane and butane concentrations calculated for
the "lean" well effluents wefe plotted in Exhibits 23A, 23B, 23C, and 23D
for t® period ending Aﬁgust 1l; 1958 ard 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 date 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 durir_;g one month was obtained by integrating the area
between the curves and between 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 #1L and Marye #1 did not exceed those calculated for the

"no-slug" situation. No explanation is given for this,.

19~
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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 2L was constructed from the "base" condition calculations and uged
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./bble

Cumulative separator gas produced 60.0-4,6,2 = 13,8 MMscf

Average propane concentration (actual) = 10.65%
Average propane concentration (no-slug) = 8,10%
Average butane concentration (actual) = 5,08%
Average butane concentration (no-slug) = [ 40F

Volume vaporous propane per barrel liquid propane 1530 SCF/bhl.

Volumse vaporous butane per barrel liquid butane 1311 SCF/bbl.

-20-
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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 separalor gas

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

13.8 x ;Q§ (,0508-.0440)

1311

7105 X 0031

13,8 x 10° (0,1065-0.0810)

Total

1530

230 X 00092

Total

7105 bbls,.

22.3 bbls.

93-8 bbls.

230 bbls,

21 bbls.

251 bbls.

These results are found in Exhibit 25 for the month of August, 1958.
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VII1. 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 fairway of the sand
bar which coﬁprises the fields Only the upper sand was considered in the
calculations.

The oil in place was calculated by the standard volumetric method for
each fi;e-spot. The porosity and water saturation [(1-sw) ¢-;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 vélues 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 éil 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 o484 YARA
4 «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 flooding = 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.

1400 . 520 . 5.61 .
350,048 x 1.2§ x o x %05 %535 /10,000 = 24,398 STB

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

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

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

1400 520  5.61
Vg, = 350,048 x 1.26 [1L.7 * 605 * .835

= 244 x 10° scF

(2) 0i1 compression and gas resaturation

(HCPV)(1-SL,)
(1-Sw)

Reservoir bbls. of oil at B0O# = HOPV - HOPV (%:j%)

Free gas space at 800# =

- 270,179 /2 - (12228 7 = 1,201,180

Reservoir bbls. of oil at 1300# = (1291,180)(1152?7

- l,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 = 139,37, - 36,300 = 103,074

MMcf of gas to fill space = 103,074 x Bg = 103,074 BB x

553 SCF/RB = 57

(3) Total gas production handled throughout LPG flood displacement

. perlod.

From pilot project = 2,5 bbls. res. void/bbl. STO

Bbls. of res. void. space = 2,5 bbls.s;gs. yoid, _

. bbls,
1,26 L225DBLSe 4 o) RB/STB (free gas prod.)

1e24 x 5461 x 1/Bg = 1.24 x 5.61 x 98.6

<

<]

o)
"

686 CF of free gas/STB

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

< <
0w o
©

" ]

<3
[/
[}

Ultimate gas handled = (1093)(350,048) = 383 x 10% SCF

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

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

(5) LPG requirement and gas equivalent

Required LPG = 353?235B§é§§ x 1,470,179 HCPV = 64,700 Bbls.

6L,600 bbls.
Bg
553 SCF/RB = 41.5 x 105 SCF

Gas equivalent = X Bo = 64,700 x 1.16 x

-2y
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(6) LPG recovery = 80% recovery x 35% lease share =

(64,700)(480)(+35) = 18,100 bbls.
(7) Total gas in reservoir and sales volume

01l and sols. gas voidage
0il compression and gas resaturation
Free gas at start of blow down

Sol. gas remaining in unswept area

(816,761)(407)

Total gas in reservoir at start BD
- Less residual gas after BD

Total gas recovered

Shrinkage, fuel, and losses at 4O0%

Total gas sales

(8) Total plant products = 143 bbls./MMcf x .35 lease share

= 143 x 135 x 476.5 = 18,100 bbls,

(9) Gas purchase

0il and solution gas voidage
0il compression and gas resaturation

Fuel requirements

Less sol. gas prod. (rec. x 407)

Gas purchases (cycling thru plant)

25w

MMcf
44,0
- _57.0
301.0

2.0
633.0
156,

:

L7645
190.6

285.9

MMef
24440
57.0

19.2
32042

17747
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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 suscepﬁibility 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 o0il 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§:_§£ (CF)
i

Where 5i = initial oil saturation
Sp = residual oil saturation

CF = conformance factor (estimated 60%)

RF = Q.-_é%g_g—?ﬂt (.60) = 29.2%

1
0il in place = 7758 @ (1-Sy) (ﬁ;) (acre~feet)
Where @ = porosity = 14.5%

Sy = water saturation 24.5%

B formation volume factor

7758 (+145)(755)(T=35)(1730)
1,166,809 STB

(o)

~26~
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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.

