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WHEREUPON, the f o l l o w i n g proceedings were had a t 

1:30 p.m.: 

EXAMINER STOGNER: This hearing w i l l come t o 

order. I b e l i e v e a t t h i s time we w i l l c a l l Case Number 

12,512, which i s the A p p l i c a t i o n of Exxon Mobil Corporation 

t o c e r t i f y a w a t e r f l o o d p r o j e c t f o r a p o s i t i v e p r o d u c t i o n 

response pursuant t o the Enhanced O i l Recovery Act, Eddy 

County, New Mexico. 

At t h i s time I ' l l c a l l f o r appearances. 

MR. BRUCE: Mr. Examiner, Jim Bruce of Santa Fe, 

rep r e s e n t i n g the A p p l i c a n t . I have th r e e witnesses t o be 

sworn. 

EXAMINER STOGNER: Any other appearances? 

W i l l the witnesses please stand t o be sworn? 

(Thereupon, the witnesses were sworn.) 

WILLIAM T. DUNCAN, 

the witness h e r e i n , a f t e r having been f i r s t d u l y sworn upon 

h i s oath, was examined and t e s t i f i e d as f o l l o w s : 

DIRECT EXAMINATION 

BY MR. BRUCE: 

Q. Mr. Duncan, would you please s t a t e your f u l l name 

and c i t y of residence? 

A. My name i s W i l l i a m Thomas Duncan, J r . , and I 

re s i d e i n — w e l l , i n The Woodlands, Texas, which i s j u s t 

n o r t h of Houston, Texas. 
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Q. Who do you work f o r and i n what capacity? 

A. I work f o r Exxon Mobil Corporation as a 

r e g u l a t o r y and r e s e r v o i r engineer. 

Q. Have you p r e v i o u s l y t e s t i f i e d before the 

Di v i s i o n ? 

A. Yes, I have. 

Q. And were your c r e d e n t i a l s as an expert admitted 

as a matter of record? 

A. Yes, they were. 

Q. And are you f a m i l i a r w i t h matters r e l a t e d t o the 

Avalon-Delaware Unit? 

A. Yes, I am. 

MR. BRUCE: Mr. Examiner, I tender Mr. Duncan as 

an expert engineer. 

EXAMINER STOGNER: Mr. Duncan i s so q u a l i f i e d . 

Q. (By Mr. Bruce) Mr. Duncan, could you i d e n t i f y 

E x h i b i t 1 f o r the Examiner and b r i e f l y discuss what we're 

here f o r today? 

A. E x h i b i t Number 1 i s a map of the Avalon-Delaware 

U n i t i n Eddy County, New Mexico. I t shows an o u t l i n e of 

the u n i t , and then w i t h i n t h a t o u t l i n e a color-coded key of 

the operators of leases t h a t were included i n the u n i t . 

I n 1995, October of 1995, t h i s u n i t became 

e f f e c t i v e and an enhanced o i l recovery p r o j e c t was 

implemented i n t h i s p a r t i c u l a r u n i t w a t e r f l o o d . We're here 
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today t o r e p o r t on the r e s u l t s of t h a t w a t e r f l o o d today. 

Q. Okay. What i s E x h i b i t 2? 

A. E x h i b i t Number 2 i s a copy of Order Number 

R-6368-B f o r the Avalon-Delaware Pool, which e s t a b l i s h e d a 

g a s - o i l r a t i o l i m i t of 7500 standard cubic f e e t per b a r r e l 

i n 1990. This was the maximum producing g a s - o i l r a t i o 

d u r i n g the l a t t e r p a r t of the p r e - u n i t i z a t i o n producing 

l i f e of the f i e l d and i s evidence of the higher GOR t h a t 

was e x h i b i t e d by w e l l s i n the f i e l d . 

Q. Mr. Duncan, you d i d say 7500. A c t u a l l y , t h a t ' s 

what Yates requested i n t h i s case. A c t u a l l y , I t h i n k t he 

D i v i s i o n granted a 4000-to-l GOR? 

A. I'm so r r y , I d i d n ' t — I was mistaken, you're 

r i g h t . 

Q. Okay. But t h a t ' s the only s p e c i a l pool r u l e s 

t h a t apply t o the u n i t i z e d i n t e r v a l f o r the Avalon-Delaware 

U n i t ; i s t h a t co r r e c t ? 

A. That's c o r r e c t , w i t h the exception of the order, 

Order 63 68, which created and defined the pool . 

Q. Okay. 

A. The order does note t h a t the maximum producing 

GOR t h a t was noted a t the time of the hearing was 

approximately 4000 standard cubic f e e t per b a r r e l . Of note 

i s t h a t a f t e r implementation of the w a t e r f l o o d i n 1995, the 

GOR f o r the Avalon-Delaware U n i t , which includes the e n t i r e 
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po o l , i s now about 1600 standard cubic f e e t per b a r r e l , and 

th e r e w i l l be more testimony l a t e r i n our p r e s e n t a t i o n 

about t h a t . 

Q. What i s E x h i b i t 3? 

A. E x h i b i t 3 i s a copy of NMOCD Order R-10,460-B, 

which created the Avalon-Delaware U n i t , approved the 

w a t e r f l o o d p r o j e c t , q u a l i f i e d i t f o r the o i l t a x r a t e 

pursuant t o the Enhanced O i l Recovery Act and approved 

va r i o u s nonstandard w e l l l o c a t i o n s i n the u n i t . 

Of note i s on page — beginning on page 15, Order 

p o r t i o n s (1) through (7) approve the u n i t , Order p o r t i o n s 

(8) through (10) approve the w a t e r f l o o d , Order p o r t i o n s 

(11) through (17) approve the i n j e c t i o n and UIC 

a p p l i c a t i o n s , Order p o r t i o n s (18) through (22) approve the 

enhanced o i l recovery p r o j e c t . 

And i n Order p o r t i o n number (20) i t ' s s p e c i f i e d 

t h a t i n order " t o be e l i g i b l e f o r the EOR c r e d i t , p r i o r t o 

commencing i n j e c t i o n operations the operator must request 

from the D i v i s i o n a C e r t i f i c a t e of Q u a l i f i c a t i o n , which 

. . . w i l l s p e c i f y the proposed p r o j e c t area as described..." 

and t h a t i s attached as E x h i b i t Number 4. 

And Order p o r t i o n number (21) s t a t e d t h a t a t the 

time of p o s i t i v e production response "...and w i t h i n f i v e 

years from the date of the C e r t i f i c a t e of Q u a l i f i c a t i o n , 

the operator must apply t o the D i v i s i o n f o r c e r t i f i c a t i o n 
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of a p o s i t i v e production response..." and t h a t 

" . . . a p p l i c a t i o n s h a l l i d e n t i f y the area a c t u a l l y 

b e n e f i t t i n g from enhanced recovery operations, and 

i d e n t i f y i n g the s p e c i f i c w e l l s which the operator b e l i e v e s 

are e l i g i b l e f o r the c r e d i t . " 

That i s the purpose of our A p p l i c a t i o n and f i l i n g 

today. 

Q. And t h a t A p p l i c a t i o n was f i l e d , I b e l i e v e , on 

September 2 6th, Mr. Duncan? 

A. That i s c o r r e c t , which was w i t h i n the f i v e years 

s p e c i f i e d . 

Q. Okay. And then again, f i n a l l y , E x h i b i t 4 i s j u s t 

the c e r t i f i c a t i o n l e t t e r from the D i v i s i o n ? 

A. That i s c o r r e c t , and i t shows a c e r t i f i c a t i o n 

date of October 15th, 1995. 

Q. Were E x h i b i t s 1 through 4 prepared by you or 

compiled under your d i r e c t i o n ? 

A. Yes, they were. 

Q. And i n your opinion, i s the g r a n t i n g of t h i s 

A p p l i c a t i o n i n the i n t e r e s t s of conservation and the 

pr e v e n t i o n of waste? 

A. Yes, i t i s . 

MR. BRUCE: Mr. Examiner, I ' d move the admission 

of E x h i b i t s 1 through 4. 

EXAMINER STOGNER: E x h i b i t s 1 through 4 w i l l be 
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admitted i n t o evidence. 

EXAMINATION 

BY EXAMINER STOGNER: 

Q. Mr. Duncan, your E x h i b i t Number 3, now, t h i s was 

the f i n a l Commission order t h a t granted t h i s p r o j e c t ? 

A. Yes, i t was. 

Q. Okay. Now, wasn't there an order or two p r i o r t o 

t h i s time? 

