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STATE OF NEW MEXICO 
SWIRGY AMD MINERALS DEPARTMENT 

OIL CONSERVATION DIVISION 
STATE LAND OFFICE BLDG. 
SANTA FE, NEW MEXICO 

1 April 1987 

COMMISSION HEARING 

VOLOME 3 Of 5 VOLUMES 

IN THE MATTER OP: 

Case 7980 being reopened pursuant CASE 
to the provisions of Commission Or- 7980 
der No. R-7407. . . Rio Arriba 
County. 
and 
Case 8946 being reopened pursuant to CASE 
the provisions of Commission Order No. 8946 
R-7407-D. . . Rio Arriba County, 
and 
Case 8950 being reopened pursuant to CASE 
the provisions of Commission Order 8950 
No. R-2565-E (R-6469-C) and No. R-
3401-A. . . Rio Arriba County, 
and 
Case 9113, application of Benson- CASE 
Montin-Greer Drilling Corporation, 9113 
Jerome p. McHugh & Associates, and 
Sun Exploration and Production Com
pany to abolish the Gavilan-Mancos 
Oil Pool, to extend the West Puerto 
Chiquito -Mancos Oil Pool, and to 
amend the special rules and regulations 
for the West Puerto Chiquito-Mancos Oil 
Pool, Rio Arriba County, New Mexico, 
and 
Application of Mesa Grande Resources, 
Inc. for the extension of the Gavilan-
Mancos Oil Pool and the contraction of 
the West Puerto Chiquito-Mancos Oil 
Pool, Rio Arriba County, New Mexico. 

BEFORE: Wi1liam J . LeMay, Chairman 
Eriing A. Brostuen, Commissioner 
William R. Humphries, Commissioner 



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 

TRANSCRIPT OP HEARING 

A P P E A R A N C E S 

For the Commission: Jeff Taylor 
Legal Counsel for the Division 
Oil Conservation Division 
State Land Office Bldg. 
Santa Fe, New Mexico 87501 

For Benson-Montin-Greer: William F. Carr 
Attorney at Law 
CAMPBELL & BLACK P.A. 
P. O. Box 2208 
Santa Fe, New Mexico 87501 

For Sun Exploration, w. Thomas Kellahin 
Dugan Production, fr Attorney at Law 
Jerome P. McHugh: KELLAHIN, KELLAHIN & AUBREY 

P. O. Box 2265 
Santa Fe, New Mexico 87501 
and Mr. Robert Stovall 
and Mr. Alan R. Tubb 

Owen M. Lopez 
Paul Kelly 
Attorneys at Law 
HINKLE LAW FIRM 
P. 0. Box 2068 
Santa Fe, New Mexico 87501 

f£. Perry Pearce 
Attorney at Law 
MONTGOMERY & ANDREWS P.A. 
P. O. Box 2307 
Santa Fe, New Mexico 87504 

For Amoco: Kent J . Lund 
Attorney at Law 
Amoco Production Company 
P. O. Box 800 
Denver, Colorado 80201 

For Mesa Grande Resources, 
Hooper, Kimball & Williams, 
and Reading & Bates: 

For Mallon Oil Co. & 
Mobil Producing Texas 
& New Mexico: 



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 

A P P E A R A N C E S CONT'D 

Por Floyd and sauna 
Edwards s 

Ernest L. Padilla 
Attorney at Law 
PADILLA & SNYDER 
P. O. Box 2523 
Santa Fe, New Mexico 
and 
Nicholas R. Gentry 
Attorney at Law 
OMAN, GENTRY & YNTEMA 
P. 0. Box 1748 
Albuquerque, New Mexico 87102 

For Meridian Oil Co. 

For Don Howard: 

Paul A. Cooter 
Attorney at Law 
RODEY LAW FIRM 
P. O. BOX 1357 
Santa Fe, New Mexico 87504 

William O. Jordan 
Attorney at Law 
Santa Fe, New Mexico 87501 

For Koch Ex. Co.: Robert D. Buettner 
Attorney at Law 
Koch Exploration Co. 
P. O. Sox 2256 
Wichita, Kansas 67201 

For Phelps Dodge Corp. Mark K. Adams 
Attorney at Law 
RODEY LAI? FIRM 
P. 0. Box 1888 
Albuquerque, New Mexico 87103 



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 

4 

I 8 D B X 

STATEMENT BY MR. L0PB2 7 

ALAS P. EMKENDORPER 

Direct Examination by Mr. Lopez 10 

Cross Examination by Mr. Carr 51 

Cross Examination by Mr. Kellahin 65 

Questions by Mr. Chavez 71 

Questions by Mr. Brostuen 78 

Questions by Mr. Lemay 80 

JOHM J. PAOLHABER 

Direct Examination by Mr. Pearce 83 

Cross Examination by Mr. Kellahin 121 

Cross Examination by Mr. Carr 133 

Questions by Hr. Chavez 136 

Questions by Mr. Lemay 139 

Questions by Mr. Srostuen 141 

GREGORY B. HUENI 

Direct examination by Mr. Lopez 143 



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 

5 

INDEX com'® 

STATEMENT HY MR. KBLLAHIN 244 

STATEMENT BY MR. LOPEZ 246 

STATEffJSNT BY MR. CARR 248 

STATEMENT BY MR. 7BARCS 249 

STATEMENT BY MR. LEMAY 752 

B X H I B I T S 

m n Sxhibit One, Type Log 12 

MMM Exhibit Two, Structure Map 13 

MMM Exhibit Three, Cross Section 14 

m n Exhibit Four, Sample shows 20 

MMM Exhibit Five, N/S Cross Section 24 

m n Exhibit Six, N/S Cross Section 28 

MMM Exhibit Seven, A r t i c l e s 33 

MMM Exhibit Eight, Map and Overlay 41 

Um Exhibit Nine, Map 47 



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 

B X H I B I T S CO»T*0 

Mobi l E x h i b i t One, Bookle t 86 

i sobi l E x h i b i t Two, Core Data 104 



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 

(Thereafter at the hour of 8:30 o'clock a.m. 

on Wednesday, l April 1987, the hearing was 

again called to order and the following pro

ceedings were had, to-wit:} 

MR. LEMAY: The meeting w i l l 

now come to order. 

We shall resume with Cases 

7980, 8946, 8950, 9113, and 9114, with Side Two. 

Mr. Lopez, i s there any 

connotation you'd like to be known by? 

Mr. Pearce? 

MR. PEARCE: The good guys. 

MR. LEMAY: The good guys? 

MR. LOPEZ: Mr. Chairman. 

MR. LEMAY: Mr. Lopez. 

HR. LOPEZ: I t may not come as 

a great surprise to the members of the Commission but there 

exists sharp disagreement with respect to the understanding 

of these two pools between the parties. 

In fact, i t would be accurate 

to say that the conclusions that the respective parties have 

reached are simply contradictary, and i t i s not without 

great interest because of the great investment that this 



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 

8 

side of the table (not understood) because unquestionably, 

and I'm sure the other side of the table sees i t the same 

way, we want the biggest bang for our buck. 

However, I intend to be very 

brief in my opening remarks simply because I think it's bet

ter to leave the testimony to the experts and let them speak 

for themselves. I don't see any purpose to be served by in

expert attorneys putting words in their mouths. 

In this vein I would like to 

simply frame the issues as we see them and I think that 

there are several points I'd like to make. 

We believe and are confident 

that the evidence will show that the Gavilan Mancos Pool 

produces principally from the Hiobrara h and B intervals and 

is weakly connected with the West Puerto Chiquito Mancos 

Pool, which produces primarily from the C gone. 

Second, the Gavilan Mancos Pool 

is a dual porosity, not a single porosity, system, consis

ting of a high capacity fracture system and a low flow capa

city fracture, microfracture, and matrix system. 

Third, ultimate recovery in the 

Gavilan Mancos Pool is not sensitive to producing rates i f 

i t is produced on 320-acre spacing within the limits of ap

plicable statewide rules, namely 702 barrels of oil per day 

with a limiting gas/oil ratio of 2000 cubic feet of gas to 
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one barrel of o i l . 

Producing the pool on this ba

sis would prevent waste, would not cause waste, which would 

occur i f the McHugh/Greer proposal waa adopted. 

Fourth, if the Gavilan Mancos 

Pool is produced in accordance with statewide rules on 320-

acre spacing, i t will not adversely affect the production in 

the West Puerto Chiquito Mancos Pool subject to the estab

lished gas injection project operated by Mr. Greer. 

Fifth, the wells along the 

western boundary of the west Puerto Chiquito Mancos Pool are 

primarily in communication with the wells in the Gavilan 

Mancos Pool and therefore the pool boundary should be estab

lished as proposed by Mesa Grande. 

This proposition is further 

supported for geological reasons, namely, the existence of 

the syncline in the area and operational reasons, such as 

namely the terminus of Mr. Greer's injection project. 

Sixth, the Gavilan Mancos Pool 

is a heterogeneous, complex reservoir with significant 

highly varying reservoir characteristics present throughout 

the pool, a fact that i s supported by direct offset wells 

varying significantly in producing capacities and 

recoveries. 

And finally, seventh, two wells 
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of limited capacity but of comparable quality spaced on 320 

acres will have significantly more recovery than a single 

well of quality equal to the two wells spaced on 640-acre 

spacing. 

A regime of restricted 

allowable recovery more severe than that permitted by the 

statewide rules, will result in a redistribution of 

remaining recovery amongst the other wells in the Gavilan 

Mancos Pool; hence, for the reasons already described, oil 

in place cannot be determined for individual proration 

units; 320-acre spacing, subject to statewide rules, is the 

optimum method of protecting correlative rights. 

