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I . INTRODUCTION 

This r e p o r t presents the i n f o r m a t i o n t h a t Working I n t e r e s t 
Owners charged the Technical Committee t o develop concerning 
u n i t i z a t i o n and w a t e r f l o o d i n g of the Arrowhead Grayburg Pool 
(Figure 1 ) . I t includes: (1) recommended U n i t boundaries, 
(2) a secondary recovery plan of a c t i o n and performance 
p r e d i c t i o n , and (3) parameters f o r use i n n e g o t i a t i n g Unit 
p a r t i c i p a t i o n . 
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I I . CONCLUSIONS 

1) Secondary recovery p o t e n t i a l i s s u f f i c i e n t t o 
economically j u s t i f y u n i t i z i n g and w a t e r f l o o d i n g the 
Arrowhead Grayburg Pool f o r the purpose of incr e a s i n g 
u l t i m a t e recovery. 

2) The proposed U n i t has produced 3 0.8 MMSTBO as of 
January 1, 1989, which i s 17.6% o f the estimated 175.4 
MMSTBO OOIP. Ulti m a t e primary o i l production i s 
expected t o reach 36.1 MMSTBO, or 20.6% OOIP. 

3) Incremental reserves f o r w a t e r f l o o d i n g are estimated 
t o be 15.0 MMSTBO. This value represents a secondary 
to u l t i m a t e primary recovery r a t i o of 50% f o r the 
"swept" p o r t i o n of the U n i t , and an o v e r a l l S/P r a t i o 
of 41.6%. 

4) A t o t a l investment of $28.2 MM w i l l be re q u i r e d t o 
i n s t a l l surface production and i n j e c t i o n f a c i l i t i e s , 
d r i l l and equip new and replacement w e l l s t o develop 
the recommended w a t e r f l o o d p a t t e r n , perform remedial 
work on e x i s t i n g w e l l s , and i n s t a l l new pumping 
equipment. 

5) Incremental economics of the secondary recovery case 
to the base case o f continued primary recovery i n d i c a t e 
a discounted cash flow r a t e - o f - r e t u r n o f 20% w i t h a 10% 
discounted p r e s e n t - w o r t h - p r o f i t of $24.6 MM. 



I I I . RECOMMENDATIONS 

1) The 5,922 acre area o u t l i n e d i n Figures 2, 3, and 4 
should be u n i t i z e d f o r the purpose of incr e a s i n g 
u l t i m a t e recovery. 

2) A w a t e r f l o o d p r o j e c t should be i n i t i a t e d i n the 
proposed U n i t . 

3) The v e r t i c a l l i m i t s o f the u n i t i z e d i n t e r v a l should 
extend from -150 f t from sea l e v e l or the top of the 
Grayburg formation, whichever i s shallower, t o a depth 
of -1,500 f t from sea l e v e l . The top o f the Grayburg 
formation f o r u n i t i z a t i o n purposes i s defined as t h a t 
p o i n t a t 3,671 f t i n the Chevron Harry Leonard (NCT-C) 
No. 20 (located 660 f t FNL and 990 f t FWL o f Section 
36, T-21-S, R-36-E, Lea County, New Mexico) as recorded 
by the Gearhart Compensated Neutron Log measured from 
the K e l l y Drive Bushing e l e v a t i o n of 3,53 2 f t and dated 
February 25, 1985. 

4) The parameter t a b l e s (Appendix A) should be used by 
the Working I n t e r e s t Owners f o r n e g o t i a t i o n o f an 
equ i t a b l e p a r t i c i p a t i o n formula. 

5) A wellbore d e d i c a t i o n i n c e n t i v e method, such as 
wellbore p e n a l t i e s or a wellbore i n v e n t o r y adjustment, 
should be adopted by the Working I n t e r e s t Owners. The 
value of each useable wellbore should be set at 
$80,000 f o r use i n the wellbore d e d i c a t i o n i n c e n t i v e . 
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IV. RESERVOIR INFORMATION 

POOL HISTORY 

The Arrowhead Pool, located i n Lea County, New Mexico 
(Figure 3 ) , was discovered on May 24, 1938 by Continental's 
#1 State J-2 w e l l (located i n Section 2, T-22-S, R-36-E). 
O r i g i n a l r e s e r v o i r pressure as reported by the Annual Report 
of the New Mexico Engineering Committee was 1,460 p s i . The 
pool was subsequently developed on 40-acre spacing, w i t h the 
m a j o r i t y of the w e l l s being d r i l l e d and completed dur i n g the 
l a t e 1930's and e a r l y 1940's. Completions were t y p i c a l l y 
open-hole and included both the Queen and Grayburg 
formations. The w e l l s i n i t i a l l y flowed, but by the l a t e 
1940's and e a r l y 1950's, r e s e r v o i r pressure had dropped, and 
a r t i f i c i a l l i f t was i n s t a l l e d . Peak o i l production r a t e f o r 
the pool was 172,300 b a r r e l s per month i n March of 1944. 

I n 1953, the New Mexico O i l Conservation Commission created 
the Eumont and Arrowhead Gas Pools. These pools o v e r l i e 
the e x i s t i n g Arrowhead and Penrose S k e l l y O i l Pools. The 
Commission defined the v e r t i c a l l i m i t s of the Eumont and 
Arrowhead Gas Pools t o include the Yates, Seven Rivers, and 
Queen formations, and contracted the v e r t i c a l l i m i t s of the 
Arrowhead and Penrose S k e l l y O i l Pools t o include only the 
Grayburg formation (Figure 5 ) . 

I n 1956, the Commission subsequently ordered t h a t w e l l s 
which had completion i n t e r v a l s open across the top of the 
Grayburg formation (open i n both the Arrowhead and Eumont 
Pools) be i d e n t i f i e d t o the Commission f o r r e c l a s s i f i c a t i o n . 
As a r e s u l t o f t h i s a c t i o n , only a few w e l l s w i t h i n the 
proposed Uni t were r e c l a s s i f i e d from the Arrowhead Pool to 
the Eumont Pool. The Commission d i d not order remedial work 
to i s o l a t e the two pools but d i d order t h a t f u t u r e w e l l s be 
completed i n such a manner as t o prevent communication 
between the o i l and gas pools. I t i s estimated t h a t 40 t o 
50 of the w e l l s i n the proposed U n i t have completion 
i n t e r v a l s which c u r r e n t l y or h i s t o r i c a l l y have been 
simultaneously open i n both the Queen and Grayburg 
formations. 

GEOLOGY 

The Arrowhead Pool i s located on a northwest-southeast 
t r e n d i n g s t r u c t u r a l high (Figure 6) , adjacent t o and on 
s t r i k e w i t h the Eunice Monument South U n i t (EMSU). The 
productive i n t e r v a l , which i s comprised o f the Penrose 
(lowest member o f the Queen formation) and the Grayburg 
formation, i s s i m i l a r i n the two areas and consists of 
interbedded carbonates and s i l i c i c l a s t i c s deposited d u r i n g a 
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p e r i o d of o v e r a l l sea l e v e l regression. These carbonates 
have been e x t e n s i v e l y d o l o m i t i z e d and form the primary 
r e s e r v o i r i n the Arrowhead Pool. There are a l i m i t e d number 
of modern w i r e l i n e logs and no core data a v a i l a b l e f o r the 
Arrowhead area. 

Due t o the s i m i l a r i t i e s between these logs and those of 
the EMSU, the r e s e r v o i r s are believed t o be very comparable, 
and many of the ideas and conclusions generated from studies 
of the EMSU can be c a u t i o u s l y applied t o the Arrowhead. 

There has been a large q u a n t i t y of data gathered and 
evaluated f o r the EMSU. F i f t y - f o u r new w e l l s have been 
d r i l l e d , 17 were cored and 19 had Repeat Formation Test 
(RFT) data taken. Over 230 of the e x i s t i n g w e l l s have also 
been relogged w i t h modern p o r o s i t y t o o l s . These data are 
being used t o c h a r a c t e r i z e and evaluate the r e s e r v o i r . 

When the Arrowhead p r o j e c t i s implemented, data a c q u i s i t i o n 
w i l l proceed w i t h a program s i m i l a r t o t h a t o f the EMSU. 
There w i l l be over 50 w e l l s r e d r i l l e d , o f which s i x w i l l be 
cored, and several w i l l have RFT data taken. E x i s t i n g w e l l s 
w i t h o u t modern logs w i l l be relogged using modern p o r o s i t y 
t o o l s . Once implementation i s completed, the Arrowhead w i l l 
have an extensive data base f o r r e s e r v o i r c h a r a c t e r i z a t i o n 
and management. 

From the ongoing EMSU study, i t was determined t h a t the 
dolomites range from mudstones t o o o l i t i c grainstones 
i n d i c a t i n g a wide range of d e p o s i t i o n a l energies. The 
m a j o r i t y o f the pay i n the EMSU consists o f packstones and 
grainstones w i t h i n t e r c r y s t a l l i n e , i n t e r g r a n u l a r , and 
moldic p o r o s i t y . The s i x Grayburg zones t h a t have been 
defined i n the EMSU are also recognized i n the Arrowhead 
(Figure 7 ) . 

Dolomite p o r o s i t y development i n the Arrowhead, based on 
w i r e l i n e logs, i s s i m i l a r t o t h a t of the EMSU and i s t y p i c a l 
of a p r o g r a d a t i o n a l d e p o s i t i o n a l environment. On the 
western f l a n k of the s t r u c t u r e , r e s e r v o i r - q u a l i t y dolomite 
p o r o s i t y extends i n t o the upper Grayburg formation and 
Penrose. Moving updip t o the east, the Penrose becomes 
sandy, and the dolomites i n the upper Grayburg become t i g h t . 
I n the eastern p o r t i o n of the pool , r e s e r v o i r - q u a l i t y 
dolomite p o r o s i t y i s found i n Grayburg Zones 5 and 6. 

A percent dolomite map (Figure 8) of Grayburg Zones 1 t h r u 5 
was constructed t o demonstrate t h i s decrease i n dolomite 
p o r o s i t y t o the east. I t i s an i n d i r e c t way of determining 
the l i m i t s of dolomite p o r o s i t y development and p r o d u c t i v i t y 
of the r e s e r v o i r , made necessary by the l i m i t e d amount of 
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w i r e l i n e p o r o s i t y data a v a i l a b l e . A lower percentage of 
dolomite i n d i c a t e s areas of r e l a t i v e l y low wave energy. 
Carbonate sediments i n t h i s environment tend t o be 
fin e - g r a i n e d muds, r e s u l t i n g i n non-reservoir mudstones. A 
higher percentage of dolomite i n d i c a t e s a higher energy 
environment which i s more prone t o grainstone d e p o s i t i o n . 

As i n the EMSU, the s i l i c i c l a s t i c s present i n the Grayburg 
formation are belie v e d t o be t i g h t and nonproductive. The 
t o t a l volume o f s i l i c i c l a s t i c m a t e r i a l increases i n an 
e a s t e r l y d i r e c t i o n w i t h an accompanying decrease i n net 
pay. These s i l i c i c l a s t i c s , f o r the most p a r t , are not t r u e 
sandstones but sandy dolomites, u s u a l l y c o n s i s t i n g of less 
than 50% s i l i c i c l a s t i c m a t e r i a l , predominantly qu a r t z . 
These quartz grains are subangular and very uniform i n 
siz e . They are belie v e d t o have been i n i t i a l l y deposited 
by e o l i a n processes and subsequently reworked w i t h i n the 
marine shoreline environment. The p o r o s i t y associated w i t h 
these s i l i c i c l a s t i c s i s secondary and caused by the 
d i s s o l u t i o n o f felds p a r g r a i n s . This secondary moldic 
p o r o s i t y i s poorl y connected, r e s u l t i n g i n n o n - e f f e c t i v e 
p o r o s i t y . I n the EMSU these s i l i c i c l a s t i c s i n t e r v a l s have 
been found t o be good v e r t i c a l p e r m e a b i l i t y b a r r i e r s , and 
they should act as b a r r i e r s i n the Arrowhead r e s e r v o i r as 
w e l l . 

The Arrowhead Pool i s a predominantly s o l u t i o n gas d r i v e 
r e s e r v o i r t h a t consists of the lower Penrose and Grayburg 
Zones 1 t h r u 5. S i l i c i c l a s t i c s and t i g h t mudstones which 
act as v e r t i c a l p e r m e a b i l i t y b a r r i e r s are found throughout 
the r e s e r v o i r , separating i t from the a c t i v e a q u i f e r present 
i n the Lower Grayburg (Zone 6) and San Andres. Based on the 
study of production data and i n d i v i d u a l w e l l completion 
i n t e r v a l s , the o r i g i n a l g a s - o i l contact (GOC) i n the 
Arrowhead r e s e r v o i r i s belie v e d t o have been at 
approximately -150 f e e t from sea l e v e l . This contact has 
not changed s i g n i f i c a n t l y through time. 

The o r i g i n a l o i l - w a t e r contact (OWC) i n the Arrowhead i s 
not known. Recent analysis of d r i l l c u t t i n g s and core data 
on the western edge o f the EMSU has r e s u l t e d i n an estimated 
o r i g i n a l OWC i n Grayburg Zones 1 t h r u 5 of -550 f e e t from 
sea l e v e l . A f t e r a vigorous w e l l deepening and t e s t i n g 
program i n the EMSU, o i l production has been es t a b l i s h e d 
below -500 f e e t i n Zone 5, s u b s t a n t i a t i n g t h i s contact. Due 
to the close p r o x i m i t y of the Arrowhead t o the EMSU, as w e l l 
as the s i m i l a r i t i e s of the r e s e r v o i r s , the Arrowhead should 
have had a comparable o r i g i n a l OWC i n Grayburg Zones 1 t h r u 
5. 

6 



The present OWC i s also d i f f i c u l t t o determine due t o the 
l i m i t e d number of recent deep t e s t s i n the Arrowhead 
r e s e r v o i r . I t i s believed t h a t the i n d i v i d u a l Grayburg 
zones on the western edge have each developed t h e i r own 
d i s t i n c t OWC1s because of d i f f e r e n t completion and 
production h i s t o r i e s . 

PRODUCTION HISTORY 

Cumulative o i l production f o r the proposed Un i t was 30.8 
MMSTBO on January 1, 19 89. This value includes production 
c l a s s i f i e d as Arrowhead Grayburg, Penrose S k e l l y , Eumont 
O i l , L a n g l i e M a t t i x , and Eunice Southwest San Andres. A 
t o t a l of 138 w e l l s have produced from 134, 40-acre p r o r a t i o n 
u n i t s w i t h i n the proposed U n i t . The average cumulative o i l 
production has been 230 MSTBO per p r o r a t i o n u n i t . Figure 
9 i n d i c a t e s the h i s t o r i c production performance f o r the 
proposed U n i t . Figures 10 through 18 present contour maps 
of cumulative and cu r r e n t production rates f o r o i l , gas, 
water, w a t e r - o i l r a t i o and g a s - o i l r a t i o f o r the proposed 
U n i t . 

Remaining primary reserves, c a l c u l a t e d from i n d i v i d u a l 
t r a c t d e c l i n e curves, are 5.2 MMSTBO and 16.1 BCF gas. 
Ultimate primary o i l recovery i s expected t o t o t a l 36.1 
MMSTBO, which i s 20.6% o f the estimated OOIP. 

S u f f i c i e n t modern l o g data are not a v a i l a b l e t o c a l c u l a t e an 
accurate v o l u m e t r i c OOIP f o r the Arrowhead Grayburg Pool. 
However, l o g t o core transforms and r e s e r v o i r 
c h a r a c t e r i z a t i o n s developed f o r the EMSU can be applied t o 
the proposed Un i t because of the s i m i l a r i t i e s between the 
two f i e l d s . Estimates of r e s e r v o i r parameters u t i l i z i n g the 
EMSU s i m i l a r i t i e s are: p o r o s i t y = 8%, Hnet = 85 f t , 
Swi = 25%, and Boi = 1.2 RB/STB. The OOIP c a l c u l a t e d f o r 
the 5,320 acres t h a t have produced from the proposed U n i t , 
using the estimated r e s e r v o i r parameters, i s 17 5.4 MMSTBO. 
A summary o f p e r t i n e n t r e s e r v o i r data i s shown i n Table 1. 

Although the Arrowhead Pool has produced a s i g n i f i c a n t 
volume of water, which could i n d i c a t e a water-drive type 
recovery, s o l u t i o n gas d r i v e i s believed t o be the 
predominant recovery mechanism. This conclusion i s based 
on the pressure d e p l e t i o n of the pool and on the lack of 
an i d e n t i f i a b l e water production t r e n d . 

At discovery, r e s e r v o i r pressure was reported t o be 1,460 
p s i . I n 1964, the l a s t date pressure records were reported 
t o the State f o r the Arrowhead Pool, the r e s e r v o i r pressure 
had d e c l i n e d to 450 p s i . Cumulative o i l production at the 
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end of 1964 was 24.1 MMSTBO, or 67% of the expected u l t i m a t e 
primary production. The corresponding loss from o r i g i n a l 
r e s e r v o i r pressure a t t h a t time was 69%. I f a water-drive 
mechanism e x i s t s , i t i s not o f s u f f i c i e n t s t r e n g t h t o 
maintain r e s e r v o i r pressure and i s probably not 
s i g n i f i c a n t l y a f f e c t i n g primary o i l recovery. 

Cumulative water production has been 54.8 MMBW (excluding 
production i n 1958 when water records were not k e p t ) . 
Water producing r a t e s and cumulatives vary s i g n i f i c a n t l y 
w i t h l o c a t i o n , and no s i n g l e source of the water production 
i s apparent. Figures 12 and 13 i n d i c a t e cumulative water 
and cumulative w a t e r - o i l r a t i o , r e s p e c t i v e l y , f o r w e l l s i n 
the proposed U n i t . 

A p o r t i o n of the water production i s probably a t t r i b u t a b l e 
t o communication o f Zones 4 and 5 w i t h the Lower Grayburg 
and San Andres a q u i f e r s . Although s i l i c i c l a s t i c s between 
each zone g e n e r a l l y prevent v e r t i c a l communication, i n some 
l o c a l i z e d areas of the f i e l d they do not act as pe r m e a b i l i t y 
b a r r i e r s . When the b a r r i e r s break down i n the lower 
Grayburg members, the p r o l i f i c San Andres a q u i f e r can i n f l u x 
i n t o the o i l productive horizons r e s u l t i n g i n large volumes 
of water p r o d u c t i o n . 

Other water production may be a t t r i b u t a b l e t o completions i n 
the Penrose (Lower Queen) which has been found t o be 
inf l u e n c e d by a water d r i v e i n the EMSU. A d d i t i o n a l 
p o r t i o n s o f the water p r o d u c t i o n can be a t t r i b u t e d t o casing 
leaks, which have been i d e n t i f i e d i n 36 w e l l s . 

Localized areas o f high water production c o n s i s t of less 
than f i v e p r o r a t i o n u n i t s . I n most cases, w e l l s adjacent t o 
high water production areas have produced s i g n i f i c a n t l y 
less water. The change i n water production appears t o be 
independent o f completion depth, both subsea and 
s t r a t i g r a p h i c a l l y , and no c l e a r water production t r e n d i s 
i d e n t i f i a b l e . 

Based on the lack o f uniform water production and the 
r e l a t i o n s h i p o f pressure d e p l e t i o n t o recovery, s o l u t i o n gas 
d r i v e i s thought t o be the predominant primary recovery 
mechanism w i t h water i n f l u x having only a minor e f f e c t on 
recovery. The Arrowhead Grayburg Pool i s t h e r e f o r e a good 
candidate f o r w a t e r f l o o d i n g w i t h respect t o primary recovery 
mechanism. 