A. There were. There was an order pursuant t o the 

June hearing, the D i v i s i o n hearing, and then t h e r e was also 

a nunc p ro tunc order, which I'm not sure whether i t was 

a f t e r the December hearing or before. Mr. Bruce may be 

able t o help me on t h a t . 

MR. BRUCE: I bel i e v e i t was — I t h i n k i t was 

the -A order, which was probably before t h i s order. 

THE WITNESS: That would make sense. 

Q. (By Examiner Stogner) Now, was th e r e anything — 

Let me rephrase t h a t . 

The o r i g i n a l order authorized t h i s p r o j e c t from 

the D i v i s i o n . Did t h i s Commission Order change anything 

w i t h respect t o the EOR p o r t i o n of t h i s order? 

A. To be honest, I d i d n ' t check i t . I don't t h i n k 

i t d i d , but I d i d n ' t check s p e c i f i c a l l y t h a t p o i n t . I ' d be 

happy t o compare the language. 

MR. BRUCE: And Mr. Examiner, from what I r e c a l l 
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from being i n v o l v e d i n t h e r e , the D i v i s i o n ' s order d i d 

approve the EOR p r o j e c t , which i s why the c e r t i f i c a t e of 

q u a l i f i c a t i o n was issued i n October, which i s obviously 

before t h i s Commission order was entered. And the D i v i s i o n 

order was not stayed d u r i n g the pendency of the appeal t o 

the Commission. 

Q. (By Examiner Stogner) So October of 1995 was 

when i n j e c t i o n s t a r t e d or when the p r o j e c t was approved? 

A. October 1st of 1995 i s when the u n i t became 

e f f e c t i v e . October 15th of 1995 i s the c e r t i f i c a t i o n date 

by the NMOCD, and i n j e c t i o n began a f t e r t h a t . And I don't 

have the exact date t h a t i n j e c t i o n began. 

There had been i n j e c t i o n i n t o the Delaware f o r 

d i s p o s a l f o r several years p r i o r t o t h a t , but w e l l s were 

not converted t o i n j e c t i o n pursuant t o the w a t e r f l o o d — or 

f o r the w a t e r f l o o d p r o j e c t u n t i l a f t e r October 15th of 

1995. 

EXAMINER STOGNER: I ' l l take a d m i n i s t r a t i v e 

n o t i c e a t t h i s time of both Cases 11,297 and 11,298 i n t h i s 

matter, and I be l i e v e I've already accepted the E x h i b i t s 1 

through 4. 

I don't have any other questions of Mr. Duncan a t 

t h i s time. I may l a t e r on, once we hear some testimony — 

MR. BRUCE: Okay. 

EXAMINER STOGNER: — a d d i t i o n a l testimony. 
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Thank you, s i r . 

STEVEN R. KROHN. 

the witness h e r e i n , a f t e r having been f i r s t duly sworn upon 

h i s oath, was examined and t e s t i f i e d as f o l l o w s : 

DIRECT EX/AM I NAT ION 

BY MR. BRUCE: 

Q. Would you please s t a t e your name f o r the record? 

A. Steven R. Krohn. 

Q. How do you s p e l l your l a s t name, s i r ? 

A. K-r-o-h-n. 

Q. Who do you work f o r and i n what capacity? 

A. I work f o r Exxon Mobil Corporation as a senior 

petroleum g e o l o g i s t . 

Q. Have you p r e v i o u s l y t e s t i f i e d before the 

Di v i s i o n ? 

A. No, I have not. 

Q. Would you please summarize your e d u c a t i o n a l and 

employment background? 

A. I'm a graduate of the U n i v e r s i t y of Wisconsin, 

Milwaukee, w i t h a degree i n g e o l o g i c a l sciences. I've been 

employed by Exxon Mobil or i t s predecessors since 1980, 

w i t h n e a r l y a l l of my experience being i n the domestic 

United States. Since 1986 I've worked e x c l u s i v e l y i n the 

pro d u c t i o n department, which deals w i t h the development and 

e x p l o i t a t i o n of e x i s t i n g f i e l d s and p r o p e r t i e s . 
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I've worked west Texas/New Mexico p r o p e r t i e s 

since 1996 and have been involved e i t h e r i n a primary or 

backup sense w i t h the Avalon-Delaware U n i t since 1996. 

I also have presented a t t e c h n i c a l hearings f o r 

both the Texas Railroad Commission and the State of Texas 

General Land O f f i c e , and I am a C e r t i f i e d Petroleum 

Geologist by the American Asso c i a t i o n of Petroleum 

Geologists, Number 4822. 

Q. Are you f a m i l i a r w i t h the geology of the u n i t i z e d 

i n t e r v a l i n the Avalon-Delaware Unit? 

A. Yes, I am. 

MR. BRUCE: Mr. Examiner, I tender Mr. Krohn as 

an expert petroleum g e o l o g i s t . 

EXAMINER STOGNER: And how long have you been 

respo n s i b l e f o r t h i s u n i t or worked w i t h i t ? 

THE WITNESS: I have worked w i t h t h i s p a r t i c u l a r 

u n i t f o r over f o u r years. 

EXAMINER STOGNER: You weren't i n v o l v e d i n the 

o r i g i n a l case, were you? 

THE WITNESS: I n 1995, no, I was not. I assumed 

p a r t i a l r e s p o n s i b i l i t y i n the f a l l of 1996. 

EXAMINER STOGNER: Did you help prepare i t ? 

THE WITNESS: No, but I know the people who were 

i n v o l v e d , so. 

EXAMINER STOGNER: Yes, Mr. Krohn i s so 
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q u a l i f i e d . 

Q. (By Mr. Bruce) Mr. Krohn, could you r e f e r t o 

your f i r s t e x h i b i t , E x h i b i t Number 5, and discuss i t s 

contents f o r the Examiner? 

A. E x h i b i t Number 5 i s a s t r u c t u r e map on the top of 

the Lower Cherry formation, and the map i s a t a scale of 

one inch equals 2000 f e e t . I would p o i n t out s e v e r a l 

i d e n t i f y i n g f e a t u r e s of the map. The s e c t i o n l i n e s are i n 

cyan c o l o r , the township and range l i n e are i n green, and 

the u n i t o u t l i n e i s i n red, surrounding the Avalon-Delaware 

U n i t . 

The s t r u c t u r e map i s contoured a t a 2 500-foot 

contour i n t e r v a l , and I also have annotated on here a type 

l o g , which I w i l l show as my next e x h i b i t , and t h a t w i l l be 

Type Log Avalon-Delaware Uni t 522. I f you n o t i c e on the 

s t r u c t u r e map, i t defines the u n i t , but the u n i t i s d e f i n e d 

by the s t r u c t u r e . 

Q. And you picked out as the type l o g the 522. That 

i s what, one of the highest w e l l s , highest s t r u c t u r a l w e l l s 

i n the pool? 

A. Correct, i t i s . I t i s also one of the best 

producers i n the f i e l d . 

Q. Okay. Now, j u s t one f i n a l question on t h i s map. 

does the u n i t and the s t r u c t u r e as you've mapped i t i n c l u d e 

b a s i c a l l y the e n t i r e productive p o r t i o n of t h i s s t r u c t u r e ? 
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A. Yes, i t does. 

Q. Okay. Let's move on t o your type l o g , E x h i b i t 

Number 6, and go through t h a t . 

A. Okay, my type l o g i s Avalon-Delaware U n i t 522. 

The v e r t i c a l scale i s one inch equals 50 f e e t , and the w e l l 

was d r i l l e d t o a t o t a l depth of 4,700 f e e t . On the type 

l o g , i f you look a t i t , on the l e f t i s a t r a c k which has a 

gamma-ray scale of zero t o 100 i n API u n i t s . There i s also 

c o l o r i n t h a t t r a c k , and the c o l o r s are designated blue f o r 

limestone, yellow f o r sandstone and brown or t a n f o r 

shales. 

Annotated on the l o g are also the s t r a t i g r a p h i c 

tops f o r the f i v e horizons t h a t we have l i s t e d f o r t h i s 

h earing. They are the Goat Seep, the Upper Cherry, the 

Middle Cherry, the Lower Cherry — the mapped h o r i z o n which 

the s t r u c t u r e map i s based on, and the Upper Brushy and the 

Lower Brushy. 

The center t r a c k on the l o g i s the depth t r a c k , 

w i t h the annotated p e r f o r a t i o n s and depths and comments as 

t o whether those p e r f o r a t i o n s are open or squeezed. 