And I hope that was brief 

enough and with that I will call our fir s t witness, Mr. Em-

mendorfer. 

ALAN P. EMMENDORFEfl, 

being called as a witness and being duly sworn upon his 

oath, testified as follows, to-wit: 

DIRECT EXAMINATION 

BY MR. LOPEZ: 

Q Would you please state your name and 

where you reside? 

A My name is Alan P. Emmendorfer and I 



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 

11 

reside in Tulsa, Oklahoma. 

Q By whom are you employed and in what 

capacity? 

A X*» a petroleum geologist for Mesa Grande 

Resources and 1 provide exploration and development 

geological services. 

Q Have you previously testified before this 

Commission and specifically in previous cases involving the 

issues being addressed by the Commission today? 

A Yes, I have. 

Q And were your qualifications accepted as 

a matter of record? 

A Yes, they were. 

Q Nevertheless, would you briefly describe 

your educational background and employment experience? 

A I received a Bachelor of Science degree 

in geology in 1977 from Southeast Missouri State University 

and then went on to the University of Oklahoma where I 

received a Masters degree in geology in 1979. 

In the f a l l of '79 I went to work for El 

Paso Exploration Company in Farmington, Hew Mexico, and 

performed development geological tasks in the San Juan Basin 

for approximately five years. 

And then in the late summer of 1984 I 

went to work for Mesa Grande Resources in Tulsa as a 
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geologist. 

Q Are you familiar with the Gavilan Mancos 

Pool and have you made studies in connection therewith? 

A Yes, I am. 

MR. LOPEZ: I would tender Mr. 

Emmendorfer as an expert geologist. 

MR. LEMAY: His qualifications 

are acceptable. 

Q Mr. Bmmendorfer, I would ask you to now 

refer to what's been marked Exhibit Number One and identify 

i t . 

Mould you please describe this exhibit 

and explain what i t shows? 

A Mr. Chairman, I included this f i r s t exhi

bit, which I've entitled as Type Log, for reference pur

poses . 

We have here the Gavilan No. 1, which was 

originally drilled by Northwest Exploration Company, and i t 

is — has been considered the type log for the Gavilan Man

cos Field. It's — the vertical limits of that pool, as de

fined by Order So. R-7407, are listed and shown on the 

righthand side of the log. 

The Gavilan Mo. 1 Well was also used as 

the type log in the subcommittee portion of the Gavilan 

Study Committee. In that committee we attempted to map the 
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geology of the Gavilan Mancos area and we picked tops, name

ly the Hiobrara A Zone, the Niobrara C Zone, and the Niobra

ra — Niobrara Zones, A, B, and C, and the Sanostee. 

We used the Gavilan No. 1 Well as a re

ference and from this reference log were able to correlate 

these tops throughout the area; the area including the Gavi

lan Mancos Pool, the West Puerto Chiquito Pool, wells in the 

West Lindrith Gallup-Dakota Pool, wells in the Ojito Gallup-

Dakota Pool, and wells in the Northeast Ojito Gallup Pool. 

These intervals were easily traced 

throughout the area. 

I've also included on here the geological 

names for the formations. I t gets kind of confusing when 

one person says "Gallup" and the next person says "Niobrara" 

and then they talk about pools, and a l l , but the Gavilan 

Mancos interval is of Upper Cretaceous age in the Mancos in

terval and a common term for the Hiobrara A, B, and C Zones 

used by industry people is the Gallup. 

Q Is that a l l you have to say about thia 

exhibit? 

A Yes, i t i s . 

Q How I'd like for you to refer to what's 

been marked as Exhibit Two and ask you to explain that. 

MS. LOPEZ: Mr. Chairman, we're 

going to put this exhibit up on the wall and I ' l l ask Mr. 
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Emmendorfer to approach the exhibit and explain i t . 

A Exhibit Number Two is a structure map 

mapped on top of the Gallup or the Niobrara A Zone. The 

daturns used to construct this structure map were the 

configuration of the calculations from the data provided to 

the Geological Subcommittee members taken at Kelly bushing 

and the top of the Hiobrara A Zone, thus gettng the data for 

the top of the Niobrara A. 

Contouring i t up we see two separate 

structural entities separated by a north/south trending 

synclinal axis. 

I would like to f i r s t refer you to the 

east side of this structure map where we have West Puerto 

Chiquito Pool. The pool extends past this map. I think the 

important thing to see here i s that coming out of the trough 

the dips start at about zero in the trough and proceed up to 

a maximum of 6 degree of dip. 

There is a gross structural difference of 

approximately 2600 feet within from the center of this 

syncline to the end of West Puerto Chiquito Pool. 

In the central portion of the structure 

map we have a gently dipping Gallup — or the gently dipping 

Gavilan Dome, which is central to the Gavilan Mancos Pool. 

The dips average within the Gavilan Mancos Pool, average 

about .6 degrees throughout the producing area. 
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see have the general axis of the San Juan 

Basin occurring in Range 3 West and trending to the north

west. 

The structural difference in the Gavilan 

— on the Gavilan Dome, within the Gavilan Mancos Pool goes 

from a high of approximately 570 feet above sea level to 

about 200 feet above sea level, roughly a l i t t l e over 350-

370 feet of vertical relief. 

It's different from the West Puerto 

Chiquito area where the — as I mentioned earlier, the 

contour interval, if you were to take this out to the 

eastern edge of West Puerto Chiquito Pool, Is at 3000 feet 

above sea level and the datum of the isiobrara A top 

injection well that occurs the farthest east in the West 

Puerto Chiquito Pool is a positive 200 — 2,537 feet above 

sea level, so there is a gross difference in structural re

lief between the two areas. 

This is separated again by the anticline 

— or the synclinal flexure located between Sections 18 and 

17, 25 North, 1 West, with this syncline running 

north/south. 

0 What is the degree of dip for the West 

Puerto Chiquito? 

A Well, i t varies, but i t goes from zero at 

the base in the center of the syncline up to 6 degrees in 
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the area of the wells, the high capacity wells that have 

produced the majority of the reserves in the West Puerto 

Chiquito Pield. 

We have — going from about a mile be

tween the 10 Well and the L - l l Well in the West Puerto Chi

quito Field, we have about 600 feet above sea level to 800 

feet above sea level. 

Another mile from the L - l l Well to the A-

14 Well, goes from 800 feet above sea level to approximate

ly 1200 feet above sea level. 

Q I believe you stated that the degree of 

dip in the Gavilan Mancos was .6 of a percent? 

A That's the average for the Gavilan Mancos 

Pool. 

Q So we have on a magnitude of ten times 

the difference in degree of dips between the two pools. 

A That's approximately true, yes. 

Q And I see an outline of the dark black 

line* What does that portray? 

A Okay, I've also included on the structure 

map the proposed Gavilan Mancos Pool boundary that our com

pany has requested. The purpose of including i t on the 

structure map was to show the eastern boundary of this pool 

as i t would relate to the structural difference between the 

two pools occurring along the axis of the syncline separ-
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ating the two pools. 

Q 1*11 ask you to refer to the next exhi

bit, Exhibit Three, which we will also put up on the wall, 

Mr. Chairman, and as you see there is a cross section indi

cated on the structure map, which will tie in with the next 

exhibit. 

Will you now describe what is shown on 

Bxhibit Three? 

A Exhibit Three is a structural, general 

east/west structural cross section through a major portion 

of the West Puerto Chiquito Field, extending through the Ga

vilan Mancos Field — Pool, into the Ojito Gallup-Dakota 

Pool. 

I'd like to refer you back to Bxhibit 

Number Two to show you the general east/west trace of the 

cross section through the wells that are on the structure 

map. 

This, I should mention fi r s t that the 

structural cross section is not a true structural cross sec

tion in the sense that i t exhibits true structural configu

ration from point A to point A', but i t is a structural 

cross section in that i t serves to show the structural ele-

vational differences between each of the different wells. 

But i t does serve to illustrate that on 

the western — or the eastern portion of this cross section 
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we have the steeply dipping monocline which is characteris 

tic of the West Puerto Chiquito Pool, coming into the syn

clinal flexure and then over the — what I have shaded in 

green, the Gavilan Dome, which is the Gavilan Mancos inter

val, and then leveling off as i t gets into the Ojito Gallup-

Dakota Field* 

I*ve also included on each of the wells 

in the cross section the gross productive interval and this 

highlighted in red vertical bars on the well logs of each of 

the wells that are on this cross section. 

There are two wells that have not been 

completed yet. They're in th® Canada Ojitos Unit so I 

should not put what that producing interval i s . 

In the — this red swath of line in the 

eastern three wells on the cross section in the West Puerto 

Chiquito Field serve to show the main producing interval 

over in that portion of the monocline, and you'll notice 

that the — a l l the production within these three wells 

comes from a narrow band within the C Zone. 

Over the Gavilan Dome in the Gavilan Man

cos Pool we have — we see that most of the wells are pro

duced at a — the gross productive interval is much larger; 

however, geological evidence and production evidence has 

shown to us that a majority of the production comes out of 

the A and the B Zones, thus we've highlighted in darker 



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 

19 

green the A and S Zone productive intervals, and to a lesser 

extent the C and the Sanostee intervals. I've not colored 

in the productive horizons in the Ojito Gallup-Dakota wells 

because I don't have the information as to where the major

ity of the production is coming from. 

I mentioned earlier that the Canada 

Ojitos Onit No. 33 was not completed yet. I do have i t 

shaded in because I do believe that i t is a part of the 

Gavilan Mancos Pool just by the fact that i t is on the west 

side of the syncline and geologically should be included in 

the pool. 

