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EXAMINER CATANACH: At t h i s time w e ' l l 

c a l l Case 10495. 

MR. STOVALL: A p p l i c a t i o n of Beach 

E x p l o r a t i o n , I n c . , f o r amendment of D i v i s i o n 

Order No. R-9453 to i n c r e a s e the i n j e c t i o n 

p r e s s u r e l i m i t a t i o n i n i t s Red Lake U n i t Penrose 

W a t e r f l o o d P r o j e c t , Eddy County, New Mexico. 

EXAMINER CATANACH: Are t h e r e 

appearances i n t h i s c a s e ? 

MR. KELLAHIN: Mr. Examiner, I'm Tom 

K e l l a h i n of the Santa Fe law f i r m of K e l l a h i n , 

K e l l a h i n & Aubrey, a p p e a r i n g on b e h a l f of the 

a p p l i c a n t , and I have two w i t n e s s e s . 

EXAMINER CATANACH: Are t h e r e any other 

a p p e a r a n c e s ? Mr. C a r r ? 

MR. CARR: Do you need an a t t o r n e y or a 

w i t n e s s ? 

EXAMINER CATANACH: W i l l the w i t n e s s e s , 

p l e a s e , s t a n d and be sworn i n . 

[The w i t n e s s e s were duly sworn.] 

MR. KELLAHIN: Mr. Examiner, I have two 

w i t n e s s e s to p r e s e n t t h i s morning. Mr. Hal G i l l 

i s a petroleum e n g i n e e r and i s the managing 

e n g i n e e r f o r Beach f o r t h i s p a r t i c u l a r w a t e r f l o o d 

pro j e c t . 
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He's here to t e s t i f y f o r you to e x p l a i n 

the c u r r e n t s t a t u s of the p r o j e c t . He was the 

e n g i n e e r i n g w i t n e s s t h a t p r e s e n t e d the i n i t i a l 

w a t e r f l o o d p r o j e c t to you a t your h e a r i n g back i n 

J a n u a r y . I ' v e g i v e n you a copy of the c u r r e n t 

o r d e r f o r your i n f o r m a t i o n . 

Mr. G i l l w i l l t e l l you t h a t the c u r r e n t 

l i m i t a t i o n f o r h i s p r o j e c t i s 900 pounds. T h a t ' s 

based upon r e c e n t s t e p - r a t e t e s t s . He i s 

r e q u e s t i n g t h a t t h a t s u r f a c e p r e s s u r e l i m i t a t i o n 

be i n c r e a s e d to 1500 pounds. 

I n a d d i t i o n , because of the i s s u e s 

c o n c e r n i n g f r a c t u r i n g the Penrose Formation of 

the Queen Pool, Mr. G i l l has h i r e d a c o n s u l t i n g 

e n g i n e e r i n g f i r m from C o l l e g e S t a t i o n , Texas, S. 

A. H o l d i t c h & A s s o c i a t e s . They a r e r e c o g n i z e d 

e x p e r t s i n f r a c t u r e d r e s e r v o i r i n f o r m a t i o n and 

s t u d i e s . 

And Mr. B r a d l e y M. Robinson i s our 

e n g i n e e r i n g w i t n e s s . He has p r e p a r e d an 

e n g i n e e r i n g study on t h i s p a r t i c u l a r r e s e r v o i r 

and on t h i s w a t e r f l o o d p r o j e c t . I t i s h i s 

c o n c l u s i o n based upon t h a t study t h a t we may 

s a f e l y i n c r e a s e the s u r f a c e p r e s s u r e l i m i t a t i o n 

up to the 1500 pounds and t h a t w i l l be h i s 
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p r e s e n t a t i o n . 

At t h i s p o i n t I ' d l i k e t o c a l l Mr. H a l 

G i l l . 

HAL GILL 

H a v i n g been d u l y sworn upon h i s o a t h , was 

examined and t e s t i f i e d as f o l l o w s : 

EXAMINATION 

BY MR. KELLAHIN: 

Q. Mr. G i l l , f o r t h e r e c o r d w o u l d y o u , 

p l e a s e , s t a t e y o u r name and o c c u p a t i o n ? 

A. My name i s H a l G i l l . I'm an e n g i n e e r 

f o r Beach E x p l o r a t i o n i n M i d l a n d , Texas. 

Q. Mr. G i l l , on p r i o r o c c a s i o n s have you 

t e s t i f i e d as a p e t r o l e u m e n g i n e e r f o r t h e 

D i v i s i o n ? 

A. Yes, I have. 

Q. P u r s u a n t t o y o u r employment as an 

e n g i n e e r , have you c o n t i n u e d t o s t u d y y o u r 

company's Red Lake W a t e r f l o o d P r o j e c t i n t h e Red 

Lake Queen G r a y b u r g P o o l i n Eddy C o u n t y , New 

Mexico? 

A. Yes, s i r . 

Q. I s t h a t a p r o j e c t t h a t you manage f o r 

y o u r company? 

A. Yes, i t i s . 
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MR. KELLAHIN: We tender Mr. G i l l as an 

e x p e r t petroleum e n g i n e e r . 

EXAMINER CATANACH: Mr. G i l l i s so 

q u a l i f i e d . 

Q. (BY MR. KELLAHIN) Mr. G i l l , to r e f r e s h 

the Examiner's r e c o l l e c t i o n about your p r o j e c t , 

l e t me have you t u r n to what we've marked as 

E x h i b i t No. 1. U s i n g t h a t d i s p l a y , h e l p us f i n d 

the boundary of your p r o j e c t and how you've 

i d e n t i f i e d i t on t h a t e x h i b i t . 

A. Okay. E x h i b i t 1 i s a map showing the 

a r e a i n Eddy County where the Red Lake U n i t i s 

l o c a t e d . We've h i g h l i g h t e d the u n i t i t s e l f i n 

y e l l o w . And a l s o h i g h l i g h t e d on the map a r e 

s e v e r a l o t h e r Penrose Sand u n i t s which have 

e s s e n t i a l l y been completed as f a r as 

w a t e r f l o o d i n g i n the Penrose Sand. 

The purpose of t h i s p l a t i s p r i m a r i l y 

to show t h a t t h e s e other u n i t s , which a r e 

e s s e n t i a l l y completed, have a l l used p r e s s u r e s of 

c o n s i d e r a b l y i n e x c e s s of our c u r r e n t p r e s s u r e 

l i m i t a t i o n s of 900 pounds r a n g i n g as high as 1800 

pounds f o r the V i n t a g e E a s t High Lonesome Penrose 

Sand U n i t . 

These p r o j e c t s have a l l been s u c c e s s f u l 

RODRIGUEZ-VESTAL REPORTING 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

9 

i n the secondary r e c o v e r y of o i l . Most of them 

e x c e e d i n g a one-to-one, s e c o n d a r y - t o - p r i m a r y 

r e c o v e r y r a t i o . The u n i t t h a t immediately 

o f f s e t s our Red Lake U n i t to the south, which i s 

h i g h l i g h t e d i n r e d , r e c o v e r e d 1 . 3 - t o - l , 

s e c o n d a r y - t o - p r i m a r y r a t i o . That p a r t i c u l a r u n i t 

had a maximum p r e s s u r e d u r i n g i t s l i f e of 1450 

pounds on the i n j e c t i o n w e l l s . 

Q. I n s t u d y i n g your p r o j e c t and comparing 

i t to o ther p r o j e c t s i n t h i s a r e a , a r e we l o o k i n g 

at the same g e o l o g i c f o r m a t i o n s t h a t a r e being 

f l o o d e d by t h e s e v a r i o u s o p e r a t i o n s ? 

A. Yes. I t i s the Penrose Sand, which i s 

a p o r t i o n of the Queen Formation. 

Q. Have you determined whether or not 

t h e s e o t h e r p r o j e c t s have been s u c c e s s f u l i n 

terms of secondary r e c o v e r y of o i l ? 

A. Y e s . I would p o i n t out a l s o t h a t I 

v i s i t e d w i t h the O i l C o n s e r v a t i o n D i v i s i o n o f f i c e 

i n A r t e s i a c o n c e r n i n g t h e s e other p r o j e c t s which 

have a l l , as I p o i n t e d out, used h i g h e r 

p r e s s u r e s . And they i n d i c a t e d t h a t t h e r e have 

been no problems a s s o c i a t e d w i t h t h e s e h i g h e r 

p r e s s u r e s . 

Q. L e t ' s t u r n s p e c i f i c a l l y to your 
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p r o j e c t . T h i s Examiner approved f o r the D i v i s i o n 

D i r e c t o r to s i g n an order e n t e r e d on March 12, 

1991. I t ' s R-9453, which i n i t i a l l y approved the 

p r o j e c t w i t h the .2 PSI per foot of depth s u r f a c e 

l i m i t a t i o n . Are you f a m i l i a r w i t h t h a t o r d e r ? 

A. Yes. 

Q. T h a t ' s the order t h a t you've o p e r a t e d 

under ? 

A. Yes. 

Q. Subsequent to the e n t r y of the o r d e r , 

what d i d you do? 

A. W e l l , we i n s t a l l e d the n e c e s s a r y 

f a c i l i t i e s and put i n a w a t e r f l o o d p l a n t , put the 

u n i t i n o p e r a t i o n , and have been i n o p e r a t i o n and 

i n j e c t i n g s i n c e June of 1991, a p p r o x i m a t e l y a 

ye a r now. 

Q. At the .2 PSI per foot of depth, what 

would the s u r f a c e p r e s s u r e l i m i t a t i o n have been? 

A. Approximately 350 pounds per w e l l . 

Q. Were you a b l e to o b t a i n an e f f e c t i v e 

and e f f i c i e n t r esponse from the f l o o d a t t h a t 

s u r f a c e p r e s s u r e l i m i t a t i o n ? 

A. No. And we, a f t e r b e g i n n i n g a t t h a t 

p r e s s u r e l i m i t a t i o n p ursuant to the c o n d i t i o n s of 

the o r d e r , came back and conducted s t e p - r a t e 
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t e s t s on s e v e r a l of the w e l l s i n the u n i t . I 

b e l i e v e i t was f i v e t h a t we conducted s t e p - r a t e 

t e s t s on. And at t h a t time were g r a n t e d p r e s s u r e 

l i m i t a t i o n , which i s our c u r r e n t l i m i t a t i o n , of 

900 pounds. 

Q. L e t ' s t u r n now to E x h i b i t No. 2. Would 

you i d e n t i f y and d e s c r i b e t h a t d i s p l a y ? 

A. Okay. E x h i b i t 2 i s a p l a t of the Red 

Lake Uni t i t s e l f . And on t h i s p l a t I have 

i d e n t i f i e d s e v e r a l w e l l s i n which we have 

conducted some t e s t s . F i r s t , I w i l l p o i n t out 

t h a t t h e r e a r e twelve producing w e l l s and 

t h i r t e e n i n j e c t i o n w e l l s . The i n j e c t i o n w e l l s 

a r e i n d i c a t e d by the b l u e t r i a n g l e s . 

We a l s o conducted s e v e r a l t e s t s i n 

r e f e r e n c e to t h i s a p p l i c a t i o n . The r e d o u t l i n e 

around w e l l No. 23 i s i n d i c a t i v e of the w e l l t h a t 

we r a n a f u l l - w a v e s o n i c log i n f o r d e t e r m i n i n g 

rock p r o p e r t i e s f o r the f o r m a t i o n s above and 

below the Penrose. 

A l s o the green hexagons i n d i c a t e w e l l s 

i n which we ran i n j e c t i o n p r o f i l e s a t the 

r e q u e s t e d p r e s s u r e of 1500 pounds. The y e l l o w 

c i r c l e s i n d i c a t e w e l l s i n which we r a n 

bottom-hole p r e s s u r e bombs and conducted p r e s s u r e 
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f a l l - o f f and pump t e s t s . 

And I would p o i n t out t h a t the green 

hexagon w e l l s , of those w e l l s we have t r i e d to 

p i c k a c r o s s - s e c t i o n of the u n i t as f a r as the 

type of w e l l s . Well No. 2 would be c o n s i d e r e d a 

f a i r l y mediocre to below average w e l l . Well No. 

10 would be c o n s i d e r e d an above average i n j e c t i o n 

w e l l i n t h a t i t t a k e s b e t t e r volumes a t lower 

p r e s s u r e s . Well No. 21 a g a i n i s below average. 

Well No. 24 i s one of the t h r e e 

t i g h t e s t w e l l s i n the u n i t . We were a t t e m p t i n g 

w i t h t h i s d a t a t h a t we g a t h e r e d to get a good 

c r o s s - s e c t i o n i n d i c a t i v e of a l l the w e l l s i n the 

un i t . 

Q. Do you have an o p i n i o n as to whether or 

not you can o b t a i n an e f f e c t i v e and e f f i c i e n t 

w a t e r f l o o d response at the c u r r e n t p r e s s u r e 

l i m i t a t i o n a t the s u r f a c e of the 900 pounds? 

A. No, we cannot. 

Q. What a r e some of the r e a s o n s f o r t h a t 

o p i n i o n ? 

A. W e l l , I ' l l d i s c u s s t h a t more on E x h i b i t 

3. But b a s i c a l l y the r e a s o n i s we a r e unable to 

i n j e c t s u f f i c i e n t amounts of water i n t o the 

i n j e c t i o n w e l l s at the l i m i t a t i o n of 900 pounds 
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due to the f a i r l y t i g h t n a t u r e of the Penrose 

Sand i n t h i s a r e a i n order to e f f e c t i v e l y f l o o d 

i t i n a p e r i o d of time i n which some economic 

j u s t i f i c a t i o n can be had. 

Q. I f the p r e s s u r e l i m i t a t i o n of 900 

pounds i s not i n c r e a s e d , what w i l l happen to the 

p r o j e c t ? 

A. The p r o j e c t w i l l most l i k e l y be 

abandoned. 

Q. What has been the c u r r e n t e x p e n d i t u r e 

of your company f o r t h i s w a t e r f l o o d p r o j e c t ? 

A. I n e x c e s s of $600,000. 

Q. What i s the approximate volume of 

e s t i m a t e d r e c o v e r a b l e secondary o i l t h a t can be 

r e c o v e r e d from t h i s p r o j e c t i f an e f f e c t i v e and 

e f f i c i e n t r esponse can be o b t a i n e d ? 

A. 550,000 b a r r e l s . 

Q. What i s the p r e s s u r e s u r f a c e l i m i t a t i o n 

t h a t you're s e e k i n g f o r your p r o j e c t ? 

A. 1500 pounds. 

Q. I n your o p i n i o n w i l l t h a t p r o v i d e you 

s u f f i c i e n t o p e r a t i o n a l f l e x i b i l i t y i n order to 

c o n t i n u e i n j e c t i n g water i n t o t h e s e i n j e c t i o n 

w e l l s and c o n t i n u e w i t h your e x p e c t a t i o n of 

r e c o v e r i n g t h i s secondary o i l ? 
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A. Yes, I b e l i e v e i t w i l l . 

Q. When we look a t the u n i t boundary on 

E x h i b i t No. 2, how was t h a t i d e n t i f i e d f o r us? 

A. You mean on the p l a t i t s e l f ? 

Q. Yes, s i r . 

A. I t ' s a heavy dashed l i n e t h a t s u r r o u n d s 

the a r e a i n d i c a t e d by the green h i g h l i g h t e d w e l l s 

and the blue h i g h l i g h t e d w e l l s . 

Q. L e t me show you a copy of E x h i b i t No. 

14, Mr. G i l l , i n which t h e r e i s a t t a c h e d r e t u r n 

r e c e i p t c a r d s . Would you look at t h a t l i s t f o r 

me and t e l l me what those names i n d i c a t e i n terms 

of t h e i r i n t e r e s t s or how they might be a f f e c t e d 

by your p r o j e c t ? 

A. Okay. These a r e the o f f s e t o p e r a t o r s 

and the s u r f a c e owners s u r r o u n d i n g and i n c l u d i n g 

the u n i t a r e a . 

Q. The s u r f a c e owners a r e f o r those owners 

at the s p e c i f i c i n j e c t i o n w e l l l o c a t i o n s ? 

A. Yes. 

Q. And the o f f s e t o p e r a t o r s a r e those 

o p e r a t o r s w i t h i n a h a l f - m i l e r a d i u s of each 

i n j e c t i o n w e l l ? 