The next t r a c k i s the r e s i s t i v i t y response, w i t h 

t h r e e curves recorded i n t h a t t r a c k . The LLD i s the 

l a t e r a l l o g deep, i t i s a deep r e s i s t i v i t y t o o l ; the LLS i s 

the shallow curve r e s i s t i v i t y t o o l ; and the MLL, micro-

l a t e r a l l o g , i s also a t o o l which reads a shallow depth of 
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i n v e s t i g a t i o n . 

The f i n a l t r a c k records p o r o s i t i e s , the green 

curve i s the neutron p o r o s i t y , and the blue curve i s the 

d e n s i t y - d e r i v e d p o r o s i t y . Both i d e n t i f y porous from 

nonporous zones. The DPHI curve i s colored i n red t o show 

zones i n excess of 11-percent p o r o s i t y , which i s the n e t -

pay c u t o f f used f o r most of the r e s e r v o i r s i n the Avalon-

Delaware u n i t . 

Also located i n t h i s t r a c k i s the PEF curve, 

which stands f o r p h o t o e l e c t r i c f a c t o r , which i s used as a 

l i t h o l o g y i n d i c a t o r . 

Q. Before we move o f f of t h i s e x h i b i t , i n l o o k i n g a t 

t h i s , what are the primary i n j e c t i o n zones i n the u n i t ? 

A. The primary zones are f a i r l y easy t o see by the 

p e r f o r a t i o n s on t h i s p a r t i c u l a r l o g . They are the Upper 

Cherry, from about 2 600 f e e t down t o about, oh, 2750; and 

the Upper Brushy, j u s t around a depth of 3550 t o 3620. 

These are the primary r e s e r v o i r s i n the Avalon-Delaware 

U n i t . 

Q. And maybe one f i n a l question. There are some 

p e r f o r a t i o n s here i n the Middle Cherry, but t h a t i s not one 

of the primary producing or i n j e c t i o n zones, i s i t ? 

A. No, i t i s not. 

Q. Next, Mr. Krohn, we have a s e r i e s of E x h i b i t s 7 

and 7A, 8 and 8A. I ' d ask you t o maybe j u s t one a t a time 
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go through E x h i b i t s 7 and 8 and describe those f o r the 

Examiner, and then w e ' l l move on t o our f i n a l e x h i b i t s . 

A. ' Okay. E x h i b i t 7 i s a west-to-east s t r u c t u r a l 

c r o s s - s e c t i o n through the Delaware s e c t i o n of the Avalon-

Delaware U n i t . The v e r t i c a l scale on these logs i s one 

inch equals 100 f e e t , and the curves and t r a c k s and 

nomenclature are the same as we have p r e v i o u s l y discussed 

on the type l o g . 

The index map on the bottom r i g h t of the e x h i b i t 

shows the a c t u a l d i r e c t i o n of s e c t i o n and the w e l l s used i n 

the c o n s t r u c t i o n of t h i s c ross-section. 

Well ADU, the type l o g , i s the second w e l l from 

the l e f t and shows the mapped i n t e r v a l , Lower Cherry, as 

the r ed l i n e , and i t shows i t t o be i n a s t r u c t u r a l l y h i gh 

p o s i t i o n . 

Well 530, also on t h i s c r o s s - s e c t i o n , i s the 

t h i r d w e l l from the l e f t , and i t i s common t o both the 

north-south and east-west sections. 

Also on t h i s p a r t i c u l a r s e c t i o n , you w i l l n o t i c e 

the red p e r f o r a t i o n i n t e r v a l s i n the center depth t r a c k , 

and you w i l l n o t i c e t h a t most of these p e r f o r a t i o n 

i n t e r v a l s are i n the Upper Cherry and i n the Upper Brushy. 

There are some a d d i t i o n a l p e r f o r a t i o n s down i n the Lower 

Brushy, and these were i n our p r e v i o u s l y mentioned d i s p o s a l 

water zone f o r water p r i o r t o w a t e r f l o o d i n g . There also 
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were some p e r f o r a t i o n s , minor, i n the Middle Cherry, 

depending on the q u a l i t y of the mud-log shows i n t h a t 

i n t e r v a l . 

E x h i b i t 8 i s a north-south c r o s s - s e c t i o n a t the 

same scales as p r e v i o u s l y mentioned, one inch equals 100 

f e e t , same log curves and same p r e s e n t a t i o n s t y l e as 

before. And again, w e l l 530 i s the f o u r t h w e l l from the 

l e f t . 

Again, I might p o i n t out the s t r a t i g r a p h i c u n i t s 

t h a t are l i s t e d on t h i s cross-section and t h a t they are 

continuous across the f i e l d . Again, the p e r f o r a t i o n 

i n t e r v a l s are mostly i n the Upper Cherry and Upper Brushy 

i n t e r v a l s . 

Q. Maybe one other t h i n g o f f t h i s map. I t h i n k we 

were — i t ' s k i n d of unclear what — On the second w e l l 

from the r i g h t — 

A. Yes, s i r . 

Q. — the r e i s a s o l i d blue l i n e . What i s t h a t ? 

A. The blue l i n e represents an i n t e r v a l t h a t was 

cored i n t h i s p a r t i c u l a r w e l l , and the s o l i d blue i n t e r v a l 

i s t he i n t e r v a l t h a t was recovered by core, and there's a 

small t e n - f o o t s e c t i o n at the bottom which showed no 

recovery. So we recovered approximately, oh, I would say 

of the 350 f e e t of core, we recovered 340 f e e t of rock i n 

t h i s p a r t i c u l a r cored i n t e r v a l . 
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Q. Based upon your mapping here, are the Upper 

Cherry and Upper Brushy zones continuous across the u n i t ? 

A. Yes, they are continuous s t r a t i g r a p h i c u n i t s 

across the Avalon-Delaware U n i t . 

Q. Now, l e t ' s move on t o your f i n a l two e x h i b i t s 

which you've also place on the w a l l , Mr. Krohn, and i f 

you'd s i t or stand, whatever i s more comfortable w i t h you, 

and go through those two e x h i b i t s and t e l l t he Examiner 

what they show. 

A. Okay, i n E x h i b i t — 

EXAMINER STOGNER: Mr. Krohn — before you do 

t h a t — 

THE WITNESS: Yes, s i r . 

EXAMINER STOGNER: — ev e r y t h i n g you're saying i s 

being recorded, so t r y t o keep from p o i n t i n g a t something 

and saying "as you see t h i s " , "as you see t h a t " . 

THE WITNESS: I understand. 

EXAMINER STOGNER: That w i l l not come across on 

the t r a n s c r i p t . 

THE WITNESS: A l l r i g h t . E x h i b i t 7A i s a west-

t o - e a s t g e o c e l l u l a r model s e c t i o n , which i s i d e n t i c a l t o 

the d i r e c t i o n of the E x h i b i t 7, which I p r e v i o u s l y 

described. I t i s the p o r o s i t y a t t r i b u t e s of the e n t i r e 

Delaware s e c t i o n throughout the Avalon-Delaware U n i t . I t 

has the same w e l l s as l i s t e d on the previous c r o s s - s e c t i o n 
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and runs along the same l i n e of s e c t i o n . 

There are two main r e s e r v o i r s l i s t e d on t h i s 

p a r t i c u l a r s e c t i o n , and I ' l l p o i n t these out. The upper 10 

percent of the s e c t i o n i s what we have annotated as the 

Upper Cherry r e s e r v o i r , and we see a d i f f e r e n t i a t i o n 

between a white l i n e below and another white l i n e above, 

which d i v i d e s out the s t r a t i g r a p h i c u n i t . 

The other r e s e r v o i r t h a t we have i d e n t i f i e d a t 

the Avalon-Delaware Unit as being most p r o l i f i c , or most 

p r o d u c t i v e , i s the Upper Brushy horizon. I t i s i n the 

center of the d i s p l a y , and i t i s l i s t e d as Upper Brushy, 

and i t i s again d i v i d e d by the two white l i n e s . 

The two r e s e r v o i r s , again, the Upper Cherry has 

an average of 131 f e e t of net thickness i n i t s i n t e r v a l , 

and i t has an average p o r o s i t y of 14.4 percent and a 

p e r m e a b i l i t y of 2.3 m i l l i d a r c i e s . 

The Upper Brushy has an average w e l l t h i c k n e s s , 

or i n t e r v a l thickness, of 272 f e e t w i t h an average p o r o s i t y 

of 14.9 percent and an average p e r m e a b i l i t y of 1.1 

m i l l i d a r c i e s . 