The Canada Ojitos Mo. 24 Well, commonly 

referred to as the J-8, has a large gross productive 

Interval. I t extends from above the A Zone in what some 

people refer to as the gray area, the gray zone, down 

through the Sanostee. 

I didn't color that well in, just where 

the major productive interval i s , because as I was studying 

the area, I just could not figure out where the four barrels 

per day was coming from throughout this gross productive 

interval, so I left that off of the cross section with the 

coloration of where the major production was coming from. 

Q Okay. Would you take your seat, then, 

and — excuse me a minute. 

Would you please now describe for me the 
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porosity system in the Gavilan Mancos Pool? 

A Our group feels that the porosity system 

within the Gavilan-Mancos Reservoir consists a dual porosity 

system. We have a high capacity fracture system and then we 

have what we loosely define a© a matrix porosity system, 

this matrix porosity system consists of low capacity 

fractures, microfractures, and the strict geological 

definition of matrix porosity in that i t would be true 

sandstone porosity, intergranular, interparticle porosity. 

Q So when you say matrix porosity system, 

do you necessarily mean a typical sandstone porosity system? 

A No, I don't. Like I said earlier, we 

have varying degrees of matrix porosity. We have the 

strict definition of intergranular porosity. We have these 

microfractures that are in communication with this, and we 

also have low capacity fractures that are also in 

comunication with a l l three, and we have a varying degree or 

amount of this matrix porosity in any one area of the 

reservoir. 

0 Do you have any evidence of this matrix 

porosity system, and in this connection I'd like for you to 

refer to what's been marked for identification as our 

Exhibit Pour. 

A Exhibit number Four are some examples of 

sample shows from mud logs from wells drilled in the Gavilan 
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Mancos. 

What I would like to show with this exhi

bit is that mudloggers that routinely s i t on most of the 

wells that are drilled out in this pool, record intergranual 

porosity and hydrocarbon sample shows routinely fro® sand

stone cuttings as they are drilled through — as they come 

up from the wellbore as drilled through the Gavilan Mancos 

interval. 

The f i r s t hydrocarbon show sheet after 

the t i t l e page is from the Mallon Oil Company's Post Federal 

13-6, which is located in Section 13, 25 North, 2 West. 

Q And, Alan, I might have Larry go show 

where that well is located on the structure map. 

A Thank you. 

Q Okay. 

A In Section 13, 25 North, 2 West. 

How, as a matter of industry practice 

whenever you have a ntudlogger sitting on a well, his job is 

to describe the d r i l l cuttings as they come up the hole and 

relate this back to the geology of the formation in the 

wellbore. 

They've described these samples as to 

their lithology and then i f they have any suggestion that 

there might be some porosity within these cuttings, they put 

i t under an ultraviolet light and subject i t to a solvent to 
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see i f they can get a hydrocarbon show from any of these 

samples, and the porosity contained within these samples. 

As I mentioned, this exhibit ia an exam

ple from the Post Federal We'll, an interval from 7,050 to 

7,062, which is in the Niobrara A Zone, was logged. There 

was a lithology of a sandstone. The mudlogger reported that 

they had intergranular porGsity. Although the porosity was 

poorly developed i t was the porosity present. There was a 

good stain, oil stain, poor fluorescence, although i t was 

even, and that he was able to get a slow streaming cut from 

this sample. 

The next three pages of the exhibit are 

sections I xeroxed from three different mud logs from three 

different wells that Mesa Grande Resources has drilled. The 

fi r s t one is the Bearcat No. 1 in Section 22 of 25 North, 2 

West. 

Q Okay, Larry is pointing that out on the 

exhibit. 

A The second one is the Invader Federal No. 

1, which ie in Section 1, 24 North, 2 West. 

And the third one is the Gavilan Howard 

Ho. 1, drilled in Section 23, 25 8orth, 2 West. 

I want to point out also that of these 

three mud logs, they're from two different mudlogging com

panies and they are also a separate mudlogging company from 
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the mudlogger that mudlogged the f i r s t sample here in my ex 

h i b i t book. 

I've highlighted on the amdlog where they 

have noted the quality of the sandstone with exhibiting 

hydrocarbon fluorescence i n cut from several different sam

ples up and down the Gallup — the Niobrara A and B inter

vals. You can see on each of these three mudlogs where the 

mudlogger has picked the top of the Gallup or the Hiobrara 

that occurs toward the top of the mudlog on thase throe ex

amples. 

Finally I would like to refer you to the 

last two show sheets, and they're the last two pages of this 

exhibit. 

Both of these show sheets are from the 

same well, the Mallon Oil Company Davis Federal Com 3-15. 

This i s located i n Section 3 of 25 Morth, 2 West. 

The f i r s t of these two show sheets i s 

from a depth of 7,030 feet to 7,078. I f you were to look on 

the induction log, this would be i n the A Zone, above the 

interval that was cored. 

Again this mudlogger recorded sandstones 

within these d r i l l cuttings containing intergranular poros

i t y with a good hydrocarbon fluorescence and a good stream

ing yellow cut. 

The last page is the second show sheet 
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from t h i s same w e l l , th« Davis Federal Com 3-15. The impor

tant thing t o see here i s that t h i s — these samples were 

logged during the course of coring the B Zone of the w e l l . 

The cuttings that the mudlogger reported were intergranular 

— f a i r l y well developed intergranular sandstone porosity 

with a f a i r , even hydrocarbon fluorescence and a good cut. 

Again he noted, he remarked that these 

shows were from the d r i l l cuttings while d r i l l i n g the B 

2one. 

I think t h i s i s s i g n i f i c a n t , Mr. Chair

man, i n that the routine core analysis that we had done by 

Terra Tek, everybody generally says that there's no matrix 

porosity w i t h i n the core, yet the mudlogger reported cut

tings coming from the same i n t e r v a l that the core was cut 

and recorded hydrocarbon shows. This i s a continuity with 

a l l the other mudlog examples I have here. They're from 

d i f f e r e n t operators, d i f f e r e n t mudlogging company, and w i t h 

i n the same mudlogging company, d i f f e r e n t mudloggers, and 

t h i s i s a standard t o o l w i t h i n the industry of locating mat

r i x producing reservoirs. 

^ I'd now ask you to refer to what's been 

marked f o r i d e n t i f i c a t i o n as Exhibit Five and ask you to de

scribe i t , but before you do that I'd l i k e you to explain 

what the purpose of t h i s e x h i b i t i s , so l e t ' s do that. 

Okay, Mr. Emraendor f e r . 
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A Bxhibit Number Five is a general 

north/south cross section between the two wells that were 

cored extensively throughout the Hiobrara productive inter

val in the Gavilan Mancos Fool. 

I would like Larry to point out for me on 

the structure reap where these wells are located. 

The one to the north i s Mallon Oil's 

Davis Federal Com 3-15. It's located in Section 3, Township 

25 Sorth, 2 West, in the northern portion of the Gavilan 

Mancos Pool. 

The other well, located on the — in the 

southern portion of the pool is the Mobil Lindrith B Unit 

Ilo. 38, located in Section 4, Township 24 North, Range 2 

West. 

What this exhibit serves to show is the 

visual sand/shale ratio of foot by foot description of the 

cores as they relate to the induction logs within the Gavi

lan Mancos Field. 

We've heard testimony that routine core 

analysis — or routine wireline log analysis does not truly 

reflect what is within the Hiobrara interval. What I did 

was I took the — the sand/shale ratios as described by the 

people that did a foot to foot — foot by foot description 

of the cores, plotted this ratio up and then correlated i t 

onto the induction log of the two wells. 
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On the Mallon w e l l , the Davis Federal Com 

3-15, the study committee had t h i s core analyzed and Terra 

Tek, an organizaiton out of Salt Lake City, took a foot by! 

foot description of the cor© and v i s u a l l y estimated the per

cent of shale and sand w i t h i n t h i s foot. I made that into a 

graph form f o r you here. 

Likewise, i n the Mobil w e l l , the geolo

g i s t that describes the core foot by fo o t , he also did a 

visual sand/shale r a t i o p l o t of the w e l l . 

I examined both of the cores and I v i s 

u a l l y d id a rough estimate of sand/shale r a t i o plots and was 

i n close agreement with both of the geologists that did the 

o f f i c i a l sand/shale r a t i o plots that I have shown on the 

cross section. 

I think that i t ' s important to see, Mr. 

Chairman, that the A and the B Zones e x h i b i t the high 

concentration of sand i n r e l a t i o n t o shale. 

In the bottom of the — i n the base — or 

below the high r e s i s t i v i t y C Zone of the Davis Well, which 

we were able to core through, we have another spot on the 

graph that shows that there i s a high sand concentration 

w i t h i n t h i s area. 

In looking at the core, or the core pho

tos, there's a d e f i n i t e genetic difference between these 

sandstones, between the A—B gone and t h i s sand that's p l o t -
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ted in the lower C Zone. 

The A and the U Zones sandstones are bed

ded, sandstones that are bedded within evenly bedded sands 

that are bedded within the shales. The sands that are in 

the base of the C Zone below the high r e s i s t i v i t y seam could 

be described more accurately as a furrowed mudstone where 

the sands and the shales have been furrowed together and 

there i s no true bedding between the sands and the shales. 

Q Are you saying that the interbedded sands 

and shales i n the A and B Zone is different than the fur

rowed mudstone that we find present i n the lower C Zone of 

the Kallon Well? 

A Yes, their stratigraphy i s different and 

I believe that their porosity, then, would be a l i t t l e d i f 

ferent . 

0 Does this mean that this high concentra

tion of sand in the lower G Sone is not productive? 

A I don*t think that i t would not neces

sarily be nonproductive. I think that i t does have hydro

carbons present. I think, though, necessary to make a coai-

mercial, producing e f f o r t out of this sand concentration in 

the C Zone, you would have to have a well developed, high 

capacity fracture system to do so. 