VS=HXRS-F

Where n = recoverable oil, bbls.
Rg = solution gas-o0il ratio at 800#

F = shrinkage, fuel and other losses at 40% total 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

2 3.07 Ky h 8P 3.07 Koh 4P
ty 10810 To/Ty Mo 10810 Te/Tw
By = 0ed P, = 2400 psi re = 742 P, = prod. well press,
Ho = 0.8 K;h = 770 tw = 0.23 Pg = reservoir press.
Q
Pe Py Krw Kro BOPD
1100 400 0.33 1.0 580
1625 800 0.33 1/2 346
1352 800 0.167 1/2 224
194703179 bbis- p. 1025 PVWI =
(T--245)(346 bbls./day)(365 days/yrs) 1943 yoars
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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.

that the increased recovery estimate of five percent is minor, which would

be further reduced after conformarce corrections are made. Economic analyses

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

XI. PRESSURE MAINTENANCE BY GAS INJECTION (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 6A

RESERVOIR FLUID AND GAS ANALYSIS

(1) (2) : (3) ’ (4) (5) (6)
Reservolr ‘K Res. Gas b

' 011 at 1155 psia 145°F Mol % Mol wt. Mol

omponent Mol . Equilibrium Const, (2) x (3) - _fMod (&) x (5)

Co 5.10° 1.20 , . 6,12 30.1 1.84
C3 9-21b . . 0'51 ’-Lo7l M&.l 2.08
CL 7ol+l 0026 . | 1093 58.1 1.12
Cs Le'Th 0.11 0.52 72,1 0.37
Cg 4.80 0.06 0.29 8642 0.25
C7+ 47.80 0.0066 0.32 228.0 - 0.73

.Sp. Gr. of gas = -2%;31 = 0,715 (Air = 1,00)

Density at 60 OF = 0.8553 gm/ce
OAPI at 60° F = 36.7°

CALCULATIONS OF GAS VOLUME FACTOR
Factor at 1459 F

Py = 670 psia Ty = 390° R
Pressure Pr Tr Bg 1/Bg
Psia P 605 Z z/p 3.049 2/pP Bbl Res Gas/SCF  SCF
P . 2Z® Tz '_ab WO P 1074 10~k 10-3 Bbl
1155 1.72 1.55 0.86 7446 22.703 2,270 440
1100 1.64 1.55 0.87 7.905 24,102 2.398 417
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
800 . 1.195 1.55 0.90 © 11.250 34.301 3.430 292
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 L.675 214
500 0.747T = 1455 0.94 18.810 57.352 5.682 176
400 0.598 1.55 0.95 23.750 72414 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 664625 203.139 © 20,000 50
100 0.149 1.55 0.99 99.000 301,851 : 30,185 34
14.7 0.022 1.55

1.00 680.272 20744149 207.115 L83
Calculation of gas volume factor:.

Bg = (1) (D) (5) (z57) = Res bbL gas/scP gas - 3.009 2/p
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O1iL CONSERVATION COMMISSION
7 P. O. BOX 2088

SANTA FE, NEW MEXICO

/466

June 2, 1965

Sunray DX 0il Company
Tulsa 2, Oklahoms

Attentien: NRrx. Norbert E. Proctor

Re: Contraction of Unit
Area, Central Bisti
Lower Gallup Sand Unit,
San Juan County, New Mexico

Gentlemen:

This is to advise that the New Mexico 0il Conservation
Commission has this date approved the contraction of the
unit area by elimination of unitized lands not entitled to
be in the participating area as of August 1, 1964, of the
Central Bisti Lower Gallup Sand Unit, San Juan County, New
Mexice, subject te like approval by the United States
Geologieal Survey and the Coummissioner of Publie Lands of
the State of New Mexico.