CURRENT STATUS 

The proposed Un i t includes a l l c u r r e n t l y a c t i v e Arrowhead 
Grayburg w e l l s and several w e l l s c l a s s i f i e d as Eumont, 
Langlie M a t t i x , Penrose S k e l l y , and Eunice San Andres 
Southwest. 
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The c u r r e n t production r a t e f o r the proposed U n i t i s 33,025 
BOPM, 251,600 BWPM, and 128,714 MCFPM gas. There are a 
t o t a l o f 57 a c t i v e l y producing w e l l s completed i n the 
proposed u n i t i z e d i n t e r v a l , and 12 w e l l s are s h u t - i n or 
tem p o r a r i l y abandoned. Other h i s t o r i c completions have 
e i t h e r been plugged back t o a d i f f e r e n t horizon or have been 
permanently abandoned. Seven o f the c u r r e n t l y a c t i v e w e l l s 
are simultaneously producing from beyond the proposed 
v e r t i c a l l i m i t s o f the U n i t and w i l l r e q u i r e remedial work 
t o i s o l a t e the u n i t i z e d i n t e r v a l p r i o r t o the e f f e c t i v e Unit 
date. 
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V. PROPOSED UNIT BOUNDARIES 

The proposed l i m i t s of the U n i t are as f o l l o w s : 

V e r t i c a l L i m i t s : 

Defined as the top of the Grayburg formation (defined 
i n Chevron's Harry Leonard (NCT-C) No. 20 w e l l , located 
660 f t FNL and 990 f t FWL, Section 36, T-21-S, R-36-E, 
at a depth o f 3,671 f e e t on Gearhart's Compensated 
Density and Compensated Neutron Log dated 02/25/85), or 
-150 f e e t from sea l e v e l (whichever i s shallower) , t o 
-1,500 f e e t from sea l e v e l . 

H o r i z o n t a l L i m i t s : 

As o u t l i n e d i n Figure 3. I n d i v i d u a l t r a c t s are 
i d e n t i f i e d by l o c a t i o n , operator, and lease i n Table 2. 

DISCUSSION 

I n August 1953, the New Mexico O i l Conservation Commission 
redefined the Eunice Monument and Arrowhead Pools and 
created the Eumont and Arrowhead Gas Pools. The Eunice and 
Monument O i l Pools were combined, and the v e r t i c a l l i m i t s 
were redefined as the top of the Grayburg t o the base of the 
San Andres, w h i l e the Arrowhead O i l Pool was redefined t o 
co n s i s t only o f the Grayburg formation (Figure 5) . Many 
of the w e l l s i n both the Eunice Monument and Arrowhead O i l 
Pools had completion i n t e r v a l s open across the top of the 
Grayburg formation i n t o the newly defined Eumont Pool and 
th e r e f o r e outside o f t h e i r defined p o o l . Some of these 
w e l l s were r e c l a s s i f i e d , but most remained i n t h e i r 
designated pool. This r e d e f i n i t i o n o f pools i n 1953 created 
complications i n the choice o f v e r t i c a l l i m i t s f o r the EMSU 
as w e l l as the proposed Arrowhead U n i t . 

VERTICAL LIMITS 

The top o f the proposed Arrowhead Unit i s defined as the 
top of the Grayburg formation or -150 f e e t from the sea 
l e v e l , whichever i s shallower. Several of the w e l l s i n 
the proposed Uni t have completions t h a t extend above the 
defined p o o l , i n t o the Penrose (Eumont Pool). This 
s i t u a t i o n also occurred a t the EMSU and was su c c e s s f u l l y 
addressed by d e f i n i n g the Unit's upper l i m i t as the top of 
the Grayburg or -100 f e e t , avoiding an excessive number 
of workovers t o i s o l a t e the two pools. This -100 f e e t datum 
i s the estimated g a s - o i l contact (GOC) at the EMSU. The 
estimated GOC f o r the Arrowhead Pool, as i n d i c a t e d by 
completion i n f o r m a t i o n , appears t o be s t r u c t u r a l l y lower a t 
-150 f e e t . T y p i c a l completion i n t e r v a l s i n the Arrowhead 
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Pool are shown i n s t i c k diagrams A-E, i n Figures 19 t h r u 
24. 

The base of the proposed Uni t i s -1,500 f e e t from sea l e v e l . 
This depth ranges between 100 f e e t t o 150 f e e t above the 
base of the San Andres formation (top G l o r i e t a ) . This w i l l 
include most of the San Andres formation w i t h i n the U n i t 
which w i l l be an e x c e l l e n t source of make-up i n j e c t i o n 
water. I t i s d e s i r a b l e t o include the water supply i n the 
u n i t i z e d i n t e r v a l t o avoid complications t h a t could a r i s e 
i f the water supply w e l l s produce hydrocarbons. By 
i n c l u d i n g the water supply i n the u n i t i z e d i n t e r v a l , 
hydrocarbon revenue and operating expenses associated w i t h 
the operation o f water supply w e l l s w i l l be shared 
e q u i t a b l y by the Owners. A subsea depth was chosen r a t h e r 
than a formation p i c k due t o the lack of deep w e l l c o n t r o l 
and the ease w i t h which i t can be a p p l i e d . 

HORIZONTAL LIMITS 

The h o r i z o n t a l l i m i t s of the proposed U n i t r e f l e c t the 
s t r u c t u r a l and s t r a t i g r a p h i c components t h a t define t h i s 
combination t r a p . The western e x t e n t can be defined 
s t r u c t u r a l l y , whereas the northern and eastern extent of 
the pool are defined by s t r a t i g r a p h y . 

To the west of the proposed U n i t , the e n t i r e Grayburg i s 
s t r u c t u r a l l y low and wet. Here the productive i n t e r v a l i s 
confined t o sandstones i n the Queen formation. This f l o o d 
i s t a r g e t i n g the porous dolomites, and t h e r e f o r e , the 
proposed Uni t boundary t o the west was l i m i t e d t o areas 
where o i l production was p r i m a r i l y from dolomites w i t h i n 
the Grayburg and lower Penrose. From t e s t i n f o r m a t i o n , 
cumulative production data, and cross s e c t i o n s , i t has been 
determined t h a t the productive l i m i t o f the Grayburg t o the 
west i s at -325 f e e t . Therefore, a l l 40-acre p r o r a t i o n 
u n i t s on the western f l a n k where the top o f the Grayburg i s 
at -325 f e e t or shallower w i l l be included i n the proposed 
Unit (Figure 6 ) . 

The proposed U n i t i s l i m i t e d t o the south by an e x i s t i n g 
Langlie M a t t i x w a t e r f l o o d . The Langlie M a t t i x Pool i s 
defined from the base of the Grayburg formation t o a p o i n t 
100 f e e t above the base o f the Seven Rivers formation. This 
w a t e r f l o o d i s confined t o the Penrose which i s w i t h i n the 
v e r t i c a l l i m i t s o f the proposed Arrowhead U n i t . The 
Arrowhead U n i t boundary w i l l be d i r e c t l y o f f s e t by two 
a c t i v e i n j e c t o r s i n t h i s w a t e r f l o o d , and a lease l i n e 
i n j e c t i o n agreement should be obtained upon u n i t i z a t i o n . 
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The eastern and northern boundaries of the proposed U n i t 
were d e l i n e a t e d using the percent dolomite map (Figure 
8 ) , cumulative production map (Figure 10), and cross 
sec t i o n s . The percent dolomite map provides an i n d i r e c t 
method f o r determining l i m i t s of dolomite p o r o s i t y 
development and r e s e r v o i r p r o d u c t i v i t y . The best cumulative 
production has been from areas o f 60% dolomite or greater. 
Where dolomite content i s less than 60%, the r e s e r v o i r 
q u a l i t y i s probably not adequate t o be e f f e c t i v e l y 
waterflooded. The 60% dolomite contour on the percent 
dolomite map was used t o def i n e the eastern and northern 
boundaries o f the proposed U n i t . 

EXCLUDED WELLS 

There are f i v e Arrowhead Grayburg Pool w e l l s t h a t were 
not included i n the proposed U n i t . These w e l l s are l i s t e d 
below, along w i t h the reasons f o r e x c l u s i o n . 

American Exploration's #7 and #43 'M' State 

Located t o the south i n Section 19, T-22-S, R-37-E. 
These w e l l s are w i t h i n the a c t i v e Langlie M a t t i x 
w a t e r f l o o d . 

Adobe O i l ' s #1 State 

Located t o the east i n Section 17, T-22-S, R-37-E. 
Dolomite content o f only 53% (below the 60% c u t o f f ) . 
Cumulative production of only 3,505 BO. 

Marathon's #15 McDonald State 'AC 

Located t o the west i n Section 14, T-22-S, R-36-E. 
Produced from the upper and middle Penrose sands (not 
the t a r g e t e d d o l o m i t e s ) . Estimated top of the Grayburg 
i s -342 f e e t (below the -325 f e e t s t r u c t u r a l c u t o f f ) . 

Wood, McShane & Tham's #13 'M' State 

Located t o the southeast i n Section 20, T-22-S, 
R-37-E. Too f a r removed from the proposed U n i t . 
Dolomite content of 52% (below the 60% c u t o f f ) . 
Cumulative production of only 9,459 BO. 

OBJECTIONS 

Zia Energy, I n c . , owner of the deeper r i g h t s i n Tract 8a, 
(Figure 4) has i n d i c a t e d o p p o s i t i o n t o the i n c l u s i o n o f i t s 
acreage i n the proposed U n i t . The Zia 'M' State No. 49 
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w e l l , i n the SE/4 o f Section 18, T-22-S R-37-E, c u r r e n t l y 
produces from Grayburg Zone 5 and the Lower Grayburg, 
c l a s s i f i e d as Eunice San Andres Southwest. D a i l y production 
averages less than 1 BOPD, 180 MCFGPD, and 600 BWPD. 
Consideration o f Zia's d e s i r e t o be excluded from the U n i t 
should be addressed by the Working I n t e r e s t Owners. 
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V I . SECONDARY RECOVERY POTENTIAL 

Due t o the absence of q u a n t i t a t i v e r e s e r v o i r data, a 
rigorous conventional secondary recovery analysis cannot be 
performed. However, based on the geologic and production 
h i s t o r y s i m i l a r i t i e s between the two f i e l d s , EMSU recovery 
p r e d i c t i o n s should be ap p l i c a b l e t o the proposed Arrowhead 
U n i t . 

The o r i g i n a l EMSU p r e d i c t i o n was based on a s t a t i s t i c a l 
average o f West Texas and Southeast New Mexico carbonate 
w a t e r f l o o d performance. The EMSU Technical Committee 
i d e n t i f i e d t y p i c a l ranges o f performance i n d i c a t o r s 
i n c l u d i n g : S/P (secondary t o u l t i m a t e primary) recovery 
r a t i o s , time t o peak response, and peak o i l p r oduction r a t e 
as a percentage of water i n j e c t i o n r a t e . The same t y p i c a l 
performance i n d i c a t o r s have been a p p l i e d t o p r e d i c t 
w a t e r f l o o d performance f o r the proposed Arrowhead Un i t . 

To d e r i v e a secondary performance p r e d i c t i o n f o r the U n i t , 
the performance i n d i c a t o r s used by the EMSU are applied t o 
the proposed w a t e r f l o o d area. This development area i s 
based on the u t i l i z a t i o n o f a l l c u r r e n t l y a c t i v e w e l l s 
w i t h i n the proposed u n i t i z e d i n t e r v a l . A d d i t i o n a l l y , 
p r o r a t i o n u n i t s t h a t do not have a v a i l a b l e w e l l s , but where 
s u f f i c i e n t reserves are belie v e d t o e x i s t t o j u s t i f y the 
d r i l l i n g o f a new w e l l , w i l l be developed. S u f f i c i e n t 
reserves t o j u s t i f y d r i l l i n g are estimated t o be 70,000 
STBO, which may include a d d i t i o n a l primary as w e l l as 
secondary reserves based on the S/P r a t i o . The proposed 
development p a t t e r n i s an 80 acre 5-spot which i s the same 
p a t t e r n used a t the EMSU. The t o t a l p r o j e c t w i l l c o n s i s t of 
52 i n j e c t o r s and 75 producers (Figure 25). 

Cumulative production from the enclosed w a t e r f l o o d patterns 
as of 12/31/88 ( i n c l u d i n g reductions of i n d i v i d u a l w e l l 
cumulatives t o r e f l e c t p a r t i a l w a t e r f l o o d p a t t e r n s ) was 25.6 
MMSTBO. This value represents 83% of the proposed Unit's 
t o t a l p r oduction. To determine secondary recovery 
p o t e n t i a l , the S/P r a t i o used by the EMSU, 50%, i s applied 
t o 83% o f the proposed Unit's u l t i m a t e expected primary 
recovery of 36.1 MMSTBO. The r e s u l t i n g incremental 
secondary recovery p o t e n t i a l i s c a l c u l a t e d t o be 15.0 
MMSTBO. This value could be a f f e c t e d by the a d d i t i o n a l 
primary and secondary recovery generated by development of 
u n d r i l l e d l o c a t i o n s and undeveloped pay i n e x i s t i n g w e l l s . 
A d d i t i o n a l l y , the S/P r a t i o of 50% may be conservative. 
Recent review of Grayburg and San Andres waterfloods 
i n d i c a t e t h a t the t y p i c a l S/P i s i n excess of 60%. 
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I n j e c t i o n r a t es f o r the proposed w a t e r f l o o d are expected t o 
average 450 BWPD/well w i t h a t o t a l i n j e c t i o n r a t e o f 23,400 
BWPD. This r a t e i s estimated based on the r a t i o o f 85 f t 
net thickness i n the Arrowhead Pool compared t o the 134 f t 
at the EMSU, m u l t i p l i e d by the 700 BWPD per w e l l average 
i n j e c t i o n r a t e experienced i n the EMSU. 

Peak o i l production r a t e f o r the proposed Un i t i s estimated 
to be 5,850 BOPD, based on 25% of the a n t i c i p a t e d i n j e c t i o n 
r a t e . I n i t i a l o i l response i s expected t o occur three 
years a f t e r i n i t i a l i n j e c t i o n w i t h peak response o c c u r r i n g 
a f t e r s i x years. The time t o response i s based on the EMSU 
performance i n d i c a t o r of i n i t i a l response a t one-half 
f i l l - u p , peak response a t f i l l - u p ( i g n o r i n g the e f f e c t s 
of production d u r i n g f i l l - u p ) , and an estimated c u r r e n t gas 
s a t u r a t i o n of 18%. The producing g a s - o i l r a t i o i s expected 
to decrease from the c u r r e n t l e v e l of 3,000 scf/STBO t o 450 
scf/STBO as r e s e r v o i r pressure increases. Figure 26 
in d i c a t e s the a n t i c i p a t e d secondary recovery response. 

The performance p r e d i c t i o n does not include an i n i t i a l loss 
i n o i l production r e s u l t i n g from the conversion of producing 
w e l l s t o water i n j e c t o r s . This i s based on the net 
producing w e l l count increase from 57 t o 75. Although 
several o f the c u r r e n t l y a c t i v e w e l l s t h a t are t e n t a t i v e l y 
designated t o be water i n j e c t i o n w e l l s i n the proposed Unit 
produce higher than average o i l r a t e s , the loss from 
conversion i s expected t o be o f f s e t by the a d d i t i o n of new 
w e l l s . The increase i n the w e l l count may a c t u a l l y r e s u l t 
i n a higher than c u r r e n t o i l production r a t e . 
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V I I . CAPITAL REQUIREMENTS 

To t a l c a p i t a l requirements t o i n s t a l l and implement an 80-
acre 5-spot w a t e r f l o o d i n the Arrowhead Grayburg Pool are 
estimated t o be $28.2 MM. Cost breakdowns and an investment 
schedule are shown i n Tables 3 through 9. 

SURFACE FACILITIES 

Surface f a c i l i t i e s costs are expected t o t o t a l $9.0 MM. 
The f a c i l i t i e s w i l l include the production gathering system, 
water i n j e c t i o n system, and an e l e c t r i c a l d i s t r i b u t i o n 
system. Cost estimates are based on the t e n t a t i v e w e l l 
count of 75 producers, 52 i n j e c t o r s , and 2 water supply 
w e l l s . The produc t i o n gathering system i s designed t o 
handle 500 b a r r e l s of f l u i d per day per w e l l , and the 
i n j e c t i o n system w i l l a l l o w 500 b a r r e l s o f water per day per 
i n j e c t i o n w e l l at a maximum surface pressure of 1,800 p s i . 

The production g a t h e r i n g system w i l l c o n s i s t o f f i v e 
s a t e l l i t e b a t t e r i e s , each w i t h production t e s t i n g , gas 
separation and sales c a p a b i l i t i e s . O i l and water w i l l be 
t r a n s f e r r e d t o a c e n t r a l b a t t e r y f o r separation and o i l 
sales. Fiberglass production f l o w l i n e s and t r a n s f e r l i n e s 
w i l l be u t i l i z e d , making the system compatible w i t h C0 2 i n 
a n t i c i p a t i o n o f f u t u r e enhanced recovery operations. The 
i n j e c t i o n system w i l l c o n s i s t o f l i n e d s t e e l and high 
pressure f i b e r g l a s s t r u n k l i n e s d i s t r i b u t i n g the water t o 
metering manifolds. Each metering manifold w i l l connect t o 
four or f i v e i n j e c t i o n w e l l s through high pressure f i b e r ­
glass l i n e s . A cost breakdown f o r the surface f a c i l i t i e s 
i s i n d i c a t e d on Table 4. Figures 27 through 29 present 
schematics of the surface f a c i l i t y designs. 

DRILL AND COMPLETION COSTS 

The t o t a l c a p i t a l requirement estimate includes $11.45 MM t o 
d r i l l and complete 52 new w e l l s , (34 producers, 16 i n j e c t o r s 
t o r s , and 2 water supply w e l l s ) . The 52 new w e l l s 
requirement i s based on the a v a i l a b i l i t y of 57 c u r r e n t l y 
a c t i v e w e l l s , e i g h t c u r r e n t l y s h u t - i n or i n a c t i v e w e l l s , 
and an assumed a d d i t i o n a l 10 w e l l s made a v a i l a b l e as a 
r e s u l t of a wellbore d e d i c a t i o n i n c e n t i v e , f o r the 129 t o t a l 
t e n t a t i v e w e l l l o c a t i o n s , i n c l u d i n g two water supply w e l l s 
(Figure 25) . The a c t u a l d r i l l and completion cost 
requirements are dependent on the t o t a l number of useable 
w e l l s dedicated t o the U n i t . 

D r i l l and completion costs per w e l l , i n c l u d i n g equipment, 
are estimated t o be $220 M f o r producers, $200 M f o r 
i n j e c t o r s , and $385 M f o r water supply w e l l s . Tables 5 
through 7 i n d i c a t e t y p i c a l cost breakdowns f o r each type of 
we 11. 
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WORKOVER COSTS 

Tota l workover requirements f o r producers and i n j e c t o r s are 
estimated t o be $6.9 MM. To estimate workover cost, i t was 
assumed t h a t a l l w e l l s dedicated to the U n i t w i l l r e q u i r e 
some remedial work. Each of the 67 c u r r e n t l y a v a i l a b l e 
w e l l s ( a c t i v e and i n a c t i v e ) t h a t may be used i n the proposed 
Unit were evaluated t o determine the scope of workover 
a c t i v i t y t h a t may be desired. The workover a c t i v i t i e s 
considered included: deepening, adding p e r f s , running 
l i n e r s , and adding cement behind pipe. A l l w e l l s were 
assumed t o r e q u i r e a basic workover i n c l u d i n g cleaning-out 
and a c i d i z i n g . The average workover cost f o r the w e l l s 
evaluated was estimated to be $60,000. The average cost was 
applied t o the 67 a v a i l a b l e w e l l s and the 10 assumed 
a d d i t i o n a l w e l l s . An a d d i t i o n a l expense of $27,000 per 
water i n j e c t i o n conversion was included f o r 36 w e l l s , and a 
cost of $35,000 per pumping u n i t upgrade was included f o r 40 
w e l l s . Table 8 i n d i c a t e s the cost of each workover 
component. 