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

Q. Are t h e s e the same p a r t i e s t h a t you 
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n o t i f i e d when you sought a p p r o v a l of your 

o r i g i n a l w a t e r f l o o d p r o j e c t ? 

A. They a r e w i t h the e x c e p t i o n of a couple 

of c a s e s where one company has been bought out by 

another. 

Q. So you've updated your n o t i c e l i s t ? 

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

Q. Based upon t h a t n o t i f i c a t i o n have you 

r e c e i v e d any o b j e c t i o n from any of those p a r t i e s 

to i n c r e a s i n g your p r e s s u r e l i m i t a t i o n to the 

1500 pounds? 

A. No, s i r . 

Q. L e t ' s t u r n to E x h i b i t No. 3. Would you 

i d e n t i f y t h a t ? 

A. E x h i b i t 3 i s a p r o d u c t i o n c u r v e f o r the 

Red Lake U n i t . The r e d h i g h l i g h t e d p o r t i o n of 

the c u r v e i s the o i l p r o d u c t i o n s i n c e the 

i n c e p t i o n of i n j e c t i o n , which was i n June of 

1991 . 

And I would p o i n t out t h a t the 

p r o d u c t i o n i n c r e a s e i n August of 1991 was due to 

some reworking of producing w e l l s , which we d i d 

at t h a t time r i g h t a f t e r we commenced i n j e c t i o n , 

and i s not due to water i n j e c t i o n and t h a t we 

have at t h i s time seen no res p o n s e to water 
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i n j e c t i o n . 

On the top of the cur v e I ' v e shown 

h i g h l i g h t e d i n blue the d a i l y water i n j e c t i o n , 

d a i l y average water i n j e c t i o n . I would p o i n t out 

t h a t , as we d i s c u s s e d e a r l i e r , we s t a r t e d out 

w i t h the 2/10 of a PSI l i m i t a t i o n , which was 

about 350 pounds. 

I n September of 91 was when we 

conducted our s t e p - r a t e t e s t s and r e c e i v e d 

a p p r o v a l to i n c r e a s e our p r e s s u r e to 900 pounds, 

at which p o i n t our d a i l y water i n j e c t i o n volume 

i n c r e a s e d to a p p r o x i m a t e l y 2100 b a r r e l s per day. 

And s i n c e t h a t time has d e c l i n e d each month due 

to the p a r t i a l r e p r e s s u r i z a t i o n of the f o r m a t i o n 

to a c u r r e n t r a t e of about 1,000 b a r r e l s of water 

per day, on average a p p r o x i m a t e l y 77 b a r r e l s of 

water per day per i n j e c t i o n w e l l . 

And I would p o i n t out t h a t our o r i g i n a l 

p r o j e c t i o n and our o r i g i n a l economics f o r t h i s 

p r o j e c t were p r e d i c a t e d on being a b l e to i n j e c t 

an adequate amount of water i n t o the fo r m a t i o n , 

which a t t h a t time we e s t i m a t e d a t 200 b a r r e l s of 

water per day. We're c o n s i d e r a b l y l e s s than h a l f 

of t h a t a t t h i s p o i n t . 

The p r o j e c t w i l l f a i l under the c u r r e n t 
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c o n d i t i o n s because the i n j e c t i o n volumes a r e 

i n s u f f i c i e n t to r e p r e s s u r e the f o r m a t i o n and 

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

order to e c o n o m i c a l l y r e c o v e r the o i l . 

And a g a i n p r o j e c t e d r e s e r v e s f o r t h i s 

p r o j e c t a r e 550,000 b a r r e l s . 

Q. I d e n t i f y f o r me E x h i b i t No. 4. 

A. E x h i b i t 4 i s j u s t t a b u l a r p r o d u c t i o n 

and i n j e c t i o n i n f o r m a t i o n t h a t ' s shown on the 

d e c l i n e c u r v e . And I would p o i n t out from t h i s 

e x h i b i t we have a c u m u l a t i v e i n j e c t i o n of c l o s e 

to 500,000 b a r r e l s . 

The voidage of the r e s e r v o i r p r i o r to 

the b e g i n n i n g of i n j e c t i o n was a p p r o x i m a t e l y 1.2 

m i l l i o n b a r r e l s . And i n order to be a b l e to 

e f f e c t i v e l y f l o o d the fo r m a t i o n , we have to 

r e p l a c e t h a t voidage and then from t h a t p o i n t on 

i n j e c t an amount equal to w i t h d r a w a l s i n order to 

e f f e c t i v e l y r e c o v e r the o i l t h a t remains i n the 

r e s e r v o i r . And we're l e s s than h a l f w a y t h e r e and 

d e c l i n i n g each month due to the p r e s s u r e 

1 i m i t a t i o n . 

Q. L e t ' s t u r n to a d e s c r i p t i o n of the 

geology and to some of the c h a r a c t e r i s t i c s you've 

d i s c o v e r e d about the r e s e r v o i r . To begin t h a t 
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d i s c u s s i o n l e t me have you i d e n t i f y f o r us 

E x h i b i t No. 5. 

A. E x h i b i t 5 i s j u s t a type l og on Red 

Lake U n i t Well No. 23, which was h i g h l i g h t e d i n 

red on E x h i b i t 2. I t ' s a d e n s i t y n eutron l o g . 

The purpose was s i m p l y to show the Queen I n t e r v a l 

and the Penrose Sand, which i s w i t h i n the Queen, 

i s h i g h l i g h t e d on y e l l o w on t h i s type l o g . 

The s e c t i o n above the Penrose c o n s i s t s 

of a p p r o x i m a t e l y 240 f e e t of l a y e r s of dense 

a n h y d r i t i c d o l o m i t e s and s h a l e s . The s e c t i o n 

below the Penrose c o n s i s t s of a p p r o x i m a t e l y 430 

f e e t of the same a n h y d r i t i c d o l o m i t e s and s h a l e s 

and a few t h i n t i g h t sands. 

Q. When we look a t t h i s type l o g , i s i t 

c h a r a c t e r i s t i c of the r e s e r v o i r c o n d i t i o n s 

g e o l o g i c a l l y f o r the o t h e r w e l l s i n the f l o o d 

p r o j e c t ? 

A. Yes. 

Q. Do you see a s u b s t a n t i a l change i n 

e i t h e r the t h i c k n e s s -- w e l l , l e t ' s s t a r t o f f 

w i t h the t h i c k n e s s of the Queen — 

A . No . 

Q. — as we move w i t h i n the p r o j e c t a r e a ? 

A. No. Very l i t t l e change. 
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Q. The Queen i s one of the members 

i n c l u d e d w i t h i n the E a s t Red Lake-Queen-Grayburg 

Pool? 

A. T h a t ' s c o r r e c t . 

Q. W i t h i n the Queen I n t e r v a l i t s e l f , a r e 

t h e r e any other c o n t r i b u t i n g hydrocarbon zones 

o t h e r than t h i s Penrose Sand? 

A. No, t h e r e a r e not. 

Q. L e t me have you t u r n to the 

c r o s s - s e c t i o n s . L e t ' s t u r n to 6, which i s the 

n o r t h - s o u t h c r o s s - s e c t i o n and have you show us 

the d i s t r i b u t i o n of the Penrose Sand as we move 

n o r t h and south through the u n i t . 

A. W e l l , b a s i c a l l y t h e s e c r o s s - s e c t i o n s 

a r e i n t e n d e d j u s t to show the c o n t i n u i t y of the 

Penrose Sand throughout the u n i t and the 

c o n t i n u i t y of the zones above and below the Queen 

s e c t i o n , which I mentioned on the type l o g 

throughout the u n i t . 

Q. Do you c o n t i n u e to conclude t h a t you 

have adequate q u a l i t y and s u f f i c i e n t u n i f o r m i t y 

of the Penrose member to make t h i s a s u c c e s s f u l 

f l o o d a b l e f o r m a t i o n p r o v i d e d you can have a 

s u f f i c i e n t s u r f a c e p r e s s u r e l i m i t a t i o n ? 

A. Yes, s i r . 
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Q . And f o r the r e c o r d then r e f e r to 

E x h i b i t No. 7 and d e s c r i b e the e a s t - w e s t geology 

as i t ' s d i s p l a y e d t h e r e . 

A. Again E x h i b i t 7 i s in t e n d e d to show the 

c o n t i n u i t y of the Penrose i n the s e c t i o n s above 

and below i t throughout the u n i t a r e a . 

Q. Having come to the c o n c l u s i o n t h a t 900 

pounds i s i n s u f f i c i e n t to a l l o w you to c o n t i n u e 

the p r o j e c t , what then d i d you do? 

A. We conducted some r e e v a l u a t i o n of the 

r e s e r v o i r e n g i n e e r i n g i n the u n i t . At t h a t time 

I s t u d i e d the w i t h d r a w a l s and the amount of 

i n j e c t i o n t h a t we were p u t t i n g i n t o i t . 

And i t was a t t h a t time t h a t I reached 

the c o n c l u s i o n t h a t a t the c u r r e n t r a t e s of 

i n j e c t i o n we were not going to have a p r o j e c t 

t h a t was e c o n o m i c a l l y f e a s i b l e to c o n t i n u e . We 

ar e c u r r e n t l y o p e r a t i n g a t below economic 

break-even p o i n t . The o p e r a t i o n s exceed the 

revenue from the o i l a t t h i s p o i n t . 

So based on those s t u d i e s I c o n v i n c e d 

the i n v e s t o r s and the owners of the company t h a t 

we needed to conduct a study and employ a 

c o n s u l t a n t and come back and t r y to get an 

i n c r e a s e i n our p r e s s u r e r e s t r i c t i o n i n order to 
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r e c o v e r on an economic b a s i s the secondary 

r e s e r v e s i n t h i s a r e a . 

Q. L e t me ask you how you went about 

s e l e c t i n g a c o n s u l t i n g f i r m . 

A. I v i s i t e d w i t h s e v e r a l people about who 

would be b e s t q u a l i f i e d to do a s t udy i n r e g a r d s 

to f r a c t u r e p r o p a g a t i o n and what e x a c t l y would 

happen i n t h i s f o r m a t i o n i n the event we d i d put 

a c e r t a i n p r e s s u r e on i t because o b v i o u s l y i f we 

i n j e c t a t a p r e s s u r e t h a t ' s h i g h enough t h a t 

we're going to i n j e c t out of zone or go somewhere 

b e s i d e s the Penrose I n t e r v a l , which we're t r y i n g 

to f l o o d , t h a t would a l s o cause the p r o j e c t to 

f a i l . 

Q. What e n g i n e e r i n g c o n s u l t i n g f i r m d i d 

you s e l e c t ? 

A. S. A. H o l d i t c h & A s s o c i a t e s i s a f i r m 

out of C o l l e g e S t a t i o n , which Brad i s w i t h , t h a t 

I was t o l d were the e x p e r t s i n the f i e l d of 

f r a c t u r e d e s i g n . And they l i t e r a l l y wrote the 

book on f r a c t u r i n g and d e s i g n of f r a c t u r e 

s o f t w a r e f o r t r e a t i n g companies and t h a t s o r t of 

t h i n g . And they've e x t e n s i v e l y done r e s e a r c h i n 

the a r e a of f r a c t u r e d e s i g n and e x a c t l y what 

happens when you f r a c t u r e a w e l l . 

RODRIGUEZ-VESTAL REPORTING 
f f i f l . H l Q f t R - 1 7 7 9 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

22 

Q. What d i d you ask them to do f o r you? 

A. To conduct a study i n the Red Lake U n i t 

to determine what p r e s s u r e we c o u l d s a f e l y i n j e c t 

at and which would be above our p a r t i n g p r e s s u r e 

and s t i l l s t a y c o n t a i n e d w i t h i n the Penrose 

I n t e r v a l . 

Q. Did you s p e c i f i c a l l y r e q u e s t the 

c o n s u l t i n g f i r m to examine the f e a s i b i l i t y of 

u t i l i z i n g 1500 pounds as a s u r f a c e p r e s s u r e 

l i m i t a t i o n and under t h a t l i m i t a t i o n see what 

happens to the p r o p a g a t i o n of f r a c t u r e s ? 

A. Yes, I d i d . And t h a t was based on the 

i n f o r m a t i o n from the o f f s e t u n i t s which had used 

s i m i l a r p r e s s u r e s . 

Q. What da t a and i n f o r m a t i o n d i d you 

s u p p l y Mr. Robinson so t h a t he c o u l d undertake 

h i s s t u d y ? 

A. Okay. We, r e f e r r i n g back to E x h i b i t 2, 

conducted s e v e r a l t e s t s and a l s o s u p p l i e d the 

H o l d i t c h f i r m w i t h i n i t i a l t r eatment i n f o r m a t i o n , 

p r e s s u r e data from i n i t i a l t r e a t m e n t s of w e l l s i n 

t h i s a r e a and o u t s i d e t h i s a r e a , w e l l d a t a , 

c o m p l e t i o n data on the w e l l s . 

We conducted s e v e r a l t e s t s i n c l u d i n g 

the f u l l - w a v e s o n i c l o g and the p r e s s u r e f a l l - o f f 
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t e s t s , which were p r i m a r i l y used f o r t h e i r 

s t u d i e s . 

Q. Did you work i n c o n n e c t i o n w i t h Mr. 

Robinson to determine t h a t you were p r o v i d i n g him 

w i t h a s u f f i c i e n t d a tabase of i n f o r m a t i o n from 

which then he c o u l d make h i s study and d e r i v e h i s 

e n g i n e e r i n g c o n c l u s i o n s ? 

A. Yes, I d i d . 

Q. Did you s u b s e q u e n t l y o b t a i n from the 

D i v i s i o n a p p r o v a l to run a d d i t i o n a l i n j e c t i v i t y 

t e s t s w i t h i n the w a t e r f l o o d p r o j e c t a t r a t e s i n 

e x c e s s of the 900 pounds s u r f a c e l i m i t a t i o n ? 

A. That i s c o r r e c t . I v i s i t e d w i t h the 

A r t e s i a OCD o f f i c e c o n c e r n i n g t h i s . And they 

a d v i s e d t h a t I needed to submit a w r i t t e n r e q u e s t 

to do t h a t , which I d i d . And Johnny Robinson, I 

b e l i e v e , corresponded w i t h David c o n c e r n i n g t h a t 

w r i t t e n r e q u e s t and David c a l l e d me. And a f t e r 

we d i s c u s s e d i t , David gave us p e r m i s s i o n to 

conduct a week-long t e s t at 1500 pounds i n order 

to determine the n e c e s s a r y d a t a f o r t h i s s t u dy. 

Q. And you d i d i n f a c t conduct t h a t t e s t 

and submit t h a t d a t a to Mr. Robinson f o r h i s 

a n a l y s i s ? 

A. That i s c o r r e c t . 
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Q. L e t me have you t u r n , s i r , to what i s 

marked as E x h i b i t s 8, 9, 10, and 11 and have you 

i d e n t i f y those e x h i b i t s f o r us. 

A. Okay. E x h i b i t s 8 through 11 a r e 

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

E x h i b i t 2 h i g h l i g h t e d by the green hexagons. The 

purpose of t h e s e was to a c t u a l l y pump i n t o t h e s e 

i n j e c t i o n w e l l s a t 1500 pounds w i t h a l o g g i n g 

t o o l i n the h o l e and i n j e c t some r a d i o a c t i v e 

m a t e r i a l above the pay zone and b a s i c a l l y f o l l o w 

i t down the w e l l b o r e and see where i t went out. 

And i f y o u ' l l t u r n to -- I'm j u s t going 

to h i g h l i g h t one of t h e s e f o r you, or we can look 

at a l l of them i f you'd l i k e , but l e t ' s look a t 

E x h i b i t 9. I f y o u ' l l t u r n to the p o r t i o n of i t 

f a i r l y c l o s e to the top where the p r e s e n t a t i o n i s 

shown, the p e r f o r a t e d i n t e r v a l i n t h i s p a r t i c u l a r 

w e l l , which i s Red Lake U n i t No. 10, i s shown by 

the l i t t l e arrows b e g i n n i n g a t 1609 and going 

down to 1634. 

And the p r e s e n t a t i o n s i m p l y shows by 

the c r o s s h a t c h i n g next to the p e r f o r a t e d i n t e r v a l 

where the i n j e c t i o n i n t e r v a l was a t 1500 pounds. 