Vexry truly yours,

A. L. PORTER, Jr.,
Secretary-Director

ALP/JIRK/0g
cc: Commissionsry of Public Lands
santa PFe, New Mexico

United States Geological Survey
Roswell, New Mexico



Sunray DX {3ii Company

Pl P A

Lepal Depariment

January 6, 1965

The New Mexico 0il Conservation Commission

State Land Office
Santa Fe, New Mexico

Re: Central Bisti Lower Gallup Sand Unit Area
San Juan County, New Mexico
AUTOMATIC CONTRACTION OF UNIT AREA

Gentlemen:

By letter dated September 21, 1964, copy of which
is enclosed, this company submitted, pursuant to Section 2(e)
of the Unit Agreement for the captioned Unit, a description
of lands automatically eliminated from the said Unit. The
same has been approved by the Commissioner of Public Lands,
State of New Mexico, and by the Director, USGS, as evidenced
by letters dated October 1 and November 16, 1964, respec-
tively, copies of which are attached for your information.

Section 2(e) of the subject Unit Agreement appears
to require concurrence by the New Mexico 0il Conservation
Commission as well as the Commissioner of Public Lands and
the USGS. Accordingly, if satisfactory, we would appreciate
evidence of your approval of the contraction of the Unit Area
as outlined in our letter of September 21, 1964.

Yours very truly, >
/ o 7
/é)yfzﬁflff-./vdwgéz/

NEP:jd ‘Norbert E. Proctor
Encls. Attorney

‘00 Jay 11 A8 s
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September 21, 1964

The 0il and Gas Supervisor
U. S. Geological Survey
Department of the Interior
Drawer 1857
Roswell, New Mexico 88201
Attention: Mr. Carl C. Traywick

The Commissioner of Public Lands
State Land Office
Santa Fe, New Mexico

The New Mexico 0il Conservation Commission
State Land Office
Santa Fe, New Mexico

Re: Central Bisti Lower Gallup Sand Unit Area
San Juan County, New Mexico
AUTOMATIC CONTRACTION OF UNIT AREA

Gentlemen:

By virtue of Section 2(e) of the Unit Agreement for the Development
and Operation of the Central Bisti Lower Gallup Sand Unit Area,

all legal subdivisions of unitized lands not entitled to be in the
participating area on August 1, 1964 were as of the following day
automatically eliminated from the Unit Agreement and are no longer
a part of the unit area. Accordingly, Sunray DX 0Oil Company, as
Unit Operator, submits that the following described lands situated
in San Juan County, New Mexico, comprise the area automatically
eliminated from the captioned unit pursuant to said Section 2(e):

Description Acreage

TOWNSHIP 26 NORTH, RANGE 12 WEST

Section 31: Lots 2, 3 & SE/4 NW/4 &
S/2 NE/4 and NE/4 SW/4 .
& N/2 SE/4 - 317.50 acres



Page 2 September 21, 1964

Description Acreage

TOWNSHIP 26 NORTH, RANGE 12 WEST (Contd.)

Section 32: S/2 N/2 and N/2 S/2 &
S/2 SE/4 - 400.00 acres

Section 33: 8/2 Sw/4 - 80.00 acres

TONWSHIP 25 NORTH, RANGE 12 WEST

Section 4: Lots 1, 2, 3, 4, & S/2 NW/4
& S/2 NE/4 - 319,76 acres

Section 5: Lots 1 and 2 - 79.92 acres

Section 7

Lots 3, 4 and E/2 SW/4
& S/2 SE/4 - 238.76 acres

Section 17: S/2 NW/4 & SW/4 NE/4 &
NW/4 SW/4 & E/2 SW/4 &

W/2 SE/4 & SE/4 SE/4 - 360.00 acres
Section 18: Lot 1 & NE/4 NW/4 & NE/4

& N/2 SE/4 - 319.45 acres
Section 20: NE/4 & NE/4 NW/4 - 200.00 acres

Section 21: NW/4 & S/2 NE/4 & NE/4 SW/4
& N/2 SE/4 - 360.00 acres

2,675.39 acres

There is also transmitted herewith a plat showing (a) the bound-
aries of the unit area prior to contraction, (b) the acreage
eliminated from the unit area, and (c) the boundaries of the



Page 3 September 21, 1964

unit area as contracted.
Respectfully submitted,
SUNRAY DX OIL COMPANY

Enclosure Norbert E. Proctor
Attorney
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E. 8. JOMNNY WALKER
COMMISSIONER

P, O, BOX 793
SANTA FI, NEW MEXICO

October 1, 1964

Sunray DX 0il Company
Tulsa 2, Oklahoma

Re: Central Bisti Lower Gallup
. ~ Sand Unit .
San Juan County, New Mexico

Attention: Mr. Norbert E. Proctor

Gentlemen:

The Commissioner of Public Lands approves the auto-
matic elimination of certain acreage within: the Central
Bisti Lower Gallup Sand Unit, San Juan County, New Mexico,

- subject to like approval by the United States Geological
Survey.