The workover cost estimate assumes t h a t the m a j o r i t y of the 
w e l l s w i l l be deepened to Zone 5 and t h a t many l i n e r s w i l l 
need t o be run. I f e a r l y d r i l l i n g and workover a c t i v i t i e s 
i n d i c a t e t h a t deepenings do not c o n t r i b u t e t o a d d i t i o n a l 
o i l production and reserves or t h a t l i n e r s are not 
necessary, t h i s type of a c t i v i t y w i l l cease, reducing 
workover expenses by as much as $750 M. 

TESTING & CORING 

The t o t a l c a p i t a l requirement includes $500,000 f o r the 
gathering of r e s e r v o i r i n f o r m a t i o n . This cost w i l l include 
the c o r i n g and core analysis on s i x w e l l s , pressure t e s t i n g , 
and r e s e r v o i r f l u i d PVT a n a l y s i s . The data w i l l be used t o 
b u i l d an accurate r e s e r v o i r model. The model can then be 
used t o r e f i n e the secondary recovery p r e d i c t i o n and 
optimize f u t u r e o i l recovery through r e s e r v o i r management. 

WELLBORE DEDICATION INCENTIVE 

The d r i l l i n g , completion, and workover cost estimates assume 
t h a t a wellbore d e d i c a t i o n i n c e n t i v e method w i l l be used and 
t h a t 10 a d d i t i o n a l wellbores w i l l be made a v a i l a b l e t o the 
Unit as a r e s u l t o f the i n c e n t i v e . The a d d i t i o n a l w e l l s are 
c u r r e n t l y s h u t - i n or producing w i t h marginal economics from 
other horizons. Securing these a d d i t i o n a l w e l l s w i l l 
enhance p r o j e c t economics f o r the Working I n t e r e s t Owners 
as a whole by reducing t o t a l w e l l costs by more than $1.2 
MM. 



The use o f a wellbore d e d i c a t i o n i n c e n t i v e s i s a common 
p r a c t i c e i n modern u n i t s . The wellbore penalty method i s 
probably the most widely used i n c e n t i v e . An a l t e r n a t i v e 
method i s a wellbore inventory adjustment. Both methods 
are f a i r and e q u i t a b l e , b ut the method which i s f i n a n c i a l l y 
best f o r an i n d i v i d u a l owner depends on: (1) working 
i n t e r e s t p a r t i c i p a t i o n , (2) the number of useable wellbores 
i n d i v i d u a l l y owned and c o n t r i b u t e d t o the U n i t , and (3) the 
t o t a l number of wellbores dedicated t o the Un i t . 
Determining which method i s best f o r the m a j o r i t y of the 
Working I n t e r e s t Owners cannot be done u n t i l these f a c t o r s 
are e s t a b l i s h e d . The Technical Committee i s not 
recommending a p a r t i c u l a r method but does recommend t h a t a 
wellbore d e d i c a t i o n i n c e n t i v e method be adopted by the 
Working I n t e r e s t Owners. 

A d e s c r i p t i o n o f two de d i c a t i o n i n c e n t i v e methods i s as 
f o l l o w s : 

WELLBORE PENALTY: One useable wellbore w i l l be deman­
ded from each p r o r a t i o n u n i t t h a t has h i s t o r i c a l l y 
produced from the u n i t i z e d i n t e r v a l . I n d i v i d u a l 
Owners w i l l be charged t h e i r p r o p o r t i o n a t e share of a 
wellbore penalty equal t o the useable wellbore value 
f o r each demand w e l l not c o n t r i b u t e d . Special a l l o w ­
ances can be incorporated f o r p r o r a t i o n u n i t s i n which 
a l l w e l l s were permanently plugged and abandoned p r i o r 
t o a c e r t a i n date or t h a t produced less than a spe­
c i f i c cumulative o i l . 

WELLBORE INVENTORY: Useable wellbores dedicated t o the 
Uni t w i l l be i n v e n t o r i e d w i t h a value equal t o the 
"useable wellbore value", and an investment adjustment 
w i l l be made f o r each owner based on h i s p r o p o r t i o n a t e 
share o f the value o f a l l wellbores dedicated and the 
value of the wellbores he i n d i v i d u a l l y c o n t r i b u t e s . 

Useable wellbores are defined f o r w e l l s w i t h d i f f e r e n t 
c u r r e n t s t a t u s as f o l l o w s : 

(1) C u r r e n t l y a c t i v e w e l l s w i l l be accepted as useable i f 
no zones other than the u n i t i z e d i n t e r v a l are open 
and the wellbore passes a casing i n t e g r i t y t e s t (500 
p s i f o r 30 minutes) upon f i r s t e n t r y by the Un i t 
operator. I f zones above the u n i t i z e d i n t e r v a l are 
open, the non- u n i t i z e d zones must be cement squeezed 
to i s o l a t e the u n i t i z e d i n t e r v a l , pressure t e s t e d 
to 500 p s i f o r 30 minutes, and cement i n the production 
casing d r i l l e d - o u t ; o r , i f open-hole, a l i n e r must be 
run and set w i t h cement t o the top of the u n i t i z e d 
i n t e r v a l , and the casing t e s t e d above the u n i t i z e d 
i n t e r v a l t o 500 p s i f o r 30 minutes. 
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(2) C u r r e n t l y c l o s e d - i n or TA1 d w e l l s w i l l be accepted as 
useable i f no zones other than the u n i t i z e d i n t e r v a l 
are open (as above) and the w e l l i s free o f scale, 
junk, and debris t o the depth o f deepest production 
from the u n i t i z e d i n t e r v a l p r i o r to being closed-in 
(PBTD from workovers i n the u n i t i z e d i n t e r v a l p r i o r t o 
shut-in) . The w e l l must pass a casing i n t e g r i t y t e s t 
upon f i r s t e n t r y by the U n i t operator. 

(3) C u r r e n t l y P&A'd or recompleted w e l l s t h a t have 
p r e v i o u s l y produced the u n i t i z e d i n t e r v a l w i l l be 
accepted as useable i f they are r e s t o r e d t o the 
u n i t i z e d i n t e r v a l ' s l a s t producing completion i n t e r v a l , 
are not open i n non-unitized zones, are free of junk, 
scale and d e b r i s down t o the PBTD p r i o r t o cessation of 
produ c t i o n , and pass a casing i n t e g r i t y t e s t upon f i r s t 
e n t r y by the U n i t operator. 

(4) A l t e r n a t e w e l l s from e x i s t i n g wellbores w i l l be 
accepted as useable i f a l l non-unitized zones have been 
abandoned (deeper zones plugged back w i t h a CIBP or 
cement r e t a i n e r capped w i t h 3 5 f t of cement and 
pressure t e s t e d t o 500 p s i ; shallower zones squeeze 
cemented, pressure t e s t e d and cement d r i l l e d - o u t i n 
the production c a s i n g ) , they penetrate the u n i t i z e d 
i n t e r v a l , have s u f f i c i e n t casing size ( 5 V ) t o be 
deepened or have at l e a s t 4V casing set through Zone 
5 of the Grayburg formation, are adequately cemented, 
and pass a casing i n t e g r i t y t e s t upon f i r s t e n t r y by 
the U n i t operator. 

(5) Newly d r i l l e d w e l l s w i l l be accepted as useable i f 
they are d r i l l e d t o the base of Zone 5, cased t o TD 
w i t h 5h" or l a r g e r casing, are cemented from TD to 
surface, and pass a casing i n t e g r i t y t e s t . 

Tables 10 and 11 i n d i c a t e completion i n f o r m a t i o n f o r w e l l s 
t h a t are c u r r e n t l y or have h i s t o r i c a l l y produced from the 
proposed u n i t i z e d i n t e r v a l . 

The i n t e n t o f the useable wellbore d e f i n i t i o n i s t o insure 
a l l wellbores t h a t are dedicated t o the Uni t are i n 
reasonably good p h y s i c a l c o n d i t i o n and can be used by the 
Unit i n ways c o n s i s t e n t w i t h i t s purpose. A l l w e l l s 
dedicated to the Uni t w i l l be subject t o a casing i n t e g r i t y 
t e s t . I f a w e l l i s determined t o be not useable upon f i r s t 
e n t r y by the Uni t operator, the c o n t r i b u t o r o f the w e l l w i l l 
be given the o p t i o n o f : 

(1) Withdrawal of the wellbore from the U n i t , subject t o a 
wellbore p e n a l t y or inv e n t o r y adjustment. 
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(2) Repair of the wellbore by the c o n t r i b u t o r w i t h o u t the 
removal of l i a b i l i t y (wellbore penalty or inventory 
adjustment) i f the wellbore does not meet the useable 
wellbore d e f i n i t i o n on the subsequent e n t r y by the U n i t 
operator. 

(3) Repair of the wellbore by the U n i t operator a t the 
c o n t r i b u t o r ' s expense f o r up t o $80,000. The U n i t 
operator may e l e c t t o not accept a non-useable wellbore 
f o r r e p a i r i f r e p a i r cost estimates exceed the value of 
a useable wel l b o r e . 

INVESTMENT SCHEDULE 

I t i s estimated t h a t the f u l l - s c a l e w a t e r f l o o d can be 
i n s t a l l e d i n 1.5 p r o j e c t years. During the f i r s t year, 46 
new w e l l s w i l l be d r i l l e d , 100% of the surface f a c i l i t i e s 
w i l l be constructed, one water supply w e l l w i l l be d r i l l e d , 
and 75% of the workovers w i l l be completed. During the next 
one-half year, the remaining w e l l s w i l l be d r i l l e d and 
workovers completed. Tangible expenses f o r upgrading 
pumping c a p a c i t i e s on producing w e l l s w i l l occur dur i n g the 
f i r s t f i v e years of the p r o j e c t as i n c r e a s i n g r e s e r v o i r 
pressure d i c t a t e s . 

A d e t a i l e d p r o j e c t investment schedule i s i n d i c a t e d i n Table 
9. 
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V I I I . ECONOMICS 

Economic analysis o f the proposed w a t e r f l o o d i n d i c a t e s t h a t 
the p r o j e c t i s p r o f i t a b l e f o r the Un i t as a whole. 
Incremental economics of the w a t e r f l o o d , compared t o the 
base case of remaining primary, i n d i c a t e a 20% discounted 
cash f l o w r a t e - o f - r e t u r n and a 10% discounted present-worth-
p r o f i t of $24.6 MM f o r the $28.2 MM investment. 
Assumptions used f o r the economic analysis are: 

1) The base case c o n s i s t s o f 57 w e l l s producing 965 BOPD, 
w i t h remaining reserves o f 4.7 MMSTBO as of 7/1/90. 

2) Incremental o i l recovery w i l l t o t a l 15.0 MMSTBO. 

3) The GOR f o r the incremental case w i l l d e c l i n e from the 
c u r r e n t l e v e l of 3,000 SCF/STBO t o 450 SCF/STBO as the 
r e s e r v o i r pressure increases. The base case GOR i s 
held f l a t a t 3,000 SCF/STBO. 

4) Base case operating expenses are $35/producing w e l l 
day held f l a t f o r the remaining l i f e . Operating 
expenses f o r the proposed case w i l l escalate t o $83/ 
producing w e l l day ( i n c l u d i n g overhead), over the f i r s t 
s everal years, and de c l i n e as i n j e c t i o n terminates near 
the end of the p r o j e c t l i f e . 

5) O i l and gas pr i c e s are held f l a t a t $18.00/BO and 
$1.80/MCF. 

6) Royalty burdens of 1/8 are assumed f o r a l l t r a c t s . 

7) Estimated d r i l l i n g and c o n s t r u c t i o n overhead charges 
of $450,000 were included i n the investment. 

Economics f o r i n d i v i d u a l Working I n t e r e s t Owners w i l l vary 
depending on a c t u a l r o y a l t y burdens, p r o p o r t i o n a t e share of 
remaining primary and p r o j e c t p r o d u c t i o n , a c t u a l investments 
i n c l u d i n g wellbore p e n a l t i e s or in v e n t o r y adjustments, and 
o i l and gas p r i c e f o r e c a s t methods used. 

Tables 12 and 13 i n d i c a t e base case and wa t e r f l o o d case 
production and expense schedules. 

21 



IX. EQUITY PARAMETERS 

The Technical Committee was charged t o determine the 
f o l l o w i n g parameters f o r U n i t p a r t i c i p a t i o n n e g o t i a t i o n s : 

1) Cumulative O i l Production 
2) Remaining Primary O i l and Gas Reserves 
3) Ult i m a t e Primary O i l Reserves 
4) Current O i l and Gas Production Rates 
5) Gross Acreage 
6) Useable Wellbores 

Subsequently, the Technical Committee has e l e c t e d t o 
e l i m i n a t e the parameter Useable Wellbores from the l i s t . 

A c t u a l wellbores t h a t w i l l be c o n t r i b u t e d t o the Un i t w i l l 
not be known u n t i l a f t e r the e f f e c t i v e U n i t date, and a 
wellbore w i l l not be determined as useable u n t i l a f t e r i t 
i s c o n t r i b u t e d . Therefore, the U n i t p a r t i c i p a t i o n 
a l l o c a t i o n s would probably have t o be r e a l l o c a t e d once i t i s 
known which wellbores dedicated t o the U n i t are "useable". 
The Technical Committee determined t h a t value f o r useable 
wellbores w i l l be more a p p r o p r i a t e l y addressed by using a 
wellbore d e d i c a t i o n i n c e n t i v e . 

The e q u i t y parameter, Gross Acreage, has been addressed i n 
two d i f f e r e n t ways: Gross A c r e - f t and Surface Acres. 
The Working I n t e r e s t Owners should determine what percentage 
of each term should be included i n the p a r t i c i p a t i o n 
formula. 

The parameter, Gross A c r e - f t , was introduced t o allow f o r 
a l l o c a t i o n o f ownership on t r a c t s where there i s a change 
i n ownership w i t h depth. This term i s based on gross 
thickness and acreage owned i n both the hydrocarbon 
productive i n t e r v a l and a q u i f e r (San Andres) p o r t i o n of the 
U n i t . 

The parameter, Surface Acres, was introduced w i t h a l l o c a t i o n 
of ownership l i m i t e d t o the hydrocarbon productive i n t e r v a l 
only. Since the a c t u a l o i l - w a t e r contact i s not 
s p e c i f i c a l l y known, t h i s term i s based on ownership from the 
top of the U n i t t o 325 f t below the top o f the Grayburg 
formation. This term includes the hydrocarbon producing 
i n t e r v a l across the u n i t area but excludes the m a j o r i t y of 
the a q u i f e r ownership. 

Appendix A i n d i c a t e s a l l o c a t i o n s of e q u i t y parameters by 
Tract and by Owner. Appendix C i n d i c a t e s the ownership 
i n f o r m a t i o n used f o r the a l l o c a t i o n of ownership on each 
t r a c t . 
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Cumulative o i l production i s based on values through 
12/31/88. No adjustment of cumulative o i l production was 
made f o r w e l l s w i t h completions simultaneously producing 
the u n i t i z e d i n t e r v a l and the non-uni t i z e d i n t e r v a l . I t 
i s assumed t h a t a l l production from the non-unitized 
i n t e r v a l i n these w e l l s was gas since the top of the 
Uni t i s a t the estimated g a s - o i l contact. 

Current o i l and gas production r a t e s are based on reported 
production f o r the f o u r t h q uarter o f 1988. Remaining o i l 
and gas reserves are c a l c u l a t e d using d e c l i n e rates based 
on an a l y s i s o f i n d i v i d u a l t r a c t p r o d u c t i o n , applied t o 
appropriate i n i t i a l production r a t e s f o r 01/01/89, and 
ext r a p o l a t e d t o an economic l i m i t of 2 BOEG/day per w e l l 
(Appendix B). Ul t i m a t e primary o i l recovery i s the 
summation o f cumulative and remaining o i l reserves. 

BCC/pf 07249/09 
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PROPOSED ARROWHEAD GRAYBURG UNIT 
CHARGES FOR THE TECHNICAL COMMITTEE 

MAY 5, 19 8 8 

1) Determine the h o r i z o n t a l and v e r t i c a l boundaries f o r 
the proposed U n i t , and prepare a base-map i n d i c a t i n g 
the boundaries and Tract numbers w i t h i n the U n i t . 

2) Develop a plan of secondary recovery f o r the U n i t , 
i n c l u d i n g a cost estimate, and a p r e d i c t i o n of 
secondary recovery production rates and reserves. 

3) Prepare a t a b u l a t i o n o f e q u i t y parameters t o be used 
f o r Tract p a r t i c i p a t i o n n e g o t i a t i o n s . The parameters 
should include: 

a) Cumulative O i l Production 
b) Remaining Primary O i l & Gas Reserves 
c) Ultimate Primary O i l Reserves 
d) Current O i l & Gas Production Rates 
e) Gross Acreage 
f ) Useable Wellbores 

Fig. 1 
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A C R E A G E P E R C E N T A G E 

A R R O W H E A D G R A Y B U R G m m \ FEDERAL LANDS 8 6 4 . 3 O 9.3e% 
U N I T A R E A I I STATE LANDS 3.887.93 80.78* 

LEA COUNTY. NEW MEXICO W 7 7 7 \ PATENTED LANDS 1.770.33 29.89% 

TOTAL 6.922.28 100.00% 
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Proposed Arrowhead Grayburg Unit 
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Study Area 
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Proposed Arrowhead Grayburg Unit 
Study Area 
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proposed Arrowhead Grayburg Unit 
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Proposed Arrowhead Grayburg Unit 
Unit Area 

CUMULATIVE WATER (MBW) 
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Proposed Arrowhead Grayburg Unit 
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Proposed Arrowhead Grayburg unit 
Unit Area 

CURRENT OIL PRODUCTION (BOPD) 
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Proposed Arrowhead Grayburg unit 
Unit Area 

CURRENT WATER PRODUCTION (BWPD) 
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proposed Arrowhead Grayburg Unit 
Unit Area 

CURRENT GAS PRODUCTION (MCFPD) 
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Proposed Arrowhead Grayburg Unit 
Unit Area 
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Proposed Arrowhead Grayburg Unit 
Unit Area 

Current Producing GOR (MCF/STBO) 
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TABLE 1 

PROPOSED ARROWHEAD GRAYBURG UNIT 
PERTINENT RESERVOIR DATA 

Pool Discovery Well: 

Discovery Date: 

Producing Formation: 

L i t h o l o g y : 

Average P o r o s i t y : 

Average Net Thickness: 

Swi: 

I n i t i a l Reservoir Pressure (250 S.S.) 