And t h e r e i s no i n d i c a t i o n on t h i s p a r t i c u l a r 

w e l l or any of the o t h e r t h r e e w e l l s t h a t the 
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i n j e c t e d f l u i d went up or down. I n f a c t , i t went 

i n t o the p e r f o r a t i o n s and went away i n t o the 

p e r f o r a t e d i n t e r v a l . 

And o b v i o u s l y i f adding i n j e c t i n g a t 

t h i s p r e s s u r e was going to cause a problem i n 

terms of the cement bonding or the a c t u a l 

o p e r a t i o n a l c o n d i t i o n of the w e l l , t h e r e ' s a 

p o s s i b i l i t y t h a t we might have seen some 

c h a n n e l i n g or some i n d i c a t i o n of a problem i n 

r e g a r d s to t h a t p r e s s u r e , which we d i d not i n 

t h e s e four w e l l s . 

And I f e e l t h a t t h e s e a r e 

r e p r e s e n t a t i v e of a l l the i n j e c t i o n w e l l s i n the 

u n i t and t h a t t h e r e w i l l be no problems 

a s s o c i a t e d w i t h i n j e c t i n g a t 1500 pounds. 

Q. What do you mean by no problems 

a s s o c i a t e d w i t h i n j e c t i o n a t 1500 pounds s u r f a c e 

p r e s s u r e l i m i t a t i o n ? 

A. W e l l , s p e c i f i c a l l y breakdown of the 

cement s h e a t h around the c a s i n g which c o u l d cause 

c h a n n e l i n g of f l u i d up the h o l e i n t o o t h e r zones 

which we're not t r y i n g to f l o o d , t h a t type of 

problem. 

Q. Where i s the deepest o c c u r r e n c e of any 

known f r e s h w a t e r s o u r c e s i n t h i s a r e a ? 
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A. I b e l i e v e i t ' s around 80 f e e t . 

Q. I n terms of e x e c u t i n g your o p e r a t i o n s 

w i t h i n the w a t e r f l o o d p r o j e c t , a r e you s a t i s f i e d 

t h a t i n c r e a s i n g the p r e s s u r e l i m i t a t i o n to 1500 

pounds i s not going to p l a c e a t r i s k any 

s h a l l o w e r f r e s h w a t e r s o u r c e s ? 

A. Yes, a b s o l u t e l y . 

Q. I n a d d i t i o n , a r e you s a t i s f i e d from 

what you know and from the s t u d i e s of a l l the 

d a t a a v a i l a b l e to you t h a t i n c r e a s i n g the s u r f a c e 

p r e s s u r e l i m i t a t i o n w i l l cause the i n j e c t e d 

f l u i d s to remain c o n t a i n e d w i t h i n the v e r t i c a l 

l i m i t s of the Queen Formation? 

A. Yes. And, of c o u r s e , Brad w i l l comment 

at l e n g t h on t h a t . But t h a t was the purpose of 

our study, was to be c e r t a i n t h a t a t 1500 pounds 

we would remain c o n t a i n e d w i t h i n the Penrose 

Format i o n . 

Q. And as we've a l r e a d y seen, the Penrose 

Formation i s the only p r o d u c t i v e f o r m a t i o n or 

zone we have w i t h i n the Queen Formation? 

A. T h a t ' s c o r r e c t . 

MR. KELLAHIN: That c o n c l u d e s my 

e x a m i n a t i o n of Mr. G i l l . We move the 

i n t r o d u c t i o n of E x h i b i t s 1 through 11. 
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EXAMINER CATANACH: E x h i b i t s 1 through 

9 w i l l be adm i t t e d as e v i d e n c e . 

MR. KELLAHIN: I'm s o r r y . I t s h o u l d be 

1 through 11, Mr. Examiner. 

EXAMINER CATANACH: 1 through 11 w i l l 

be a d m i t t e d as e v i d e n c e . 

EXAMINATION 

BY EXAMINER CATANACH: 

Q. Mr. G i l l , was the e n g i n e e r i n g study 

t h a t was performed, was t h a t based s o l e l y on the 

prof i l e l o g s ? 

A. No, s i r . 

Q. I t was based on some other d a t a ? 

A. Yes. C o n s i d e r a b l e o t h e r d a t a i n c l u d i n g 

the p r e s s u r e f a l l - o f f t e s t s and some p r e s s u r e 

pump-in t e s t s , which a r e i n d i c a t e d by the y e l l o w 

c i r c l e s on the E x h i b i t 2, and a l s o some 

h i s t o r i c a l i n f o r m a t i o n such as treatment 

i n f o r m a t i o n from i n i t i a l t r e a t m e n t s on the 

w e l l s . And Brad w i l l r e f e r to t h a t a t l e n g t h i n 

h i s p r e s e n t a t i o n . 

We a l s o r an the f u l l - w a v e s o n i c l o g i n 

w e l l No. 23 which was f o r the purpose of 

g a t h e r i n g rock p r o p e r t i e s of the f o r m a t i o n s above 

and below the Penrose. 
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Q. What i s your u n d e r s t a n d i n g to be the 

r a d i u s of i n v e s t i g a t i o n on when you run one of 

t h e s e p r o f i l e l o g s ? 

A. Somewhere i n the neighborhood of 18 

i n c h e s beyond the w e l l b o r e . So b a s i c a l l y t h i s i s 

j u s t t e l l i n g us t h a t i t ' s l e a v i n g i n the r i g h t 

p l a c e and t h a t i t ' s not c h a n n e l i n g up the 

bore h o l e — up or down the b o r e h o l e . 

Q. You b e l i e v e the cement i n t e g r i t y i n 

your other i n j e c t i o n w e l l s i s adequate to c o n t a i n 

the f l u i d ? 

A. Yes, s i r , I do. 

Q. The four p r o f i l e l o g s t h a t were run, 

they a l l i n d i c a t e d the same t h i n g ? 

A. Yes, s i r . No i n d i c a t i o n of any 

c h a n n e l i n g up or down. Always the f l u i d was a l l 

l e a v i n g i n the Penrose p e r f o r a t i o n s . 

Q. Mr. G i l l , what would you e s t i m a t e to be 

a r e a s o n a b l e time p e r i o d to see a resp o n s e to 

w a t e r f l o o d o p e r a t i o n s ? 

A. The o r i g i n a l p r o j e c t i o n c a l l e d f o r 

a p p r o x i m a t e l y a y e a r . So as of now we s h o u l d 

have been s e e i n g a s i g n i f i c a n t r esponse by a 

y e a r . The o r i g i n a l p r o j e c t i o n was based on an 

e s t i m a t e d average r a t e of 200 b a r r e l s of water 
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per day per i n j e c t i o n w e l l , which was p r e d i c a t e d 

on the h i s t o r i c a l performance of the Red Lake 

U n i t which o f f s e t s us to the south. 

Q. I s t h e r e a s p e c i f i c volume t h a t you 

hope to a c c o m p l i s h to i n j e c t i n t o each of t h e s e 

w e l I s ? 

A. My t a r g e t r a t e i s 300 b a r r e l s per day 

per we 11. 

Q. With r e g a r d s to the other p r o j e c t s you 

showed on E x h i b i t No. 1, a r e t h e s e p r o j e c t s now 

i n t h e i r t w i l i g h t ? 

A. T h a t ' s c o r r e c t , y e s . 

Q. And t h e s e were probably approved q u i t e 

a w h i l e back when t h e r e was no p r e s s u r e 

1imi t a t i o n ? 

A. T h a t ' s a l s o c o r r e c t . I n f a c t , I t h i n k 

i n j e c t i o n has c e a s e d on a l l of t h e s e p r o j e c t s a t 

t h i s p o i n t . 

Q. You s a i d you c o n s u l t e d w i t h the A r t e s i a 

D i s t r i c t O f f i c e . Did they i n d i c a t e to you t h a t 

t h e r e had been any type of problem i n any of 

t h e s e p r o j e c t s i n terms of water out of zone or 

water f l o w s of any k i n d ? 

A. None whatsoever. 

Q. So, as f a r as you know, the water 

RODRIGUEZ-VESTAL REPORTING 
( BC>*,\ Q 8 8 - 1 7 7 9 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

1 2 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

30 

i n j e c t e d a t t h e s e p r e s s u r e s was c o n f i n e d t o t h e 

Penrose? 

A. Yes. And I t h i n k t h e s u c c e s s o f t h o s e 

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

b ecause, i f t h e y were i n f a c t i n j e c t i n g w a t e r o u t 

of zone, t h e y w o u l d n o t have r e c o v e r e d t h e 

s e c o n d a r y o i l . 

EXAMINER CATANACH: I b e l i e v e t h a t ' s 

a l l I have o f t h e w i t n e s s . He may be ex c u s e d . 

MR. STOVALL: You're a s s u m i n g I d i d n ' t 

have any q u e s t i o n s ? 

EXAMINER CATANACH: W e l l , I t u r n e d t o 

you and you d i d n ' t say a n y t h i n g . You w e r e n ' t 

h e r e f o r i t anyway. 

MR. KELLAHIN: Mr. Exa m i n e r , a t t h i s 

t i m e I ' d l i k e t o c a l l Mr. Brad R o b i n s o n . 

BRADLEY M. ROBINSON 

H a v i n g been d u l y sworn upon h i s o a t h , was 

examined and t e s t i f i e d as f o l l o w s : 

EXAMINATION 

BY MR. KELLAHIN: 

Q. Mr. R o b i n s o n , f o r t h e r e c o r d w o u l d y o u , 

p l e a s e , s t a t e y o u r name and o c c u p a t i o n ? 

A. B r a d l e y M. R o b i n s o n . I'm v i c e 

p r e s i d e n t a t S. A. H o l d i t c h & A s s o c i a t e s . 
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Q. What i s i t t h a t you do, Mr. Robinson? 

A. I'm a petroleum e n g i n e e r . Our f i r m 

c o n s u l t s on petroleum e n g i n e e r i n g p r o j e c t s , a l l 

t y p e s , but p r i m a r i l y i n v o l v i n g low p e r m e a b i l i t y 

f o r m a t i o n s and the h y d r a u l i c f r a c t u r i n g of those 

f o r m a t i o n s . We d e s i g n the f r a c t u r e t r e a t m e n t . 

We'll a n a l y z e the d a t a . And we a l s o p r o v i d e 

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

f r a c t u r e t r e a t m e n t s . 

Q. What were you s p e c i f i c a l l y r e t a i n e d to 

do by Beach E x p l o r a t i o n ? 

A. They asked me to conduct a study to 

determine i f i n j e c t i o n i n t o t h i s w a t e r f l o o d a t a 

s u r f a c e p r e s s u r e of 1500 PSI would c r e a t e or 

cause h y d r a u l i c f r a c t u r e s to propagate out of 

zone and pose any p o t e n t i a l problems i n v o l v i n g 

the i n j e c t i o n of water out of zone. 

Q. I s t h a t a r e q u e s t f o r which you're 

q u a l i f i e d to undertake a study and r e a c h 

c o n c l u s i o n s ? 

A. Yes. 

Q. What i s your e d u c a t i o n a l background, 

Mr. Robinson? 

A. I graduated w i t h a b a c h e l o r ' s degree i n 

petroleum e n g i n e e r i n g from Texas A & M i n 1977. 
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I went to work f o r Marathon O i l Company i n 

Midland i n t h e i r p r o d u c t i o n o f f i c e . Worked about 

two y e a r s as a p r o d u c t i o n e n g i n e e r f o r Marathon 

and was t r a n s f e r r e d over to the r e s e r v o i r 

e n g i n e e r i n g department where I worked f o r about 

another e i g h t months. 

I l e f t Marathon and went to work f o r S. 

A. H o l d i t c h & A s s o c i a t e s i n October of 79. I ' v e 

been working at H o l d i t c h ever s i n c e . While I was 

at the f i r m i n C o l l e g e S t a t i o n , I was a b l e to go 

back to Texas A & M and e a r n my m a s t e r ' s degree 

i n petroleum e n g i n e e r i n g . 

Q. I n what y e a r , s i r ? 

A. 1985. 

Q. I s the r e q u e s t t h a t Beach made of you 

to p r o v i d e an e n g i n e e r i n g study on t h i s 

p a r t i c u l a r p r e s s u r e i s s u e one i n which you have 

performed b e f o r e f o r o t h e r s ? 

A. T h i s i s probably a l i t t l e b i t 

d i f f e r e n t . We do perform w a t e r f l o o d s t u d i e s 

q u i t e o f t e n , more from the r e s e r v o i r e n g i n e e r i n g 

a s p e c t s . We've modeled w a t e r f l o o d s . We've 

determined optimum i n j e c t i o n r a t e s , w a t e r f l o o d 

i n j e c t o r p a t t e r n s , p r o d u c i n g p a t t e r n s , and so 

f o r t h . 
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So a c t u a l l y I ' v e never been asked to 

look a t i t i n t h i s l i g h t , but i t ' s e x a c t l y the 

same p r i n c i p l e as we a r e i n v o l v e d i n e v e r y day as 

f a r as the p r o p a g a t i o n of f r a c t u r e s due to f l u i d 

i n j e c t i o n . So t h e r e ' s r e a l l y no d i f f e r e n c e o t h e r 

than i t ' s f o r f l o o d i n g an o i l r e s e r v o i r as 

opposed to t r y i n g to pump sand i n , which i s the 

normal f r a c t u r i n g procedure, i n an e f f o r t to 

s t i m u l a t e the r e s e r v o i r . 

Q. Were you a b l e to o b t a i n d a t a which you 

c o n s i d e r e d to be s u f f i c i e n t i n order to undertake 

t h i s s t u d y ? 

A. Yes. Yes, Beach had q u i t e a b i t of 

d a t a a v a i l a b l e to conduct a study. And we made 

s e v e r a l recommendations as f a r as a d d i t i o n a l 

t e s t s t h a t they s h o u l d conduct to h e l p us 

q u a n t i f y and determine f o r s u r e t h a t the h i g h e r 

i n j e c t i o n p r e s s u r e would be s a f e . 

Q. Based upon t h a t i n f o r m a t i o n , you've 

completed your study and now have c o n c l u s i o n s 

w i t h r e g a r d s to t h i s i s s u e ? 

A. Yes. 

MR. KELLAHIN: Do you need a minute? 

MR. STOVALL: No. Go ahead. 

MR. KELLAHIN: We tender Mr. Robinson 
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as an e x p e r t petroleum e n g i n e e r w i t h s p e c i a l 

e x p e r t i s e i n f r a c t u r e d r e s e r v o i r s . 

EXAMINER CATANACH: Mr. Robinson i s so 

q u a l i f i e d . 

Q. (BY MR. KELLAHIN) Mr. Robinson, b e f o r e 

we go to your s p e c i f i c s tudy, l e t me have you 

i d e n t i f y f o r the r e c o r d what we've marked as 

Beach E x h i b i t No. 12. 

A. Okay. T h a t ' s commonly r e f e r r e d to as a 

f r a c - h e i g h t log or f r a c t u r a l h e i g h t l o g . T h i s 

p a r t i c u l a r log was run by H a l l i b u r t o n Logging 

S e r v i c e s . T h i s log was run on the Red Lake U n i t 

No. 23. 

Q. I s t h a t p a r t of the d a t a t h a t you've 

examined i n your s t u d y ? 

A. Yes. As a matter of f a c t , t h i s l o g was 

run s p e c i f i c a l l y at our r e q u e s t by Beach. 

Q. Before we t a l k about the study 

s p e c i f i c a l l y , t e l l us g e n e r a l l y how you s e l e c t a 

methodology or a way to s a t i s f y y o u r s e l f as an 

e x p e r t t h a t you're approaching a s o l u t i o n i n the 

c o r r e c t way t h a t ' s going to get you a r e l i a b l e 

c o n c l u s i o n t h a t you can s t a t e w i t h e n g i n e e r i n g 

c o n f i d e n c e i s going to be a s a f e p r e s s u r e 

l i m i t a t i o n f o r the p r o j e c t . 
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A. W e l l , w i t h any type of study, t h e r e a r e 

j u s t c e r t a i n t y p e s of d a t a t h a t you need to be 

a b l e to come to c o n c l u s i o n s t h a t you're l o o k i n g 

f o r . And over the y e a r s -- our f i r m has been i n 

b u s i n e s s about, oh, 15 y e a r s , I guess. I ' v e 

worked f o r them 13 of those 15 y e a r s . For 

c e r t a i n p r o j e c t s you j u s t develop an e x p e r i e n c e 

l e v e l at the ty p e s of d a t a t h a t you need to 

answer the q u e s t i o n s t h a t you're t r y i n g to 

answer. 