These g e o c e l l u l a r model sections are a c t u a l l y 

created from the w e l l l o g data and the v a r i a b i l i t y between 

t h a t w e l l l o g data. This p a r t i c u l a r model has about 2 

m i l l i o n c e l l s of data t h a t are created i n a t h r e e -

dimensional sense t o model the underground r e s e r v o i r 
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sec t i o n s i n t h i s p a r t i c u l a r f i e l d . By doing t h i s , we can 

determine a l i t t l e b i t more about c o n t i n u i t y and f l o w 

between w e l l s and p a t t e r n s . 

The a d d i t i o n a l s e c t i o n I've also l i s t e d here i s 

the E x h i b i t 8A, and i t again i s p o r o s i t y a t t r i b u t e s , and 

the p o r o s i t i e s are again the warmer c o l o r s , go up t o about 

25 percent, red, and the blue c o l o r s are about 1 and 2 

percent p o r o s i t y i n blue. 

Again, the Upper Cherry i n t e r v a l i s l i s t e d i n the 

upper 10 percent of the p l o t . There i s a f a i r b i t of 

d i s c o n t i n u i t y i n the Upper Cherry on t h i s north-south 

s e c t i o n , p a r t i c u l a r l y i n the northern p a r t of the s e c t i o n . 

The Middle Cherry i n t h i s p a r t i c u l a r s e c t i o n 

c a r r i e s q u i t e a b i t of the warm, higher p o r o s i t y numbers. 

However, t h a t i s not our r e s e r v o i r s e c t i o n a t the Avalon-

Delaware U n i t . 

And then the Upper Brushy s e c t i o n , which I 

p r e v i o u s l y described, i s comprised mainly of yellows and 

green c o l o r s i n the center s e c t i o n of the p l o t , and i t i s a 

q u i t e d i s t i n c t i v e and continuous-looking u n i t across the 

f i e l d . 

Q. (By Mr. Bruce) So i n l o o k i n g a t t h i s , c e r t a i n l y 

the Upper Brushy i s easy t o t r a c e along t h i s map? 

A. I t c e r t a i n l y i s , yes. 

Q. Whereas the other — And t h a t i s one of the 
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primary i n j e c t i o n zones, i s i t not? 

A. Right, t h a t i s t r u e . 

Q. And then the other main i n j e c t i o n zone, the Upper 

Cherry, i s much more heterogenous, i s n ' t i t ? 

A. Heterogeneous, yes, s i r . 

Q. And again, based on what you've j u s t presented, 

are the i n j e c t i o n zones continuous across the u n i t ? 

A. C e r t a i n l y most continuous i n the Upper Brushy. I 

would say less continuous i n the Upper Cherry. However, 

th e r e are p o i n t s i n the Upper Cherry which do prov i d e good 

c o n t i n u i t y from w e l l t o w e l l and p a t t e r n t o p a t t e r n . 

Q. Okay. Were E x h i b i t s 5 through 8A prepared by you 

or under your supervision? 

A. Yes, they were. 

Q. And i n your o p i n i o n , i s the g r a n t i n g of t h i s 

A p p l i c a t i o n i n the i n t e r e s t s of conservation and the 

pre v e n t i o n of waste? 

A. Yes, i t i s . 

MR. BRUCE: Mr. Examiner, I' d move the admission 

of Exxon Mobil E x h i b i t s 5 through 8A. 

EXAMINER STOGNER: E x h i b i t s 5 through 8, subparts 

7A and 8A, are admitted i n t o evidence. 

EXAMINATION 

BY EXAMINER STOGNER: 

Q. R e f e r r i n g t o E x h i b i t Number 8, you s t a t e d t h a t 

STEVEN T. BRENNER, CCR 
(505) 989-9317 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

22 

the primary i n j e c t i o n i n t e r v a l was the Upper Cherry and the 

Upper Brushy; i s t h a t r i g h t ? 

A. Yes, s i r . 

Q. Okay, now when I look on the f a r s i d e , on the 

r i g h t side of t h i s map, I'm assuming t h a t the Number 3 62 

w e l l i s an i n j e c t i o n well? 

A. Number — Are you on E x h i b i t 8, s i r ? 

Q. I'm on E x h i b i t Number 8. 

A. Yeah, I t h i n k i t ' s Well 562. 

Q. 562, okay. 

A. Yes, s i r . 

Q. Now, then, I go down there — I don't even see 

any p e r f s i n the Upper Brushy. 

A. That's probably because th e r e were not many — 

not much mudlog show pay i n t h a t p a r t i c u l a r w e l l . 

Q. So — 

A. I t i s a w e l l on the f r i n g e of the f i e l d , and i t 

probably d i d not contai n any pay i n the — based on the l o g 

response of the mud logs when we d r i l l e d the w e l l . I t does 

have p o r o s i t y , i t appears continuous; however, the w e l l 

r i g h t next t o i t , Well 538 — 536 immediately t o the n o r t h 

of i t also only has one small i n t e r v a l of p e r f o r a t i o n s . 

And i f you look, both of those w e l l s are s t r u c t u r a l l y 

downdip from the center of the f i e l d . 

Q. I take i t t h i s i s not a t y p i c a l i n j e c t i o n w e l l , 
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then? 

A. I t i s not. I t does i n j e c t almost — Well, i t 

w i l l i n j e c t almost a l l of i t s water i n t o the Upper Cherry, 

and some of the zones are unique i n t h a t respect, i n t h a t 

they i n j e c t only i n t o the Brushy or only i n t o the Cherry, 

depending on t h e i r p o s i t i o n , s t r u c t u r a l p o s i t i o n i n the 

f i e l d , and the amount of pay i n those r e s p e c t i v e i n t e r v a l s . 

I b e l i e v e Well 562 also was a d i s p o s a l w e l l , 

t h e r e are some p e r f s q u i t e f a r down i n the Lower Brushy. 

Q. Okay, t h a t would make sense, because i t ' s out 

th e r e by i t s e l f . 

A. Right. I t h i n k we have some other e x h i b i t s t h a t 

w i l l show where the disposal w e l l s were lo c a t e d and how 

much water was disposed of by w e l l . 

Q. Okay. R e f e r r i n g t o E x h i b i t Number 7A — 

A. Yes, s i r . 

Q. — now, between the Upper Cherry and the Middle 

Cherry, i s t h a t the red l i n e t h a t goes across t h e r e i n a 

z i g - z i g manner, or do I look a t the white l i n e ? 

A. You look a t the white l i n e , s i r . The red l i n e i s 

a c t u a l l y a three-dimensional view of what the — a p a r t i a l 

view of what the u n i t o u t l i n e looks l i k e i n the surface 

p o s i t i o n . 

I f you would r e f e r t o the s t r u c t u r e map, j u s t see 

how the u n i t o u t l i n e has several i n d e n t a t i o n s i n i t . That 
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would be E x h i b i t 5, p a r t i c u l a r l y on the southern edge. 

That red l i n e i s a c t u a l l y a surface p r o j e c t i o n of the u n i t 

o u t l i n e on t h i s three-dimensional view. And then i t z i g ­

zags up here t o the n o r t h around the E. On the s e c t i o n 

y o u ' l l see the u n i t o u t l i n e , and you w i l l observe t h a t the 

u n i t o u t l i n e appears up i n t h a t corner of the p l o t a l s o . 

I d i d not put i t on the north-south E x h i b i t 8A, 

and I probably should have l e f t i t o f f here, because i t i s 

somewhat confusing. 

The white l i n e s are the a c t u a l s t r a t i g r a p h i c u n i t 

boundaries i n both E x h i b i t 8A and 7A. 

Q. Again r e f e r r i n g t o E x h i b i t Number 7A — 

A. Yes, s i r . 

Q. — when I look on the l e f t s i d e , between the — 

i n the diagram i t s e l f , or the p l o t — 

A. Right. 

Q. — the f i r s t two panels, t h e r e appears t o be 

seve r a l s t r u c t u r e s , a c t u a l l y . I s t h a t what i s going on 

underneath t h e r e as being depicted — 

A. Right. 

Q. — i s some unconformities or something? 

A. Yes, s i r , t h a t i s e x a c t l y what's happening. We 

have some t r u n c a t i o n and some onlap of e x i s t i n g formations. 

This Avalon-Delaware sand s e c t i o n i s q u i t e close t o the 

s h e l f slope margin i n Permian time, and i t saw some 
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dramatic changes i n s t r a t i g r a p h y going on i n these u n i t s . 

I t ' s also observed i n the north-south s e c t i o n , 

E x h i b i t 8A, where the Middle Cherry onlaps the Lower 

Cherry, and i t ' s q u i t e dramatic i n t h a t p a r t i c u l a r l o c a t i o n 

a l s o . 