Reservoir Temperature: 

O i l G r a v i t y (API): 

Cumulative O i l Recovery (12-31-88): 

Predicted Ultimate Primary Recovery: 

OOIP: 

Cont i n e n t a l State J-2 No. 1 

5-24-38 

Grayburg 

Dolomite 

8% 

85 f t 

25% 

1460 p s i 

90° F 

34° 

3 0.8 MMSTBO 

36.1 MMSTBO 

175.4 MMSTBO 
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TABLE 3 
PROPOSED ARROWHEAD GRAYBURG UNIT 

TOTAL CAPITAL INVESTMENT REQUIREMENTS 

INTANGIBLES TANGIBLES TOTAL 

D&C New Producers $ 3,740,000 $ 3,740,000 $ 7,480,000 

D&C New I n j e c t o r s 1,760,000 1,440,000 3,200,000 

D&C Water Supply Wells 340,000 430,000 770,000 

Producing Well Workovers 2,098,000 1,445,000 3,543,000 

I n j e c t i o n Well Workovers 2,272,000 1,041,000 3,313,000 

Testing and Coring 500,000 0 500,000 

Surface F a c i l i t i e s 0 8,950,000 8,950,000 

Construction and D r i l l i n g 450,000 0 450,000 
Overhead 

$11,160,000 $17,046,000 $28,206,000 



TABLE 4 
PROPOSED ARROWHEAD GRAYBURG UNIT 
SURFACE FACILITIES COST ESTIMATE 

S a t e l l i t e B a t t e r i e s $1,000,000 

Central Bat~ery and Water 2,420,000 
I n j e c t i o n Plant 

Production Gathering System 1,600,000 

Water I n j e c t i o n System 1,580,000 

E l e c t r i c a l D i s t r i b u t i o n System 800,000 

Road Construction 350,000 

Damages 300,000 

Miscellaneous 900,000 

Water Supply 
Dismantling & Restoration 
C o n t r o l & Data System 
Surveying 
Engineering and Ins p e c t i o n 

$8,950,000 



TABLE 5 
PROPOSED ARROWHEAD GRAYBURG UNIT 

DRILLING AND COMPLETION COST ESTIMATE 
PRODUCING WELL 

Contract D r i l l i n g - Day Rate 
D r l g Rig 1 day @ $4,000 
Compl Rig 4 days @ $1,500 

Contract D r i l l i n g - Footage Rate 
4000 f e e t @ $10.00 

D r i l l i n g Supervision 
8 days @ $500 

D r i l l i n g F l u i d s 

Well Supplies & Non-Salvageable 
M a t e r i a l s 

T r a n s p o r t a t i o n Costs 

D r i l l Pipe, B i t s and Tools 

Subsurface Contract Rentals 
and Services 

Formation Treatment 

Other Subsurface Costs 

Logging 

Casing & Tubing 
1350 f t 8-5/8" @ $12.00 
4000 f t 5h" @ $8.00 
4000 f t 2-7/8" IPC § $4.25 

Wellhead, Rods, TAC 

Cement Services 

S i t e Preparation 

Pumping U n i t , Motor, Controls 

T o t a l 

I n t a n g i b l e Tangible T o t a l 

$ 10,000 $ 0 $ 10,000 

40,000 0 40,000 

4,000 0 4,000 

2,000 0 2,000 

2,000 0 2,000 

2,000 0 2,000 

1,000 0 1,000 

15,000 0 15,000 

4,000 0 4,000 

4,000 0 4,000 

8,000 0 8,000 

0 65,000 65,000 

0 15,000 15,000 

12,000 0 12,000 

6,000 0 6,000 

0 30,000 30,000 

$110,000 $110,000 $220,000 



TABLE 6 
PROPOSED ARROWHEAD GRAYBURG UNIT 

DRILLING AND COMPLETION COST ESTIMATE 
INJECTION WELL 

Contract D r i l l i n g - Day Rate 
D r l g Rig 1 day @ $4,000 
Compl Rig 4 days @ $1,5 00 

Contract D r i l l i n g - Footage Rate 
4000 f e e t @ $10.00 

D r i l l i n g Supervision 
8 days @ $500 

D r i l l i n g F l u i d s 

Well Supplies & Non-Salvageable 
M a t e r i a l s 

T r a n s p o r t a t i o n Costs 

D r i l l Pipe, B i t s and Tools 

Subsurface Contract Rentals 
and Services 

Formation Treatment 

Other Subsurface Costs 

Logging 

Casing & Tubing 
1350 f t 8-5/8" § $12.00 
4000 f t 5h" @ $8.00 
4000 f t 2-3/8" IPC @ $6.00 

Wellhead, Packer 

Cement Services 

S i t e Preparation 

Misc. Surface Equipment 

T o t a l 

I n t a n g i b l e Tangible T o t a l 

$ 10,000 $ 0 $ 10,000 

40,000 0 40,000 

4,000 0 4,000 

2,000 0 2,000 

2,000 0 2,000 

2,000 0 2,000 

1,000 0 1,000 

15,000 0 15,000 

4,000 0 4,000 

4,000 0 4,000 

8,000 0 8,000 

0 72,000 72,000 

0 15,000 15,000 

12,000 0 12,000 

6,000 0 6,000 

0 3,000 3,000 

$100,000 $ 90,000 $200,000 



TABLE 7 
PROPOSED ARROWHEAD GRAYBURG UNIT 

DRILLING AND COMPLETION COST ESTIMATE 
WATER SUPPLY WELL 

Contract D r i l l i n g - Day Rate 
D r l g Rig 2 days @ $4,000 
Compl Rig 4 days @ $1,500 

Contract D r i l l i n g - Footage Rate 
5000 f e e t @ $13.00 

D r i l l i n g Supervision 
16 days @ $500 

D r i l l i n g F l u i d s 

Well Supplies & Non-Salvageable 
M a t e r i a l s 

T r a n s p o r t a t i o n Costs 

D r i l l Pipe, B i t s and Tools 

Subsurface Contract Rentals 
and Services 

Formation Treatment 

Other Subsurface Costs 

Logging 

Casing & Tubing 
1350 f t 11-3/4" @ $15.00 
4000 f t 8-5/8" @ $12.00 
4000 f t 5*5 IPC @ $10.00 

Wellhead 

Cement Services 

S i t e Preparation 

Pumping U n i t , Motor, Controls, 
Submersible Pump 

To t a l 

I n t a n g i b l e Tangible T o t a l 

$ 14,000 $ 0 $ 14,000 

65,000 0 65,000 

8,000 0 8,000 

5,000 0 5,000 

2,000 0 2,000 

5,000 0 5,000 

3,000 0 3,000 

15,000 0 15,000 

4,000 0 4,000 

4,000 0 4,000 

12,000 0 12,000 

0 110,000 110,000 

0 20,000 20,000 

25,000 0 25,000 

8,000 0 8,000 

0 85,000 85,000 

$170,000 $215,000 $385,000 



TABLE 8 

PROPOSED ARROWHEAD GRAYBURG UNIT 

WORKOVER COST ESTIMATE 

In t a n g i b l e s Tangibles T o t a l 

Basic Workover 

Cased - hole 

Open - hole 

A d d i t i o n a l Procedures 

Deepening 

Liner-

Add Perfs 

Cement Squeeze 

Wl Conversion 

Upgrade Pumping Equipment 

$25,000 

35,000 

$12,000 

27,000 

8,000 

23,000 

0 

0 

0 

0 

$ 0 

3,000 

0 

0 

27,000 

35,000 

$25,000 

35,000 

$12,000 

30,000 

8 ,000 

23,000 

27,000 

35,000 
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TABLE 12 
PROPOSED ARROWHEAD GRAYBURG UNIT 
PRODUCTION AND EXPENSE SCHEDULE 

REMAINING PRIMARY CASE 

OPERATING ABANDONMENT 
OIL PRODUCTION GAS PRODUCTION COSTS COSTS 

YEAR (BOPY) (MCFPY) ($/YEAR) ($/YEAR) 

1 341, 494 1,053, 850 $728,175 $ 0 
2 320, 219 988, 196 728,175 0 
3 300, 269 926, 631 728,175 0 
4 281, 563 868, 902 728,175 0 
5 264, 021 814, 769 728,175 0 
6 247, 573 764, 009 728,175 0 
7 232, 149 716, 411 728,175 0 
8 217, 686 671, 779 728,175 0 
9 204, 124 629, 927 728,175 0 

10 191, 407 590, 683 728,175 0 
11 179, 483 553, 883 728,175 0 
12 168, 301 519, 376 728,175 0 
13 157, 816 487, 019 728,175 0 
14 147, 984 456, 678 728,175 0 
15 138, 764 428, 227 728,175 0 
16 130, 119 401, 548 728,175 0 
17 122, 013 376, 532 728,175 0 
18 114, 411 353, 074 728,175 0 
19 107, 284 331, 077 728,175 0 
20 100, 600 310, 451 728,175 0 
21 94, 333 291, 110 728,175 0 
22 88, 456 272, 974 728,175 0 
23 82, 945 255, 968 728,175 0 
24 77, 777 240, 021 728,175 0 
25 72, 932 225, 068 728,175 0 
26 68, 388 211, 046 728,175 0 
27 64, 128 197, 898 728,175 0 
28 60, 132 185, 569 728,175 0 
29 56, 386 174, 008 728,175 0 
30 52, 873 163, 167 728,175 570,000 

4,685, 630 14,459, 851 $21,845,250 $570,000 



TABLE 13 
PROPOSED ARROWHEAD GRAYBURG UNIT 
PRODUCTION AND EXPENSE SCHEDULE 

WATERFLOOD CASE 

OIL GAS OPERATING ABANDONMENT 
INVESTMENTS PRODUCTION PRODUCTION COSTS COSTS 

YEAR ($) BOPY (MCFPY) $/YEAR $/YEAR 

1 $24,307,000 341, 494 1,051, 802 $1 ,564, 900 $ o 
2 3,059,000 320, 219 912, 624 1 ,942, 530 0 
3 280,000 300, 269 600, 538 2 ,079, 400 0 
4 280,000 281, 563 366, 032 2 ,216, 280 0 
5 280,000 391, 645 176, 240 2 ,284, 718 0 
6 0 777 , 815 350 , 017 2 ,284, 718 0 
7 0 1,545, 045 695, 270 2 ,284, 718 0 
8 0 2,135, 250 960 , 863 2 ,284, 718 0 
9 0 2,135, 250 960, 863 2 ,284, 718 0 

10 0 1,953, 845 879, 230 2 ,284, 718 0 
11 0 1,630, 484 733, 718 2 ,284, 718 0 
12 0 1,360, 639 612, 288 2 ,284 , 718 0 
13 0 1,135, 453 510, 954 2 ,284, 718 0 
14 0 947, 535 426, 391 2, 284, 718 0 
15 0 790, 718 355, 823 2 ,284, 718 0 
16 0 659, 854 296, 934 2 ,284 , 718 0 
17 0 550, 649 247, 792 2 ,284, 718 0 
18 0 459, 516 206, 782 2 ,284, 718 0 
19 0 383, 466 172, 560 2, 284, 718 0 
20 0 320, 003 144, 001 2 ,284, 718 0 
21 0 267, 042 120, 169 2 ,284, 718 0 
22 0 222, 847 100, 281 2 ,284, 718 0 
23 0 185, 966 83, 685 2 ,284, 718 0 
24 0 155, 188 69, 835 2, ,284, 718 0 
25 0 129, 505 58, 277 1, 828, 000 0 
26 0 108, 072 48, 632 1, 523, 000 0 
27 0 90, 186 40, 584 1, 218, 500 0 
28 0 75, 260 33, 867 1, 218, 500 430,000 
29 0 62, 804 28, 262 1, 218, 500 430,000 
30 0 52, 410 23, 585 1, 218 , 500 430,000 

$28,206,000 19,769, 992 11,267, 899 $61,722, 470 $1,290,000 
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PROPOSED ARROWHEAD GRAYBURG UNIT 
REMAINING RESERVES 

I.P. E.L. REMAINING REMAINING 
BOPM OR BOPM OR DECLINE OIL GOR GAS 

TRACT MCFPM MCFPM FACTOR RESERVES (MCF/BO) RESERVES 

1 0 0 0. 0000 0 0 0 
2 4160 227 0. 0630 749,143 3. 223 2 ,414,487 
3 647 52 0. 1258 56,757 1. 643 93,251 
4 0 0 0. 0000 0 0 0 
5 112 30 0. 1674 5,878 10. 160 59,722 
6 987 433 0. 0806 3,190 25. 853 82,481 
7 160 56 0. 0519 24,046 11. 566 278,119 

Upper 62 43 0. 1094 2,084 4. 013 8,363 
Lower 6461 575 0. 1362 2,291 226. 398 518,590 

8B 929 55 0. 0589 178,065 0. 999 177,886 
9 1117 51 0. 1061 120,566 1. 673 201,706 

10 0 0 0. 0000 0 0 0 
11 302 52 0. 1392 21,552 1. 497 32,263 
12 614 94 0. 0483 129,193 2. 732 352,954 
13 300 36 0. 0596 53,154 6. 665 354,274 
14 306 52 0. 1118 27,263 1. 561 42,557 
15 9669 368 0. 0690 1,617,565 3. 030 4 ,901,223 
16 2147 269 0. 1217 185,177 7. 853 1 ,454,192 
17 7496 329 0. 0657 1,309,041 2, 763 3 ,616,881 
18 0 0 0. 0000 0 0 0 
19 0 0 0. 0000 0 0 0 
20 0 0 0. 0000 0 0 0 
21 2228 912 0. 0730 6, 820 31. 721 216,329 
22 4036 630 0. 0590 692,746 1. 421 984,392 
23 0 0 0. 0000 0 0 0 
24 0 0 0. 0000 0 0 0 
25 0 0 0. 0000 0 0 0 
26 134 34 0. 0264 45,455 7. 752 352,364 

TOTAL 5,229,984 16,142,035 

* Denotes reserves based on gas de c l i n e . 
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Tract No. 1 

Operator: Chevron U.S.A. 

Lease: 

De s c r i p t i o n : 

Acreage: 

Wl Owners: 

Ruby Crosby 

NE4 NW4 & NW4 NE4 
Sec. 18, T-22-S, R-37-E, 
Lea County, NM 

80 acres 

3435 1 t o 4000' Chevron U.S.A.* 
James A. Davidson 
Ruth Sutton 
Larry Nermyr 
James E. & Laveta 
Jack Fl e t c h e r 
Dasco Energy 
Para Mia 
Jack Mussett 
Burton Veteto 
Louise C. Summers 

T. Burr 

35.546875% 
12.500000% 
0.390625% 
0.781250% 
0.390625% 
0.390625% 

14.166670% 
12.717370% 
7.500000% 
1.449300% 

14.166700% 
100.000040% 

4000 ,-6800'+ Para Mia 27.934800% 
Burton Veteto 2.898600% 
Jack Mussett 7.500000% 
Dasco Energy 30.833300% 
Louise C. Summers 30.833300% 

100.000000% 

Cumulative O i l Production (12-31-87) 465,366 BO 
O i l Production 1988 0 BO 
Cumulative O i l Production (12-31-88) 465,366 BO 

Comments: *Ownership l i m i t e d t o the proposed u n i t i z e d i n t e r v a l 
only. 



Tract No. 2 

Operator: Conoco I n c . 

Lease: Lockhart B 1 Federal 

D e s c r i p t i o n : S2 N2 & SE4, 
Sec. 1, T-22-S, R-36-E, 
Lea County, NM 

Acreage: 

Wl Owners: 

320 acres 

Conoco Inc. 
Chevron U.S.A. 
Amoco Production Co. 
ARCO O i l & Gas 

25% 
25% 
25% 
25% 

100% 

Cumulative O i l Production 
O i l Production 1988 
Cumulative O i l Production 

(12-31-87) 1,718,511 BO 
40,571 BO 

(12-31-88) 1,759,082 BO 



Tract No. 3 

Operator: Marathon O i l Company 

Lease: C. J. Saunders 

D e s c r i p t i o n : N2 NW4 
Sec. 1, T-22-S, R-36-E, 
Lea County, NM 

Acreage: 80.24 acres 

Wl Owners: Marathon O i l Company 100% 

Cumulative O i l Production (12-31-87) 528,238 BO 
O i l Production 1988 8,186 BO 
Cumulative O i l Production 536,424 BO 



Tract No. 4 

Operator: Chevron U.S.A. 

Lease: E l l i o t t B 6 

De s c r i p t i o n : W2 SW4 
Sec. 6, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 74.06 acres 

Wl Owners: Surface t o 3650' 
Chevron U.S.A.* 44.43359375% 
James A. Davidson 15.62500000% 
Ruth Sutton 0.48828125% 
Larry Nermyr 0.97656250% 
James E. & Laveta T. Burr 0.48828125% 
Jack F l e t c h e r 0.48828125% 
Pr e s i d i o O i l Co. 25.00000000% 
Trust U/D Donaldson Brown 12.50000000% 

100.00000000% 

3650' t o 4000' Chevron U.S.A. 44.43359375% 
James A. Davidson 15.62500000% 
Ruth Sutton 0.48828125% 
Larry Nermyr 0.97656250% 
James E. & Laveta T. Burr 0.48828125% 
Jack F l e t c h e r 0.48828125% 
Para Mia 12.50000000% 
Dasco Energy 12.50000000% 
Louise C. Summers 12.50000000% 

100.00000000% 

4000' t o 6900' Para Mia 27.934800% 
Burton Veteto 2.898600% 
Jack Mussett 7.500000% 
Dasco Energy 30.833300% 
Louise C. Summers 30.833300% 

100.000000% 

Cumulative O i l Production (12-31-87) 86,986 BO 
O i l Production 1988 0 BO 
Cumulative O i l Production (12-31-88) 8 6,9 86 BO 

Comments: *Ownership l i m i t e d t o the proposed u n i t i z e d i n t e r v a l 
only. 



Tract No. 5 

Operator: Hal J. Rasmussen Operating, I nc. 

Lease: State A AC 2 

De s c r i p t i o n : NE4 & NE4 NW4 & NE4 SE4 
Sec. 11, T-22-S, R-36-E, 
Lea County, NM 

Acreage: 240 acres 

Wl Owners: Hal J. Rasmussen 12.5% 
The Williams Partnership 87.5% 

100.0% 

Cumulative O i l Production (12-31-87) 1,255,146 BO 
O i l Production 1988 1,653 BO 
Cumulative O i l Production (12-31-88) 1,256,799 BO 



Tract No. 6 

Operator: Chevron U.S.A. 

Lease: Graham State (NCT-J) 

D e s c r i p t i o n : NW4 NE4 
Sec. 25, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 40 acres 

Wl Owners: Chevron U.S.A. 100% 

Cumulative O i l Production (12-31-87) 34,585 BO 
O i l Production 1988 517 BO 
Cumulative O i l Production (12-31-88) 35,102 BO 

Comments: Production c l a s s i f i e d as Penrose S k e l l y Grayburg. 



Tract No. 7 

Operator: Marathon O i l Company 

Lease: McDonald State 

D e s c r i p t i o n : E2 & E2 NW4 & NW4 NW4 & NE4 SW4 
Sec. 13, & NE4 NE4 
Sec. 24, T-22-S, R-36-E, 
Lea County, NM 

Acreage: 520 acres 

Wl Owners: Marathon O i l Co. 100% 

Cumulative O i l Production 
O i l Production 1988 
Cumulative O i l Production 

(12-31-87) 1,978,513 BO 
2,190 BO 

(12-31-88) 1,980,703 BO 



Tract No. 8a (Upper) 

Operator: American E x p l o r a t i o n Co. 

Lease: New Mexico M State 

D e s c r i p t i o n : SE4 
Sec. 18, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 160 acres 

Wl Owners: Surface t o the Top of the San Andres 

American E x p l o r a t i o n 10 

Cumulative O i l Production (12-31-87) 606,576 BO 
O i l Production 1988 717 BO 
Cumulative O i l Production (12-31-88) 607,293 BO 

Comments: 'M' State No. 8 c l a s s i f i e d as Langlie M a t t i x . 



Tract No. 8a (Lower) 

Operator: Zia Energy 

Lease: New Mexico M State 

D e s c r i p t i o n : SE4 
Sec. 18, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 160 acres 

Wl Owners: Below the Top of the San Andres 

Zia Energy 100% 

Cumulative O i l Production (12-31-87) 0 BO 
O i l Production 1988 83 BO 
Cumulative O i l Production (12-31-88) 83 BO 

Comments: 'M' State No. 49 c l a s s i f i e d as Eunice, San Andres, Southwest 



Tract No. 8b 

Operator: American E x p l o r a t i o n Co. 

Lease: New Mexico M State 

D e s c r i p t i o n : N2 N2 
Sec. 19, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 156.99 acres 

Wl Owners: Surface t o the Top o f the San Andres 

American E x p l o r a t i o n 100% 

Below the Top o f the San Andres 

Exxon 100% 

Cumulative O i l Production (12-31-87) 494,726 BO 
O i l Production 1988 7,811 BO 
Cumulative O i l Production (12-31-88) 502,537 BO 

Comments: Production c l a s s i f i e d as Arrowhead Grayburg and 
Langlie M a t t i x . 



Tract No. 9 

Operator: Amerada Hess Corp. 

