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MR. LEMAY: The meeting w i l l 

now come to order. We sha l l resume where we l e f t o f f with 

the d i r e c t testimony of Mr. Hueni by Lopez. 

MR. LOPEZ: Thank you, Mr. 

Chairman. 

GREGORY D. HUENI, 

resuming the witness stand and remaining under oath, t e s t i 

f i e d as follows, t o - w i t : 

DIRECT EXAMINATION CONT'D 

BY MR. LOPEZ: 

Q Mr. Hueni, I think i t would be helpful i f 

you would summarize your testimony yesterday and i n that 

connection r e l a t e to the summary and recommendations that 

were d i s t r i b u t e d at the conclusion of yesterday's hearing. 

A Okay. Yesterday we discussed the f i r s t 

phases of our engineering study, which were the description 

of reservoir performance based on the observed performance 

data that we had i n the f i e l d and then we also described the 

reservoir characteristics that we believe are the character

i s t i c s of Gavilan Mancos Pool. 

With respect to the discussion yesterday, 

one of our p r i n c i p a l conclusions was that the Gavilan Mancos 
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Pool produces p r i m a r i l y from the Niobrara A and B i n t e r v a l s 

as opposed t o the C i n t e r v a l , and t h a t was based on the pro

d u c t i o n l o g surveys as w e l l as the i n d i v i d u a l t e s t s t h a t 

were run i n the C Zone as w e l l as — and also i n conjunction 

w i t h the televiewer type i n f o r m a t i o n . 

One of the other things t h a t we mentioned 

and we w i l l prove today, i s t h a t t h i s production from the 

Niobrara AB i n the Gavilan Mancos Pool i s only very weakly 

connected t o the West Puerto Chiquito gas i n j e c t i o n area, 

which we b e l i e v e produces p r i m a r i l y from the Niobrara C. 

We also discussed t h a t the western t i e r 

of sections i n the West Puerto C h i q u i t o Pool are i n pressure 

communication w i t h the Gavilan Mancos Pool. We reviewed the 

pressure time and the pressure production c h a r a c t e r i s t i c s 

and we noted t h a t w e l l s tended t o have s i m i l a r pressure pro

ducing c h a r a c t e r i s t i c s , and t h i s i s one of the reasons we 

be l i e v e t h a t the Gavilan Mancos Pool boundaries i n the AB 

i n t e r v a l should be expanded t o include these s e c t i o n s . 

We noted t h a t — t h a t what we b e l i e v e i s 

o c c u r r i n g i n the Gavilan Mancos Pool i s a dual p o r o s i t y sys

tem; t h a t we have a high capacity f r a c t u r e system and we be

l i e v e t h a t t h i s contains approximately 10 percent of the 

o r i g i n a l o i l i n place i n the pool. 

I n a d d i t i o n , we have a secondary p o r o s i t y 
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system, or a matrix porosity system, which r e a l l y encompas

ses a l l the low flow capacity rock, be i t the t r a d i t i o n a l 

matrix rock, microfractures, or j u s t simply low permeability 

fractures, and we believe that t h i s poorer q u a l i t y rock con

tains approximately 90 percent of the o i l i n place. 

We said that i n order to properly under

stand reservoir performance we have to have a proper i n t e r 

pretation of reservoir c h a r a c t e r i s t i c s , including f l u i d pro

perties and with respect to that we said the bubble point 

pressure was d i f f e r e n t than what the f l u i d property te s t 

would suggest. We said i t was a value of 1660. We said the 

laboratory t e s t on rock compressibility indicated much 

higher rock compressibilities than had been t r a d i t i o n a l l y 

used i n the f i e l d , and we also said that — that the trans

m i s s i b i l i t y or permeability thickness product was consider

ably less than the 10 Darcy feet that has been quoted pre

viously. We believe that for the majority of the f i e l d area 

the average t r a n s m i s s i b i l i t y i s probably less than 400 m i l 

lidarcy f e e t . 

One of the things that we've noticed, we 

have the high capacity fracture system, which allows for 

v e r t i c a l segregation of gas and o i l . On the other hand, the 

matrix i s very low permeability and i t i s going to produce 

more by a solution gas drive process. 

F i n a l l y , at the end of the day, we came 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

9 

to the conclusion that the o r i g i n a l o i l i n place, based on 

material balance calculations for the Gavilan Mancos Pool 

was on the order of 55-million stock tank barrels. 

Q Would you now b r i e f l y summarize what you 

are going to be discussing today, and i n t h i s connection re

late to the rest of the summary? 

A Okay. We intend to show that i n our 

reservoir analysis, or that our reservoir analysis indicates 

that there i s a — there i s a weak connection between the 

Gavilan Mancos Pool and the West Puerto Chiquito gas i n j e c 

t i o n area. 

We intend to show that the depletion of 

the Gavilan Mancos Pool w i l l not have a s i g n i f i c a n t impact 

on the West Puerto Chiquito gas i n j e c t i o n area. 

We know the current primary depletion i s 

approximately 6 percent of the o i l i n place. We believe 

that ultimate primary depletion w i l l amount to 17 percent of 

the o i l i n place and we intend to show why we believe that 

to be the case. 

We have run several s e n s i t i v i t y cases to 

see i f t h i s recovery i s rate sensitive and we've found that 

i t ' s not rate sensitive and we intend to show why that par

t i c u l a r phenomenon i s true. 

We have also run cases investigating the 

p o s s i b i l i t y of i n j e c t i o n i n t o the Gavilan Mancos Pool. 
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We've t r i e d two cases, a case where we would i n j e c t basical

ly at current reservoir pressures and maintain — maintain 

the pressure i n the reservoir and we have determined for 

that case that we would actually instead of improving recov

ery, we would actually adversely a f f e c t current recovery. 

We have run a second case where we 

actually deplete the reservoir to a very low pressure and 

then we i n i t i a t e a gas i n j e c t i o n program and we f i n d that we 

do receive some additional improved recovery from — from 

that type of operation. In that p a r t i c u l a r case we 

increased recovery from about 17 percent to about 20 percent 

of the o i l i n place. 

We intend to present the economics that 

are associated with each of those cases. 

We have also investigated the concept of 

c o r r e l a t i v e r i g h t s based on the density of future wells. I f 

we could be assured that we would d r i l l wells of top 

allowable q u a l i t y , then we would see that i t would be 

reasonable to d r i l l one well per 640 rather than two wells 

per 320. 

On the other hand, i f we end up with 

l i m i t e d capacity wells, we w i l l see that two l i m i t e d 

capacity wells, each d r i l l e d on 320 w i l l s i g n i f i c a n t l y out 

perform or — or — w e l l , t h e y ' l l s i g n i f i c a n t l y out perform 

one well on 640. 
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Q A l l r i g h t . We're now going t o r e f e r t o 

Section 4 i n E x h i b i t Ten, which i s e n t i t l e d Reservoir Analy

s i s . 

Yesterday you discussed the r e s e r v o i r 

performance, as you j u s t s t a t e d , and a d e s c r i p t i o n of the 

r e s e r v o i r , as w e l l . Could you t e l l us how t h a t i n f o r m a t i o n 

was used t o complete the r e s e r v o i r analysis t h a t we're going 

t o discuss? 

A Okay. The, as you mentioned, Section 4, 

i t does c o n t a i n the r e s e r v o i r a n a l y s i s t h a t we performed. 

What we have attempted t o do i s t o b a s i c a l l y i n t e g r a t e the 

r e s e r v o i r c h a r a c t e r i s t i c s t h a t we p r e v i o u s l y described and 

using those c h a r a c t e r i s t i c s w i t h some m o d i f i c a t i o n s a c t u a l l y 

d u p l i c a t e the performance t h a t we observed t o date i n the 

Gavilan Mancos Pool. 

The r e s e r v o i r a n a l y s i s t h a t we have done 

has been done based on a computer s i m u l a t i o n model. I t ' s a 

s i m i l a r type computer s i m u l a t i o n model t o the BIP model t h a t 

was described by Sun. The model t h a t we have used i s one 

t h a t Sun r e f e r r e d t o . I t i s a model from a company c a l l e d 

E x p l o r a t i o n Consultants, L i m i t e d . I t ' s a company i n London. 

The model name i s the Eclipse Model. I t i s a model t h a t we 

have used e x t e n s i v e l y i n our work i n the North Sea. We have 

used i t on dual p o r o s i t y f i e l d s i n the North Sea, i n c l u d i n g 

the Buchan F i e l d . 
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Once again, i t i s , we believe, an appro

p r i a t e model to use. I t provides the reservoir d e f i n i t i o n 

that we believe i s appropriate to describe the Gavilan Man

cos Pool. 

Q You indicated that you're attempting ot 

describe reservoir performance with your reservoir analysis. 

How did you describe actual f i e l d performance, and i n t h i s 

connection would you refer to Figures 52 and 5 3 under Sec

t i o n 4? 

A When we do a modeling study or simulation 

study, what we are required to do i s to put i n characteris

t i c s for the f i e l d or a portion of the f i e l d that we're 

studying, characteristics such as the f l u i d properties and 

the permeability, t r a n s m i s s i b i l i t y , and then what we do i s 

we run the model and we receive output from the model and we 

then want to compare that output to what we've actually ob

served i n the f i e l d . Now i f we cannot duplicate what's ac

t u a l l y occurred i n the f i e l d , then we don't have a correct 

description of the f i e l d and we need to modify our under

standing. 

So what we have presented i n Figures 52 

and 53 are what we would l i k e to consider as being the aver

age f i e l d performance curves. This i s actual data. This i s 

data measured i n the f i e l d . 

We plo t t e d i t up. Normally we are used to 
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looking at p l o t s , I think, of a producing rate versus time 

or pressure h i s t o r y versus time, but we realize i n the Gavi

lan Mancos Pool that over a period of time the f i e l d has 

been developed so i f we're going to study the f i e l d , perhaps 

a better way of looking at i t that removes to some extent 

the time influence, i s to take at p a r t i c u l a r points i n time 

the measured pressure f o r the f i e l d and the measured GOR for 

the f i e l d , both of which we've actually presented. We've 

presented a pressure h i s t o r y versus time and we've presented 

the gas/oil r a t i o h i s tory versus time, and then p l o t gas/oil 

r a t i o versus pressure. 

And the curve that we look at i n Figure 

52 i s simply performance of the Gavilan Mancos Pool. We had 

a period of pressure decline from i n i t i a l pressures i n the 

v i c i n i t y of 1800 psi down to average pressures i n the 

v i c i n i t y of 1600 psi when the gas/oil r a t i o amounted to 

approximately 1000 stadard cubic feet per stock tank b a r r e l , 

and, i n c i d e n t a l l y , that draws my a t t e n t i o n , the scale on the 

lefthand side indicates MCF per stock tank b a r r e l . That 

should be standard cubic feet per stock tank b a r r e l , and i f 

I forget to update t h i s , I would say that there are going to 

be several plots that w i l l have that same discrepancy. They 

should record instead of thousands of cubic feet per stock 

tank b a r r e l , they record j u s t standard cubic feet per stock 

tank b a r r e l . 
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When the reservoir pressure dropped to 

about 1600 p s i , we saw an increase i n the gas/oil r a t i o . 

That increase i s as we have shown on t h i s p a r t i c u l a r — on 

t h i s p a r t i c u l a r p l o t . This i s factual data. This was what 

we see f o r the f i e l d . 

The only — the only thing that we might 

note i s that we believe that the pressure, the l a s t two 

pressure points that are down or that have pressures less 

than 1400 p s i , may not be representative of true average 

pressure, j u s t based on a calculation of o i l i n place that 

we saw, a declining o i l i n place f o r those l a s t two pressure 

points, and once again we j u s t don't believe that we're ob

tai n i n g from our pressure tests pressures that are repre

sentative of true volumetrically average pressure for the 

reservoir. 

Now, Figure 52 i s a p l o t of gas/oil r a t i o 

versus pressure. 

Figure 53 has on the Y axis both pressure 

expressed i n p s i , and gas/oil r a t i o , and once again i t 

should be expressed i n terms of standard cubic feet per 

stock tank b a r r e l , and those two quantities are plot t e d ver

sus what we might c a l l f r a c t i o n of o i l i n place produced, 

and to get f r a c t i o n of o i l i n place produced we've taken the 

cumulative o i l production, recorded from the producton h i s 

t o r i e s at any point, and we've divided by our estimated o i l 
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i n place value of 55-milion barrels, and so what we see from 

the end points of our curves, we are now at a stage of dep

l e t i o n of recovering about 5.7 percent of the o i l i n place. 

Now both Figures 52 and 53 are plots that 

we would l i k e to believe represent average f i e l d conditions. 

They are based on measured f i e l d data. They're presented a 

l i t t l e b i t d i f f e r e n t l y than we're sometimes used to saying, 

but they are — they are what we c a l l actual {not c l e a r l y 

understood.) 

MR. LOPEZ: Mr. Chairman, Mem

bers of the Commission, I would encourage you, we're getting 

i n t o some high tech s t u f f , I can for sure t e l l you that, and 

i f you want to i n t e r r u p t the witness to make sure you're 

staying with him, fee l f r e e , and I encourage you to do so. 

Q Does the f i e l d average trend i n GOR ver

sus pressure match in d i v i d u a l well trends, and i n t h i s con

nection I would refer you to Figures 54 through 6 7? 

A The answer i s that the f i e l d average 

trend represents a composite trend for a l l the wells, and 

some wells perform a b i t d i f f e r e n t l y ; some wells perform 

more or less i n the same manner that the f i e l d as a whole i s 

performing. I think from our standpoint we believe that i n 

dividual wells perform a b i t d i f f e r e n t l y because there i s 

v a r i a b i l i t y i n the reservoir parameters as suggested by the 

second derivative map of Mr. Emmendorfer and as suggested by 
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the actual production performance as we've alluded to i n 

terms of variations i n producing ch a r a c t e r i s t i c s . 

So what we have done to i l l u s t r a t e t h i s 

i s to take the p l o t that we constructed for the f i e l d aver

age gas/oil r a t i o versus pressure, and we have then plotted 

i n d i v i d u a l plots where we've included on the indiv i d u a l 

plots i n d i v i d u a l well performance so that you can obtain a 

fe e l f o r how representative, perhaps, the average f i e l d i s 

compared to the in d i v i d u a l wells. 

We f e e l that we are going to describe the 

model that matches average f i e l d performance. We believe 

the model i s capable of describing each in d i v i d u a l well i f 

we had s u f f i c i e n t time and resources to describe each w e l l , 

but i t needs to pointed out that certain wells perform d i f 

f e r e n t l y than f i e l d average, and that i s a r e f l e c t i o n once 

again of d i f f e r e n t contributions of these dual porosity 

c h a r a c t e r i s t i c s . 

In Figure 54, I don't intend to look at 

a l l of these but for example, 54 i s the ET No. 1. The f i e l d 

actual curve i s a value shown by the c i r c l e s . The perfor

mance of the ET No. 1 i s shown by the squares. 

I n i t i a l l y we had gas/oil r a t i o s less than 

the f i e l d average. Then we had an abrupt and sudden i n 

crease i n gas/oil r a t i o and pressure of around 1600, and i t 

has actually gone to a value over the value plotted on t h i s 
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scale as indicated by the arrow to the top of the page. 

I f we turn then to Figure 55, we have a 

case where — which i s the Fisher No. 2-1 Well, which has 

performed rather than coming to GOR's i n excess of the f i e l d 

average, i t ' s actually stayed at GOR levels under the f i e l d 

average, but i n a way you can see that i t does p a r a l l e l the 

same type of trend i n terms of i t s gas/oil r a t i o versus 

pressure performance. 

I f we turn to Figure 56, we would see 

then the p l o t of actual f i e l d performance and the p l o t of 

the performance f o r the McHugh Fu l l Sail No. 1 Well, and we 

would see that i n t h i s p a r t i c u l a r case over a large portion 

of the GOR pressure h i s t o r y the two wells compare very fav

orably. So t h i s represents more or less the average that we 

see i n the f i e l d . 

I don't believe that we necessarily need 

to look at the other fig u r e s . I think i t would show once 

again that i n many cases we have similar trends to the f i e l d 

average performance but they tend to be displaced a b i t from 

the actual f i e l d average. Some wells deviate from the 

trend; some, the trends are steeper; some the trends are 

less steep than the f i e l d performance. Once again i t i n d i 

cates the v a r i a b i i t y of the reservoir that we are not 

dealing with j u s t a simple, homogeneous type system. 

Q Have you included under Appendix A the 
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production performance of each and every well i n the f i e l d ? 

A Yes, we have. The information that we 

have included i n Appendix A i s very similar to the informa

t i o n that Mr. Roe included i n his e x h i b i t s , which had a de

t a i l e d production history p l o t and tabulation for each of 

the wells i n the f i e l d . 

Q Okay, so i n these previous figures that 

you've j u s t discussed you indicated the GOR versus presssure 

trends for the f i e l d as a whole and for indi v i d u a l wells. 

Before we turn to the analysis of how the Gavilan Mancos 

Pool performs, i s i t necessary to determine i t s relationship 

to the h i s t o r i c a l West Puerto Chiquito Mancos gas i n j e c t i o n 

project, and with respect to that I would ask you to discuss 

information r e f l e c t e d on Figures 68 through 71. 

A Yes, i t i s . We believe that i t i s neces

sary that rather than simply construct a simulation model 

of the Gavilan Mancos Pool, we have to be sure that whatever 

happens i n the Gavilan Mancos Pool doesn't necessarily have 

some close relationship to what's occuring i n the West Puer

to Chiquito gas i n j e c t i o n area. 

I think i t ' s c e r t a i n l y not the in t e n t i o n 

of — w e l l , we j u s t want to insure that we don't have an ad

verse — we dont' create an adverse e f f e c t on the West Puer

to Chiquito Pool. 

So what we — we did before we concluded 
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with our analysis of the Gavilan Mancos Pool i t s e l f , we 

turned our att e n t i o n to the relationship of Gavilan Mancos 

Pool to the West Puerto Chiquito Pool. 

Figure 68 i n our report i s the figure 

that i s very similar to one presented by Mr. Greer. I t i s 

the i n i t i a l pressures recorded for various pools along the 

east side of the San Juan Basin. 

On the lefthand scale i t records the 

datum of the pressure measurement, measured feet above sea 

l e v e l , and then along the X axis we have the reported pres

sure measured i n p s i , and we have several f i e l d s specified 

on t h i s e x h i b i t . We have the Puerto Chiquito Mancos East. 

We have the Boulder Pool. We have the Puerto Chiquito Man

cos West Pool. We have the Well Canada Ojitos E No. 10. We 

go now from the top l e f t to the bottom r i g h t . We also have 

the Wild Horse Gallup Pool. 

There were some early pressures taken i n 

various wells i n the Gavilan Pool. We show them as the Gav

i l a n No. 1, the Rucker Lake No. 2, the Gavilan No. 1-E pres

sures . 

For various reasons we would not neces

s a r i l y expect an in d i v i d u a l pressure survey to be represen

t a t i v e of the pool average, so what we have done i s we have 

taken the pressure versus cumulative production history that 

we looked at yesterday and we basically set an upper bound 
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and a lower bound on that history for the point i n time when 

Gavilan was f i r s t discovered, and i f you would r e c a l l , we 

said the i n i t i a l pressure i n Gavilan was about 1800 p s i , and 

that i s represented by where we say "Gavilan i n i t i a l pres

sure", where we show the c i r c l e . That i s an 1800 psi value. 

And then the upper and lower bounds are 

represented by the bar that goes across the — across the 

page. 

And what t h i s p a r t i c u l a r graph shows i s 

that indeed the Gavilan i n i t i a l pressure i s a b i t lower than 

we would have expected i t to be were the reservoir not i n 

some sort of pressure communication with — with other pro

duction i n the area, and I think the lo g i c a l place to assume 

that we would be l i k e l y to have pressure communication or 

possible pressure communication, would be the West Puerto 

Chiquito gas i n j e c t i o n project area. 

So having established the fact that the 

pressure communication may e x i s t , the question then becomes 

how s i g n i f i c a n t i s that communication and what does i t mean 

r e l a t i v e to the depletion of the two pools. And what I'd 

l i k e to do, then, i s to turn next to Figure 69. 

Figure 69 i s a p l o t which was presented 

previously by Mr. Greer i n his testimony. This p a r t i c u l a r 

p l o t i s the only data that we, unfortunately, have on the 

pressure h i s t o r y of the Canada Ojitos Unit pressure mainten-
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ance area, and what t h i s pressure history i s , along the 

lefthand scale we have the pressures measured at a datum e l 

evation of -90 — of 1195 feet r e l a t i v e to sea l e v e l , and 

then we have these pressures plo t t e d versus cumulative o i l 

production ranging from zero out to 3-million barrels on the 

far righthand side of the X axis. 

Along t h i s graph Mr. Greer has plotted 

several i n d i v i d u a l well pressures and noted the dates on 

which those well pressures were taken, and he records then 

the pressure decline i n i t i a l l y i n the Canada Ojitos Unit 

area. 

And i n I believe 1968, i n j e c t i o n was com

menced i n the reservoir, then causing a leveling of pressure 

w i t h i n the reservoir. Although the pressure has remained 

r e l a t i v e l y l e v e l , I think we see at the — on the righthand 

half of the graph the pressure i s declining with time and we 

have assumed, consistent with what Mr. Roe t e s t i f i e d , the 

pressure has declined has declined at a rate of about 10 psi 

i n t h i s pressure maintenance area i n the period of time from 

1970 where the graph ends u n t i l 1982, when the Canada Ojitos 

Unit — or when Gavilan Mancos Pool was f i r s t discovered and 

tested i n terms of what i t s pressure was. 

And i f you r e c a l l , that pressure i n d i 

cated to be about 1800 pounds. 

Now from t h i s pressure p l o t we would note 
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t h a t the i n i t i a l pressure i n Canada O j i t o s was about 1625. 

By 1970 the pressure had dropped down t o what appears t o be 

1280 p s i . This represents a pressure d e c l i n e of about 340 

p s i t h a t we have observed w i t h i n the Canada O j i t o s Unit i n 

t h i s — i n t h i s time frame. 

We add on approximately another 110 p s i 

t h a t may have occurred a f t e r 1970 p r i o r t o discovery of the 

Gavilan Mancos area b r i n g i n g us t o a d e c l i n e i n pressure i n 

the Canada O j i t o s U n i t gas i n j e c t i o n area of 450 p s i a t the 

time the Gavilan Mancos Pool i s discovered. 

We noted t h a t the Gavilan Mancos Pool 

pressure, on the other hand, was drawn down by approximately 

80 p s i . I f we had extremely high t r a n s m i s s i b i i t y between 

the two, the Gavilan Mancos Pool pressure would have been 

drawn down s i m i l a r t o the pressure drawdown t h a t ' s been ex

perienced i n the gas i n j e c t i o n area. 

Now, what t h a t i n d i c a t e s t o us i s t h a t 

there i s some type of fl o w r e s t r i c t i o n between the west 

Puerto C h i q u i t o gas i n j e c t i o n area and the Gavilan Mancos 

Pool, which produces p r i m a r i l y from the A and B Zones. 

To study how severe a flow r e s t r i c t i o n we 

would have t o put i n the area between these two pools, we 

constructed a s i m u l a t i o n model, as we've shown i n Figure 70. 

Figure 70 i s the s i m u l a t i o n model t h a t we constructed t h a t 

consisted o f f i v e c e l l s . Now when you set out a s i m u l a t i o n 
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model, you set out in d i v i d u a l c e l l s that represent areas of 

the f i e l d and so we have f i v e c e l l s and Cells 1 and 2 are 

intended to depict the Gavilan area, including, perhaps, the 

west t i e r of sections i n the West Puerto Chiquito Fie l d . 

Reflecting back to the fact that the pro

duction i n the syncline area, many of those wells tend to 

appear to be lower t r a n s m i s s i b i l i t y and a barrier present to 

some extent between — i n the syncline area, we have repre

sented the syncline area by Cell No. 3, and then as we move 

further to the east we have Cells 4 and 5, representing the 

West Puerto Chiquito Mancos Pool. 

The reason the c e l l s are stacked at d i f 

ferent heights, or d i f f e r e n t elevations, i s simply that 

there i s some s t r u c t u r a l r e l i e f between the Gavilan Nose 

area going down in t o the syncline and then coming back i n t o 

the West Puerto Chiquito, the east area of West Puerto Chi

quito. 

Now, what the idea i s i n the simulation 

model, i s to impose on Cells 4 and 5 over a period of time 

representing the time period from 1962 through 1982, a pres

sure drop of approximately 450 p s i , based on the preceding 

observed pressure drop that we looked at i n the — i n Figure 

69, and then what we want to do i s we want to use the trans

m i s s i b i l i t y that we've assigned to the syncline area, we 

want to vary that u n t i l we determine a t r a n s i m i s s i b i l i t y 
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that results i n the observed pressure drawdown i n the Gavi

lan Mancos Pool, when i t was d r i l l e d i n 1982, and we said 

that that pressure drop was about 70 p s i . 

We made several simulation runs attemp

t i n g to define what the t r a n s m i s s i b i l i t y would be i n t h i s 

r e s t r i c t e d area, whether i t i s a syncline area or whether i t 

i s some — some other area. We've used a syncline because 

that seems reasonable to us, but — but basically the fa c t 

i s that we see a r e s t r i c t i o n somewhere between West Puerto 

Chiquito gas i n j e c t i o n area and Gavilan Mancos Pool. 

And when we varied the t r a n s m i s s i b i l i t y 

i n Cell No. 3, we ended up reducing the t r a n s m i s s i b i l i t y to 

a value of about 15 m i l l i d a r c y feet i n that region, and when 

we reduced that t r a n s m i s s i b i l i t y i n that region, we would 

see then a 450-pound pressure drop on the righthand side of 

that c e l l , and we would see a 70 psi pressure drop on the 

lefthand side. 

So what we're saying i s that the r e s t r i c 

t i o n has to be on the order of about 15 mi l l i d a r c y feet i n 

through — i n between the two pools. 

Q So does that mean that we put 15 fo r that 

"kh =" i n Cell 3? 

A Where i t says "kh = variable", the f i n a l 

r e s u l t that we came to was a value of about 15, and I think 

you can see that by comparison the values that we were using 
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f o r both West Puerto C h i q u i t o area and the Gavilan area were 

values considerably higher, higher than t h a t number, and i n 

f a c t the values w i t h i n C e l l s , w e l l , 4 and 5 could be s t i l l 

higher than the 400 and 1000 t r a n s m i s s i b i l i t y values t h a t 

we've shown here. 

I t simply says t h a t there has t o be some 

type of r e s t r i c t i o n i n between the two c e l l s and the value 

t h a t we b e l i e v e i s reasonable t o d u p l i c a t e the performances 

on the order of 15. We know i t ' s considerably t i g h t e r than 

what's on e i t h e r side of i t . 

Q Okay, I'd l i k e you t o r e f e r t o Figure 71 

and e x p l a i n what t h i s shows. 

A Okay. Figure 71 i s i n p a r t t h i s match 

t h a t we achieved when we had 15 m i l l i d a r c y f e e t i n the syn

c l i n e and then i t also r e f l e c t s how we expect then the be

havior t o perform i n the f u t u r e i n terms of i f we deplete 

the Gavilan Mancos Pool what a f f e c t t h a t might have on the 

east area of West Puerto C h i q u i t o or at l e a s t the gas i n j e c 

t i o n area. 

Once again we have what appear as four 

v e r t i c a l l i n e s on t h i s p a r t i c u l a r graph, separating the 

graph up i n t o f i v e d i f f e r e n t areas. 

The westernmost area represents C e l l s 1 

and 2 t h a t we've looked a t before and they are intended t o 

represent Gavilan and perhaps the western t i e r of sections 
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i n the West Puerto C h i q u i t o area. 

The sy n c l i n e area i s shown and then the 

next two areas t o the r i g h t represent the east area of West 

Puerto C h i q u i t o . 

The Y axis i s a c t u a l l y o i l p o t e n t i a l but 

b a s i c a l l y we can consider t h a t t o be equivalent t o a pres

sure measured a t a l l p o i n t s i n the system a t a common eleva

t i o n which we've chosen as +900 f e e t , and a t t h a t p a r t i c u l a r 

e l e v a t i o n we s t a r t o f f w i t h a pressure i n 1962 i n each one 

of the c e l l s t h a t i s a pressure of about 1700 p s i . 

At t h a t p o i n t i n time the east area of 

West Puerto C h i q u i t o i s place on production and the pressure 

begins t o d e c l i n e and we show those pressure declines dated 

September, '62, A p r i l of '64, Ju l y of '65, and ev e n t u a l l y we 

end up out a t January of 19 80, and we note, then, t h a t the 

d i f f e r e n c e between the pressure i n September of '62 and the 

January of '80 i s approximately 450 p s i . 

And the i n d i v i d u a l l i n e s t h a t run more or 

less h o r i z o n t a l l y across the page represent the pressure i n 

each of the i n d i v i d u a l c e l l s f o r each of the i n d i v i d u a l 

areas i n the f i e l d . 

And what we see, i f we took the January, 

1980 pressure and we s t a r t e d f o l l o w i n g i t across, we would 

see t h a t the pressure would not increase s i g n i f i c a n t l y as we 

go across the east area of West Puerto C h i q u i t o . I t would 
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increase q u i t e s i g n i f i c a n t l y i n the troubh area, or the syn

c l i n e area, and then i t would l e v e l o f f i n t o the Gavilan 

Mancos Pool, r e s u l t i n g i n approximately a 70 p s i drawdown i n 

t h a t area. 

So t h i s i s the basis on which we say 

we've d u p l i c a t e d performance. We've matched the 450 pound 

pressure drawdown i n the east area of West Puerto Chiquito 

and we've matched the 70 pound pressure drawdown observed a t 

the time Gavilan was discovered. 

Now what we have done i n order t o study 

the i n f l u e n c e t h a t the Gavilan Mancos Pool w i l l have on the 

d e p l e t i o n of the gas i n j e c t i o n program i n West Puerto Chi

q u i t o i s b a s i c a l l y t o assume t h a t no pressure drop would oc

cur i n the West Puerto C h i q u i t o area. I n other words, we 

have f i x e d the pressure on the righthand s i d e . No, I 

don't want t o say t h a t . 

We have — we have shut i t i n the west — 

West Puerto C h i q u i t o area, and we have shut i n t h a t produc

t i o n so t h a t i t b a s i c a l l y i s not t a k i n g any f l u i d out, and 

then we continue t o produce Gavilan and we see, then, what 

the withdrawals i n Gavilan, what e f f e c t t h a t would have on 

the West Puerto C h i q u i t o pressure h i s t o r y , and I t h i n k then 

you see a whole series of pressure p r o f i l e s t h a t d e c l i n e 

down t o a very low pressure i n the Gavilan area. I n f a c t i t 

gets down t o under 100 p s i , and then you see the pressure 
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gra d i e n t back through the system, back through the s y n c l i n e , 

and i n t o the east — i n t o the east area of West Puerto Chi

q u i t o and you see b a s i c a l l y minimal pressure e f f e c t on the 

gas i n j e c t i n program as a r e s u l t of drawing the west area of 

the Gavilan pressure down t o a very low value. 

And from t h i s we have concluded t h a t the 

operation of the Gavilan Mancos Pool w i l l not have a s i g n i 

f i c a n t impact on the West Puerto Chiquito gas i n j e c t i o n 

area. 

Q I f t h a t ' s the case, then, what's the best 

way t o deplete the Gavilan Mancos Pool? 

A I n — i n our study, f i r s t we studied t o 

see i f there was a r e l a t i o n s h i p between the Gavilan Mancos 

Pool and the gas i n j e c t i o n area of West Puerto Chiquito and 

we determined t h a t there — t h a t those two pools can operate 

separately of each other w i t h i n the — w i t h i n t h i s d e p l e t i o n 

h i s t o r y t h a t we've st u d i e d . 

So we then studied the behavior of the 

Gavilan Mancos Pool and what we are going to see i s t h a t a f 

t e r we d u p l i c a t e d Gavilan Mancos F i e l d performance on the 

average, we studied the various methods of d e p l e t i o n of the 

pool and we determined t h a t the optimum course of operation 

and p a r t i c u l a r l y i n an economic sense i s t o simply deplete 

the f i e l d w i t h perhaps a t a l a t e r p o i n t i n time some low 

pressure gas i n j e c t i o n . 
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Q And when you say deplete the f i e l d , does 

t h a t mean under a p p l i c a b l e statewide rules? 

A Yes, t h a t i s c o r r e c t . We see t h a t 

what w e ' l l be seeing here i n a few minutes i s t h a t the r e 

covery from t h i s pool i s not r a t e s e n s i t i v e w i t h i n the range 

of r a tes a t which the pool — the pool i s capable of being 

produced, and t h e r e f o r e we see no reason t o have a r e s t r i c 

ted allowable s i t u a t i o n i n t h i s p ool. 

Q And how d i d you reach t h i s conclusion? 

A We reached t h i s conclusion by doing a 

s i m u l a t i o n model study of the Gavilan Mancos Pool. 

Q And now, of course, I'd l i k e you to ex

p l a i n t h a t and i n t h a t connection would you r e f e r t o Figures 

72 through 80? 

A Okay. We've looked a t one s i m u l a t i o n 

model t h a t we constructed r e l a t i n g the Gavilan area t o the 

West Puerto Chiquito area. Now we're looking a t a second 

s i m u l a t i o n model t h a t we constructed t h a t was constructed t o 

attempt t o e x p l a i n the performance i n the Gavilan Mancos 

Pool, and s i m i l a r t o the type of model t h a t Sun described, 

we are analyzing a p o r t i o n of the r e s e r v o i r and attempting 

to d u p l i c a t e the average f i e l d performance c h a r a c t e r i s t i c s . 

Now, the p o r t i o n of the r e s e r v o i r t h a t we 

are studying i s b a s i c a l l y a 640-acre s e c t i o n of the reser

v o i r and we d i d not use j u s t a simply square mile represen-
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t a t i o n of the r e s e r v o i r because we wanted t o include w e l l s 

on 320-acre spacing and so what we d i d i s we took a p i c t u r e 

of the r e s e r v o i r t h a t was a b i t elongated and then had a — 

w e l l , had a length of about 7500 f e e t as shown i n Figure 72, 

and a width of approximately 3700 f e e t , and t h i s would 

b a s i c a l l y model a 640-acre area developed on 320-acre 

spacing w i t h w e l l s located i n northwest and southeast 

diagonal l o c a t i o n s . 

This i s the planer view looking at the 

model t h a t we set up. Now what we ran was a cross s e c t i o n a l 

model and the cross s e c t i o n a l model i s represented by the 

schematic shown i n Figure 73. 

The cross s e c t i o n a l model consisted of 

f i v e i n d i v i d u a l layers d e s c r i b i n g possible flow out of the 

Niobrara A, B, and C i n t e r v a l s , as we've shown on the 

l e f t h a n d side of the model. 

We used two layers t o represent the 

Niobrara A s e c t i o n . We used two layers t o represent the 

Niobrara B s e c t i o n . We allowed those layers t o communicate 

v e r t i c a l l y based on what we saw i n the televiewer logs. 

We also included a t h i r d layer t o 

represent the Niobrara C, which we b e l i e v e i s minimally 

productive i n the Gavilan Mancos area, and as y o u ' l l note by 

the space between the l a y e r s , t h a t i s shown to i n d i c a t e t h a t 

we d i d not allow communication between the C i n t e r v a l and 
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and the upper A/B i n t e r v a l s . 

The cross s e c t i o n a l model, s i m u l a t i o n 

model, c o n s i s t s of 37 c e l l s i n the h o r i z o n t a l dimension and 

t h a t ' s what we show by — as we go across, as we have them 

numbered and each c e l l has dimension of about 202 f e e t . 

We have included i n the thickness of the 

model the — more or less the gross thickness t h a t we might 

see i n the A and B zones as w e l l as i n the C zone or some

t h i n g t h a t we would consider r e p r e s e n t a t i v e . I t ' s possible 

t h a t — t h a t there i s less thickness i n each i n d i v i d u a l zone 

than what we've shown. The r e s u l t of t h a t would be simply 

t h a t r a t h e r than having a t h i c k zone w i t h a low p o r o s i t y , we 

would have a t h i n n e r zone w i t h a higher p o r o s i t y . 