Q. Does t h a t act as a t r a p p i n g mechanism i n t h i s 

area? 

A. I t appears t h a t the accumulation i s somewhat 

c o n t r o l l e d by topseal here and t h a t the u n i t above the 

Upper Cherry, the Goat Seep, a c t u a l l y provides a t o p s e a l 

t r a p , and why most of the o i l i s r e s e r v o i r e d i n the Upper 

Cherry. 

We also b e l i e v e t h a t the Lower Cherry/Upper 

Brushy i n t e r v a l on Section 8A, y o u ' l l see some i n t e r v a l s 

t h a t are q u i t e dark blue, very low p o r o s i t y , r i g h t a t t h a t 

surface. That a c t u a l l y provides the r e s e r v o i r t o p s e a l f o r 

the Upper Brushy. So t h a t ' s where most of the o i l appears 

t o be r e s e r v o i r e d . 

I would say when you look a t E x h i b i t 8A, you 

would observe t h a t i t appears t h a t most of t h i s p o r o s i t y 

appears t o be i n the Middle Cherry, and t h a t ' s t r u e . I t i s 

not very continuous through the f i e l d area, and t h e r e 

appears t o be very l i t t l e hydrocarbon r e s e r v o i r e d i n t h a t 

i n t e r v a l . Most of the o i l t h a t came i n t o the Middle Cherry 

probably migrated v e r t i c a l l y up i n t o the Upper Cherry where 
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i t i s trapped today. 

This e n t i r e s e c t i o n , i f you would r e f e r back t o 

Section 7 or 8, i f you look a t those c r o s s - s e c t i o n s , both 

of them show a colored s e c t i o n , and most of what you see 

through here i s t h a t the Delaware s e c t i o n i s almost a l l 

sandstone. There are very l i t t l e shales, very few 

carbonates i n t h a t s e c t i o n , and the p o r o s i t y i s almost 

continuous from top t o bottom. 

So there are small s t r a t i g r a p h i c breaks t h a t are 

apparently causing the topseal t o t r a p . 

Q. Were you involved i n p i c k i n g out the 

p e r f o r a t i o n s , or was t h a t done p r i o r t o your g e t t i n g 

involved? 

A. For the most case, t h i s was done p r i o r t o my 

g e t t i n g i n v o l v e d . Most of the w e l l s were d r i l l e d p r i o r t o 

my involvement. We have, however, done several workovers 

i n these w e l l s where we have squeezed o f f zones or added 

p e r f o r a t i o n s t o improve conformance between i n j e c t o r s and 

producers. 

Q. What was the s t i m u l a t i o n method i n these w e l l s on 

the perfs? 

A. I would r e f e r t h a t question t o my r e s e r v o i r 

engineer who w i l l be speaking next. 

EXAMINER STOGNER: Thank you, s i r . You may be 

excused. 
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Mr. Bruce? 

RICARDO PENA, JR.. 

the witness h e r e i n , a f t e r having been f i r s t d u l y sworn upon 

h i s oath, was examined and t e s t i f i e d as f o l l o w s : 

DIRECT EXAMINATION 

BY MR. BRUCE: 

Q. Would you please s t a t e your name f o r the record? 

A. My name i s Ricardo Pena, J r . 

Q. Where do you reside? 

A. The Woodlands, Texas. 

Q. Who do you work f o r and i n what capacity? 

A. I work f o r Exxon Mobil as a s t a f f r e s e r v o i r 

engineer. 

Q. Have you p r e v i o u s l y t e s t i f i e d before the 

Di v i s i o n ? 

A. No, s i r . 

Q. Would you o u t l i n e your educational and employment 

background f o r the Examiner? 

A. I graduated i n 1983 w i t h a BS degree i n petroleum 

engineering from the U n i v e r s i t y of Texas i n A u s t i n . I've 

worked f o r Exxon Mobil and i t s predecessors f o r 17 years. 

Eleven of those years I've worked i n west Texas p r o p e r t i e s , 

p r i m a r i l y i n the — as a production engineer and r e s e r v o i r 

engineer, and s i x of those 11 years I've worked as a 

r e s e r v o i r engineer, p r i m a r i l y i n the Delaware Basin. 
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Q. Does your area of r e s p o n s i b i l i t y i n c l u d e the 

Avalon-Delaware Unit? 

A. Yes, s i r . 

Q. And are you responsible f o r and f a m i l i a r w i t h 

engineering matters r e l a t e d t o the u n i t ? 

A. Yes, s i r . 

MR. BRUCE: Mr. Examiner, I ' d tender Mr. Pena as 

an expert petroleum engineer. 

EXAMINER STOGNER: Mr. Pena i s so q u a l i f i e d . 

Q. (By Mr. Bruce) Let's move t o your f i r s t e x h i b i t , 

Mr. Pena, and j u s t b r i e f l y discuss the c u r r e n t s t a t u s of 

the u n i t . 

A. Okay, E x h i b i t Number 9 i s j u s t a f a c t sheet. We 

have w e l l s t a t i s t i c s , production numbers, r e s e r v o i r f l u i d 

data and i n f o r m a t i o n on the producing f o r m a t i o n . C u r r e n t l y 

we have 31 producers, 16 water i n j e c t i o n w e l l s , t h r e e 

water-source w e l l s , one disposal w e l l . We do have one w e l l 

shut i n and s i x t h a t are t e m p o r a r i l y abandoned. 

As of August 31st of t h i s year, we're c u r r e n t l y 

making about — close t o 700 b a r r e l s a day, w i t h a l i t t l e 

over a m i l l i o n cubic f e e t of gas per day, and j u s t under 

4000 b a r r e l s of water are produced, of which, of t h a t , 1600 

b a r r e l s a day i s from water-source w e l l s . 

We are i n j e c t i n g about — a l i t t l e over 4600 

b a r r e l s of water, of which 900 b a r r e l s i s from freshwater 
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makeup. 

To date, we have i n j e c t e d a t o t a l of a l i t t l e 

over 6 m i l l i o n b a r r e l s of water i n the Delaware. The 

primary zones of i n j e c t i o n are the Upper Cherry and the 

Upper Brushy. 

Q. And data on those formations i s given on t h i s 

e x h i b i t , c o r r e c t ? 

A. I'm sorry? 

Q. Just some basic i n f o r m a t i o n on the formations and 

f l u i d data i s given i n the e x h i b i t ; i s t h a t r i g h t ? 

A. That's c o r r e c t , yes, s i r . 

Q. Okay. What i s E x h i b i t 10? 

A. E x h i b i t 10 i s j u s t a l i s t of the w e l l s t h a t we 

c u r r e n t l y have. We d e t a i l a l l the producers, the water 

i n j e c t i o n w e l l s , the water source w e l l s , and t h i s contains 

a l i s t of the producers t h a t we b e l i e v e should be 

q u a l i f i e d . 

Q. Okay. Now l e t ' s move on t o your E x h i b i t 11 and 

j u s t b r i e f l y discuss the w e l l s i n the u n i t . 

A. Okay, E x h i b i t 11 i s j u s t a p l a t , and the main 

purpose of t h i s e x h i b i t i s j u s t t o d e p i c t the 

implementation of the w a t e r f l o o d . On the r i g h t - h a n d side 

of the p l a t map we have the legend. I n green we have the 

c u r r e n t producers, the a c t i v e producers. The water-

i n j e c t i o n w e l l s are denoted by the open c i r c l e w i t h an 

STEVEN T. BRENNER, CCR 
(505) 989-9317 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

30 

arrow through i t . 

And then the t h i r d item i n the legend — I j u s t 

wanted t o p o i n t out, we do have three pre-producing 

i n j e c t o r s . Those are w e l l s t h a t we d r i l l e d as i n j e c t o r s , 

and they're c u r r e n t l y producing r i g h t now. 

Q. So they haven't y e t been converted t o i n j e c t i o n ? 

A. That's c o r r e c t . 

Q. Okay. One f i n a l t h i n g on t h i s e x h i b i t , the 

Hearing Examiner asked Mr. Krohn about the 562 w e l l , and 

maybe i t ' s a l i t t l e c l e a r e r on t h i s e x h i b i t . What i s the 

s t a t u s of t h a t w e ll? 

A. That i s c u r r e n t l y a water-source w e l l . 

Q. Okay, used t o produce water f o r the other 

i n j e c t o r s ? 