Lease: State PA 

D e s c r i p t i o n : E2 SW4 
Sec. 18, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 80 acres 

Wl Owners: Amerada Hess Corp. 100% 

Cumulative O i l Production (12-31-87) 450,799 BO 
O i l Production 1988 12,105 BO 
Cumulative O i l Production (12-31-88) 462,904 BO 



Tract No. 10 

Operator: Exxon 

Lease: New Mexico G State 

D e s c r i p t i o n : SE4 SE4 
Sec. 26, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 40 acres 

Wl Owners: Exxon 100% 

Cumulative O i l Production (12-31-87) 49,446 BO 
O i l Production 1988 0 BO 
Cumulative O i l Production (12-31-88) 49,446 BO 



Tract No. 11 

Operator: ARCO O i l & Gas 

Lease: State D DE 

Des c r i p t i o n : W2 SE4 
Sec. 36, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 80 acres 

Below 4000' 

ARCO O i l & Gas 100. 000% 

McBride O i l & Gas 24. 000% 
Hanson-McBride Pet. Co. 10. 000% 
Abby Corporation 25. 000% 
Barbara H a n n i f i n 16. 000% 
ENRON 21. 875% 
Westway Petroleum 3. 125% 

100. 000% 

Cumulative O i l Production 
O i l Production 1988 
Cumulative O i l Production 

(12-31-87) 222,586 BO 
1,728 BO 

(12-31-88) 224,314 BO 



Tract No. 12 

Operator: OXY U.S.A. 

Lease: State M 

De s c r i p t i o n : W2 SW4 
Sec. 36, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 80 acres 

Wl Owners: OXY U.S.A. 100% 

Cumulative O i l Production 
O i l Production 1988 
Cumulative O i l Production 

(12-31-87) 1,018,763 BO 
9,924 BO 

(12-31-88) 1,028,687 BO 



Tract No. 13 

Operator: OXY U.S.A. 

Lease: State N 

De s c r i p t i o n : SW4 
Sec. 2, T-22-S, R-36-E, 
Lea County, NM 

Acreage: 160 acres 

Wl Owners: OXY U.S.A. 100% 

Cumulative O i l Production 
O i l Production 19 88 
Cumulative O i l Production 

(12-31-87) 870,010 BO 
3,114 BO 

(12-31-88) 873,124 BO 



Tract No. 14 

Operator: ARCO O i l & Gas 

Lease: State 157 D 

De s c r i p t i o n : S2 
Sec. 12, T-22-S, R-36-E, 
Lea County, NM 

Acreage: 320 acres 

Wl Owners: ARCO O i l & Gas 100% 

Cumulative O i l Production 
O i l Production 1988 
Cumulative O i l Production 

(12-31-87) 1,354,846 BO 
4,001 BO 

(12-31-88) 1,358,847 BO 



Tract No. 15 

Operator: Conoco Inc. 

Lease: State J 2 

D e s c r i p t i o n : N2 & SE4 
Sec. 2, T-22-S, R-36-E, 
Lea County, NM 

Acreage: 480.64 acres 

Wl Owners: Conoco Inc. 100% 

Cumulative O i l Production (12-31-87) 
O i l Production 1988 
Cumulative O i l Production (12-31-88) 

4,759,163 BO 
94,014 BO 

4,853,177 BO 



Tract No. 16 

Operator: Chevron U.S.A. 

Lease: W. A. Ramsay (NCT-A & B) 

Des c r i p t i o n : NW4 & NE4 NE4 & S2 NE4, Sec. 25, 
& E2 & SE4 NW4 & NE4 SW4 & S2 SW4 
Sec. 35, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 760 acres 

Wl Owners: Chevron U.S.A. 100% 

Cumulative O i l Production 
O i l Production 1988 
Cumulative O i l Production 

(12-31-87) 3,871,847 BO 
28,908 BO 

(12-31-88) 3,900,755 BO 



Tract No. 17 

Operator: Chevron U.S.A. 

Lease: Harry Leonard (NCT-C) 

De s c r i p t i o n : N2 & E2 SW4 
Sec. 36, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 400 acres 

Wl Owners: Chevron U.S.A. 100% 

Cumulative O i l Production (12-31-87) 2,797,952 BO 
O i l Production 1988 99,620 BO 
Cumulative O i l Production (12-31-88) 2,897,572 BO 



Tract No. 18 

Operator: Chevron U.S.A. 

Lease: State 36 

De s c r i p t i o n : E2 & SE4, 
Sec. 36, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 80 acres 

Wl Owners: Chevron U.S.A. 100.00% 

Cumulative O i l Production (12-31-87) 0 BO 
O i l Production 1988 0 BO 
Cumulative O i l Production (12-31-88) 0 BO 



Tract No. 19 

Operator: ARCO O i l & Gas 

Lease: J. M. Brownlee 

D e s c r i p t i o n : SW4 
Sec. 25, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 160 acres 

Wl Owners: ARCO O i l & Gas 100% 

Cumulative O i l Production 
O i l Production 1988 
Cumulative O i l Production 

(12-31-87) 489,027 BO 
0 BO 

(12-31-88) 489,027 BO 



Tract No. 20 

Operator: Chevron U.S.A. 

Lease: Kingwood 

D e s c r i p t i o n : W2 SE4, 
Sec. 25, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 8 0 acres 

Wl Owners: Chevron U.S.A. 100.00% 

Cumulative O i l Production (12-31-87) 0 BO 
O i l Production 1988 Q BO 
Cumulative O i l Production (12-31-88) 0 BO 



Tract No. 21 

Operator: Chevron U.S.A. 

Lease: Sandy 

D e s c r i p t i o n : E2 SE4, 
Sec. 25, T-21-S, R-36-E, 
Lea County, NM 

Acreage: 80 acres 

Wl Owners: Top of the Grayburg t o 3 900' 
Chevron U.S.A. 93.75% 
John Bryant 6.25% 

100.00% 

3900'-3950' J. H. Moore 100.00% 

3950'-6250' Chevron U.S.A. 100.00% 

Cumulative O i l Production (12-31-87) 38,777 BO 
O i l Production 1988 929 BO 
Cumulative O i l Production (12-31-88) 39,706 BO 

Comments: Production c l a s s i f i e d as Penrose S k e l l y Grayburg 



Tract No. 22 

Operator: Chevron U.S.A. 

Lease: H. T. Mattern (NCT-D, E, & F) 

De s c r i p t i o n : N2 NE4 & SW4 Sec. 1, 
& N2 Sec. 12, T-22-S, R-36-E, 
& W2 NW4 & E2 SW4 Sec. 6, 
& NW4 Sec. 7, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 868.39 acres 

Wl Owners: Chevron U.S.A. 100% 

Cumulative O i l Production (12-31-87) 4,729,801 BO 
O i l Production 1988 43,216 BO 
Cumulative O i l Production (12-31-88) 4,773,017 BO 



Tract No. 23 

Operator: Chevron U.S.A. 

Lease: Mattern 

D e s c r i p t i o n : NW4 SW4 
Sec. 7, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 36.98 acres 

Wl Owners: P r e s i d i o O i l Co. 33.330000% 
Trust U/D Donaldson Brown 16.670000% 
Chevron U.S.A.* 35.546875% 
James A. Davidson 12.500000% 
James E. Burr 0.390625% 
Larry E. Nermyr 0.781250% 
Jack F l e t c h e r 0.390625% 
Ruth Sutton 0.390625% 

100 .000000% 

Cumulative O i l Production (12-31-87) 167,424 BO 
O i l Production 1988 0 BO 
Cumulative O i l Production (12-31-88) 167,424 BO 

Comments: *Ownership l i m i t e d t o the proposed u n i t i z e d i n t e r v a l 
only. 



Tract No. 24 

Operator: Chevron U.S.A. 

Lease: Mattern 

D e s c r i p t i o n : 

Acreage: 

Wl Owners: 

NE4 SW4 & NW4 SE4 
Sec. 7, T-22-S, R-37-E, 
Lea County, NM 

80 acres 

Surface t o 3620' 
Pr e s i d i o O i l Co. 
Trust U/D Donaldson Brown 
Chevron U.S.A.* 
James A. Davidson 
James E. Burr 
Larry Nermyr 
Jack F l e t c h e r 
Ruth Sutton 

33.330000% 
16.670000% 
35.546875% 
12.500000% 
0.390625% 
0.781250% 
0.390625% 
0.390625% 

100.000000% 

3620'-4000' Chevron U.S.A. 
James A. Davidson 
James E. Burr 
Larry Nermyr 
Jack F l e t c h e r 
Ruth Sutton 
Para Mia 
Dasco Energy 
Louise C. Summers 
Burton Veteto 
Jack Mussett 

35.5468750% 
12.5000000% 
0.3906250% 
0.7812500% 
0.3906250% 
0.3906250% 

13.0434780% 
14.4927535% 
14.4927535% 
1.4492750% 
6.5217390% 

99.9999990% 

4000' t o 6500'+ Para Mia 
Dasco Energy 
Louise C. Summers 
Burton Veteto 
Jack Mussett 

26.0869560% 
28.9855070% 
28.9855070% 
2.8985500% 

13.0434780% 
99.9999980% 

Cumulative O i l Production (12-31-87) 183,025 BO 
O i l Production 1988 0 BO 
Cumulative O i l Production (12-31-88) 183,025 BO 

Comments: *Ownership l i m i t e d t o the proposed u n i t i z e d i n t e r v a l 
only. 



Tract No. 25 

Operator: P r e s i d i o O i l Co. 

Lease: Mattern 

D e s c r i p t i o n : S2 S2 
Sec. 7, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 

Wl Owners 

157.00 acres 

Surface to 3610'* 
Mary Walsh 
Pr e s i d i o O i l Co. 
Trust U/D Donaldson Brown 

66.67000000% 
22.22000000% 
11.11000000% 

100.00000000% 

3610'-4000' 

4000' t o 6800'+ 

Mary Walsh 
Para Mia 
Dasco Energy 
Louise C. Summers 
Burton Veteto 
Jack Mussett 

Para Mia 
Dasco Energy 
Louise C. Summers 
Burton Veteto 
Jack Mussett 

66.67000000% 
8.82265741% 
9.80266437% 
9.80266437% 
0.98026643% 
3.92078895% 

99.99904153% 

26.47061930% 
29.41093420% 
29.41093420% 
2.94109340% 

11.76354320% 
99 .99712430% 

Cumulative O i l Production (12-31-87) 603,349 BO 
O i l Production 1988 0 BO 
Cumulative O i l Production (12-31-88) 603,349 BO 

Comments: *Ownership changes at 36 30' i n SE SE, 
3620' i n SW SE, 
3635' i n SE SW, 
3610' i n SW SW. 



Tract No. 26 

Operator: Chevron U.S.A. 

Lease: A. L. Christmas (NCT-C) 

D e s c r i p t i o n : W2 W2 & SE4 NW4 & SW4 NE4 & E2 NE4 
Sec. 18, T-22-S, R-37-E, 
Lea County, NM 

Acreage: 307.96 acres 

Wl Owners: Chevron U.S.A. 100% 

Cumulative O i l Production (12-31-87) 1,702,534 BO 
O i l Production 1988 1,404 BO 
Cumulative O i l Production (12-31-88) 1,703,938 BO 

Comments: Production c l a s s i f i e d as Arrowhead and Eumont f o r 
Well No. 1. 

BCC/pf 4704/06278/03 



FIRST TECHNICAL COMMITTEE MEETING 
PROPOSED ARROWHEAD GRAYBURG UNIT 

AUGUST 4, 1988 

A Technical Committee meeting f o r the proposed Arrowhead 
Grayburg U n i t was h e l d a t 9:30 a.m. on August 4, 1988, a t 
Chevron's D i v i s i o n o f f i c e i n Hobbs, New Mexico. F i f t e e n 
attendees, r e p r e s e n t i n g 11 companies and 90.8% of the 
cumulative o i l produced as of 12-31-87, were present and 
are shown on the attached l i s t . 

Mr. T. A. Etchison, Chevron, welcomed- the attendees and 
b r i e f l y reviewed the agenda f o r the meeting. He then 
reviewed the events o f the Working I n t e r e s t Owners' meeting 
held on May 5, 1988. Mr. Etchison recommended t h a t the 
v o t i n g procedure o f 75% cumulative o i l as o f 12-31-87 f o r 
approval, as adopted by the Working I n t e r e s t Owners, be used 
by the Technical Committee. Mr. Etchison asked i f there was 
any o b j e c t i o n and t h e r e was none. He also emphasized t h a t 
the Technical Committee was a working group and t h a t votes 
by the Technical Committee r e p r e s e n t a t i v e s would not be 
b i n d i n g on the WIO's. 

Mr. Etchison then reviewed the charges f o r the Technical 
Committee as set by the Working I n t e r e s t Owners. He pointed 
out t h a t due t o v a r i a t i o n s i n ownership w i t h depth on 
several t r a c t s , the acreage e q u i t y parameter could be more 
r e a d i l y handled i f i t were t o be changed t o be gross 
a c r e - f t . Mr. Don Jacks, Exxon, asked i f the v a r i a t i o n s i n 
ownership occurred w i t h i n the l i m i t s o f the Grayburg, and 
Mr. Etchison responded yes. Mr. Etchison then asked i f 
there was any o b j e c t i o n t o changing the e q u i t y parameter of 
"Gross Acreage" t o "Gross A c r e - f t " and there was none. 

Mr. Etchison then presented a t e n t a t i v e t i m e t a b l e f o r the 
Technical Committee study ( a t t a c h e d ) . He s t a t e d t h a t a 
completed Technical Committee r e p o r t t o the WIO's could be 
ready as e a r l y as A p r i l o f 1989, but t o do t h i s , a l l 
p a r t i e s ' dedicated e f f o r t s w i l l be needed. He stressed t h a t 
the t i m e t a b l e was t e n t a t i v e , and t h a t the Technical Commit­
tee proceedings may take longer. He also p o i n t e d out t h a t 
i t i s planned t o postpone the c a l c u l a t i o n o f the U n i t e q u i t y 
parameter t a b l e u n t i l the other charges were nea r l y comp­
l e t e . 

Mr. R. A. Smith, Chevron, presented the g e o l o g i c a l 
i n f o r m a t i o n used by Chevron t o s e l e c t the proposed Un i t 
boundaries. He s t a t e d t h a t the proposed v e r t i c a l l i m i t s 
extend from -150' s.s. or the top of the Grayburg formation 
t o -1500' s.s. Mr. Smith s t a t e d t h a t these boundaries 
minimize the number of workovers r e q u i r e d t o i s o l a t e Penrose 
production i n w e l l s t h a t produce from the Queen and Grayburg 
formation. I t was a l s o pointed out t h a t -150' s.s. appeared 



t o be the g a s - o i l contact. He noted t h a t t h i s was the same 
approach used i n the EMSU. Mr. Smith s t a t e d t h a t extending 
the U n i t t o -1500' s.s. would i n c l u d e the greater p a r t o f 
the San Andres formation, t o w i t h i n 100' o f the G l o r i e t t a . 
The purpose f o r i n c l u s i o n of the San Andres was t o ensure 
adequate water supply and t o s i m p l i f y accounting should a 
water supply w e l l produce hydrocarbons. 

Mr. Smith then continued by d e f i n i n g the method used t o 
e s t a b l i s h the a r e a l boundaries. He s t a t e d t h a t the western 
edge was define d s t r u c t u r a l l y by -325' s.s. The eastern 
boundaries were defined by a percent dolomite evaluation of 
the pay i n t e r v a l . Mr. Smith s t a t e d t h a t w e l l s w i t h less 
than 60% dolomite (greater than 40% sand) would have poor 
pay q u a l i t y and probably not be w a t e r f l o o d a b l e . This was 
reenforced by an iso-cumulative o i l production map which 
i n d i c a t e d t h a t cumulative o i l p r o d u c t i o n i s r e l a t e d t o 
percent dolomite. 

Mr. Jay Vashler, Conoco, asked i f the San Andres was being 
included f o r water supply only. Mr. Etchison responded t h a t 
there had been some discrepancies on the c a l l f o r the top o f 
the San Andres, and t h a t the e n t i r e o i l column would be 
evaluated f o r w a t e r f l o o d i n g . The major p a r t of the San 
Andres which i s not o i l productive w i l l be u n i t i z e d s o l e l y 
f o r water supply. Ms. Cindy E l l i s , ARCO, questioned i f 
Chevron planned t o wa t e r f l o o d the Queen formation where i t 
i s included i n the western p o r t i o n o f the U n i t . She ex­
pressed concern about damage t o the Eumont gas i n t e r v a l , 
and s t a t e d t h a t the top of the Grayburg may be a b e t t e r u n i t 
boundary. Bryan Cotner, Chevron, p o i n t e d out t h a t i t would 
be impossible t o a l l o c a t e p r o d u c t i o n t o the Grayburg f o r 
w e l l s t h a t have produced both Queen and Grayburg, supporting 
the proposed boundary a t -150' s.s. which does not r e q u i r e 
an a l l o c a t i o n . He remarked t h a t excluding water i n j e c t i o n 
from the Queen t o p r o t e c t gas reserves above the Unit could 
be handled i n operation of the w a t e r f l o o d . A f t e r b r i e f 
a d d i t i o n a l d i s c u s s i o n , Mr. T. A. Etchison sought approval of 
the boundaries as proposed by Chevron t o be the area subject 
t o the Technical Committee r e p o r t . There was no o b j e c t i o n . 
The U n i t boundaries f o r the Technical Committee r e p o r t are 
shown on the attached p l a t , and have v e r t i c a l l i m i t s o f a 
depth of -150 f t . s.s. or the top of the Grayburg formation, 
whichever i s shallower, t o a depth o f -1500 f t . s.s. 

Mr. Bryan Cotner then reviewed i n f o r m a t i o n packets d i s t r i ­
buted t o attendees. He asked each committee re p r e s e n t a t i v e 
t o review the cumulative o i l and ownership data f o r accur­
acy, and t o contact him i f there was a discrepancy. He also 
s t a t e d t h a t the cumulatives were based on the New Mexico O i l 
& Gas Engineering Committee r e p o r t s . 

Mr. Etchison then requested t h a t the Unit area operators 
complete wellbore data sheets s u p p l i e d . The in f o r m a t i o n i s 
t o be used t o co n s t r u c t wellbore diagrams and t o estimate 
d r i l l i n g and recompletion costs f o r the proposed U n i t . 
Representatives were asked t o complete the forms f o r any 



wells that they operate i n , or w i t h i n a h mile radius 
beyond, the areal boundaries of the Unit. 

Mr. Steve Burke, Chevron, then d i s t r i b u t e d Division Order 
and Payee L i s t data sheets to be completed by the Unit area 
operators. Mr. Burke stated that the ownership sheets would 
be used to v e r i f y and correct information that Chevron has 
already compiled, and to obtain addresses of the ro y a l t y 
owners. 

After several comments and questions concerning the proposed 
u n i t boundaries the meeting was adjourned at 11:00 a.m. 

I f you have any questions, additions or corrections con­
cerning the above minutes, please contact Mssrs. T. A. 
Etchison or B. C. Cotner at (505) 393-4121. 

BCC:bdw 
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SECOND TECHNICAL COMMITTEE MEETING 
PROPOSED ARROWHEAD GRAYBURG UNIT 

October 27, 1988 

A Technical Committee meeting f o r the proposed Arrowhead 
Grayburg U n i t (AGU) was hel d a t 9:30 a.m. on October 27, 
1988. Nineteen attendees r e p r e s e n t i n g 11 companies and 88% 
of the cumulative o i l p r o d u c t i o n as o f 12-31-87 were present 
and are shown on the attached l i s t . 

Mr. T. A. Etchison, Chevron, welcomed the attendees and 
b r i e f l y reviewed the agenda f o r the meeting. He reviewed 
the events o f the F i r s t Working I n t e r e s t Owners' meeting, 
the F i r s t Technical Committee meeting, and the charges f o r 
the Technical Committee. Mr. Etchison then reviewed the 
responses t o the well b o r e and D i v i s i o n Order i n f o r m a t i o n 
requests t h a t have been received by Chevron. He st a t e d t h a t 
the w e l lbore i n f o r m a t i o n t h a t Chevron has received 
represents 75% o f the wellbores w i t h i n the proposed u n i t . 