0 Then which intervals in the Gavilan Man

cos Pool do you consider highly fractured, and i n this con-
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ncction I refer you to what's been marked as Exhibit Six. 

Would you explain what this exhibit i s and describe what It 

shows? 

A Exhibit Number Six, Mr. Chairman, is a 

general north/south stratigraphic cross section using frac

ture identification logs, that highlight, effectively high

light what I consider the main highly fractured producing 

interval within the Gallup — Gavilan Mancos Pool, and in 

that respect I would like you to refer to this exhibit and 

I've highlighted in green here on the map the — what I con

sider to be the highly fractured interval, and this is con

centrated within the A and the B Zones of the Niobrara. 

This cross section is made up of four 

wells and we'll start from the south, then, which is on the 

lefthand side of the cross section, the Mobil Lindrith B Mo. 

74, located in Section 9, 24 North, 2 West: the Bearcat Mo. 

1, Section 22, 25 North, 2 West; the Canada Ojitos Onit No. 

33, Section 18 of 25 North, 1 west; and finally the Canada 

Ojitos Unit Ho. 32, located in Section 6, 25 Sorth, 1 West. 

Q So these four wells pretty much cross the 

reservoir in the Gavilan Mancos Pool. 

A Ves, they do. What we have in the course 

of drilling these wells some operators have run a log refer

red to as an oriented fracture log. This log is a dipmeter 

log; however, the logging companies that constructed the 



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 

29 

computer did not calculate dips of beds, but they used the 

instructed the computer to —* to read the microresistivity 

of the formation and sort out what they considered to be an

omalies, and this is generally interpreted to mean frac

tures . 

The dipmeter tool consists of a four-

armed pad, each of these pads oriented at 90 degrees from 

other. 

Now as this tool rotates up the hole, 

these four pads record microresistivity. Then they compare 

these p»4st from one, the r e s i s t i v i t y , the microresistivity 

reading from one of these pads to a l l the other pads and 

where there's an anomaly, they consider that pad to have 

some Kind of anomaly for the rest of them. That pad's 

seeing something different in the wellbore, and when you 

take a l l four pads in conjunction and look at what each of 

the pads are reading and interpret these things, we come up 

with what we consider to be a highly accurate tool to deter

mine where the fractures are located within a wellbore. 

We have, the operators within the area 

have run, at my latest count, f i f t e e n of these logs within 

the Gavilan Mancos area. I've included four of them on this 

cross section to show you what they a l l show to be, and that 

i s that the highly fractured Niobrara interval is concen

trated within the A and the B Zones. 
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Now I mentioned that when there's a 

r e s i s t i v i t y , microresistivity anomaly, i f we could refer to 

the well on the far lefthand of the cross section, the Lin

d r i t h B tto. 74, each of the four pads are represented by the 

four lines that run diagonally up the log. The computer 

keeps track of the orientation of Pad Ho. 1 at a l l times in 

respect to magnetic north, and i n this respect you can then 

back calculate the orientation of any of the other three 

pads. 

Pad No. 3, which is diametrically opposed 

to Pad No. 1, would be 180 degrees magnetically north away 

from Pad 1. Likewise Pad 2 and Pad 4 are 90 degrees in 

their respective direction away from Pad 1. 

within this green interval on Lindrith B 

No. 74, Hr. Chairman, you can see that some of these pads, 

th© traces are expanded out. This i s a Schlumberger presen

tation of this frac log and what they do is they take the 

microresistivity of a l l four pads and add them together and 

then on each of the pads they take — such as Pad No. 1, 

they take i t s microresistivity values and overlay that on 

the average r e s i s t i v i t y value of a l l four pads, and i f there 

is a difference, then there i s a separation on the curve, 

which i s Pad Wo. 1. 

Likewise they do this for Pad No. 2 com

pared to a l l four pads average r e s i s t i v i t y values? Pad No. 



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 

31 

3 and Pad Wo. 4, and we see here that up and down this log 

that until you get within the area that I've highlighted 

green for you, that there really isn't much or any separa

tion between these values, and this is generally interpreted 

to be the highly fractured interval within that well. 

The next well, the Bearcat, is also a 

Schlumberger presentation. I t would be the same as in the 

Lindrith B-74 and again i f you were to look up and down the 

hole, at the sections of the hole I've shown on this log, 

you would see that within this green interval is considered 

the area of intense fracturing. 

Now the far right two cross sections are 

— their presentation is a l i t t l e different. That's because 

it ' s a Welex log run. They do the same — they use the same 

type tool and the same type technology but they use a 

different software package to — to read the — or to 

display the data on the actual paper log that we receive. 

Instead of comparing a l l four microresis

tivity averages to one pad, the Welex log takes Pad 1 and i t 

compares its resistivity, microresistivity reading to Pad 2. 

Then i t compares Pad 2's microresistivity reading to Pad 3, 

and then i t compares Pad 3*s microresistivity reading to Pad 

4 and again Pad 4's microresistivity reading to Pad 1, and 

where there is separation or disagreement within the micro

resistivity readings of these pads, they are highlighted and 
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shown up on the log. 

Again I'd like ot refer you to the well, 

the Canada Ojitos Onit 33. I f you were to look up and down 

the section of log that I have on the cross section, you 

would see that only within the highlighted green interval of 

the A and the B Zone do we have any large, continuous evi

dence of fracturing. 

And finally, on the Canada Ojitos Onit 

So. 32 we also see that the area of fracturing, the intense 

fracturing, is confined to the area in the A and the B 

Zones. 

Q On this cross section. Exhibit Six, that 

you've just described as showing the interval of intense 

fracturing, is i t reasonable for us to conclude that there 

is variability within the fracture components within the 

Gavilan Mancos Pool porosity systems? 

A Yes, I think there i s . The fracture log 

cannot differentiate from one well to the other how many 

fractures are in the wellbore or to their permeability or 

anything of that nature, but i t can tel l you the thickness 

or the height of this fractured interval, and looking at the 

cross section, you can see that from one well to the other 

that there i s a great difference in the height of this in

tense fractured interval that is communicated up and down 

this fractured interval, so there is variability. 
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Q And what is your evidence for this be

sides what you just stated and in this connection I refer 

you to what's been marked Bxhibit Seven and would ask you to 

explain i t . 

A Exhibit Number Seven is a collection of 

articles that I thought might be informative, Mr. Chairman, 

as to reservoir variability within a fractured reservoir. 

We mentioned earlier that we had a two 

porosity system. What I would like to address now is the 

fracture component of this dual porosity system. 

The f i r s t article, and I've Xeroxed the 

cover of the guide book that this article came from, which 

is in the Sew Mexico Geological Society San Juan Basin I I I 

guide book in 1977. 

There's an article in there entitled 

Fracture Permeability in Cretaceous Hocks on the San Juan 

Basin. The authors were Frank Gorham, Lee Woodward, Mr. 

Callender, and Mr. Greer. 

I've highlighted in their introduction 

what I think are the important facts. In this article they 

state that "open fractures tend to develop where tensional 

joints form at places of maximum curvature of beds; i.e., 

where there i s a greatest rate of change or dip, not neces

sarily where the dips are the steepest." 

Also I've highlighted one other l i t t l e 
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passage stating that "Bedding thickness influences compe

tence? Harris and others (I960) suggested that density of 

joints i s greater in thin beds" than in thick beds. 

Again, on the next page, in their conclu

sions, I've highlighted what I think are pertinent passages 

to this testimony. 

Th© f i r s t highlighted passage is that 

field studies of joint© when we refer to the joints or frac

tures interchangeably in publications, by Harris and others 

in 1960 and by Stearns and Friedman in 1972, have shown that 

the density and orientation of joints in the folded beds are 

directly related to where they occur on the fold. 

If I could refer you to the next article 

in the handout, this is a partial copy of the article, ori

ginal article that this f i r s t publication referenced several 

times by Mr. Harris and others in 1960. This article was 

originally a thesis by Mr. Harris and whenever he went into 

industry and when industry allowed him to release this the

sis seven years later, he was able to have this article pub

lished in the Bulletin of the American Association of Petro

leum Geologists, which occurred, then, in December of 1960. 

The t i t l e of his article is Relation of 

Deformations! Fractures in Sedimentary Rocks to Regional and 

Local Structures. 

If I could have you refer to the next 
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page in the exhibit, this is a map of what he has entitled 

— what Hr, Harris has entitled the "Iso-fracture Hap of the 

Goose Egg Dome*, located in Natrona County, Wyoming. 

The reason I included that in there was 

Hr. Harris went around this dome and field mapped and 

measured the orientation and fracture density of a l l the 

fractures within this area. 

How he has a technique where he measures 

every fracture in every bed and then since different beds 

have different levels of confidence and different thicknes

ses, they're going to fracture differently, yet what he does 

is he relates this back to what he refers to as a reference 

or a datum bed and the calculates the amount of fracture 

that would be in any particular area of this datum bed. 

What he's done here is contoured up the 

amount of fractures occurring per square yard on this dome 

and i f we were to quickly glance at some of the data points, 

the numbers above l i t t l e squares is the amount of fractures 

that he mapped within each square yard. We see that closer 

to the center of the dome we have 1-1/2, 2 fractures per 

square yard. 

In another area to the south they in

crease to areas where there are 3-1/2 fractures per yard. 

And then to the north, on the northern 

portion of this dome we see several different contour inter-
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vals ranging from — I don't know what his contour interval 

i s , although I think he has a key at the base of the map 

here, but we can see that in some areas there are greater 

than 9 fractures per square yard, yet they quickly f a l l off 

on either side to 7, 6, 4, and then back down to 1 to 1-1/2 

fractures per yard. This shows that within any structure 

there's a great variability into the amount and density of 

these fractures in any one particular area. 