And when i t comes to h y d r a u l i c 

f r a c t u r i n g , t h e r e a r e c e r t a i n f o r m a t i o n 

p r o p e r t i e s t h a t you need to know. And you can 

o b t a i n those data e i t h e r from c o r e s or l o g s . 

There i s p r e s s u r e i n f o r m a t i o n t h a t i n v o l v e s the 

i n j e c t i o n of water or j e l l or whatever you're 

t r y i n g to i n j e c t , the p r e s s u r e t h a t o c c u r s w h i l e 

you're performing t h a t o p e r a t i o n . 

And so you j u s t b a s i c a l l y develop a 

shopping l i s t of the ty p e s of i n f o r m a t i o n you 

need b e f o r e -- or i n order to conduct your 

study. And so when I f i r s t v i s i t e d w i t h H a l , I 

l i s t e d the ty p e s of i n f o r m a t i o n I thought we were 

going to need to be a b l e to determine what t y p e s 

of f r a c t u r e p r o p a g a t i o n they may see w i t h a 1500 
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PSI s u r f a c e p r e s s u r e . 

Q. Were you s a t i s f i e d then t h a t you 

u l t i m a t e l y r e c e i v e d s u f f i c i e n t d a t a so t h a t you 

c o u l d p r o p e r l y e x e c u t e the purposes of the s t u d y ? 

A. Yes. 

Q. L e t me have you i d e n t i f y f o r us what i s 

marked as E x h i b i t No. 13. 

A. T h i s i s b a s i c a l l y the r e s u l t s i n c l u d i n g 

diagrams and d a t a of our s t udy. I ' v e p r e p a r e d i t 

i n the form of a s e r i e s of e x h i b i t s . Normally i n 

a study of t h i s type w e ' l l have s i m i l a r type 

diagrams and f i g u r e s , but w e ' l l have a l o t of 

t e x t , d i s c u s s i o n to go along w i t h i t . We haven't 

p r e p a r e d t h a t f o r Beach y e t . But t h i s i s a l l the 

p e r t i n e n t r e s u l t s , f i g u r e s , and i n f o r m a t i o n 

t h a t ' s formed the b a s i s f o r my c o n c l u s i o n s . 

Q. A l l r i g h t . P r e s e n t your r e p o r t to us. 

A. Okay. On page 1 we always l i k e to 

i d e n t i f y the purpose of the study whenever we're 

doing i t . And the g e n e r a l purpose was to 

determine i f i n c r e a s i n g the maximum a l l o w a b l e 

s u r f a c e i n j e c t i o n p r e s s u r e to 1500 PSI would 

cause the h y d r a u l i c f r a c t u r e s i n the i n j e c t i o n 

w e l l s to grow out of zone. 

Q. L e t ' s d e f i n e "grow out of zone" w h i l e 
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we're a t t h a t p o i n t . 

A. Grow out of the Queen i n t e r v a l and 

propagate i n t o some ot h e r u n d e s i r a b l e 

format i o n s . 

To approach the problem or to t r y and 

s o l v e the problem, we a n a l y z e the e x i s t i n g 

f r a c t u r e t r e a t m e n t data and s t e p - r a t e i n j e c t i o n 

d a t a on t h e s e w e l l s . We then recommended to 

Beach t h a t they conduct i n j e c t i o n f a l l - o f f t e s t s 

and then we a n a l y z e d those t e s t s . 

We determined the v e r t i c a l s t r e s s 

p r o f i l e f o r zones above and below the Penrose. 

And t h a t i s probably one of the most c r i t i c a l 

p i e c e s of i n f o r m a t i o n t h a t you can have when 

you're t r y i n g to study the growth or f r a c t u r e s 

out of zone. 

And then we used our f r a c t u r e s i m u l a t o r 

to p r e d i c t the f r a c t u r e dimensions w i t h the 

i n c r e a s e d water i n j e c t i o n p r e s s u r e , s o r t of a 

"what i f " c a s e . 

Q. Based upon t h a t study, would you 

summarize f o r us the r e s u l t s ? 

A. Yes. The r e s u l t s a r e summarized on 

page 2. The d a t a a n a l y s i s s u p p o r t s the p r e s e n c e 

of h o r i z o n t a l f r a c t u r e s i n the Red Lake U n i t . 
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These f r a c t u r e s — I ' l l show you an i l l u s t r a t i o n 

i n a minute -- grow h o r i z o n t a l l y as opposed to 

v e r t i c a l l y . 

And g i v e n t h a t c o n d i t i o n t h e r e w i l l be 

no problem a t a l l of h i g h growth out of the 

Penrose, which i s the second p o i n t t h e r e on the 

r e s u l t s . Height growth would not be a problem 

w i t h h o r i z o n t a l f r a c t u r e s . 

There i s some e v i d e n c e to suggest t h a t 

v e r t i c a l f r a c t u r e s may be p r e s e n t . I t ' s weak, 

but i t ' s t h e r e and I'm not going to t r y and hide 

i t . I f they a r e p r e s e n t , we found t h a t 

s u f f i c i e n t s t r e s s c o n t r a s t e x i s t s to c o n t a i n the 

f r a c t u r e h e i g h t growth i n our o p i n i o n . 

Q. Before we l e a v e t h a t p o i n t , l e t me have 

you a m p l i f y i t . Based upon l i m i t e d i n f o r m a t i o n , 

t h e r e i s a p o s s i b l e s u g g e s t i o n of v e r t i c a l 

f r a c t u r e growth? 

A. R i g h t . 

Q. The s t r e s s c o n t r a s t s a r e r e p r e s e n t a t i v e 

i n f o r m a t i o n b a r r i e r s above and below the 

Penrose? 

A. T h a t ' s t r u e . 

Q. And c o n t a i n e d w i t h i n the Queen 

Format i o n ? 
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A. T h a t ' s r i g h t . The b a r r i e r s a r e s t i l l 

w i t h i n the Queen. 

Q. So you have concluded t h a t i f t h e r e i s 

any p o t e n t i a l f o r v e r t i c a l f r a c t u r e growth, those 

v e r t i c a l f r a c t u r e s a r e not going to propagate 

o u t s i d e of the p r i n c i p a l f l o o d zone, which i s the 

Penrose? 

A. E x a c t l y . 

Q. What's the l a s t p o i n t ? 

A. The l a s t p o i n t i s t h a t i n e i t h e r c a s e , 

e i t h e r f o r h o r i z o n t a l or v e r t i c a l f r a c t u r e s , you 

w i l l c r e a t e an e q u i l i b r i u m c o n d i t i o n w h i l e you're 

i n j e c t i n g water where the amount of water t h a t 

you i n j e c t e q u a l s the amount of water t h a t ' s 

l e a k i n g o f f . That i s your primary f l o o d , of 

c o u r s e , the l e a k - o f f of the water i n t o the zone. 

And when t h a t o c c u r s , the f r a c t u r e i s 

going to stop growing. T h a t ' s c a l l e d an 

e q u i l i b r i u m growth c o n d i t i o n . There may be some 

p r o p a g a t i o n of the f r a c t u r e i n i t i a l l y a t t h i s 

h i g h e r r a t e . T h a t ' s not unexpected, but i t w i l l 

e v e n t u a l l y stop growing when t h i s e q u i l i b r i u m 

c o n d i t i o n e x i s t s . 

Q. W i t h i n your p a r t i c u l a r e x p e r t i s e i n 

a n a l y z i n g r e s e r v o i r f r a c t u r i n g , you have a 
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v o c a b u l a r y t h a t u s e s t e r m i n o l o g y t h a t e i t h e r I , 

as a layman, or o t h e r e n g i n e e r s might d e f i n e 

d i f f e r e n t l y . And so t h a t we're a l l u s i n g your 

d e f i n i t i o n s and c l e a r l y u n d e r s t a n d t h a t 

v o c a b u l a r y , I ' v e asked you to compile a s e r i e s of 

d i s p l a y s and have you go through w i t h us then to 

make s u r e we u n d e r s t a n d the terms t h a t you're 

going to use when we d i s c u s s the a c t u a l d a t a used 

f o r the p r o j e c t . Would you s t a r t t h a t f o r me --

A. Sure. 

Q. -- w i t h page 3? 

A. Yes. On page 3, s t a r t i n g t h e r e , I ' v e 

drawn up s e v e r a l i l l u s t r a t i o n s to show the 

d i f f e r e n t t y p e s of f r a c t u r e s t h a t we're going to 

be t a l k i n g about today and to i l l u s t r a t e some of 

the t e r m i n o l o g y t h a t I ' l l be u s i n g . 

One of the t y p e s of f r a c t u r e s o b v i o u s l y 

t h a t w e ' l l be t a l k i n g about a r e v e r t i c a l 

f r a c t u r e s . I ' v e drawn a s i d e view of a f r a c t u r e 

t h e r e . I f you were s i t t i n g out away from the 

w e l l b o r e l o o k i n g at i t , you would see two wings 

e x t e n d i n g from both s i d e s w i t h i n the sand. 

I f you were at the s u r f a c e and a b l e to 

look down at the top of the f r a c t u r e , you would 

see a view much l i k e i s shown t h e r e on the bottom 
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of the page. We would see the width of the 

f r a c t u r e . I ' v e got a couple of arrows on t h a t 

f i g u r e w i t h the Greek symbol " t h e t a " sub-H. 

F r a c t u r e s propagate a g a i n s t the minimum 

s t r e s s i n the rock. They open a g a i n s t the l e a s t 

s t r e s s . I mean, t h a t ' s j u s t the mechanics of 

n a t u r e . That s t r e s s f o r v e r t i c a l f r a c t u r e s i s i n 

a h o r i z o n t a l d i r e c t i o n , or l a t e r a l d i r e c t i o n i n 

the rock, so t h a t the f r a c t u r e can open up, the 

width a g a i n s t t h a t minimum s t r e s s . And t h a t ' s 

shown on t h a t top view down a t the bottom of the 

page . 

We'll a l s o be t a l k i n g about h o r i z o n t a l 

f r a c t u r e s . And those a r e j u s t the o p p o s i t e of 

v e r t i c a l f r a c t u r e s i n t h a t they propagate out 

l a t e r a l l y i n t o the f o r m a t i o n . The s i d e view t h a t 

you would be l o o k i n g a t t h e r e a t the top of the 

page shows the width of the f r a c t u r e . 

And the top view, down a t the bottom of 

the page, shows the e x t e n t or r a d i u s of the 

f r a c t u r e . Looks l i k e a b i g pancake growing out 

i n t o the fo r m a t i o n . 

R e f e r r i n g back up to the s i d e view a t 

the top, a g a i n the s t r e s s , " t h e t a " sub-V, t h a t 

the f r a c t u r e opens a g a i n s t i s the overburden of 
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the e a r t h . The v e r t i c a l overburden s t r e s s i s 

what we c a l l t h a t . And t h a t ' s u s u a l l y about 1 

PSI per f o o t , sometimes as hi g h as 1.1 PSI per 

f o o t . But t h a t ' s the s t r e s s of the e a r t h due to 

the d e n s i t y of the rock l a y e r s t h a t a r e s i t t i n g 

on top of the e a r t h . 

Q. Having d e f i n e d f o r us the h o r i z o n t a l 

and v e r t i c a l f r a c t u r e t erminology, you have a l s o 

t o l d me about f r a c t u r e containment. 

A. R i g h t . 

Q. When you use f r a c t u r e containment, what 

does t h a t mean? 

A. W e l l , t h a t ' s i l l u s t r a t e d on the next 

page. When you have v e r t i c a l f r a c t u r e s , what 

you're concerned about i s how t a l l those 

f r a c t u r e s grow. Again they a r e p r o p a g a t i n g up 

and down. 

T h i s i l l u s t r a t i o n shows a sand w i t h a 

f r a c t u r e c r e a t e d i n i t . Above and below i t a r e 

what we c a l l b a r r i e r r o c k s . Now, the l i t t l e 

b l o c k diagram towards the l e f t t h a t ' s l a b e l e d 

" s t r e s s , " t h a t ' s i n c r e a s i n g to the r i g h t , t h a t 

shows the r e l a t i o n s h i p of the sand to the b a r r i e r 

r o c k s i n terms of the s t r e s s . 

The s t r e s s i n the sand i t s e l f when i t 
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i s much, much l e s s than the s t r e s s i n the 

b a r r i e r s r e p r e s e n t e d by the symbol " t h e t a " sub-B, 

then you have f r a c t u r e containment. And t h a t ' s 

noted t h e r e a t the bottom of the page. That 

containment e x i s t s when the s t r e s s i n the sand i s 

much, much l e s s than the s t r e s s i n the b a r r i e r s . 

Q. As p a r t of the study then, you 

developed d a t a t h a t w i l l g i v e you v a l u e s so t h a t 

you can determine the s t r e s s i n the b a r r i e r as 

w e l l as i n the sand? 

A. R i g h t . We get t h a t i n f o r m a t i o n from 

the f r a c - h e i g h t l o g s . And t h i s i s a v e r y 

s i m p l i f i e d c a s e , a s i m p l e t h r e e - l e t t e r c a s e . 

You've got a sand s i t t i n g i n between two b a r r i e r 

r o c k s . And of c o u r s e i n r e a l l i f e s i t u a t i o n s , 

you have m u l t i p l e l a y e r s of rock, and each one of 

them have d i f f e r e n t p r o p e r t i e s . And I ' l l show 

you the a c t u a l d a t a from the f r a c - h e i g h t log 

l a t e r . 

But t h i s s e r v e s to i l l u s t r a t e t h a t a 

c e r t a i n v a l u e of s t r e s s i n the sand, i f i t ' s 

s u f f i c i e n t l y lower than the b a r r i e r s above and 

below you, then t h a t f r a c t u r e w i l l s t a y 

c o n t a i n e d . 

Q. L e t ' s t u r n to have you d e f i n e f o r us 
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what you mean when you t a l k about f r a c t u r i n g 

p r e s s u r e s . 

A. T h i s j u s t i l l u s t r a t e s when I r e f e r to 

i n j e c t i o n p r e s s u r e s or something l i k e t h a t , a l l 

of those p r e s s u r e s mean something underneath the 

ground. 

S t a r t i n g a t the t i p of the f r a c t u r e , 

where I ' v e got the symbol p

e x t » t h a t s t a n d s f o r 

the e x t e n s i o n p r e s s u r e . T h a t ' s the p r e s s u r e out 

at the c r a c k t i p . T h a t ' s what d r i v i n g the 

f r a c t u r e and c a u s i n g i t to grow. That i s e i t h e r 

g r e a t e r than or equ a l to the s t r e s s i n the sand. 

I t has to be a t l e a s t t h a t much i f not more to be 

a b l e to d r i v e the f r a c t u r e through the rock. 

Down the f r a c t u r e i s a f r i c t i o n term. 

You can t h i n k of i t i n terms of t r y i n g to pump 

water down a p i p e l i n e . There w i l l be f r i c t i o n 

b u i l t up i n t h a t p i p e l i n e . And i t ' s a f u n c t i o n 

of the l e n g t h . Same t h i n g happens i n h y d r a u l i c 

f r a c t u r e s . You b u i l d up f r i c t i o n i n them as 

you're t r y i n g to pump f l u i d down. 

Then you a l s o have a p e r f o r a t i o n term. 

You have p r e s s u r e drop through the p e r f o r a t i o n s 

t h a t you have to take i n t o a ccount. And a l l 

those t h i n g s added up equal to the w e l l b o r e 
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p r e s s u r e , which t h a t ' s the o n l y t h i n g we can 

measure. We c a n ' t go out i n the f r a c t u r e and 

measure the p r e s s u r e out t h e r e a t the t i p or 

h a l f w a y down. We can o n l y measure the p r e s s u r e 

i n the w e l l b o r e . 

So t h a t ' s why i t ' s important to 

u n d e r s t a n d a l l t h e s e terms. And we have ways to 

e s t i m a t e what they a r e . 

Q. Mr. Catanach asked Mr. G i l l a q u e s t i o n 

a w h i l e ago about the r a d i u s of i n v e s t i g a t i o n 

under the i n j e c t i v i t y p r o f i l e , and I t h i n k Mr. 