A. That's c o r r e c t . 

Q. Okay. Now we've got a bunch of c h a r t s , Mr. Pena, 

and I t h i n k we need t o go over these a l i t t l e more s l o w l y , 

but we have E x h i b i t s 12A through 12E. Why don't you j u s t 

s t a r t w i t h 12A and maybe give a l i t t l e background of 

p r o d u c t i o n i n the u n i t and what has happened r e c e n t l y ? 

A. Okay. This i s a production p l o t w i t h the Y a x i s 

being b a r r e l s per day i n MCF per day, and time on the X 

a x i s . And most of these p l o t s , on the X a x i s we have the 

time on a l l these p l o t s t h a t we're about t o go over. 

What I merely t r y t o do here i s annotate the 
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major events dur i n g the development of the Avalon-Delaware 

U n i t . The primary development occurred between 1982 and 

1984, and as t e s t i f i e d e a r l i e r by Mr. B i l l Duncan, the 

f i e l d was u n i t i z e d i n October, 1995, a t which time we d i d 

d r i l l a d d i t i o n a l producers t o become i n j e c t o r s , and some 

t h a t became i n j e c t o r s immediately. And some of those w e l l s 

t h a t pre-produced were converted — have also been 

converted. 

We b e l i e v e t h a t the f i r s t w a t e r f l o o d response 

occurred i n A p r i l of 1996, and t h a t was on the Avalon-

Delaware U n i t Number 657. 

Q. Okay. Now, l o o k i n g a t t h i s as a whole, i s i t 

f a i r t o say t h a t over the l a s t few years p r o d u c t i o n from 

the u n i t as a whole has f l a t t e n e d out and even increased 

over t h a t period? 

A. Yes, s i r . 

Q. Okay. And i t also looks — The red l i n e i s the 

gas r a t e . That has decreased, has i t not? 

A. That i s c o r r e c t . 

Q. Why don't we move on, then, and maybe discuss 

t h a t i n a l i t t l e more d e t a i l . I f you'd take your E x h i b i t s 

12B and 12C together, Mr. Pena and maybe put them one on 

top of the other, and could you discuss the g a s - o i l r a t i o 

i n t he u n i t since i n j e c t i o n has begun? 

A. Okay. E x h i b i t 12B i s the GOR p l o t f o r the u n i t , 
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and E x h i b i t 12C i s the i n j e c t i o n - t o - w i t h d r a w a l r a t i o of the 

u n i t . And one of the t h i n g s t h a t i s promising t o us has 

been the c o n t i n u a l decrease of the g a s - o i l r a t i o since we 

s t a r t e d i n j e c t i o n i n the u n i t , and t h a t c o r r e l a t e s very 

w e l l w i t h the continued increase of our i n j e c t i o n - t o -

withdrawal r a t i o since we s t a r t e d i n j e c t i o n as w e l l . 

Q. Okay. Now, what i s the c u r r e n t u n i t w i d e GOR? 

A. I t ' s around 1600. 

Q. And when i n j e c t i o n f i r s t began i t was c l o s e r t o 

4000, wasn't i t ? 

A. That's c o r r e c t . 

Q. Okay, and there's been v i r t u a l l y a steady d e c l i n e 

since then? 

A. That i s c o r r e c t . 

Q. And also you continued t o increase your 

i n j e c t i o n - t o - w i t h d r a w a l r a t i o ? 

A. That's r i g h t . 

Q. I n lo o k i n g a t t h a t — and maybe leave 12C, 

E x h i b i t 12C, i n f r o n t of you — Mr. Pena, and p u l l out 

E x h i b i t 12D and maybe discuss the i n j e c t i o n and the 

i n j e c t i o n increases i n the u n i t , and maybe h i g h l i g h t a few 

of the matters on E x h i b i t 12D f o r the Examiner. 

A. 12D i s the p l o t t h a t shows the t o t a l u n i t water 

i n j e c t i o n , and we've annotated s p e c i f i c events, and t h i s i s 

our e f f o r t s t o continue t o b r i n g i n and increase our water 
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i n j e c t i o n r a t e i n the u n i t . 

We have — Things t o p o i n t out, i n e a r l y 1997 we 

converted a couple of water w e l l s t o water-source w e l l s , 

and then we had some a d d i t i o n a l conversions i n 1998 and i n 

1999. And then most r e c e n t l y , i n l a t e 1999 and e a r l y 2000, 

we've been able t o secure some f r e s h water from B i l l Taylor 

and from the C i t y of Carlsbad. 

Q. The water from B i l l Taylor i s from a shallow 

Yates formation? 

A. That i s c o r r e c t . 

Q. Now, i n j e c t i o n water i s hard t o come by out here, 

i s n ' t i t ? 

A. That i s c o r r e c t . 

Q. Exxon Mobil has put a l o t of e f f o r t i n t o securing 

water s u p p l i e s ; i s t h a t a f a i r statement? 

A. That's a f a i r statement. 

Q. Okay. Anything else on these two e x h i b i t s t h a t 

we need t o discuss? 

A. That's a l l I have. 

Q. Okay. Oh, maybe j u s t one t h i n g , j u s t t o mention, 

Mr. Pena. You have t o be c a r e f u l about i n j e c t i n g t o o much 

f r e s h water or mixing too much f r e s h water w i t h the s a l t 

water; i s t h a t correct? 

A. That's r i g h t , we have done analyses, and the 

analyses t e l l us t h a t we do not want t o i n j e c t more than — 
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or we do not want t o mix i n more than 2 0 percent of f r e s h 

water w i t h our produced water. So t h a t ' s our l i m i t e d 

f a c t o r f o r f r e s h water. 

Q. Okay. And then f i n a l l y , E x h i b i t 12E, i s t h i s 

simply a t a b u l a t i o n of the data t h a t i s shown on E x h i b i t 

12A? 

A. That i s c o r r e c t . And as w e l l as 12B and — 

Q. — 12C? 

A. — 12C. 

Q. Okay. Could you move on t o your E x h i b i t 13. And 

we might be r e f e r r i n g back t o t h i s over the next few 

e x h i b i t s t o o , I b e l i e v e , Mr. Pena — 

A. That i s c o r r e c t . 

Q. — and j u s t describe the p a t t e r n i n the Avalon-

Delaware U n i t , the i n j e c t i o n p a t t e r n . 

A. E x h i b i t 13 i s the same p l a t map, and a l l we've 

done i s drawn i n the c u r r e n t p a t t e r n s t h a t we have i n the 

u n i t . We have f a i r l y r e g u l a r f i v e s p o t p a t t e r n s , and so 

i t ' s p r e t t y much as — what we had planned t o do i n i t i a l l y . 

Q. Okay. Now, lea v i n g t h i s one aside f o r a minute, 

could you j u s t b r i e f l y go through your E x h i b i t s 14A through 

D and j u s t t e l l the Examiner what these show. 

A. Okay, t h i s i s a se r i e s of cumulative bubble maps. 

E x h i b i t 14A i s cumulative o i l production, and E x h i b i t 14B 

i s cumulative gas production, 14C i s cumulative water 
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p r o d u c t i o n , and E x h i b i t 14D i s cumulative water i n j e c t i o n . 

Q. On these, c e r t a i n l y the f i r s t one, 14A, the 

pr o d u c t i o n c o r r e l a t e s w i t h the s t r u c t u r e , does i t not? The 

b e t t e r p r o d u c t i o n i s higher s t r u c t u r a l l y ? 

A. That's r i g h t , the main message f o r these e x h i b i t s 

i s t o show t h a t the b e t t e r production does seem t o 

c o r r e l a t e w i t h the s t r u c t u r e . As we can see on the cum o i l 

bubble map, the b e t t e r w e l l s do f a l l on the c r e s t of the 

s t r u c t u r e . 

Q. And then on E x h i b i t 14D, I t h i n k one t h i n g we 

want t o p o i n t out i s the cumulative water i n j e c t i o n , t h a t 

the biggest bubbles are down i n the southern end of the 

u n i t . What i s the reason f o r t h a t ? 

A. Those three w e l l s were p r e v i o u s l y water d i s p o s a l 

w e l l s . That's the w e l l 562, t h a t ' s i n the bottom p a r t of 

Section 31; and the ADU 816, t h a t ' s i n Section 5, the top 

p a r t of Section 5; and the Yates C Federal Number 22. 

Q. So t h i s would include p r e - u n i t i z a t i o n disposal? 

A. That's c o r r e c t . 

Q. Okay. Now, l e t ' s move on t o your f i n a l e x h i b i t , 

which i s k i n d of a t h i c k one, Mr. Pena, and l e t ' s go 

through t h a t , maybe not every s i n g l e l i n e item on i t , but 

could you take the f i r s t two pages of t h i s e x h i b i t , which 

have t o do w i t h p a t t e r n P-2 58, e x p l a i n f o r the Examiner 

what i s shown on the f i r s t page of t h i s e x h i b i t , and show 
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the type of response you had i n t h i s i n j e c t i o n p a t t e r n . 