The accuracy of the model i s not p a r t i c u 

l a r dependent on so much o b t a i n i n g the r i g h t thickness as i t 

i s o b t a i n i n g the r i g h t t r a n s m i s s i b i l i t y , Kh product, and the 

r i g h t p h i H, p o r o s i t y thickness values, so a t any r a t e , t h i s 

i s the model t h a t we set up and what we do w i t h the model, 

then, i s we produce w e l l s a t p a r t i c u l a r rates t h a t we be

l i e v e are r e p r e s e n t a t i v e of f i e l d r a t e s , and we then attempt 

to match the observed performance t h a t we looked a t back i n 

Figures 52 and 53 f o r the f i e l d average, and i f we get a 

good d e s c r i p t i o n of the p r o p e r t i e s , such as the transmis

s i b i l i t y , the f l u i d p r o p e r t i e s , the rock c o m p r e s s i b i l i t y , 

the r e l a t i v e p e r m e a b i l i t y c h a r a c t e r i s t i c s , then we w i l l be 
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able t o d u p l i c a t e more or less what a c t u a l l y has occurred i n 

the f i e l d , and t h i s i s a standard by which a model i s 

measured. I t ' s easy t o take parameters and s t i c k them i n t o 

a model and t o run the model. 

I t ' s very hard t o get a model adjusted so 

t h a t i t a c t u a l l y f i t s a c t u a l f i e l d performance. 

I n performing our study we ran somewhere 

between 80 and 100 d i f f e r e n t runs using a model s i m i l a r t o 

t h i s t o study the performance of the f i e l d . We adjusted 

several of the parameters i n attempting t o d u p l i c a t e f i e l d 

performance. I t i s not an easy process t o a c t u a l l y d u p l i 

cate the performance and i t i s only through t h a t process 

t h a t we f e e l comfortable w i t h the r e s e r v o i r p r o p e r t i e s . 

Now what I'd l i k e to show you i s the e f 

f e c t of a couple d i f f e r e n t — what you do i s you assume the 

make-up of the model. You assume what the r e s e r v o i r looks 

l i k e and then you t e s t t o see i f t h a t make-up conforms t o 

what you a c t u a l l y observed. 

And what I'd l i k e t o show you i s a couple 

d i f f e r e n t graphs t h a t show how d i f f e r e n t types of systems 

behave, and the f i r s t one I ' d l i k e t o show you i s Figure 74. 

Once again we are d e s c r i b i n g the behavior 

of these systems i n terms of how we expect the g a s / o i l r a t i o 

to behave as pressure declines i n the r e s e r v o i r and what 

we've shown here are three separate model runs. None of 
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these represet what we b e l i e v e the a c t u a l f i e l d looks l i k e 

a t t h i s p o i n t , but they are — they are very comparable runs 

i n a l l of t h e i r other parameters, and what I'd l i k e t o show 

you i s t h a t t h i s g a s / o i l r a t i o t r e n d t h a t we observe versus 

pressure depends f i r s t on the type of p o r o s i t y we have out 

i n the area, as w e l l as the a b i l i t y of the gas t o segregate 

w i t h i n the system, segregate v e r t i c a l l y w i t h i n the system. 

So what we have on the f a r l e f t h a n d side 

i s the system — one of the i l l u s t r a t i o n s t h a t we showed 

e a r l i e r was a f r a c t u r e system w i t h s o l u t i o n gas d r i v e . We 

have l i t t l e bubbles going along w i t h the o i l . And t h a t type 

of system i s shown on the f a r l e f t h a n d side. We see a very 

r a p i d g a s / o i l r a t i o increase w i t h d e c l i n e i r t pressure, and 

i n t h i s case the gas i s not segregating v e r t i c a l l y and t h i s 

i s how we would expect performance t o look. 

I f we have a s i n g l e p o r o s i t y system, a 

f r a c t u r e system, which has high capacity f r a c t u r e s and the 

gas segregates t o the top of the model, then the g a s / o i l 

r a t i o pressure performance i s as shown — as what we show i n 

the bottom rig h t h a n d p i c t u r e . 

Now the dual p o r o s i t y system i s a mix of 

s o l u t i o n g as d r i v e performance from the matrix and a gas se

gregation d r i v e i n the high capacity f r a c t u r e system, and 

inasmuch as t h a t ' s t r u e , we would expect a dual p o r o s i t y 

system t o b a s i c a l l y represent the area more or less i n be-
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tween these two i n d i v i d u a l systems. And what we've shown, 

then, are the r e s u l t s obtained using a dual p o r o s i t y des

c r i p t i o n of the r e s e r v o i r where we've set the f r a c t u r e v o l 

ume equal t o the matrix volume. I n other words, we have an 

equal volume of o i l i n the f r a c t u r e s ; we have an equal v o l 

ume of o i l i n the m a t r i x . 

Once again the reason t h a t we're showing 

you t h i s i s t h a t we have t o look a t i n terms of a c t u a l l y has 

occurred i n the f i e l d i s the g a s / o i l r a t i o trends and the 

pressure performance, and these are the pieces of informa

t i o n t h a t people have claimed c o n s t i t u t e an emergency s i t u a 

t i o n , so we are t r y i n g now t o describe the r e s e r v o i r such 

t h a t we can match these trends. 

So Figure 74 gives us some perspective of 

how d i f f e r e n t types of d e s c r i p t i o n of the r e s e r v o i r a f f e c t s 

these trends. 

Now I'd l i k e t o show you one more p i c t u r e 

t h a t i s intended j u s t t o , h o p e f u l l y , give you a f e e l i n g f o r 

how these trends are i n f l u e n c e d by another parameter and 

t h a t parameter i s the volume of o i l t h a t ' s contained i n the 

f r a c t u r e versus the volume of o i l t h a t ' s contained i n the 

mat r i x . And what we've done i s set t h a t out as a f r a c t i o n 

t h a t we've designated as F. That represents the f r a c t u r e 

o i l volume compared t o the t o t a l o i l volume, and a l l of 

these runs are based on a dual p o r o s i t y system where we have 
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both types of p o r o s i t y present. 

And what we conclude from t h i s i s t h a t 

the less o i l t h a t we con t a i n i n the f r a c t u r e s , the steeper 

i s the g a s / o i l r a t i o versus pressure performance. 

Q You're r e f e r r i n g t o Figure 75 now? 

A Yes, I am. I'm s o r r y . I am r e f e r r i n g t o 

Figure 75. 

Q And t h a t f r a c t u r e , F=0.1 i s one-tenth? 

A Right. When i t ' s 0.1, t h a t represents a 

system t h a t has 10 percent of the o i l i n the f r a c t u r e s and 

90 percent of the o i l i n the ma t r i x . 

Now what we're t r y i n g t o do i s more or 

less generate curves s i m i l a r t o these t h a t we've looked a t 

t h a t we've computed from the model and have them look the 

same as what we saw i n the f i e l d , and as I said before, we 

have made many runs and t r i e d many d i f f e r e n t combinations, 

both s i n g l e p o r o s i t y systems as w e l l as dual p o r o s i t y sys

tems, and what we come up w i t h f o r our best match expressed 

i n terms of the g a s / o i l r a t i o versus pressure behavior, i s 

what we show i n Figure 76. 

I n t h i s case we have the ac t u a l h i s t o r i 

c a l i n f o r m a t i o n shown by the squares. We have the informa

t i o n derived from our f i n a l h i s t o r y match run shown the 

t r i a n g l e s . 

I n general we match up q u i t e w e l l w i t h 
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the pressure, gas/oil r a t i o behavior actually observed. We 

note once again that we believe that the l a t e s t pressures 

are not necessarily representative of average presssure. 

Unfortunately, i f we have a model with a 

constant volume of o i l i n place, there i s no way that we 

could actually match that — that pressure behavior that ac

t u a l l y occurred. I t either — i t has to be a dual porosity 

system or there has to be another explanation for those l a s t 

two points. 

But with the exception of those two 

points we have a very good mactch on pressure GOR behavior. 

I f we turn Figure 77, which i s obviously 

misspelled, instead of Figure i t ' s "FUGRUE", we have the 

match expressed i n terms of the observed pressure decline 

and the gas/oil r a t i o trends calculated versus f r a c t i o n of 

o i l i n place produced, and once again we have more or less 

duplicated the pressure decline i n the reservoir and we've 

duplicated the gas/oil r a t i o trends i n the reservoir with 

our computed answer based on what we have i n the simulation 

model. 

Once again, there i s no way — w e l l , 

there i s no way that we can — w e l l , we've more or less mat

ched those trends. 

Now, what I'd l i k e to do next i s to show 

you what the reservoir would look l i k e i n terms of the gas 
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content of the in d i v i d u a l c e l l s that we j u s t looked at at 

d i f f e r e n t points i n time, and t h i s i s shown on Figure 78. 

Keep i n mind that what we have — what we're describing i s a 

high capacity fracture system surrounding a low capacity ma

t r i x system or t i g h t fracture block system. 

What we have here are three d i f f e r e n t 

points i n time at which we output our computed r e s u l t s . 

Those times were a time of 180 days; a time of 360 days; and 

a time of 540 days, and what we have shown then i s i n the 

matrix system, i f we focus on the very l a s t one, which rep

resents basically the state of depletion that we think we 

are close to at t h i s point i n time, we show the matrix as 

having approximately 4 percent gas saturation and that i s 

uniform throughout. Each of the matrix blocks has approxi

mately 4 percent gas saturation. 

And then as we look down to the fracture 

blocks, the — we see then the various layers, the A, B, and 

C layers on the far lefthand side, and we see the 37 c e l l s 

across the top of the page. We see that the gas saturation, 

t h i s i s expressed i n percentage, i s approximately 55 to 60 

percent along the top layer of the reservoir, and then the 

gas saturation goes down to a very low level at the — at 

the base of the reservoir, and what t h i s i s ind i c a t i n g i s 

that gas i s segregating v e r t i c a l l y i n the fracture system 

and t h i s i s t o t a l l y consistent with what we have observed i n 
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the f i e l d through the production c o n t r o l surveys. 

Q Would i t be h e l p f u l t o r e f e r back t o F i g 

ure 28 under Tab 3? 

A I t h i n k i t probably would be. Figure 28 

on Tab 3, which was one of the f i g u r e s t h a t we d i d n ' t — 

d i d n ' t l a b e l , i t was a schematic of the dual p o r o s i t y system 

and i t had both red and green c o l o r a t i o n t o i t . What we're 

loo k i n g a t here i s the exact same type of system t h a t we 

have now model r e s u l t s computed f o r . 

The various l a y e r s , i n t h i s case we show, 

I guess there are s i x c e l l s , or s i x matrix blocks i n a ver

t i c a l d i r e c t i o n , w e l l , i n our model we only have — 

Q Greg, I'm not sure everybody i s w i t h you 

ye t . 

A Sorry. I n t h i s schematic we show s i x 

sets of ma t r i x blocks i n the v e r t i c a l d i r e c t i o n , v e r t i c a l 

dimension. I n a way, although t h i s i s a s i m p l i f i c a t i o n , we 

have — we have f i v e layers and I don't mean to imply t h a t 

the m a t r i x blocks are of equal dimension n e c e s s a r i l y t o the 

layers themselves. The matrix blocks are a c t u a l l y much, 

much smaller than the i n d i v i d u a l l a y e r s . But what we are 

p i c t u r i n g i f we viewed each of these — each of these blocks 

e s s e n t i a l l y as a l a y e r , we would see t h a t the gas s a t u r a t i o n 

i n each of matrix blocks a t t h a t p o i n t i n time t h a t we 

looked a t on the computer output was about 4 percent, so we 
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would have the presence of both the gas, the red dots and 

the green do t s , simultaneously i n each of those matrix 

blocks and t h a t r e f e r s to both phases being present. 

Then w i t h i n the high capacity f r a c t u r e 

system we would have seen the gas segregate up t o the very 

upper reaches of the r e s e r v o i r such t h a t we had the gas, 

high gas s a t u r a t i o n a t the upper reaches of the r e s e r v o i r 

and the low gas s a t u r a t i o n a t the base of the r e s e r v o i r . 

So the s i m u l a t i o n output i s b a s i c a l l y 

j u s t a restatement of what we've drawn here conceptually. 

Q Okay. Now do you want t o continue w i t h 

Figure 79? 

A Well, Figure 79 i s the same type of 

i n f o r m a t i o n except instead of showing the gas s a t u r a t i o n i n 

the system a t d i f f e r e n t p o i n t s i n time, we've now shown the 

pressure i n the system a t d i f f e r e n t p o i n t s i n time, and i f 

we focus once again on the time period 540 days, we note the 

average r e s e r v o i r pressure r i g h t t o the r i g h t of t h a t i s 

sta t e d t o be 1,284 p s i . I f we look a t each i n d i v i d u a l c e l l 

i n the model, though, and we look a t the pressures i n those 

c e l l s , we w i l l see the c e l l s t h a t represent the low capacity 

matrix are much higher pressure, approximately 13 t o 1400 

p s i than are the c e l l s t h a t represent the f r a c t u r e system, 

which are down a t 700 t o 800 p s i . 

I n other words, t o have flow occur from 
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the matrix i n t o the fracture system, you have to have a 

pressure difference d r i v i n g that flow and that pressure d i f 

ference i s what we see on t h i s — on t h i s p a r t i c u l a r f i g u r e . 

Now the f i n a l f i gure that I would l i k e to 

show with respect to the history map, we've looked at pres

sure versus gas/oil r a t i o p l o t s . We've looked at pressure 

versus f r a c t i o n a l o i l i n place p l o t s , and tha t , perhaps, 

doesn't give you as much of a feel for how good the q u a l i t y 

of history match i s as i f we convert t h i s back to a time 

basis and i n Figure 80 we have done t h i s . And what we have 

done i s we have put i n t o the model what i s the equivalent of 

the o i l production schedule that you see along the top of 

the page. In other words, we've input basically i n t o the 

model the actual h i s t o r i c a l o i l production and what we are 

computing i s the gas o i l r a t i o that we would expect to come 

from the f i e l d . 

So i f we have the correct description of 

the f i e l d , then we'd get a duplication of gas/oil r a t i o per

formance. The actual performance values for gas/oil r a t i o 

are shown by the X's that are connected. Our computer 

values are the values that are shown by the — by the dots. 

This i s — i n my experience i n simula

t i o n , t h i s i s an extremely close match to actual observed 

behavior. 

Q Okay. I guess you t e s t i f i e d that you 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

41 

t h i n k you got an e x c e l l e n t match. 

Now t h a t you have a match, what does t h i s 

(not c l e a r l y understood) do? 

A Well, t h a t ' s r i g h t . We, once again, we 

do b e l i e v e t h a t we have an e x c e l l e n t match. We bel i e v e t h a t 

we have a d e s c r i p t i o n of the r e s e r v o i r t h a t i s indeed v a l i d . 

I t b a s i c a l l y describes the r e s e r v o i r performance. So we 

f e e l t h a t i s t h a t i s the case then we can study how the 

what the appropriate method of d e p l e t i o n of the r e s e r v o i r i s 

considering d i f f e r e n t a l t e r n a t i v e d e p l e t i o n schemes, such as 

j u s t primary production f o r gas i n j e c t i o n or primary 

production a t various r a t e s . 

Q Have you studied the studied the s e n s i t i 

v i t y of recoveries and producing r a t e s , and i n t h a t connec

t i o n would you e x p l a i n t h a t w i t h respect t o Figure 81? 

A Yes, I would. We've taken t h i s model now 

t h a t represents a 640-acre area, and t h a t 640-acre area con

t a i n s a volume of approximately 1 . 5 - m i l l i o n b a r r e l s . 

Now what we've done i s we have run the 

model a t flo w rates coming from t h a t — t h a t amount of o i l 

i n place t h a t when scaled up t o our 5 5 - m i l l i o n b a r r e l o i l i n 

place number w i l l r e s u l t i n flo w r a t e s t h a t are achievable 

i n the f i e l d . 

For example, we have — we estimate 

there's 5 5 - m i l l i o n b a r r e l s of o i l i n place. We have 1.5-
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m i l l i o n b a r r e l s i n the model and t h a t t e l l s us t h a t we have 

about l / 3 6 t h of the t o t a l r e s e r v o i r volume i n the model. So 

now i f we want t o run — i f we want t o study f i e l d d e p l e t i o n 

a t a r a t e of 3600 b a r r e l s a day, then what we take out of 

our model i s a r a t e of 100 b a r r e l s per day. 

I t h i n k we need t o be — we need t o be 

cl e a r on t h a t , t h a t there i s a s c a l i n g mechanism t h a t needs 

to be honored i n doing — i n doing t h i s k i n d of a n a l y s i s . 

I f i nstead of t a k i n g out of the model 100 b a r r e l s a day we 

take out a r a t e of l e t ' s say 1000 b a r r e l s a day out of the 

model, then t h a t would be the equivalent of withdrawing 

f l u i d from the e n t i r e r e s e r v o i r a t 36 times t h a t 1000 bar

r e l s a day or a t a r a t e of 36,000 b a r r e l s . 

Now we are going t o have some consider

able d i f f e r e n c e s w i t h the Sun testimony i n terms of the 

s c a l i n g f a c t o r t h a t should be ap p l i e d i n studying r a t e sen

s i t i v i t y . 

We have run our model a t what we would 

consider r a t e s t h a t d u p l i c a t e f i e l d performance rates of 

3600 b a r r e l s a day, which i s our c u r r e n t f i e l d r a t e . We 

have run a case a t the eq u i v a l e n t of 7,200 b a r r e l s a day, 

which we b e l i e v e i s approximately the r a t e t h a t could be 

achieved i f the allowable r e s t r i c t i o n s were removed, could 

be achieved f o r a sho r t period of time i n the e x i s t i n g 

w e l l s , and we've also run our model a t twice t h a t r a t e a t an 
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output from the f i e l d of 14,400 barrels a day with no gas 

r e s t r i c t i o n s whatsoever to determine i f w i t h i n that range of 

possible producting rates for the f i e l d , i f there w i l l be 

any s e n s i t i v i t y of recovery to those kinds of producing 

rates. 

Our three cases which, I guess, r e a l l y 

should be labeled on t h i s , on t h i s run, or our three runs, 

are shown on Figure 81 i n terms of pressure versus gas/oil 

r a t i o production. Unfortunately we haven't labeled them as 

— as nicely as we would l i k e . 

The run that i s the squares represents 

7200 barrels a day. 

The runs that — the run that i s the c i r 

cle i s , I believe, 3600 barrels a day. 

And the run that i s the diamond or the 

t r i a n g l e , I'm sorry, represents 14,400 barrels a day. 

And what we see on Figure 81 i s that we 

do have some v a r i a t i o n i n gas/oil r a t i o versus pressure per

formance fo r each of the i n d i v i d u a l cases. We w i l l see a 

b i t d i f f e r e n t production characteristics for each of those 

cases. 

But as we turn to Figure 82, which plots 

pressure as well as gas/oil r a t i o versus our f r a c t i o n a l o i l 

recovery, we see that while we have variations i n gas/oil 

r a t i o performance, that i n terms of the pressure match to 
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f r a c t i o n a l o i l recovery we end up with basically the same 

pressure at the same point i n recovery for a l l three cases, 

ind i c a t i n g that there i s no ultimate difference i n recovery 

as a r e s u l t of producing at these rates. 

And i n a l l cases where we terminated the 

computer run which was at a f a i r l y low pressure of about 250 

pounds, we were a r r i v i n g at that point i n the depletion — 

depleting l i f e of the reservoir at about 16+ percent recov

ery. We w i l l have a l i t t l e additional recovery beyond that 

point which we didn't include i n our computer model, which 

we estimate might be another one percent. 

Now, once again, we've looked at these 

things i n terms of the pressure of the gas/oil r a t i o plotted 

versus f r a c t i o n of o i l i n place. 

What I'd l i k e to do now i s look at each 

in d i v i d u a l case plotted on a time basis so you can see what 

type of flow p r o f i l e we would expect from the reservoir, and 

Figure 83 i s our f i r s t case. I t r e f l e c t s — Figure 83 we 

show the o i l production history and then we show as a dashed 

li n e expected future o i l production using our model. 

And what we have done i n t h i s case i s re

move the allowable r e s t r i c t i o n , allow the f i e l d to produce 

at a rate of 7,200 barrels a day, and we see the kind of 

performance that we have depicted on t h i s — on t h i s p l o t . 

Now, according to our estimate at t h i s 
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p o i n t i n time, based on our economics, the actual r a t e a t 

which the o i l production from a t o t a l of 55 w e l l s would 

become uneconomic would be somewhere i n the neighborhood of 

250 b a r r e l s a day, or the equivalent of about 5 b a r r e l s of 

o i l per day per w e l l . 

So the l i n e i s drawn down, the dashed 

l i n e i s drawn down t o a value on the rates scale of 10 t o 

the 2nd, as shown on the l e f t h a n d side of the Y axis but 

r e a l l y t h a t ' s a l i t t l e b i t , t h a t ' s f u r t h e r out i n time than 

w e ' l l be able t o produce based on the economics of the s i t u 

a t i o n and i t r e a l l y needs t o be terminated a l i t t l e b i t 

higher a t a 250-barrel a day r a t e , which r e a l l y e l i minates 

production i n about 1996, somewhere i n t h a t timeframe. 

So what we see i s under t h i s case about a 

10-year remaining l i f e f o r the — f o r the f i e l d as a whole. 

Now, i f we t u r n beyond t h a t page we would 

l i k e t o show you what the gas s a t u r a t i o n p r o f i l e looks l i k e 

at various p o i n t s i n time i n the f u t u r e . 

The — we have once again gas s a t u r a t i o n 

i n percentage on t h i s p l o t shown a t various times i n the 

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

we've evaluated, the m a t r i x , as w e l l as f r a c t u r e s , and what 

we show, then, i f we focus on the bottom p o r t i o n of the 

graph, 2,160 days, we see t h a t the m a t r i x , the gas satura

t i o n i n the matrix has reached a value of approximately 12 
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percent gas s a t u r a t i o n t h a t i s un i f o r m l y d i s t r i b u t e d i n each 

of the matrix blocks. 

And i n the f r a c t u r e s we see t h a t gas seg

r e g a t i o n has occurred, a l l o w i n g gas t o go t o extremely high 

s a t u r a t i o n s a t the top of the r e s e r v o i r and once again a t 

the very base of the r e s e r v o i r i n the B zone we have very 

minimal gas s a t u r a t i o n s . 

So we have had gas segregation occur i n 

the — i n the f r a c t u r e system, whereas we've had the s o l u 

t i o n gas d r i v e i n the matrix system. 

And we do have o i l , then, a t the base of 

the r e s e r v o i r i n the lower p o r t i o n of the f r a c t u r e system. 

I t ' s u n f o r t u n a t e l y a very small volume because we only have 

10 percent of our volume t o begin w i t h i n the f r a c t u r e s , and 

second, i t ' s also very d i f f i c u l t t o get out because of the 

high gas s a t u r a t i o n t h a t ' s above i t . I t ' s very d i f f i c u l t t o 

push t h a t o i l out. 

We have, then, also shown on Figure 85 

the pressure values c o n s i s t e n t w i t h t h a t — t h a t p a r t i c u l a r 

v a l u a t i o n t h a t we looked a t , the 7200 b a r r e l s a day a t d i f 

f e r e n t p o i n t s i n time. That i s j u s t simply presented f o r 

documentation sake. 

Figure 86 i s the performance p r o j e c t i o n 

t h a t we have c a l c u l a t e d based on a f i e l d d e p l e t i o n r a t e of 

3,600 b a r r e l s of o i l per day, r a t e versus time. I n other 
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t i n u a t i o n of the f i e l d as i t i s today, no a d d i t i o n a l w e l l s 

and the allowable r e s t r i c t i o n i s continued. We see t h a t we 

w i l l be able t o maintain on the average t h a t productive r a t e 

f o r another year or two and then once again because of loss 

of pressure we w i l l s u f f e r a d e c l i n e i n production during 

t h a t p e r i o d of time, and then we w i l l go t o a production de

c l i n e and we would reach the 250-barrel a day economic l i m i t 

f o r the f i e l d somewhere around the end of 1996. 

So we might end up prolonging the l i f e of 

the f i e l d by another year by r e s t r i c t i n g the r a t e by t h a t — 

by the r e s t r i c t e d a l l o w a b l e . 

The gas s a t u r a t i o n and the pressure 

values a t various p o i n t s i n time f o r t h a t case are presented 

t o complete the documentation i n Figures 87 and 88. 

And then f i n a l l y , i n Figure 89, we have 

our f i n a l case, which i s a case assuming t h a t we allow the 

f i e l d t o produce a t a r a t e t h a t r e a l l y i s i n excess of the 

capacity of the f i e l d t o produce. I t ' s a r a t e of 14,300 

b a r r e l s of o i l per day. We b a s i c a l l y would have to have 

more t r a n s m i s s i b i l i t y out i n the f i e l d than what we've got 

i n the model i f t h a t — i f t h a t f i e l d i s a c t u a l l y going t o 

make 14,300 b a r r e l s a day, a t l e a s t assuming the i m p o s i t i o n 

of a 702-barrel a day top allowable on i n d i v i d u a l w e l l s . 

The production d e c l i n e t h a t we see, i t 
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s t a r t s with a higher rate and declines o f f more rapidly , and 

we would reach, then, the 250-barrel a day economic l i m i t 

sometime at the s t a r t of 1995. 

Once again the recovery under a l l three 

of these curves i s essentially i d e n t i c a l . 

And then once again we completed the doc

umentation for that case with the gas saturation and pres

sure, pressure tables shown i n Figures 90 and 91. 

Q So what i s your conclusion with respect 

to the rate s e n s i t i v i t y of the Gavilan Mancos Pool? 

A In our opinion there i s no rate s e n s i t i v 

i t y of the Gavilan Mancos Pool w i t h i n the range of rates 

that we can reasonably expect from — from the f i e l d as i t 

actually i s capable of producing. The main reason from a 

physical standpoint that t h i s i s true i s that we are dealing 

with most of the o i l contained i n the matrix and the matrix 

i s producing by a solution gas drive and i t requires a high 

pressure d i f f e r e n t i a l i n order to get that flow out of the 

matrix and i n t o the fracture system, and so we j u s t don't — 

we j u s t don't have the s i t u a t i o n where rate s e n s i t i v i t y 

would be an appropriate — appropriate concept that we would 

have to worry about. 

Q This opinion of yours d i f f e r s s i g n i f i 

cantly from that of Sun and therefore would you explain why, 

and I'd l i k e you to refer back to t h e i r Exhibit Eight. 
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A Yes, I w i l l . Yes, our opinion i s d i f f e r 

ent than Sun's op i n i o n and there are r e a l l y several reasons 

f o r t h i s , one of which i s the f a c t t h a t they are using a 

s i n g l e p o r o s i t y model t o describe the r e s e r v o i r . 

The second reason i s t h a t they are using 

considerably d i f f e r e n t r e s e r v o i r c h a r a c t e r i s t i c s t o describe 

the r e s e r v o i r . 

We are using a dual p o r o s i t y system, 

which we have then taken r e s e r v o i r c h a r a c t e r i s t i c s and 

matched performance w i t h . So we would expect d i f f e r e n c e s 

f o r those reasons but one of the other major reasons t h a t we 

d i f f e r i n t h e i r o p i n i o n i s t h a t we would not agree w i t h the 

r a t e a t which they — w i t h the manner i n which they have i n 

di c a t e d t h e i r r a t e s e n s i t i v i t y , and focusing s p e c i f i c a l l y on 

Figure 8, on the l i n e t h a t i s r i g h t below the X a x i s , we see 

t h a t t h e i r base case r a t e a t 600-to-l represents withdrawals 

from the f i e l d i n the range of 4,680 b a r r e l s a day, and what 

they have, i s they have a model representing 640 acres w i t h 

3000 b a r r e l s per acre i n t h e i r model. So they have about 

1 . 9 - m i l l i o n b a r r e l s of the t o t a l f i e l d o i l production. 

So now i f we scale t h a t up w i t h 55-mil

l i o n b a r r e l s of o i l i n the r e s e r v o i r , we would say t h a t the 

r a t e a t which they are r e p r e s e n t i n g when they p l o t on t h e i r 

— t h e i r graph a value of 4,680, what t h a t corresponds t o i n 

terms of the t r u e f i e l d withdrawal r a t e p r o p o r t i o n a l to the 
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o i l i n place i s 25 times that value of 4000 barrels a day 

for a value i n excess of 100,000 barrels a day of withdraw

als from the Gavilan Mancos Pool, which i s c e r t a i n l y way be

yond the a b i l i t y of the reservoir to produce. 

We have studied, we have looked at sever

al single porosity systems before a r r i v i n g at our dual poro

s i t y system. We see the same behavior i f you go to extreme

ly high flow rates and even though you have a very high cap

ac i t y fracture system, i f you go to extremely high flow 

rates, you can cause rate s e n s i t i v i t y , but the kinds of flow 

rates you have to go to are the equivalent of 100,000 bar

re l s per day out of the f i e l d . 

The range of rates that we believe when 

scaled up to actual f i e l d performance that are t r u l y 

representative of the f i e l d , r e a l l y f a l l to the l e f t of 

what's shown on t h e i r graph. 

Q I think you t e s t i f i e d e a r l i e r that you 

think at least at the present without removing the allowable 

r e s t r i c t i o n s that the f i e l d could be capable of producing 

7200 barrels of o i l per day. 

A That i s our opinion. I would have to say 

the information i s a b i t sketchy on which we base that 

opinion because i t ' s d i f f i c u l t to f u l l y ascertain the true 

productive capacities of some of the wells. 

We've assumed that perhaps there would be 
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w e l l s t h a t would be capable of g i v i n g us more production 

than t h a t , but we would say t h a t i f the 702 allowable i s 

maintained, statewide a l l o w a b l e , then 7200 would be a 

reasonable estimate. 

I b e l i e v e Mr. Roe i n d i c a t e d t h a t the 

voidage t h a t could be taken from t h i s r e s e v o i r a c t u a l l y 

could be twice the voidage t h a t i t ' s c u r r e n t l y t a k i n g and I 

would o f f e r t h a t as perhaps a s i m i l a r type o p i n i o n . 

Q Okay. Mr. Hueni, have you studied the 

b e n e f i t s of u t i l i z i n g a gas i n j e c t i o n program w i t h respect 

to the Gavilan Mancos Pool, and i n t h i s connection I'd ask 

you t o r e f e r t o E x h i b i t s or Figures 92 ad 93? 

A Yes, we have. We have taken the model 

t h a t we used t o match observed performance and then we have 

assumed t h a t the — t h a t one of the a l t e r n a t i v e methods of 

d e p l e t i n g the r e s e r v o i r would be t o i n j e c t gas i n t o the r e 

s e r v o i r and i n our f i r s t case, which we describe as a high 

pressure gas i n j e c t i o n case, we assume t h a t i n j e c t i o n begins 

almost immediately and i t maintains a pressure i n the order 

of 1250 p s i . 

The e f f e c t of the gas i n j e c t i o n i s bas

i c a l l y t h a t gas w i l l move through the high capacity f r a c t u r e 

system and because we are maintaining the pressure the mat

r i x w i l l b a s i c a l l y no longer f l o w i n t o the high capacity 

f r a c t u r e system because there w i l l no longer be a g r a d i e n t 
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between the — between the matrix and the fracture system. 

The r e s u l t of t h i s i s that the gas w i l l 

flow very rapidly down the high capacity fracture system to 

the o f f s e t t i n g wells. We w i l l have early gas breakthrough, 

and because we'll have to i n s t a l l some fixed amount of i n 

j e c t i o n capacity out there, as we get high gas breakthroughs 

we either have to shut i n wells or cut those wells back, and 

as a r e s u l t of that we w i l l — we w i l l have to r e s t r i c t o i l 

production, and that's what we show i n the years 1988 and 

'89, i s severe r e s t r i c t i o n s i n o i l production because of 

early gas breakthrough. 

By the end of 1989 we've reached a pro

ducing gas/oil r a t i o i n the neighborhood of 16,000 standard 

cubic feet per stock tank barrel and at that point i n time 

we elected to terminate the i n j e c t i o n project and began 

blowdown, so we were then able to open the wells up more or 

less at capacity without any type of gas r e s t r i c t i o n and so 

we then had, w e l l , a jump i n o i l production followed by a 

blowdown phase of production. 

That was our high pressure gas i n j e c t i o n 

case. Once again we have the dashed l i n e extending out to 

100 barrels a day. I t would actually be terminated some

where i n the v i c i n i t y of 250 barrels a day. 

The next case i s what we c a l l a low pres

sure gas i n j e c t i o n case. What we attempt to do f i r s t i s get 
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maximum c o n t r i b u t i o n from the t i g h t matrix or t i g h t f r a c t u r e 

blocks and t o do t h a t we go ahead, r e t u r n the f i e l d to i t s 

statewide allowable spacing. We recognize t h a t we are going 

t o have a r a p i d d e c l i n e i n pressure. We are going to have 

some increase i n GOR i n i n d i v i d u a l w e l l s and c e r t a i n l y f i e l d 

GOR i s going t o go up a b i t , and as a consequence the o i l 

production w i l l then d e c l i n e o f f i n primary sense, out 

through 1991, a t which p o i n t i n time we begin i n j e c t i o n a t a 

very low r e s e r v o i r pressure and what we t r y t o do i s push 

out some of t h a t o i l t h a t ' s remaining i n the lower p a r t of 

the f r a c t u r e system a t t h a t p o i n t and we do get a l i t t l e b i t 

of a d d i t i o n a l recovery i n t h a t f a s h i o n . 

Q Have you prepared an economic e v a l u a t i o n 

of the various options w i t h r e l a t i o n t o the Gavilan Mancos 

Pool? 

A Yes, I have. Before I t u r n t o t h a t I 

would l i k e t o t u r n t o the f i n a l page of Section 4, which i s 

Page 4.9. I t immediately precedes the blue — the blue tab. 

Q Okay. 

A What we have summarized on Page 4.9 are 

the u l t i m a t e recoveries derived from each of the four 

w e l l , from three — or from four of the f i v e cases t h a t 

we've j u s t looked a t ; the u l t i m a t e recoveries derived from 

the 3600 b a r r e l primary d e p l e t i o n case, which i s 9 . 4 - m i l l i o n 

b a r r e l s , or 17 percent of the o i l i n place; the 7200 b a r r e l 
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a day depletion case without — primary depletion case, 

which i s almost i d e n t i c a l , once again 17 percent of 

the o i l i n place. 

The 3600 barrel o i l per day case where we 

implemented high pressure i n j e c t i o n , we suffered a loss i n 

productive capacity but eventually we got back and recovered 

about 9.6-million barrels of the o i l i n place, which repre

sents 17.4 percent. 

And then the 7200 barrel a day depletion 

case down to a low pressure followed by low pressure i n j e c 

t i o n , where we recovered an o i l i n place of 11.1-million 

barrels, representing 20 percent of the o i l i n place i n the 

Gavilan Mancos Pool. 

That would conclude my comments as to the 

recoveries. 

Q Okay. 

MR. LEMAY: Is t h i s a good time 

to break, Mr. Lopez? Are you through with these exhibits? 

MR. LOPEZ: This i s a fi n e time 

to break. 

MR. LEMAY: The commissioner 

has a meeting, and we'd l i k e to have him present and we'd 

l i k e to have him present when we go on to the next set of 

exh i b i t s . 

So we'll break for — l e t ' s 
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take a 20 minute break and be back a t f i v e minutes a f t e r 

t e n . 

(Thereupon a 20 minute recess was taken.) 

MR. LEMAY: Mr. Lopez? 

MR. LOPEZ: Thank you, Mr. 

Chairman. 

Q Mr. Hueni, have you prepared an economic 

e v a l u a t i o n of the various options f o r d e p l e t i o n of the Gavi

lan Mancos Pool, and i f so, would you e x p l a i n what you d i d 

and what conclusions you reached? 

A Yes. We have prepared an economic evalu

a t i o n f o r the — f o r four d i f f e r e n t d e p l e t i o n cases f o r the 

Gavilan Mancos Pool. These are described i n Section 5, t i t 

l e d Economics. 

As we, w e l l , the i n p u t t o each of these 

cases we might review as i n d i c a t e d i n the t e x t . On page one 

we considered four a l t e r n a t i v e cases. They're labeled 3600 

b a r r e l a day f i e l d r a t e , 7200 b a r r e l a day f i e l d r a t e . Both 

of these are primary d e p l e t i o n . 

We evaluated high pressure gas i n j e c t i o n 

economics and low pressure gas i n j e c t i o n economics. 

I n order t o get the production f l o w 

streams we took the output from our s i m u l a t i o n models and we 
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scaled those up t o t o t a l f i e l d scale and we then allowed the 

f l o w , the o i l f l o w streams t o be terminated at the economic 

l i m i t of production from the f i e l d . 

