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Respectfully submitted, 
 
HOLLAND & HART LLP 
 
 /s/ Adam G. Rankin 
By: ______________________________ 

Michael H. Feldewert 
       Adam G. Rankin 

Nathan R. Jurgensen 
Paula M. Vance 

       Post Office Box 2208 
       Santa Fe, NM 87504 
       505-988-4421 
       505-983-6043 Facsimile 
       mfeldewert@hollandhart.com 
       agrankin@hollandhart.com 

nrjurgensen@hollandhart.com  
 pmvance@hollandhart.com 

        
ATTORNEYS FOR GOODNIGHT  
MIDSTREAM PERMIAN, LLC 
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Post Office Box 2523 
Santa Fe, New Mexico 87504 
(505) 988-7577 
padillalawnm@outlook.com 
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Jesse Tremaine 
Chris Moander 
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Matthew M. Beck  
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WILLIAM M. COBB & ASSOCIATES, INC. 

907 Norlh Central Plaza II 
12770 Co,1 Road 

Dallas. Texas 75251 

Mr. Joe Vaughan 

Petroleum Engineering Consultants 

August 3, 1987 

Energy Production Corporation 
613 Glen Lakes Tower 
9400 N. Central Expressway 
Dallas, TX 75231 

Dear Mr . Vaughan: 

(214) 385-0354 

At the request of Energy Production Corporation, we have 
estimated the production and economic potential for the 
Eunice Monument South Unit (EMSU) waterflood located in 
Lea County, New Mexico. The EMSU waterflood covers approxi­
matly 14,280 acres and is projected to contain 175 produc­
tion and 175 injection wells when it becomes fully developed 
in 1988. Production is expected to come primarily from 
the Grayburg formation, a dolomite zone at a depth of 
about 3800-4000 feet . Chevron Oil Company is the operator 
of EMSU and they initiated water injection in late 1986 
on 80 acre, 5-spot patterns. Current water injection 
is about 70,000 barrels per day into about 100 - 110 wells. 
Fieldwide water injection is expected to increase to about 
100,000 barrels per day by the end of 1987 and reach 115,000 
- 120,000 barrels per day by late 1988. Current production 
rate is about 1350 barrels of oil and 10,000 barrels of 
water per day. Cumulative primary production since 1929 
to date is 123,000,000 barrels of oil (123 MMBO). The 
estimated ultimate primary recovery is 134 MMBO. 

An early estimate of the original oil in place (OOIP) 
was 671 MMBO. This value was based on an assumed primary 
recovery factor of 20 percent. During the past 18 - 24 
months, more than 30 new wells have been drilled. Logs 
are available on all wells and core data is present on 
10 wells. Utilizing this new information, we estimate 
the OOIP to be 1,029 MMBO. In fact, we can make a technical 
argument that the OOIP could be as much as 1,255 MMBO 
but we have used 1,029 MMBO in this study. 

A waterflood performance prediction has been made for 
the entire EMSU . A 20 layer, steady state, five-spot 
waterflood model was used. Average pattern injection 
rate is estimated to be about 800 BWPD and the average 
field injection rate is projected to be slightly less 
than 100 MBW per day. A fieldwide projection indicates 
that the initial oil production response should occur 
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Mr. Vaughan 
Page 2 

in 1988 and that a peak production of about 20,000 - 21,000 
BOPD will occur in the early 1990' s. Estimated remaining 
primary and secondary recovery over a 30 year period from 
1987 to 2007 is calculated to be 155 MMBO of which 144 
MMBO is projected to be waterflood recovery. The estimated 
secondary to primary oil recovery ratio is predicted to 
be 1.07. 

Cash flow calculations are presented for flat oil price 
and escalated oil price scenarios. Also, cash flow projec­
tions are presented for an operating scenario whereby 
an infill drilling program is needed over a five year 
period beginning in 1991 in order to achieve the waterflood 
projec tions presented in this report. For the infill 
drilling case, no consideration is given to the possible 
additional increase in ultimate oil recovery. 

We believe this investigation is the most complete engineer­
ing and geological study of EMSU available at this time . 
However, it is important to recognize that oil and gas 
production forecasts are not exact. The volumes and prices 
to be received from this property could be more or less 
depending on a number of reservoir and operating variables. 
The projections presented in this report represent only 
informed professional judgments. 

We are pleased to 
Corporation. If 
our work, please 
maintained on file 

WMC:cac 

prepare this study for Energy Production 
we can answer any questions regarding 
contact us. Detailed work papers are 
in our office. 

Yours very truly, 

William M. Cobb, P.E. 
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INTRODUCTION 

The most commonly 

is waterflooding. 

used supplementary 

Conceptually, water 

oil 

is 

recovery 

injected 

process 

into an 
oil reservoir and oil is displaced to a n adjacent wellbore 
where it is produced. Waterflooding was first introduced 
to the petroleum industry more than 75 years ago, however, 

its s i gnificance in the petroleum industry has become more 
widespread during the last 20 - 25 years. In fact, more than 
1000 technical papers and several textbooksl, 2 have been pub­

lished on various aspects of waterflooding. Currently more 
than 50 percent of the onshore production in the United States 
is the result of wa ter injection. 

The concept of waterflooding is simple . However, the expected 
oil recovery from water injection in .fil!.Y. reservoir i s dependent 
upon four i mportant variables. They include: 

(1) Oil in the floodable part of the reservoir at the 
start of water injection. 

(2) The efficiency with which water displaces oil in 
the water contacted part of the reservoir. 

(3) The area of the reservoir swept by the injected 
water . 