G i l l s a i d i t ' s about 18 i n c h e s or g i v e or take a 

few? 

A. R i g h t . 

Q. Do you have a way to a n a l y z e the 

e f f e c t s beyond the near w e l l b o r e c o n d i t i o n so 

t h a t we can determine w i t h a r e a s o n a b l e 

e n g i n e e r i n g p r o b a b i l i t y the l a t e r a l and 

h o r i z o n t a l d i s t a n c e of t h e s e f r a c t u r e s ? 

A. Yeah. We've b u i l t a f r a c t u r e s i m u l a t o r 

t h a t t a k e s i n t o account a l l of the p r o p e r t i e s of 

the l a y e r s , s p e c i f i c a l l y and most i m p o r t a n t l y the 

s t r e s s i n each one of t h e s e l a y e r s . And i t 

c a l c u l a t e s a l l of t h e s e p r e s s u r e s . 

And i f the p r e s s u r e i n t h a t f r a c t u r e 
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exceeds the s t r e s s of the l a y e r above, then the 

s i m u l a t o r w i l l p r e d i c t t h a t i t b u s t s through i t 

e s s e n t i a l l y . And so i t keeps t r a c k of a l l the 

p r e s s u r e s and where they a r e i n the f r a c t u r e , and 

then i t w i l l p r e d i c t i f the f r a c t u r e grows 

through the v a r i o u s l a y e r s based on t h e i r rock 

p r o p e r t i e s and s t r e s s v a l u e s . 

Q. To cut to the c o n c l u s i o n , what d i d your 

modeling r e s u l t s show you f o r t h i s p r o j e c t ? 

A. W e l l , i t showed t h a t i t would s t a y 

c o n t a i n e d to the Penrose i n t e r v a l because of the 

s t r e s s b a r r i e r s above and below. 

Q . That was o n l y one of the ways t h a t you 

r e a c h e d the c o n c l u s i o n t h a t the f r a c t u r e s would 

s t a y c o n f i n e d to the Penrose. You had o t h e r ways 

to r e a c h t h a t c o n c l u s i o n ? 

A. Yes, we d i d . T h e r e ' s a l o t of 

s u p p o r t i n g d a t a . I mean, you r e a l l y don't even 

have to do the modeling to know when you look at 

the f r a c t u r i n g d a t a , the s t e p - r a t e t e s t d a t a , the 

f r a c - h e i g h t l o g , t h e r e ' s j u s t some common sens e 

i n f o r m a t i o n t h e r e t h a t we can look at and s t udy 

and determine. L i k e I s a i d , i n our o p i n i o n the 

f r a c t u r e s a r e h o r i z o n t a l . I mean, t h a t d a ta to 

me i s f a i r l y c l e a r . 
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So when we're t a l k i n g about v e r t i c a l 

f r a c t u r e s and growth out of zone, t h a t ' s o n l y f o r 

t h a t s m a l l c a s e where i t might e x i s t . And t h a t ' s 

why -- t h a t ' s the c r i t i c a l c a s e . The v e r t i c a l 

h e i g h t growth, t h a t ' s the important one. T h a t ' s 

why we spent most of our time and e f f o r t t r y i n g 

to look at t h a t i s s u e . 

Again I s t r o n g l y b e l i e v e t h e r e a r e 

h o r i z o n t a l f r a c t u r e s h e r e . And i f t h a t ' s the 

c a s e , t h e r e ' s not even an i s s u e r e l a t e d to t h a t . 

Q. B efore we get i n t o the s p e c i f i c s of the 

s tudy, the l a s t d i s p l a y i s found on page 7. What 

does t h i s r e p r e s e n t ? 

A. W e l l , i t ' s the same type of p i c t u r e we 

had on the p r e v i o u s page except t h i s i s f o r a 

h o r i z o n t a l f r a c t u r e c a s e . I t j u s t shows t h a t the 

same terms a r e e x a c t l y -- e x a c t l y apply to the 

h o r i z o n t a l f r a c t u r e c a s e . 

The o n l y d i f f e r e n c e i s the e x t e n s i o n 

p r e s s u r e out at the t i p i s g r e a t e r than or e q u a l 

to t h a t overburden s t r e s s , t h e t a sub-V, which i s 

b a s i c a l l y the s t r e s s due to the t h i c k n e s s of the 

l a y e r s of rock on top of the zone. 

Q. L e t ' s t u r n to the next c h a p t e r . On 

page 8 we t a l k about the s t e p - r a t e i n j e c t i o n 
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f r a c t u r i n g d a t a ? 

A. Uh-huh. 

Q. T h i s i s the d a t a s u p p l i e d to you by the 

o p e r a t o r from the p o s t - o r d e r s t e p - r a t e t e s t s t h a t 

Mr. G i l l conducted i n order to o b t a i n from the 

D i v i s i o n the c u r r e n t 900 pound s u r f a c e p r e s s u r e 

1 i m i t a t ion? 

A. R i g h t . 

Q. Have you taken t h a t study or t h a t d a t a 

and r e - a n a l y z e d each of those s t e p - r a t e t e s t s ? 

A. Yes, we d i d . And the p r e v i o u s r e s u l t s 

a r e summarized on the f i r s t t a b l e . 

Q. L e t ' s look a t t h a t . 

A. These — 

Q. Page 9? 

A. Page 9. These a r e n ' t our r e s u l t s . 

These a r e the p r e v i o u s r e s u l t s which a r e 

summarized w i t h the f i v e graphs shown behind 

t h e r e . A l l I ' v e done i s j u s t taken a l l t h a t 

i n f o r m a t i o n and summarized i t on a s i n g l e t a b l e . 

Q. Having taken t h a t d a t a , r e - a n a l y z e d i t , 

and examined i t , do you r e a c h the same 

c o n c l u s i o n s as shown on page 9? 

A. No, I don't. I r e a l l y f e e l l i k e on 

s e v e r a l of the w e l l s t h a t they r e a l l y never got 
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to the p a r t i n g p r e s s u r e and s p e c i f i c a l l y W e l l s 5, 

9, and 25. The r e a s o n I say t h a t , and I ' l l show 

you i n a minute, but look a t the column l a b e l e d 

" f r a c t u r e g r a d i e n t " --

Q. On page 9 s t i l l ? 

A. On page 9, y e s . -- l a b e l e d f o r W e l l s 

5, 9, and 25. F r a c t u r e g r a d i e n t s f o r those t h r e e 

w e l l s a r e a l l about 0.85 to 0.88 PSI per f o o t . 

The other two w e l l s , No. 14 and 22, a r e over 1 

PSI per f o o t . 

The f r a c t u r e g r a d i e n t f o r a h o r i z o n t a l 

f r a c t u r e t h a t I would expect i s i n e x c e s s of 1 

PSI per f o o t . And those two w e l l s c e r t a i n l y have 

i t . The o t h e r two a r e l e s s than 1 PSI per f o o t . 

So t h a t makes me t h i n k t h a t they never r e a l l y 

opened the f r a c t u r e w h i l e they were c o n d u c t i n g 

the s t e p - r a t e t e s t ; t h a t they shut down the t e s t 

too soon so they never saw the p a r t i n g p r e s s u r e . 

So I would d i s a g r e e w i t h those v a l u e s , 

and I ' l l show you why here i n a minute. 

Q. What e f f e c t does t h a t have u l t i m a t e l y 

on the a p p r o p r i a t e p r e s s u r e to apply to have an 

e f f e c t i v e r esponse i n the w a t e r f l o o d p r o j e c t ? 

A. W e l l , i f they never exceeded the 

p a r t i n g p r e s s u r e , then the p r e s s u r e r e s u l t i n g 
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from t h e s e t e s t s would be too low. The 900 PSI 

was w e l l below the p a r t i n g p r e s s u r e of t h e s e 

r e s e r v o i r s . 

Q. L e t ' s have you go to the p o i n t i n the 

study and show us how you've r e - a n a l y z e d the 

s t e p - r a t e t e s t s . 

A. Okay. S t a r t i n g on page 15 a r e our 

d a t a . We've r e g e n e r a t e d the p l o t s and p l o t t e d 

them up on the same s c a l e , and we've revi e w e d the 

t e s t . H o n e s t l y I r e a l l y don't t h i n k t h a t the 

d a t a on pages 15, 16, and 19 i n d i c a t e t h a t a 

f r a c t u r e was opened. 

I mean, we've looked at dozens of 

s t e p - r a t e t e s t s and hundreds of what we c a l l 

m i c r o - f r a c t e s t s , which a r e d e s i g n e d to measure 

t h i s e x a c t v e r y t h i n g , the f r a c t u r e opening 

p r e s s u r e . A l i t t l e d i f f e r e n t p rocedure, but the 

purpose of the t e s t i s e x a c t l y the same. 

And t h e r e a r e c e r t a i n c h a r a c t e r i s t i c s 

t h a t you j u s t l e a r n to look f o r i n the c h a r a c t e r 

of t h e s e p r e s s u r e c u r v e s t h a t t e l l you the 

f r a c t u r e i s open. And I j u s t d i d n ' t see i t on 

those t h r e e w e l l s t h a t I mentioned e a r l i e r where 

the f r a c t u r e g r a d i e n t was l e s s than 1. 

Q. L e t me have you t u r n to page 20, and 
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l e t ' s use t h a t d i s p l a y to have you h e l p us 

u n d e r s t a n d as an e x p e r t a t what p o i n t i n t h a t 

c u r v e you f i n a l l y conclude t h a t you've reached a 

p a r t i n g p r e s s u r e . 

A. Okay. We've taken a l l the t e s t s and 

p l o t t e d them on the e x a c t same graph. The top 

two c u r v e s l a b e l e d RLU No. 14 and RLU No. 22 a r e 

those two t e s t s t h a t I f e e l l i k e a p a r t i n g 

p r e s s u r e was measured. 

As you can s e e , those a r e s u b s t a n t i a l l y 

h i g h e r than the o t h e r t h r e e w e l l s . And a l s o they 

e x h i b i t to me a change i n the p r e s s u r e i n c r e a s e . 

What we look f o r i s a d e f l e c t i o n p o i n t along the 

c u r v e . 

That i n d i c a t e d to me t h a t the f r a c t u r e 

was opened a t some p o i n t along the top of the 

c u r v e . T h a t ' s where we look f o r the p r e s s u r e to 

r e a l l y bend over s h a r p l y . 

Q. I n a n a l y z i n g t h i s do you look f o r the 

f i r s t p o i n t i n which the s l o p e of the curve 

changes? 

A. No. You r e a l l y look f o r where i t 

f l a t t e n s over because t h a t ' s where the f r a c t u r e 

i s open and has s t a r t e d to grow a g a i n , c o m p l e t e l y 

open. You can s t a r t g e t t i n g some l e a k - o f f . And 
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what we c a l l a t r a n s i t i o n zone i s t h a t t h i n g s a r e 

r o l l i n g over. But sometimes you look f o r i t 

where i t ' s c o m p l e t e l y f l a t . 

A t y p i c a l t e c h n i q u e and one we used to 

r e - a n a l y z e t h e s e t e s t s i s to take two s t r a i g h t 

l i n e s and draw them through the data and p i c k an 

i n f l e c t i o n p o i n t . That g i v e s you a more 

c o n s e r v a t i v e answer and the r e a s o n why we chose 

i t . 

But a c t u a l l y t h e r e ' s — some people 

b e l i e v e t h a t i t ' s the p o i n t a t which i t a c t u a l l y 

goes f l a t , the p r e s s u r e c u r v e . 

Q. Summarize f o r us your c o n c l u s i o n s about 

the s t e p - r a t e t e s t as you've shown them on page 

21 . 

A. Number one, f i r s t of a l l , we f e e l v e r y 

s t r o n g l y t h a t h o r i z o n t a l f r a c t u r e s e x i s t i n the 

Red Lake U n i t . And i t ' s based on the measured 

p a r t i n g p r e s s u r e s t h a t exceed 1 PSI per f o o t . 

And we f e e l l i k e t h a t f r a c t u r e s were j u s t not 

reopened on W e l l s 5, 9, and 2 5; t h a t the 

c h a r a c t e r of the s t e p - r a t e t e s t s was such t h a t i t 

j u s t never got t h e r e . The p r e s s u r e s were 

i n c r e a s i n g and never r e a l l y showed t h a t c h a r a c t e r 

t h a t we look f o r . 
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Or we have another c o n c l u s i o n t h e r e , 

which we a g a i n f e e l l i k e h o r i z o n t a l f r a c t u r e s 

e x i s t on 14 and 22. Now, t h e r e ' s a p o s s i b i l i t y 

t h a t i f a f r a c t u r e was open, t h a t i t would 

pr o b a b l y be a v e r t i c a l f r a c t u r e on W e l l s 5, 9, 

and 2 5. 

And the o r i g i n a l v a l u e s f o r f r a c t u r e 

g r a d i e n t , the .85 PSI per f o o t , the .88 PSI per 

f o o t , those o r i g i n a l v a l u e s a r e t y p i c a l of 

v e r t i c a l f r a c t u r e s . I don't agree w i t h them, but 

because somebody e l s e came up w i t h those answers, 

i t ' s a p o s s i b i l i t y . 

Q. Turn to page 22. 

A. T h i s i s a summary of a l l the i n j e c t i o n 

and f r a c t u r e treatment d a t a t h a t we rev i e w e d i n 

our study. I t l i s t s a l l the w e l l s i n the f i r s t 

column t h e r e . They r e f e r e n c e K e l l y Bushing 

depth, the p e r f o r a t e d i n t e r v a l , and the depth 

from the from the s u r f a c e . And we've a l s o 

c a l c u l a t e d the p e r f o r a t i o n l e v e l w i t h r e f e r e n c e 

to the s e a l e v e l . 

We've l i s t e d the v a l u e s f o r p a r t i n g 

p r e s s u r e measured from the s t e p - r a t e t e s t s . 

P r i o r to many of the f r a c t u r e t r e a t m e n t s , Beach 

E x p l o r a t i o n performed a c i d breakdown t r e a t m e n t s 

R O D R I G U E Z - V E S T A L R E P O R T I N G 
f f i O f i ^ Q f t f i - 1 7 7 9 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

54 

on t h e i r w e l l s , and we a l s o r e v i e w e d those d a t a . 

As you can see, i n most c a s e s those f r a c t u r e 

g r a d i e n t s from the a c i d t r e a t m e n t s were on the 

order of 1 PSI per f o o t . 

Q. Does t h i s i n f o r m a t i o n support your 

c o n c l u s i o n ? 

A. Yes. 

Q. How? 

A. W e l l , a g a i n the g r a d i e n t s of around 1 

PSI per foot i n d i c a t e to me t h a t the f r a c t u r e s 

a r e t r y i n g to l i f t up the e a r t h , the overburden, 

as opposed to push a p a r t a r o c k . And so when you 

see g r a d i e n t s on the order of 1 to 1.1 PSI per 

f o o t , t h a t ' s t y p i c a l of h o r i z o n t a l f r a c t u r e s . 

Q. What would be the range of g r a d i e n t s 

t h a t you would see i f they were v e r t i c a l 

f r a c t u r e s ? 

A. I would expect the f r a c t u r e g r a d i e n t s 

to be on the order of .7 PSI per foot up to .9 

PSI per f o o t . T h a t ' s p r e t t y high and you 

g e n e r a l l y only see g r a d i e n t s as high as .9 i n 

g e o p r e s s u r e d r e s e r v o i r s , which I don't b e l i e v e 

t h i s i s . W e l l , I know i t ' s not. 

The l a s t column I t h i n k t e l l s the r e a l 

s t o r y . We a n a l y z e d the f r a c t u r e t r e a t m e n t s 
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performed on almost e v e r y w e l l l i s t e d on t h i s 

page. And i n e v e r y c a s e the e s t i m a t e d g r a d i e n t 

based on those t r e a t m e n t s was i n e x c e s s of 1 PSI 

per f o o t . 

Q. L e t me ask you i f you have any comments 

or o p i n i o n s about the b e g i n n i n g benchmark the 

D i v i s i o n used. You know, you saw i n t h i s 

sequence t h a t they s t a r t the w a t e r f l o o d 

l i m i t a t i o n p r e s s u r e a t .2 PSI per foot of depth 

from the s u r f a c e to the top p e r f o r a t i o n . 