We used i n our economic e v a l u a t i o n a 

cost, some cost numbers and p r i c e s t h a t were furnish e d t o us 

by Mallon i n d i c a t i n g a w e l l o p e r a t i n g cost of approximately 

$2500 per w e l l per month. 

We used a t o t a l of 55 producing f i e l d 

w e l l s . I n j e c t i o n w e l l s , when we had those cases, had a 

s l i g h t l y lower o p e r a t i n g cost of $1500 per w e l l month. 

State revenue was evaluated — w e l l , 

s t a t e revenue included 4.6 percent ad valorem t a x , a sever

ance tax of 3.75 percent of o i l sales, and 16 cents per MCF 

of gas sales, and we included the school and conservation 

taxes i n the ad valorem tax c a l c u l a t i o n . 

O i l p r i c e s we evaluated based on $16.00 

per b a r r e l . We used a constant p r i c e scenario because I 

t h i n k l i k e everybody e l s e , we r e a l l y don't know what's going 

t o happen t o p r i c e s . 

This — we also used a p r i c e of $1.65 per 

MCF. 

I n terms of the i n t e r e s t evaluated, we 

evaluated 100 percent of the f i e l d i n t e r e s t assuming a net 

revenue i n t e r e s t of 82.5 percent. 

Investment requirements f o r the high 
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pressure gas i n j e c t i o n were about $3.2-million; for the low 

pressure cased, about $2.1-million. 

We have the indiv i d u a l computer runs 

which were analyzed using a p u b l i c l y available economics 

program. I t ' s called the Garrett program, Garrett Grade I I 

program. Those in d i v i d u a l economic evaluations are included 

i n Figures 94, 95, 96, and 97 for the four cases. Those i n 

dividual evaluations show producing rate, both o i l and gas. 

They show the i n t e r e s t factors evaluated, the prices, the 

revenue streams, the expense streams, the state — w e l l , the 

severance tax and ad valorem flow streams, r e s u l t i n g then 

f i n a l l y i n a net cash flow for each indiv i d u a l case. 

Rather than looking at each of the i n d i 

vidual figures, i f we would refer to 5.3, Page 5.3 of the 

t e x t , we would see then i n summary form the results of our 

analysis. 

We have the remaining o i l production for 

the three cases and the remaining gas production, r e s u l t i n g 

i n an o i l — when added to what we estimate the cumulative 

recovery to be as of about July l s t , yields the ultimate re

coveries we show under each in d i v i d u a l case. 

We have then the severance tax and the ad 

valorem tax r e s u l t i n g from each — each evaluation. 

We show the operating cost and the re

quired investment r e s u l t i n g i n the bottom of that table i n 
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the cumulative cash f l o w and then r e f l e c t i n g the f a c t t h a t 

money has time value, a discounted cash f l o w value d i s 

counted a t 10 percent. 

Reviewing t h a t f i n a l number we note t h a t 

a t c u r r e n t f i e l d r a t e s we expect t o de r i v e about $60.5-mil-

l i o n i n net present value from the f i e l d . I f we r e t u r n t o 

the statewide f i e l d a l l o w a b l e , which i s our recommendation, 

t h a t t h a t increases a b i t t o $ 6 4 - m i l l i o n . I f we u n i t i z e and 

i n j e c t i n a high pressure gas s i t u a t i o n , we w i l l end up d i 

minishing our cash f l o w down t o about $ 4 9 - m i l l i o n . 

And f i n a l l y , going t o the low pressure 

case, low pressure i n j e c t i o n case, we a r r i v e a t a $68.2-mil-

l i o n discounted cash f l o w value. 

Q Have you studied the proposal t h a t f u t u r e 

development should be based on 640-acre spacing r a t h e r than 

320-acre spacing? 

A Yes, we have studied t h a t proposal. 

Q Would you please comment, and i n t h a t 

connection I'd ask you t o r e f e r t o Figures 98 through 100? 

A I n order t o determine how the proposal 

r e l a t i n g t o f u t u r e development on 640 acres compared t o 320 

acres a f f e c t s c o r r e l a t i v e r i g h t s , we used our computer 

model. We set i t up such t h a t we had two a d j o i n i n g sec

t i o n s , each of which comprise 640 acres, each of which are 

given the exact same p r o p e r t i e s , are given the same o i l i n 
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place, are given the same t r a n s m i s s i b i l i t y . 

On one 640 acres we d r i l l e d two wells 

spaced on 320's. 

On the second 640-acre t r a c t we d r i l l a 

single w e l l . 

That Figure 98 i s a schematic of the s i t 

uation that we're modeling. 

We've evaluated two cases. In the f i r s t 

case we have assumed that we d r i l l wells that are — have 

high t r a n s m i s s i b i l i t y . They have high prod u c t i v i t y and as a 

consequence, they w i l l be subject to either the statewide 

allowable or whatever allowable i s imposed on the f i e l d pro

duction. 

We show i n Figure 99 for t h i s f i r s t case 

average o i l flow rate versus time i n days. We have two 

lines on t h i s . One of — the l i n e that's defined by the 

square blocks represents the two wells, each of which were 

d r i l l e d on 320 acres and the t h i r d l i n e represents a single 

well d r i l l e d on 640's and that's represented by the t r i 

angles. 

And we see that basically the two lines 

are essentially i d e n t i c a l through a good portion of the 

rate/time curve and they f i n a l l y separate j u s t a l i t t l e b i t 

a f t e r about 2,300 days. 

We show i n the tabulation on that graph 
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as a function of time the recovery from two wells versus the 

recovery from one well and the cumulative o i l recovery ex

pressed i n thousands of barrels i s designated by Np, the Np 

column, and so we have two columns that are designated i n 

t h i s fashion. 

So a f t e r 10.5 years i f we are able to 

d r i l l wells that are affected by the top allowable, then we 

w i l l recover 630,000 barrels compared to 611,000 barrels 

from the single w e l l . So i n t h i s case where we have high 

capacity, top allowable type wells, we don't see a s i g n i f i 

cant v i o l a t i o n of c o r r e l a t i v e r i g h t s between those two 

we11s . 

On the other hand, i f we structure a 

case, and there are c e r t a i n l y many d i f f e r e n t cases that we 

could envision, but i n t h i s p a r t i c u l a r case what we did i s 

we reduced the o i l i n place i n the given area and we reduced 

i t s t r a n s m i s s i b i l i t y , and we ran the model again such that 

both wells, that the wells — that a l l three wells i n the 

model are l i m i t e d capacity wells, then what we found was 

that a f t e r 10.5 years for the two wells that were — that 

were d r i l l e d on the — each on — w e l l , that were d r i l l e d on 

the 640-acre section, b a s i c a l l y , with 320-acre spacing, we 

found, and t h i s i s shown on Figure 100, i f I didn't say that 

before, we found under the o i l production column that those 

two wells had recovered 248,000 barrels and one w e l l , the 
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one w e l l , the s i n g l e w e l l on 640 acres, had recovered 

186,000 b a r r e l s , and I t h i n k what t h i s e x h i b i t i s t r y i n g t o 

i l l u s t r a t e i s t h a t when we have capacity type w e l l s i t i s 

c e r t a i n l y advantageous t o an operator t o have more w e l l s on 

a given 640 i n a com p e t i t i v e sense than i t i s — than i t i s 

to have the neighboring s e c t i o n developed on 640 — on one 

w e l l per 640. 

So from t h i s we would conclude t h a t t o 

some extent c o r r e l a t i v e r i g h t s w i l l be v i o l a t e d i f one w e l l 

— i f a s i n g l e w e l l i s d r i l l e d on 640's versus development 

on 320-acre spacing. 

MR. LYON: Mr. Hueni, where i s 

time zero on these two — 

A Time zero, we s t a r t e d our model run from, 

I b e l i e v e , the i n i t i a l c o n d i t i o n s , j u s t the i n i t i a l condi

t i o n s i n the r e s e r v o i r . 

MR. LYON: Thank you. 

A One of the reasons we d i d t h a t i s t h a t 

t h e r e , w e l l , there are many — we j u s t aren't so sure how 

many top allowable w e l l s we would be able t o d r i l l out i n 

t h a t f i e l d a t t h i s p o i n t i n time. 

Q And r e f e r r i n g t o your r e p o r t , E x h i b i t 

Ten, d i d you provide summaries w i t h the back-up f i g u r e s un

der each tab and — and also a t t a c h c e r t a i n appendices 

t h e r e t o , and i f so would you e x p l a i n what's contained i n 
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these? 

A To document our r e p o r t we have attempted 

to e x p l a i n v e r b a l l y the work t h a t we've completed i n our en

gi n e e r i n g study. We've attempted t o include as many e x h i 

b i t s as possible t o e x p l a i n the conclusions we've a r r i v e d a t 

included i n — we've attached i n our various appendices. 

Appendix A includes the t a b u l a t i o n of 

production i n f o r m a t i o n t h a t we used i n reviewing f i e l d per

formance. 

Appendix B consists of the Terra Tek 

Laboratory i n v e s t i g a t i o n s t h a t we discussed yesterday. 

Appendix C presents the f l u i d property 

i n f o r m a t i o n obtained from the Loddy No. 1 Well, which we 

subsequently adjusted i n doing our engineering study. 

And f i n a l l y , Appendix D contains the data 

i n p u t t h a t we used i n our s i m u l a t i o n model and the output 

from our f i n a l h i s t o r y match run where we f e e l t h a t we dup

l i c a t e d a c t u a l f i e l d performance. 

Q Would you now summarize your testimony 

and provide us w i t h your recommendations? 

A Okay. I f I could ask you t o t u r n t o the 

summary and recommendations. 

We have summarized i n w r i t i n g our — the 

summary conclusions t h a t we reached and the recommendations 

t h a t r e s u l t from those conclusions. 
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We've already discussed t h a t we b e l i e v e 

t h a t the Gavilan Mancos Pool i s p r i m a r i l y an A and B i n t e r 

v a l producing pool. We b e l i e v e t h a t i t i s only weakly con

nected t o the east area of the West Puerto Chiquito gas i n 

j e c t i o n area and we b e l i e v e t h a t t h a t i s produced p r i m a r i l y 

from the Niobrara C. 

We have shown t o our s a t i s f a c t i o n the 

primary d e p l e t i o n of the Gavilan Mancos Pool, t h a t i t ' s not 

going t o a f f e c t the gas i n j e c t i o n operations i n the West 

Puerto Chiquito Pool. 

We b e l i e v e t h a t the western t i e r of sec

t i o n s i n the West Puerto Chiquito Pool appear t o be i n good 

pressure communication w i t h the Gavilan Mancos Pool and 

th e r e f o r e should be included i n the Gavilan Mancos Pool pro

per . 

We b e l i e v e t h a t the rock c h a r a c t e r i s t i c s 

of the Gavilan Mancos Pool are those of a dual p o r o s i t y 

system. They are — t h a t i s what's been described 

p r e v i o u s l y i n previous d e s c r i p t i o n s of the r e s e r v o i r . I t i s 

co n s i s t e n t w i t h r e s e r v o i r performance and i t ' s c o n s i s t e n t 

w i t h a l l of the t e s t i n g i n f o r m a t i o n t h a t we have a v a i l a b l e , 

and we estimate t h a t only about 10 percent of the o i l volume 

a c t u a l l y resides i n the high capacity f r a c t u r e system w i t h 

the low capacity f r a c t u r e system c o n t a i n i n g the remaining 9 0 

percent. 
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We have come to some conclusions regar

ding reservoir characteristics that are based on laboratory 

tests and which are once again consistet with actual obser

ved f i e l d performance. 

We believe that w i t h i n the fracture sys

tem we are seeing gas segregation and w i t h i n the matrix sys

tem we are seeing basically solution gas drive or pressure 

depletion. 

We are depleting a volume of o i l that's 

estimated to be about 55-million stock tank barrels. We've 

recovered about 6 percent of that i n place volume already. 

We have suffered, obviously, a pressure decline and we be

lieve that i s to be expected. 

We see the optimum course for operation 

of the f i e l d , w e l l , we see that under primary recovery that 

we w i l l recover about 17 percent of the o i l i n place through 

j u s t primary means. We do not see t h i s as being rate sensi

t i v e w i t h i n the range of rates that i s r e a l l y possible to 

achieve i n the Gavilan Mancos Fiel d . 

We would not recommend high pressure gas 

i n j e c t i o n f or the simple reason that we would fear that 

channeling would occur, very rapid channeling. Wells would 

go to high gas/oil r a t i o s i n a very short period of time and 

we would then end up with a detrimental e f f e c t on f i e l d pos

s i b i l i t y . 
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We see there i s some potential for low 

pressure gas i n j e c t i o n operations. We do not believe that 

those are going to be needed for another four to f i v e years. 

Basically we need to go pri m a r i l y through the pressure de

pl e t i o n stage of the Gavilan Mancos Pool. 

We see co r r e l a t i v e r i g h t s problems i f 

future d r i l l i n g i s l i m i t e d to 640-acre spacing since wells 

are not able to — capacity wells are not able to compete 

equally, two wells on 640 versus one well on 640. 

We would see a potential c o r r e l a t i v e 

r i g h t s v i o l a t i o n i n that case. 

These are our summary conclusions. The 

recommendations that follow from that i t would seem to us 

would be that the Gavilan Mancos Pool would be extended to 

include the western t i e r , and i t shows on our recommendation 

" t i e r s " but i t r e a l l y should j u s t read western t i e r of sec

ti o n s , i n the western — i n the West Puerto Chiquito Pool. 

We would recommend continue primary dep

l e t i o n of the Gavilan Mancos Pool. S p e c i f i c a l l y we would 

not recommend any kind of u n i t i z a t i o n and gas i n j e c t i o n pro

gram. 

We would recommend returning to — the 

allowable rates to the 320-acre statewide spacing allowable 

of 702 barrels a day. Any type of r e s t r i c t e d rated below 

that c e r t a i n l y are going to reduce the p r o f i t a b i l i t y of the 
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f i e l d and without a doubt also r e d i s t r i b u t e remanining re

serves on which there i s no basis for that r e d i s t r i b u t i o n . 

And f i n a l l y , we see that the well spacing 

should be maintained at 320 acres i n order to protect the 

cor r e l a t i v e r i g h t s of a l l owners i n the Gavilan Pool. 

Q Was Exhibit Ten prepared by you and under 

your supervision? 

A Yes, i t was. 

MR. LOPEZ: Mr. Chairman, at 

t h i s time I would l i k e to o f f e r Exhibit Ten i n t o evidence. 

MR. LEMAY: The exhibits w i l l 

be admitted i n t o evidence without objection. 

MR. LOPEZ: This concludes our 

di r e c t testimony f o r Mr. Hueni. 

MR. LEMAY: Thank you, Mr. 

Lopez. 

Mr. Kellahin. 

MR. KELLAHIN: Thank you, Mr. 

Chairman. 

CROSS EXAMINATION 

BY MR. KELLAHIN: 

Q Mr. Hueni, I don't even pretend to under

stand what you reservoir engineers do with reservoir simula

t i o n . Mr. Faulhaber yesterday characterized one of my ques-



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

67 

t i o n s as simple minded. I'm sure some of mine now are going 

t o be simple minded. 

I f y o u ' l l help me, though, i n understand

i n g what you've done by g i v i n g me a s h o r t , concise answer 

and when you can give me a yes or no answer so t h a t i n my 

own p a r t i c u l a r way I can understand what you've done. 

A Okay. 

Q My s t y l e i s c e r t a i n l y d i f f e r e n t from Mr. 

Lopez' s t y l e . I would l i k e a simple answer t h a t I could un

derstand, i s t h a t a l l r i g h t ? 

A I f i t ' s p o s s i b l e I w i l l give you a simple 

answer. 

Q I ' l l do my best t o keep i t simple. 

A Okay. 

Q Did you review your August testimony 

before the Commission i n preparing f o r your testimony t h i s 

week? 

A No, i t d i d not. 

Q You quoted a p o r t i o n of your testimony 

from the August hearing yesterday when you discussed t h a t i n 

terms of the thickness of the r e s e r v o i r t h a t you had used i n 

c e r t a i n of your c a l c u l a t i o n s and assumptions. Do you 

remember t h a t testimony? 

A Yes, I do. 

Q I n the August hearing, Mr. Hueni, was i t 

your testimony t h a t based upon your studies up t o t h a t 
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p o i n t , t h a t i n the Gavilan, the Gavilan Mancos area, the 

s o l u t i o n g a s / o i l r a t i o was i n the area of about 646 cubic 

f e e t of gas t o one b a r r e l of o i l ? 

A I b e l i e v e t h a t what you're asking i s was 

the i n i t i a l s o l u t i o n g a s / o i l r a t i o i n t h a t range. I s t h a t 

c o r r e c t ? 

Q Yes, s i r . 

A I b e l i e v e i n the August hearing t h a t t h a t 

i s what we were ( u n c l e a r ) . 

Q Am I c o r r e c t i n remembering t h a t i n the 

August hearing you t e s t i f i e d t h a t the bubble p o i n t pressure 

i n the Gavilan Mancos of 1,770 pounds p s i a , I guess, i s t h a t 

r i g h t — 

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

Q A l l r i g h t , was the number t h a t you f e l t 

gave you the best performance match when you t e s t i f i e d then. 

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

Q Did I r e c a l l t h a t c o r r e c t l y ? 

A Yes, you d i d . 

Q Yuu have t e s t i f i e d , I b e l i e v e , yesterday 

about the bubble p o i n t pressure t h a t you f i n d i n the Gavilan 

Mancos based upon your studies now and what i s t h a t number 

now? 

A The number t h a t b e l i e v e i s most 

co n s i s t e n t w i t h r e s e r v o i r performance i s 1,660 p s i a . 
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Q I n August I be l i e v e t h a t you t e s t i f i e d 

t h a t i n your opini o n the r e s e r v o i r i s operating under a 

secondary gas cap d r i v e w i t h gas mi g r a t i n g only i n the ver

t i c a l d i r e c t i o n . Was t h a t not your testimony? 

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

Q And now you no longer hold t h a t o p i n i o n . 

A No, t h a t ' s not c o r r e c t . I t h i n k we need 

to e x p l a i n a t t h i s p o i n t . 

Q I ' l l give you a chance i n a minute t o ex

p l a i n t h a t . Let me go through — 

MR. LOPEZ: Mr. Chairman, I 

t h i n k w h i l e he's asking the question the witness has every 

r i g h t t o e x p l a i n t h a t . 

MR. LEMAY: I t h i n k he does, 

too. Mr. K e l l a h i n , he can address t h a t and you can r e d i r e c t 

the question t o get the p o i n t you want t o make. The yes and 

no answers are d i f f i c u l t when you're — there's a reason f o r 

i t and I t h i n k we've always allowed some explanation. 

MR. KELLAHIN: My upbringing 

t e l l s me the D i s t r i c t Court r u l e s are d i f f e r e n t , Mr. Chair

man, but I ' l l abide by your d e c i s i o n . 

MR. LEMAY: We are very casual 

here, Mr. K e l l a h i n , and t r y and get the answers from the 

witnesses w i t h o u t the s t r i c t n e s s of the D i s t r i c t Court. 

Q Let me s t a r t over so t h a t you and I are 
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on the same wave length. 

Based upon your studies i n August, your 

testimony was that your opinion about the reservoir is that 

t h i s was a reservoir that the drive mechanism, the primary 

drive mechanism, was a r e s u l t of secondary gas expansion. 

Did I characterize that correctly? 

A Not r e a l l y . 

Q A l l r i g h t . In August, your material bal

ance projections based upon a solution gas drive modeling 

calculated a higher gas/oil r a t i o than the actual gas/oil 

r a t i o f o r f i e l d performance, i s that not correct? 

A I would l i k e to explain t h a t . Would that 

be (unclear)? 

Q Yes. 

A The work that we did i n the August hear

ing was based on ~ was c e r t a i n l y not based on a simulation 

study of the f i e l d . I t was also not based on certain d e t a i l 

studies that we have completed since that time. 

The models that we used i n the August 

hearing indicated to us simply that based on the observed 

f i e l d gas/oil r a t i o behavior that that f i e l d gas/oil r a t i o 

behavior was not i n d i c a t i v e of a reservoir performing as a 

solution gas/drive reservoir because the actual gas/oil 

r a t i o s that we observed i n the f i e l d were not the sharp, 

sharply increasing gas/oil r a t i o s that we would expect from 
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a solution gas drive reservoir. 

Q Having made that explanation, I believe 

the answer to my question i s yes? 

A No, I don't think that's true. 

Q We'll t r y again. The actual gas/oil 

r a t i o s f o r f i e l d performance were lower than the gas/oil 

r a t i o s that you predicted using your material balance 

calculations of the reservoir. 

A They were lower than what would be 

predicted were the reservoir operating as a solution gas 

drive reservoir and that i s one of the reasons we indicated 

that the reservoir was not performing as a solution gas 

drive reservoir. 

Q In your August testimony you t e s t i f i e d 

that the interference t e s t i n g that Mr. Greer conducted 

provides information only about the region between the wells 

on the interference t e s t . Is that a correct statment? 

A That's p r i n c i p a l l y correct. 

Q And that i s s t i l l your opinion now? 

A Our opinion now i s that probably with the 

dual porosity system that the conditions that are necessary 

for proper i n t e r p r e t a t i o n of an interference t e s t were not 

met so that any results coming therefrom are probably not 

v a l i d . 

Q Instead of the interference test data, 
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you have put greater emphasis on the pressure build-up data? 

A We have put dual emphasis on the pressure 

build-up data together with the actual flow capacity data. 

Q The results from the d i f f e r e n t data are 

d i s s i m i l a r , are they not? 

A They are c e r t a i n l y not as dissimilar as 

the results comparing those two values to multiple Darcy 

feet permeability. 

Q In making your calculation i n August of 

the permeability, the average permeability i n the reservoir 

for the Gavilan Mancos, you used a thickness of 600 feet i n 

making your ca l c u l a t i o n , did you not? 

A Yes. As we explained, we used 600 feet 

i n order to a r r i v e at a minimum permeability value so that 

when we calculated the rate of gas segregation we would have 

perhaps the most pessimistic case so that we wouldn't over

state the rate at which the f i e l d could be produced and pro

duced without (unclear). 

Q In August you t e s t i f i e d that i n your 

opinion the statewide gas/oil r a t i o of 2000-to-l should be 

reduced to the solution gas/oil r a t i o i n the reservoir, 

which was approximately 646 cubic feet of gas to one barrel 

of o i l . Was that not your testimony? 

A I believe that — that was one of the re

commendations, yes. 
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Q And i n your August testimony you con

cluded that at least the reservoir was rate sensitive inso

far as c o n t r o l l i n g or l i m i t i n g the gas withdrawals from the 

reservoir to that approximate solution gas/oil r a t i o . 

A I'm sorry, would you repeat that ques

tion? 

Q Yes, s i r . Today you have t o l d us the 

reservoir i s not rate sensitive at the rates that you have 

modeled. My question i s that i n August under your hypothe

sis then of the reservoir the only j u s t i f i c a t i o n for the 

the primary j u s t i f i c a t i o n for reducing the gas/oil r a t i o 

down to the solution g a s / o i l . r a t i o i s because the reservoir 

i s rate sensitive. 

A We are s t i l l — i f you were to produce 

that reservoir as we have i t today at extremely high rates, 

i t would demonstrate rate s e n s i t i v i t y as w e l l , but one of 

the points that we were making, and we've confirmed that 

with model studies, but one of the points that we were mak

ing w i t h i n the range of rates that are actually achievable 

w i t h i n the Gavilan Mancos Pool, that i s not going to be the 

case. 

Q I'd l i k e to discuss with you a moment the 

st r u c t u r a l dip i n the Gavilan Mancos. In August, am I cor

rect i n understanding that i t was your opinion that due to 

the absence of s i g n i f i c a n t s t r u c t u r a l dip gas segregates to 
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the top of the formation but w i l l not move l a t e r a l l y across 

the f i e l d . Was that one of your conclusions i n August? 

A That was one of our conclusions, yes. 

Q In addition did you not also conclude i n 

August that the pressure production data indicates a reason

able value of o r i g i n a l o i l i n place of 100-million barrels? 

A We indicated that using a conventional 

rock compressibility value that that was — that was true. 

We indicated with p o t e n t i a l l y a higher rock compressibility 

value that number would be reduced s i g n i f i c a n t l y . 

Q And as conclusion 11 for the August hear

ing, did you not conclude that comparison of predicted solu

t i o n gas drive performance to actual data indicates the re

servoir i s not a solution gas drive reservoir but i s behav

ing as a gas cap expansion reservoir? 

A I suspect gas segregation would have been 

a better word for i t but I don't dispute the gas cap expan

sion. 

Q This morning when you were t a l k i n g about 

the computer simulation of the reservoirs, i n describing Ex

h i b i t 77, i n which you talked about the simulation of the 

reservoir and the match to f i e l d performance, i n response to 

one of Mr. Lopez* questions, you began your comment by say

ing, "There i s no way — " and then you paused and then you 

said, "we can" and then you paused again and then you said, 
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"Well, there i s " and then you said, "We got a good history 

match." What were you t r y i n g to say, Mr. Hueni? 

A I apologize for the confusion I've 

created there. 

MR. LEMAY: Excuse me, what ex

h i b i t are we r e f e r r i n g to? 

MR. KELLAHIN: 77. Figure 77, 

Mr. Chairman. Perhaps not s p e c i f i c a l l y that figure but i t 

was comments directed to the history match based upon f i e l d 

performance. 

A Yes. I appreciate your question. I hes

i t a t e d to say what I was about to say f o r fear of confusing 

the e n t i r e group here, but I ' l l — 

Q Perhaps y o u ' l l go ahead now. I t won't 

matter. 

A Okay, then that's no problem. What we 

are saying i s that i f we can match reservoir withdrawals as 

we f e e l that we have matched quite closely based on the 

gas/oil r a t i o trend, the computed versus the actual, then we 

are taking the correct amount of voidage out of the reser

voir . 

The o i l i n place number i s a fixed value, 

should be a f i x e d value and therefore by material balance 

p r i n c i p l e s , which are c e r t a i n l y honored w i t h i n a computer 

simulation model, as w e l l , the pressure should be consistent 
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throughout the e n t i r e — i n other words, i f you can match 

the voidage e x a c t l y , or reasonably close, then you would ex

pect the pressure match should be reasonably close through

out. 

The p o i n t t h a t I was about t o make on 

Figure 77 was t h a t the voidage match i s close throughout and 

t h a t the pressure match i s close except f o r the l a s t two 

p o i n t s , and by m a t e r i a l balance p r i n c i p l e s >, t h a t i s not 

p o s s i b l e ; t h e r e f o r e we conclude most l i k e l y t h a t the pres

sure i n f o r m a t i o n i s i n e r r o r . 

Now d i d t h a t help? I'm s o r r y . 

Q Yes, s i r , i t sure d i d . 

Do I now f i n a l l y have a complete book of 

a l l your conclusions, your study, your r e s e r v o i r a nalysis 

f o r t h i s r e s e r v o i r , or am I missing y e t something from t h i s 

book? 

A I don't know. 

Q I can read t h i s book the way i t i s 

presented i n evidence and have a complete understanding of 

your hypothesis and how you've modeled and simulated the 

r e s e r v o i r ? 

A The book was intended not s t r i c t l y f o r 

the hearing but i t was intended t o r e p o r t t o a l l the people 

t h a t commissioned the study the approach t h a t we used and 

the r e s u l t s t h a t we obtained. 
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Q Without leading me through the book, Mr. 

Hueni, can I determine from examination of the book t h a t we 

have i n f o r m a t i o n by which we can understand and know a l l the 

r e s e r v o i r parameters and assumptions t h a t you have put i n t o 

the model? 

A I b e l i e v e t h a t you have the i n f o r m a t i o n 

on the case t h a t we — t h a t we ended up w i t h f o r our h i s t o r y 

match case. 

We included as Appendix B the s i m u l a t i o n 

i n p u t f o r t h a t p a r t i c u l a r run and then the output r e s u l t i n g 

therefrom. 

Q I n reference t o Appendix D, do those par

ameters and assumptions represent the data a f t e r the match 

w i t h r e s e r v o i r performance? 

A They represent the data t h a t was used i n 

o b t a i n i n g the match. 

Q Do we have a l l the data t h a t was used a f 

t e r the match so t h a t we know what parameters you have ad

ju s t e d i n order t o get the match? 

A I'm a f r a i d your sequence of questions i s 

out of order. We don't a d j u s t the parameters a f t e r the 

match . We adju s t the parameters before the match and 

th a t ' s i n f a c t how we obtained the match, and you have, by 

adding them t o your i n p u t , you w i l l have values then f o r the 

— f o r a l l , f o r the d e s c r i p t i v e parameters t h a t were used i n 
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the model i t s e l f t o o b t a i n the match. 

Q That i s the p o i n t I want t o focus on, i s 

the parameters. 

What was the matrix p e r m e a b i l i t y t h a t you 

used? 

A The matrix p e r m e a b i l i t y was assigned at a 

r a t i o t o the t o t a l p e r m e a b i l i t y as being 0.001th of the 

of the f r a c t u r e p e r m e a b i l i t y , of the high capacity f r a c t u r e 

system p e r m e a b i l i t y . 

Q Was t h a t t r a n s m i s s i b i l i t y number held 

constant — held constant, or d i d you vary i t ? 

A We have made several runs w i t h transmis

s i b i l i t i e s ranging from 30 m i l l l i d a r c y f e e t up to 10,000 

m i l l i d a r c y f e e t . 

Q I gave you the wrong question. I t ' s f o r 

t h a t p a r t i c u l a r run — 

A Oh, yes, i t ' s — 

Q — to simulate the performance you held 

t h a t value f o r p e r m e a b i l i t y constant. 

A Permeability i s normally i n v a r i a b l e . We 

d i d attempt, we d i d make some runs w i t h what we c a l l pres

sure s e n s i t i v e p e r m e a b i l i t y and we found no s u b s t a n t i a l im

pact. 

Q But the one we have here t o understand i s 

where you held the p e r m e a b i l i t y constant f o r t h a t purpose. 
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A Yes, t h a t ' s c o r r e c t . 

Q When we look a t the f r a c t u r e permeabil

i t y , what number was used? 

A We have, once again, i n the f i n a l run we 

are using a value of 400 m i l l i d a r c y f e e t . We have analyzed 

several runs ranging from 30 m i l l i d a r c y f e e t t o 10,000 m i l 

l i d a r c y f e e t . 

Q When we look a t the m a t r i x , what was the 

matrix p o r o s i t y value used? 

A The matrix p o r o s i t y value, l e t me ex p l a i n 

how we d i d t h i s , i s t h a t we — we assigned — we c a l c u l a t e d 

something t h a t we f e l t was a reasonable value of o i l i n 

place i n a 640-acre area, and I t h i n k we were using a value 

of about 1 . 5 - m i l l i o n b a r r e l s . 

We recognize t h a t i n i n d i v i d u a l t r a c t s , 

t h a t the o i l i n place may be s u b s t a n t i a l l y higher or sub

s t a n t i a l l y lower; i n f a c t , more l i k e l y s u b s t a n t i a l l y lower 

than what we show here. 

By knowing the number of the volume i n a 

640-acre area, we can determine the p o r o s i t y thickness t h a t 

i s appropriate t o use i n t h a t area. 

Now, at t h a t p o i n t we combine those two 

values. I f we use a thickness value of 100 f e e t , we use 

h a l f the p o r o s i t y t h a t we would use i f we used a thickness 

value of 50 f e e t . So you cannot separate i n our model, even 
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though I can t e l l you what the p o r o s i t y i n the model i s , you 

cannot divorce the p o r o s i t y value t h a t ' s i n the model from 

the thickness value t h a t ' s used i n the model, but I can t e l l 

you, i n f a c t i t i s i n the i n p u t data, what the p o r o s i t y 

value i s . 

Q Let me go back t o the f r a c t u r e permeabil

i t y value t h a t was used. You gave me 400 m i l l i d a r c i e s , I 

b e l i e v e . That's a Kh value. 

A 400 m i l l i d a r c y f e e t , t h a t ' s c o r r e c t . 

Q Yes, and what d i d you use f o r K? 

A We have the same problem here, t h a t we 

are not able t o divorce t h e . — we cannot "de-couple" the 

t r a n s m i s s i b i l i t y obtained from a pressure build-up t e s t or 

from a fl o w capacity a n a l y s i s w i t h o u t knowing accurately the 

thickness. So i f — f o r the values of thickness t h a t we 

use, we could c a l c u l a t e a p e r m e a b i l i t y . On the other hand, 

i f we used smaller values of thickness, we would have had a 

higher p e r m e a b i l i t y , but I can t e l l you — w e l l , once again, 

the p e r m e a b i l i t y number i s contained i n the i n p u t . 

Q I t ' s i n the data here and i f I — 

A Yes, i t i s . 

Q — want t o f i n d out K I can look i n the 

book and f i n d i t . 

A Right. I would assume t h a t one of your 

experts could f i n d t h a t out. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

80 

Q Let's — l e t ' s have you do t h a t f o r me. 

A Okay. You t u r n to Appendix D. I f you 

would t u r n t o Appendix D, t o — the f i r s t sheet i s labeled 

Input Data f o r F i n a l H i s t o r y Match Run. 

Q Okay. 

A Okay. Now you need t o know what the 

thickness i s f i r s t t h a t we've used i n each of our c e l l s . 

The thickness values are shown j u s t about i n the middle of 

the page. There are some hyphens and we show dZ. Okay, the 

dZ values, then, 32.5 represents 32.5 f e e t . That i s f o r 

Layer 1. The same value a p p l i e d f o r Layer 2. The 42.5 f e e t 

a p p l i e d t o Layer 3 and 4, and 120 f e e t a pplied t o Layer 5, 

which Layer 5 i s representing the C Zone. 

The p e r m e a b i l i t y that, we used, once 

again, has t o viewed i n con j u n c t i o n w i t h the thickness value 

and the p e r m e a b i l i t y value t h a t we used as shown there f o r 

the f r a c t u r e system was 2.53 m i l l i d a r c i e s . 

So what we — what we have t o do i s we 

have t o sum up the H values, m u l t i p l y them by 2.5 to a r r i v e 

a t the t r a n s m i s s i b i l i t y t h a t was again put i n t o the model. 

Now, also on t h a t sheet you would see the 

p o r o s i t y values shown f u r t h e r down. The p o r o s i t y values f o r 

the — l e t ' s see, the p o r o s i t y values f o r the matrix are .26 

percent, or no, I'm — yeah, .26 percent .00255, and then 

t h a t i s — I take t h a t back. That .0255 represents the 
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t o t a l p o r o s i t y which i s then m u l t i p l i e d l a t e r on by .9 t o 

represent the matrix and then m u l t i p l i e d by .1 t o represent 

the f r a c t u r e system p o r o s i t y . 

Q Thank you very much. I n understanding 

the i n f o r m a t i o n t h a t was i n p u t t e d i n t o the model so we can 

simulate the r e s e r v o i r , l e t me next ask you what i n i t i a l 

s a t u r a t i o n s f o r o i l , gas, and water were used? 

A We, i n our model, used an o i l / g a s model. 

The water phase was not included t o reduce the computational 

time and expense inasmuch as the water phase we would con

si d e r to be b a s i c a l l y immobile. 

Q When we t a l k e d about the Sun computer 

model on Tuesday, we t a l k e d about d i p . Did you apply any 

d i p or s t r u c t u r e t o your model? 

A The f i n a l match runs are on zero d i p . We 

have several runs we can show or are prepared t o show t h a t 

show dips up t o one degree w i t h no v a r i a t i o n i n our conclu

sions . 

Q I was i n t e r e s t e d i n what the f i n a l match 

was. 

d i p . 

Hueni? 

The f i n a l match was based on zero degree 

Q What matrix block size d i d you use, Mr. 

Matrix block s i z e i s not s p e c i f i c a l l y — 
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i s nut s p e c i f i c a l l y described i n the model (unclear.) 

Q You would have t o assume a number, then, 

i f i t ' s not s p e c i f i c a l l y described. What number d i d you as

sume? 

A You can't — no, t h a t ' s — t h a t i s not 

how the dual p o r o s i t y works. 

You i n p u t c h a r a c t e r i s t i c s f o r the model 

t h a t — t h a t — w e l l — 

Q A l l r i g h t , i f you don't do i t , then what 

i s the m a t r i x - f r a c t u r e exchange t r a n s m i s s i b i l i t y ? 

A Okay. We've got values i n the model — 

l e t ' s see, l e t ' s see i f I can e x p l a i n t h i s . 

I'm going t o read t o you so t h a t y o u ' l l 

Q I need a l l the help I can get. 