Referring you to the next page of this 

exhibit i s another page xeroxed from his article and here he 

did the same type of field mapping of the fractures within a 

large area of the Sheep Mountain Anticline in Wyoming, and 

again contoured up an iso-fracture map, and I've highlighted 

the part that I think is significant here on this page, and 

again he stresses that one iso-fracture map of the Goose Egg 

Dome, which is — shows local fracturing due to a local 

structure, and then the second map, which is the Sheep Moun

tain Anticline, which is the regional fractures, that in 

both cases the fractures, their orientation and their densi

ties are directly related to where they occur on the struc

ture and that different portions of the structure are going 

to have th® greater concentrations of fractures. This is 

directly related to areas of maximum curvature of the beds, 

meaning either areas where the rate of change of dip is the 

greatest or — and/or the area of the greatest rate of 
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change of strike is the greatest. 

Again the next page of his article is — 

I won't read the whole thing, i t ' s highlighted here — but 

again his conclusions are that where there's areas where 

there's maximum curvature of the bed, where there's the 

greatest rate of change of dip and/or strike is where you 

have the potential for greater fracturing to occur. Where 

you have greater potential for fracturing you have — you 

have the potential for more fracture to occur at any parti

cular unit of rock as in offsetting pieces of rock. 

I'd like to refer you to the next page 

and in here I would like to explain what this i s . This is a 

Xerox of a publication that I got the next article. 

The American Association of Petroleum 

Geologists has a habit of taking out certain what they con

sider landmarks of very constructive articles that get pub

lished repeatedly in their journal, or their bulletin, their 

monthly bulletin, and they group these into different cate

gories so other people can read, assimilate, and learn and 

hopefully use to find more o i l . 

And this next article was reprinted in 

the AAPG Reprint Series No. 21, entitled Fracture-Control-

led Production. 

We would turn to that article. I t was 

originally published in the AAPG in 1968 by George Murray. 
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This t i t l e of thi» article i * Quantitative Fracture Study 

of the Saniah Pool. McKenzie County, North Dakota. 

We turn to the second page of this 

article. I've highlighted what Mr. Murray did. What he at

tempted to do wss to make a second derivative calculation 

and I would like to stop here and say that a second deriva

tive i s he's measuring the rate of chanqe of strike — of 

dip on a particular reservoir bed. We can think of rate of 

change as more like acceleration. It's where things are oc

curring faster than in others. 

What Mr. Murray did was — is shown on 

the next page where there's a map of the antelope Sanish 

Pool. Mr. Murray took cross sections down from the — down 

dip on this dome and there's — what he did then was take 

the second — he assumed that the cross section was the 

curve representing the dip of the bed and he did the mathe

matical calculation of a second derivative and this second 

derivative is the areas where the dip changes most quickly. 

I t doesn't — i t ' s not the steepest — steepest part of the 

dip. The steepest part of the dip does not really change 

necessarily, but i t ' s where these this dip comes from either 

very steep dip into a shallow dip or vice versa, and then he 

contoured up these areas and he had two particular areas. 

One was on the positive curvature at the top of this anti

cline and one was at the bottom of the bottom of the curva-
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tie then related the areas where he con

sidered to be the highest second derivative of the maximum 

rate of change of dip and related where the best producing 

wells, and in most cases where the only producing wells in 

the Sanish Field were confined and this is within the gener

al area of the highest second derivative on this particular 

map. 

I might point out that what he did was he 

only did one component of rate of change and that was the 

rate of change in dip down structure. He has not taken into 

account the rate of change of strike of the bed as i t goes 

around any particular structure* 

And lastly of the articles, I'd like to 

refer you to an article that was interviewing, again, Mr. 

John Harris, who wrote the fi r s t article I referenced from 

the AAPG, and this report occurred in the DriiIbit Magazine 

in May of 1982. 

And in this he stressed that "areas of 

maximum curvature are areas where there i s a maximum rate of 

change in dip or strike and that that key is the rate of 

change." You can see this maximum curvature either by field 

mapping on the surface or by doing a second derivative map 

of the surface of the reservoir and when done properly, both 

of these maps can be overlaid and you can see where the 
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greatest concentration of fractures are more likely to occur 

ina particular fractured reservoir. 

The last two pages 1 have a l i t t l e show 

of method of calculating a second derivative on a structure. 

There are four, four steps and what I've 

highlighted hers in yellow is a square mile and f i r s t what 

you do is you grid — grid your structure map and determine 

the data at each of these grid points, and in this 

particular case, this example, they are half mile grid 

points. 

Then you add up a l l nine of this grid 

datum values and divide by nine and you get the average 

value of the structural datum which be there if that plane 

was — i f that surface was a plane within that center datum. 

Then you subtract the average datum of 

that central point from the actual datum value to get your 

amount of structural departure. This then, when you contour 

i t up, will give you a second derivative map and this will 

show you where either you have the greatest rate of change 

of dip and/or the greatest rate of change of structure. 

These areas are areas where the rocks 

have been subjected to more deformations1 curvature. Rocks 

should then be fractured more and you would have then more 

fractures per unit of rock in that area than in areas where 

there i s not much structural departure. 
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0 Have you constructed a second derivative 

map for tha Gavilan Mancos Pool, and in this connection I'd 

like for you to refer to what's been marked as Bxhibit 

Bight. 

We're going to put Exhibit Eight up, I 

think up behind you, Alan. 

A Thank you. Bxhibit Number Eight is my 

second derivative map that I constructed within the area of 

the Gavilan Mancos Pool area and the West Puerto Chiquito 

Pool area. This is the same — the datum that I used was 

the top of the Hiobrara A Zone, in fact the structure map 

that i s marked as Exhibit Number Two. 

I took a grid of a half mile sections on 

each of map and determined the value, structural datum value 

of that grid. This method I have described in the last ex

hibit. 

After calculating a second derivative, I 

contoured up areas of equal structural curvature. we have 

negative structural curvature and positive structural curva

ture. I've highlighted them separately on the map and these 

two colors have nothing in relation to the colors of any of 

my other exhibits} i t ' s just that my draftsman got a better 

price for red and green and bought them by the bulk. 

So we do have red and green on this map. 

In the article I referred to by George 
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Murray, he talked about negative and positive curvature i n 

his a r t i c l e of tbe second derivative. the value of the 

sign, negative or positive, doesn't really matter because l n 

each cases i t just relates the structural curvature d i f f e r 

ence or deviation from the average datum of the rock on that 

plane. In either case the rocks have been thrown into 

deformation from the fractures, but what I've attempted to 

do with tha red and the green here i s highlight the areas of 

negative or positive structural curvature and — or struc

tural departure. 

The dotted line represents zero value 

where there was no structural departure. 

The green and the red are both high

lighted i n varying colors to show the intensity of the dev

iation from the datum plane as to how much deforraational 

forces the rock was subjected to. 

I think there's a — when you get the map 

colored up. I think there's two very definable structural 

entities that are brought out, not only on the structure 

map, but on the second derivative map, and i f you'll notice 

in the major portion of 1 West that you see that the curva

ture, the structural curvature departure is coming i n a 

north/south direction and that reflects the monoclinal axis 

there of the monocline that is producing within the West 

Puerto Chiquito Pool; however, as you come into the syn-
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cline, you get into a general area where there is not much 

structural departure, and as you get to the west and go over 

the Gavilan Dome area into Gavilan Mancos Pool interval, you 

can saa that the direction and change of the structural de

parture i s oriented in a general northwest/southeast direc

tion, so i t occurs in several different orientations. 

X think a big reason for this is that if 

you look in the West Puerto Chiquito area, you're dealing 

with one component deformation. You're dealing with a great 

rat© of change of dip, structural dip, not so much strike, 

because the — that monocline runs — trends basically 

north/south; there's not much change in strike. Strictly for 

the most of i t , i t dips; however, when you get onto the — 

the Gavilan Dome, you can see that more easily on the 

uncolored structure map over here, that the strike of the 

beds curve around that dome and there's areas where there's 

a great amount of structural curvature due to strike; also 

of dip. 

I'd like to refer you back to Exhibit 

Number Three, which was my structural cross section. X had 

said the big structural cross section was a general cross 

section that just showed structural relation between indi

vidual wells. 

I've included on the upper lefthand cor

ner of that map a structural profile, a direct line from 
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Point A to Point B, I mean line A to A*, which is the same 

general cross section of the larger cross section, but that 

is the structural profile. I've given i t some vertical ex

aggeration just to show that there is differences in the 

change — or in the amount of dip over the area and that the 

dome is not dipping at .6 degrees. 

I t averages .6 degrees, but there is 

areas where there is a l i t t l e bit of change in this dip; 

therefore, an area where there's the greatest rate of this 

change, a second derivative is going to get more fractures; 

likewise, in conjunction with the change of the strike as 

you go around this dome, you also get a rate of change when 

you construct a second derivative map of the top of the Nio

brara A Zone in Exhibit number Seven — Sight, excuse me. 

Exhibit number Bight. You see that there are two separate 

(unclear.) 

I would like to now put an overlay on 

there showing what we have proposed as the Gavilan Mancos 

Pool boundary. 