Do you have any comments or o p i n i o n s 

about t h a t being the i n i t i a l s t a n d a r d by which to 

apply a p r e s s u r e l i m i t a t i o n to w a t e r f l o o d 

p r o j e c t s ? 

A. W e l l , t h a t ' s a s u r f a c e p r e s s u r e . So i f 

I t h i n k i n terms of downhole, I have to add the 

h y d r o s t a t i c head of water, which i s .44 PSI per 

f o o t . So t h a t g i v e s me a downhole g r a d i e n t of 

about .64 PSI per f o o t . 

As I s t a t e d , f o r v e r t i c a l f r a c t u r e s the 

expected range of g r a d i e n t s i s on the order of .7 

to .9. So the l i m i t a t i o n used by the Commission 

of a .64 seems v e r y r e a s o n a b l e i n t h a t i t ' s j u s t 

s l i g h t l y l e s s than t y p i c a l v a l u e s f o r v e r t i c a l 

f r a c t u r e s . 
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Q . So t h a t remains a good i n i t i a l s t a r t i n g 

p o i n t when you're j u s t t r y i n g to apply a 

l i m i t a t i o n to t h e s e p r o j e c t s without going 

through the i n t e n s e study t h a t you have f o r a 

s p e c i f i c p r o j e c t ? 

A. R i g h t . I t h i n k , g i v e n t y p i c a l f r a c t u r e 

g r a d i e n t s f o r v e r t i c a l f r a c t u r e s , t h a t ' s a v e r y 

good r u l e of thumb to use. 

Q. L e t ' s go to the next s t e p . The next 

s t e p then i s u s i n g the s t e p - r a t e methodology or 

d a t a to i n c r e a s e t h a t s u r f a c e p r e s s u r e l i m i t a t i o n 

up to the p o i n t where you have a break-over on 

the s t e p - r a t e . 

A. Okay. I f you had say, f o r i n s t a n c e , a 

g r a d i e n t of .9 or i n t h i s c a s e even e x c e e d i n g 1 

PSI per f o o t , the s t e p - r a t e t e s t s t e l l you a t 

what p o i n t your f r a c t u r e does open up. So, you 

know, i t g i v e s you a downhole p a r t i n g p r e s s u r e or 

g r a d i e n t i f you d i v i d e i t by depth. And then you 

can see how t h a t compares to the o r i g i n a l r u l e of 

thumb to see i f you c o u l d i n j e c t a t a h i g h e r 

p r e s s u r e and s t i l l be below p a r t i n g p r e s s u r e . 

Q. For the second l e v e l of r e g u l a t o r y 

c o n t r o l , i f you w i l l , b e i n g t h i s s t e p - r a t e 

p r o c e s s , a r e you c o m f o r t a b l e as an e x p e r t i n t h i s 
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a r e a t h a t t h a t r e p r e s e n t s a good r e g u l a t o r y way 

to i n c r e a s e p r e s s u r e s i n p r o j e c t s above the .2 to 

the next l e v e l of i n j e c t i o n p r e s s u r e ? 

A. Yes. I mean, t h a t i s the way to do i t 

as f a r as I'm concerned. 

Q. A f t e r t h a t to get to the p o i n t where we 

a r e a t t h i s h e a r i n g , f o r you as an e x p e r t what 

comfort l e v e l do you need, what k i n d of d a t a 

makes you s a t i s f i e d t h a t you then can support the 

k i n d of c o n c l u s i o n s and work you've made f o r t h i s 

s t u d y ? 

A. W e l l , of c o u r s e , we t r y to o b t a i n 

s t e p - r a t e t e s t s . I n t h i s c a s e t h e r e were a l r e a d y 

t e s t s performed on f i v e w e l l s . We a l s o l i k e to 

look a t i n j e c t i v i t y t e s t s to measure the p r e s s u r e 

and the r a t e a t the l i m i t t h a t you're t r y i n g to 

— t h a t you're r e q u e s t i n g . We want to see how 

the p r e s s u r e behaves w h i l e you're i n j e c t i n g a t 

t h a t v a l u e . 

There a r e c e r t a i n c h a r a c t e r i s t i c s t h a t 

we look f o r to t e l l us whether the f r a c t u r e i s 

growing out of zone or whether i t ' s s t a y i n g i n 

zone. And we recommended t h e s e t e s t s to Beach. 

And t h a t ' s the t e s t s , the i n j e c t i v i t y t e s t s they 

ran about a week ago, I b e l i e v e , where they 
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c o n t a c t e d the Commission and r e q u e s t e d the h i g h e r 

p r e s s u r e . 

But we look a t th o s e , those p r e s s u r e 

p r o f i l e s . And we -- I mean, t h e r e ' s j u s t c e r t a i n 

q u a l i t a t i v e t h i n g s you can t e l l j u s t by l o o k i n g 

from e x p e r i e n c e . And then we can a l s o take our 

s i m u l a t o r s i f we want to and t r y to h i s t o r y match 

those p r e s s u r e p r o f i l e s , v e r y s i m i l a r to what 

r e s e r v o i r modelers do when t h e y ' r e matching 

p r o d u c t i o n or p r e s s u r e h i s t o r y . So t h e r e ' s a l o t 

of ways we can use t h a t d a t a . 

Q. You've undertaken t h a t then f o r t h i s 

p r o j e c t , and what have you p r e s e n t e d f o r us to 

support those c o n c l u s i o n s ? 

A. Yes, I have. And I ' v e got t h a t shown 

on the next few s e c t i o n s . I ' d l i k e to make one 

more p o i n t r e g a r d i n g the .2. I t h i n k i t ' s v e r y 

adequate and c e r t a i n l y i s a v e r y r e a s o n a b l e v a l u e 

to use f o r v e r t i c a l f r a c t u r e s . 

For h o r i z o n t a l f r a c t u r e s when we have 

s u f f i c i e n t d a t a to j u s t i f y t h a t h o r i z o n t a l 

f r a c t u r e s e x i s t , .2 would be a l o t lower than you 

would a c t u a l l y need, a g a i n because the f r a c t u r e 

g r a d i e n t s a s s o c i a t e d w i t h h o r i z o n t a l f r a c t u r e s 

a r e almost always -- w e l l , they a r e always i n 
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e x c e s s of 1 PSI per f o o t . 

Q. I un d e r s t a n d your e x p l a n a t i o n . Your 

o r i g i n a l answer was w i t h i n the c o n t e x t of my 

q u e s t i o n , which i s when you don't have t h a t 

i n f o r m a t i o n , you're j u s t s t a r t i n g your p r o j e c t 

and you don't have the subsequent i n f o r m a t i o n 

t h a t Beach has developed, then an i n i t i a l 

g e n e r i c , i f you w i l l , s t a r t i n g p o i n t f o r a 

p r e s s u r e l i m i t a t i o n i s .2? 

A. I t ' s a g r e a t p l a c e to s t a r t . 

Q. Show us where we f i n i s h now. 

A. Okay. We asked Beach to run some 

i n j e c t i o n f a l l - o f f t e s t s f o r us. The primary 

purpose of t h e s e t e s t s were to determine the 

p e r m e a b i l i t y of the r e s e r v o i r , which i s v e r y 

important when you're t r y i n g to a n a l y z e h y d r a u l i c 

f r a c t u r e s . I t would a l s o be v e r y important f o r 

Beach to have t h i s i n f o r m a t i o n f o r the r e s e r v o i r 

p a r t of t h e i r s t u dy. 

But they ran two f a l l - o f f t e s t s : One 

was on w e l l No. 21, a second t e s t on w e l l No. 

10. The r e s u l t s from our a n a l y s i s a r e shown i n a 

g r a p h i c a l p r e s e n t a t i o n on pages 24 and 25. These 

a r e type c u r v e s . The n i c e t h i n g about h y d r a u l i c 

f r a c t u r i n g work i s i t ' s v e r y s i m i l a r to r e s e r v o i r 
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e n g i n e e r i n g work i n terms of how you a n a l y z e 

p r e s s u r e b e h a v i o r . 

And t h e s e i n j e c t i o n f a l l - o f f t e s t s we 

can a n a l y z e w i t h type c u r v e s t h a t have been 

developed f o r r e s e r v o i r e n g i n e e r i n g 

a p p l i c a t i o n s . And t h e s e p a r t i c u l a r type c u r v e s 

were g e n e r a t e d f o r h o r i z o n t a l f r a c t u r e s . And, as 

you can s e e , I was a b l e to s u c c e s s f u l l y match the 

p r e s s u r e f a l l - o f f d a t a to t h e s e type c u r v e s f o r 

h o r i z o n t a l f r a c t u r e s . 

Q. For my i n f o r m a t i o n , the type curve i s 

the s t r a i g h t l i n e ; the d a t a p o i n t s on p r e s s u r e 

a r e the l i t t l e d o t s ? 

A. T h a t ' s e x a c t l y r i g h t . 

Q. And t h i s s a t i s f i e s you t h a t you've got 

a good match? 

A. These a r e e x c e l l e n t matches. I ' l l 

mention — and I have the d a t a w i t h w i t h me -- I 

was a b l e to get a match of the f a l l - o f f d a t a w i t h 

v e r t i c a l f r a c t u r e type c u r v e s a l s o , but i t wasn't 

as good. I got the b e s t match w i t h the 

h o r i z o n t a l f r a c t u r e type c u r v e s of the f a l l - o f f 

d a t a . 

So from t h i s we concluded t h a t the 

p e r m e a b i l i t y i s between 1 and 4 m i l l i d a r c i e s f o r 
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t h e s e i n j e c t i o n w e l l s . The f r a c t u r e l e n g t h s t h a t 

we c a l c u l a t e d were between 130 to 330 f e e t i n 

l e n g t h . 

And the l a s t p o i n t t h e r e i s t h a t the 

p r e s s u r e f a l l - o f f d a t a matched both the 

h o r i z o n t a l and f r a c t u r e s o l u t i o n s , h o r i z o n t a l and 

v e r t i c a l f r a c t u r e s o l u t i o n s . But our b e s t match 

was w i t h the h o r i z o n t a l f r a c t u r e d c a s e . 

Q. I n order to r e c o n f i r m your c o n c l u s i o n s 

about the h o r i z o n t a l f r a c t u r i n g s e x i s t i n g i n the 

Penrose, as opposed to the v e r t i c a l f r a c t u r i n g , 

d i d you undertake to use the s i m u l a t i o n , the 

f r a c t u r e s i m u l a t i o n to p r e d i c t f r a c t u r e s f o r the 

p r o j e c t ? 

A. Yes. Yes, t h a t ' s shown i n the next 

s e c t i o n on page 27. We r a n both c a s e s . Again 

the h o r i z o n t a l f r a c t u r e c a s e we're not concerned 

at a l l w i t h growth out of zone. But i f a 

v e r t i c a l f r a c t u r e e x i s t e d , we would be i n t e r e s t e d 

i n s e e i n g how much, i f any, t h a t i t does 

propagate out of zone. 

Q. You ran two c a s e s . D e s c r i b e them f o r 

us . 

A. We ran two c a s e s . One was the c u r r e n t 

c o n d i t i o n s where we c o n s i d e r e d — and when we're 
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l o o k i n g at f r a c t u r e s , we u s u a l l y t h i n k i n terms 

of b a r r e l s per minute. So t h e s e c a s e s were run 

at .25 b a r r e l s per minute, which i s e q u i v a l e n t to 

about 360 b a r r e l s a day. 

We used a s t r e s s p r o f i l e and p r o p e r t i e s 

t h a t were c a l c u l a t e d from the H a l l i b u r t o n 

f r a c t u r e h e i g h t log t h a t was run on the RLU No. 

23. And we looked at a s u r f a c e p r e s s u r e of 

around 1100 to 1200 P S I . That was based on the 

i n j e c t i o n t e s t d a t a t h a t we were a b l e to o b t a i n 

where they d i d measure 1100 to 1200 PSI s u r f a c e 

p r e s s u r e . T h a t ' s c u r r e n t c o n d i t i o n s . 

R e s e r v o i r p r e s s u r e i s v e r y low. The 

w e l l s were t a k i n g water v e r y w e l l at a 1100 to 

1200 PSI range. But as you s t a r t to r e p r e s s u r i z e 

the r e s e r v o i r , t h a t s t r e s s i n the rock i s going 

to go up. 

And so we looked at another c a s e , 

assuming down the road s i x months or a y e a r down 

the road when they've r e p r e s s u r i z e d the rock, 

h i g h e r s t r e s s e s w i l l e x i s t , and t h e r e f o r e the 

i n j e c t i o n p r e s s u r e w i l l need to be p r o bably 

around 1500 PSI to m a i n t a i n t h a t same l e v e l of 

i n j e c t i o n . And t h a t ' s Case 2. 

We assumed the h i g h e r s t r e s s t h a t would 
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e x i s t i n the Penrose would be 1950 PSI due to 

r e p r e s s u r i z a t i o n . T h a t ' s e q u i v a l e n t to a s u r f a c e 

p r e s s u r e of 1500 P S I . 

Q. When we t u r n to page 29, d e s c r i b e f o r 

us what t h i s shows. 

A. What we d i d i s we took the H a l l i b u r t o n 

p r e s e n t a t i o n and t r i e d to put i t i n a graph or 

i l l u s t r a t i o n t h a t was v e r y s i m i l a r to what we 

looked a t back here on page 5. T h i s i s the 

s t r e s s p r o f i l e . The depth i s shown i n the 

v e r t i c a l t r a c k . The s t r e s s of each l a y e r w i t h i n 

the Queen s e c t i o n i s shown a c r o s s the top, and i t 

i n c r e a s e s from l e f t to r i g h t . We've shown the 

p e r f o r a t e d i n t e r v a l i n the No. 23 w e l l . 

And so we see t h a t i n the Penrose 

i n t e r v a l the s t r e s s i s about 1600 P S I . And above 

t h a t i n t e r v a l a r e s e v e r a l l a y e r s of rock t h a t 

have s t r e s s e s as high as 2500 to 2600 P S I . And 

so as long as we keep the i n j e c t i o n p r e s s u r e l e s s 

than those v a l u e s , the f r a c t u r e w i l l s t a y i n t h a t 

Penrose i n t e r v a l . T h a t ' s the r e a l key. 

You don't have to have a model or do 

any s o p h i s t i c a t e d f r a c t u r e s i m u l a t i o n . Again i t 

goes down to the b a s i c m e c h a n i c a l p r i n c i p l e s t h a t 

the f r a c t u r e w i l l not grow through zones of 

RODRIGUEZ-VESTAL REPORTING 
(505) 988-1772 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 

1 8 

19 

20 

2 1 

2 2 

23 

24 

25 

64 

h i g h e r s t r e s s u n l e s s you p r e s s u r i z e t h a t f r a c t u r e 

to a v a l u e t h a t exceeds the s t r e s s i n those rock 

l a y e r s . 

Q. We t a l k e d e a r l i e r on about the Queen 

Formation h a v i n g t h e s e b a r r i e r s , s t r e s s b a r r i e r s , 

i f you w i l l , above and below the Penrose f l o o d 

zone. When you look at the s t r e s s b a r r i e r s above 

and below the Penrose, what i s t h a t s t r e s s v a l u e ? 

A. W e l l , i t ' s about 2500 PSI or 2600 PSI 

i n one t h i n l a y e r . And then t h e r e ' s another 

t h i c k e r l a y e r w i t h 2500 P S I . Was t h a t your 

quest i o n ? 

Q. Yes, s i r . And i f we're u s i n g 1500 

pounds as the s u r f a c e p r e s s u r e l i m i t a t i o n , what 

s t r e s s a r e you a p p l y i n g to the Penrose i n terms 

of the p r e s s u r e ? 

A. Only about 2200 pounds of bottom-hole 

p r e s s u r e . 

Q. So you have a s a f e t y f a c t o r , i f you 

w i l l , i n terms of p r e s s u r e of 3- or 400 pounds? 

A. Yes. The p r e s s u r e t h e y ' r e a s k i n g f o r 

i s l e s s than the s t r e s s i n the boundary or 

b a r r i e r s by about 3- or 400 P S I . So t h e r e ' s a 

margin of s a f e t y f a c t o r t h e r e t h a t t h e y ' r e 

r e q u e s t i n g . 
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Q. I n a d d i t i o n when you look a t the 

l o c a t i o n of the Penrose member w i t h i n the e n t i r e 

Queen i n t e r v a l , t h e r e i s some v e r t i c a l d i s t a n c e 

between the top and the bottom of the Queen t h a t 

would p r o v i d e an a d d i t i o n a l s a f e t y f a c t o r , would 

i t not? 