A — have i t d i r e c t l y out of the model as 

to how they use t h i s . 

The m a t r i x - f r a c t u r e coupling transmis

s i b i l i t y term which e x i s t s between each c e l l of the matrix 

g r i d and the corresponding c e l l i n the f r a c t u r e g r i d are 

p r o p o r t i o n a l t o the c e l l block volume, being of the form 

t r a n s m i s s i b i l i t y , TR i s equal t o a Darcy constant, which I 

don't have i n f r o n t of me r i g h t now what t h a t value i s , 

times p e r m e a b i l i t y of the matrix blocks, which may or may 

not be d i r e c t i o n a l , times the volume of the c e l l block, 
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which i s not the pore volume having no p o r o s i t y f a c t o r , and 

sigma i s a f a c t o r of d i m e n s i o n a l i t y . The value of sigma i s 

shown i n the computer output as p o i n t — w e l l , i t ' s shown on 

the computer i n p u t data sheet as being 0004. 

Now once again, you need t o be c a r e f u l to 

couple a l l of the values t h a t we are using f o r sigma f o r 

p r o p o r t i o n a l i t y constants and t h i n g s such as t h a t , together 

w i t h the r a t i o of p e r m e a b i l i t y , matrix p e r m e a b i l i t y t o f r a c 

t u r e p e r m e a b i l i t y , and i t ' s c e r t a i n l y not a — i t ' s not a 

simple matter. I'm j u s t saying t h a t when we have a value of 

sigma i t has t o be looked a t i n r e l a t i o n s h i p t o values t h a t 

we have of the r e l a t i o n s h i p of matrix to f r a c t u r e permeabil

i t y , as w e l l . 

Q What was the pore volume i n the A matrix 

block? 

A I n the A matrix block? 

Q I n a — 

A Or i n one matrix block. I don't have t h a t 

number i n f r o n t of me. C e r t a i n l y your experts can c a l c u l a t e 

t h a t based on the dimensions of the c e l l s t h a t we show on 

the i n p u t data sheet, the p o r o s i t y , and the f l u i d proper

t i e s , a l l the i n f o r m a t i o n i s t h e r e . 

Q How many phases are i n t h i s model, Mr. 

Hueni? 

A There are two phases, o i l and gas. 
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Q I n the two-phase model t h a t you've used, 

what g a s / o i l c a p i l l a r y pressure data d i d you use f o r the 

matrix? 

A We d i d not have any g a s / o i l c a p i l l a r y 

pressure t e s t i n f o r m a t i o n t o use. 

Q You d i d n ' t have any data. Did you make 

any assumptions or use any number? 

A No. I don't b e l i e v e t h a t there's a great 

deal of guidance on g a s / o i l c a p i l l a r y pressure curves and 

low p e r e m a b i l i t y m a t r i x . 

I would a l s o , one of the reasons t h a t I'd 

p o i n t o u t, a l s o , t h a t we d i d n ' t do t h a t , i f you would l i k e 

me t o , i s simply t h a t what we consider t o be the matrix com

ponent i s not a simple i n t e r g r a n u l a r matrix such as we nor

mally deal w i t h . 

We e n v i s i o n i t as c o n s i s t i n g of a low ca

p a c i t y f r a c t u r e system. We consider i t t o also include mic

r o f r a c t u r e s . We consider i t also t o include i n t e r g r a n u l a r 

p o r o s i t y i n the c l a s s i c a l sense, and we do not p a r t i c u l a r l y 

f e e l t h a t we have a s i n g l e system f o r which we would be w i l 

l i n g t o — t o use (not c l e a r ) . 

Q I n making these judgements as an engineer 

and p u t t i n g various parameters i n the model then f o r — f o r 

t h a t p a r t i c u l a r value or number you would assume zero, I 

guess? 
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A Well, we assume t h a t there i s no c a p i l 

l a r y pressure f o r c e s . 

Q Okay. Describe f o r me f o r a p o i n t of i n 

fo r m a t i o n , Mr. Hueni, how the program c a l c u l a t e s the flo w t o 

the f r a c t u r e . 

Perhaps you could s t a r t o f f by simply — 

l e t me help you a l i t t l e b i t . 

What — what type of method d i d you use, 

psuedo steady s t a t e , unsteady state? That's the kind of 

area I'm t r y i n g o t understand. 

A The program i s f u l l y i m p l i c i t i n i t s ana

l y s i s . I t b a s i c a l l y r e f l e c t s , as I understand i t , and I 

have t o admit I have not looked a t the code; I don't have 

access t o the code of t h i s model and i t ' s a commercially 

a v a i l a b l e model. I would be l i e v e t h a t i t would represent a 

t r a n s i e n t c o n d i t i o n i n the matrix inasmuch as we take a var

i e t y of d i f f e r e n t time steps. 

Q I n de a l i n g w i t h t h i s model I would assume 

t h a t i t has t o be one or the other. I t e i t h e r has t o assume 

or use a pseudo steady s t a t e or i t ' s an unsteady s t a t e . Are 

there any other choices f o r t h i s model? 

A I would be hard pressed t o say one way or 

the o t her. I'm not sure. I would guess — no, I'm not 

going t o guess because I don't know how the model i s coded 

i n t e r n a l l y . 
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I would be happy to provide the documen

t a t i o n , though, f o r the dual p o r o s i t y c a l c u l a t i o n s i n the 

model. 

Q That would be very h e l p f u l and I would 

appreciate t h a t . Do you have t h a t a v a i l a b l e w i t h you here 

i n Santa Fe? 

A 

Q 

t h a t w i t h us. 

A 

Q 

moment. 

I t h i n k I do. I t h i n k I do. 

Maybe a t the next break you could share 

Yes. 

Let's go back t o the h i s t o r y match f o r a 

You've t a l k e d about, and I t h i n k Mr. 

Lopez ch a r a c t e r i z e d f o r you the degree t o which the 

r e s e r v o i r s i m u l a t i o n matched f i e l d performance was 

e x c e l l e n t . 

A I ch a r a c t e r i z e d i t as e x c e l l e n t . 

Q I s t h i s match unique? 

A That i s not a yes or no answer. 

Q Well, l e t ' s s t a r t w i t h the f i n d i n g 

unique. How was — t h a t ' s a word of a r t , I t h i n k , w i t h you 

r e s e r v o i r s i m u l a t o r s . What does t h a t mean? 

A A match i s done t o a — any match i s not 

going t o completely d u p l i c a t e performance, so i t ' s a l l 

degrees t o which you d u p l i c a t e performance. 
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Now t h i s i s an e x c e l l e n t match inasmuch 

as i t does d u p l i c a t e the a c t u a l performance and i t i s unique 

i n the sense t h a t we have run approximately 100 runs and d i d 

not come anywhere close t o d u p l i c a t i n g performance w i t h o u t 

— w i t h other systems, or we d i d n ' t come nearly as close. 

Now i f you ask are there other possible 

combinations, I t h i n k any engineer would have to admit t h a t 

there are conceivably other possible combinations, but none 

of which appear t o us t o be reasonable and c o n s i s t e n t w i t h 

the r e s e r v o i r c h a r a c t e r i z a t i o n t h a t we have, and t h a t ' s im

p o r t a n t . 

The u l t i m a t e — perhaps one of the g r e a t 

est s t r e n g t h s , I t h i n k , t o our r e p o r t i s the f a c t t h a t i t i s 

c o n s i s t e n t . 

Q You've a n t i c i p a t e d my next question and 

I ' l l simply paraphrase what I t h i n k was your answer. Then 

t h i s i s not the only set of assumed and c a l c u l a t e d r e s e r v o i r 

parameters i n t o the model by which you can h i s t o r y match the 

r e s e r v o i r . 

A That's r i g h t , and t h a t ' s why we've pre

sented a l l the parameters i n our r e p o r t , so t h a t you would 

know e x a c t l y what we used. 

Q Were there any c o n s t r a i n i n g rates used i n 

your h i s t o r y match? 

A Yes. We attempted t o keep our — i n i n -
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d i v i d u a l runs we attempted — w e l l , we d i d keep the cross 

s e c t i o n a l model output a t a p a r t i c u l a r value f o r at l e a s t as 

long as i t would maintain t h a t value. 

For example, we are running a t — we have 

a model t h a t contains 1 . 5 - m i l l i o n b a r r e l s of o i l i n t h a t 

model, and t h a t represents — t h a t represents s l i g h t l y under 

3 percent of the 5 5 - m i l l i o n b a r r e l s i n place. 

So what we do i s we take 3 percent times 

the f i e l d r a t e , which i s , l e t ' s say, at a p a r t i c u l a r p o i n t 

i n time maybe around 3600 b a r r e l s a day, t h a t gives us a 100 

b a r r e l a day r a t e . 

So i n t h i s p a r t i c u l a r case we would run 

our model on a 100 b a r r e l a day r a t e because we f e l t t h a t 

was the appropriate scale down versi o n . from the act u a l 

f i e l d . 

That, i n c i d e n t a l l y , i s one — 

Q Excuse me, l e t me c l a r i f y something. Did 

you hold t h a t d — t h a t r a t e constant? 

A We held the r a t e constant f o r as long as 

i t would be constant under the Kh values t h a t we had i n 

the r e , but I need to say t h a t t h i s i s one of the reasons 

t h a t we d i d n ' t p l o t r a t e versus time. That's why we've 

presented a l l of our p l o t s as a f u n c t i o n of f r a c t i o n a l o i l 

i n place, because the Gavilan Pool has been developed over a 

period of time w i t h i n those w e l l s coming on, and the cross 
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s e c t i o n a l area doesn't have any r e a l method of representing 

t h a t . 

Q What was the lowest d a i l y o i l producing 

ra t e s a t which you held the model t o — and I f o r g o t what 

the number was? You said you ran was i t 100 b a r r e l s a day? 

A Well, 100 b a r r e l s a day t r a n s l a t e s i n our 

model t o about 3,600 b a r r e l s a day a c t u a l f i e l d performance. 

Q I n making the comparison between what 

you've done and what Sun has done, d i d you run the model a t 

a r a t e below the statewide allowable of 702 b a r r e l s a day, 

using a 2000-to-l g a s / o i l r a t i o on 320 acres? 

A By t h a t 100 b a r r e l a day case, the 3,600 

b a r r e l a day f i e l d case i s i n l i n e w i t h what the f i e l d ac

t u a l l y produces under the r e s t r i c t e d allowable s i t u a t i o n . 

Q And t h a t assumes one w e l l on a 320 or — 

A Yes, i t has one w e l l per 320. 

Q I t h i n k i t ' s c l e a r , the lowest r a t e case 

you used was equi v a l e n t t o the top allowable t h a t the s t a t e 

imposes f o r the Gavilan Mancos i n the absence of the spe c i a l 

r e d u c t i o n order. 

A You're saying t h a t the lowest f i e l d r a t e 

we evaluated was 3,600 b a r r e l s a day? 

Q Yes. 

A Is t h a t what you're t r y i n g to say? 

Q Yes. 
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A Yes, t h a t would be c o r r e c t . 

Q And we d i d n ' t — you d i d n ' t model any 

rates lower than t h a t ? 

A I could e x p l a i n t o you, i f you'd l i k e , 

why we d i d n ' t . 

Q My question i s whether you d i d . 

A Okay. 

Q And you've said i t ' s no. 

A No. 

Q A l l r i g h t . Just f i n a l l y now, Mr. Hueni, 

during the matching, when we take the model and you've got 

the assumptions you've made and you've got the average of 

the parameters t h a t you've taken from the Gavilan Mancos, 

you've put a l l t h a t i n t o the program and you have made your 

h i s t o r y match w i t h r e s e r v o i r performance. 

Can you check o f f f o r me the things t h a t 

you adjusted or changed i n order t o make the h i s t o r y match? 

A I can check o f f some of the t h i n g s . 

Q That would be h e l p f u l . 

A Okay. Things t h a t immediately come t o 

mind, we ran — we ran dual p o r o s i t y models and we ran 

s i n g l e p o r o s i t y models representing s t r i c t l y a f r a c t u r e d 

system. Okay, so t h a t ' s — t h a t ' s one of the t h i n g s . 

We also ran d i f f e r e n t models representing 

d i f f e r e n t sets of f l u i d p r o p e r t i e s , b a s i c a l l y three sets of 
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f l u i d p r o p e r t i e s . 

F i r s t the bubble p o i n t set of pressure 

f l u i d p r o p e r t i e s ran 1500 p s i . We ran the 1770 p s i , and 

then we ended up using the 1,660 p s i case, and we ran runs 

w i t h those. 

We ran runs t h a t v a r i e d i n terms of the 

t r a n s m i s s i b i l i t y from 30 m i l l i d a r c y f e e t up t o as high as 

10,000 m i l l i d a r c y f e e t . 

We ran d i f f e r e n t runs w i t h d i f f e r e n t rock 

c o m p r e s s i b i l i t y values, i n the range o f , I b e l i e v e , I'm not 

sure t h a t we ever went under 50, but I t h i n k we were — we 

ended up w i t h 100. 

We ran d i f f e r e n t runs assuming d i f f e r e n t 

degrees of v e r t i c a l communication w i t h the r a t i o of v e r t i c a l 

p e r m e a b i l i t y t o h o r i z o n t a l p e r m e a b i l i t y , ranging from zero 

v e r t i c a l communication t o a value of .1 t o a value of 1.0. 

The f i n a l l y h i s t o r y match run has a v e r t i c a l p e r m e a b i l i t y t o 

h o r i z o n t a l p e r m e a b i l i t y r a t i o of . 1 . I n other words, 

v e r t i c a l p e r m e a b i l i t y i s one t e n t h of what the h o r i z o n t a l 

p e r m e a b i l i t y i s . Once again we f e l t t h a t was a conservative 

f a c t o r . 

Let's see, we ran — we ran d i f f e r e n t 

cases, of course, w i t h d i f f e r e n t rates and I can't r e c a l l 

any others we ran. Oh, I take t h a t back. We d i d run under 

the dual p o r o s i t y model, we evaluated various values of the 
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f r a c t u r e storage compared t o the t o t a l storage i n the 

system, and we ran various runss t e s t i n g the response t o 

various values of the m a t r i x , the f r a c t u r e t r a n s m i s s i b i l i t y 

connecting coupling r a t i o . 

Q When you ran your major model of the 

Gavilan Mancos r e s e r v o i r , were you using your dual p o r o s i t y 

system model? 

A When we ran our major model, what do you 

mean by major model? 

Q Well, you have i d e n t i f i e d f o r us the 

Figure 70, I t h i n k i t i s , where i t ' s labeled the Gavilan 

Mancos/Canada O j i t o s Model. 

A The — t h i s p a r t i c u l a r model was run as a 

s i n g l e p o r o s i t y system. 

Q That was not run as a dual p o r o s i t y 

system. 

A No, i t was not. We d i d not f e e l t h a t i t 

was necessary. 

Q Looking a t Figure 70, which you have 

before you, what r e s e r v o i r volumes were used i n the c e l l s ? 

A I don't have t h a t i n f o r m a t i o n i n f r o n t of 

me. I would have t o — 

Q We don't have the o i l i n place number f o r 

that ? 

A I don't. 
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Q Perhaps you could provide t h a t t o me a t a 

break i f i t ' s a v a i l a b l e . 

A I f i t ' s a v a i l a b l e I ' l l provide i t to you. 

Q Am I c o r r e c t i n understanding t h a t the 

conclusions you have reached about t h i s r e s e r v o i r are based 

upon the r e s u l t s t h a t you have seen from the r e s e r v o i r simu

l a t i o n of the r e s e r v o i r ? 

A I t i s based, i t i s a combination of what 

we have seen from the r e s e r v o i r s i m u l a t i o n i n conjunction 

w i t h the p h y s i c a l evidence t h a t we described under r e s e r v o i r 

performance and r e s e r v o i r d e s c r i p t i o n . 

Q The s i m u l a t i o n of the r e s e r v o i r using the 

model i s dependent upon the parameters and assumptions you 

program i n t o t h a t model. 

A That's r i g h t , you have t o have something 

you can put i n t o the model, yes. 

Q The parameters and assumptions t h a t you 

made yesterday t h a t went i n t o the model I understand were an 

averaging of those parameters among w e l l s i n the Gavilan 

Mancos Pool as w e l l as the Canada O j i t o s Pool? 

A They represented reasonable values t h a t 

we considered r e p r e s e n t a t i v e of the pool. 

Q Where you and the Sun r e s e r v o i r engineer 

disagree, then, i s i n p r i m a r i l y the s e l e c t i o n of the para

meters, the assumptions t h a t are made, and what w e l l s are 
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selected or what data i s selected by which you average and 

then i n p u t those numbers i n t o the model. 

A Well, we d i f f e r , we d i f f e r i n the type of 

model t h a t we use. We d i f f e r i n the c h a r a c t e r i s t i c s t h a t we 

have a t t r i b u t e d t o the Gavilan Mancos Pool t h a t we consider 

r e p r e s e n t a t i v e of the pool and i n terms of the u l t i m a t e r e 

s u l t s t h a t come out, we d i f f e r i n terms of the method used 

t o scale up those r e s u l t s t o r e f l e c t t o t a l f i e l d p e r f o r 

mance . 

Q Each of you has selected a d i f f e r e n t 

model of program software f o r s e l e c t i o n . You've used your 

judgment about i t and I assume Mr. D i l l o n d i d h i s , t h a t ' s 

the d i f f e r e n c e . 

A We would hope, although models do tend t o 

give somewhat d i f f e r e n t r e s u l t s , d i f f e r e n t models do, we 

would hope t h a t we were both using c r e d i b l e models, so we 

would end up w i t h somewhat s i m i l a r answers. 

Q Am I c o r r e c t , then, i n understanding my 

simple way t h a t the reason you can get such v a r y i n g r e s u l t s 

between your p o s i t i o n and t h a t of the Sun expert i s i n the 

s e l e c t i o n of the assumptions and the parameters t h a t ' s put 

i n t o the model? 

A Well, we obviously have a t o t a l l y d i f f e r 

ent d e s c r i p t i o n of how we view the f i e l d . 

Q Thank you, Mr. Hueni. 
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MR. LEMAY: Does t h a t conclude 

your cross examination, Mr. Kellahin? 

MR. KELLAHIN: Just a minute. 

I'm t o l d there may be something I've j u s t f o r g o t t e n . 

MR. LEMAY: Part of your cross 

examining? 

MR. KELLAHIN: Yes. 

Q Very q u i c k l y , Mr. Hueni, and I apologize, 

i n the m a t e r i a l balance we had, I b e l i e v e , 5 5 - m i l l i o n stock 

tank b a r r e l s of o i l i n place and t h a t was the value you've 

used i n the model. 

A No, t h a t i s the value t h a t we beli e v e i s 

i n the f i e l d independent of the model. The model, because 

i t only represents a p o r t i o n of the f i e l d , cannot t e l l us 

the o i l i n place. 

Q The o i l i n place number t h a t you have 

used i s 5 5 - m i l l i o n b a r r e l s . 

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

Q And w i l l t h a t include also the o i l i n the 

matrix system? 

A Yes. 

Q I n d i v i d i n g up the zones does t h a t also 

include the o i l i n the C Zone, then? 

A I t h i n k we've i n d i c a t e d t h a t we don't be

l i e v e the Gavilan Mancos' AB Pool produces s i g n i f i c a n t l y 
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from the C Zone. 

Q So the 5 5 - m i l l i o n b a r r e l s of o i l i n place 

your estimote of the o i l i n place f o r the A and the B Zones 

and i t ' s your o p i n i o n t h a t the C Zone w i l l not c o n t r i b u t e — 

w i l l not have o i l i n i t . 

A No, I said t h a t i t was not s i g n i f i c a n t . 

I t h i n k we have production t e s t s t o i n d i c a t e t h a t there i s 

o i l i n i t but i t i s low p r o d u c t i v i t y and what we are seeing 

i n term of the pressure response i n the Gavilan A — i n the 

Gavilan Mancos Pool i s p r i m a r i l y the r e s u l t of the o i l t h a t 

resides i n the A and B Zones. 

Q But i t doesn't exclude t h a t o i l i n the C 

Zone. The 5 5 - m i l l i o n b a r r e l s i s whatever you t h i n k i s from 

the top of the A t o the base of the C Zone. 

A The 5 5 - m i l l i o n b a r r e l s r e f l e c t s the o i l 

i n place t h a t i s i n pressure production — t h a t i s — pro

ductio n i s coming from and the pressure i s then r e f l e c t i v e 

o f , and since we b e l i e v e very l i t t l e production comes from 

the C Zone, then we bel i e v e t h a t the m a j o r i t y of the mater

i a l balance i n d i c a t e d o i l i n place i s i n d i c a t i v e of o i l i n 

place i n the AB, although there may be some i n the C. 

Q And the 5 5 - m i l l i o n b a r r e l s of o i l i n 

place i s confined t o the c u r r e n t boundaries of the Gavilan 

Mancos Pool, excluding the West Puerto Chiquito Mancos? 

A The m a t e r i a l balance c a l c u l a t i o n i s done 
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using the Gavilan Mancos pressure production h i s t o r y , along 

w i t h the western t i e r of Canada O j i t o s Unit s e c t i o n w e l l s . 

Q You say the western t i e r , then you have 

picked up outside of the Gavilan Mancos Pool boundary t h a t 

row of sections immediately t o the east of the e x i s t i n g 

boundary. 

A That i s c o r r e c t . M a t e r i a l balance i s a 

balance of pressure and production and the production t h a t 

we've considered i s t h a t production coming from — i n c l u d i n g 

the western t i e r of Canada O j i t o Unit s e c t i o n w e l l s which 

are i n pressure communication w i t h the remainder of the Gav

i l a n w e l l s . 

MR. LEMAY: Does t h a t conclude 

your cross examination, Mr. Kellahin? 

MR. KELLAHIN: Yes, s i r . Thank 

you. 

MR. LEMAY: Do you want t o take 

a s i p of water or anything before — 

A No, I'm f i n e . 

MR. LEMAY: Okay. A d d i t i o n a l 

questions of the witness? 

Mr. Chavez. 

MR. CHAVEZ: I've got t o r e f e r 

to the book f o r some of these. 

MR. KELLAHIN: Frank, do you 
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want t o s i t a t the table? 

MR. CHAVEZ: I f I could j u s t 

use t h i s corner i t would be good. 

QUESTIONS BY MR. CHAVEZ: 

Q Mr. Hueni, your E x h i b i t Number 34, could 

you t u r n t o t h a t , please? 

MR. LEMAY: A l i t t l e louder, 

Frank. What e x h i b i t i s i t ? 

MR. CHAVEZ: Number 34. I t ' s 

the f r a c pressure — I'm o s r r y , the pressure build-up t e s t 

of the Northwest P i p e l i n e Corporation Rucker Lake No. 2, i s 

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

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

Q I n your testimony you said t h a t the sepa

r a t i o n of s t r a i g h t l i n e segments i n d i c a t e s a dual p o r o s i t y 

system, but there could be other f a c t o r s t h a t could also 

cause a separation. 

A I — I i n d i c a t e d i t may i n d i c a t e , i t may 

i n d i c a t e a dual p o r o s i t y system but i t i s not i n and of i t 

s e l f conclusive. The d e v i a t i o n from one s t r a i g h t l i n e t r e n d 

i s i n d i c a t i v e of non-homogeneous behavior whether i t i s dual 

p o r o s i t y , whether i t i s layered r e s e r v o i r e f f e c t s or those 

would be the p r i n c i p a l causes t h a t I would expect. 

I n our August, 1984, testimony we i n d i -
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cated we — we reviewed t h i s same i n f o r m a t i o n and we i n d i 

cated a t t h a t time t h a t j u s t based on t h i s i n f o r m a t i o n alone 

we would not be ready t o conclude t h a t t h i s i s a dual poro

s i t y system r e s e r v o i r , and i n f a c t our conclusions w i t h r e 

spect t o dual p o r o s i t y , t h i s i s j u s t one evidence out of 

several pieces of evidence. 

I hope t h a t w i l l answer your question. 

Q That w i l l do, thank you. I n using t h i s 

type of a p l o t i s n ' t i t possible t o e x t r a p o l a t e the l a s t 

s t r a i g h t l i n e segment t o the 10 t o the -1 l i n e and estimate 

a r e s e r v o i r pressure? 

A I t ' s going t o depend on the degree of 

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

t o t h i s time. 

Q On your E x h i b i t Number 50, t h a t ' s the 

f i r s t e x h i b i t where i t appears you i n d i c a t e d t h a t the 

r e s e r v o i r pressures, the l a s t two pressure t e s t s , were not 

average or were not r e p r e s e n t a t i v e , i s t h a t c o r r e c t ? 

A That i s — t h a t i s our i n t e r p r e t a t i o n , 

t h a t the l a s t two p o i n t s may be more severely a f f e c t e d than 

perhaps some of the e a r l i e r ones. We would hope t h a t the 

e a r l i e r p o i n t s had gone up t o — t o average r e s e r v o i r 

pressure. Even then we'd have no — no absolute, conclusive 

evidence t h a t those p r i o r p o i n t s had gone up. 

Q During the period of time t h a t these 
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pressures were taken, weren't the w e l l s i n the Gavilan Man

cos r e s t r i c t e d or t h e i r r e s t r i c t i o n began during t h i s time? 

A That i s c o r r e c t , but even w i t h the r e 

s t r i c t i o n we were s t i l l m a i ntaining a reasonably high degree 

of voidage, or voidage, I t h i n k Mr. Roe's numbers t h a t 

showed voidage i n d i c a t e d t h a t the voidage even w i t h r e s t r i c 

t i o n s i s s t i l l — has s o r t of f l a t t e n e d out, so the voidage 

i n the — i n the l a t t e r p a r t of '86 i s not r e a l l y dimin

ished. I t ' s been r e l a t i v e l y — r e l a t i v e l y constant and what 

happens i s t h a t we are simply, i n our e s t i m a t i o n , p u l l i n g 

down the f r a c t u r e a t a f a s t e r r a t e than we're p u l l i n g down 

the matrix pressure. 

Q Could a sudden change i n the voidage r a t e 

caused by r e s t r i c t i o n s r e f l e c t some unusual pressures l i k e 

t h i s ? 

A I don't b e l i e v e so. I mean what we have 

been seeing out there when we run s t a t i c t e s t s or pressure 

bui l d - u p t e s t s , i s we w i l l see a w e l l build-up i n pressure 

to a maximum value and then we w i l l see the pressure s t a r t 

d e c l i n i n g o f f a t a r a t e of 1 p s i per day, and so I t h i n k 

t h a t the pressure we're measuring i s — i n my e s t i m a t i o n i t 

i s a pressure t h a t i s — t h a t i s c e r t a i n l y — i t b u i l d s up 

to a p o i n t and then i t f e e l s the i n t e r f e r e n c e e f f e c t s of 

general d e p l e t i o n by a l l the w e l l s i n the v i c i n i t y and 

t h a t ' s what's causing i t then t o drop down t o 1 p s i per day 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

101 

and I b e l i e v e t h a t t h a t i s i n p a r t r e f l e c t i n g the i n t e r f e r 

ence e f f e c t s t h a t are — t h a t e x i s t through the high capac

i t y f r a c t u r e system caused by other w e l l s . 

Q Okay. W i l l you t u r n t o e x h i b i t — Figure 

68, please? 

Do you b e l i e v e t h a t the Gavilan Mancos 

pressure was lower than what should have been expected i n 

the pool when i t was discovered? 

A I would say t h a t the i n d i c a t i o n s are t h a t 

yes, i t i s a b i t lower than would be expected, but I'm bas

in g t h a t p r e t t y much j u s t on the evidence t h a t we see — see 

before you i n t h a t p a r t i c u l a r f i g u r e . 

Q Using t h a t d i f f e r e n c e and r e f e r r i n g o t 

Figure 53, could you estimate perhaps the — a c e r t a i n 

amount of the o r i g i n a l o i l i n place has been moved from the 

r e s e r v o i r t o cause the lower pressure? 

A Yes, I t h i n k t h a t — t h a t can be done. I 

would estimate, I b e l i e v e , t h a t i t may be on the order of 

400,000 b a r r e l s . 

MR. KELLAHIN: What? I d i d n ' t 

get t h a t . 

A 400,000 b a r r e l s . 

Q I f t h a t 400,000-barrel estimate i s cor

r e c t , would you estimate t h a t t h a t d i d move t o the east t o 

wards the Canada O j i t o s Unit? 
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A Well, we would have t o say t h a t the pres

sure g r a d i e n t appears t o go i n t h a t d i r e c t i o n , so yes, I 

would estimate t h a t i t has moved eastward. 

Q W i l l you t u r n t o Figure Number 70, 

please? I'm s o r r y , make t h a t 71. 

A Okay. 

Q R e f e r r i n g t o Figure 71 and to previous 

testimony from MaiIon/Mesa Grande group, would you say t h a t 

t h i s shows the r e l a t i o n s h i p between the A and B Zone produc

t i o n on the Gavilan Mancos side and the C Zone production i n 

the West Puerto Chiquito Mancos? 

A I t very w e l l could r e f l e c t the f a c t t h a t 

the C Zone i s — i s the major productive i n t e r v a l i n the 

West Puerto C h i q u i t o , the east p o r t i o n of the Puerto Chi

q u i t o Pool, whereas the AB i n t e r v a l i s the i n t e r v a l t h a t 

contains the m a j o r i t y of the o i l i n the Gavilan area. 

U n f o r t u n a t e l y , i t could also j u s t be due 

t o a t r a n s m i s s i b i l i t y b a r r i e r t h a t may e x i s t i n the syn

c l i n a l area separating the two. The only f a c t u a l informa

t i o n t h a t we can speak t o i s the f a c t t h a t the Canada O j i t o 

Unit gas i n j e c t i o n p r o j e c t area was drawn down by what we 

estimate t o be about 450 p s i a t a time when the Gavilan 

F i e l d pool was discovered and drawn down by only maybe about 

70 p s i . 

Q Well, i f the drawdown i n the West Puerto 
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Chiquito Mancos Pool was mostly i n the C Zone, why wouldn't 

you want t o compare t h a t w i t h drawndown i n A and B Zone of 

the Gavilan Mancos Pool? 

A What we are looking f o r i s the i n t e r a c 

t i o n between the West Puerto Chiquito gas i n j e c t i o n program 

and the Gavilan Mancos Pool i t s e l f . One of the things t h a t 

1 — we wanted t o i n v e s t i g a t e i s i f the o p e r a t i o n a l program 

t h a t was recommended f o r the Gavilan area would a f f e c t the 

West Puerto Chiquito gas i n j e c t i o n program t h a t Mr. Greer i s 

conducting, and so t h a t ' s why we were comparing them, i s 

the data on the — t h a t ' s why we're comparing the data. 

Q Well, wouldn't the data be more desribed 

then on t h a t basis as a comparison between the — or the de

s c r i p t i o n of the v e r t i c a l p e r m e a b i l i t y between the A and B 

Zones and the C Zone, then, i n t h a t area? 

A That i s possible but i t i s also possible 

t h a t i t i s simply a r e s t r i c t i o n t h a t e x i s t s i n the s y n c l i n a l 

area. We, i n our model, we set up simply a p e r m e a b i l i t y r e 

s t r i c t i o n and whether t h a t p e r m e a b i l i t y r e s t r i c t i o n r e f l e c t s 

the d i f f e r e n c e between the A and B being productive i n one 

area i n the C or whether i t r e f l e c t s some s o r t of permeabil

i t y r e s t r i c t i o n i n the AB, which Mr. Greer has i n d i c a t e d he 

believes he has some production from, we — we aren't sure. 

We can't r e a l l y i d e n t i f y t h a t . The only t h i n g t h a t we can 

r e a l l y speak t o i s the presence of the — of the pressure 
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d i f f e r e n c e s . 

Q I f Mr. Greer were t o f u r t h e r develop the 

A and B Zones j u s t t o the east of the s y n c l i n e , would i t be 

more appropriate then t o redo a char t l i k e t h i s using a c t u a l 

pressures? 

A What i t would appear t o us i s — i t ap

pears t o us t h a t the Gavilan Mancos Pool i s minimally con

nected t o the West Puerto C h i q u i t o gas i n j e c t i o n area. 

Now, i f development occurs on the east 

side of the syn c l i n e i n the Gavilan — or i n the A and B 

Zones, and t h a t has a r e l a t i o n s h i p t o the Gavilan Mancos A 

and B Zones, then i t would appear to us t h a t we have a s i t 

u a t i o n where we have A and B production d e p l e t i n g i n one 

fashion and C Zone production d e p l e t i n g i n a completely 

separate f a s h i o n . 

Q Thank you. That's a l l I have. 

MR. LEMAY: Thank you, Mr. 

Chavez. 

A d d i t i o n a l questions of the 

witness. Yes, Mr. Stockton. 

QUESTIONS BY MR. STOCKTON: 

Q Mr. Hueni, my name i s Bruce Stockton and 

I'm w i t h the New Mexico State Land O f f i c e . 

When you do a modeling exercise or simu-
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l a t i o n such as you've done here and you use software t h a t 

you've purchased, do you go through any type of procedure to 

v a l i d a t e t h a t software as f a r as i t s s t r u c t u r a l components 

and i t s code? 

A We d i d not purchase the software. I t ' s 

commercially a v a i l a b l e software and i s i n s t a l l e d on the (un

c l e a r ) Cray System out of Washington, the State of Washing

ton . 

We have used t h i s model i n con j u n c t i o n 

w i t h studies we've performed on behalf of a large i n t e r n a 

t i o n a l company over i n the North Sea, who has t h i s model 

a v a i l a b l e t o them, who have used i t on low p e r m e a b i l i t y r e 

s e r v o i r s and t h e i r e x e r c i s e , they have gone through an exer

cis e of v a l i d a t i o n and comparison t o some other dual poros

i t y system models and they f e e l s a t i s f i e d t h a t the answers 

are reasonable. 

Q But you've not done any y o u r s e l f ? 

A No, we have not done any pe r s o n a l l y . 

Q Okay. You mentioned t h a t t h i s — t h a t 

you had used t h i s model before i n some North Sea c a l c u l a 

t i o n s . Do you happen t o know what the l i t h o l o g y of t h a t 

f i e l d i t ' s been used i n before i s ? 

A Well, p r i m a r i l y i t i s an extremely t i g h t 

sand matrix w i t h extreme f r a c t u r e , extremely h i g h l y f r a c 

t u r e d . 
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Q But i t ' s a sandstone. 

A Yes, i t i s a sandstone. 

Q Okay. Now, I'm somewhat confused here. 

During Mr. Kel l a h i n ' s cross examination there was a — you 

made mention t h a t you had used an assumption of — i n the 

model t h a t , i f I understood r i g h t , 1 . 5 - m i l l i o n b a r r e l s per 

se c t i o n was an o i l i n place assumption. I s t h a t r i g h t ? 

A We constructed a model t h a t by necessity 

had t o have a c e r t a i n amount of o i l i n place i n the model 

and t h a t o i l i n place value, w e l l , we j u s t — the model ob

v i o u s l y does have t o have some o i l i n place i n i t and the 

value t h a t we s p e c i f i e d i n the model was a value of 1.5-mil

l i o n b a r r e l s . This, we're only studying a p o r t i o n of the 

f i e l d as opposed t o the e n t i r e f i e l d , so we s p e c i f i e d the 

1. 5 - m i l l i o n b a r r e l s as being perhaps r e p r e s e n t a t i v e of what 

we'd have i n the 640-acre area. The important t h i n g i s t h a t 

we then scale up our r e s u l t s p r o p o r t i o n a t e l y t o what we 

t h i n k the o i l i n place number i s , the t r u e o i l i n place num

ber i n the f i e l d i s . 

Q So you scaled t h a t up t o match the 

your m a t e r i a l balance o i l i n place, i s t h a t r i g h t ? 

A That — t h a t ' s c o r r e c t . We determined 

the o i l i n place, we f e l t the best estimate f o r o i l i n 

place, the 5 5 - m i l l i o n b a r r e l number, came from our pressure 

production h i s t o r y t h a t we had a v a i l a b l e t o us. That repre-
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sented 5 5 - m i l l i o n b a r r e l s . 

Our o i l i n place i n our model i s 1.5-mil

l i o n b a r r e l , so roughly we have 35 times as much o i l i n 

place i n the f i e l d as we d i d i n our model, so we scale up 

the withdrawal rates and the voidage rates from our model by 

t h a t same f a c t o r of 35 t o apply t o t o t a l f i e l d components. 