(4) The vertical coverage 

of the water between 

well. 

or vertical sweep 

an injection and 

eff i ciency 

production 

The result obtained by multiplying items three and four is 
frequently referred to as volumetric sweep efficiency. It 
represents that portion of floodable rock which is contacted 
by the injected water. The result obtained by multiplying 
i terns two, three, and four is a water flood recovery factor. 
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Clearly, the waterflood recovery factor multiplied by the 

oil in place in the floodable part of the reservoir at the 

start of water injection yields waterflood recovery. Therefore 

to forecast and predict waterflood recovery at any time in 

the life of the water flood, it is necessary to be able to 

quantify items two, three, and four at the corresponding time. 

Without going through a substantial amount of theoretical 

detail, it can be stated that the oil in place at the start 

of a flood (item #1) is dependent on the oil saturation, 

floodable net pay, and 

the oil saturation at 

significantly less than 

field discovery3. This 

porosity. It is significant 

the beginning of injection 

the oil saturation at the 

decrease in oil saturation 

to note 

may be 

time of 

is due 

to (1) primary oil production and (2) shrinkage of the remaining 

oil in the reservoir. Floodable net pay represents reservoir 

thickness which contributes to production. In waterflood 

operations the net pay which contributes to waterflood recovery 

is always less than net pay which contributes to primary 

recovery. To be considered as net pay for secondary operations, 

an interval must meet two criteria. First, the interval must 

possess sufficient permeability 

injection. Second, the interval 

the injection and production wells. 

to allow for meaningful 

must be continuous between 

Several recent waterflood 

case histories have shown the significance of rock continuity 
on waterflood behavior4,5,6. 

The displacement efficiency ( i tern #2) is essentially dependent 

upon (1) the viscosity of the oil and the injected water and 

(2) the relative permeability to oil and water. The areal 

sweep efficiency (item #3) is dependent upon (1) the type 

of injection pattern, (2) mobility ratio, and (3) volume of 

water injected. The vertical sweep efficiency (item #4) is 

largely influenced by reservoir layering and the variation 

in permeability within the layers. 

-2-
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Energy Production Corporation requested that William M. Cobb 

& Associates, Inc., because of its significant experience 

in waterflooding, evaluate the waterflood potential of the 

Eunice Monument South Unit (EMSU) located in Lea County, New 

Mexico. Based upon practical experie nce and theoretical 

concepts, a detailed investigation of the ne wly initiated 

EMSU waterflood project operated by Chevron Oil Company has 

been conducted. The purpose of this r eport i s to describe 

the study and to present the oil production and cash flow 

projections whic h represent the end product of this analysis. 

This study has been conducted for Mr . Joe Vaughan of Energy 

Production Corporaton of Dallas, Texas. Any reproduction 

or use of this report requires the prior written consent of 

Energy Production Corporation or William M. Cobb & Associates, 

Inc. 

EUNICE MONUMENT SOUTH UNIT 

The EMSU waterflood projec t is located in Lea County, New 

Mexico. The Unit covers approximately 14,280 acres in Township 

20 South, Ranges 36 and 37 East and Township 21 South, Range 

36 East. Figure 1 shows the location of the EMSU . The 

unitized interval covers the lower Penrose, Grayburg, and 

San Andres Formations. The main interval of interest is the 

Grayburg. Water injection into several we lls commenced in 

late 1986. Additional wells are curre ntly being converted 

and it is expected that water injection into all injectors 

will be achieved during 1988. The f lood i s being conduc ted 

on 80 acre 5-spot patterns. At the start of water injection, 

the primary production rate was a bout 1800 stock tank barrels 

of oil ( STBO) per day and 9000 BWPD. Current production is 

about 1350 STBO and 10,000 BW per day. The decline in oil 

production rate i s the direct result of converting more than 

100 production wells to water injection wells. The increase 

in water production i s due to the deepening and testing of 

-3-



OCD 23614-17 02938

I 
l 

~ I 

I 
J 

I 
J 

J 

j 

J 

l 

a number of produc ing wells to depths substantially below 

the accepted water-oil contact. 

GEOLOGY 

The EMSU is located in the southern portion of the Eunice 

Monument Field and is situated on a NW-SE trending asymmetrical 

anticline whi c h lies along the northwestern edge of the Central 

Basin Platform within the Permian Basin. Within the Unit 

area, the principal oil producing formations are the 

Queen-Penrose and Grayburg formations with the Grayburg being 

the major contributor. The depth of the reservoir is about 

3900 feet. Figure 2 is a base map showing the Unit outline 

and well locations. Figure 3 presents a structure map on 

top of the Grayburg and a type log from EMSU well #457. The 

maps are provided as a courtesy of the Unit operator. 

The Gray burg is reported by Chevron to be a massive dolomite 

interval with thin stringers of sand inters persed within it. 

The sand stringers appear to possess low permeability and 

porosity and are not expected to contribute to secondary 

production. The sands should serve as vertical barriers and 

prevent significant crossflow. A majority of production is 

expected to come from intercrystalline porosity within the 

dolomite. 

This study did not yield a precise locat ion of fluid contacts. 

A technical report dated April 1983 prepared by a tec hnical 

committee of the Unit owners indicated a gas-oil contact to 

be at approxima tely -100 feet subsea. (Throughout this report, 

any reference to a 

is intended to refer 

Report prepared for 

technical committee or technical report 

to the April, 1983 Technical Committee 

the Unit owners. The report provided 

a partial basis for forming the EMSU.) The oil-water contact 

was estimated by the technical committee to lie between -325 

and -400 feet subsea. Since the Unit was created, approximately 

-4-