A. R i g h t . The Penrose i s s i t t i n g f a i r l y 

w e l l i n the middle of a 4- or 5 0 0 - t h i c k 

i n t e r v a l . And the whole i n t e r v a l i s j u s t dense 

l i m e s t o n e s and a n h y d r i t e , which our e x p e r i e n c e 

has been t h a t those g e n e r a l l y make good b a r r i e r s 

j u s t because of the h a r d n e s s and denseness of the 

r ock. 

You c a n ' t always g e n e r a l i z e l i k e t h a t 

because you do need to know the s t r e s s i n those 

l a y e r s , which you can get n o r m a l l y from l o g s or 

a c t u a l measurements. But our e x p e r i e n c e has been 

t h a t you can g e n e r a l l y expect good containment 

when you have those dense t y p e s or r o c k s above 

and below you. 

Q. L e t me have you then go through r a t h e r 

q u i c k l y , i f you w i l l , the r e s u l t s of the study 

and g i v e the Examiner a q u i c k r e f e r e n c e to each 

of the f o l l o w i n g pages, and then l e t ' s move to 

your f i n a l c o n c l u s i o n . 
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A. Okay. J u s t r e a l q u i c k l y , page 30 i s a 

s i d e view of the f r a c t u r e t h a t our model 

p r e d i c t e d and how i t would look i n the Queen or 

i n the Penrose sand a f t e r a f u l l y e a r of 

i n j e c t i o n a t 360 b a r r e l s per day. 

We show, u s i n g a l l the input d a t a from 

the f r a c - h e i g h t log and the other d a t a p r o v i d e d 

by Beach, t h a t the f r a c t u r e would be e s s e n t i a l l y 

c o n t a i n e d to the Penrose i n t e r v a l a t the s m a l l 

i n j e c t i o n r a t e s . T h a t ' s c a s e 1 t h a t w e ' l l r e f e r 

to c u r r e n t c o n d i t i o n s . 

Q. Page 31. 

A. Page 31 shows the mode 1 - p r e d i c t e d 

p r e s s u r e s t h a t r e s u l t from t h a t f r a c t u r e 

p r o p a g a t i o n . And the r e a s o n I put t h a t i n t h e r e 

i s , i f you go back to the next two pages -- or go 

over to the next two pages, 32 and 33, you see 

the a c t u a l measured bottom-hole p r e s s u r e s t h a t 

were o b t a i n e d from those i n j e c t i o n t e s t s . And 

they a r e e s s e n t i a l l y the same as our model 

p r e d i c t s . So we f e e l v e r y good t h a t the model 

p r e d i c t i o n of p r e s s u r e i s e s s e n t i a l l y the same as 

the a c t u a l measured v a l u e i n the f i e l d . 

Page 34 shows what the model would 

p r e d i c t the f r a c t u r e s look l i k e i f you i n c r e a s e 
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the i n j e c t i o n p r e s s u r e to 1500 pounds of s u r f a c e 

or about 2200 PSI of bottom-hole p r e s s u r e . Again 

t h e r e ' s a l i t t l e b i t more h e i g h t growth, which 

we'd expect w i t h a h i g h e r p r e s s u r e , but b a s i c a l l y 

the model p r e d i c t s the f r a c t u r e would s t a y i n 

zone . 

Q. Give us a q u i c k summary on 36 of t h i s 

e q u i l i b r i u m on the f r a c t u r e growth. 

A. I added t h e s e l a s t two f i g u r e s j u s t to 

i l l u s t r a t e t h a t when you're i n j e c t i n g i n t o a 

f r a c t u r e the f l u i d you i n j e c t c a u s e s the f r a c t u r e 

to grow and i t c o n t i n u e s to extend u n t i l such 

time t h a t the f l u i d t h a t l e a k s o f f i s equal to 

the amount of f l u i d t h a t you i n j e c t . When t h a t 

o c c u r s , the f r a c t u r e s i m p l y q u i t s growing. 

And so I j u s t wanted to i l l u s t r a t e t h a t 

we n o r m a l l y see and f u l l y expect t h a t e q u i l i b r i u m 

growth s i t u a t i o n w i l l occur a t some p o i n t i n the 

f u t u r e . You know, wi t h o u t u n d e r t a k i n g a 

r e s e r v o i r modeling study, i t would be hard to 

determine when t h a t would o c c u r , but i t does 

occur and we f u l l y expect i t to o c c u r . And 

t h a t ' s based on j u s t some s i m p l e r e s e r v o i r 

e n g i n e e r i n g p r i n c i p l e s t h a t I ' v e i l l u s t r a t e d 

t h e r e on page 37. 
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Anytime you i n j e c t i n t o a w e l l at a 

p r e s s u r e , and c u r r e n t l y i n the Red Lake U n i t i t ' s 

900 PSI s u r f a c e or 1600 PSI bottom-hole, you 

e s t a b l i s h a p r e s s u r e g r a d i e n t from the i n j e c t o r s 

over to the p r o d u c e r s . And because most of t h e s e 

w e l l s , a l l of them as f a r as I know a r e on pump, 

the bottom-hole p r e s s u r e of the producer w e l l s i s 

probably 100 PSI or l e s s u n t i l you e s t a b l i s h a 

p r e s s u r e g r a d i e n t and an e q u i l i b r i u m c o n d i t i o n 

between those two w e l l s . 

I f we were to i n c r e a s e the s u r f a c e 

p r e s s u r e to 1500 PSI or 2200 PSI bottom-hole, we 

would a g a i n o b t a i n t h a t p r e s s u r e e q u i l i b r i u m ; i t 

would j u s t be a t a h i g h e r l e v e l . And t h e s e 

c u r v e s , they c o u l d be s t r a i g h t l i n e s ; they c o u l d 

be c u r v e s of some s o r t depending upon the 

r e s e r v o i r p r o p e r t i e s . But t h i s g r a d i e n t w i l l 

e s t a b l i s h i t s e l f and remain f a i r l y c o n s t a n t 

throughout the w e l l l i f e . 

Q. The Examiner i s charged w i t h the 

r e s p o n s i b i l i t y to l i m i t w a t e r f l o o d p r o j e c t s so 

t h a t i n j e c t i o n f l u i d s do not cause p r o p a g a t i o n of 

f r a c t u r e s so t h a t those f l u i d s would put a t r i s k 

s h a l l o w e r f r e s h w a t e r zones or cause f l o o d i n g out 

of the fo r m a t i o n or p o o l s a u t h o r i z e d f o r t h a t 
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f l o o d i n g . 

I f t h a t i s h i s charge, does he s a t i s f y 

i t i f he g r a n t s a s u r f a c e p r e s s u r e l i m i t a t i o n of 

1500 pounds f o r t h i s p r o j e c t ? 

A. Yes. Based on our study, which a g a i n 

the r e s u l t s a r e summarized on the l a s t page, our 

a n a l y s i s s u p p o r t s the p r e s e n c e of h o r i z o n t a l 

f r a c t u r e s i n the Penrose sand. So t h e r e s h o u l d 

not be any problem a t a l l w i t h i n j e c t i o n out of 

zone because a l l of the f l u i d w i l l be w i t h i n the 

Penrose i n t e r v a l . 

Q. Do you see any r e a s o n to r e s t r i c t the 

p r o j e c t to l e s s than 1500 pounds? 

A. A c t u a l l y you c o u l d even go a l i t t l e 

h i g h e r than t h a t because of the f r a c t u r e 

g r a d i e n t s t h a t we s e e . But we were on l y asked to 

look a t 1500 P S I , so t h a t ' s a l l we s t u d i e d . But 

you c o u l d a c t u a l l y go up to -- w e l l , t h e r e ' s j u s t 

no l i m i t a t i o n because t h e r e w i l l be no growth out 

of zone. 

You c o u l d i n j e c t a t as hi g h a p r e s s u r e 

as your pipe would s t a n d b a s i c a l l y . And t h a t ' s 

the d a t a t h a t Hal p r e s e n t e d . The primary purpose 

of those i n j e c t i o n s u r v e y s was to look a t the 

m e c h a n i c a l i n t e g r i t y of the w e l l s a t 1500 P S I . 
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And he's s a t i s f i e d t h a t the w e l l s m e c h a n i c a l l y 

can handle t h a t h i g h e r p r e s s u r e . So r e a l l y 

you're only l i m i t e d to the m e c h a n i c a l i n t e g r i t y 

of the we11. 

Q. And then f i n a l l y on the l a s t page, you 

have g i v e n us a w r i t t e n summary of your major 

c o n c l u s i o n s ? 

A. R i g h t . Again t h a t ' s the same page t h a t 

we p r e s e n t e d e a r l i e r i n the r e p o r t . Again we see 

e v i d e n c e t h a t s u p p o r t s the p r e s e n c e of h o r i z o n t a l 

f r a c t u r e s i n t h i s u n i t . And g i v e n t h a t s c e n a r i o , 

f r a c t u r e growth out of zone s h o u l d not be a 

problem. 

Even i f v e r t i c a l f r a c t u r e s do e x i s t , 

though, the d a ta t h a t was p r o v i d e d to us and the 

modeling work t h a t we've done shows t h a t the 

f r a c t u r e w i l l s t a y c o n t a i n e d to the p r imary 

i n t e r v a l . 

And the l a s t p o i n t t h e r e , r e g a r d l e s s of 

whether i t ' s h o r i z o n t a l or v e r t i c a l f r a c t u r e , an 

e q u i l i b r i u m c o n d i t i o n w i l l e x i s t e v e n t u a l l y where 

the amount of water i n j e c t e d e q u a l s to the amount 

of water t h a t ' s l e a k e d o f f . And a t t h a t p o i n t 

the f r a c t u r e w i l l s i m p l y j u s t q u i t growing. 

MR. KELLAHIN: That c o n c l u d e s our 
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p r e s e n t a t i o n , Mr. Examiner. We would move the 

i n t r o d u c t i o n of E x h i b i t s 12, 13, and 14. 

EXAMINER CATANACH: E x h i b i t s 12, 13, 

and 14 w i l l be ad m i t t e d as e v i d e n c e . 

EXAMINATION 

BY EXAMINER CATANACH: 

Q. Mr. Robinson, you've i n d i c a t e d t h a t you 

b e l i e v e t h e r e a r e h o r i z o n t a l f r a c t u r e s i n the 

Penrose ? 

A. Yes. 

Q. At 1100, 1200, 1500 P S I , what i n e f f e c t 

a r e we doing when we i n j e c t p r e s s u r e at t h a t 

r a t e ? What a r e we a c t u a l l y doing i n the 

format io n ? 

A. W e l l , the f i r s t t h i n g you do, you f i l l 

up the e x i s t i n g f r a c t u r e t h a t ' s down t h e r e . And 

a l l of t h e s e w e l l s were h y d r a u l i c a l l y f r a c t u r e d 

and propped open w i t h sand on t h e i r i n i t i a l 

c o m p l e t i o n . So you f i l l t h a t f r a c t u r e up. At 

t h a t p o i n t , the water l e a k s o f f i n both a 

v e r t i c a l d i r e c t i o n w i t h i n the Penrose and out i n 

a l a t e r a l d i r e c t i o n i n the Penrose. 

So i f the f r a c t u r e i s c o n t a i n e d i n t h i s 

pancake shape w i t h i n the Penrose, t h a t ' s where 

a l l the water goes and then l e a k s o f f from t h e r e 
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r e g a r d l e s s of the p r e s s u r e . Once you exceed 1 

PSI per f o o t , then you w i l l s t a r t opening t h a t 

f r a c t u r e up. But a g a i n the water l e a k s o f f o n l y 

i n t o the Penrose. 

Q. At t h a t h i g h a p r e s s u r e , a r e we 

e x t e n d i n g h o r i z o n t a l l y t h e s e f r a c t u r e s ? 

A. Yes, most l i k e l y . And you w i l l u n t i l 

t h a t e q u a l i b r i u m c o n d i t i o n a g a i n e x i s t s . 

Q. Are you a b l e to c a l c u l a t e what t h a t 

e q u i l i b r i u m p o i n t i s ? 

A. We c o u l d , y e s . 

Q. I b e l i e v e you had an o p i n i o n on the 

v e r t i c a l or the h o r i z o n t a l e x t e n t of the 

f r a c t u r e s ? 

A. R i g h t . 

Q. That was what number? 

A. They ranged f o r the two w e l l s t h a t we 

looked at between 130 and 330 f e e t . T h a t ' s a 

r a d i u s from the w e l l b o r e . That c i r c l e t h a t we 

looked a t , t h a t pancake on t h a t one i l l u s t r a t i o n , 

t h a t ' s the r a d i u s of t h a t . 

Q. Those a r e the e x i s t i n g --

A. Yes. 

Q. — F r a c t u r e s ? 

A. Yes. 

RODRIGUEZ-VESTAL REPORTING 
f S O B ) O R f i - 1 7 7 9 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

73 

Q. So i n f a c t we may extend those an 

a d d i t i o n a l d i s t a n c e ? 

A. That 1 s t r u e . 

Q. Do you have an o p i n i o n as to whether 

i n j e c t i n g a t t h e s e p r e s s u r e s c a u s e s you to l o s e 

some e f f i c i e n c y from your w a t e r f l o o d p r o j e c t ? 

A. No. H o n e s t l y I don't have an o p i n i o n 

f o r t h i s p a r t i c u l a r c a s e because we haven't 

looked at i t from the r e s e r v o i r e n g i n e e r i n g 

a s p e c t s . I ' v e s i m p l y looked at i t from the 

h y d r a u l i c f r a c t u r i n g and m e c h a n i c a l a s p e c t s . I 

haven't looked at i t a t a l l from a r e s e r v o i r 

e n g i n e e r i n g p o i n t of view. 

MR. G I L L : I ' v e got a o p i n i o n i f you'd 

l i k e to know mine. 

EXAMINER CATANACH: I know y o u r s . 

THE WITNESS: But I w i l l say from what 

I know i f you have a f o r m a t i o n w i t h a h o r i z o n t a l 

f r a c t u r e i n i t , the more you can i n j e c t , the 

b e t t e r o f f you a r e because you get poorer sweep 

e f f i c i e n c y w i t h a h o r i z o n t a l f r a c t u r e . 

That may be why they haven't seen as 

good a r e s e r v o i r r esponse as they would l i k e to 

s e e . You have to r e a l l y put the water i n t h e s e 

f o r m a t i o n s because you're f i g h t i n g the v e r t i c a l 

RODRIGUEZ-VESTAL REPORTING 
(505) 988-1772 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

74 

p e r m e a b i l i t y , which i s always many, many times 

lower than the p e r m e a b i l i t y you see i n the 

l a t e r a l d i r e c t i o n i n the r e s e r v o i r . 

I f you can i n j e c t water i n the w e l l b o r e 

and l e t i t extend out l a t e r a l l y , you always have 

b e t t e r e f f i c i e n c y than i f you're i n j e c t i n g i n a 

h o r i z o n t a l f r a c t u r e and the water has got to go 

up t h i s way to get to the o i l . Your e f f i c i e n c y 

i s always much, much l e s s . And so you r e a l l y 

have to put the water to i t to get a good sweep 

e f f i c i e n c y . 

Q. On pages 34 and 35, those e x h i b i t s j u s t 

demonstrate -- I'm s o r r y . J u s t page 34, t h a t 

demonstrates the a c t u a l h e i g h t t h a t y o u ' l l 

a c h i e v e i n j e c t i n g a t 1500 pounds? 

A. Yes. T h a t ' s what our model p r e d i c t s 

the h e i g h t would be. 

Q. What i s the z e r o p o i n t t h e r e ? What 

does t h a t r e p r e s e n t ? 

A. T h a t ' s the c e n t e r of the p e r f o r a t i o n s . 

And so the f i r s t two dashed l i n e s a r e the 

Penrose, and then the o t h e r dashed l i n e s 

r e p r e s e n t the v a r i o u s l a y e r s t h a t we put i n t o our 

model based on the s t r e s s p r o f i l e t h a t was 

p r o v i d e d back i n on page 29. 
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We t r y to break the l a y e r s of rock i n t o 

as much d e t a i l as p o s s i b l e so we can see how the 

f r a c t u r e grows through each one of those l a y e r s . 