Q On your Figures 74 and 75, as I r e c a l l 

you mentioned when you were r e f e r r i n g t o these t h a t these 

are c h a r a c t e r i s t i c s of r e s e r v o i r s — these curves are char

a c t e r i s t i c of r e s e r v o i r s of the d i f f e r e n t types you have 

labeled on them here. 

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

Q Do you have anything t o compare theae 

with? I s there any secondary l i t e r a t u r e t h a t addresses t h i s 

— t h i s subject? Or i s t h i s j u s t 

A This — t h i s i s , w e l l , the s o l u t i o n gas 

d r i v e curve t h a t we show g a s / o i l r a t i o versus pressure, I 

t h i n k i f you would take some of the preceding testimony 

t h a t ' s been heard p r e v i o u s l y i n t h i s case where we have 

g a s / o i l r a t i o s and pressure p l o t t e d versus o i l i n place, ex

h i b i t s of Mr. Greer's presented p r e v i o u s l y , and we presented 

a s i m i l a r e x h i b i t i n the l a s t hearing, t h a t the g a s / o i l 

r a t i o performance increases d r a m a t i c a l l y i n a s o l u t i o n gas 

d r i v e . 

I f you would r e - p l o t t h a t I t h i n k you 
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would see the same type of shape t h a t you see f o r the s i n g l e 

p o r o s i t y system when expressed i n terms of g a s / o i l r a t i o 

versus pressure. 

For the gas segregation d r i v e case, t h i s 

i s s o r t of a unique s i t u a t i o n , I b e l i e v e , i n t h i s f i e l d i n 

t h a t we have high capacity f r a c t u r e s t h a t allow gas t o move 

to the top i n the for m a t i o n . U n f o r t u n a t e l y , we say "top of 

the formation" we don't n e c e s s a r i l y mean l a t e r a l l y across 

the f i e l d . We mean j u s t v e r t i c a l l y up t o the top of the l o 

c a l i z e d producing i n t e r v a l . 

Now when i t gets up to t h a t p o i n t , the 

gas forms t h i s — we c a l l e d i t perhaps i n a p p r o p r i a t e l y i n 

the August hearing, we c a l l e d i t a gas cap, and r e a l l y maybe 

i t ' s j u s t t h i s layer of gas t h a t ' s on top of the r e s e r v o i r . 

U n f o r t u n a t e l y , w i t h w e l l s p e r f o r a t e d 

through the e n t i r e s e c t i o n , provided a l l the p e r f o r a t i o n s 

are open, which we know i n many cases they a r e n ' t , t h a t f o r 

those kinds of w e l l s they w i l l produce gas and o i l and t h i s 

i s the tr e n d t h a t you see t h a t you compute and a l l I can say 

i s t h a t t h i s i s computed f o r the schematic t h a t we showed 

you before of a f r a c t u r e system f i l l i n g w i t h gas a t the top 

and o i l i n the bottom, f o r those types of c o n d i t i o n s . 

Q Now, i f y o u ' l l t u r n t o your Appendix E 

t h a t Mr. K e l l a h i n was questioning you about e a r l i e r — 

A Appendix D? 
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Q I'm s o r r y , Appendix D, yes, would you — 

I d i d n ' t f o l l o w the discussion on p o r o s i t y . 

A Well, the f i r s t p o i n t t h a t I want t o — 

I'm s o r r y , d i d you have a question t h a t you wanted me to — 

Q Well, j u s t e x p l a i n t o me on t h i s page 

what represents p o r o s i t y and which of the two p o r o s i t i e s 

you're assuming i t represents. 

A Okay. Po r o s i t y values are represented by 

— i n the lower h a l f of the page, the values t h a t are i n d i 

cated PORO. 

I f you look a t the f i r s t one of those 

values you see a value of .00255; the value of 1 37 repre

sents t h a t t h a t a pplies t o c e l l s along the top l a y e r , the 3 7 

c e l l s along the top la y e r . The next two values of 1 i n d i 

cate t h a t t h a t i s the top layer i t s e l f . Or, no, i t ' s i n the 

Y d i r e c t i o n , because we have a cross s e c t i o n a l model we only 

have one c e l l wide, and then the f i n a l values 1 through 4 

i n d i c a t e t h a t those values apply t o what we are assigning to 

the m a t r i x . 

Okay, now, the value 6 through 9 apply t o 

c e l l s t h a t are attached t o those matrix c e l l s t h a t represent 

f r a c t u r e and you note they're given the same p o r o s i t y num

ber. I t ' s the l i n e r i g h t below i t , and t h a t ' s 6 through 9. 

Now, what we have done i n our model i s we 

have s t a r t e d w i t h t h a t and we've v a r i e d the s p l i t of poro-
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s i t y between the matrix p o r t i o n of the r e s e r v o i r and the 

f r a c t u r e p o r t i o n of the r e s e r v o i r and i f you look down r i g h t 

below some of those — some of the data we j u s t looked a t , 

y o u ' l l see something t h a t says m u l t i p l y , and i t w i l l say 

PORO and then i t says .9, and then t h a t i s the f a c t o r we've 

m u l t i p l i e d the p o r o s i t i e s t h a t are quoted above, we've 

m u l t i p l i e d those by .9 t o r e f l e c t the p o r o s i t y i n the matrix 

system, and we've m u l t i p l i e d the next values down by .1 t o 

represent the volume — the p o r o s i t i e s i n the f r a c t u r e 

system. 

So when we — when we make our runs we 

want t o study various values of the d i s t r i b u t i o n of p o r o s i t y 

between matrix and f r a c t u r e , a l l we have t o do i s change 

those m u l t i p l i c a t i o n f a c t o r s a t the bottom t o o b t a i n t h a t . 

Once again I cautio n you t h a t p o r o s i t y i s 

a number t h a t i s derived w i t h using a p a r t i c u l a r model 

thickness. We have used i n our model a thickness t h a t i s 

consistent w i t h the i n t e r v a l s thickness based on the f a c t 

t h a t we have i d e n t i f i e d from the f r a c t u r e logs t h a t t h a t 

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

I f we wanted t o use a lower thickness 

value f o r — f o r a given zone, then what we would have t o do 

i s p r o p o r t i o n a l l y increase the p o r o s i t y number, maintaining 

the same o i l i n place. 

We are not necess a r i l y saying t h a t the 
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Gavilan Mancos Pool has .2 percent p o r o s i t y . 

Q Okay. What — what are the p o r o s i t y 

numbers t h a t are below the two you j u s t discussed there? 

A Those two values of p o r o s i t y t h a t are 

t o the C Zone. We have s p e c i f i e d i n our model, we have f i v e 

l a y e r s , two represent the A and two represent the B and then 

one layer represents the C, and i t i s i s o l a t e d from the A 

and B Zones. 

The C Zone, we have assigned, and t h i s i s 

more or less an a r b i t r a r y assignment, we have assigned one, 

l/ 2 0 t h of 5 percent of the o i l t h a t ' s r e s i d i n g i n the C Zone 

and once again I would i n d i c a t e t o you t h a t t h a t i s a more 

or less a r b i t r a r y assignment based on our observation t h a t 

we don't see much C Zone production. 

Q F i n a l l y , as I understood you, you have 

assumed t h i s i s j u s t a two-phase system. 

A We have excluded the water from the sys

tem because the water i s i n a mobile phase i n the system. 

Q Okay. Thank you. 

MR. LEMAY: Thank you, Mr. 

Stockton. 

A d d i t i o n a l questions of the 

witness. Mr. Lyon. 
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QUESTIONS BY MR. LYON: 

Q Mr. Hueni, r e f e r r i n g back to E x h i b i t 34 

t h a t Mr. Chavez asked you about. 

A Yes, s i r . 

Q I s the shape of t h i s curve not sometimes 

i n d i c a t i o n introduced as evidence i n t h i s — i n the e a r l i e r 

hearing, has t h i s shaped curve not been shown t o r e s u l t i n 

i n t e r f e r e n c e between wells? 

A I — t h a t was not the normal i n t e r p r e t a 

t i o n and I don't b e l i e v e t h a t i t would be probably i n t h i s 

case. This i s a r e l a t i v e l y e a r l y t e s t . I f you — I apolo

gize f o r the q u a l i t y of the r e p r o d u c t i o n , but the t e s t date 

was i n December of 1983, so we c e r t a i n l y d i d n ' t have the de

gree of i n t e r f e r e n c e between w e l l s a t t h a t date t h a t we have 

c u r r e n t l y . So — 

Q That i s t r u e , but there were two w e l l s 

t h a t were completed a t the same time t h a t t h i s w e l l , t h a t 

t h i s t e s t was conducted. Have you checked to see whether 

those w e l l s might have — one or both of those w e l l s might 

have been on a t the time t h a t t h i s pressure anomaly — 

A To answer your question i n s o r t of a dual 

f a s h i o n , no, we have not checked and second, the — i f i t 

were an i n t e r f e r e n c e t e s t a f f e c t , or an i n t e r f e r e n c e a f f e c t , 

then what i t might r e f l e c t t o get the second build-up t h a t 

we observe on t h i s pressure t e s t , we would have t o check t o 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

113 

see i f perhaps the w e l l was — the o f f s e t t i n g w e l l was shut 

i n such t h a t then pressures began t o build-up f a s t e r . 

Q I s t h a t r i g h t ? 

A That's r i g h t , we would have t o check t o 

see i f t h a t — 

Q And i t would appear t h a t the slope of 

t h i s assumes a f t e r i t makes t h i s l i t t l e excursion i s essen

t i a l l y the same slope t h a t was b u i l d i n g up on the (inaud

i b l e ) . 

A Yes, but t h a t ' s what we would expect out 

of a dual p o r o s i t y system. 

Let me t e l l you one other evidence t h a t 

we would probably speculate on as being i n d i c a t i v e of a dual 

p o r o s i t y system as opposed t o i n t e r f e r e n c e , and t h a t i s the 

f a c t t h a t i n the segment i n between the two s t r a i g h t l i n e s 

we expect t o a r r i v e a t a h a l f slope, not a (not understood) 

slope but a h a l f slope i f i t i s a dual p o r o s i t y system. 

C e r t a i n l y , once again, i t could be i n t e r 

ference but I t h i n k , you know, what you might want t o look 

a t i n t h i s regard i s i f i t i s a dual p o r o s i t y system we 

would expect t h i s h a l f slope behavior t o occur, and i t ap

pears t o occur but we haven't t r i e d t o confirm t h a t . 

Q Right there a t the end of i t , i t looks 

l i k e there might be another breakthrough a t the very end. 

A I t ' s p o s s i b l e . I t ' s p o s s i b l e . I mean 
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we, i n the l a s t hearing, and even i n t h i s hearing, we have 

not t r i e d t o say t h a t dual p o r o s i t y dependent on a simple 

i n d i c a t o r such as what we have here on the Rucker Lake No. 

2. We're saying t h a t i t i s i n d i c a t e d by a v a r i e t y of d i f 

f e r e n t types of s i t u a t i o n s t h a t we've observed. 

Q Okay, t h a t ' s f i n e f o r t h a t . 

I'm a l i t t l e puzzled i n your statement, 

c o r r e c t me i f I'm wrong, t h a t you have used the v e r t i c a l 

p e r m e a b i l i t y as opposed t o your h o r i z o n t a l p e r m e a b i l i t y of 

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

Q I can understand why t h a t occurs i n 

r e s e r v o i r s t h a t are bedded and so why would t h a t happen i n 

a f r a c t u r e system? 

A Well, l e t me — l e t me back up and ex

p l a i n . 

We — we — we used a value of .1 and I 

t h i n k i n several of our e x h i b i t s you noted t h a t the gas 

s a t u r a t i o n occurred a t the top of the forma t i o n , so obvious

l y , even w i t h a .1 r a t i o we achieved e f f e c t i v e segregation 

of gas and o i l i n the f r a c t u r e system. 

Now, i f we had used a value of 1, a r a t i o 

of 1, we would have achieved the exact same r e s u l t . What we 

are t r y i n g t o say i s one of the things t h a t we have t r i e d t o 

do i n the study i s not t o put f o r t h anything t h a t appears t o 

be an o p t i m i s t i c p o s i t i o n w i t h respect t o the behavior of 
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the r e s e r v o i r and we r e a l i z e t h a t a value of 1 w i l l r e a l l y 

give the same answer as the value of .1 has, because high 

capacity f r a c t u r e s by d e f i n i t i o n have a l o t of p e r m e a b i l i t y , 

so .1 times a l o t of p e r m e a b i l i t y i s s t i l l a l o t of perme

a b i l i t y and i t ' s enough t o cause gas t o segregate i n the 

f r a c t u r e s . That i s not a — the .1 value i s not — i s es

s e n t i a l l y e q u i v a l e n t t o a value of 1. The model i s not sen

s i t i v e t o t h a t value w i t h i n -- w i t h i n the range of the types 

of p e r m e a b i l i t i e s we're t a l k i n g about i n the f r a c t u r e sys

tem, and i n c i d e n t a l l y , I hate t o expand on some of these 

t h i n g s , but t h a t i s one of the reasons t h a t the Sun model, 

we f e e l , g r o s s l y overstates the r a t e a t which the r e s e r v o i r 

w i l l become r a t e s e n s i t i v e . I f you have a great deal of 

p e r m e a b i l i t y , p a r t i c u l a r l y i n j u s t a 30-foot t h i c k zone, the 

r a t e of segregation i s going t o be extremely f a s t . Gas i s 

going t o move very q u i c k l y t o the top of the formation and 

o i l i s going t o stay a t the bottom, and i n p a r t the r e s u l t 

of — you have t o produce at very, very high rates i n a hor

i z o n t a l sense ot be able t o produce the o i l the gas before 

i t has a chance t o s p l i t o ut. 

So we j u s t don't f e e l t h a t those kinds of 

rates are the kinds of ra t e s t h a t — t h a t a c t u a l l y w i l l oc

cur i n a high capacity v e r t i c a l f r a c t u r e system. 

Q I t j u s t seems strange t h a t you would use 

something t h a t would be t h a t conservative. 
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A Well, i t gives the exact same answer as 

the value of 1 and i t i n d i c a t e s t h a t we have — because we 

have v e r t i c a l segregation. 

Q Mr. Hueni, would you agree t h a t before 

you could begin a gas i n j e c t i o n f o r a v e r t i c a l matrix prog

ram t h a t you would need t o u n i t i z e ? 

A Yes. 

Q I not i c e d on your comparison, your econo

mic comparison, t h a t you have assumed t h a t you would begin 

gas i n j e c t i o n probably before t h i s hearing. 

A We, on a l l of our runs, we began our runs 

at a p o i n t i n time where a cumulative o i l production of 3.8-

m i l l i o n b a r r e l s had been achieved and t o the best of our 

knowledge, i f the f i e l d continues t o produce a t about a 

3,600 b a r r e l a day r a t e , t h a t would occur i n the v i c i n i t y of 

Jul y l s t , 1987. 

Q Well, i t seems t o me t h a t t h a t ' s an un

r e a l i s t i c comparison when you haven't even s t a r t e d t a l k i n g 

about u n i t i z a t i o n . As a matter of f a c t , t h a t ' s a — kind of 

a d i r t y word around here r i g h t now. 

A That's what I understand. That, I'm not 

prepared t o comment on any ki n d of past discussions t h a t 

have been held i n t e c h n i c a l committee meetings w i t h respect 

t o u n i t i z a t i o n . That's not why I'm here. 

Q Okay. Also you've modeled a producing 
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r a t e t h a t you admit was not - not w i t h i n the capacity of the 

we l l s i n the r e s e r v o i r . 

A No, I'm s o r r y , t h a t ' s not the case. 

Q 14,400 b a r r e l s per day. 

A Well, we modeled the r e s e r v o i r t h a t would 

p u l l out 14,400 b a r r e l s a day w i t h the i n t e n t i o n of showing 

t h a t were the w e l l s capable of producing t h a t volume, they 

would s t i l l end up w i t h the exact same recovery. 

The f a c t t h a t the w e l l s are not capable 

of i n some producing 14,400 b a r r e l s i s s t r i c t l y a r e f l e c t i o n 

t h a t we do not have 10 Darcy f e e t of p e r m e a b i l i t y i n the 

Gavilan Mancos Pool. 

I f we d i d have t h a t , then we would have 

pl e n t y of w e l l s producing 70 b a r r e l s a day or 700 b a r r e l s a 

day and we could achieve t h a t , but I t h i n k most people would 

agree t h a t the Gavilan Mancos Pool i s not under a 702 b a r r e l 

a day allowable system going t o produce 14,400 b a r r e l s a 

day. 

So i f our r e s u l t s y i e l d the same recovery 

a t t h a t high r a t e , I t h i n k we would have t o say t h a t w i t h i n 

the reasonable r a t e s of r e s e r v o i r performance t h a t we have 

— t h a t we have determined t h a t there's no s e n s i t i v i t y of 

recovery t o r a t e . 

Q Well, i t seems t o me t h a t i t does not 

present a great deal of valuable i n f o r m a t i o n to the 
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Commission f o r you t o model t h i n g s which are not p r a c t i c e d 

i n making your comparison. 

MR. LOPEZ: Mr. Chairman, i s 

Mr. Lyon going t o t e s t i f y or — 

MR. LEMAY: No, I t h i n k Mr. 

Lyon can rephrase the question, p o s s i b l y , so he's not t e s t i 

f y i n g . 

Q Well, I — you could t e l l me whether you 

agreed or not but i t seems t o me i t would be a l o t more i n 

formative t o t h i s Commission i f you had modeled a pressure 

maintenance program which we could f e a s i b l y put i n w i t h i n a 

p e r i o d of time from the present so we could evaluate t h a t 

r a t h e r than a performance which we have already passed. 

A Well, I disagree t h a t we've already pas

sed i t . We have modeled two cases, one of which i s based on 

c u r r e n t r e s e r v o i r pressure; one i s based on a second reser

v o i r pressure. 

I guess we could model any combination 

thereof i n between. We have modeled rates of 14,000 b a r r e l s 

a day, which the f i e l d i s not capable o f . The Sun study, 

when e x t r a p o l a t e d t o f i e l d r a t e s , they only presented i t f o r 

a 300 — f o r a 640-acre s e c t i o n , e x t r a p o l a t e back t o the 

f i e l d and get 100,000 b a r r e l a day r a t e , and I question 

whether t h a t i s reasonable e i t h e r . 

Q Good p o i n t . Mr. Hueni, how uniform do 
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you consider the f r a c t u r e system, major f r a c t u r e system i n 

the r e s e r v o i r t o be? 

A I do not consider i t uniform and the 

reason I do not consider i t uniform i s t h a t we see many d i f 

f e r e n t — many w e l l s w i t h v a r y i n g w e l l c a p a c i t i e s . We 

looked a t the capacity r a t e . So we see a great v a r i a b i l i t y 

i n w e l l producing c h a r a c t e r i s t i c s , which we t h i n k i s a r e 

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

We also r e f e r back t o Mr. Emmendorfer's 

second d e r i v a t i v e map, which I t h i n k also i n d i c a t e s t h a t we 

would expect a v a r i a b i l i t y i n degree of f r a c t u r i n g i n t h i s 

— i n t h i s f i e l d . 

I would not consider the f r a c t u r e system 

very uniform but there are high capacity f r a c t u r e s present 

i n d i f f e r e n t areas and i t i s the — we made, we t r i e d t o 

make the p o i n t about the v a r i a b i l i t y of i n d i v i d u a l w e l l per

formance and we t a l k e d about t r y i n g t o match the f i e l d aver

age performance, and our — we have gone through and t r i e d 

t o look a t i n d i v i d u a l w e l l s and i n t e r p r e t i n l i g h t of our 

dual p o r o s i t y model how those w e l l s would perform, and w i t h 

the kinds of th i n g s t h a t we see, i s t h a t i n d i v i d u a l w e l l 

performance i s probably a f f e c t e d by l o c a l i z e d v a r i a t i o n s of 

f r a c t u r e i n t e n s i t y , as w e l l as l o c a l i z e d v a r i a t i o n i n the 

r a t i o of f r a c t u r e storage volume t o matrix storage volume. 
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So we think that — I would personally 

think i t would be very variable. 

Q Do you have an opinion as to whether or 

not fracture porosity and matrix porosity are d i s t r i b u t e d i n 

approximately the same — to the same extent i n the same 

parts of the f i e l d ? Are they closely related or are they 

separate d i s t r i b u t i o n s ? 

A Well, our description of the t o t a l f i e l d 

i s based on a r a t i o of fracture o i l i n place of 10 percent 

of the t o t a l . So the matrix contains 90 percent. But now 

that i s on a t o t a l basis and we've j u s t talked about the 

v a r i a b i l i t y of in d i v i d u a l wells and that that may indeed 

rel a t e to differences i n fracture i n t e n s i t i e s i n t h i s r a t i o , 

localized r a t i o of fracture volume to — to matrix volume. 

And, you know, I think what we're t r y i n g 

to picture i s a reservoir that i s indeed very complex, very 

heterogeneous, and we would not expect to see o i l i n place 

uniformly d i s t r i b u t e d across t h i s — across t h i s area, be

cause we have variations i n these parameters. 

Q I think you would agree with me, though, 

that i n order for the matrix porosity, the o i l contained 

therein to get to a wellbore, i t needs to get into the frac 

ture system. 

A Absolutely. Absolutely. That's why when 

we look at the televiewer logs when we see inte r v a l s that do 
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not have a s i g n i f i c a n t degree of f r a c t u r i n g , and these are 

the l a r g e r f r a c t u r e s t h a t we see on the t e l e v i e w e r , we do 

see low p r o d u c t i v i t i e s f o r those w e l l s . 

MR. LYON: That's a l l I have. 

Thank you. 

MR. LEMAY: Thank you, Mr. 

Lyon. I t h i n k we have a d d i t i o n a l questions, the Commis

sioners and I do of t h i s witness, so w e ' l l probably break 

f o r lunch. 

Before we do, however, I'd l i k e 

t o go o f f the record j u s t a minute and t a l k about some t i m 

i n g t h a t we have l e f t i n the hearing. 

(Thereupon a discussion was had o f f the record.) 

(Thereafter the noon recess was taken.) 

MR. LEMAY: We s h a l l resume a t 

t h i s time. Again l e t ' s stay o f f the record f o r awhile, 

S a l l y . 

(Thereupon a discussion was had o f f the record.) 
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GREGORY D. HUENI, 

resuming the witness stand, t e s t i f i e d as f o l l o w s , t o - w i t : 

QUESTIONS BY COMMISSIONER HUMPHRIES: 

Q I ' l l s t a r t since I'm not p a r t i c u l a r l y 

encumbered w i t h any p r o f e s s i o n a l knowledge. 

I always thought t h a t lawyers and 

(unclear) d i d strange and my s t i c a l t h i n g s . Now I gather 

petroleum people do too. 

Is i t f a i r t o say t h a t you made c e r t a i n 

assumptions t h a t would change the v a r i a b l e s ? 

A We — the only assumptions t h a t we made, 

w e l l , we evaluated the f i e l d . We came up w i t h what we con

sid e r t o be the appropriate r e s e r v o i r d e s c r i p t i o n of the 

f i e l d , parameters such as p e r m e a b i l i t y , parameters such as 

f l u i d p r o p e r t i e s . Those are not ne c e s s a r i l y assumptions. 

Those are c h a r a c t e r i s t i c s on which we have a c e r t a i n amount 

of engineering data. The engineering data i s not always ac

curate so t o the extent t h a t i t ' s not always accurate you 

end up assuming a value, but i t has t o be w i t h i n a c e r t a i n 

range of engineering reasonableness — 

Q Okay. 

A — and t h a t ' s what I meant, i f we t a l k e d 

about assumptions, I was attempting t o — t o ob t a i n the most 

reasonable set of d e s c r i p t i v e parameters but they're cer-
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t a i n l y w i t h i n — i n f a c t I'd say they're the most l i k e l y set 

of values t h a t we have t o describe the r e s e r v o i r . 

Q Well, what we see i n these very s o p h i s t i 

cated models t h a t your computer programs create are a very 

s o p h i s t i c a t e d , three dimensional, complex model t h a t ' s many 

dimensions times the spread sheet but e s s e n t i a l l y , i f you 

change the v a r i a b l e s you change the output t o some ex t e n t . 

A That i s c o r r e c t . Some v a r i a b l e s have a 

greater impact on the output than other v a r i a b l e s . That's 

one of the reasons t h a t you do i t , i s t h a t you then o b t a i n 

an understanding about what are the c r i t i c a l v a r i a b l e s t h a t 

determine performance f o r a given f i e l d . I f i t ' s permeabil

i t y or i s i t r a t i o of v e r t i c a l p e r m e a b i l i t y to h o r i z o n t a l , 

so i t ' s a t o o l t h a t allows you to imagine how the r e s e r v o i r 

performs and then t o check t h a t against — t o c a l c u l a t e i t 

a r i t h m e t i c a l l y and then compare t h a t t o a c t u a l performance. 

Q So i t gives a close resemblance of what 

was a c t u a l l y t h e r e . 

A Well, we b e l i e v e t h a t t h a t ' s a close r e 

semblance . 

Q Would i t be f a i r t o assume, f o r somebody 

l i k e myself, t h a t h i s t o r y of the o p e r t i o n of a f i e l d or pool 

or a p a r t i c u l a r formation would tend to give b e t t e r or more 

defined v a r i a b l e s or input? 

A This i s the conventional wisdom t h a t when 
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you don't have any — when you f i r s t discover a f i e l d and 

you apply one of these s i m u l a t i o n models w i t h o u t any produc

t i o n experience on which t o compare your model output t o , 

then you don't have as accurate a model as you would have, 

as i f you have several years of production h i s t o r y t h a t then 

you can use t o judge i f your model gives you the same type 

of performance as t h a t production h i s t o r y . 

Q And i t might not be p a r t i c u l a r l y germane 

but i t seems t o me t h a t i f — what's the source of the hy

drocarbons i n t h i s p a r t i c u l a r b r i t t l e rock t h a t we're t a l k 

i n g about, besides dead dinosaurs? 

A Or whatever t h a t skeleton was. 

Q Well, what — 

A I b e l i e v e t h a t s r e a l l y more a p p r o p r i a t e l y 

a g e o l o g i c a l question but I b e l i e v e there would be some e v i 

dence t h a t i t i s generated more or less i n place, t h a t the 

rock i s what you c a l l s e l f - s o u r c i n g but I would p r e f e r you 

ask t h a t of one of our geologic experts. 

Q I thought t h a t ' s what you might say but I 

wasn't sure. You t a l k e d a l o t about matrix content of 

f l u i d s i n t h i s p a r t i c u l a r f o r m a t i o n , and previous testimony 

t a l k e d about t i g h t blocks as being something t h a t was a l s o , 

or perhaps not i n agreement w i t h you, but a container of the 

gas and o i l i n t h i s p a r t i c u l a r f o r m a t i o n . I s there a s i m i 

l a r i t y between your matrix and t h e i r t i g h t blocks? 
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A I t h i n k conceptually there i s a s i m i l a r 

i t y . The d i f f e r e n c e i s t h a t , and I hope I don't misstate 

t h e i r p o s i t i o n , so t h e y ' l l have a chance t o c o r r e c t i t , they 

b e l i e v e , I t h i n k , t h a t there i s a high capacity f r a c t u r e 

system t h a t i s very high capacity and i t surrounds t i g h t 

m atrix blocks t h a t they would say are maybe 100 t o 400 m i l 

l i d a r c y f e e t i n t r a n s m i s s i b i l i t y . 

We would say t h a t there i s a high capa

c i t y f r a c t u r e system represented by the extensive and very 

c l o s e l y spaced v e r t i c a l f r a c t u r e s t h a t i s r e l a t i v e l y high 

c a p a c i t y . We do not b e l i e v e t h a t i n some i t i s 10 Darcy 

f e e t , and i t surrounds a matrix t h a t i s much t i g h t e r than 

what they — than what they describe and our matrix i s many 

times less permeable than — than what they consider t o be 

t h e i r t i g h t f r a c t u r e blocks. 

Our matrix i s once again not the c l a s s i 

c a l type of matrix where you j u s t have i n t e r g r a n u l a r poro

s i t y but i t includes other f a c t o r s , as w e l l . 

Q So you say they're s i m i l a r but not the 

same. 

A They're s i m i l a r but I t h i n k they d i f f e r 

i n the degree of t r a n s m i s s i b i l i t i e s they're t r y i n g to de

sc r i b e . 

Q Okay. I f I misquote you, c o r r e c t me, be

cause I was t a k i n g notes as f a s t as I could but A and B, you 
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claim t h a t the A and B Zones i n t h i s p a r t i c u l a r formation 

e i t h e r are meeting or so close t h a t they v e r t i c a l l y communi

cate i n the Gavilan Mancos F i e l d . 

A We would b e l i e v e t h a t they are — t h a t 

they probably communicate and the evidence, one of the p r i n 

c i p a l pieces of evidence t h a t we have w i t h respect t o t h a t 

issue i s the televiewer logs t h a t show v e r t i c a l f r a c t u r e s 

extending between the two. That i s as opposed t o the C 

Zone, where — where we know i t ' s separate. But, I mean, I 

hate t o t a l k i n g e n e r a l i t i e s , but — but even w i t h i n i n d i v i 

dual zones, say the C Zone was 40, or the A Zone was 50 f e e t 

t h i c k and i t was f r a c t u r e d and i t was separate from the B 

Zone, even w i t h i n the A Zone the gas w i l l segregate w i t h i n 

t h a t 50-foot thickness. That's a very — t h a t ' s a substan

t i a l t h i ckness. 

So we have — we have i n t e r p r e t e d the r e 

s e r v o i r as having communication between the A and B Zones. 

That may not be p e r f e c t communication. That's one of the 

reasons we put i n a v e r t i c a l p e r m e a b i l i t y t o h o r i z o n t a l per

m e a b i l i t y r a t i o t h a t was less than one. 

Q Are — are you comfortable t o say t h a t 

t h a t case does not e x i s t i n — east of t h i s b a r r i e r ? 

A I'm s o r r y , which case? 

Q That we don't have the A and B t h a t close 

together? 
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A Well, a c t u a l l y the A and B i s close t o 

gether and i s equa l l y close together on the east side of the 

s y n c l i n e . Once again I t h i n k we would b e l i e v e t h a t what i s 

— what has been t e s t i f i e d t o i s accurate and t h a t the C 

Zone i s r e a l l y f u n c t i o n i n g as a separate u n i t than the A and 

B Zone, and I would say t h a t t h a t i s t r u e on the east side 

of the s y n c l i n e . 

Q So you don't see a whole l o t of d i f f e r 

ence i n these zones i n the formation going from east t o west. 

A Well, t h a t ' s — t h a t ' s not e n t i r e l y t r u e . 

We, because of the g e o l o g i c a l evidence, b e l i e v e , and the 

production evidence, b e l i e v e t h a t the C Zone i s not, even 

though i t ' s present and can be c o r r e l a t e d from east t o west 

or west t o east, t h a t the C Zone, which i s reasonably pro

d u c t i v e i n the — i n the Canada O j i t o s U n i t , or h i g h l y pro

d u c t i v e , i s not i n the Gavilan Mancos area, i n the Gavilan 

Mancos Pool, and t h a t ' s based on the televiewer logs and the 

production surveys. 

S i m i l a r l y , as we go the other d i r e c t i o n 

i n the A and B, we see the Gavilan Mancos Pool being primar

i l y an AB producing pool. When we move over t o the Canada 

O j i t o s Unit we see some production from the AB. We would 

b e l i e v e i f t h a t were the case t h a t i t would not be r e l a t e d 

to the C Zone production i n the Canada O j i t o s U n i t ; t h a t — 

and t h a t i t probably i s not as good a production j u s t on the 
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basis t h a t i t ' s been — been there f o r 25 years and not de

veloped. 

Q You're t e s t i f y i n g t h a t the e a r l i e r t e s t i 

mony has demonstrated t h a t there i s communication back and 

f o r t h between the area east of t h i s b a r r i e r and west of the 

b a r r i e r , so i n the Gavilan Mancos Pool and i n the West Puer

to Chiquito Pool. 

A Yes, we said there was l i m i t e d communica

t i o n between the gas i n j e c t i o n area of the West Puerto Chi

q u i t o Pool and the Gavilan Mancos Pool. Keep i n mind t h a t 

the gas i n j e c t i o n area of the West Puerto Chiquito Pool has 

— i t apparently i s p r i m a r i l y seasonal, based on t h i s per

formance ( i n a u d i b l e ) . 

Q But you recognize some movement i n the — 

A We — we recognize a minor amount of 

movement between the two areas. 

Q Did I understand you r i g h t then t h i s mor

ning when you said t h a t the i n i t i a l pressures t h a t you found 

i n the Gavilan Mancos f i e l d or pool were lower than what you 

would have expected and t h a t by some c a l c u l a t i o n s or some 

r e s u l t s of your model, t h a t you p r e d i c t e d t h a t maybe some 

400,000 b a r r e l s of f l u i d may have been l o s t across the bar

r i e r ? 

A That — 

Q Going east i n t o the West Puerto Chiquito? 
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A That i s — t h a t i s c o r r e c t . The informa

t i o n i n d i c a t e s t h a t there i s some minor amount of communica

t i o n and i t i n d i c a t e s t h a t there was over a twenty year per

iod a pressure g r a d i e n t e s t a b l i s h e d across the boundary and 

some f l o w would have occurred as a r e s u l t of t h a t . 

Q Okay, and t h a t ' s across the s y n c l i n e . 

A Well — 

Q Or through the area. 

A Well, i t ' s from one area t o the other and 

whether the b a r r i e r i s represented g e o l o g i c a l l y by the syn

c l i n e area or whether i t ' s represented by the f a c t of the 

d i f f e r e n c e between the Gavilan being p r i m a r i l y AB and the 

Canado O j i t o s U n i t , or West Puerto Chiquito Unit being p r i 

m a r i l y C Zone gas i n j e c t i o n . 

Q Okay. My understanding of i t , and when I 

get i n t o geology and away from engineering I ' l l ask one of 

the g e o l o g i s t s , but we t a l k e d about the production bearing 

zones being a h i g h l y b r i t t l e formation t h a t f r a c t u r e and 

w i t h separating zones between those being r e l a t i v e l y f l u i d , 

s o f t , t h i c k , apparently moves, and i t does not allow , i f 

there's a great distance of i t , does not allow f o r v e r t i c a l 

t ransmission, i s t h a t r i g h t ? 

A Yes, yes, t h a t ' s the way I understand i t . 

Q Okay, t h i s i s s i m p l i s t i c , I understand, 

but t h i s i s a formation l i k e a b a r r i e r f ormation. That's 
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what creates cracks and f i s s u r e s . 

A At t h i s p o i n t 1*11 defer to the geolo

g i s t . 

Q Okay. 

A That's i n l i n e more or less w i t h my un

derstanding, as w e l l . 

Q Well, I ' l l w a i t f o r one of the ge o l o g i s t s 

t o come along. 

A Okay. 

Q Then maybe I shouldn't, I'm not sure, but 

what I'm g e t t i n g a t i s t h i s d e p i c t i o n of what's West Puerto 

C h i q u i t o , even though we're t a l k i n g about d i f f e r e n t zones, 

we've t a l k e d about an impervious, not impervious but r e 

s t r i c t e d layer t h a t ' s somewhere along, perhaps, the syn

c l i n e , r i g h t ? 

A I t ' s a low, low t r a n s m i s s i b i l i t y b a r r i e r 

of some s o r t t h a t i s — the reason we've always associated 

i t w i t h the syn c l i n e i s because, w e l l , because of some of 

the geologic c o n s i d e r a t i o n s , but also because we've seen 

several w e l l s i n the syncline area t h a t have been very m i n i 

mally p r o d u c t i v e , and I t h i n k we reviewed those w e l l s i n our 

testimony. 

Q I s , I t h i n k t h i s i s probably a geologic 

question, t o o , but i f the s y n c l i n e i s i n f a c t r e p r e s e n t a t i v e 

of what's apparently being i d e n t i f i e d as a r e s t r i c t i v e area, 
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we know i t communicates some, but i f t h a t formation was b o l 

ted up l i k e t h a t and created t h a t s y n c l i n e , i s i t not pos

s i b l e t o move the more f l u i d l i t h o l o g i e s from between the 

formations? From between the zones? 

A You mean between the A, B, and C Zones? 

Q Yes, s i r . 

A I don't b e l i e v e we have any data t o i n d i 

cate t h a t the C Zone communicates w i t h the AB Zone anywhere. 

Q We don't know where the — how close they 

are together a t t h a t r e s t r i c t i v e area, i s t h a t — 

A Well, I — 

Q — c o r r e c t ? 