Mr. Bryan Cotner, Chevron, reviewed the secondary recovery 
p r e d i c t i o n o r i g i n a l l y presented a t the May 5, 1988 Working 
I n t e r e s t Owners' meeting. He r e i t e r a t e d t h a t the p r e d i c t i o n 
was based on the same analogies used by the Eunice Monument 
South U n i t (EMSU) and t h a t the r e s u l t i n g incremental 
secondary recovery f o r the AGU i s estimated t o be 17 MMSTBO. 

Mr. Cotner then discussed the basis of the t e n t a t i v e w e l l 
l o c a t i o n s f o r the proposed u n i t . He st a t e d t h a t the i n i t i a l 
p lan would c a l l f o r an 80-acre 5-spot c o n s i s t i n g o f 74 
producers and 52 i n j e c t o r s . Future adjustments t o the 
p a t t e r n may be made based on experience i n the EMSU or based 
on p o s s i b l e pulse t e s t i n g work i n the AGU. The t e n t a t i v e 
l o c a t i o n s u t i l i z e a l l a c t i v e l y producing w e l l s w i t h i n the 
u n i t , and any "new d r i l l s " w i l l have t o be thought t o have 
s u f f i c i e n t reserves t o j u s t i f y d r i l l i n g . The reserves w i l l 
be based on both primary and secondary p o t e n t i a l . Mr. 
Cotner gave examples of several w e l l s t h a t were plugged-back 
out of the Grayburg w h i l e producing a t rates t h a t would be 
commercial t o produce today. Some of the w e l l s were 
abandoned because they stopped f l o w i n g or because they 
s t a r t e d producing moderate amounts o f water. When asked i f 
the o f f s e t t i n g producers would have produced the remainder 
of the reserves l e f t i n the plugged-back w e l l , Mr. Cotner 
made reference t o the recent Conoco recompletion o f the 
Lockhart 'B' No. 7 which i s producing around 80 BOPD, and 
which i s on the same p r o r a t i o n u n i t as the No. 4 which was 
plugged back i n 1974. 

Mr. Cotner s t a t e d t h a t 69 of the 124 t e n t a t i v e l o c a t i o n s 
w i l l come from e x i s t i n g completions, r e q u i r i n g 55 a d d i t i o n a l 



w e l l s t o come from plugbacks, r e - e n t r i e s , or r e d r i l l s . 
Because o f the s i g n i f i c a n t need f o r a d d i t i o n a l w e l l s , some 
method of wellbore d e d i c a t i o n i n c e n t i v e should be used. He 
estimated t h a t 5 t o 10 a d d i t i o n a l wellbores would be 
c o n t r i b u t e d w i t h an i n c e n t i v e , reducing t o t a l u n i t costs by 
approximately $1.5MM. 

Mr. Russell M i l l e r , Chevron, gave an overview o f the surface 
p r o d u c t i o n and i n j e c t i o n f a c i l i t i e s based on the t e n t a t i v e 
w e l l l o c a t i o n s and p r e l i m i n a r y performance p r e d i c t i o n s . The 
producti o n g a t h e r i n g system w i l l c o n s i s t of f i v e production 
t e s t i n g s a t e l l i t e b a t t e r i e s and one c e n t r a l t r e a t i n g and 
sales b a t t e r y . The pro d u c t i o n g a t h e r i n g system w i l l c o n s i s t 
of 270,000 f e e t of low pressure f i b e r g l a s s p i p e , i n c l u d i n g 
2" and 3" f l o w l i n e s and 6" l i q u i d t r a n s f e r l i n e s . The 
i n j e c t i o n system w i l l c o n s i s t of 15 i n j e c t i o n manifolds, 
106,000 f e e t o f 2" through 4" high pressure f i b e r g l a s s 
p i p e , and 18,000 f e e t o f 6" l i n e d s t e e l t r u n k l i n e . The 
water i n j e c t i o n p l a n t w i l l i n i t i a l l y c o n s i s t o f de-staged 
v e r t i c a l cam pumps, w i t h stages added as pressure r e q u i r e ­
ments d i c t a t e . The e l e c t r i c a l d i s t r i b u t i o n system w i l l 
c o n s i s t o f 25 miles o f new e l e c t r i c a l l i n e s . He also 
estimated t h a t 18 b a t t e r i e s would be dismantled. Mr. M i l l e r 
estimated t o t a l surface f a c i l i t i e s costs a t $8.95MM and t h a t 
c o n s t r u c t i o n could be complete w i t h i n one year o f commence­
ment. The o r i g i n a l cost estimate presented t o the Working 
I n t e r e s t Owners was $9.2MM. 

Mr. Etchison o u t l i n e d recent production t e s t s i n Tract 8a 
loc a t e d i n the SE/4 o f Section 18, T-22-S, R-37-E. Zia 
Energy has completed the State No. 49 'M' i n Grayburg Zone 5 
and lower Grayburg (as defined by Chevron) c l a s s i f i e d as 
Eunice, S.W. San Andres. Zia's ownership begins a t the top 
of Zone 5. The w e l l has produced a t rat e s as high as 3.5 
BOPD + 305 MCFPD + 752 BWPD. I t i s c u r r e n t l y producing 1 
BOPD + 150 MCFPD + 500 BWPD. Mr. Etchison s t a t e d t h a t t h i s 
was being brought t o the a t t e n t i o n of the Technical 
Committee f o r i n f o r m a t i o n a l purposes. A f t e r discussion 
concerning the consequences of d e l e t i n g Zia's acreage from 
the u n i t , Mr. Don B r a t t o n o f Zia Energy sai d t h a t they were 
t e s t i n g the i n t e r v a l t o determine i t s value, and t h e i r 
p a r t i c i p a t i o n i n the u n i t would be dependent on whether or 
not they would have f a i r compensation f o r t h e i r gas value. 
I f n o t , they would seek removal from the u n i t . 

Mr. Etchison then discussed the need and complexity of 
d e f i n i n g useable w e l l b o r e s . He s t a t e d t h a t , g e n e r a l l y , 
w e l l s c u r r e n t l y producing or plugged-back w e l l s t h a t are 
re s t o r e d t o t h e i r p r e v i o u s l y producing environments would be 
considered as useable. He s t a t e d t h a t new or a l t e r n a t e 
w e l l s would have t o be compatible w i t h the needs of the 
u n i t , i n terms of depth and a b i l i t y t o be worked on. The 



t o p i c w i l l be discussed a t the next Technical Committee 
meeting a t which time Chevron w i l l propose a set of 
d e f i n i t i o n s . 

Mr. Etchison then discussed the drawbacks of the use o f 
wellbores as an e q u i t y parameter i n p a r t i c i p a t i o n n e g o t i ­
a t i o n s , and recommended t h a t i t be removed from the e q u i t y 
parameters t o be c a l c u l a t e d . He proposed t h a t a wellbore 
d e d i c a t i o n i n c e n t i v e , such as wellbore p e n a l t i e s , would be 
more app r o p r i a t e than the use of useable wellbores i n the 
p a r t i c i p a t i o n formula. A wellbore value o f between $100M 
and $120M was presented as the probable value t o be used i n 
the i n c e n t i v e method. A f t e r a b r i e f d i s c u s s i o n concerning 
wellbore p e n a l t i e s , Chevron moved t h a t useable wellbores be 
removed from the e q u i t y parameter l i s t , and t h a t the 
Technical Committee recommend a wellbore d e d i c a t i o n incen­
t i v e method. The motion was seconded by Conoco and passed 
w i t h 80.2% v o t i n g f o r , 8.2% v o t i n g a g a i n s t , and 11.6% not 
v o t i n g (absent). Following the vote t h e r e was a d d i t i o n a l 
d i s c u s s i o n concerning wellbore p e n a l t i e s and wellbore 
i n v e n t o r i e s as methods o f i n c e n t i v e . I t was decided t h a t 
various wellbore d e d i c a t i o n i n c e n t i v e scenarios w i l l be 
discussed a t the next meeting. 

Mr. Etchison asked i f there were any other items f o r 
d i s c u s s i o n . Mr. Don B r a t t o n asked i f a c u t - o f f date f o r 
prod u c t i o n t h a t i s t o be used f o r e q u i t y c a l c u l a t i o n s had 
been considered. Mr. Etchison commented t h a t a c u t - o f f date 
has been delayed u n t i l as l a t e i n the Technical Committee 
proceedings as p o s s i b l e as c u r r e n t p r o d u c t i o n and remaining 
reserves w i l l be the l a s t e q u i t y parameters addressed. 

Mr. Etchison then re-capped the accomplishments of the 
meeting and s t a t e d t h a t the next meeting was t e n t a t i v e l y 
scheduled f o r l a t e January or e a r l y February 1989. He said 
items f o r d i s c u s s i o n a t the next meeting would i n c l u d e : 
d e f i n i n g useable wellbores, w e l l b o r e c o n t r i b u t i o n i n ­
c e n t i v e s , estimates of d r i l l i n g and workover costs f o r the 
u n i t , an updated secondary recovery p r e d i c t i o n , and e q u i t y 
parameter c a l c u l a t i o n s . The meeting adjourned a t 11:15 a.m. 

I f you have any questions, a d d i t i o n s or c o r r e c t i o n s 
concerning the minutes, please contact Mr. T. A. Etchison or 
Mr. B. C. Cotner a t (505) 393-4121. 



PROPOSED ARROWHEAD GRAYBURG UNIT 
SECOND TECHNICAL COMMITTEE MEETING 

HOBBS, NEW MEXICO 
October 27, 1988 

LIST OF ATTENDEES 

NAME COMPANY TITLE 

Bryan Cotner 
Ted Etchison 
Randy Smith 
Bob Anthony 
Jay Vashler 
J e r r y Hoover 
Cindy E l l i s 
David Mussett 
Bob Hogan 
Tom Zapatka 
Chris Gros 
Greg C i e l i n s k i 
Gary Greer 
Russel M i l l e r 
Don B r a t t o n 
George Ricks 
Ron Henderson 
Jim Hefley 
Bruce Mailey 

Chevron 
Chevron 
Chevron 
Amerada Hess 
Conoco 
Conoco 
Arco 
J. D. Mussett 
American E x p l o r a t i o n 
Marathon 
Chevron 
Sun 
Amerada Hess 
Chevron 
Zia 
DASCO 
Pre s i d i o O i l Co. 
Amerada Hess Corp. 
Amerada Hess Corp. 

Reservoir Engineer 
Sr. Petr. Engineer 
Geologist 
Operations Engineer 
Engineer 
Sr. Reservoir Engr. 
Sr. Reservoir Engr. 
Geologist 
Engineer 
Engineer 
Sr. D&C Engineer 
Reservoir Enginer 
D i s t r i c t Engineer 
D&C Engineer 
Engineer 

Operations Engineer 
U n i t Manager 
U n i t Engineer 



PROPOSED ARROWHEAD GRAYBURG UNIT 
SECOND TECHNICAL COMMITTEE MEETING 

HOBBS, NEW MEXICO 
October 27, 1988 

Motion made by T. A. Etchison, Chevron, t o d e l e t e "useable 
wellbores" from the e q u i t y parameters, and i n s t e a d , the 
Technical Committee should make a recommendation t o the 
Working I n t e r e s t Owners concerning a wellbore d e d i c a t i o n 
i n c e n t i v e program. Motion seconded by J e r r y Hoover, Conoco. 
Votes were as f o l l o w s : 

Wl OWNER % CUM OIL FOR AGAINST ABSENT 

Amerada Hess 1.48150010 X 
American E x p l o r a t i o n 3.61930490 X 
Amoco Production 1.41192318 X 
Arco O i l & Gas 8.20310777 X 
Trust U/D D Brown 0.09172169 X 
John Bryant 0.00796476 X 
James Burr 0.01186883 X 
Chevron U.S.A. I n c . 44.70374102 X 
Conoco I n c . 17.05237598 X 
DASCO Energy 0.53393472 X 
James Davidson 0.37980264 X 
Jack F l e t c h e r 0.01186898 X 
Doyle Hartman 1.08006370 X 
Marathon O i l Company 8.23815463 X 
Jack Mussett 0.23168061 X 
Larry Nermyr 0.02373766 X 
Oxy U.S.A. 6.20723958 X 
Para Mia I n c . 0.48361360 X 
Pr e s i d i o 0.18338836 X 
R. L. Summers Est. 0.53393516 X 
Sun E & P Company 4.12489586 X 
Ruth Sutton 0.01186940 X 
Burton Veteto 0.05031918 X 
Mary F. Walsh 1.32195842 X 
Zia Energy 0.00000000 X 

TOTAL 99. 99997073% 80.16897618% 8.20310777% 11.6278: 

Motion c a r r i e d . 



T h i r d Technical Committee Meeting 
Proposed Arrowhead Grayburg Unit 

February 24, 1989 

The T h i r d Technical Committee meeting f o r the proposed Arrowhead 
Grayburg U n i t (AGU) was held a t 9:30 a.m., February 24, 1989. 
Fourteen attendees r e p r e s e n t i n g nine companies and 89.9% o f the 
cumulative o i l p r o d u c t i o n as o f 12/31/87 were present and are 
shown on the attached l i s t . 

Mr. T. A. Etchison, Chevron, welcomed attendees and b r i e f l y r e ­
viewed the agenda f o r the meeting. He reviewed the charges f o r 
the Technical Committee, as set by the Working I n t e r e s t Owners, 
and discussed accomplishments t o date. Mr. Etchison then pointed 
out a typ o g r a p h i c a l e r r o r on the i n t e r i m v o t i n g i n t e r e s t t a b u l a ­
t i o n (cumulative o i l 12/31/87) t h a t was attached t o the l e t t e r t o 
Exxon dated Jan. 20, 1989. Copies o f the l e t t e r were mailed t o 
a l l WIO's. The erroneous t a b l e i n d i c a t e s t h a t Enron has 
cumulative o i l of 49,446 BO and 0.16% v o t i n g i n t e r e s t , and t h a t 
Exxon has 0 cumulative and 0% i n t e r e s t . The t a b l e should have 
i n d i c a t e d t h a t Enron has 0 cumulative o i l and percent i n t e r e s t and 
Exxon has 49,446 BO cumulative which equates t o 0.16223508% i n ­
t e r e s t . 

Mr. B. C. Cotner, Chevron, then reviewed the o r i g i n a l secondary 
recovery p r e d i c t i o n presented a t the WIO's meeting i n May 1988. 
He st a t e d t h a t the p r e d i c t i o n was based on the same analogy t h a t 
was used f o r the Eunice Monument South U n i t (EMSU) p r e d i c t i o n , 
which assumes a secondary t o primary r a t i o of 0.5. The o r i g i n a l 
p r e d i c t i o n assumed an incremental secondary recovery o f 17 MMSTBO 
based on an u l t i m a t e primary recovery of 3 4 MMSTBO. Mr. Cotner 
then presented a t e n t a t i v e 80-acre 5-spot w e l l l o c a t i o n map which 
i s based on c u r r e n t l y a c t i v e w e l l s completed i n the u n i t i z e d 
i n t e r v a l , and a l l a d d i t i o n a l l o c a t i o n s t h a t can be j u s t i f i e d t o 
d r i l l based on secondary and a d d i t i o n a l primary recovery 
p o t e n t i a l . He s t a t e d t h a t the secondary recovery p o t e n t i a l f o r 
the a d d i t i o n a l l o c a t i o n s i s estimated based on 50% of the u l t i m a t e 
primary recovery from the "swept" area, assuming no a r e a l sweep 
beyond the confines of the p e r i p h e r a l p a t t e r n s . 

Mr. Cotner s t a t e d t h a t the r e v i s e d secondary recovery p r e d i c t i o n 
based on the "swept" area obtained from the t e n t a t i v e w e l l 
l o c a t i o n s i s 15 MMSTBO. He then presented an updated recovery 
p r e d i c t i o n curve and r e f e r r e d t o the pr e d i c t e d recovery t a b l e i n 
the i n f o r m a t i o n packet. 

Mr. Cotner then presented w e l l cost estimates. He s t a t e d t h a t of 
the 129 t e n t a t i v e w e l l s , 67 would come from e x i s t i n g completions 
and t h a t 62 a d d i t i o n a l w e l l s w i l l be re q u i r e d . The f i r s t case he 
presented assumed t h a t a l l 62 a d d i t i o n a l w e l l s would be "new-
d r i l l s " . I n a d d i t i o n t o the d r i l l and completion costs f o r the 
new w e l l s , there w i l l be workover expenses f o r the e x i s t i n g w e l l s , 
i n c l u d i n g some deepenings, l i n e r s , water i n j e c t i o n conversions, 



and upgrading o f pumping equipment. Mr. Cotner said t h a t 
estimates of workover requirements were based on the wellbore data 
supplied by the operators or obtained from the New Mexico OCD w e l l 
f i l e s . He then presented a probable case estimate t h a t i s based 
on 10 a d d i t i o n a l w e l l s being dedicated t o the u n i t , reducing the 
number o f " n e w - d r i l l s " t o 52. The t o t a l w e l l cost f o r the high 
case i s estimated t o be $20,038 M w i t h a t o t a l p r o j e c t cost of 
$28,988 M. For the probable case the t o t a l w e l l cost i s estimated 
t o be $18,806 M and the t o t a l p r o j e c t cost i s estimated t o be 
$27,756 M. Mr. Cotner s a i d the $1.2 MM savings from having 10 
a d d i t i o n a l w e l l s dedicated t o the u n i t i n d i c a t e s the b e n e f i t o f 
some type o f we l l b o r e d e d i c a t i o n i n c e n t i v e . He then presented 
investment schedules which assumed t h a t the p r o j e c t w i l l be i n ­
s t a l l e d over 1 1/2 years and t h a t the pumping equipment upgrades 
w i l l occur d u r i n g the f i r s t f i v e years. 

Mr. Cotner then proposed a d e f i n i t i o n of useable wellbores which 
would accept a l l a c t i v e producing w e l l s t h a t are l i m i t e d t o 
production from the u n i t i z e d i n t e r v a l . Other w e l l s would be 
accepted i f they meet s p e c i f i c c r i t e r i a . A l l w e l l s w i l l be 
req u i r e d t o pass a casing i n t e g r i t y t e s t t o be acceptable. Mr. 
Etchison s t a t e d t h a t the i n t e n t i o n of the d e f i n i t i o n was t o insure 
t h a t the WIO's w e l l costs are not unnecessarily increased by the 
c o n t r i b u t i o n o f we l l b o r e s i n substandard c o n d i t i o n . Ms. Cindy 
E l l i s , Arco, asked i f the d e f i n i t i o n t h a t was presented w i l l be 
incorpor a t e d i n the U n i t o p e r a t i n g agreement. Mr. Cotner 
responded t h a t the useable w e l l b o r e d e f i n i t i o n i n the U n i t agree­
ment w i l l r e f l e c t the i n t e n t of the d e f i n i t i o n he presented, but 
may be worded d i f f e r e n t l y . Mr. John Lawrence, OXY U.S.A., asked 
i f the proposed d e f i n i t i o n was the same as used by the EMSU. Mr. 
Etchison s t a t e d t h a t the EMSU agreement was le s s s p e c i f i c . 
When Mr. Etchison asked f o r a motion t o accept the d e f i n i t i o n , Mr. 
Jer r y Hoover, Conoco, suggested t h a t i t be t a b l e d u n t i l the next 
meeting t o all o w f u r t h e r e v a l u a t i o n by the Technical Committee 
members. 

Mr. Cotner then presented a proposed wellbore v a l u a t i o n of 
$80,000, based on a n t i c i p a t e d workover costs f o r e x i s t i n g w e l l s 
compared t o the cost t o d r i l l and complete a new w e l l . Mr. 
Hoover, Conoco, suggested t h a t v o t i n g on acceptance o f $80,000 as 
the wellbore value a l s o be postponed u n t i l the next meeting. 