A. Okay. E x h i b i t 15 i s a s e r i e s of what we c a l l 

p a t t e r n p l o t s , and I ' d l i k e t o go through some of them and 

show when water i n j e c t i o n f i r s t s t a r t e d and then the 

corresponding response from the producing w e l l . 

I f you would take E x h i b i t 13 and l a y i t t h e r e 

next t o you, P-258 i s the w e l l t h a t i s l o c a t e d on the 

southwest corner of Section 30, and t h a t w e l l r i g h t 

c u r r e n t l y i s being supported by i n j e c t i o n w e l l 254 and 507. 

So t h a t c o n s t i t u t e s one p a t t e r n f o r t h a t w e l l . 

And what we have here i s , the top graph i s o i l 

r a t e , gas r a t e , water and i n j e c t i o n , the o i l r a t e being the 

green curve, the gas i n red, the water r a t e the dashed 

blue, and then the s o l i d blue i s the w a t e r - i n j e c t i o n r a t e . 

The bottom graph denotes the g a s - o i l r a t i o f o r 

t h i s p a r t i c u l a r p a t t e r n . 

And i n t h i s w e l l , water i n j e c t i o n s t a r t e d around 

e a r l y 1997, around A p r i l , 1997, and we can see where the 

GOR has decreased i n the l a t e 1997 time frame, second h a l f 

of 1997, and we have seen a gradual o i l increase s t a r t i n g 

i n June of 1998. So the i n j e c t i o n , water volume, has 

continued t o increase since we s t a r t e d i n j e c t i o n . GOR has 

decreased, and we have seen an o i l response from t h i s 

p a r t i c u l a r w e l l . 

Q. Okay. What i s i n d i c a t e d on the second page 
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concerning p a t t e r n 258? 

A. The second page on p a t t e r n 258 i s the i n j e c t i o n -

t o - w i t h d r a w a l r a t i o f o r t h i s p a r t i c u l a r p a t t e r n , and we can 

see on t h i s p a r t i c u l a r p a t t e r n the i n j e c t i o n - t o - w i t h d r a w a l 

r a t i o i s high . 

Q. Okay. 

A. One t h i n g t h a t I want t o p o i n t out i s , i f you 

look a t the gas r a t e on the f i r s t page, on P-2 58, the red 

curve, the gas r a t e doesn't r e a l l y go t o zero i n August of 

2000. That i s j u s t the way our database — t h a t gas i s 

rep o r t e d one month behind the o i l . So i t a r t i f i c i a l l y puts 

a zero t h e r e . I t ' s not — 

Q. I t ' s j u s t an a r t i f a c t — 

A. Right. 

Q. — of how i t p l o t s out things? 

A. Right. 

Q. Okay. Let's move on t o the second one, go 

through a few of these, j u s t t o show the type of response 

you've had. So move on t o your p a t t e r n P-259. 

A. Okay, Pa t t e r n 259 i s the w e l l j u s t east of 258, 

and i t i s supported by fou r i n j e c t i o n w e l l s . This was a 

f u l l y developed p a t t e r n . Water i n j e c t i o n s t a r t e d i n A p r i l 

of 1997. We have seen GOR decreased i n June of 1998 and 

o i l - p r o d u c t i o n response i n J u l y of 1998. Again, the water-

i n j e c t i o n volume has continued t o increase as water source 
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becomes more a v a i l a b l e , water volumes become more 

a v a i l a b l e . 

And again, the second page of P a t t e r n 2 59, the 

i n j e c t i o n - t o - w i t h d r a w a l r a t i o , the i n j e c t i o n - t o - w i t h d r a w a l 

r a t i o continues t o increase and i s also a h i g h c u r r e n t l y — 

Q. Okay, and l e t ' s move on t o the next one, P a t t e r n 

262. 

A. P a t t e r n 262, again, i s j u s t east of P a t t e r n 259, 

and t h i s w e l l i s supported by three i n j e c t i o n w e l l s . And 

t h i s w e l l — t h i s p a t t e r n , i n j e c t i o n , s t a r t e d i n around 

June of 1997, GOR decreased around March of 1998, and we 

had o i l response around A p r i l 1998. 

Q. Now, on t h i s one as w i t h the past ones, s h o r t l y 

a f t e r you increased the i n j e c t i o n volumes, the GOR r e a l l y 

decreased, d i d i t not? 

A. That's c o r r e c t . 

Q. Okay, go ahead, Mr. Pena. 

A. The i n j e c t i o n - t o - w i t h d r a w a l r a t i o on t h i s one i s 

also high. 

Q. Let's do j u s t a couple more, Mr. Pena, and then 

j u s t p o i n t out a few t h i n g s on the next couple ones. 

A. Okay. This next one i s P a t t e r n 657, and t h i s one 

i s l o c a t e d on the southwest corner of Section 32. And on 

t h i s p a r t i c u l a r p a t t e r n , t h i s w e l l i s supported by two 

i n j e c t i o n w e l l s . And i n j e c t i o n s t a r t e d around A p r i l of 
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1996, and we b e l i e v e t h a t we s t a r t e d seeing w a t e r f l o o d 

response almost immediately a f t e r water i n j e c t i o n s t a r t e d . 

The o i l response we see ramping up p r e t t y c o n t i n u a l l y f o r 

about two years. GOR drops o f f around the second h a l f of 

1996. 

Q. I t has a very low GOR i n t h i s w ell? 

A. That i s c o r r e c t . I n f a c t , the GOR i n t h i s one i s 

below the s o l u t i o n g a s - o i l r a t i o . 

Q. And again, t h i s one has a f a i r l y h i g h I-W r a t i o ? 

A. That i s c o r r e c t . 

Q. Let's t r y one more, which i s P a t t e r n 210. Now, 

t h i s one i s on the n o r t h end of the u n i t , i s i t not? 

A. P a t t e r n 210 i s the northernmost w e l l i n the u n i t . 

I t ' s i n Section 30, and c u r r e n t l y , r i g h t now, i t i s 

supported by only one i n j e c t i o n w e l l . And t h i s was a 

l i t t l e more d i f f i c u l t t o see. 

One of the t h i n g s t h a t we do see on t h i s 

p a r t i c u l a r p a t t e r n i s , we do see — We f e e l t h a t t h e r e has 

been p o s s i b l e e a r l y water breakthrough as the — you see 

water response almost c o r r e l a t i n g w i t h when i n j e c t i o n 

s t a r t e d i n February of 1997. But we also see a decrease i n 

the GOR s t a r t i n g i n around e a r l y 1998. 

So i t ' s more d i f f i c u l t , but what's more c l e a r i s 

the water response. 

Q. Now on t h i s one, t h i s w e l l i s r e a l l y on the — 
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say, the f r i n g e of the productive l i m i t s of t h i s p o o l , i s 

i t not? 

A. That's c o r r e c t . 

Q. And i t only has t h a t one support w e l l , or one 

i n j e c t i o n support w e l l ; i s t h a t c o r r e c t ? 

A. That i s c o r r e c t . 

Q. But s t i l l when you're l o o k i n g a t t h i s , back when 

u n i t i z a t i o n began, or s h o r t l y a f t e r , i t was producing — I 

can't t e l l e x a c t l y o f f t h i s , but say a b a r r e l or two a day; 

i s t h a t c o r r e c t ? 

A. Right, r i g h t . 

Q. And c u r r e n t l y i t ' s — E s p e c i a l l y d u r i n g the year 

2000 i t ' s been producing — what, th r e e t o f o u r t o f i v e 

times t h a t amount? 

A. That's c o r r e c t , and you do see a s l i g h t o i l 

increase a t the beginning of t h i s year commensurate w i t h a 

GOR decrease as w e l l . 

Q. And so even though i t may have taken a l i t t l e b i t 

longer, you're s t i l l seeing the same type of response as 

you have w i t h the other w e l l s , which i s an increase i n 

pr o d u c t i o n , plus a decrease i n the GOR? 

A. That i s c o r r e c t . The i n j e c t i o n - t o - w i t h d r a w a l 

r a t i o on t h i s p a r t i c u l a r w e l l i s not as high as the other 

ones; i t ' s low. 

Q. Now, as p a r t of E x h i b i t 15, you have these 
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p a t t e r n maps f o r every producing w e l l i n the u n i t ; i s t h a t 

c o r r e c t ? 