A — t h i n k I should defer t h a t t o the geo

l o g i s t . 

Q Okay. A l l I understand you t o be saying 

i s Mr. Greer's been i n j e c t i n g gas a t the f a r east end of the 

West Puerto Chiquito f o r some long period of time t o main

t a i n pressure and assuming t h a t most of those things are 

r i g h t , w i t h some geologic questions t h a t I have about the 

s y n c l i n e , i s i t then possible t h a t i n f a c t h i s gas matrix i s 

producing a r e s u l t a t the — I guess t h a t ' s the nose of the 

Gavilan Mancos F i e l d a t the — 

A No. 

Q — top of the — 

A I t ' s not p o s s i b l e . 
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Q You don't t h i n k t h a t there's anything 

t h a t ' s h e l p i n g s u s t a i n by maintaining pressure a t the east 

end of t h i s whole — 

A I b e l i e v e i n my own mind t h a t the b e n e f i t 

of the gas i n j e c t i o n program i s l i m i t e d t o the east area of 

the West Puerto C h i q u i t o U n i t , although there i s a — there 

i s a very minor amount of communication, as i n d i c a t e d by 

pressure, pressure behavior between t h a t east area and the 

west area, and i n f a c t i n the f i r s t twenty years o f , as we 

said before, i n the f i r s t twenty years of production from 

West Puerto C h i q u i t o a 450 pound drop i n t h a t area tended t o 

r e s u l t i n a 70 pound drop i n the other area. 

Now t h a t we have Gavilan on production, 

Gavilan i s c e r t a i n l y withdrawing i t s — the volume of o i l 

from i t s area and the pressure i s d e c l i n i n g and t h a t ' s 

and we don't expect t h a t i n t u r n t o have much impact on the 

other side as i t depletes, and t h a t ' s what the purpose of 

our model e x h i b i t was. 

Q From a production standpoint, i s there 

something t h a t i n d i c a t e s t o you t h a t you have closure or 

loss of s t r u c t u r a l i n t e g r i t y or some s i g n i f i c a n t change at 

the west end of the Gavilan Mancos, somewhere out there be

tween Range 3 and 4 West? 

A We have — we have not studied beyond the 

f i e l d boundaries of the Gavilan Mancos Pool. To the edge of 
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f i e l d boundaries we see nothing other than j u s t the f a c t 

t h a t there i s a v a r i a b i l i t y i n w e l l q u a l i t y , and I guess 

maybe j u s t r e f e r r i n g t o my maximum o i l producing r a t e map, 

although some of those w e l l s have not produced f o r a long 

period of time, there are several of those w e l l s t h a t may be 

out i n t h a t area t h a t are not as h i g h l y productive as some 

of the other higher capacity w e l l s i n the Gavilan Mancos 

Pool, but there's nothing t h a t I see, see from an 

engineering standpoint t h a t i n d i c a t e s t h a t t e r m i n a t i o n . 

Q So you t h i n k t h a t Gavilan Mancos has an 

unknown west boundary, i s t h a t — or d i d I misunderstand 

you? 

A Well, we have producing w e l l s up t o the 

western edge of the boundary and I be l i e v e t h a t ' s how f a r 

i t extends a t t h i s p o i n t i n time. 

I'm not prepared t o say i f there's a 

geologic reason or not why people should be d r i l l i n g beyond 

those boundaries. We focused once again on the pool i t s e l f , 

the w e l l s t h a t are c u r r e n t l y d r i l l e d . 

Q And from a production standpoint, i n 

understanding models and t h i n g s , don't we have t o make some 

assumptions t h a t the pool or pools or a combination thereof 

i s closed, t h a t i t i s — 

A Well, i t must be closed because we 

c a l c u l a t e a s p e c i f i c volume of o i l i n place, 5 5 - m i l l i o n bar-
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r e l s , but i f y o u ' l l note, we've been a l i t t l e b i t c a r e f u l 

not t o say there's so many m i l l i o n b a r r e l s i n t h i s area and 

so many m i l l i o n b a r r e l s i n t h a t area, because we r e a l l y 

don't know how t o d i s t r i b u t e t h a t o i l and so we have maybe a 

rough area of the f i e l d boundaries based on the number of 

wel l s t h a t have been d r i l l e d out t h e r e , but we once again 

have a d i f f i c u l t time saying t h a t t h a t 5 5 - m i l l i o n b a r r e l s 

occurs i n any one s p e c i f i c area. 

Q Thank you. I ' l l ask the g e o l o g i s t f o r 

t h a t . 

A Yes. 

MR. HUMPHRIES: That's a l l . 

QUESTIONS BY MR. BROSTUEN: 

Q I have a few questions, Mr. Hueni. 

There's been considerable discussion 

about the d r i v e mechanisms i n the West Puerto Chiquito Pool 

and the Gavilan Pool. I t ' s my understanding, and I hope Mr. 

Greer w i l l c o r r e c t me i f I'm wrong, t h a t h i s contention i s 

t h a t i n the West Puerto Chiquito Pool g r a v i t y i s a primary 

energy, you might say, d r i v e mechanism; however, i n your i n -

t e r p r e t q t i o n of the Gavilan Pool you apparently discount 

g r a v i t y and r e f e r t o t h i s d r i v e mechanism as s o l u t i o n gas 

and gas d r i v e and gas segregation d r i v e . 

You discount g r a v i t y . G r a v i t y i s a force 
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which acts upon a l l of us, each and every one of us and 

ev e r y t h i n g , you might say. Why, why do you discount i t ? 

A A c t u a l l y we don't discount i t . The e f 

f e c t the g r a v i t y has i s i t causes the f l u i d s , the — when 

the f l u i d s enter the f r a c t u r s system, the o i l and gas, t h a t 

i s the force t h a t causes the gas t o r i s e to the top and the 

o i l to f a l l t o the lower s e c t i o n of the r e s e r v o i r i n a ver

t i c a l sense. That i s the e f f e c t g r a v i t y i s having. 

I n Mr. Greer's area, as I i n t e r p r e t i t , 

when I be l i e v e — I be l i e v e t h a t probably, w e l l , i f Mr. 

Greer has some matrix c o n t r i b u t i o n , he claims i n h i s area he 

has a l l f r a c t u r e c o n t r i b u t i o n , I would have t o say t h a t I 

would t h i n k t h a t he might have some matrix c o n t r i b u t i o n i n 

t h a t area as w e l l , but when h i s o i l moves out of the t i g h t 

f r a c t u r e blocks or the matrix blocks, moves i n t o the high 

capacity f r a c t u r e system, the e f f e c t of g r a v i t y there i s t o 

cause i t t o move not j u s t t o the bottom of the v e r t i c a l i n 

t e r v a l , but i t causes i t t o move l a t e r a l l y across the f i e l d , 

because he has q u i t e a high degree of closure and q u i t e a 

high degree of d i p , so h i s o i l runs down s t r u c t u r e . Ours 

j u s t f a l l s t o the bottom of — of the producing. 

Q Do you consider the p o r o s i t y i n the West 

Puerto Chiqu i t o Pool i n the C Zone t o be s i m i l a r to the por

o s i t y , the dual p o r o s i t y t h a t you've i d e n t i f i e d i n the A and 

B Zones i n the Gavilan Pool? 
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A Our study was d i r e c t e d t o the Gavilan 

Mancos Pool. I t i s a pool on which we have producing h i s 

t o r y , where we know the v a r i a t i o n of g a s / o i l r a t i o p e r f o r 

mance and pressure performance over a range, and based on 

t h a t performance we're able t o support the dual p o r o s i t y 

concept. 

U n f o r t u n a t e l y , w e l l , u n f o r t u n a t e l y we 

don't have the data to study West Puerto Chiquito much and 

we have not been able t o do t h a t and t h e r e f o r e I r e a l l y 

can't express a conclusion w i t h respect t o t h a t . 

Q I see. So you don't want t o express any 

opinion or conclusion as f a r as West Puerto Chiquito i s con

cerned. 

A Well, my f e e l i n g i s t h a t i f i t i s a dual 

p o r o s i t y system i n West Puerto C h i q u i t o , there would very 

d e f i n i t e l y be a p o s s i b i l i t y t h a t the f r a c t u r e volume r e l a 

t i v e t o the t o t a l volume i n West Puerto Chiquito i n the C 

Zone might be more s u b s t a n t i a l than the 10 percent value 

t h a t we a t t r i b u t e t o Gavilan, and I say t h a t s t r i c t l y be

cause I see some very high capacity w e l l s i n the West Puerto 

Chiqu i t o area. somewhat higher than the capacity w e l l s we 

see i n the Gavilan area. 

Q I n your discussion of possible pressure 

maintenance or gas i n j e c t i o n i n the Gavilan Pool you s t a t e 

t h a t the — perhaps the best way t o — t o get involved i n 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

137 

t h i s would be upon the d e p l e t i o n of the — the d e p l e t i o n of 

the primary reserves, i s t h a t c o r r e c t ? 

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

Q And I won't ask again about the West 

Puerto Chiquito Pool but i t appears t h a t Mr. Greer's gas i n 

j e c t i o n program has been — has had considerable e f f e c t upon 

the production rates i n t h a t — i n t h a t p o o l , i s t h a t cor

r e c t ? 

A We l l , I t h i n k we ought t o keep i n per

spective t h a t we've produced i n excess of 3 - m i l l i o n b a r r e l s 

i n 3 years out of the Gavilan Mancos Pool where the West 

Puerto C h i q u i t o area has produced 8 - m i l l i o n b a r r e l s i n 25 

years. 

Now the production has stayed r e l a t i v e l y 

constant but I suspect t h a t i n the Gavilan Mancos Pool had 

we r e s t r i c t e d r a t e s down t o f a i r l y low values t h a t — t h a t 

we could have maintained them a t a constant, constant l e v e l 

f o r q u i t e some time as w e l l . 

So what I'm saying i s t h a t the evidence 

of constant production i s not neces s a r i l y evidence of 

t h a t the — of the optimum plan of d e p l e t i o n . 

Q I t appears from e x h i b i t s t h a t Mr. Greer 

presented t h a t the gas i n j e c t i o n has had an a f f e c t on the 

recovery. Do you — I guess I'm asking f o r an opinio n and 

you don't have t o answer i f you don't want t o , but do you 
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b e l i e v e t h a t t h a t r e s e r v o i r was near d e p l e t i o n as f a r as 

primary term i s concerned when gas i n j e c t i o n was — 

A No, I don't. I don't b e l i e v e t h a t . I — 

i t — i n f a c t we know what the production pressure h i s t o r y 

was f o r t h a t r e s e r v o i r i s what we showed on Figure 69, so we 

know i t wasn't near d e p l e t i o n . 

There are s u b s t a n t i a l d i f f e r e n c e s i n the 

s t r u c t u r a l c h a r a c t e r i s t i c s of the Gavilan F i e l d and the West 

Puerto Chiqu i t o east area and I t h i n k we recognize those. 

Also, the b e n e f i t t h a t we see of gas i n 

j e c t i o n i s t o sweep out — i s t o sweep out the o i l out of 

the high capacity f r a c t u r e system. I t ' s not going t o d i s 

place o i l out of the t i g h t e r matrix blocks. I n f a c t t h a t i s 

the same statement t h a t Mr. Greer makes about h i s t i g h t — 

h i s t i g h t f r a c t u r e blocks, i s he says they don't — they 

aren't displaced. They d r a i n out. 

So i f we i n j e c t gas and we sweep down a 

high capacity f r a c t u r e system and t h a t ' s a l l the o i l t h a t 

we're going t o get out, then we need t o know the percentage 

of o i l t h a t ' s i n t h a t high capacity f r a c t u r e system r e l a t i v e 

t o the amount t h a t ' s i n the m a t r i x , and i f there i s a r e l a 

t i v e l y small amount i n the high capacity f r a c t u r e system, 

we're going t o sweep through there very r a p i d l y and have 

e a r l y gas breakthrough. 

Now Mr. Greer has the advantage — he may 
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have, I'm going t o speculate again, i n my opinion he prob

ably has — he does have a dual p o r o s i t y system. He probab

l y has a higher p r o p o r t i o n of f r a c t u r e p o r o s i t y to t o t a l 

p o r o s i t y . So he has more o i l t o sweep out w i t h h i s gas i n 

j e c t i o n program. 

A second b e n e f i t t h a t he has i s t h a t the 

gas w i l l n a t u r a l l y stay a t the top of the r e s e r v o i r , the 

c r e s t of the r e s e r v o i r , and the o i l a t the base, because of 

the vast d i f f e r e n c e i n s t r u c t u r a l c h a r a c t e r i s t i c s t h a t occur 

i n the West Puerto Chiquito Pool. 

So I consider i t comparing apples and 

oranges t o compare what w i l l happen i n Gavilan w i t h what's 

going — w i t h what may have happened i n West Puerto Chiqui

t o . 

Q Thank you very much. That's a l l I have. 

QUESTIONS BY MR. LEMAY: 

Q Mr. Hueni, I've got a tough time t r y i n g 

t o understand and maybe accept t h i s dual p o r o s i t y , only be

cause I v i s u a l i z e a r e s e r v o i r t h a t ' s f r a c t u r e d having a l l 

gradations of f r a c t u r e s from some t h a t are high capacity t o 

some t h a t are very t i g h t . I can v i s u a l i z e a system between 

and t h e r e f o r e being i n my mind one system but w i t h these 

great v a r i a t i o n s between maybe 10 Darcys and l/10th of a 

m i l l i d a r c y . For my own c l a r i f i c a t i o n , how does t h i s concept 
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f i t mathematically i n a model w i t h what you're doing? Are 

you d e a l i n g w i t h two d i s t i n c t types of — of behavior and 

t h e r e f o r e segregating them or i s i t g r a d a t i o n a l behavior? 

Can you — 

A Well — 

Q — c a l l i t g r a d a t i o n a l behavior? 

A — t h a t i s the — t h a t i s what we're 

t r y i n g t o represent. We recognize t h a t r e s e r v o i r s are not, 

you know, t h i s or t h a t . They are g r a d a t i o n a l i n nature and 

what we're recognizing i s t h a t there i s s u b s t a n t i a l volume 

of o i l stored i n what has t o be a low flow capacity system, 

and there i s a s u b s t a n t i a l volume of o i l — or there may be 

a minor volume of o i l t h a t i s stored i n a high capacity f l o w 

system but which i s the primary f a c t o r t h a t allows the o i l 

t o f l o w through the system. 

People have proposed t r i p l e p o r o s i t y sys

tems and maybe t h e y ' l l end up w i t h even more than t h a t t o 

t r y and more f u l l y e x p l a i n a l l the d i f f e r e n t g r a d a t i o n a l be

havior t h a t we (unclear) but we b e l i e v e the dual p o r o s i t y 

system, t h a t what we're doing i s we are j u s t recognizing 

t h a t there i s a large amount of o i l stored i n a very low 

capacity system and i t i s g r a d a t i o n a l and there i s a small 

— and we t h i n k there's a small amount stored i n the high 

capacity system. 

Now the — one of the things we might say 
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w i t h respect t o f r a c t u r e s i s t h a t the p e r m e a b i l i t y i n a f r a c 

t u r e i s p r o p o r t i o n a l to the width squared of the f r a c t u r e , 

so i f I have a f r a c t u r e t h a t ' s twice as wide as an adjacent 

f r a c t u r e , I have fo u r times the p e r m e a b i l i t y t h e r e , so when 

I go from a f r a c t u r e t h a t i s .001 inch wide t o .01 inch 

wide, I increase my p e r m e a b i l i t y through t h a t — t h a t p a r t 

of the r e s e r v o i r by a hundredfold and t h a t i s what we're 

t r y i n g t o recognize, i s t h a t there are — i t i s g r a d a t i o n a l 

i n nature but i n general we can separate the e n t i r e volume 

i n t o something t h a t ' s lower capacity and something t h a t ' s 

higher c a p a c i t y , and t h a t i s , t h a t ' s the essence of a dual 

p o r o s i t y system. 

Q I n terms of computer modeling I was won

dering i n v i s u a l i z i n g the g r a d a t i o n a l system, would t h a t f i t 

b e t t e r i n t o a one phase or a two phase or a three or four or 

f i v e phase, or how does t h a t a f f e c t your modeling i f you're 

deali n g i n a g r a d a t i o n a l system? 

A Well, models are always approximations t o 

r e a l i t y . The advantage of having a model i s t h a t you can 

put i n v a r i a t i o n s i n r e s e r v o i r parameters and v a r i a t i o n s 

t h a t we've put i n are we've, by s e t t i n g out a model, t h i s 

cross s e c t i o n a l model, we've taken i n t o account the height 

f a c t o r s . By s e t t i n g out something t h a t has length we've 

taken i n t o account the h o r i z o n t a l f a c t o r s . By p u t t i n g i n a 

dual p o r o s i t y system we've t r i e d t o take i n t o account t h a t 
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there i s some portion of the rock that has high flow capa

c i t y and then there i s also a portion of the rock that has 

low flow capacity. 

So we're t r y i n g to put i n a l l these 

these gradational factors and lump them i n t o as complete a 

description as possible. 

Now, with respect to the d i f f e r e n t number 

of phases that are present, when we t a l k about phases 

present, we're t a l k i n g about o i l , gas, or water generally, 

and normally you consider most o i l f i e l d systems to be com

prised of three phases. 

What we have done i s we have included on

ly the o i l and gas i n the model because the water, which re

sides, l e t ' s say, i n the matrix, whatever would be i n t e r s t i 

t i a l i n the matrix, i s basic a l l y , as we see i t , immobile. 

I t i s not going to move substantially from — from where 

i t ' s currently a t , at least we think there i s good evidence 

that that w i l l not occur. 

Now the presence of water i n the — i n 

that matrix porosity undoubtedly has an impact on that ma

t r i x porosity. In f a c t what i t does i s i t causes a perme

a b i l i t y i n the matrix porosity that was already low to be 

lower because of the presence of water. We're well aware of 

that and we believe that even with these low values that we 

have for permeability, that we w i l l s t i l l get s u f f i c i e n t 
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flow out of the low p e r m e a b i l i t y rock. 

Q Now I t h i n k I understand, but t r y i n g to 

c r y s t a l l i z e j u s t a l i t t l e b i t , there i s a disagreement — 

A Yes, s i r . 

Q — mainly w i t h Mr. D i l l o n . He — he has 

assumptions and you have assumptions and I t h i n k i n general 

these assumptions, many of them appear t o be the same, or a t 

l e a s t any v a r i a t i o n , l i k e i n the bubble p o i n t , would not a f 

f e c t whether your conclusions would be r a t e s e n s i t i v e or 

non-rate s e n s i t i v e i n a r e s e r v o i r or c o r r e c t me i f I'm 

wrong, I'm t r y i n g t o f i n d those areas of disagreement t h a t 

would impact the s e n s i t i v i t y of t h a t r e s e r v o i r t o a great 

e x t e n t , so t h a t you could say i t was e i t h e r r a t e s e n s i t i v e 

or non-rate s e n s i t i v e , and I take i t p e r m e a b i l i t y or t r a n s 

m i s s i b i l i t y would be one. I f you go from 10 Darcys t o 400 

m i l l i d a r c i e s , t h a t ' s going t o be a f a c t o r t h a t would g r e a t l y 

swing t h a t t h i n g t o r a t e s e n s i t i v e or non-rate s e n s i t i v e . 

A I b e l i e v e t h a t i t would be f a i r to say 

w i t h i n the rates at which the f i e l d can p r a c t i c a b l y be pro

duced the t i g h t e r the p e r m e a b i l i t y , the lower the transmis

s i b i l i t y value, the more r a t e s e n s i t i v e the r e s e r v o i r would 

be. 

Q So t h a t i t works reversed. I f you t i g h t 

en up the rock, you're going t o get a more r a t e s e n s i t i v e 

r e s e r v o i r . 
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A That's a b s o l u t e l y r i g h t . 

Q So i n t h a t case the assumptions of Sun 

would tend t o support the conclusions of — of your study. 

From t h a t , a t l e a s t from t h a t f i g u r e . I don't know. I 

don't want t o put words i n your mouth, but — 

A No, I — 

Q — we have — we have the 400 

m i l l i d a r c y t r a n s m i s s i b i l i t y f i g u r e t h a t you used as an aver

age and the, I t h i n k , the 10 Darcy f e e t t h a t was an average 

from Mr. D i l l o n ' s assumptions. 

A Well, i f we — i f we had 10 Darcy f e e t i n 

the r e s e r v o i r , we would end up w i t h a less r a t e s e n s i t i v e 

phenomenon i n the r a t e s e n s i t i v e than whatever we have, 

w i t h i n the range, now I — I t e s t i f i e d already t h a t I be

l i e v e t h a t the way t h a t the Sun study was scaled up ended up 

showing r a t e s e n s i t i v i t y a t such high rates t h a t they are 

not r a t e s t h a t are going t o be r e a l i z e d i n the f i e l d . 

Q The other elements t h a t I f i n d , of 

course, rock c o m p r e s s i b i l i t y , you t e s t i f i e d t h a t t h a t f a c t o r 

they were — w e l l , more conservative than i n i n i t i a l f i g u r e s 

and you b e l i e v e t h a t the c o m p r e s s i b i l i t y i s greater than — 

A I t w i l l not a f f e c t the r a t e s e n s i t i v i t y 

but i t does a f f e c t the i n t e r p r e t a t i o n of the r e s e r v o i r i n 

terms of how much i s t h e r e , what the storage capacity i s , 

and c a l c u l a t i o n s such as those are s e n s i t i v e t o the compres-
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s i b i l i t y , as i s the — w e l l , the c a l c u l a t i o n of o i l i n place 

i n m a t e r i a l balance. So — 

Q Okay, so t h a t would a f f e c t i t from t h a t 

p o i n t of view. 

The other t h i n g was t h i s — you men

t i o n e d , and I hope I understood you, the dual p o r o s i t y sys

tem again versus a s i n g l e p o r o s i t y system, t h a t the dual 

p o r o s i t y system would tend t o favor less s e n s i t i v i t y i n the 

r e s e r v o i r as compared t o a s i n g l e p o r o s i t y system? 

A That i s c o r r e c t , because the only way the 

o i l can get from the low, low matrix p o r o s i t y blocks or i f 

you want t o t a l k about t i g h t matrix blocks, t i g h t f r a c t u r e 

blocks, the only way the o i l gets out of one and i n t o the 

other i s by a pressure d i f f e r e n t i a l . You have t o have a 

lower pressure i n the high capacity f r a c t u r e system t o cause 

o i l t o f l o w out of t h a t , t h a t system. 

Q Okay. 

A And so, so you a c t u a l l y want a high pres

sure d i f f e r e n t i a l t o get the — get the f l o w out of the sys

tem, so — and since 90 percent of your o i l i s contained i n 

those — those types of — t h a t type of p o r o s i t y , then you 

a c t u a l l y are not h u r t p a r t i c u l a r l y by going t o higher r a t e s . 

Q That's — t h a t ' s the question I wondered 

how — go back t o t h a t statement, 90 percent m a t r i x , 10 per

cent f r a c s , do you have any proof of t h a t or i s t h a t an as-
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sumption? 

A No, i t was not an assumption. We, as I 

said before, we ran approximately 80 t o 100 i n d i v i d u a l simu

l a t i o n runs t o t r y and d u p l i c a t e f i e l d performance and we've 

heard already people question about the uniqueness of the 

runs. 

Well, we are much, much close r using the 

set of parameters t h a t we ended up w i t h , the d e s c r i p t i o n 

t h a t you've heard us provide, than we were able t o a r r i v e a t 

using a l t e r n a t i v e d e s c r i p t i o n s . I n f a c t we used a de s c r i p 

t i o n very s i m i l a r t o what Sun d i d , and we f i n d t h a t t h a t i s 

not anywhere close t o repr e s e n t i n g f i e l d performance on the 

average. 

So we b e l i e v e t h a t , you know, we b e l i e v e 

t h a t we have a f a i r l y unique d e s c r i p t i o n . 

Q But — but the proof of t h a t was mainly 

i n the computer modeling? There was no core studying or 

anything t h a t would, to your knowledge, t h a t would d i v i d e up 

the t i g h t rock and say, okay, t h a t ' s — out of t h i s u n i t 

volume 10 percent comes from the — t h i s high — t h i s b i g 

f r a c t u r e here; the other 90 percent from t h i s t i g h t rock? 

A Well, the core s t u d i e s , as we've t e s t i 

f i e d before, i n d i c a t e t h a t there i s matrix p o r o s i t y , and de

c i d i n g t h a t a r a t i o of 90 percent t o 10 percent value, i f we 

had, f o r example, 50 percent f r a c t u r e volume compared t o — 
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w e l l , maybe — could I r e f e r t o one of the e x h i b i t s ? 

Q Sure, please do. 

A I f we would look a t E x h i b i t 75, we pre

sented several — we presented a dual p o r o s i t y system w i t h 

d i f f e r e n t r a t i o s of t h i s — t h i s f r a c t u r e volume t o t o t a l 

volume, and you can see three cases here, one f o r a 50 per

cent r a t i o of f r a c t u r e volume t o t o t a l volume; one f o r a 20 

percent and one f o r a 10 percent. You can see what they do 

i s they a f f e c t the GOR performance. 

Now i f we had 50 percent of the f r a c t u r e 

volume, i f the rock was — had p o r o s i t y of which 50 percent 

was represented by the f r a c t u r e volume, then we would have 

expected the g a s / o i l r a t i o increases t o be less s u b s t a n t i a l 

than they a c t u a l l y have been and the procedure i n matching 

up the observed g a s / o i l r a t i o performance has allowed us t o 

vary, we v a r i e d t h i s r a t i o of f r a c t u r e volume t o t o t a l v o l 

ume and the value t h a t we f i n d t h a t provides us w i t h the 

c o r r e c t match of g a s / o i l r a t i o performance i s not a 50/50 

mix, i t ' s a 10/90 mix. 

Q I t looks l i k e a t l e a s t i n the l e f t h a n d 

side of t h a t curve those l i n e s aren't t h a t f a r apart. They 

seem to spread out as you get more h i s t o r y on i t . 

A That's r i g h t , you need t o look what the 

scale i s pressure on the X axis — 

Q Right. 
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A — not time — 

Q Uh-huh. 

A — and the pressure t h a t we're a t r i g h t 

now i s a pressure of — 

Q 1250, somewhere i n there? 

A Yeah, 1250, 1300, 1400, somwhere i n 

th e r e , and I t h i n k t h a t y o u ' l l see t h a t there i s a substan

t i a l d i f f e r e n c e a t those kinds of pressure l e v e l s , and there 

— i t becomes a very recognizable d i f f e r e n c e when you com

pare a c t u a l performance t o the c a l c u l a t e d performance, and 

we've included and would be prepared t o show l a t e r on t h a t 

there — t h a t the 10 percent number i s much more reasonable 

than say a 50/50 mix. 

Q I n t h a t same regard, again t r y i n g t o un

derstand the r e s e r v o i r , d i d I understand you c o r r e c t l y when 

you mentioned something about i n t e r f e r e n c e t e s t s , you d i d n ' t 

beieve them or you d i d n ' t place any value i n them? 

A No, I b e l i e v e them. The way i n t e r f e r e n c e 

t e s t s normally are run i s — or one of the purposes they're 

normally run, i s t o i d e n t i f y p r o p e r t i e s between adjacent 

w e l l s . They — and what oftentimes you're looking f o r , i f 

you have three w e l l s , you're looking t o see i f the 

p e r m e a b i l i t y i s d i f f e r e n t i n one d i r e c t i o n than i t i s i n the 

other d i r e c t i o n , and so you run your i n t e r f e r e n c e t e s t and 

you perform your c a l c u l a t i o n s on those i n t e r f e r e n c e t e s t s . 
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There are c e r t a i n sets of assumptions, 

and t h i s i s t r u e not only f o r i n t e r f e r e n c e t e s t s but f o r 

pressure build-up t e s t s , you cannot j u s t run a t e s t and then 

take i t and a r b i t r a r i l y put a l i n e on a curve and c a l c u l a t e 

out what you t h i n k i s the t r a n s m i s s i b i l i t y i n d i c a t e d by t h a t 

t e s t . You have t o assure t h a t the formulas t h a t you are us

ing t o make those c a l c u l a t i o n s w i t h are not — or t h a t they 

are a c t u a l l y v a l i d f o r the type of t e s t s t h a t you ran and 

what my comment was w i t h respect t o i n t e r f e r e n c e t e s t s , 

d e a l i n g w i t h a f r a c t u r e d r e s e r v o i r , a dual p o r o s i t y system 

r e s e r v o i r , as we see i t i s t h a t the equations t h a t would ap

p l y i n the i n t e r f e r e n c e t e s t analysis may not be v a l i d a t 

the — f o r the c o n d i t i o n s the t e s t s were run a t out i n t h i s 

— t h i s p a r t i c u l a r f i e l d . I r e a l i z e t h a t was.a b i t of a 

roundabout answer, but — 

Q We j u s t wondered what kind of value you 

placed i n t e r f e r e n c e t e s t s as an i n d i c a t i o n — 

A Well, i n c e r t a i n r e s e r v o i r s under the 

r i g h t c o n d i t i o n s we place a great deal of value on them. We 

j u s t don't b e l i e v e i n t h i s p a r t i c u l a r r e s e r v o i r t h a t the i n 

ter f e r e n c e t e s t could be p r o p e r l y i n t e r p r e t e d t o get 5 t o 10 

Darcy f e e t of p e r m e a b i l i t y , although once again, t h i s was a 

t e s t run back i n the '65 t o '68 timeframe f o r which we have 

very l i t t l e i n f o r m a t i o n — on which we have very l i t t l e i n 

for m a t i o n . 
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Q I guess I wasn't so much concerned about 

i t as a measurement of p e r m e a b i l i t y but as a f u n c t i o n of 

drainage. Another way t o phrase t h a t i n terms of a ques

t i o n would be do you bel i e v e these high capacity w e l l s are 

d r a i n i n g low capacity areas beyond the p r o r a t i o n u n i t ? 

A That would imply t h a t we would have to be 

able t o assign a c e r t a i n amount of o i l i n place t o each pro

r a t i o n u n i t . I n a dual p o r o s i t y system we've said t h a t we 

have — we have f r a c t u r e p o r o s i t y and we have matrix poro

s i t y . Fracture p o r o s i t y i n t u r n i s a f u n c t i o n of f r a c t u r e 

w i d t h and f r a c t u r e i n t e n s i t y , so we have t o know what the 

width and the i n t e n s i t y i s i n a given area. 

I f we have e s s e n t i a l l y constant widt h and 

a — j u s t a v a r i a t i o n i n i n t e n s i t y , then f r a c t u r e p o r o s i t y 

v a r i e s almost d i r e c t l y as the p r o d u c t i v i t y of the w e l l . 

On the other hand, i f we have no change 

i n i n t e n s i t y , but simply a change i n the f r a c t u r e w i d t h , 

then the p o r o s i t y v a r i e s as the cube r o o t of p e r m e a b i l i t y . 

Well, t h a t ' s — t h a t ' s q u i t e a d i f f e r e n c e 

i n assigning p o r o s i t y on the basis of p r o d u c t i v i t i e s t o 

given areas, and what we're saying i s t h a t you have t o know 

both widt h and you have t o know f r a c t u r e spacing, and unfor

t u n a t e l y , we'd l i k e t o say t h a t we know a l o t about t h i s r e 

s e r v o i r , but as several people have c i t e d before, we have 

j u s t very, very l i m i t e d samples out of t h a t r e s e r v o i r . 
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Q Well, maybe i n a s p e c i f i c example I can 

get your o p i n i o n of t h i s . 

A Okay. 

Q I t h i n k i t was the previous testimony 

they t a l k e d about the Merrion K r y s t i n a , t h a t area i n the 

south end of Gavilan, w i t h o u t having any production from 

those w e l l s there was a drop i n pressure. 

With j u s t my b r i e f i n g I would assume 

there's some drainage there w i t h o u t any production. I t 

could not be from t h a t p r o r a t i o n u n i t so some other w e l l 

would have t o be d r a i n i n g t h a t . 

A Ab s o l u t e l y . A b s o l u t e l y . The — there i s 

pressure communication throughout the f i e l d . We've seen 

t h a t i n the terms of pressure p l o t s , and we b e l i e v e t h a t the 

recoveries t h a t i n d i v i d u a l w e l l s w i l l achieve w i l l be pro

p o r t i o n a l t o the rates a t which they're allowed t o produce, 

so i f you have two w e l l s , each of which you're allowed t o 

produce a t 100 b a r r e l s a day, they are probably going t o 

s p l i t the reserves p r e t t y much. 

On the other hand, i f one has the capabi

l i t y of — of producing two times what the f i r s t one i s , 

then i t w i l l get twice the recovery. 

The problem t h a t we have, we recognize 

t h a t . The problem we have i s how do we determine t h a t the 

one t h a t ' s g e t t i n g two times the recovery doesn't have two 
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times the o i l i n place t o begin w i t h . 

Q This i s what I was t r y i n g t o get around 

t o . I f we assume t h a t 90 percent of the reserves are i n the 

low capacity system and 10 percent are i n the high f r a c 

t u r e s , and f o r h y p o t h e t i c a l cases l e t ' s take a w e l l t h a t can 

produce 1000 b a r r e l s a day and one t h a t can produce 10 bar

r e l s a day. Let's say we have an allowable t h a t w i l l allow 

t h a t w e l l t o produce 1000 b a r r e l s a day. The 10 b a r r e l a 

day w e l l c e r t a i n l y can't come close t o i n my way of t h i n k i n g 

d r a i n i n g i t s reserves, and would be drained quicker by the 

1000 b a r r e l a day w e l l i f i t was connected t o the p o r o s i t y 

system, or the — yeah, connected, compared t o , say, 500 

b a r r e l a day al l o w a b l e , which would draw less from t h i s w e l l 

making 10 b a r r e l s a day. 

Does t h a t — does t h a t i n your mind make 

sense or i s there any reason t h a t t h a t would be a c o r r e l a 

t i v e r i g h t s issue? 

A Well, i t c e r t a i n l y i s possible and i n the 

extreme i t appears as such, but once again, when we get t o 

actu a l f i e l d v a r i a t i o n s between w e l l s , you know, t h a t was 

one of the reasons we went through and showed the v a r i a t i o n s 

of i n d i v i d u a l w e l l performance, and we looked a t i t i n terms 

of g a s / o i l r a t i o versus pressure p l o t s f o r i n d i v i d u a l w e l l s , 

and we noted t h a t they d i f f e r from the f i e l d average, and we 

are — we have matched the e n t i r e — we have matched the 
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average trend i n gas/oil r a t i o and pressure performance us

ing the computer model. That's the average for the f i e l d 

and we've said 10 percent of the o i l i s i n the — i n the 

fracture system and 90 percent, as an average for the f i e l d , 

but i f we looked at each in d i v i d u a l well we might conclude 

that i n the localized area around each indiv i d u a l w e l l , that 

that r a t i o would vary. 

So once again we're back to the problem 

of having t h i s r e a l l y complex i n t e r a c t i o n of parameters that 

determine well performance and we have a great deal of v a r i 

a b i l i t y out here, so we, you know, we calculated the 55-mil

l i o n barrel o i l i n place number, which undoubtedly some

body's already going to take issue w i t h , and i f we had ex

tended that to calculating i n d i v i d u a l well o i l i n place 

values, I think we've — we're r e a l l y jumping from the 

f r y i n g pan i n t o the f i r e . 

Q I f you were going to i n j e c t gas, say next 

year, and the f i e l d was u n i t i z e d , where would you i n j e c t , at 

the top of the Gavilan Dome? 

A I suspect that that i s where we would i n 

j e c t i t , yes, and, w e l l , part of the reason that we would 

i n j e c t i t up there i s that's a lower pressure, that area is 

lower pressure j u s t because i t ' s a l i t t l e b i t higher struc

t u r a l l y , and as a r e s u l t of being a l i t t l e b i t lower pres

sure, i t has somewhat higher gas/oil r a t i o s . 
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On the other hand, we also have some 

poorer p r o d u c t i v i t y w e l l s up t h e r e . 

I don't t h i n k t h a t you would necessarily 

— I mean I can speculate on t h a t , but I t h i n k you would ob

v i o u s l y want to do a considerable amount more study than 

sp e c u l a t i n g . 

Q And f i n a l l y I w i l l ask you the question 

t h a t you wanted to answer. 

Why — w h y d i d n ' t you model the produc

t i o n r a tes less than 3600 b a r r e l s a day? 