C u t - o f f dates f o r pro d u c t i o n e q u i t y parameters were then d i s ­
cussed. Mr. Etchison moved t h a t 12/31/88 be used f o r the c u t - o f f 
date f o r cumulative o i l . J e r r y Hoover, Conoco, seconded the 
motion, and i t passed unanimously. Mr. Etchison then moved t h a t 
remaining reserves be c a l c u l a t e d from 1/1/89. J e r r y Hoover, 
Conoco, seconded. A f t e r a b r i e f discussion the motion passed 
unanimously. Mr. Etchison then proposed t h a t c u r r e n t o i l and gas 
rat e s be based on the monthly averages f o r 198 8. A f t e r discussing 
the e f f e c t o f workovers over the l a s t couple o f years, i t was 
recommended t h a t p r o d u c t i o n from December 1988 be used. George 
Ricks, Dasco, recommended t h a t data f o r d i f f e r e n t scenarios, 



i n c l u d i n g monthly average f o r the l a s t 1 year, the l a s t s i x 
months, and f o r December be presented. He suggested t h a t the 
WIO's w i l l decide which c u r r e n t r a t e should be used f o r e q u i t y 
n e g o t i a t i o n s . Mr. Etchison s t a t e d t h a t c u r r e n t o i l and gas r a t e s 
based on December 1988 prod u c t i o n , the l a s t s i x months of 1988, 
and the monthly average f o r 1988 w i l l be presented at the next 
meeting. 

Mr. Cotner then reviewed the v e r t i c a l l i m i t s o f the proposed u n i t 
and presented a map t h a t i n d i c a t e s the subsea depth of top of the 
u n i t f o r each p r o r a t i o n u n i t . He then reviewed t r a c t s t h a t have 
changes i n ownership w i t h depth w i t h i n the proposed u n i t i z e d 
i n t e r v a l . He also reviewed t a b u l a t e d data of gross-acre f e e t by 
t r a c t and p r o r a t i o n u n i t . 

Mr. Etchison then recapped the events o f the meeting. He st a t e d 
t h a t the next meeting would be i n l a t e A p r i l or e a r l y May, a t 
which time we would t r y t o e s t a b l i s h remaining o i l and gas 
reserves f o r each t r a c t and f i n a l i z e a wellbore d e f i n i t i o n and 
value. The meeting adjourned a t 11:00 a.m. 

I f you have any a d d i t i o n s or c o r r e c t i o n s t o the minutes, please 
contact B. C. Cotner a t (505) 393-4121. 



Proposed Arrowhead Grayburg Unit 
Third Technical Committee Meeting 

February 24, 1989 

Name 
L i s t o f Attendees 

Company T i t l e 

Bryan C. Cotner Chevron U.S.A. In c . Reservoir Engineer 

Randy A. Smith Chevron U.S.A. I n c . Geologist 

T. A. Etchison Chevron U.S.A. I n c . Sr. Petroleum Engr. 

John Lawrence OXY U.S.A., I n c . Reservoir Engineer 

Craig Kent Marathon Production Engineer 

Bob Hogan American E x p l o r a t i o n Reservoir Engineer 

Cindy E l l i s ARCO 0/A Engineer 

Bob Anthony Amerada Hess Corp. Oper. Engineer 

Don B r a t t o n Zia Energy Engineer 

George Ricks Dasco Energy 

Jay Vashler Conoco Engineer 

J e r r y Hoover Conoco Sr. Reservoir Engr. 

Russell M i l l e r Chevron U.S.A. I n c . D&C Engineer 

John Ladd Chevron U.S.A. Inc. Sr. D&C Engineer 



Fourth Technical Committee Meeting 
Proposed Arrowhead Grayburg Uni t 

May 25, 1989 

The Fourth Technical Committee Meeting f o r the proposed 
A.G.U. (Arrowhead Grayburg Unit) was held a t 9:30 a.m., May 
25, 1989 a t the Chevron o f f i c e i n Hobbs, New Mexico. 
Fourteen attendees representing 9 companies and 89.9% of the 
v o t i n g i n t e r e s t (cumulative o i l production as of 12/31/87) 
were present and are shown on the attached l i s t . 

I n t r o d u c t i o n . 

Mr. T. A. Etchison, Chevron, welcomed attendees and b r i e f l y 
reviewed the agenda f o r the meeting. He reviewed the 
charges f o r the Technical Committee, as set by the Working 
I n t e r e s t Owners (WIO's) and discussed which charges had 
been accomplished t o date. 

Useable Wellbore D e f i n i t i o n and Wellbore Value 

Mr. Etchison reviewed the need f o r a wellbore d e d i c a t i o n 
i n c e n t i v e t o decrease the t o t a l c a p i t a l investment f o r the 
U n i t . He r e f e r r e d t o a wellbore penalty method and a 
wellbore i n v e n t o r y method. He proposed t h a t the Technical 
Committee not recommend a s p e c i f i c method t o the WIO's, but 
t h a t i t be recommended t h a t a d e d i c a t i o n i n c e n t i v e be used. 
A f t e r a b r i e f d iscussion of the d i f f e r e n c e s between the 
wellbore penalty method and the wellbore i n v e n t o r y method, 
Mr. Etchison reviewed the $80,000 useable wellbore value and 
useable wellbore d e f i n i t i o n proposed a t the T h i r d Technical 
Committee meeting. 

Mr. Etchison c l a r i f i e d t h a t operators d e d i c a t i n g wellbores 
determined t o be not "useable" by the U n i t operator, would 
be l i a b l e f o r $80,000 of the expense, plus t h e i r propor­
t i o n a t e share (working i n t e r e s t ) o f the Unit's expense, t o 
make the w e l l "useable". I t was also s t a t e d t h a t operators 
would have the o p t i o n t o r e p a i r t h e i r w e l l s a t t h e i r own 
expense and r i s k , but they would s t i l l be o b l i g a t e d f o r the 
f i r s t $80,000 i f the w e l l was s t i l l not "useable" when 
dedicated t o the U n i t . 

Mr. Etchison then made the motion: A useable well b o r e , f o r 
wellbore d e d i c a t i o n i n c e n t i v e s , w i l l be defined based on the 
c r i t e r i a presented at the Fourth Technical Committee meeting 
(attached) , and the value of a useable wellbore w i l l be 
$80,000. Ms. Cindy E l l i s , Arco, seconded the motion. The 
motion passed w i t h 88.41% approval. 



Gross A c r e - f t 

Mr. Etchison reviewed the e q u i t y parameter Gross A c r e - f t . 
He s t a t e d t h a t the u n i t i z e d i n t e r v a l has been defined as the 
top of the Grayburg formation or -150 f e e t from sea l e v e l 
( f s l ) , whichever i s shallower, t o -1500 f t f s l . He stated 
t h a t the purpose o f i n c l u d i n g depths t o -1500 f t was t o 
include the water supply a q u i f e r , so, i f i n event the water 
supply w e l l s were t o produce hydrocarbons, the revenues 
from those hydrocarbons could be p r o p e r l y d i s t r i b u t e d . Mr. 
Etchison s t a t e d t h a t Chevron had received several comments 
from Technical Committee members expressing concerns about 
the a l l o c a t i o n of acreage e q u i t y f o r the proposed U n i t . 
They were concerned about a d i s p r o p o r t i o n a t e share o f the 
acreage e q u i t y being proportioned t o owners having r i g h t s 
below the l i m i t s o f commercial production. 

Mr. Etchison presented an a l t e r n a t i v e t o the Gross A c r e - f t 
parameter, based on surface acres, and a l l o c a t e d t o owners 
based on r i g h t s from the top of the U n i t t o 325 f t below the 
top o f the Grayburg formation. He then reviewed the a l l o ­
c a t i o n o f acreage e q u i t y under Gross A c r e - f t and the new 
proposal. 

Chevron made a motion t o replace the Gross A c r e - f t e q u i t y 
parameter w i t h surface acres and t o base ownership i n t r a c t s 
w i t h a v e r t i c a l s p l i t i n ownership on r i g h t s from the top of 
the U n i t t o 325 f t below the top of the Grayburg. There was 
no second. 

Further discussion o f the proposal included the question of 
proper treatment of the San Andres a q u i f e r i f i t i s deter­
mined t o be commercially productive of hydrocarbons. Mr. 
Etchison s t a t e d t h a t the U n i t should include the water 
supply h o r i z o n , but i f i t i s subsequently determined t o be 
commercially productive o f hydrocarbons, the Uni t orders and 
boundaries can be amended. 

During the discussions concerning the i n c l u s i o n of the San 
Andres formation as a water supply source w i t h i n the 
boundaries of the U n i t , Mr. Don B r a t t o n , Zia Energy, d i s ­
cussed production from the Eunice San Andres Southwest i n 
the State M. No. 49. He suggested t h a t the base of the 
Unit be defined as the top of the San Andres formation and 
t h a t Chevron s i t u a t e the water-supply w e l l s on t h e i r own 
acreage t o handle the production of hydrocarbons from water 
supply w e l l s . He stated t h a t Zia would p r e f e r t o be ex c l u ­
ded from the U n i t . 



Mr. George Ricks, Dasco, made the motion t o add the acreage 
parameter o f Surface Acres, w i t h a l l o c a t i o n o f ownership as 
Mr. Etchison presented, t o the e q u i t y parameter l i s t ( i n 
a d d i t i o n t o Gross A c r e - f t ) . Mr. Bob Hogan, American 
E x p l o r a t i o n , seconded the motion. The motion passed w i t h 
89.9% approval. 

Cumulative O i l 

Mr. Etchison r e f e r r e d t o the cumulative o i l data provided i n 
the i n f o r m a t i o n packets d i s t r i b u t e d a t the meeting. He 
mentioned t h a t cumulative o i l through 12-31-88 was l i s t e d by 
w e l l , by t r a c t and by owner (based on ownership t a k e - o f f 
i n f o r m a t i o n ) . There were no o b j e c t i o n s t o the data, as 
presented. 

Current O i l & Gas Rates 

Mr. Etchison r e f e r r e d t o the c u r r e n t o i l and gas production 
r a t e t a b l e s t h a t i n d i c a t e production based on on: 1) a l l o f 
1988, 2) l a s t one-half of 1988, 3) l a s t q u arter 1988, and 4) 
December 1988. He st a t e d t h a t the gas r a t e t a b l e s mailed 
w i t h the announcement of the meeting contained a typographi­
c a l e r r o r t h a t has since been c o r r e c t e d . Mr. Etchison 
proposed t h a t the Committee choose one value of c u r r e n t r a t e 
t o supply i n the Technical Committee Report. 

Chevron moved t h a t the l a s t one-half of 198 8 average monthly 
rates be used. There was no second. Mr. Etchison then 
suggested t h a t each time p e r i o d f o r c u r r e n t r a t e be voted 
on, and the one w i t h the gr e a t e s t percentage approval would 
be used i n the r e p o r t . Current o i l rates based on the 
average a c t i v e monthly production f o r the l a s t q u arter 1988 
were selected w i t h 81.68% approval. (The v o t i n g summary i s 
attached). 

Mr. Bob Hogan, American E x p l o r a t i o n , moved t h a t the c u r r e n t 
gas r a t e also be based on the l a s t - q u a r t e r 1988 average 
a c t i v e monthly gas prod u c t i o n , (same as c u r r e n t o i l ) . Mr. 
Donald P r i c e , Marathon, seconded the motion. The motion 
c a r r i e d w i t h 81.68% approval. 

Remaining O i l and Gas Reserves 

Mr. Bryan Cotner, Chevron, presented estimates of remaining 
o i l and gas reserves f o r each t r a c t . He reviewed the 
assumptions made i n Chevron's estimations of remaining 
reserves. He noted t h a t i n a c t i v e t r a c t s (no c u r r e n t produc­
t i o n ) , were assumed to have no remaining reserves. Mr. 
Cotner suggested t h a t the Committee review each t r a c t and 
adj u s t the d e c l i n e or make whatever change i n the general 
assumptions necessary t o e q u i t a b l y determine remaining 
reserves f o r t h a t t r a c t . 



The f i n a l i z e d remaining o i l and gas reserves are shown i n 
the attached t a b l e and were accepted w i t h approval by 89.36% 
of the v o t i n g i n t e r e s t . 

Other Business 

Mr. Etchison s t a t e d t h a t the meeting completed the basic 
work charged t o the Technical Committee. He said t h a t 
Chevron would use the work from the four Technical Committee 
meetings t o compile the Technical Committee Report. Addi­
t i o n a l l y , he s t a t e d t h a t an updated secondary recovery 
performance p r e d i c t i o n based on EMSU s i m u l a t i o n may also be 
included i n the r e p o r t . He estimated t h a t the r e p o r t would 
be f i n i s h e d d u r i n g l a t e summer, a t which time i t would be 
d i s t r i b u t e d t o the Technical Committee members w i t h a l e t t e r 
b a l l o t f o r acceptance. Once 75% o f the v o t i n g i n t e r e s t i n 
the Technical Committee accepts the r e p o r t , the second WIO's 
meeting w i l l be c a l l e d . Mr. Etchison s t a t e d t h a t there 
w i l l only be another Technical Committee meeting i f i t i s 
necessary t o accept the r e p o r t . The meeting adjourned at 
3:00 p.m. 

I f you have any a d d i t i o n s or c o r r e c t i o n s t o the minutes, 
please contact B. C. Cotner a t (505)393-4121. 

BCC/sad 05309/01 



Proposed Arrowhead Grayburg Un i t 
Fourth Technical Committee Meeting 

May 25, 1989 

L i s t o f Attendees 

Name Company T i t l e 

Randy A. Smith 
Ted A. Etchison 
Bryan C. Cotner 
Bruce Mailey 
Bob Anthony 
Don B r a t t o n 
Jay Vashler 
J e r r y Hoover 
Donald Price 
George Ricks 
Cindy E l l i s 
John. J. Lawrence 
Bob Hogan 
John P r i n d l e 

Chevron USA 
Chevron USA 
Chevron USA 
Amerada 
Amerada 
Zia 
Conoco 
Conoco 
Marathon 
DASCO 
Arco 
Oxy 
AEC 
Chevron USA 

Geologist 
Sr. Petroleum Engineer 
Reservoir Engineer 
U n i t Engineer 
Operating Engineer 
Engineer 
Production Engineer 
Sr. Reservoir Engineer 
Production Engineer 

0/A Engineer 
Reservoir Engineer 
Engineer 
NOJV Coordinator 

BCC/sad 05309/01 



Arrowhead Grayburg Dnit 
Useable Well 
Definition 

(1) Active Wells (Producing 12-88) 

Will be accepted as useable i f no zones other than the unitized 
interval are open. I f zones above the unitized interval are 
open, the owners must squeeze the non-unit zone, d r i l l out the 
cement in the production casing, or set a liner to the top of the 
unitized interval*, and pressure test the casing above the 
unitized interval to 500 psi for 30 minutes. 

(2) Closed in or TA'd Wells 

Will be acceptable as useable i f no zones other than the unitized 
interval are open (as above) and the well i s free of scale, junk, 
and debris to a depth of the deepest production from the unitized 
interval prior to being closed-in. (PBTD from workovers in the 
unitized interval prior to shutting in.) 

(3) Re-entries of P&A'd or Recompleted Wells That Previously Produced 
the Unitized Interval. 

Will be accepted as useable i f they have been restored to the 
previous unitized interval producing condition (completion inter­
val, depth), are not open in non-unitized zones, and are free of 
scale, junk and debris down to the PBTD prior to the cessation of 
production from the unitized interval. 

(4) Alternate Wells from Existing Wellbores 

Will be accepted as useable i f a l l non-unitized formations have 
been abandoned, (deeper zones plugged back with CIBP, or cement 
retainer, shallower zones cement squeezed and pressure tested), 
they penetrate the unitized interval, and have sufficient casing 
size (5 1/2") to be deepened or have at least 4 1/2" casing set 
through Zone 5 of the Grayburg formation, and are adequately 
cemented. 

(5) Alternate Wells (new) 

Will be accepted i f they are d r i l l e d to a depth equivalent to the 
base of Zone 5, cased to TD with 5 1/2" or larger casing, and 
cemented from TD to surface. 

The intent of the useable wellbore definition i s to insure that a l l 
wellbores that are dedicated are in reasonably good physical condition 
and can be used in ways consistent with the purpose of the Unit. All 
wells dedicated w i l l be subject to a casing integrity test. Any well 
f a i l i n g a casing integrity test upon the i n i t i a l entry by the Unit 
operator, w i l l be repaired or replaced at Working Interest Owner's 
expense, not to exceed $80,000. 

* I f a well requires a line r to isolate the unitized interval, the 
Unit operator may assume the responsibility to set i t , i f doing so 
i s consistent with the proposed workovers for the well. 
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Proposed Arrowhead Grayburg U n i t 
F o u r t h T e c h n i c a l Committee Meeting 

Vo t e T a l l y 
Based On 12-31-87 Cumulative O i l 

Motion by Chevron: 
Accept Useable W e l l b o r e D e f i n i t i o n and E s t a b l i s h the Useable 
W e l l b o r e Value of $80,000. 

Seconded by Ar co. 

Wl Owner % CUM OlL VOTE % FOR 

ABBY CORPORATION 0 .00000000 0 
AMERADA HESS 1 .47909659 A b s t a i n 0 
AMERICAN EXPLORATION 3 .61343311 For 3 . 6134331 
AMOCO PRODUCTION 1 .40963254 0 
ARCO OIL & GAS 8 .18979945 For 8 . 1 897994 
TRUST U/D D BROWN 0 .09 157289 0 
JOHN BRYANT 0 .00795 184 0 
JAMES BURR 0 .01184958 0 
CHEVRON USA 44 .63121587 For 44 .631215 
CONOCO INC 1 7 .0247 1104 For 1 7 .0247 1 1 
DASCO ENERGY 0 .53306849 For 0 . 5330684 
JAMES DAVIDSON 0 .37918647 0 
ENRON 0 .00000000 0 
EXXON COMPANY 0 .16223508 0 
JACK FLETCHER 0 .01184973 0 
HANN1F1N 0 .00000000 0 
HANSON OPERATING CO. 0 .00000000 0 
HANSON-MCBR1DE 0 .00000000 0 
DOYLE HARTMAN 1 .0783 1153 0 
MARATHON OIL CO. 8 .22478945 For 8 . 2247894 
J H MOORE 0 .00000000 0 
JACK MUSSETT 0 .23 1 30474 0 
LARRY NERMYR 0 .023699 1 5 0 
OXY U.S.A. 6 .197 16926 For 6 . 197 1692 
PARA MIA 1NC. 0 .4828290 1 0 
PRES1D10 0 .18309084 0 
HAL RASMUSSEN 0 .51477548 0 
L. C. SUMMERS 0 .53306893 0 
RUTH SUTTON 0 .0 1184958 0 
BURTON VETETO 0 .05023755 0 
MARY F. WALSH 1 .31981374 0 
WESTWAY 0 .00000000 0 
WILLIAMS PARTNERS. 3 .60342836 0 
ZIA ENERGY 0 .00000000 Ag a i n s t 0 

99 . 9999703 88.41419 



Proposed Arrowhead Grayburg U n i t 
F o u r t h T e c h n i c a l Committee Meeting 

Vote T a l l y 
Based On 12-31-87 Cumulative O i l 

Mo t i on by Dasco : 
Add Surface Acres a l l o c a t e d based on Owership from the Top of 
the U n i t to 325 f t . Below the Top of the Grayburg Formation 
to the L i s t of E q u i t y Parameters. 

Seconded by American E x p l o r a t i o n . 