Mr. Chairman, I hope you'll be able to 

see this through the overlay, but this i s the proposed Gavi

lan Mancos Pool boundary that I have outlined on the struc

ture map and again a point of reference as to where the 

second derivative map would f a l l in relation to this pro

posed pool boundary. 
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I've got one last thing to say about my 

second derivative map, is that i t would be nice if you could 

correlate the greatest, the highest values of either posi

tive or negative second departure on my map and d r i l l a 

weil there and get the best well in the field, and I'm sure 

some people are going to take my map and go out there and 

get their location to do that, but they may or may not get 

their results that they want. They may be disappointed be

cause this structural curvature this rate of change of 

strike or dip, is not the only component, or is not the only 

component that affects the amount of fracturing and/or the 

productivity or reserves of any particular well. That's on

ly one component. It's just to show that there is variabil

ity within the area and that there's no way i f you were to 

say that this structural curvature map represented exactly 

where tha concentration of fractures were, and i f you wanted 

to expound and postulate that that would be where the oil 

was, and so therefore there's a certain amount of oil here, 

there's a certain amount of oil over there, i t can't be 

done. There's other factors that are involved in a frac

tured reservoir. 

Q In summary, then, would you say that the 

second derivative map shows that the fracture component of 

the Gavilan Mancos reservoir i s not uniform throughout the 

field? 
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A Yes, I would say that's highly true. 

Q And that i t i s hard to interpret how much 

oil i s in any one particular area or one part of the field? 

A Very hard. I t just relates to the amount 

of deformation that particular — the rock was exposed to in 

any particular area. 

Q And I want to make sure that I understood 

one of your last points, even though you would — the second 

derivative map might indicate a position that you would 

think would be advantageous, are wells in the field sensi

tive to drilling and completion? 

A Yes, they are highly sensitive. The 

drilling muds can really foul up the fracture system in 

drilling and a well can lose circulation and depending upon 

your water loss and your muds and everything else, the Gal

lup interval, or the Niobrara interval is highly water sen

sitive. 

Also in completion practices things can 

happen. It's not perfect. You're at the surface and you're 

sending stuff down to do the work for you at about 7000 feet 

below the ground, and things do happen. There is — there 

is a high degree of variability and therefore, just because, 

as I said earlier, you d r i l l a well in a particular hot 

spot, as airbrushad on my second derivative map, you may not 

be guaranteed the best well in the field. 
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Q You have talked about tha difference be

tween the Gavilan Mancos and the West Puerto Chiquito Mancos 

Pool. Have you prepared an exhibit that has put these dif

ferences ln regional perspective, and in this connection 

I ' l l refer you to Exhibit Mine. 

A Mr. Chairman, I've included in my Exhibit 

Humber Nine a generalized map and cross section, and 1 do 

want to refer to i t as generalized. This is not — I have 

not constructed this to a — true to scale. It's strictly to 

show the relationships of the productive intervals of three 

separate pools and the anticlinal and synclinal flexuring 

along the eastern boundary of the San Juan Basin. 

The map on the lefthand side of this ex

hibit shows the general or the pool boundaries both proposed 

for the Gavilan Mancos and the West Puerto Chiquito and Bast 

Puerto Chiquito Pools, and I've highlighted what I consider 

to be tha main producing intervals within the Niobrara zone 

form each of these three separate pools. 

Prom articles and discussions with opera

tors, I've been told that the Bast Puerto Chiquito Pool is 

producing predominantly from the A and the S Zone. Like

wise, the West Puerto Chiquito Mancos, i t is my understan

ding that the majority of the production comes from the C 

Zone within this pool and that that's where the pressure 

maintenance system is occurring. 
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I'd like to say that in the Gavilan Man

cos Pool, frost geological study and engineering study, we've 

determined that the majority of the production within the 

Gavilan Mancos Pool is coming from the A and the B Zones. 

Now i f we would refer to the generalized 

cross section on the righthand portion of the — of this ex

hibit, l*d like to f i r s t explain that what I'm trying to re

late hare i s i f we take the whole Hiobrara interval and i f 

we were to cause i t to bend around a fold, either the anti

clinal fold or a synclinal fold, I'd like to show you thqt 

the top portion of that interval is going to be subjected 

to extensions1 tectonic, extensional pressures, and that the 

lower portion in an anticlinal flexure is going to be sub

jected to contractlonal stresses. 

And i f we were to take a look at this 

cross section, in the East Puerto Chiquito Mancos, which is 

producing on a structural nose, very top of the monocline, 

we have an anticlinal flexuring and i f we were to take the 

A, B, and the C Zones and bend this around the anticlinal 

flexuring, we would expect that the A and the B Zones, that 

these intervals would be exposed to extensional tectonics 

and that the fractures would — the extensional fractures 

would be confined to the A and the B and that the C is going 

to be, i f there's fractures there, is going to tight and be 

pretty nonproductive. 
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Likewise, as we go from east to west, we 

get into the West Puerto Chiquito Mancos. Now that is pro

ducing at the base of the monocline. I t ' s not producing 

within that syncline that I was referring to earlier. At 

the base of that monocline, that's where the greatest struc

tural curvature is occurring and so the A and the B Zones 

are going to be contracted and the C Zone of the Niobrara i s 

going to be exposed to the extensional fracturing within the 

tectonic forces there, and you would expect to get the ma

j o r i t y of the production coming out of the C Zone. 

Then when we get on the other side of 

that l i t t l e syncline that's geologically separating the two 

areas, we're back into the Gavilan Dome and again the A and 

the B and the C Zones are being subjected to positve curva

ture a n t i c l i n a l flexuring and the A and the B Zones would 

then b© i n extension whereas the C Zone would be i n contrac

tion there. 

Mow, we see t h i s . We've determined from 

production logging and from the frac log that I've shown on 

one of the exhibits, that the fractures tend to be in the A 

and the B Zones. We do have some fractures in the C Zone, 

just like any of the other two pools do but i t ' s — this re

lationship of — ©f the particular zones, their spatial re

lationship to the positive or negative curvature of the an

t i c l i n e or the synclinal flexuring, that give the differen-
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ces between these three adjacent pools, why one is adjacent 

and has A and B production, why the next one has C produc

tio n , and why the t h i r d one has A and B production, also. 

Now, l i k e I said, this i s a generalized 

exhibit. We do have some C production from the Gavilan Man

cos Pool. I believe in earier testimony the Canada oji t o s 

Unit Wall that's in Section 30 of 29 North, 1 West, has the 

production log show that there was production coming from 

the C. That doesn't surprise me. I f we put that into true 

structural relationship, i t ' s on the west side of our di v i d 

ing syncline, yet there i s a s t i l l a minor amount of syncli

nal flexuring that i s exposed, that the Hiobrara interval is 

exposed t o i therefore the C Zone would — there's no problem 

there i n my wind that we would get some production from the 

C Zone, but there i s going to be a minimal amount of slop, I 

would c a l l i t , that we're going to have a l i t t l e gray area 

where there's going to be a l i t t l e of not communication but 

production from maybe a l l three of the different intervals, 

but when you get onto — i f you take the Gavilan Mancos Pool 

as a whole and put i t in i t s true structural relationship, 

we see that the majority of the production is coming from 

the A and the B Zone. 

Q Does this conclude your direct testimony? 

A Yes, i t does. 

Q Were Exhibits One through Nine prepared 
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by you or under your supervision? 

A Yes, they were. 

MR. LOPEZi Mr. Chairman, at 

this time I'd like to move the admission of our Exhibits One 

through Mine. 

MR. LEMAY: Without objection 

Exhibits One through Nine will be admitted as evidence. 

Any other direct or friendly 

examination? 

MR. PEARCEi None, Mr. Chair

man, thank you. 

MR. LEMAY: Any questions for 

MR. KELLAHIN: I have some. 

MR. LEMAY: Okay, let's take 

about a ten or fifteen minute break and we'll come back. 

(Thereupon a recess was taken.) 

CROSS EXAMINATION 

BY MR. CARR} 

Q Mr. Bmmendorfer, initial l y I want to be 

sure I understand some of the things that you, and, I sus

pect, we can agree on. 

Pirst of a l l , as I understand your test!-
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raony, tha A Zone, the B Zone, the C Zone, and the Sanostee, 

you can correlate across the area. You can map them across 

both present West Puerto Chiquito and the present Gavilan. 

A Yas, you could pick those tops. 

Q And in your study as you've worked across 

this area you have found no barrier between the two areas. 

A I wouldn't want to say that because I 

don't know what your definition of a barrier i s . 

Q Have you found a restriction that would 

permit or prohibit the flow or oil across any particular 

area in the combined Gavilan-wast Puerto Chiquito area? 

A Not using conventional wireline logs. 

Q Now, and you found, not having found any 

of those barriers, do you have anything that would show that 

we have separata sources of supply? 

A Well, now i t depends on your definition 

of separate sources of supply. 

Dealing with the Mancos interval this — 

you could argue one source of supply of the Mancos for the 

whole San Juan Basin. 

Q I'd like to go to your Exhibit Number 

Two, which i s your cross section, and I would like to find 

out, f i r s t of a l l , you indicated you had an average dip in 

the Gavilan area of .6 of a degree. 

A That's correct. 
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0 And have you translated that into a foot

age figure? 

A Z can't do that in my head. 

Q Would you accept, subject to subsequent 

correction, that that would work out to approximately 55 

feet par mile? 

A X think that would be correct, somewhat. 

Q Wow, the area you've summarized, the area 

that you looked at to develop this average figure of .6 of a 

degree, did you include the araa that you are proposing be 

included in the Gavilan? 

A Yes, X did. 

0 So you included that additional row of 

sections that i s currently in the West Puerto Chiquito Pool? 

A Yes, X did. 

Q And that is one of the flatter areas in 

this — the area that we're talking about in the hearing, 

the combined pools, i s i t not? 

A Well, it's as flat as the top of the Gav

ilan Dome i s flat. 

Q And that would be the other really flat 

area, isn't that correct? 

A Yes, that's correct. 