A The reason i s , i s t h a t i f we were to r e 

view the — the p r e d i c t i o n run f o r 3500 b a r r e l s a day, we 

would see t h a t what we have i s , we have the matrix d e p l e t i n g 

as a s o l u t i o n gas d r i v e . We would see t h a t the f r a c t u r e has 

the gas already a t the top of the f r a c t u r e and the o i l be

low. I n f a c t when we looked a t those — those i n d i v i d u a l — 

w e l l , I ' l l t e l l you what, we should t u r n to t h a t . I f we 

would t u r n t o Figure — Figure 87. This i s a p l o t of the 

gas s a t u r a t i o n s i n each of the i n d i v i d u a l c e l l s i n both the 

matrix and a f r a c t u r e system, and a t the time of u l t i m a t e 

d e p l e t i o n , w e l l , d e p l e t i o n down to an average pressure of 

256 p s i , p s i i n the model, the time i s 2,520 days i n the 

model and i f we look a t t h a t p o i n t , we would see t h a t we 

have a uniform gas s a t u r a t i o n i n the matrix and we would see 

t h a t we have rates of — or we have gas s a t u r a t i o n s t h a t are 
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e s s e n t i a l l y completely f i l l i n g up the o i l pore volume at the 

top of the f r a c t u r e system. 

Now, I hope i t ' s apparent, i t may not be, 

but there i s r e a l l y nothing t h a t we can do to make t h a t a 

b e t t e r s i t u a t i o n . We've got the gas moving to the top. 

We've got the matrix d e p l e t i n g w i t h the uniform gas satura

t i o n and t h a t i s not r a t e s e n s i t i v e . The matrix d e p l e t i o n 

i s not r a t e s e n s i t i v e , so there's r e a l l y nothing t h a t we can 

do t h a t would cause the p i c t u r e t h a t we see here to look any 

b e t t e r . 

So we could look a t 1800 b a r r e l s a day 

but i t ' s going t o look e x a c t l y the same as what we see here. 

MR. LEMAY: I don't believe I 

have any more questions. 

Are there any more questions of 

Mr. Hueni? 

MR. HUMPHRIES: I have one 

more. 

MR. LEMAY: Yes. 

QUESTIONS BY MR. HUMPHRIES: 

Q I t h i n k I understood you to say you went 

through a t e s t t o determine or a t l e a s t c a l c u l a t e the r e l a 

t i v e pressure i n the matrix and i n the f r a c t u r e s . Did you 

t e l l us i n your report? 
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A Well, what I said i s t h a t we believe we 

have a dual p o r o s i t y system. A dual p o r o s i t y system r e 

quires the f r a c t u r e pressure t o be less than the matrix 

pressure, and the only way t h a t we have of i d e n t i f y i n g t h a t 

d i f f e r e n c e between the two pressures i s r e a l l y the output 

form the s i m u l a t i o n model. 

So i t ' s not a f i e l d t e s t . 

Q I t was not a f i e l d t e s t — 

A No. 

Q — t o determine -- t h a t convinced you 

there was greater pressure i n the matrix than there was i n 

the — 

A I f we have a dual p o r o s i t y system, we 

have a greater pressure i n the matrix than we do i n the 

Q And since we're t a l k i n g about r a t e sensi

t i v i t y , i f you vacated the f r a c t u r e system i s there ever — 

are there circumstances i n which t h a t f r a c t u r e can be i n 

vaded by water or gas or any — any other changes t h a t would 

change t h a t pressure r e l a t i o n s h i p and you'd no longer have 

appropriate d i f f e r e n t i a l ? 

I n other words, could you block by deple

t i o n of the f r a c t u r e system i n t o the matrix the remaining 

o i l by changing the pressure s i g n i f i c a n t l y ? 

A No, I don't — t h a t i s what we b a s i c a l l y 

have modeled here. We have run several of our evaluations 
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w i t h what we c a l l pressure s e n s i t i v e p e r m e a b i l i t y , and we've 

not seen any dramatic change i n our r e s u l t s by t a k i n g the 

pressure o f f the f r a c t u r e system i n terms of i t s e f f e c t on 

— the f r a c t u r e system i s a high capacity f r a c t u r e system 

connected t o a t i g h t m a t r i x , and matrix w i l l feed i n a t a 

r a t e , but i t ' s not going t o feed i n a high r a t e . I — I 

would hope t h a t everybody would see t h a t i f we're dealing 

w i t h extremely low p e r m e a b i l i t i e s , t h a t t h a t w i l l not have a 

high f l o w r a t e i n t o the f r a c t u r e system. So even though we 

may, w i t h a pressure s e n s i t i v e p e r m e a b i l i t y , lose some of 

the p e r m e a b i l i t y i n the high capacity f r a c t u r e s , we're s t i l l 

going t o have more than s u f f i c i e n t p e r m e a b i l i t y t o produce 

a t p r e t t y much whatever r a t e we are able t o support w i t h the 

ma t r i x . 

Q But i f you depleted the large f r a c t u r e 

system f o r a l l p r a c t i c a l purposes t o the p o i n t the f i e l d was 

no longer economic, would you continue t o have t h a t kind of 

pressure d i f f e r e n t i a l ? I t would seem t o me t h a t t h a t would 

have a great deal t o do w i t h r a t e s e n s i t i v i t y . 

A Well, as long as you s t a r t to deplete, 

i n i t i a l l y as you s t a r t t o deplete, the sequence t h a t hap

pens, we produce the r e s e r v o i r a t a high r a t e . A f r a c t u r e 

system depletes f a s t e r than the matrix system. You create a 

large pressure d i f f e r e n t i a l . A large pressure d i f f e r e n t i a l 

causes the matrix t o flov/ i n a t as high a r a t e as i t possib-
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l y can. That helps support the pressure i n the f r a c t u r e 

system. As the pressure i n the e n t i r e system s t a r t s to be 

drawn down, the rates a t which o i l w i l l feed i n t o the 

f r a c t u r e system d i m i n i s h . The rates a t which t h e y ' l l be 

taken out from the w e l l s w i l l d i m i n i s h , and b a s i c a l l y what 

we have i s a l e v e l i n g o f f of the production curve. And so 

ev e n t u a l l y we reach a p o i n t i n time where we reach d e p l e t i n g 

— d e p l e t i o n c o n d i t i o n s f o r the r e s e r v o i r . We have a low 

pressure i n the f r a c t u r e system and almost as low a pressure 

i n the matrix system, as w e l l , a t t h a t p o i n t i n time. and 

i t ' s not r a t e s e n s i t i v e . 

Q Okay. Thank you. 

QUESTIONS BY MR. BROSTUEN: 

Q Mr. Hueni, i n your response to a question 

by the chairman, you were discussing a three phase or two 

phase r e s e r v o i r system whereby you can use a two phase o i l 

and gas and not include water because the water's immovable, 

and then i f I heard you c o r r e c t l y , and t h i s i s where I want 

some c l a r i f i c a t i o n , you s t a t e d t h a t the water i n the micro

f r a c t u r e matrix p o r o s i t y also diminished the a b i l i t y of the 

o i l t o move out of t h a t matrix p o r o s i t y , i s t h a t what you 

said? 

A Well, I t h i n k i t needs t o be recognized. 

I mean there — there are c e r t a i n — we said t h a t when we 
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ran our core plug t e s t s , those are a l l run on a — on a s i n 

gle phase type system and when we have m u l t i p l e phases i n 

there the e f f e c t of the m u l t i p l e phases i s b a s i c a l l y t o r e 

duce the p e r m e a b i l i t y t o each i n d i v i d u a l phase. 

So i f we have core plug t e s t s t h a t are 

run and they have a low p e r m e a b i l i t y t o a — the flow of a 

s i n g l e f l u i d , then i f we put two f l u i d s i n there they're 

going t o have a s t i l l lower fl o w and what I'm saying i s t h a t 

we recognize the f a c t t h a t p e r m e a b i l i t y of the matrix w i l l 

be — w i l l be reduced from t h a t shown i n the core plug ana

l y s i s due t o the presence of water. 

Q I n a sense, though, we have a water wet 

r e s e r v o i r , i s t h a t not c o r r e c t ? 

A We do not know i f we have a water wet r e 

s e r v o i r or not. 

Q I f we d i d , and the water was immobilized, 

i t would s t i c k around the f a c i e s of the sand grains or the 

f r a c t u r e f a c i e s , t h a t would f a c i l i t a t e the (not c l e a r l y un

derstood) — i t would f a c i l i t a t e the movement of o i l out of 

the matrix p o r o s i t y , I suppose, t o (not c l e a r l y understood). 

A Well, I t h i n k t h a t ' s r i g h t , as opposed to 

an o i l wet r e s e r v o i r , but once again the presence of water 

reduces the pore size t h a t the o i l has t o move through, so 

you do have a r e d u c t i o n i n p e r m e a b i l i t y — 

Q Okay. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

160 

A — when you do have water present, and we 

recognize t h a t . We once again ran a two phase model w i t h 

the concept being t h a t we have a low p e r m e a b i l i t y matrix and 

— but even w i t h a very low p e r m e a b i l i t y m a t r i x , we have 

s u f f i c i e n t p e r m e a b i l i t y t o have flo w from the matrix i n t o 

the f r a c t u r e system. 

Q Thank you very much. 

MR. LEMAY: We'll l e t you go i n 

a minute. 

A Okay. 

QUESTIONS BY MR. LEMAY: 

Q Trying again, t o c r y s t a l l i z e the areas of 

disagreement, I t h i n k the f i r s t group t e s t i f i e d t h a t a t 

present pressure d e p l e t i o n r a t e s , something l i k e 30 pounds a 

month or i n t h a t range, I t h i n k , t h a t meant the f i e l d would 

be depleted i n three years. Your graphs and a l l your 

i n f o r m a t i o n show a t the present r a t e a 10 year d e p l e t i o n . 

What are the reasons f o r t h a t discrepancy? Can you comment 

on tha t ? 

A Well, I t h i n k i t would be f a i r t o say 

t h a t t h e i r r a t e of d e p l e t i o n i s based on withdrawals of 

the c u r r e n t — of the c u r r e n t l e v e l , but as pressure 

d e c l i n e s , p r o d u c t i v i t y d e c l i n e s , as w e l l , and t h a t extends 

the l i f e of the f i e l d . 
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Q I'm not sure again, as — 

A Okay. I b e l i e v e , and I hope once again 

I'm not m i s s t a t i n g t h e i r p o s i t i o n , but I b e l i e v e t h a t t h e i r 

very s h o r t l i f e f o r the f i e l d i s based on t a k i n g out as much 

o i l next year as they're t a k i n g out today. 

A I'm f o l l o w i n g you. 

Q But as they take out more o i l , the pres

sure d e c l i n e s , the p r o d u c t i v i t y d e c l i n e s , and i t extends the 

f i e l d l i f e . 

Q And you've extended t h a t curve out more 

w i t h the r e d u c t i o n i n volumes each year. 

A Well, t h a t ' s — t h a t ' s r i g h t . Ours i s a 

— we show the d e c l i n e curve as i t extends out as volumes go 

down. 

Q Okay. 

MR. LEMAY: Any more questions 

of the witness? 

MR. LYON: May I ask j u s t one 

question? 

MR. LEMAY: Okay. 

QUESTIONS BY MR. LYON: 

Q I t h i n k the answer t o t h i s i s obvious but 

I j u s t wanted t o confirm i t . 

R e f e r r i n g t o Figure 49, i n your t a b u l a -
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t i o n of f l u i d p r o p e r t i e s , MUo, the pressure of 1114, should 

t h a t not be 0.5 r a t h e r than 0.1? 

A You're r i g h t . That's entered i n c o r r e c t 

l y . For the o i l i n place c a l c u l a t i o n , t h a t i s not one of 

the parameters used. 

MR. LEMAY: I f there are no 

other questions of the witness, he may be excused. 

MR. LOPEZ: Mr. Chairman. 

MR. LEMAY: Yes, s i r . 

MR. LOPEZ: I s t i l l have some 

r e d i r e c t . 

MR. LEMAY: Well, sure, please 

r e d i r e c t , Mr. Lopez. I d i d n ' t mean t o cut you o f f . 

REDIRECT EXAMINATION 

BY MR. LOPEZ: 

Q Mr. Hueni, I bel i e v e Mr. K e l l a h i n s t a t e d 

t h i s morning t h a t your testimony t h i s week i n t h i s hearing 

had d i f f e r e d from the testimony you gave at the time of the 

August hearing. 

Would you please t e l l us i n what 

respects, i f any, your testimony t h i s week has d i f f e r e d from 

your testimony i n August, and i f there i s a d i f f e r e n c e , why 

there i s a d i f f e r e n c e ? 

A Yes. I n general, most of the conclusions 
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t h a t we reached i n the August hearing are very s i m i l a r t o 

what we reached i n our study here. The changes i n any of 

our conclusions are based on the a d d i t i o n a l t e s t i n g and 

studies t h a t have been completedin the i n t e r i m and t h a t were 

recommended, t h a t have been recommended p r e v i o u s l y by 

various p a r t i e s i n the f i e l d . 

But we have not changed — i n the August 

hearing we i n d i c a t e d t h a t we f e l t the f l u i d p r o p e r t i e s t h a t 

were associated w i t h the r e s e r v o i r , w i t h the f l u i d property 

sample t h a t was a v a i l a b l e f o r the r e s e r v o i r were not cor

r e c t . 

We s t i l l have t h a t same op i n i o n , although 

we have a s l i g h t l y r e v i s e d estimate of what the bubble p o i n t 

pressure i s . 

We be l i e v e t h a t the gas was segregated i n 

the r e s e r v o i r . 

We s t i l l b e l i e v e the gas i s segregating 

i n the r e s e r v o i r . We be l i e v e i t i s oc c u r r i n g i n the high 

capacity f r a c t u r e system and i n the ma t r i x , however, i t i s 

not segregating, and so we f e e l t h a t we're con s i s t e n t w i t h 

t h a t , as w e l l . 

We made a statement t h a t increased gas 

s a t u r a t i o n a t the top of the formation would ev e n t u a l l y des

cend t o the l e v e l of p e r f o r a t i o n s causing increased GORs 

could not be avoided i n the long term, t h e r e f o r e high GORs 
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should not ne c e s s a r i l y be a t t r i b u t e d to a s o l u t i o n gas d r i v e 

mechanism w i t h o u t c o n f i r m a t i o n from production c o n t r o l sur

veys . 

We've run those production c o n t r o l sur

veys and we do see gas segregation. 

Pressures a t t h a t time were c u r r e n t l y be

low the bubble p o i n t . Well, they s t i l l are. We agree w i t h 

t h a t . 

We said pressure production data i n d i 

cated a reasonable value of o i l i n place at 1 0 0 - m i l l i o n bar

r e l s . This could be reduced depending on lab measurements 

on rock c o m p r e s s i b i l i t y . We c a r r i e d out the lab measure

ments and they've consequently been reduced. 

We said t h a t matrix p o r o s i t y might con

t r i b u t e t o u l t i m a t e recovery, although the magnitude of the 

c u r r e n t c o n t r i b u t i o n could not be determined a t t h a t p o i n t . 

I t says the c o n t r i b u t i o n of the matrix w i l l be more s i g n i f i 

cant as the pressure i s lowered. That i s e x a c t l y what we're 

saying today, no d i f f e r e n c e . 

Comparison of pr e d i c t e d s o l u t i o n gas 

d r i v e performance t o a c t u a l data i n d i c a t e s the r e s e r v o i r i s 

not a s o l u t i o n gas d r i v e . That i s e x a c t l y what we're saying 

today. 

We said i n order to maintain c u r r e n t gas 

segregation i n the r e s e r v o i r producing rates need to be 
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l i m i t e d and o i l allowable of 702 b a r r e l s of o i l per day per 

320-acre u n i t , and a gas allowable of 453 MCF per day based 

on an i n i t i a l s o l u t i o n g a s / o i l r a t i o of 646 i s more than 

adequate t o maintain e f f e c t i v e segregation and we are s t i l l 

saying t h a t you can produce a t the statewide top allowable 

and not cause — cause any ki n d of damage t o the r e s e r v o i r . 

I n other words, we consider t h a t we have 

modified our p o s i t i o n p r i m a r i l y based on the a d d i t i o n a l t e s t 

i n f o r m a t i o n t h a t we have seen, i n t e g r a t i n g t h a t i n t o a com

p l e t e r e s e r v o i r study. 

Q I'd now l i k e you t o r e f e r to Figure 70, 

Figure 70, and e x p l a i n again why you used a s i n g l e p o r o s i t y 

system as a model r a t h e r than a dual p o r o s i t y system. 

A Figure 70 was a schematic of the model 

t h a t we used t o study possible communication between the 

Gavilan Mancos Pool and the east side of the West Puerto 

Chiquito Pool, and we i n d i c a t e d t h a t we used a s i n g l e poro

s i t y model t o study t h i s — t h i s behavior as opposed to the 

dual p o r o s i t y model t h a t we used t o i n t e r p r e t Gavilan Mancos 

F i e l d performance. 

We'd l i k e t o say simply t h a t the reason 

t h a t we used a s i n g l e p o r o s i t y system model i s t h a t we were 

not attempting t o match g a s / o i l r a t i o performance i n the 

pool, as we were doing w i t h the Gavilan Mancos Pool. A l l we 

were t r y i n g t o do i s e s t a b l i s h a degree of communication be-
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tween the two pools, so we do not need as s o p h i s t i c a t e d a 

model t o achieve t h a t purpose, and a s i n g l e p o r o s i t y system 

w i t h a v a r i a b l e t r a n s m i s s i b i l i t y b a r r i e r somewhere between 

the two pools i s s u f f i c i e n t t o — t o serve t h a t p a r t i c u l a r 

purpose. 

Q And f i n a l l y I t h i n k Mr. K e l l a h i n r a i s e d 

some discussion w i t h respect t o the uniqueness of the model 

you employed t o analyze t h i s r e s e r v o i r and I t h i n k suggested 

t h a t you could manipulate any number of d i f f e r e n t numbers 

and parameters and get the same r e s u l t s . 

Would you care t o comment? 

A I t h i n k i t always has t o be said i n f a i r 

ness t h a t t h e r e , because there are an i n f i n i t e v a r i e t y of 

d i f f e r e n t combinations of f i e l d performance parameters t h a t 

you can study, t h a t i f you only study 100 of them t h a t you 

may not have obtained the only match t h a t ' s possible to ac

t u a l f i e l d performance. 

What I would l i k e t o say i s t h a t we have 

studied a v a r i e t y of d i f f e r e n t systems w i t h i n the reasonable 

bounds of several of the d i f f e r e n t parameters and we are not 

able t o o b t a i n a h i s t o r y match of nearly the q u a l i t y t h a t 

we've presented t o you today w i t h any other combination of 

parameters t h a t we have found t o be reasonable i n d e s c r i b i n g 

the f i e l d performance. 

Q And t h i s match was represented on your 
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A That i s c o r r e c t . That i s our match, on 

Figure 80. 

Q I n your experience do you encounter many 

matches t h a t good? 

A No. No, th e r e , e s p e c i a l l y i n heterogen

eous r e s e r v o i r s such as we have here, t h i s i s , I would con

s i d e r , a very e x c e l l e n t match. 

MR. LOPEZ: I t h i n k t h a t ' s a l l 

my questions. 

MR. LEMAY: Thank you, Mr. 

Lopez. 

Any a d d i t i o n a l questions of the 

witness? 

I f not, he may be excused. 

Thank you very much. 

At t h i s time we'd l i k e to c a l l 

a couple witnesses i f we may, j u s t t o — f o r p o i n t s of c l a r 

i f i c a t i o n mainly. 

Mr. Richard E l l i s , would you 

come up j u s t f o r a few minutes? 

MR. LEMAY: The witnesses being 

r e c a l l e d , I j u s t want t o remind everyone t h a t they're s t i l l 

under oath, so we won't have any swearing i n . 

Mr. Humphries has some 

questions about the geology of t h i s r e s e r v o i r and how i t got 

to be what i t i s today. 
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RICHARD ELLIS, 

being r e c a l l e d and remaining under oath, t e s t i f i e d as 

f o l l o w s , t o - w i t : 

QUESTIONS BY MR. HUMPHRIES: 

Q Well, probably everybody understands i t 

but me, but we've t a l k e d about a very b r i t t l e rock t h a t ' s a 

zone between A, B, and C, and we have some i n d i c a t i o n t h a t A 

and B, a t l e a s t i n the Gavilan Mancos are very, very close 

together. I n West Puerto C h i q u i t o are they t h a t close t o 

gether? 

A I n a v e r t i c a l sense? 

Q Uh-huh. 

A Well, the e n t i r e Niobrara producing i n 

t e r v a l i s — i s a net thickness of about 300 f e e t . 

The A, w e l l , I couldn't t e l l you without 

looking a t a log j u s t how t h i c k the o v e r a l l A Zone i s , but 

i f you don't mind me t a k i n g a guess, 60 f e e t ; maybe the B 

might be 80-90 f e e t ; and then the C would be the r e s t of 

t h a t . 

Q I s there a s i g n f i c a n t separation between 

them? 

A Well, I t h i n k i n d e s c r i b i n g the r e s e r v o i r 

I was — I was p l a c i n g separations between i n d i v i d u a l u n i t s 

t h a t I consider to be r e s e r v o i r response u n i t s . I used t h a t 
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terminology and I also char a c t e r i z e d them as being h i g h l y 

a n i s o t r o p i c and b r i t t l e . 

The i n t e r v e n i n g zones are what I would 

c a l l the massive and more p l a s t i c l i t h o l o g i e s , but even 

though they are f r a c t u r e d t o some ex t e n t , they don't have 

the f r a c t u r e i n t e n s i t y t h a t the surrounding b r i t t l e zones do 

and i n f a c t , because of the p l a s t i c nature of the l i t h o l o g y , 

they probably heal t o some ex t e n t . By "heal" I mean maybe 

the f r a c s would close up, you know, because of the nature of 

the l i t h o l o g y . 

So t h a t ' s what I meant by the separation 

between those zones. 

The a c t u a l b r i t t l e zones are not a l l of 

the A, f o r example, or a l l of the B, w i t h some kind of i n 

ter v e n i n g b a r r i e r between them. They would be i n d i v i d u a l 

u n i t s i n the B and I t h i n k based on the core work, you know, 

I could i d e n t i f y , maybe, 3 or 4 s i g n i f i c a n t i n d i v i d u a l b r i t 

t l e zones i n t h a t u n i t . 

Q Well, i n West Puerto Chiquito you have 

production from A, B, and C, i s t h a t c o r r e c t ? 

A Yes, you do. 

Q And do you agree t h a t A and B are almost 

one zone and e s s e n t i a l l y v e r t i c a l l y f r a c t u r e d t o the p o i n t 

t h a t they produce — 

A Together. 
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Q — together as one zone? 

A Oh, I t h i n k every w e l l out there i s hyd

r a u l i c a l l y f r a c t u r e d , so you're communicated v e r t i c a l l y by 

v i r t u e of h y d r a u l i c f r a c t u r i n g but the zone are separate i n 

the r e s e r v o i r i s a l l I'm saying. 

Q But then there's enough of the other mat

e r i a l t h a t you've described as being very p l a s t i c i n nature 

separating C from A and B — 

A They're d i s c r e t e u n i t s . 

Q — t o make a s i g n i f i c a n t d i f f e r e n c e from 

West Puerto Chiquito — 

A I t prevents the v e r t i c a l f l u i d f low — 

Q From C t o A and B? 

A — i n the r e s e r v o i r . C to B, B to A, C 

to A. 

Q Well, okay, the — 

A Right. I'm separating both the A and the 

C r e s e r v o i r . 

Q Hasn't a great deal of the testimony d i s 

cussed about what's happening west of t h i s b a r r i e r i n d i c a t e d 

t h a t perhaps t h a t there i s almost homogenous zone, A and B 

together, and — 

A Okay, w e l l , t h a t ' s not my i n t e r p r e t a t i o n , 

no. 

Q Okay, then maybe t h a t i s what I was 
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but i n West Puerto Chiqu i t o I see three d i s t i n c t zones. 

A Okay, I see d i s t i n c t producing zones 

w i t h i n a l l of the three d i f f e r e n t u n i t s i n — on both sides 

of the e x i s t i n g boundary. 

Q Okay. 

A That's what I've t e s t i f i e d t o . 

Q What I s t a r t e d t o ask you awhile ago i s 

i f t h a t s t r u c t u r e or formation or whatever you want t o c a l l 

i t , being the b r i t t l e zones interspersed w i t h the r a t h e r 

f l u i d ones i n the Niobrara formation, i f i t bends i s t h a t 

p a r t of what creates the fracs? I believe there was some 

testimony about t h a t , t h a t at the outside of the bend 

there's a greater f r a c t u r e than there i s a t the i n s i d e of 

the bend? 

A Yeah. Well, i t ' s — i t ' s — t h a t ' s a 

very s k i l l - d e p e n d e n t observation, you know, your radius of 

curvature obviously i s c r i t i c a l i n t h i s instance, you know, 

i f you look a t the diagram t h a t was presented, you have a 

f a l s e impression of the radius of curvature of the a c t u a l 

f o l d . 

The radius would be on the order of 

miles. The a c t u a l thickness of the u n i t i s on the order of 

300 f e e t , and t h e r e f o r e you can't say t h a t the top of the A 

over the c r e s t of an a n t i c l i n e , f o r example, would f r a c t u r e 

p r e f e r e n t i a l l y r e l a t i v e t o the bottom of t h a t C u n i t , f o r ex-
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ample, j u s t because of the scale of your observation. 

Q I s there something t h a t you see or your 

experience t e l l s you or your model d e f i n i t i o n or anything 

t h a t we've t a l k e d about i n a l l t h i s , t h a t t e l l s you i n t h a t 

r e s t r i c t i v e b a r r i e r t h a t supposedly d i v i d e s the two, West 

Puerto Chiqu i t o and Gavilan Mancos Pools, t h a t there i s some 

s t r u c t u r a l d i f f e r e n c e there t h a t ' s a c t u a l l y d i v i d i n g them? 

I mean we've heard a l o t of testimony of being gas communi

c a t i o n , o i l probably, or f l u i d moves back and f o r t h , and yet 

we're t a l k i n g about the d i s t i n c t d i f f e r e n c e between the two 

pools and perhaps s e t t i n g a boundary between those two 

pools? Is there something there t h a t — i n t h i s p a r t i c u l a r 

diagram here i t appears t h a t t h i s syncline may c o n t r i b u t e to 

the b a r r i e r . Is t h a t your assessment? 

A No — 

Q Or do you b e l i e v e there i s a b a r r i e r 

there a t a l l ? 

A Well, I don't be l i e v e there's a b a r r i e r 

there a t a l l , you know, as I t e s t i f i e d e a r l i e r , the s t r u c 

t u r a l development was the r e s u l t of a s i n g l e set of applied 

t e c t o n i c forces i n the area. These are compressional fea

t u r e s . The f r a c t u r e s t h a t r e s u l t e d i n these i n d i v i d u a l i n 

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

You w i l l have zones of increased f r a c t u r e 

i n t e n s i t y a t zones of increased s t r u c t u r a l i n t e n s i t y , which 
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would correspond t o your p o i n t s of maximum curvature, but 

they don't i n any sense of the word create a s i t u a t i o n where 

you have a b a r r i e r t o f l u i d f l o w across t h a t supposed bound

ary of the two pools. 

There's nothing geologic t h a t would lead 

me t o b e l i e v e t h a t . 

Q And you've seen enough i n f o r m a t i o n from 

both sides of the b a r r i e r from w e l l s , known geology, to t e l l 

you t h a t things are p r e t t y constant, t h a t there's no major 

s y n c l i n e , and then I asked you yesterday — 

A Oh, w e l l — 

Q — or day before yesterday about t h a t — 

A Well, yeah. Well, you need t o look a 

t r u e s t r u c t u r a l r e p r e s e n t a t i o n of the r e s e r v o i r , excuse me. 

That, you know, r e p r e s e n t a t i o n we see there, of course, 

gives you an exaggerated s t r u c t u r a l view, i f you want to 

look i t . I t ' s , you know, r e a l l y there's a 160 f e e t of r e 

l i e f i n the top of the nose t o the bottom of the s y n c l i n e . 

I t ' s , you know, i t ' s not a (unclear) s t r u c t u r e i f you look 

a t the scale of the ( u n c l e a r ) . 

Q Would t h a t f o r m a t i o n , i f i t looked l i k e 

t h a t , i t wouldn't be p l a n a l , would i t ? I t would have a l l 

kinds of — l i k e i f you waved a blanket or something over 

i t . 

A Yeah, going over the s t r u c t u r e I guess 
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you could use t h a t c h a r a c t e r i z a t i o n . 

Q Would t h a t be a f a i r r e p r e s e n t a t i o n of — 

would t h a t a f f e c t w e l l t o w e l l performance, or the geology 

surrounding the w e l l which might create d i f f e r e n t kinds of 

f r a c t u r e s , i n t e n s i f y the f r a c t u r e s ? 

A Wel l , a t f i r s t blush I t h i n k t h a t i t 

would, but you could see a d i s t i n c t lack or c o r r e l a t i o n be

tween the second d e r i v a t i v e map and e x i s t i n g production da

t a ; i n f a c t , no c o r r e l a t i o n . 

Q I t h i n k t h a t answers the question. Thank 

you. 

QUESTIONS BY MR. LEMAY: 

Q I have one, Mr. E l l i s . Just concerning 

these, the f r a c t u r e p a t t e r n s , I t h i n k you t e s t i f i e d t h a t 

p r o j e c t i o n of what you saw a t the surface or through t h e i r 

photogrpahs, and so f o r t h , led you t o beli e v e there's a ran

dom f r a c t u r e p a t t e r n and c o r r e c t me i f I'm wrong i n what you 

sa i d , but subsequent testimony e s t a b l i s h e d some nor t h t r e n 

ding f a u l t s on the south end of the Gavilan F i e l d , anyway, 

out of a couple w e l l s . 

A f t e r hearing t h a t d i d t h a t change your 

idea of maybe the f r a c t u r e p a t t e r n w i t h i n the f i e l d ? 

A Well, I t h i n k c e r t a i n l y a f t e r looking a t 

the televiewer logs, you know, you could have a f r a c t u r e 
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o r i e n t a t i o n a t t h a t scale of observation t h a t gives you t h a t 

o r i e n t a t i o n , but again, you know, previous testimony l a s t 

August found a s i n g l e dominant f r a c t u r e d i r e c t i o n of n o r t h 

west/southeast, and the c r i t i c a l t h i n g again would be the 

nature of your observation. 

I f you look at the scale of the borehole 

you're looking a t a 7-inch borehole p i c t u r e of the subsur

face. You're d e a l i n g w i t h v e r t i c a l , s u b - v e r t i c a l f r a c t u r e s 

a t spacings, i n d i c a t e d spacings o f , I b e l i e v e , two t o s i x 

inches. I f you have a spacing of a f r a c t u r e a t even any

t h i n g more than t h a t , you're going t o miss i t , you know, i n 

your observation of the borehole, you know, you have a d i s 

t i n c t lack of s t a t i s t i c a l v a l i d i t y i n t r y i n g t o r e l a t e a do

minant f r a c t u r e d i r e c t i o n observes i n a borehole t o an over

a l l r e s e r v o i r f r a c t u r e p a t t e r n development. I n f a c t , the 

borehole, i f you want t o c h a r a c t e r i z e i t simply-mindedly, 

samples less than one b i l l i o n t h of one percent of the t o t a l 

r e s e r v o i r . Even i f you had — a l l 179 w e l l s had dipmeter 

t o o l s or t e l e v i e w e r logs i n i t , why I s t i l l wouldn't neces

s a r i l y b e l i e v e , you know, you were looking a t a s i n g l e f r a c 

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

d i c a t i o n i f a t a l l . 

Q That's a l l we have t o look a t , whether 

i t ' s a core or logs. Of course the logs have a l i t t l e 

g reater radius of i n v e s t i g a t i o n — 
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A Yeah. 

Q — but we're l i m i t e d w i t h those data 

p o i n t s . 

A Well, I t h i n k when you're dealing w i t h 

geologic observations t h a t have some l a t e r a l c o n t i n u i t y i n 

the subsurface, t h a t makes sense. I f you're dealing w i t h 

v e r t i c a l observations, you know, i t ' s — a c t u a l l y you're 

looking a t a l i n e t h a t ' s , you know, i n f i n i t e s i m a l l y small 

and t r y i n g t o observe t h a t , you know, i t ' s a d i f f e r e n t type 

of observation whether you're looking v e r t i c a l l y r a t h e r than 

h o r i z o n t a l l y . With a borehole i t ' s v e r t i c a l , and I'm saying 

t h a t ' s a s t a t i s t i c a l l y i n v a l i d way t o cha r a c t e r i z e r e s e r v o i r 

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

Q I n t r y i n g t o develop a p a t t e r n of d r a i n 

age, i f there were more v e r t i c a l f r a c t u r e s aligned i n a 

north/south d i r e c t i o n , wouldn't you expect more communica

t i o n i n a north/south d i r e c t i o n w i t h the i n d i v i d u a l w e l l s 

than i n an east/west d i r e c t i o n ? 

A I f you had some ki n d of dominant f r a c t u r e 

d i r e c t i o n you might suppose there was some ki n d of d i r e c 

t i o n a l p e r m e a b i l i t y i n the r e s e r v o i r , t h a t ' s t r u e . 

Q The only other t h i n g , here again i t was 

maybe hearsay or something t h a t was — I read somewhere, 

t h a t i t ' s p o s s i b l e to p i c k up some of these f r a c t u r e o r i e n 

t a t i o n s , areas of f r a c t u r e s , from seismic surveys. 
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Have you had any experience a t a l l w i t h analyzing any geo

ph y s i c a l methods t h a t lead you t o be l i e v e t h a t f r a c t u r e s can 

be shown on seismic? 

A Well, i f you're going t o use the seismic 

t o o l f o r t h a t , t h a t p a r t i c u l a r purpose, then I'd want t o see 

some k i n d of v e r t i c a l o f f s e t on these f r a c t u r e s . I t h i n k 

we're probably d e a l i n g w i t h shear f r a c t u r e s of the subsur

face. I f there i s no v e r t i c a l o f f s e t , I s e r i o u s l y doubt the 

seismic t o o l w i l l h elp. You might see minor d i s c o n t i n u i t i e s 

i f you move along t h i s s e c t i o n , but t h a t probably wouldn't 

be a t o o l we'd want t o use i n t h i s p a r t i c u l a r environment. 

MR. LEMAY; Did you want any 

r e d i r e c t a f t e r we ask questions or — 

MR. KELLAHIN: I understood the 

ground r u l e s to be t h a t we would not. 

MR. LEMAY: Well, I would pre

f e r t h a t but you're always welcome t o . 

MR. KELLAHIN: You're doing 

f i n e w i t h o u t us, Mr. Chairman. 

MR. LEMAY: Well, f i n e , I t h i n k 

we are, too. Thank you. We're t r y i n g t o answer a few ques

t i o n s . 

At t h i s p o i n t we'd l i k e t o take 

maybe a f i f t e e n minute break and come back w i t h j u s t a 

couple more witnesses. 
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(Thereupon a f i f t e e n minute recess was taken.) 

MR. LEMAY: Is Alan Emmendorfer 

here? 

MR. EMMENDORFER: Yes, s i r . 

MR. LEMAY: Okay, Would you 

come up here f o r a few questions, please? 

ALAN P. EMMENDORFER, 

resuming the witness stand and remaining under oath, t e s t i 

f i e d as f o l l o w s , t o - w i t : 

QUESTIONS BY MR. LEMAY: 

Q Just a couple of quick ones here, i f you 

don't mind. 

A No problem. 

Q You heard what Mr. E l l i s said concerning 

f r a c t u r e p a t t e r n s and what was said p r e v i o u s l y concerning 

f r a c t u r e p a t t e r n s . I j u s t wondered i f you agree or disagree 

w i t h what was said — 

A Well — 

Q — p r e v i o u s l y . 

A I disagree w i t h him and i t ' s probably 

safe t o say t h a t since we've been involved w i t h each other 
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since l a s t summer t h a t the only t h i n g we can probably agree 

on i s t h a t there's o i l being produced out of the w e l l s i n 

the Gavilan area. 

Q You would c h a r a c t e r i z e your r e l a t i o n s h i p 

as one t h a t ' s t y p i c a l of two g e o l o g i s t s i n disagreement. 

Do you b e l i e v e i n the v e r t i c a l f r a c t u r e s 

t h a t the predominant d i r e c t i o n i n t h a t f i e l d i s v e r t i c a l 

f r a c t u r e s are aligned i n a north/south d i r e c t i o n ? 