Wl Owner % CUM OlL VOTE FOR AGAINST 

ABBY CORPORATION 0 . 00000000 0 0 
AMERADA HESS 1 . 47909659 For 1.4790965 0 
AMERICAN EXPLORATION 3 . 6 1 3433 1 1 For 3.6134331 0 
AMOCO PRODUCTION 1 . 40963254 0 0 
ARCO OIL & GAS 8 . 18979945 For 8.1897994 0 
TRUST U/D D BROWN 0 . 09 157289 0 0 
JOHN BRYANT 0 . 00795 184 0 0 
JAMES BURR 0 . 01 1 84958 0 0 
CHEVRON USA 44 . 63 121587 For 44.631215 0 
CONOCO INC 1 7 . 0247 1 1 04 For 1 7.0247 1 1 0 
DASCO ENERGY 0 . 53306849 For 0.5330684 0 
JAMES DAVIDSON 0 . 379 18647 0 0 
ENRON 0 . 00000000 0 0 
EXXON COMPANY 0 . 16223508 0 0 
JACK FLETCHER 0 . 0 1184973 0 0 
HANNIFIN 0 . 00000000 0 0 
HANSON OPERATING CO. 0 . 00000000 0 0 
HANSON-MCBRIDE 0 . 00000000 0 0 
DOYLE HARTMAN 1. 0783 1 153 0 0 
MARATHON OIL CO. 8 . 22478945 For 8.2247894 0 
J H MOORE 0 . 00000000 0 0 
JACK MUSSETT 0 . 23 1 30474 0 0 
LARRY NERMYR 0 . 02369915 0 0 
OXY U.S.A. 6 . 197 16926 For 6.197 1692 0 
PARA MIA INC. 0 . 4828290 1 0 0 
PRESIDI 0 0 . 1 8309084 0 0 
HAL RASMUSSEN 0 . 51477548 0 0 
L. C. SUMMERS 0 . 53306893 0 0 
RUTH SUTTON 0 . 0 1184958 0 0 
BURTON VETETO 0 . 05023755 0 0 
MARY F. WALSH 1 . 3 198 1374 0 0 
WESTWAY 0 . 00000000 0 0 
WILLIAMS PARTNERS. 3 . 60342836 0 0 
ZIA ENERGY 0 . 00000000 0 0 

99 .9999703 89.89328 0 . 00000 



Proposed A r r owhead Grayburg Unit 
Fourth Technical Committee Meeting 

Vote Ta11y 
Based On 12-3 1-87 CumuI a t i ve Oil 

Motion: Current o i l rate based on average monthly for a l l of 1988. 

Wl Owner % CUM OIL VOTE FOR AGA1NST 

ABBY CORPORATION 0 . 00000000 0 0 
AMERADA HESS 1 . 47909659 For 1.4790965 0 
AMERICAN EXPLORATION 3 . 613433 11 Against 0 3 . 6 13433 1 1 42 
AMOCO PRODUCTION 1 . 40963254 0 0 
ARCO OIL & GAS 8. 18979945 Against 0 8. 189799454 
TRUST U/D D BROWN 0 . 09157289 0 0 
JOHN BRYANT 0 . 00795 184 0 0 
JAMES BURR 0 . 01 1 84958 0 0 
CHEVRON USA 44 . 63 12 1587 For 4 4.631215 0 
CONOCO INC 1 7 . 0247 1 104 Against 0 17.024711041 
DASCO ENERGY 0 . 53306849 Abstain 0 0 
JAMES DAVIDSON 0 . 37918647 0 0 
ENRON 0 . 00000000 0 0 
EXXON COMPANY 0 . 16223508 0 0 
JACK FLETCHER 0 . 0 1184973 0 0 
HANN1F1N 0 . 00000000 0 0 
HANSON OPERATING CO. 0 . 00000000 0 0 
HANSON-MCBR1DE 0 . 00000000 0 0 
DOYLE HARTMAN 1 . 07831153 0 0 
MARATHON OIL CO. 8 . 22478945 For 8.2247894 0 
J H MOORE 0 . 00000000 0 0 
JACK MUSSETT 0 . 23 1 30474 0 0 
LARRY NERMYR 0 . 02369915 0 0 
OXY U.S.A. 6 . 197 16926 For 6.1971692 0 
PARA MIA INC. 0 . 48282901 0 0 
PRES1D10 0 . 18309084 0 0 
HAL RASMUSSEN 0 . 51477548 0 0 
L. C. SUMMERS 0 . 53306893 0 0 
RUTH SUTTON 0 . 01184958 0 0 
BURTON VETETO 0 . 05023755 0 0 
MARY F. WALSH 1 . 31981374 0 0 
WESTWAY 0 . 00000000 0 0 
WILLIAMS PARTNERS. 3 . 60342836 0 0 
ZIA ENERGY 0 . 00000000 0 0 

99 .9999703 60.53227 28.82794 



Proposed Arrowhead Grayburg U n i t 
F o u r t h T e c h n i c a l Committee Meeting 

Vote T a l l y 
Based On 12-31-87 Cumu1 a t i ve O i l 

Mo t i o n : Current O i l r a t e based on the 1 a s t - ha 1 f 1988 average mo n t h I y . 

Wl Owner % CUM 0 IL VOTE FOR AGAINST 

ABBY CORPORATION 0 . 00000000 0 0 
AMERADA HESS 1 . 47909659 Against 0 1 .47909659 
AMERICAN EXPLORATION 3 . 613433 11 Against 0 3 .6 1 3433 1 1 
AMOCO PRODUCTION 1 . 40963254 0 0 
ARCO OIL & GAS 8 . 18979945 Against 0 8 .18979945 
TRUST U/D D BROWN 0 . 09157289 0 0 
JOHN BRYANT 0 . 00795 184 0 0 
JAMES BURR 0 . 01184958 0 0 
CHEVRON USA 44 . 63 12 1587 For 44.631215 0 
CONOCO INC 1 7 . 02471104 Ag a i n s t 0 1 7 .0247 1104 
DASCO ENERGY 0 . 53306849 A b s t a i n 0 0 
JAMES DAVIDSON 0 . 379 18647 0 0 
ENRON 0 . 00000000 0 0 
EXXON COMPANY 0 . 16223508 0 0 
JACK FLETCHER 0 . 0 1184973 0 0 
HANN1F1N 0 . 00000000 0 0 
HANSON OPERATING CO. 0 . 00000000 0 0 
HANSON-MCBR1DE 0 . 00000000 0 0 
DOYLE HARTMAN 1 . 0783 1153 0 0 
MARATHON OIL CO. 8 . 22478945 A g a i n s t 0 8 .22478945 
J H MOORE 0 . 00000000 0 0 
JACK MUSSETT 0 . 23 130474 0 0 
LARRY NERMYR 0 . 02369915 0 0 
OXY U.S.A. 6 . 197 16926 Ag a i n s t 0 6 .19716926 
PARA MIA INC. 0 . 4828290 1 0 0 
PRES1D10 0 . 18309084 0 0 
HAL RASMUSSEN 0 . 51477548 0 0 
L. C. SUMMERS 0 . 53306893 0 0 
RUTH SUTTON 0 . 01184958 0 0 
BURTON VETETO 0 . 05023755 0 0 
MARY F. WALSH 1 . 3 198 1374 0 0 
WESTWAY 0 . 00000000 0 0 
WILLIAMS PARTNERS. 3 . 60342836 0 0 
ZIA ENERGY 0 . 00000000 0 0 

99 .9999703 44.63 122 44.72900 



Proposed Arrowhead Grayburg Unit 
Fourth Technical Committee Meeting 

Vote T a l l y 
Based On 12-3 1-87 Cumu1 a t i v e O i l 

Mo t i o n : Current o i l r a t e based on l a s t q u a r t e r 1988 average mon t h I y . 

Wl Owner % CUM 0 IL VOTE FOR AGAINST 

ABBY CORPORATION 0 . 00000000 0 0 
AMERADA HESS 1 . 47909659 Against 0 1 .47909659 
AMERICAN EXPLORATION 3 . 61 3433 1 1 For 3.6134331 0 
AMOCO PRODUCTION 1 . 40963254 0 0 
ARCO OIL & GAS 8 . 18979945 For 8 . 1 897994 0 
TRUST U/D D BROWN 0 . 09157289 0 0 
JOHN BRYANT 0 . 00795184 0 0 
JAMES BURR 0 . 0 1184958 0 0 
CHEVRON USA 44 . 63121587 For 44.631215 0 
CONOCO INC 1 7 . 02471104 For 17.024711 0 
DASCO ENERGY 0 . 53306849 A b s t a i n 0 0 
JAMES DAVIDSON 0 . 379 18647 0 0 
ENRON 0 . 00000000 0 0 
EXXON COMPANY 0 . 16223508 0 0 
JACK FLETCHER 0 . 0 1184973 0 0 
HANNIF1N 0 . 00000000 0 0 
HANSON OPERATING CO. 0 . 00000000 0 0 
HANSON-MCBR1DE 0 . 00000000 0 0 
DOYLE HARTMAN 1 . 0783 1153 0 0 
MARATHON OIL CO. 8 . 22478945 For 8.2247894 0 
J H MOORE 0 . 00000000 0 0 
JACK MUSSETT 0 . 23 130474 0 0 
LARRY NERMYR 0 . 02369915 0 0 
OXY U.S.A. 6 . 1 97 1 6926 Against 0 6 .19716926 
PARA MIA INC. 0 . 48282901 0 0 
PRES1D10 0 . 18309084 0 0 
HAL RASMUSSEN 0 . 51477548 0 0 
L. C. SUMMERS 0 . 53306893 0 0 
RUTH SUTTON 0 . 01184958 0 0 
BURTON VETETO 0 . 05023755 0 0 
MARY F. WALSH 1 . 3 198 1374 0 0 
WESTWAY 0 . 00000000 0 0 
WILLIAMS PARTNERS. 3 . 60342836 0 0 
ZIA ENERGY 0 . 00000000 0 0 

99 i.9999703 81.68395 7.67627 



Proposed Arrowhead Grayburg Unit 
Fourth Technical Committee Meeting 

Vote T a l l y 
Based On 12-31-87 Cumulative Oil 

Motion: Current o i l rate based on December 1988 production. 

Wl Owner % CUM OIL VOTE FOR AGA1NST 

ABBY CORPORATION 0 . 00000000 0 0 
AMERADA HESS 1 . 47909659 For 1 .4790965 0 
AMERICAN EXPLORATION 3 . 6134331 1 For 3 .6134331 0 
AMOCO PRODUCTION 1 . 40963254 0 0 
ARCO OIL & GAS 8 . 18979945 For 8 .1897994 0 
TRUST U/D D BROWN 0 . 09 157289 0 0 
JOHN BRYANT 0 . 00795184 0 0 
JAMES BURR 0 . 01184958 0 0 
CHEVRON USA 4 4 . 63 121587 For 44.631215 0 
CONOCO INC 1 7 . 0247 1104 Ag a i n s t 0 1 7 . 0247 1 10 
DASCO ENERGY 0 . 53306849 A b s t a i n 0 0 
JAMES DAVIDSON 0 . 379 18647 0 0 
ENRON 0 . 00000000 0 0 
EXXON COMPANY 0 . 16223508 0 0 
JACK FLETCHER 0 . 01184973 0 0 
HANN1FIN 0 . 00000000 0 0 
HANSON OPERATING CO. 0 . 00000000 0 0 
HANSON-MCBR1DE 0 . 00000000 0 0 
DOYLE HARTMAN 1 . 0783 1153 0 0 
MARATHON OIL CO. 8 . 22478945 A g a i n s t 0 8 . 22478945 
J H MOORE 0 . 00000000 0 0 
JACK MUSSETT 0 . 23 130474 0 0 
LARRY NERMYR 0 . 02369915 0 0 
OXY U.S.A. 6 . 19716926 A g a i n s t 0 6 . 19716926 
PARA MIA INC. 0 . 48282901 0 0 
PRES1D10 0 . 18309084 0 0 
HAL RASMUSSEN 0 . 51477548 0 0 
L. C. SUMMERS 0 . 53306893 0 0 
RUTH SUTTON 0 . 01184958 0 0 
BURTON VETETO 0 . 05023755 0 0 
MARY F. WALSH 1. 31981374 0 0 
WESTWAY 0 . 00000000 0 0 
WILLIAMS PARTNERS. 3 . 60342836 0 0 
ZIA ENERGY 0 . 00000000 0 0 

99 .9999703 57.9 1355 3 1.44667 



Proposed Arrowhead Grayburg U n i t 
F o u r t h T e c h n i c a l Committee Meeting 

Vot e T a l l y 
Based On 12.-31-87 Cumulative O i l 

Motion by American E x p l o r a t i o n : 
Use l a s t q u a r t e r average a c t i v e monthly gas p r o d u c t i o n f o r 
c u r r e n t gas p r o d u c t i o n r a t e ( same as c u r r e n t o i l ) . 

Seconded by Marathon. 

Wl Owner % CUM 0 IL VOTE FOR AGAINST 

ABBY CORPORATION 0 . 00000000 0 0 
AMERADA HESS 1 . 47909659 Against 0 1 . 47909659 
AMERICAN EXPLORATION 3 . 6 13433 11 For 3 . 6 13433 1 0 
AMOCO PRODUCTION 1 . 40963254 0 0 
ARCO OIL & GAS 8 . 18979945 For 8 . 1897994 0 
TRUST U/D D BROWN 0 . 09 157289 0 0 
JOHN BRYANT 0 . 00795 184 0 0 
JAMES BURR 0 . 01184958 0 0 
CHEVRON USA 4 4 . 63121587 For 4 4 .631215 0 
CONOCO INC 1 7 . 02471104 For 1 7 . 0247 1 1 0 
DASCO ENERGY 0 . 53306849 A b s t a i n 0 0 
JAMES DAVIDSON 0 . 379 18647 0 0 
ENRON 0 . 00000000 0 0 
EXXON COMPANY 0 . 16223508 0 0 
JACK FLETCHER 0 . 0 1184973 0 0 
HANN1FIN 0 . 00000000 0 0 
HANSON OPERAT1NG CO. 0 . 00000000 0 0 
HANSON-MCBR1DE 0 . 00000000 0 0 
DOYLE HARTMAN 1. 0783 1153 0 0 
MARATHON OIL CO. 8 . 22478945 For 8 . 2247894 0 
J H MOORE 0 . 00000000 0 0 
JACK MUSSETT 0 . 23130474 0 0 
LARRY NERMYR 0 . 02369915 0 0 
OXY U.S.A. 6 . 19716926 Against 0 6. 197 16926 
PARA MIA INC. 0 . 4828290 1 0 0 
PRESIDIO 0 . 18309084 0 0 
HAL RASMUSSEN 0 . 5 1 477548 0 0 
L. C. SUMMERS 0 . 53306893 0 0 
RUTH SUTTON 0 . 01184958 0 0 
BURTON VETETO 0 . 05023755 0 0 
MARY F. WALSH 1 . 3 198 1374 0 0 
WESTWAY 0 . 00000000 0 0 
WILLIAMS PARTNERS. 3 . 60342836 0 0 
ZIA ENERGY 0 . 00000000 0 0 

99 .9999703 8 1 .68395 7.67627 



Proposed Arrowhead Grayburg U n i t 
F o u r t h T e c h n i c a l Committee Meeting 

Vote T a l l y 
Based On 12-31-87 Cumulative O i l 

Mo t i o n : E s t a b l i s h Remaining O i l & Gas Reserves a s S p e c i f i e d o n 
the A t t a c h e d Tabl 1 e . 

Wl Owner % CUM OlL VOTE FOR AGA1NST 

ABBY CORPORATION 0 . 00000000 0 0 
AMERADA HESS 1 . 47909659 For 1 . 4790965 0 
AMERICAN EXPLORATION 3 . 6134331 1 For 3 . 6 13433 1 0 
AMOCO PRODUCTION 1 . 40963254 0 0 
ARCO OIL & GAS 8 . 18979945 For 8 . 1897994 0 
TRUST U/D D BROWN 0 . 09 157289 0 0 
JOHN BRYANT 0. 00795184 0 0 
JAMES BURR 0 . 01184958 0 0 
CHEVRON USA 44 . 63121587 For 44 .631215 0 
CONOCO INC 1 7 . 0247 1104 For 1 7 .0247 11 0 
DASCO ENERGY 0 . 53306849 0 0 
JAMES DAVIDSON 0 . 37918647 0 0 
ENRON 0 . 00000000 0 0 
EXXON COMPANY 0 . 16223508 0 0 
JACK FLETCHER 0 . 0 1184973 0 0 
HANN1FIN 0 . 00000000 0 0 
HANSON OPERATING CO. 0 . 00000000 0 0 
HANSON-MCBR1DE 0 . 00000000 0 0 
DOYLE HARTMAN 1 . 07831153 0 0 
MARATHON OIL CO. 8 . 22478945 For 8 . 2247894 0 
J H MOORE 0 . 00000000 0 0 
JACK MUSSETT 0 . 23 130474 0 0 
LARRY NERMYR 0 . 02369915 0 0 
OXY U.S.A. 6 . 19716926 For 6 . 1971692 0 
PARA MIA INC. 0 . 48282901 0 0 
PRES1D10 0 . 18309084 0 0 
HAL RASMUSSEN 0 . 51477548 0 0 
L. C. SUMMERS 0 . 53306893 0 0 
RUTH SUTTON 0 . 01184958 0 0 
BURTON VETETO 0 . 05023755 0 0 
MARY F. WALSH 1 . 31981374 0 0 
WESTWAY 0 . 00000000 0 0 
WILLIAMS PARTNERS. 3 . 60342836 0 0 
ZIA ENERGY 0 . 00000000 0 0 

99 .9999703 89 . 3602 1 0.00000 



Proposed Arrowhead Grayburg Unit 
Remaining Reserves 

REMA1N I NG 1988 REMAIN1NG 
TRACT I P E.L. DECL1NE 0 1 L GOR GAS 

(12 - 8 8 3 
- = = = - -

FACTOR RESERVES C MCF/BO) RESERVES 

1 0 0 0 . 0000 0 0 0 
2 4 160 227 0 . .0630 7 49, 1 43 3 . 22 3 2,414,487 
3 64 7 52 0 . 1258 757 1 . 6 4 3 93,251 
4 0 0 0 .0000 0 0 0 
5 1 1 2 30 0 . .1674 87 8 1 0 . 160 59,722 
6 987 A33 0 .0806 190 25 . 853 82,48 1 

7 160 56 0 . .0519 24 , 046 1 1 . 566 278,119 

8A UPPER 62 43 0 .1094 2 , 084 4 . 0 1 3 8,363 

8A LOWER 646 1 575 0 . .1362 2 , 29 1 226 . 398 5 18,590 
88 929 55 0 . . 0589 178, 065 0 . 999 177,886 
9 1117 5 1 0 . .1061 120, 566 1 . 673 20 1,706 

1 0 0 0 0 . .0000 0 0 0 
1 1 302 52 0 . 1392 2 1 , 552 1 . 497 32 , 263 
1 2 6 1 4 94 0 . .0483 129, 193 2 . 732 352,954 
1 3 300 36 0 . . 0596 53 , 1 54 6 . 665 354,274 
1 4 306 52 0 .1118 27 , 263 1 . 56 1 42 ,557 
1 5 9669 368 0 . .0690 1,617, 565 3 . 030 4,90 1 ,223 
1 6 2 14 7 269 0 . .12 17 185, 1 77 7 . 853 1,454,192 
1 7 7 496 329 0 . . 0657 1 , 309, 04 1 2 . 763 3,616,881 
1 8 0 0 0 . 0000 0 0 0 
1 9 0 0 0 . .0000 0 0 0 
20 0 0 0 . 0000 0 0 0 
2 1 2228 9 12 0 . .0730 6 , 820 3 1 . 72 1 2 16,329 

22 4036 630 0 . .0590 692 , 746 1 . 42 1 984,392 
23 0 0 0 . . 0000 0 0 0 
24 0 0 0 . 0000 0 0 0 
25 0 0 0 . . 0000 0 0 0 
26 134 34 0 . 0264 45 , 455 7 . 752 352,364 

TOTAL 5,229,984 16, 142,035 

* Denotes T r a c t s based on Gas D e c l i n e 



Evidence of Communication Between San Andres & Grayburg

Empire Exhibit N-26



Source:  NMOCD Website
Empire Exhibit N-27



EME-21, EME-33M, and 
Truckers SWD inject 

37.5 MMBW by Oct-1986

EMSU-457, 458, 459, 
460, 461, and 462 water 
supply wells withdraw 
338 MMBW while SWD 

continues.

Source:  NMOCD Website & 
Rebuttal Exhibit B-47

Cumulative Water Balance 
reaches 554 MMBW by 
1/1/2030 due to limited 

withdrawals and average water 
disposal rate of 342,000 BWPD 
over 5-year period 2025-2030. 

(Peak of 383,000 BWPD)

Empire Exhibit N-28