This acreage is described in your application dated

September 21, 1964, entitled Automatic Contraction of Unit
Area. : :

o The elimination of this acreage is provided for by
© 1 &.  Section 2 (e) of the Central Bisti Unit Agreement and
shall be effective as of August 1, 1964..

We arerreturning two approved Xerox copies of this -
Application. ' ' : o
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IN REPLY REFER TO:

UNITED STATES

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WASHINGTON 25, D.C.

Sunray DX 0il Company
P. 0. Box 2039 ’ NOV 16 1964
Tulsa 2, Oklahoma

Attentioﬁ: Mr, Norbert B, Proctor
Gentlemen:

Your letter-notice of September 21, 1964, to the 0il and Gas Supervisor,
Roswell, New Mexico, describes the automatic elimination of-certain lands
pursuant to Section 2(e) of the Central Bisti Lower Gallup Sand unit agree=
ment, San Juan County, New Mexico, The lands eliminated are described as
containing 2,675.39 acres which constitute all the lands not included in
the 4,873.07 acre Lower Gallup participating area.

The following leases are affected by automatic eliminatioﬁﬁ

Leases Entirely Eliminated Leases Partially Eliminated
New Mexico 036254=A Santa Fe 078056
Santa Fe  078248~A Santa Fe 078058
Navajo Allotted 14=20=603=322 Santa Fe 078065
Navajo Allotted 14=20=-603=327 Navajo Allotted 14«20-603-1448

The Central Bisti Lower Gallup Sand unit was approved on June 26, 1959,
effective July 1, 1959, and later expanded to include an additional 160
acres effective October 1, 1959, Pursuant to Section 2(e) of the unit
agreement, all lands not within the Lower Gallup participating area are
automatically eliminated effective August 1, 1964,

You have satisfactorily described the lands automatically eliminated from
the unit agreement. You should notify all parties in interest after conw
currence by the Commissioner of Public Lands of the State of New MExico
and the New Mexico 0il Conservation Commission.

" Revised Exhibits A" and "B" should be filed with the Supervisor to
- reflect the changed unit area, retaining the existing tract numbers but
showing current ownership,

~ Sincerely yours,

Acting Director




IN REPLY REFER TO:

UNITED STATES
DEPARTMENT OF: THE INTERIOR

1 GEOLOGICAL SURVEY
o WASHINGTON 25, D. C.
2 - .
. . ;::;_ e
Huansny DX 011 Caupany
¥. O, Bow y )

. 1854
Tulas 2, Oklabans NOV 16
Attention: B, Novbuxt B. Proctas
Centlenen

Your letter-potics of Septesber 21, 1904, te the 011 ond Cas Suparviens,
Hoemrell, Hew Hexico, describes the ascowmtic clindnstion of cortain lends
pursusnt to Section 2(e) of the Central Bisti Lower Gellup Sand uait sgree-
went, san Juss Comaty, Hew Mowxico. The lends climimated are Joscribed as
ronkaining 2,675.39 scves which comstitute all the lands not imcheled in
the 4,673.07 scre lower Callup participating ares,

The lollowing lesses eve affected by sutccetic elimdnetion:

Heny Mextoo 036254ma Semta Fe (78056

Sonke Fe  D76348-4 Sunta Fe G78058

Hawn o Allotted LaaJO=805-302 Santa Pu 078065

Hava o ~llotted 14m20=803-327 frvajo Allovted 14edeb605w=1400

The Central Bisti Lower Gellup Soud wnit wes approved on Juwe 246, 1954,

oifectiva July 1, 1939, snd lsker sspanded to include so sdditiomsl 160
acyes affective October 1, 1939, Pursusst to Section 2{a) of the unit
agrecoant, a1l lawsde sot within the Lower Gellup perticipsting srea are
sunamelically elindosted effsctive supst 1, 1964,