Q. Okay. I'm s o r r y . Again the f i r s t 

dashed l i n e r e p r e s e n t s the e x t e n t of the Penrose? 

A. The top of the Penrose, r i g h t . 

Q. The top and the bottom? 

A. The top, yeah. And i t goes over t h e r e 

to a v a l u e of about 20, h a l f w a y between 15 and 

25. And then down below, at a v a l u e of minus 15 

to minus 25, t h e r e ' s another dashed l i n e . T h a t ' s 

the bottom of the Penrose. 

MR. G I L L : The pay p o r t i o n of the 

Penrose. 

Q. Okay. So does t h i s i n d i c a t e t h a t you 

w i l l a c t u a l l y have a p o r t i o n of the f r a c t u r e out 

of the Penrose? 

A. Yes. There w i l l be 10 to 15 f e e t of 

growth above and below the Penrose. 

Q. But w e l l w i t h i n the Queen boundary? 

A. Oh, y e s . The top of the Queen i s 

s e v e r a l hundred f e e t from t h i s i n t e r v a l . 

Q. Okay. The i n s i t u s t r e s s p r o f i l e on 

page 29, what does t h a t s t r e s s number a c t u a l l y 

r e p r e s e n t ? I s t h a t the s t r e s s i n any one 
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d i r e c t i o n , or i s t h a t the average, or what i s 

t h a t ? 

A. T h a t ' s the minimum p r i n c i p a l s t r e s s , i s 

what's commonly r e f e r r e d t o . T h a t ' s the p r e s s u r e 

t h a t ' s r e q u i r e d f o r a f r a c t u r e to grow through 

t h a t p a r t i c u l a r i n t e r v a l , f r a c t u r e t h a t cannot 

grow through t h a t i n t e r v a l u n l e s s the p r e s s u r e 

i n s i d e the f r a c t u r e g e t s above t h a t s t r e s s . 

Q. I n what d i r e c t i o n ? Does i t m a t t e r ? 

A. W e l l , i f you're l o o k i n g a t , you know, 

up or down, then i t ' s i n t h a t d i r e c t i o n . 

Q. Okay. 

A. I t ' s t h a t p r e s s u r e e x t e n s i o n , or the 

e x t e n s i o n p r e s s u r e t h a t was on a p r e v i o u s 

diagram, t h a t ' s the p r e s s u r e t h a t ' s d r i v i n g the 

f r a c t u r e . I t ' s out a t the c r a c k t i p , and i t ' s 

d r i v i n g the f r a c t u r e e i t h e r deeper i n t o the 

Penrose or up i n t o o t h e r a n h y d r i t e s e c t i o n s or 

down i n t o o t h er zones. I t ' s t h a t p r e s s u r e a t 

t h a t c r a c k t i p t h a t ' s d r i v i n g t h a t f r a c t u r e . 

When t h a t p r e s s u r e exceeds the s t r e s s 

t h a t ' s shown on t h i s l o g , then the f r a c t u r e can 

grow through t h a t p a r t i c u l a r l a y e r and w i l l . 

Q. So t h i s e x h i b i t b a s i c a l l y demonstrates 

t h a t t h a t s t r e s s p r e s s u r e i s 2500 pounds above 
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the Penrose? 

A. That 's t r u e . 

Q. I s t h a t a d i f f e r e n t type of rock above 

the Penrose? 

A. I t ' s -- y e s . I t ' s a n h y d r i t e and 

l i m e s t o n e l a y e r s . The Penrose, as I un d e r s t a n d , 

i s a sand. So g e n e r a l l y those a r e denser, harder 

r o c k s and sands. 

Q. These s t r e s s e s were c a l c u l a t e d d i r e c t l y 

from the H a l l i b u r t o n log? 

A. Y e s . 

Q. Was t h a t done by you or H a l l i b u r t o n ? 

A. H a l 1 i b u r t o n . 

Q. You s t a t e d e a r l i e r t h a t the range or 

g r a d i e n t of v e r t i c a l f r a c t u r e s was .7 to .9? 

A. I f I had to p i c k an a f t e r range t h a t we 

see, i t ' s w i t h i n t h a t range, y e s . 

Q. I s t h a t f o r -- what type of rock i s 

t h a t f o r ? 

A. R e a l l y a l l t y p e s of l i t h o l o g y . 

Q. A l l t y p e s ? 

A. We d e a l p r i m a r i l y w i t h sands when we're 

t a l k i n g about h y d r a u l i c f r a c t u r i n g because most 

people don't h y d r a u l i c a l 1 y f r a c t u r e c a r b o n a t e 

r e s e r v o i r s . But those a r e s t i l l t y p i c a l f r a c t u r e 
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g r a d i e n t s i n carb o n a t e r e s e r v o i r s a l s o . 

Q. I n j e c t i n g a t the proposed 1500 pounds, 

what's your b e s t guess on what would happen i n 

the w e l l s t h a t do have the v e r t i c a l f r a c t u r e s 

p r e s e n t ? 

A. W e l l , the f r a c t u r e i s going to grow up 

a l i t t l e b i t , as shown on the diagram on page 

34. T h a t ' s our p r e d i c t i o n a t the 1500 pounds of 

s u r f a c e p r e s s u r e . I t ' s going to grow up 20 or 30 

f e e t maybe and down another 10 or 15 f e e t i n t o 

some of the o t h e r n o n p r o d u c t i v e i n t e r v a l s of the 

Queen. But i t sh o u l d be c o n t a i n e d p r i m a r i l y to 

the Penrose i n t e r v a l . 

Q. Looking a t the s t e p - r a t e t e s t s on the 

No. 5 and 9 and 25, i t ' s your o p i n i o n t h a t we do 

not see a break on t h e s e t e s t s or a f r a c t u r e or 

an e x t e n s i o n of a f r a c t u r e ? 

A. R i g h t . 

Q. We do see something a t l e a s t on t h e s e 

t e s t s . What i n your o p i n i o n i s t h a t ? 

A. W e l l , somebody took t h a t d a t a , the 

bottom h o l e d a t a , and j u s t drew some s t r a i g h t 

l i n e s on i t and p i c k e d an i n t e r s e c t i o n p o i n t and 

c a l l e d t h a t the p a r t i n g p r e s s u r e . As I look a t 

i t -- and I r e - p l o t t e d i t because I t h i n k t h e r e ' s 
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a few p o i n t s t h a t may not be p l o t t e d e x a c t l y 

r i g h t , but I r e - p l o t t e d i t . 

Say, f o r example, No. 5 w e l l , i t ' s 

shown, two s t r a i g h t l i n e s a r e drawn on the graph 

w i t h an i n t e r s e c t i n g p o i n t a t 1505 P S I . I f I 

look a t t h a t d a t a , which we've r e - p l o t t e d based 

on -- over on age 15, I j u s t see a c o n t i n u o u s 

curve i n the data w i t h o u t any r e a l b r e a k s to 

speak of. And the p r e s s u r e s a r e s t i l l i n c r e a s i n g 

a t a much f a s t e r r a t e than I would expect i f the 

f r a c t u r e was open. And t h a t ' s the b a s i s f o r my 

c o n c l u s i o n . 

I ' v e i l l u s t r a t e d how t h e s e d i f f e r e n t 

c u r v e s compare over on page 20. The p r e s s u r e 

c u r v e s f o r 5, 9, and 25 a r e s t i l l i n c r e a s i n g a t a 

f a i r l y r a p i d r a t e when compared to No. 14 and No. 

22. Those w e l l s , the p r e s s u r e c u r v e s have 

f l a t t e n e d out f o r a l l p r a c t i c a l p urposes. 

And so I r e a l l y d i d n ' t see what we 

looked f o r i n the p r e s s u r e c u r v e s t h a t i n d i c a t e 

to me t h a t the f r a c t u r e had opened, and t h a t i s 

t h i s b r e a k - o v e r p o i n t . I t ' s s t i l l j u s t s l o w l y 

i n c r e a s i n g . And i t appears to me t h a t a l l 

t h e y ' r e doing i s j u s t r e p r e s s u r i z i n g the 

format i o n . 
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And a t some p o i n t the f r a c t u r e i s going 

to open and the p r e s s u r e i s going to break over. 

I j u s t don't see i t i n the data f o r those o t h e r 

t h r e e w e l l s . 

Now, i t c o u l d be. Now, t h i s i s a v e r y 

i n t e r p r e t i v e t e s t . No doubt about i t . That 

c o u l d be the opening p r e s s u r e . But i f i t i s , 

t h a t means t h a t v e r t i c a l f r a c t u r e s do e x i s t i n 

th e s e w e l I s . 

I t ' s i n t e r e s t i n g t h a t those t h r e e w e l l s 

a r e deeper than the ot h e r two w e l l s . I don't 

know i f t h a t means a n y t h i n g , but t h a t would mean 

t h a t a t some p o i n t when you go from about 1600 

f e e t down to around 18- to 1900 f e e t , t h a t the 

f r a c t u r e s go from being h o r i z o n t a l to v e r t i c a l . 

They change o r i e n t a t i o n w i t h i n j u s t a few hundred 

foot of s u r f a c e depth. 

I mean, i t ' s p o s s i b l e . Anything i s 

p o s s i b l e under the ground, but I j u s t would f i n d 

t h a t v e r y hard to b e l i e v e . 

Q. Mr. Robinson, i s t h e r e any type of l o g 

or t e s t a v a i l a b l e t h a t you know of t h a t might 

t e l l you a f t e r a p e r i o d of time what might be 

happening down i n the f o r m a t i o n i f you i n j e c t e d a 

hig h p r e s s u r e ? Can you t e l l l a t e r on i f t h e r e ' s 
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a n y t h i n g t h a t you might not want to be happening? 

A. Yes. W e l l , f o r example, i f you 

p o s s i b l y had some m e c h a n i c a l problems w i t h the 

w e l l s , t h e r e a r e t h e s e i n j e c t i v i t y s u r v e y s which 

a r e a c o n v e n i e n t way to look a t c h a n n e l i n g behind 

pipe and t h a t s o r t of t h i n g . 

T h e r e ' s some new technology a v a i l a b l e , 

a t e chnology t h a t we've been a v e r y b i g p a r t of 

i n terms of having the o p p o r t u n i t y to work w i t h 

companies t h a t have developed the techn o l o g y . 

And i t i n v o l v e s the use of t i l t meters and 

geophones to measure s e i s m i c a c t i v i t y and e a r t h 

movement. And t h a t d e s c r i b e s whether you have 

v e r t i c a l f r a c t u r e s and the h e i g h t s of those 

f r a c t u r e s or h o r i z o n t a l f r a c t u r e s and the r a d i u s 

of those f r a c t u r e s . 

I t ' s t e chnology t h a t ' s been developed 

over the l a s t f i v e to ten y e a r s , and i t ' s j u s t 

now becoming c o m m e r c i a l l y a v a i l a b l e . The r e a s o n 

i t ' s taken so long and s t i l l not a p p l i e d v e r y 

w i d e s p r e a d i s because i t ' s v e r y e x p e n s i v e . 

S u r v e y s i n the $30-, $40-, $50,000 range. 

But the technology i s t h e r e t h a t can 

t e l l you through seismology and e a r t h motion 

whether or not you have f r a c t u r e s p r o p a g a t i n g i n 
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a v e r t i c a l d i r e c t i o n or a h o r i z o n t a l d i r e c t i o n 

and e x a c t l y what's going on underneath the 

ground. 

EXAMINER CATANACH: I b e l i e v e t h a t ' s 

a l l I have, Mr. K e l l a h i n . 

MR. KELLAHIN: J u s t a fo l l o w - u p 

q u e s t i o n w i t h Mr. Robinson. 

FURTHER EXAMINATION 

BY MR. KELLAHIN: 

Q. D e f i n e the term l e a k - o f f . 

A. L e a k - o f f i s j u s t — t h a t ' s the 

w a t e r f l o o d . T h a t ' s the f l u i d l e a k i n g from the 

f r a c t u r e i n t o the rock i n t o the porous pay 

s e c t i o n t h a t ' s f l o o d i n g the o i l h o p e f u l l y over 

toward the prod u c i n g w e l l s . 

Q. Without t h a t you have no o p p o r t u n i t y to 

r e c o v e r the secondary o i l ? 

A. T h a t ' s r i g h t . I mean t h a t ' s your 

w a t e r f l o o d . I t ' s j u s t f l u i d flow from the 

f r a c t u r e i n t o the porous permeable sand. 

MR. KELLAHIN: Thank you. I have no 

f u r t h e r q u e s t i o n s . 

EXAMINER CATANACH: Anything f u r t h e r i n 

t h i s c a s e ? 

MR. K E L L A H I N : O n l y a p o i n t o f i n q u i r y , 
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Mr. Examiner. Mr. G i l l has r e p r e s e n t e d to you 

and the data demonstrates t h a t the p r o j e c t must 

be abandoned at t h i s p o i n t w i t h o u t a p r e s s u r e 

l i m i t a t i o n i n c r e a s e . I t puts a t r i s k the 

o p p o r t u n i t y to r e c o v e r more than h a l f a m i l l i o n 

b a r r e l s of o i l . 

You asked d u r i n g Mr. Robinson's 

p r e s e n t a t i o n i f he had made an e n g i n e e r i n g study 

of sweep e f f i c i e n c i e s . I must t e l l you we 

haven't done t h a t . I had presumed t h a t t h a t 

would be an o p e r a t o r ' s d e c i s i o n to determine at 

what volume he would i n t r o d u c e water i n t o the 

w a t e r f l o o d so t h a t he c o u l d maximize h i s 

r e c o v e r i e s . 

And what we f o c u s e d on was the i s s u e s 

of concern to you as a r e g u l a t o r to keep the 

f l u i d s c o n f i n e d so t h a t t h e y ' r e not p u t t i n g a t 

r i s k anyone e l s e ' s hydrocarbons or p u t t i n g 

f r e s h w a t e r i n j e o p a r d y . And so i t w i l l be my 

e r r o r i f you d e s i r e some k i n d of r e s e r v o i r sweep 

e f f i c i e n c y study because we s i m p l y have not done 

t h a t . We have f o c u s e d on the other a s p e c t s . 

EXAMINER CATANACH: Mr. K e l l a h i n , t h a t 

was j u s t f o r my i n f o r m a t i o n . I a s s u r e you t h a t 

i t won't be c o n s i d e r e d i n my d e c i s i o n . 
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MR. KELLAHIN: Thank you, Mr. 

Examiner. 

EXAMINER CATANACH: There b e i n g n o t h i n g 

f u r t h e r , Case 10495 w i l l be taken under 

advisement. 

[And the p r o c e e d i n g s were c o n c l u d e d . ] 

I do hereby certify that the foregoing is 
a compleie record of the proceedings in 
the Examiner hearing of Case No. 
rieard by me^on p/^eJ^ * 

, Examiner 
Oil Conservation Division 

RODRIGUEZ-VESTAL REPORTING 
( 5 0 5 \ 9 8 8 - 1 7 7 9 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

85 

CERTIFICATE OF REPORTER 

STATE OF NEW MEXICO ) 
) s s . 

COUNTY OF SANTA FE ) 

I , Debbie V e s t a l , C e r t i f i e d Shorthand 

R e p o r t e r and Notary P u b l i c , HEREBY CERTIFY t h a t 

the f o r e g o i n g t r a n s c r i p t of p r o c e e d i n g s b e f o r e 

the O i l C o n s e r v a t i o n D i v i s i o n was r e p o r t e d by me; 

t h a t I caused my notes to be t r a n s c r i b e d under my 

p e r s o n a l s u p e r v i s i o n ; and t h a t the f o r e g o i n g i s a 

t r u e and a c c u r a t e r e c o r d of the p r o c e e d i n g s . 

I FURTHER CERTIFY t h a t I am not a 

r e l a t i v e or employee of any of the p a r t i e s or 

a t t o r n e y s i n v o l v e d i n t h i s matter and t h a t I have 

no p e r s o n a l i n t e r e s t i n the f i n a l d i s p o s i t i o n of 

t h i s m atter. 

WITNESS MY HAND AND SEAL JULY 6, 1992. 

/ 

DEBBIE VESTAL, RPR 
NEW MEXICO CSR NO. 3 

RODRIGUEZ-VESTAL REPORTING 
{ RO R \ Q R R - 1 7 7 9 