A. That i s c o r r e c t . 

Q. And i f the Examiner so d e s i r e s , you can answer 

more questions on these maps, i f he so desires? 

A. Yes. 

Q. O v e r a l l , u n i t w i d e , since the u n i t began, you have 

been i n c r e a s i n g water i n j e c t i o n i n t o the two primary zones? 

A. That i s c o r r e c t . 

Q. And u n i t w i d e , you've seen a decrease i n t h e GOR 

on a u n i t w i d e basis? 

A. Unitwide, we continue t o see an increase i n the 

GOR; t h a t i s c o r r e c t . 

Q. And there has also been a u n i t w i d e increase i n 

production? 

A. Yes. 

Q. Now, i n your opinion i s the u n i t area b e n e f i t t i n g 

from advanced recovery operations? 

A. Yes, i t i s . 

Q. And i n your o p i n i o n , are the producing w e l l s 

b e n e f i t t i n g from the water i n j e c t i o n ? 

A. Yes, they are. 

Q. And — Oh, Mr. Duncan j u s t mentioned t o me, you 

know, why we are seeing a decrease i n GOR; i s t h a t — 

A. That's c o r r e c t . 
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Q. Okay. And your general conclusion i s t h a t the 

u n i t has seen a p o s i t i v e production response from the 

w a t e r f l o o d p o r t i o n of the w a t e r f l o o d operations i n t h i s 

u n i t ? 

A. Yes, s i r . 

Q. Were E x h i b i t s 9 through 15 prepared by you or 

under your supervision? 

A. Yes, they were. 

Q. And i n your o p i n i o n , i s the g r a n t i n g of Exxon's 

A p p l i c a t i o n i n the i n t e r e s t s of conservation and the 

p r e v e n t i o n of waste? 

A. Yes. 

MR. BRUCE: Mr. Examiner, I ' d move the admission 

of Exxon Mobil's E x h i b i t s 9 through 15. 

EXAMINER STOGNER: E x h i b i t s 9 through 15 w i l l be 

admitted i n t o evidence a t t h i s time. 

EXAMINATION 

BY EXAMINER STOGNER: 

Q. Okay, Mr. Pena, l e t me make sure I understand 

t h i s packet on 15. For s i m p l i c i t y ' s sake I ' l l r e f e r t o the 

f i r s t , P-258. 

Now, you show, or pen c i l e d i n , an o i l increase of 

June of 1998. Why June of 1998 and not January of 1998? 

A. Well, i t j u s t seems t o me t h a t when I look a t 

t h i s p l o t , the ramping of the o i l s t a r t s around — I see 
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the o i l increase i n e a r l y 1998, and then i t drops o f f , and 

then you see a more c o n s i s t e n t , gradual increase of the o i l 

around June, so t h a t was my judgment on t h a t . 

Q. According t o your E x h i b i t Number 14A, i t looks 

l i k e your Well Number 522 i s probably a more p r o l i f i c one; 

i s t h a t about r i g h t ? 

A. Yes, s i r . 

Q. And according t o the general i n f o r m a t i o n t h a t you 

gave me, i t looks l i k e average production per w e l l i s about 

22; does t h a t sound about r i g h t , 2 2 b a r r e l s a day? Because 

you s a i d i t was about 683. 

A. Well, I d i v i d e d by the 31, yeah. 

Q. Thirty-one. That's how I came up roughly about 

21. 

A. Okay. 

Q. Now, t h i s p a r t i c u l a r w e l l looks l i k e i t ' s 

averaging — and I'm r e f e r r i n g now t o P a t t e r n P-522 on 

E x h i b i t Number 15 — t h i s one i s h o l d i n g up t h e r e around 4 0 

~ h o l d i t — 

A. Yeah i t ' s about 50. 

Q. — yeah, i t looks l i k e about 40, 50, 50 b a r r e l s a 

day, g i v e or take? 

A. Yes, s i r . 

Q. What makes t h i s w e l l i n p a r t i c u l a r so good? I s 

i t placement or f r a c t u r e , or what k i n d of s t i m u l a t i o n d i d 
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i t have? 

A. A l l the w e l l s have been completed by 

h y d r a u l i c a l l y f r a c t u r i n g , even the i n j e c t i o n w e l l s . And 

the only t h i n g I can t h i n k of i s , t h i s w e l l d i d have very 

good mud-log shows, i t i s i n the top of the s t r u c t u r e . 

Q. Let's see now, d i d we t a l k about — Yeah, we d i d 

t a l k about 657, d i d n ' t you? 

A. Yes, s i r . 

Q. P a t t e r n Number 2. Now, t h i s i s the key w e l l t h a t 

Exxon f i r s t saw a response; i s t h a t c o r r e c t ? 

A. Yes. 

Q. Okay, when I r e f e r t o E x h i b i t Number 13, now, you 

show two a d d i t i o n a l producers over on the f a r west si d e . 

Are these not t o be included as w e l l s t h a t showed any k i n d 

of response? 

A. On the f a r west side, r i g h t . 

Q. Yeah, Number 401 and 433. 

A. 4 01, there are on t h a t w e l l l i s t — those w e l l s 

have no adjacent i n j e c t i o n w e l l s , and i t ' s r e a l l y hard t o 

say whether or not they have responded. I t ' s a l o t more 

d i f f i c u l t t o see on those two w e l l s . But w i t h the evidence 

t h a t we have, the f a c t t h a t we've seen some response from 

the w e l l s i n the u n i t , I b e l i e v e t h a t they could respond. 

Q. You mentioned something about a water c u t or a 

freshwater cut of about 20 percent? 
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A. Yes, s i r . 

Q. What happens when you're over 2 0 percent? What's 

the problem? 

A. Well, i t has t o do w i t h s c a l i n g tendencies, and 

you i n j e c t too much f r e s h water, then you s t a r t c r e a t i n g 

some s k i n e f f e c t s i n the formation, you may s t a r t p lugging 

up some of the pores. So based on the a n a l y s i s t h a t our 

research department has done, the c a l l t h a t we made i s , 

they s a i d do not go over 2 0 percent of the t o t a l i n j e c t i o n 

volume of f r e s h water. 

Q. What's been the average i n j e c t i o n pressure out 

here on t h i s p r o j e c t ? 

A. Right now we're p r e t t y close t o i n j e c t i n g — 

close t o our allowable i n j e c t i o n pressure. Our allo w a b l e 

i s 490 p . s . i . , and most of our w e l l s are around 440, 450. 

Q. Do you t h i n k Exxon w i l l have t o come i n and get 

an increase l a t e r on or i n the near f u t u r e ? 

A. Well, t h a t ' s what we're working on r i g h t now. 

We've run some st e p - r a t e t e s t s , and we're c u r r e n t l y l o o k i n g 

a t t h a t r i g h t now. 

EXAMINER STOGNER: Okay, I have no other 

questions of t h i s witness. 

MR. BRUCE: I have nothing f u r t h e r of Mr. Pena. 

EXAMINER STOGNER: Mr. Bruce, t h i s i s one of the 

f i r s t ones I've had, f i r s t — I've approved a bunch of 
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these when they've come, but I've never heard a p o s i t i v e 

p r o d u c t i o n response c e r t i f i c a t i o n request before. Could I 

get you t o provide me a d r a f t order — 

hearing, I d i d discuss w i t h Mr. Bruce i n a general sense, 

not w i t h t h i s p a r t i c u l a r A p p l i c a t i o n , but I have a c a l l 

from Taxation and Revenue, and i f you can make t h a t rough 

d r a f t order as comprehensive as po s s i b l e — 

MR. BRUCE: Yes, s i r . 

EXAMINER STOGNER: — t o s a t i s f y t h e i r needs, i t 

w i l l probably work b e t t e r . 

MR. BRUCE: Yes, s i r . 

EXAMINER STOGNER: I s there anything f u r t h e r i n 

Case Number 12,512? 

Then t h i s matter w i l l be taken under advisement. 

And Mr. Bruce, when do you t h i n k you might have a 

rough d r a f t ? 

MR. BRUCE: Toward the end of next week. 

EXAMINER STOGNER: Okay, end of next week i t i s . 

Thank you, s i r . Thank you, gentlemen. 

MR. BRUCE: Thank you. 

(Thereupon, these proceedings were concluded a t 

MR. BRUCE: Yes, s i r . 

EXAMINER STOGNER: — of th a t ? And p r i o r t o t h i s 

2:36 p . m . ) 
r«by certify thai the fere 
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