Q So in averaging, in reaching an average, 

you've used tha two areas we're talking about that show the 
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l i t t l e s t or ths least degree of dip. 

A Yes, but i f you would look at my struc

ture map, you would see that that is not a significant por

tion of the whole Gavilan Mancos Pool. 

Q I f we take a look at this map and i f we 

go to the structure map, and we look at the westernmost tier 

of sections in 25 {forth, 2 West, have you calculated the 

amount of dip In, say. Section 36, in that one row of sec

tions? 

A 

0 

A 

0 

Separately? 

Yes. 

Wo, I have not. 

Have you done that for the dip in 31, 25 

worth, 1 West? 

A 

Q 

A 

Q 

Separately, no. 

In Section 32? 

Wo, I have not. I t can be done. 

Have you calculated section by section as 

we move across the subject area what the dip would be? 

A I took an average throughout the whole 

area. 

Q If we go to your Bxhibit Number Pour, i t 

was my understanding that you talked, correct me i f I'm 

wrong, about drilling breaks in the mudlogs as being an in

dication of matrix porosity. 



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 

55 

A I don't think I t e s t i f i e d to d r i l l i n g 

breaks. 

0 A l l r i g h t , then that i s n ' t something 

you're intending to present testimony on? 

A We can t a l k about i t , i f you would l i k e . 

Mudloggers do — do indicate d r i l l i n g breaks, and a l o t of 

times that i s i n d i c a t i v e of porosity w i t h i n a rock u n i t as 

you d r i l l through i t . 

Q And could that also be i n d i c a t i v e of f r a c 

turing? 

A Yes, and no. 

Q I t could be, could i t not? 

A Yes, i t could. 

Q Yes and no? Yes. How, you had the 

mudloggers out there and they were looking at the samples 

that were coming up and i f I understood your testimony, they 

were able to conclude from t h i s that there was matrix 

porosity, i s that correct? 

A Well, yes. They take the samples as they 

come out of the — out of the flow l i n e and put them under a 

binocular microscope, i t ' s standard procedure, and look to 

see i f there i s porosity, and I've been out on — i n the 

mudlogging t r a i l e r and I have witnessed t h i s myself. 

0 And based on the inforroaton you got from 

mudloggers, they concluded there was porosity there. 
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A Yes. 

Q And the same information, however, was 

analyzed by Terra Tek and they could f i n d no matrix c o n t r i 

bution. Is that correct? 

A Yes. I think they said that there was 

some but they did not think i t was s i g n i f i c a n t . 

Q A l l r i g h t , no s i g n i f i c a n t contribution. 

A No, not no s i g n i f i c a n t contribution? that 

there was no s i g n i f i c a n t matrix porosity that they saw. 

Q ?low, the mudlogger — 

A There was a petrograph — I'd l i k e to say 

there was a petrographic study as to the amount of matrix 

porosity, not how much that matrix porosity would produce. 

Q Now, Mr. Emmendorfer, the mudlogger takes 

a look at the samples and looking at these samples I gather 

from your testimony they concluded there was a high porosity 

o i l cut, looking at the samples themselves. 

A I don't understand high porosity o i l cut. 

Q When they looked at them they concluded 

there was high porosity i n these samples, i s that correct? 

A No. I believe I t e s t i f i e d that i f you 

would look at these sample show sheets that they define what 

they considered to be the amount of intergranular or i n t e r -

p a r t i c l e porosity w i t h i n that sample. 

I believe they have only three subdivi-
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sions and i t ' s subjective, i t ' s poor, f a i r , or good porosity 

development. 

Q And did you get that kind of information 

on the Mallon State — the Mallon Davis well? 

A Yes, we d i d . 

Q And they did f i n d there was t h i s good de

velopment, did they not — the mudloggers? 

A 1 don't believe i t was good, but we could 

look on the sample show. 

0 How did they characterize i t ? 

A Let me look i n the e x h i b i t , please. 

Which of the two sample shows are you r e f e r r i n g to? 

Q I guess i t ' s the last page. I t ' s got 

Show Mo. 9 on i t at the top. How did they characterize the 

porosity i n that well? 

A F a i r l y well developed, intergranular 

porosity. 

Q Okay, then did you receive a core on that 

in t e r v a l ? 

A Yes, we cored that i n t e r v a l . 

Q And did the core — the core did not con

firm the mudlogger's information on the porosity, did i t ? 

A Not as described by Terra Tek. 

0 I think I'd l i k e to go for a minute to 

what I believe i s your ~ i s t h i s Exhibit Humber Eight? I 
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think you're holding up Seven. 

A No, that's Sight. This i s Seven. 

Q Now i f I understand the red shaded areas, 

those are areas where there would be — the darker the red, 

the greatest curvature. Is that — i s that what t h i s i s 

designed to show? 

A The greater the negatiave curve — or 

negative s t r u c t u r a l departure from a plane, yes. 

0 So the darker the red, the more f l e x , I 

guess, i n the formation? 

A Potential for i t , yes. 

Q And i n those areas you'd expect to have 

the greatest amount of f r a c t u r i n g , i s that not true? 

A We would hope so, yes. That's the 

genera1 idea. 

Q J3ow, i n t h i s reservoir, the thing you're 

attempting when you d r i l l a well to obtain i s a — i s to t i e 

i n t o the fracture system, i s i t not? 

A Yes. 

Q And i f you t i e i n t o the fracture system 

your chances of having a better well are increased. Isn't 

that correct? 

A The greater the I n t e n s i t y of fractures i n 

that fracture system, yes, 

Q And i n the darker shaded areas we could 
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anticipate a greater i n t e n s i t y of f r a c t u r i n g than i n an area 

that i s not shaded. 

A We can hope fo r the p o s s i b i l i t y of 

greater f r a c t u r i n g . 

Q And i f we go through and take a look at 

the map, there's sort of an area s t a r t i n g i n 32, oh, l e t ' s 

see, 25 North, 1 West, and i t runs north of that and i t ' s an 

area that i s by and large not shaded, i s that correct? 

A That i s correct. 

Q And i n that area we have a couple of 

wells, one i n Section 29, one i n 32, i n areas that are 

shaded l i g h t green and one two-tone green but those are 

areas that have a l i m i t e d curvature, i s n ' t that correct? 

A Ves, that i s correct. 

Q And i s n ' t i t true that the two wells, the 

one i n Section 29 and the one i n 32 are the best producing 

o i l wells i n the State of Hew Mexico? 

A I don't know about the whole State of New 

Mexico. 

Q They're extremely good o i l wells, are 

they not? 

h Their flow would indicate so, yes. 

Q Now, i f we go up i n t o Section 22 of 2 

West, 26 North, there's an Amoco No. 1 S e i f e r t Gas Com A. 

That i s r i g h t i n the center of an area that i s shaded i n 
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dark red, i s that not correct? 

A That i s correct. 

Q Are you aware of what kind of producing 

c a p a b i l i t y that well has? 

A Ho. 1 believe Amoco i s t e s t i n g i t and 

that they've been shut down for the most part because of 

weather. 

Q You don't know that that's an extremely 

poor well? 

A I have no idea. 

Q There's a well i n Section 31 of 25 North, 

1 West. I t ' s Onit Well Ho. 26, I believe. Are you fam i l i a r 

with the producing c a p a b i l i t i e s of that well? 

A Yes, I am. 

Q And i t ' s i n an area that you've shaded 

red, i s i t not? 

A Yes, i t i s . 

Q And i t ' s an extremely poor w e l l , i s i t 

not? 

A I believe that i s correct. 

Q Now, i f I looked at where you've placed 

the Gavilan Mancos Pool boundary, the proposed pool 

boundary, and where you've indicated on the east side of 

that where you're intending to move i t , you're i n e f f e c t 

moving the eastern boundary of that pool one section to the 
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east, are you not? 

A That i s correct. 

Q And where i t ' s presently located i t pret

t y much traces an area that i s l i g h t l y shaded, i s n ' t that 

true? 

A That i s true. 

Q And as you move i t over to the west 

you're actually drawing i t through an area that's more dark

ly shaded, darker shading, i s n ' t that also correct? 

A That i s correct. 

Q And i f the darker shading corresponds to 

increased fracture a c t i v i t y , wouldn't you anticipate more 

fractures along the curved boundary than along the one that 

we're currently — show more fractures along the proposed 

boundary than along the curved boundary? 

A I think what you're doing i s missing the 

point of my e x h i b i t . This i s s t r u c t u r a l — i t ' s a second 

derivative map to show that there can be v a r i a b i l i t i e s i n 

the fracture i n t e n s i t y . I t doesnt matter i f i t ' s a red 

color or a green color, there are areas that there's struc

t u r a l departure i n eith e r way from a datum plane, and that 

we can't t i e , and I've t e s t i f i e d that we cannot t i e the 

st r u c t u r a l d e r i v a t i v e map, the value on t h i s s t r u c t u r a l de

r i v a t i v e map, to the amount of o i l i n place or to the pro

d u c t i v i t y of any one w e l l . i t ' s s t r i c t l y to be shown that 
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there's v a r i a b i l i t y w i t h i n the fracture component of tha r€»-

servoir. 

Q So a l l t h i s shows i s that fractures vary 

across the pool but that p r o d u c t i v i t y of any well anywhere 

on t h i s map doesn't necessarily r e l a t e to any of the color

ing that you've shown on t h i s map. Is that what you j u s t 

said? 

A Yes, I said that. 

Q So t h i s doesn't show you where you're 

going to get a good well or where you're not? 

A No, I t e s t i f i e d that that wouldn't do 

that. 

Q And i t doesn't show you where there's 

communication across t h i s area, does i t ? 