A I b e l i e v e t h a t there's a m u l t i - d i r e c t i o n 

a l set of sheared f r a c t u r e s and t h a t there's po s s i b l y an ex

t e n s i o n a l f r a c t u r e developed between the two t h a t set d i f 

f e r e n t o r i e n t a t i o n s as you go around the s t r u c t u r a l nose of 

the Gavilan Dome. 

Q Okay. 

A I b e l i e v e t h a t those o r i e n t a t i o n s can be 

determined w i t h i n the w e l l b o r e . I'm not prepared to present 

testimony as t o which d i r e c t i o n s under which p a r t i c u l a r 

w e l l s . I've done a complete study on t h a t but I have not 

brought t h a t w i t h me. We ran f i f t e e n of those o r i e n t e d mic

r o f r a c t u r e logs t h a t I t e s t i f i e d w i t h yesterday and I've 

looked a t everyone of those and I've done i n depth s t a t i s t i 

c a l studies on those. 

I t h i n k t h a t I can t e l l the three p r i n c i 

p al f r a c t u r e d i r e c t i o n s t h a t are the shear f r a c t u r e s and the 

extensional f r a c t u r e t h a t ' s between the two, i f i t does ex-
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i s t i n a p a r t i c u l a r wellbore t h a t I've got the i n f o r m a t i o n 

from; however, I don't — I know, and I don't t h i n k I ' l l 

ever know how I ' l l be able t o determine which of those par

t i c u l a r sets of f r a c t u r e s may be p r e f e r e n t i a l l y enjoying the 

c u r r e n t s t r e s s regime i n the area, p r o v i d i n g which ones of 

those are the dominant f r a c t u r e d i r e c t i o n , which would be 

the high capacity f r a c t u r e s . I t h i n k t h a t I consider t h a t 

these logs are very accurate i n t h e i r determination of 

o r i e n t a t i o n w i t h i n the logs, or w i t h i n the w e l l s . 

We heard, I b e l i e v e , Mr. E l l i s and myself 

quoted Dr. Stearns, t h a t has done q u i t e a b i t of f r a c t u r e 

work. I t ' s a very recent a r t i c l e himself and a graduate 

student completed and a summary of t h i s a r t i c l e was i n one 

of the more recent g e o l o g i c a l — GSA B u l l e t i n s where they 

had GeoNotes, and i n a very recent one they s t a t e d t h a t even 

i n a h i g h l y f r a c t u r e d dolomite, t h a t t o study the whole 

f i e l d you would have t o have up t o a cube on the surface 

o f , say, or even subsurface, of 9 f e e t on a square side t o 

analyze and f i g u r e out f r a c t u r e density w i t h i n t h a t reser

v o i r ; however, cores which, although you cannot t e l l the 

dens i t y of f r a c t u r e s throughout the area, do or are accurate 

i n t h e i r d e p i c t i o n of the o r i e n t a t i o n of those f r a c t u r e s . 

Fractures r o u t i n e l y are not random except i n a few cases, 

such as chicken w i r e type f r a c t u r e s , dehydration type s t u f f , 

but these — nature i s very systematic i n what i t does and 
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these o r i e n t a t i o n s i n a core w i l l be accurate to w i t h i n the 

r e s e r v o i r i t s e l f , even though you may not be able t o t e l l 

the d e n s i t y of f r a c t u r e s w i t h i n the area around the w e l l b o r e . 

Q You had any experience w i t h seismic i n 

f r a c t u r e l o c a t i o n , any geophysical t o o l s l i k e seismic? 

A Fracture l o c a t i o n i n what respect? That 

there's one f r a c t u r e there or a swarm of f r a c t u r e s or — 

Q No, I mean very h i g h l y f r a c t u r e d compared 

t o another area t h a t wasn't so h i g h l y f r a c t u r e d ? 

A No, s i r , I'm not. 

Q Thank you very much, Mr. — 

A Uh-huh. 

Q — Emmendorfer. 

MR. LEMAY: Mr. Al Greer, could 

you step back here? We could maybe ask you a few more ques

t i o n s ? 

MR. CARR: H e ' l l be here i n j u s t 

a second. 

MR. LEMAY: Okay. Well, we can 

do t h a t l a t e r . 

How about Mr. John Roe, t o an

swer another few questions? 

Mr. Roe, b a s i c a l l y , we want t o 

get i n t o an area, I t h i n k , w i t h you t h a t has not been 

covered t h a t we t h i n k i s an important p a r t of the f i e l d and 
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important p a r t of the c o r r e l a t i v e r i g h t s issue, and t h a t ' s 

the south p a r t of the f i e l d t h a t ' s been s h u t - i n and people 

are l o s i n g reserves w i t h o u t producing them. I n t h a t regard, 

I'd l i k e , maybe, Vic Lyon to ask you a couple of questions 

i n t h a t area because he — he's studied i t and has some 

poin t s I t h i n k we need t o get i n the record. 

MR. ROE: Sure. 

JOHN ROE, 

being r e c a l l e d and remaining under oath, t e s t i f i e d as f o l 

lows, t o - w i t : 

QUESTIONS BY MR. LYON: 

Q Mr. Roe, I reviewed your your — I 

t h i n k i t was the f i r s t e x h i b i t , where you tabulated the data 

on a l l of the w e l l s . 

There were a l o t of we l l s t h a t were shown 

on there j u s t as l o c a t i o n s but I have strong impressions 

t h a t there are many w e l l s t h a t have been completed t h a t are 

not producing because they do not have access t o gas gather

ing l i n e s . 

Could you give us some data on that? 

A I — t h a t t a b u l a t i o n , my E x h i b i t Number 

One, from t h a t I d i d not have anything t h a t you could r e a l l y 

p i c k out which w e l l s were not producing duri n g December sim-
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pl y because they weren't connected t o a p i p e l i n e , but most 

of the w e l l s t h a t I showed t h a t had zero production, or sev

e r a l of the w e l l s , during December were s h u t - i n p r i m a r i l y at 

the operator's o p t i o n because they e i t h e r could not get per

mission t o vent the gas t h a t ' s associated w i t h the o i l or 

the gas v e n t i n g a l l o w a b l e , i n other words, approximately 30 

MCF a day, would be produced i n such a short period of time 

t h a t the operator chose not t o vent the gas f o r such a small 

amount of o i l . 

There are approximately, I don't have 

r i g h t here a t my f i n g e r t i p s an exact number of w e l l s t h a t 

are s h u t - i n w i t h o u t a p i p e l i n e connection but I could get 

t h a t w i t h o u t too awful much t r o u b l e . 

Q Do you know whether some of the w e l l s 

t h a t are shown as producing are v e n t i n g the gas because they 

don't have a p i p e l i n e connection? 

A I can speak f o r Dugan Production and Jer

ome P. McHugh. For the most p a r t there had been some pro

duct i o n p r i o r t o o b t a i n i n g a p i p e l i n e connection. 

Dugan Production has j u s t r e c e n t l y 

i n s t a l l e d a r a t h e r extensive gas gathering system i n the 

northern p a r t of the f i e l d , simply t o have access t o a mar

ket. We were not able t o o b t a i n a — we were able t o — or 

we had our acreage dedicated, f o r t u n a t e l y , and so we d i d 

have a gas c o n t r a c t , but we — we b a s i c a l l y i n s t a l l e d about 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

184 

s i x miles of gas gathering system so t h a t we could d e l i v e r 

gas to El Paso because they would not come get i t . 

I am aware of — t h a t Mallon O i l had a 

s i m i l a r arrangement. They also had t o i n s t a l l a f a i r l y ex

tensive gas gathering system, p r i m a r i l y f o r the same reason. 

But p r i o r to d e l i v e r i n g t h a t gas through our system 

we d i d get some gas subject t o an allowable r e s t r i c t i o n , or 

a v e n t i n g r e s t r i c t i o n . 

Q I t h i n k the November issue of (not under

stood) , i s the l a t e s t one t h a t we had a v a i l a b l e , and when I 

was reviewing t h a t I d i d n o t i c e t h a t McHugh had a gathering 

system and Dugan has a gathering system. There was a system 

c a l l e d Gavilan J o i n t Venture, which I t h i n k i s Mallon. 

A Yes, s i r . 

Q Where do those gathering systems d e l i v e r 

t h e i r gas? 

A I t ' s my understanding, and I'd l i k e to 

say I probably should not speak a whole l o t f o r Mr. Mallon's 

system, but i t ' s my understanding t h a t t h a t ' s no longer 

t h a t does gather gas from h i s w e l l s and he t i e s i n t o a l i n e 

t h a t belongs t o the Gas Company of New Mexico. 

Dugan Production's l i n e t i e s i n t o El 

Paso's main l i n e i n Section 32 of 26 North, 2 West, and i t ' s 

t h e i r l a t e r a l 2C-50. 

Mr. McHugh's l i n e s , he operates not j u s t 
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one gathering system. We — any of h i s w e l l s t h a t we've 

completed, as much as p r a c t i c a l , we lay one l i n e t o gather 

as many w e l l s as we can, but there i s many l i n e s t h a t we've 

l a i d t o a c e n t r a l p o i n t . So there's more than j u s t one cen

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

But McHugh's gas p r e t t y much goes i n t o El 

Paso's system, contracted t o Northwest P i p e l i n e . 

Q A l l r i g h t . Now, yesterday when I was 

v i s i t i n g w i t h you i n a break i n the hearing, you mentioned 

t h a t your Loddy Well, which has been used as a pressure ob

se r v a t i o n w e l l — 

A Yes, s i r . 

Q — was denied access to the market be

cause of flaws i n your c o n t r a c t w i t h Northwest P i p e l i n e . 

A I t ' s — t h a t ' s my understanding, yes. We 

a c t u a l l y had the w e l l connected f o r sales but we were not 

given permission t o f i r s t d e l i v e r gas i n t o the l i n e and 

there are other w e l l s t h a t have experienced t h a t same f r u s 

t r a t i o n . 

I t h i n k even some of Meridian's w e l l s , we 

had pressure data on them and again Meridian's engineer 

would probably be b e t t e r to comment on them, but the l a s t — 

the H i l l Federal Wells, the 1, the 2-Y, and the 3, they were 

q u i t e awhile g e t t i n g t h e i r w e l l s hooked up. 

Q I ' l l ask, as an engineer would you — 
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would you agree t h a t necessity t o vent t h a t gas because of 

lack of a p i p e l i n e connection i s a matter of waste? 

A I t ' s d e f i n i t e l y a matter of waste but I 

had a very lengthy conversation w i t h Mr. Chavez over t h a t 

very same issue. 

Dugan Production, i n order — because I 

— because I f e e l the w e l l t o w e l l communication i n t h i s r e 

s e r v o i r i s such t h a t i d l e w e l l s or undeveloped acreage i s 

s u f f e r i n g drainage, I myself view what I presented as Exhi

b i t Number Ten, which was the pressure h i s t o r y i n the Loddy, 

i s a d i r e c t measurement of t h a t f a c t and because I do f e e l 

there i s a p r e t t y extensive w e l l to w e l l communication 

throughout the r e s e r v o i r , t h a t an operator needs t o be pro

ducing h i s w e l l s or h i s o i l reserves are being drained, as 

evidenced by the Loddy. 

And the Loddy i s not the only example 

t h a t we have of t h a t . We have Meridian's w e l l s , we have 

b a s i c a l l y the same kind of pressure data i n t h e i r w e l l s , the 

Hawk Federal 1, 2, and 3. 

Any w e l l t h a t ' s been completed and l e f t 

i d l e f o r any length of time, we've been able t o observe a 

red u c t i o n i n r e s e r v o i r pressure, i n any w e l l t h a t we've 

measured pressure i n . I'm not aware of any w e l l t h a t we've 

been able t o monitor pressure t h a t hasn't experienced a de

c l i n e i n r e s e r v o i r pressure. 
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Q I r e a l i z e these questions don't have any 

bearing on the issue t h a t i s involved here, but I t h i n k t h a t 

i t c e r t a i n l y i s a question of waste and c o r r e l a t i v e r i g h t s 

t h a t the Commission i s aware o f . Do you have any recommen

da t i o n t h a t — of a c t i o n the Commission might take t h a t ' s 

appropriate t o prevent such impairment of c o r r e l a t i v e r i g h t s 

and waste? 

A Well, i t ' s hard f o r me t o — I haven't 

thought t h a t through very, very c l e a r . I would l i k e , you 

know, I t h i n k t h a t probably, w i t h some help from our a t t o r 

neys, I might be able t o give you some — some ideas, but I 

don't t h i n k I probably should comment on t h a t a t t h i s time. 

I do t h i n k t h a t there's need f o r some

t h i n g . 

MR. LYON: Thank you. That's 

a l l I have. 

MR. LEMAY: Mr. Chavez? 

QUESTIONS BY MR. CHAVEZ: 

Q Mr. Roe, i n conjunction w i t h Mr. Lyon's 

question, we're discussing issues of v i o l a t i o n of c o r r e l a 

t i v e r i g h t s , and things l i k e t h a t . 

I n your o p i n i o n as a petroleum engineer, 

i f a w e l l i s not allowed t o connect t o a gas p i p e l i n e , and 

i s t h e r e f o r e r e s t r i c t e d i n v e n t i n g or does not produce to 
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prevent the waste of gas t o the atmosphere, (not understood) 

i n the poo l , do you t h i n k t h a t operators' r i g h t s may be v i o 

lated? 

A Yes, I f e e l so, and th a t ' s b a s i c a l l y what 

led me t o produce our Tapacitos 4 and caused you t o t e l l us 

to shut i t i n , because we were overproduced. I was unaware 

of the 30 MCF a day. I thought we had more production a l 

lowable than we d i d . 

Q Thank you. 

MR. LEMAY: I f there are no 

questions, Mr. Roe, we appreciate you addressing t h a t issue. 

Thank you. 

Mr. Greer, could we ask you t o 

come back up f o r some questions? 

ALBERT R. GREER, 

being r e c a l l e d and remaining under oath, t e s t i f i e d as f o l 

lows, t o - w i t : 

QUESTIONS BY MR. BROSTUEN: 

Q Mr. Greer, i n your discussion on the sec

t i o n behind Tab R i n the e x h i b i t t h a t you presented to the 

Commission the other day, you discussed a comparison of core 

analyses between the Mobil L i n d r i t h B Unit No. 3 and the 

Mallon 3-15 Davis Federal. 
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One of the things t h a t I'm not — one of 

my questions, I guess, i s t h i s the same core analyses t h a t 

Mr. Hueni r e f e r r e d to? Is i t the same study t h a t Mr. Hueni 

r e f e r s t o where he reviewed these core analyses (not under

stood) ? 

A I bel i e v e so, s i r , the Mallon Davis 3-15. 

Q And i t ' s the same study t h a t was p e r f o r 

med by Terra Tek, i s t h a t the name of the company? 

A Yes, s i r . 

Q I n your an a l y s i s here, unless I missed i t 

some place, you do not mention as f a r as the p o r o s i t y values 

t h a t would permit — t h a t may have been derived from t h a t 

analyses, and you are aware of the values which Mr. Hueni 

has presented. Do you agree w i t h those or do you f e e l t h a t 

because of the manner i n which the samples were — were 

handled or the analysis was performed, t h a t they are i n v a l i d 

numbers as f a r as p o r o s i t y i s concerned? 

A Well, as f a r as p o r o s i t y i s concerned, I 

would t h i n k they're — they're reasonable numbers. My main 

concern l a s t year was w i t h the s a t u r a t i o n s of o i l and water. 

Q I see, so t h a t ' s where your d i f f e r e n c e of 

opinion comes i n . 

A That was my main concern. 

Q Very good. 

A Along w i t h the f a c t t h a t the p e r m e a b i l i t y 
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was so low t h a t I f e l t the water s a t u r a t i o n would be so high 

the (not c l e a r l y understood.) 

Q Thank you, t h a t ' s a l l I have. 

QUESTIONS BY MR. LEMAY: 

Q Mr. Greer, i n l i g h t of the testimony 

since your testimony, do you f e e l t h a t you are l o s i n g some 

gas or o i l down dip t o the Gavilan F i e l d on the c u r r e n t s i t 

uations of pressures and the way the f i e l d i s being produced 

today? 

A There's no doubt about i t , Mr. Chairman. 

Q I f the pressures were equalized i n ther e , 

would t h a t s t i l l be the case? 

A Yes, s i r . Yes, s i r . We're v o i d i n g the 

r e s e r v o i r a t the r a t e of about, oh, zero t o 1000 b a r r e l s a 

day and Gavilan i s v o i d i n g i t a t the r a t e of 10 to 20,000 

b a r r e l s a day. 

Q And you be l i e v e t h a t p e r m e a b i l i t y b a r r i e r 

i n t h e r e , as i t ' s been drawn, i s an imperfect b a r r i e r , t h a t 

you're l o s i n g some A and B o i l down dip i n t o Gavilan and 

mabe some C, also? 

A Yes, s i r . I t ' s hard to t e l l how much 

from which zone but there's j u s t no doubt t h a t we're l o s i n g 

o i l across the boundaries. I t h i n k t h a t ' s evident, you 

know, from our E x h i b i t N, where we showed the communication 

across the boundary, both the e x i s t i n g Gavilan boundary and 

Mesa Grande's proposed new boundary. 
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Q I know we've had the computer modeling 

and since your testimony we've had the Sun model and then 

Mr. Hueni's model. Have you got anything t o say concerning 

e i t h e r r a t e s e n s i t i v i t y i n the r e s e r v o i r or the existance of 

a dual p o r o s i t y system? 

A Yes, s i r . F i r s t l e t me say the — i n de

ter m i n i n g the dual p o r o s i t y system and the percent of the 

o i l t h a t might be i n the f r a c t u r e s and i n the matrix as de

termined by Mr. Hueni i s based p r i m a r i l y on h i s model of 

which, you know, you were asking some questions t h i s morning 

and could see very l i t t l e d i f f e r e n c e i n the l i n e s from 

l / 1 0 t h f r a c t u r e p o r o s i t y up t o 5/10ths and my concern about 

the model, of course, i s dependent on what goes i n t o i t . 

One of the r e a l c r i t i c a l f a c t o r s t h a t 

goes i n t o the model i s the r e l a t i v e p e r m e a b i l i t y to o i l . 

This i s something t h a t i n a f r a c t u r e d r e s e r v o i r i s most d i f 

f i c u l t t o determine. I t ' s d i f f i c u l t t o determine i n a la b 

o r a t o r y even when you can v i s u a l i z e , take a l i t t l e block and 

f r a c t u r e i t and c u t some f r a c t u r e s i n i t and s t i c k i t i n t o 

something t o analyze i t i n a la b o r a t o r y and the water's 

going t o — or whatever f l u i d you're using i s going to im

mediately drop t o the bottom of the f r a c t u r e s and i t s tough, 

i t ' s a tough s i t u a t i o n t o analyze. 

The very best t h i n g we can — t h a t we 

have t o determine t h i s i s f i e l d performance and the f i e l d 
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performance i s dependent on how c a r e f u l l y you've conditioned 

the w e l l s and monitoring the o f f e t w e l l s and t h i s i s one of 

the t h i n g s t h a t I had v i s u a l i z e d would be a good p r o j e c t f o r 

the Engineering Committee, would be t o work on t h i s , but of 

course we d i d n ' t get t o t h a t p o i n t . 

Absent t h a t , the best t h i n g we could do 

i n our area, we chose two w e l l s t h a t unquestionably produce 

from a high capacity f r a c t u r e system. That's our B-29 and 

our B-32, j u s t east of the so-called p e r m e a b i l i t y r e s t r i c 

t i o n . We made a t e s t a t a time by happenstance when the 

Gavilan w e l l s were p r e t t y much shutdown because of the f i r e 

a t the compressor s t a t i o n . I n conjunction w i t h the i n t e r 

ference t e s t t h a t we ran, which I j u s t r e f e r r e d to here un

der Section N of our E x h i b i t One, we also ran p r o d u c t i v i t y 

indices t e s t s and t r a n s m i s s i b i l i t y t e s t s . This was i n con

j u n c t i o n w i t h the work of the Engineering Subcommittee. 

Meridian had presented i t s work to the 

committee the f i r s t week i n November. I had i n my b r i e f c a s e 

when we went t o the November, mid-November meeting, 20 

copies of the i n f o r m a t i o n and I ' l l summarize some of i t f o r 

you here now. I t h i n k i t ' s the best we have r i g h t now t o 

t e l l something about r e l a t i v e p e r m e a b i l i t y , and of course 

even t h a t ' s not as d e f i n i t i v e as we'd l i k e f o r i t to be. 

I b e l i e v e i t ' s under Section — Section 

S, but I ' l l have t o look. 
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I f y o u ' l l t u r n t o Section S and one, two, 

thr e e , f o u r , f i v e , about the s i x t h page there's a pink sheet 

and on the l e f t h a n d side i t says Page 1, the righthand side, 

Page 2. I've used here a method of determining Kh from P I , 

and what t h a t means i s the determination of the r e l a t i v e 

p e r m e a b i l i t y r a t i o t o o i l a t t h a t p a r t i c u l a r time. The key, 

the key f i g u r e s are on a schedule on the upper righthand 

side under Kror d i v i d e d by Krow and under t h a t we have 6.7 

and 12.5 and i s an average of 9.6. I t would be nice to have 

the f i g u r e s check a l i t t l e c loser but t h a t ' s a l l we had. 

9.6 i n t h i s instance means t h a t the r e l a 

t i v e p e r m e a b i l i t y t o o i l i s about 10 percent of what i t 

would be i f there were no r e s t r i c t i o n s of flo w presumably by 

f r e e gas s a t u r a t i o n . 

Now i f w e ' l l go t o one of Mr. Hueni's ex

h i b i t s , I ' l l show you my concern. I bel i e v e i t ' s Figure 37. 

I n the t e s t t h a t we ran, and I don't have 

the exact f i g u r e s now, but the f r e e gas s a t u r a t i o n would 

have probably have been i n the range, I would t h i n k , the 

average not over 5 percent, so i f we come t o t h i s graph and 

we see on the bottom o i l s a t u r a t i o n goes up t o , w e l l , i n 

u n i t s of a t e n t h , i t would be 80 percent o i l s a t u r a t i o n next 

to the righthand side; halfway i n between would be 90 per

cent o i l s a t u r a t i o n , and 10 percent f r e e gas s a t u r a t i o n 

would be a l i n e r i g h t s t r a i g h t up from t h a t , and you go up 
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from t h a t t i l l you reach a r e l a t i v e p e r m e a b i l i t y of l/10th 

and t h a t ' s where the average f e l l . One would be a l i t t l e 

b i t above t h a t and one would be a l i t t l e b i t below t h a t . 

Now the l i n e t h a t Mr. Hueni i s using and 

put i n h i s model, i s the dashed l i n e t h a t s t a r t s at the up

per righthand side of the graph and goes down to the lower 

l e f t h a n d s i d e , so we can see t h a t f o r w e l l s t h a t we know are 

producing from a high capacity f r a c t u r e system, see, these 

are large w e l l s , Mr. Chairman, t h a t produce 6-or-800 b a r r e l s 

a day w i t h about 100 pound drawdown. The PI t h a t we e x t r a 

polated even w i t h the r e l a t i v e p e r m e a b i l i t y e f f e c t s , would 

s t r e t c h out t o about 30,000 b a r r e l s a day on one of the 

we11s. 

So there's no doubt about what they're 

producing and so the problem t h a t I have w i t h h i s model i s 

when he puts something i n i t t h a t i s so wrong, so f a r wrong, 

and then he uses t h a t model t o determine so many t h i n g s . He 

uses i t t o determine a bubble p o i n t . He uses the model to 

determine the percent of o i l t h a t ' s i n the f r a c t u r e system. 

And so I j u s t can't have any confidence i n i t . 

That's my concern about i t . 

Q Thank you, Mr. Greer. We're t r y i n g to 

resolve some d i f f e r e n c e s and i t doesn't look l i k e we're 

going t o resolve many of them. 

Mr. Hueni, do you mind coming back f o r a 
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few more questions? You've had a long two days. 

GREGORY D. HUENI, 

being r e c a l l e d and remaining under oath, t e s t i f i e d as 

f o l l o w s , t o - w i t : 

QUESTIONS BY MR. LEMAY: 

Q You a c t u a l l y get more time than normal, 

not because you're the l a s t witness, but because you're the 

only engineer on the MMM side where they have two of them. 

The f i r s t t h i n g , on the s h u t - i n question, 

Mr. Roe's comments concerning the answers t o h i s questions, 

do you have any comments on — on t h a t problem as we see i t ? 

We want t o get some testimony i n the record because we cer

t a i n l y view i t as a serious matter. 

A I ' l l have t o be honest, a t the time t h a t 

Mr. Roe t e s t i f i e d I was checking out some of the other i n 

forma t i o n . I know t h a t you — I bel i e v e you had a concern 

w i t h w e l l s t h a t were f l a r i n g gas, i s t h a t c o r r e c t ? 

Q Well, t h a t were r e a l l y being deprived of 

t h e i r reserve because they d i d n ' t have a t i e - i n t o the 

casinghead gas market and t h e r e f o r e the pressure was drop

ping. I t h i n k I mentioned one t o you which was t h a t Krys

t i n a w e l l t h a t Greg Merrion operates. There's others i n the 

area, t o o , q u i t e a few others. 
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A Well, I agree. I t h i n k there i s concern 

and I do be l i e v e t h a t because there i s pressure communica

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

the rates a t which they're allowed to produce, t h e y ' l l share 

i n the remaining reserves based on t h a t — on t h a t r a t e , and 

i f w e l l s are deprived of t h e i r r i g h t t o produce, then there 

i s a serious problem t h e r e . 

Q Do you have any comments on your Figure 

37, Mr. Greer's comment concerning t h a t — what he 

considered your erroneous assumption t h a t went i n t o the 

computer models? 

A Well, the — t h i s , I'm sure sounds l i k e 

going back and f o r t h , but we — the build-up t e s t t h a t Mr. 

Greer used t h a t he ran on h i s Canada O j i t o s Unit B-39 and B-

32 Wells, we agree they're very high capacity w e l l s and 

we've analyzed the build-up t e s t s t h a t he presented and we 

come up w i t h p e r m e a b i l i t y values s u b s t a n t i a l l y below the 

values t h a t he came up w i t h . 

As a consequence, i n h i s e x h i b i t , when he 

c a l c u l a t e s and takes p e r m e a b i l i t y thickness and d i v i d e s or 

then r e l a t e s t h a t t o p r o d u c t i v i t y and c a l c u l a t e s out a 

r e l a t i v e p e r m e a b i l i t y r a t i o , we don't — we don't agree w i t h 

what he c a l c u l a t e s , so we don't b e l i e v e t h a t the number t h a t 

he has c a l c u l a t e d has any bearing t o r e l a t i v e p e r m e a b i l i t y 

at a l l . 
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We be l i e v e we have a high capacity f r a c 

t u r e system. We be l i e v e i s we looked at the Sun d e t a i l e d 

output from the computer run we would see gas a t the top of 

the f o r m a t i o n , o i l a t the bottom of the formation. 

The r e l a t i v e p e r m e a b i l i t y c h a r a c t e r i s t i c s 

t h a t we've shown here, i f you were t o review the l i t e r a t u r e , 

you would see t h a t the r e l a t i v e p e r m e a b i l i t y c h a r a c t e r i s t i c s 

assigned t o the f r a c t u r e system, and t h a t i s what those 

dashed l i n e s were, were f r a c t u r e system, not the matr i x , I 

t h i n k you would see t h a t the — the l i t e r a t u r e would sug

gest, papers by Keith Coates, regarding v e r t i c a l e q u i l i b r i u m 

models would suggest t h a t those — t h a t those (not under

stood) p e r m e a b i l i t y curves are co n s i s t e n t w i t h gas segre

g a t i n g a t the top of the formation and o i l underlying the 

format i o n . They are what v/e c a l l v e r t i c a l e q u i l i b r i u m cur

ves . 

We d i d n ' t use those curves because t h a t ' s 

— f o r t h a t reason. We used them p r i m a r i l y because the l i t 

e r a t u r e , and I would c i t e , and I have c i t e d i n our r e p o r t , 

reference by a f e l l o w named F a t t , F-A-T-T, and also r e f e r e n 

ced i n papers by A g u i l e r a , t h a t when you do have high capa

c i t y f r a c t u r e systems, the r e l a t i v e p e r m e a b i l i t y character

i s t i c s t h a t should be app l i e d t o those f r a c t u r e s themselves, 

not the e n t i r e rock, but those f r a c t u r e s , i s represented, 

best represented by s t r a i g h t l i n e f u n c t i o n s , or s t r a i g h t 
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l i n e curves between the end p o i n t s . That i s what we have 

done. We have, i n reference t o Mr. Greer's e x h i b i t , we 

don't agree w i t h how he c a l c u l a t e d Kh so we don't agree w i t h 

how he c a l c u l a t e d Kr, r e l a t i v e p e r m e a b i l i t y , so we don't 

agree. 

Q Do you be l i e v e t h a t — t h a t there i s s i g 

n i f i c a n t m i g r a t i o n a t the present time between Puerto Chi

q u i t o and the Mancos F i e l d , t h a t there i s some o i l moving 

across the f i e l d boundaries? 

A Mr. Chairman, we be l i e v e t h a t i t i s a 

very complex question. We, I t h i n k the testimony has i n d i 

cated t h a t the A and B and the C Zones are separate pools. 

We be l i e v e t h a t the C Zone i n the Canada O j i t o s Unit i s p r i 

m a r i l y a gas i n j e c t i o n zone. We do not believe t h a t the A 

and B Zone i n the West Puerto Chiquito i s a gas i n j e c t i o n 

zone. I t seems t o be r e l a t e d more to the Gavilan Mancos 

F i e l d . 

I t h i n k we've seen t h a t from Mr. Greer's 

e x h i b i t s i n terms of the B-29 and B-32 pressure i n f o r m a t i o n , 

t h a t i s i t t r a c k i n g more on the Gavilan Mancos pressure. 

We have seen p r e v i o u s l y t h a t the Canada 

O j i t o s gas i n j e c t i o n p r o j e c t does not t r a c k w i t h the Gavilan 

Mancos pressure, so we have concluded t h a t i n the West Puer

to Chiquito area t h a t we are producing out of two separate 

zones w i t h t o t a l l y d i f f e r e n t producing mechanisms. 
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Mr. Greer's gas i n j e c t i o n program i s 

opera t i v e p r i m a r i l y i n the C Zone. I n the AB Zone i t i s 

more of a pressure d e p l e t i o n i n l i n e w i t h the Gavilan — the 

Gavilan Mancos Pool. 

Inasmuch as there i s a sharing, inasmuch 

as there i s a competition i n the Gavilan Mancos Pool, p r i 

m a r i l y i n the AB Zones, we bel i e v e t h a t t h a t competition 

e x i s t s . We do not b e l i e v e t h a t there i s C production, sub

s t a n t i a l C production i n the Gavilan Mancos Pool t h a t i s 

drawing o i l across the boundary of the West Puerto Chiquito 

Pool i n t o the Gavilan Mancos Pool. 

Q So the r e s e r v o i r voidage t h a t Mr. Greer 

r e f e r r e d t o would not be s i g n i f i c a n t i n your t h i n k i n g be

cause you're d e a l i n g w i t h these separate zones. 

A Well, we don't b e l i e v e t h a t — 

Q I f you can — 

A — I'm s o r r y , I d i d n ' t mean to i n t e r r u p t . 

Q I was going t o say t h a t — j u s t t h a t I 

d i d n ' t define the question p r o p e r l y . What I meant t o say, 

t h a t i f you're — i f you're v o i d i n g more i n the AB i n the 

Gavilan, t h a t t h a t ' s not a f a c t o r w i t h h i s C Zone or AB Zone 

i n Puerto — West Puerto C h i q u i t o . 

A Well, we u n f o r t u n a t e l y have no idea, 

r e a l l y , the r e l a t i v e amounts t h a t he's v o i d i n g out of the AB 

Zone i n West Puerto Chiqu i t o versus the amount t h a t he's 
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v o i d i n g out of the C Zone. I t very w e l l could be t h a t the 

amount he's v o i d i n g out of the AB Zone i s p r o p o r t i o n a l t o 

the amount of voidage t h a t ' s coming out of the Gavilan Man

cos Pool, so t h a t there i s no drainage between the two pools 

i n the AB Zone. 

In the C Zone, the Gavilan Mancos Pool i s 

not v o i d i n g a s u b s t a n t i a l amount, whereas t h a t i s where we 

see the m a j o r i t y of h i s voidage o c c u r r i n g i n the West Puerto 

Chiquito Pool, although he's also r e p l a c i n g h i s voidage w i t h 

i n j e c t e d gas i n o p e r a t i o n . 

So we're t r y i n g t o draw the d i s t i n g u i s h 

ing f a c t t h a t we're d e a l i n g w i t h two, we c a l l i t the Niobra

ra — we c a l l i t the Niobrara, or the Mancos Pool, but we're 

de a l i n g w i t h the Niobrara AB Zone t h a t i s separate and d i s 

t i n c t from the Niobrara C Zone, and I t h i n k we have t o r e 

cognize t h a t . 

Q To your knowledge i s there any d i f f e r e n c e 

i n pressures i n the AB Zone and C Zone? 

A I n the Gavilan area, we do not have any 

s u b s t a n t i a l evidence of pressure d i f f e r e n c e s , but once 

again, i n the Gavilan area we also don't have h i g h l y — we 

don't have any w e l l s t h a t are h i g h l y productive i n the C 

Zone. 

I n the Canada — or West Puerto Chiquito 

Pool we e i t h e r have w e l l s t h a t are p r i m a r i l y C Zone w e l l s or 
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we have w e l l s t h a t are A, B, and C Zone w e l l s , and i t very 

w e l l could be t h a t there i s a d i f f e r e n t pressure i n the AB 

Zone than there i s i n the C Zone. 

We do not have t h a t i n f o r m a t i o n . 

MR. LEMAY: Thank you very 

much, Mr. Hueni. 

At t h i s p o i n t I don't t h i n k 

Mr. K e l l a h i n . 

MR. KELLAHIN: Mr. Chairman, I 

have a v a i l a b l e now Dr. Lee's summary f o r tomorrow, as w e l l 

as h i s b i b l i o g r a p h y , and i n accordance w i t h our statements 

e a r l i e r today, I'd l i k e t o d i s t r i b u t e t h i s a f t e r the hear

i n g . 

MR. LEMAY: Fine. These are 

the e x h i b i t s t h a t you're presenting tomorrow? 

MR. KELLAHIN: No, s i r , they're 

not the e x h i b i t s . 

MR. LEMAY: Oh. 

MR. KELLAHIN: They're the sum

mary of h i s conclusions — 

MR. LEMAY: I see. 

MR. KELLAHIN: — as w e l l as 

the b i b l i o g r a p h y sheet t h a t he's provided. 

MR. LEMAY: Okay. Since we are 

running ahead of time, a t l e a s t today, i s there anyone i n 
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the audience t h a t has any statements t h a t they'd l i k e t o 

make today, p o s s i b l y i n preference t o tomorrow? We'll ac

cept c l o s i n g statements but we're a l s o , i n the i n t e r e s t of 

time, wanting t o get as much i n today as we can. 

The schedule f o r tomorrow, 

then, would be w e ' l l have the r e b u t t a l witness by Mr. Lee. 

Then w e ' l l cross examine. And the p o s s i b i l i t y of a r e b u t t a l 

r e b u t t a l witness. I n the i n t e r e s t of time we hope t h a t 

w e ' l l t r y and l i m i t t h i s t o the morning. We don't want to 

go over i n the afternoon. I f necessary, I'm sure we w i l l , 

because we want t o get a l l the testimony i n the record. 

At t h a t time we w i l l be accep

t i n g statements i n t o the record and c l o s i n g arguments. 

So t h a t ' s the schedule f o r t o 

morrow. Does anyone have anything t o add or to — 

MR. KELLAHIN: I don't. 

MR. LEMAY: 8:15 tomorrow morn

i n g . 

We'll adjourn f o r today and r e 

sume tomorrow a t 8:15. 

(Hearing concluded.) 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

203 

C E R T I F I C A T E 

I , SALLY W. BOYD, C.S.R., DO HEREBY CER

TIFY the foregoing T r a n s c r i p t of Hearing before the O i l Con

se r v a t i o n D i v i s i o n (Commission) was reported by me; t h a t the 

said t r a n s c r i p t i s a f u l l , t r u e , and c o r r e c t record of t h i s 

p o r t i o n of the hearing, prepared by me t o the best of my 

a b i l i t y . 