¥ous hove satiefactorily deseribe cthie lands sutomstically climvisated fvua
the unit agrement. You should notify all perties in interest after coow
cusrence by the Commisstoser of Fublis lLemds of the SShte of How Mewico
sd che Hew Mexico 041 Comserverion Corndssion.

feviged Bxhdbite "AY end "N should be filed with the Superviess to
veflect the changad wnit sves, retsining the existing trect medess Dut
showing, curtent cwpership,

“inceTely veurs,

A A YA

' B %5 1 4 stming
Eoswell () (W/2cys of Hotiee) tin, Mroectaer

K, Sants Pa (u/cy of Hotiee)

Com. of Pub. lands (ltr. only)

Ares Director, Gellup {(w/cy of Hotice)
BOCC, Semta Pe (1tx. only),

JSuthariawdson: 10«9-64
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IN REPLY REFER TO:
(]
Ty

UNITED STATES

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WASHINGTON 25, D.C.

7. 2. Bou 203% o
Toloe 2, G:labwve

Gar letear of Hoander 16, 1056, arvowseamly listed Pedecs!
SR04 go being eliningted fron the Contral
el Lowsr Gelluwp Sawl unit ares. Pesoxel leese New texice
G54 dhyald haos Dean Lisucd as smtively olidnotad Sea

the unit aren and loose iy Menicn A% woewing sarsitoad
o vy wat. LwmEmndh 88 sl lesse s wlrbin the Jesas

waliup percicipating ares a8 of che affective date of

Sinperely vours,

Ay

R C RGOS :"’i‘k\»
Auking, Direono

o8

Bowsell (2)

Con, of Pub. Lawis

B, Senta o

Hov., I, Ag., ¥indow Rocl:
Aves Divecker, Gallwp
IMCC, Bants Fo



Sunray DX OilCompany { "

8th Floor 1st National Building Oklahoma City 2, Oklahoma " [\i
N 3
Central Division DX <
S
V. L. Smith
Production Manager January 27, 1965

_The Oil and Gas Supervisor
United States Geologlcal Survey
Department of the Interior
Drawer 1857
Roswell, New Mexico 88201

Attention: Carl C. Traywick
" Re: PA-1
Central Bistli Lower Gallup Sand Unit Area
San Juan County, New Mexico
Automatic Contraction of Unit Area

Gentlemen:

Attached are 4 coples each of the Revised Exhibits "A" and "B" for the
contracted Central Bisti Lower Gallup Sand Unit, San Juan County, New
Mexico. These Exhibits are furnished in accordance with the request in
the last paragraph of Mr, Baker's letter of November 16, 1964, Prior to
the mailing of these Exhibilts to you, each working interest owner in the
unit has been provided copies for approval.

Yours truly,

SUNRAY DX OIL COMPANY

iy Cdunito

. Wadman
Joint Operations Coordinator

AWV /X0
Attachnents
cc: N. Es Proctor
F. S. Goddard
ILease Records w/att
All Working Interest Owners

Commissioner of Public Iands w/att
State Land Office '
Santa Fe, New Mexico —

New Mexico Oil Conservation Commission w/atE/éQ/

State 1land Office
Santa Fe, New Mexico



IN REPLY REFER TO:

| UNITED STATES
- DEPARTMENT OF THE INTERIOR

= GEOLOGICAL SURVEY .
= Demrcs 1837
— omaeil, Tew edes B3

Srey R 041 Conpaey

deh Ploor, Fivet dmtiovsl Sant Bids.
S lgheeng City 2, Oklabosm
ALOLions e &4 He et

ST Ly

Yok rALEE &: 'W’ﬁi’é G, 1S, tvongeldis 00T Conies ol yevidw!
Pehibien VAT &l YR e the ﬁmmﬁ Heatd Lower Caliup 88o
it Ban M Cognky . eny Jemiso,

farviag of the pewised sefitidie aze el Slstsiloted (o the

suovopriste Polexel offfees e be [iled with zhe wudt recusis.
BAIB. SED) ST A A

HAE e ARELE0
cépdonal A7 4 e Brnerelsoy

méa:!agm fefey B2. A & B}

- Sants Pe fafoy 2%, 4 & B}
xzsz'm:mg&ea tafey Bx. A o B}
Aren Mrector, sallus (ufey Bx. & & D)
Sz, of Pud. Lands, Santa Pe {ofiir. omly)
TECC - Senta Fe {ufitr. only)

ILLEGIBLE