A No, i t ' s s t r i c t l y to further i l l u s t r a t e 

the s t r u c t u r a l differences between the #est Puerto Chiquito 

Pool on the, say, f i n a l f l e x u r i n g of that monocline and the 

Gavilan Dome and the syncline that separates the two. 

Q Now I'd l i k e to go to Exhibit Number 

Nine. I f I understand Exhibit Number Nine, i f we go to the 

cartoon over on the r i g h t — 

A Could I get mine, please? 

Q Yes, s i r . I f we go to the cartoon or 

diagram on the righthand side of t h i s e x h i b i t , i f I under

stand i t , you're showing with the red shaded area that area 
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where, correct me i f I'm wrong, where you anticipate the 

production to be consing from the West Puerto Chiquito Mancos 

Pool. 

A That's what I understand, i s that the C 

Zone i n the West Puerto Chiquito Mancos Pool, and I've tes

t i f i e d to t h i s , that i n t h i s schematic cross section, I've 

i d e n t i f i e d the predominant producing i n t e r v a l of each of the 

three pools. 

Q A l l r i g h t , and so t h i s i s how you are de

pi c t i n g the predominant producing i n t e r v a l i n the West Puer

to Chiquito. 

A That i s correct. 

0 hnd yet that i s above the portion of that 

structure where there i s a greatest flexure; i . e . , down 

where the l e t t e r C actually appears. 

A I f you want to look at i t from a very 

l i m i t e d scope, yes, the very base where that C i s labeled is 

that syncline between tht? two. That i s not whero tho pro

duction from the West Puerto Chiquito i s coming from. I t ' s 

coming from the greatest rat© of chance coming o f f that 

steeply dipping monocline. The dip st a r t s to change greatly 

and that's where the West Puerto Chiquito production i s oc

curring — 

Q Okay, i f I — 

A — that lower part. 
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me the greatest rat© of change i s below where you've shaded 

i t i n red. Wouldn't that be true? 

A On a — on t h i s schematic item, yes, but 

I t e s t i f i e d that i t was not accurate to — 

Q A l l r i g h t . 

A — true structure. 

Q A l l r i g h t . Now 1 think you t e s t i f i e d 

that the West Puerto Chiquito Mancos Pool was producing from 

the C Zone, i s n ' t that true? 

A That's where the majority of the produc

t i o n i s occurring. 

0 Are you f a m i l i a r with the Unit Well L-27, 

located i n Section 27 of Township 26 North, 1 East? 

A I heard testimony about that yesterday. 

Q And that i s producing from the u n i t , i s 

i t not? 

A Yes, i t i s . 

Q In the u n i t area? 

A Yes, i t i s . 

Q Are you aware that from the B Zone i t has 

produced almost half as much o i l as ths t o t a l production 

from the Gavilan? 

A No, I'm not. I've never seen a produc

t i o n log on th a t . I t ' s my understanding that the A, B, and 
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and i t ' s j u s t i n t e r p r e t a t i o n as to where that production i s 

coming from. There i s no documented proof that that o i l i s 

coming from the D Zone. 

Q And do you have anything that vould prove 

to you that i t i s not? 

A No, s i r . 

Q Thank you. That's a l l I have. 

HR. LEMAY: Additional ques

tions? Mr. Kellahin? 

MR. KELLAHIN: Thank you, Mr. 

Chairman. 

CROSS EXAMINATION 

BY MR. KELLAHIN: 

Q Mr. Emmendorfer, when we looked at Exhi

b i t Number Eight, I think I understood you to say that i n 

determining a boundary between the two areas of the Mancos 

reservoir, that you have not, cannot, and w i l l not use t h i s 

display i n the second derivative analysis to determine that 

boundary. 

A No, s i r . 

0 You can't use i t for that purpose, can 

you? 

A Ko, s i r . I s t r i c t l y put that overlay 
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structure map, where the proposed boundary i s , j u s t as a 

matter of reference. 

Q When you discussed with Mr. Carr the 

mudlog and the core information, can you i d e n t i f y for us 

what well you had when you discussed the mudlog and the core 

of that well? What well was that? 

A Yes. The Mallon O i l Company's Davis 

Federal 3-15. 

Q Am I correct i n understanding your d i r e c t 

testimony that you have selected the mudlog position over 

the core information? 

A I'm sorry, I don't believe I understand 

the question. 

Q Having the choice of the two data, the 

mudlog information and the core information, I believe I un

derstood you to t e l l me that you would select the mudlog i n 

formation. 

A In — for what reference purpose? 

Q You t e l l me, with regards to matrix poro

s i t y and fractures. 

A The core data and mudlog sample shows are 

d i f f e r e n t . You can quantify porosity and permeability meas

urements from the core. I t ' s hard to do from a sample, a 

d r i l l c u t t i n g . 
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Q So then my basic statement was correct, 

that you have selected the mud3og information over the core 

information to make that conclusion. 

MR. LOPEZ: Objection, Mr. 

Chairman. That wasn't what he said. 

MR. LEMAY: I ' l l ask the w i t 

ness to — to not be led by the question, Mr. Kellahin, but 

maybe explain to a l l of us what — what he was r e f e r r i n g to 

when he was describing the core information and the mudloc 

information. 

A From the raudlog information we have? the 

d r i l l cuttings from a p a r t i c u l a r i n t e r v a l w i t h i n the well 

that the mudlogger has described as to i t s l i t h o l o g y and i f 

any porosity i s present and i f there i s any kind of a hydro

carbon show frora that — that sample. 

In the core data the — from we take a 

core, you can v i s u a l l y describe that core and you can quan

t i f y p a r t i c u l a r measurements as to porosity and permeability. 

I don't think I said that I didn't be

lieve there was any matrix porosity absent within that core. 

I believe I t e s t i f i e d that Terra Tek said that from t h e i r — 

th e i r estimates or t h e i r analysis that they did not think 

that the matrix porosity was producable, that i t was — they 

did not q u a l i f y as to how much i t would produce or would not 

produce. 
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Q Am I not then correct when I have said 

that you have taken the mudlog information over the core da

ta i n making your opinion with regards to that point? 

A No, I don't believe so. I cannot t e l l 

you the exact sand lamina from that core that we have from 

where that sample c u t t i n g came from. I do know i t was i n 

that i n t e r v a l . 

We know that i t was coming from the cored 

i n t e r v a l . The well was conditioned and the mud was c i r c u 

lated out before the core was cut. I can't say, I cannot 

t e l l you that that p a r t i c u l a r sand c u t t i n g with the matrix 

porosity that has been witnessed has come from any p a r t i c u 

l a r i n d i v i d u a l sand lamina on that core that the people at 

Terra Tek analyzed and said that there was no matrix poros

i t y . I cannot do that , s i r . 

0 Hay i t be reasonably concluded from your 

testimony, Mr. Bmmendorfer, that t h i s reservoir i s m u l t i 

d i r e c t i o n a l i n i t s fracture system? 

A I did not say that but 1 believe that the 

— the fracture system i s m u l t i - d i r e c t i o n a l , i f you want me 

to state my opinion. 

Q Yes, s i r . We had one of your exhibits 

that had four or f i v e logs on them and you discussed with us 

a log that would show d i r e c t i o n a l fracturing? 

A That you could determine directions of 
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orie n t a t i o n of any fractures that I saw wit h i n those frac

tured i n t e r v a l s . 

Q Refresh tr.y memory about what exhi b i t that 

was. 

A 1 believe t ha t ' s Exhib i t Nurnber Seven 

Six . 

Q Am I correct i n understanding that you're 

not taking the position at t h i s hearing that you took i n the 

August hearing that you could use d i r e c t i o n a l survey fr a c 

ture o r i e n t a t i o n logs to determine orie n t a t i o n of fractures? 

A That's not part of my testimony but I 

think, I think that I've studied them and can determine 

fracture o r i e n t a t i o n from those logs. 

Q Are there any basic fundamental geologic 

conclusions that you've reached today that are any d i f f e r e n t 

from your testimony back i n August? 

MR. LOPEZ : V.r. Chairman, I * m 

going to object to the question as being too over-reaching. 

I f Ht , Kellahin has specif i c instances as to testimony that 

was given on d i r e c t as to d i f f e r e n t geological opinions as 

opposed to the August hearing, l e t him i d e n t i f y them, but 

j u s t to ask an open ended question outside the scope of d i r 

ect or not related to anything that's been t e s t i f i e d t o , I 

think i s much too broad. 
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MR. KELLAHIN: Mr. Chairman, 

i t ' s an appropriate question. This witness has l a i d a foun

dation and he t e s t i f i e d i n August. I've been very careful 

to avoid what Mr. Lopez has been doing and that is 

t e s t i f y i n g for t h i s witness. I don't want to put geologic 

conclusions i n his mouth. I've simply asked him has he 

changed his mind since August. 

HR. LEMAY: I think that l i n e 

of questioning i s a l l r i g h t . I f you'd be more specific I 

think i t ' s wore helpful because you're dealing with three 

new commissioners here who did not hear the previous 

testimony, so i f you could narrow i t down a l i t t l e b i t I 

think i t would be most h e l p f u l . 

Q With regards to the structure of the 

Mancos reservoir would you — 

A Which Hancos reservoir? 

Q When I t a l k about the Mancos reservoir I 

mean to say from the western boundary of the Gavilan Mancos 

Pool to the eastern boundary of the West Puerto Chiquito 

Mancos Pool. That i n t e r v a l , that area, as you've displayed 

on your structure map. Have you changed your s t r u c t u r a l 

opinions and interpretations from the August hearing to now? 

A Ho, I have not. I've changed my 

structure map because there's been a few wells d r i l l e d since 

then along that general area? gave me more datum points, so 
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my structure map changed a l i t t l e b i t . 

Q Thank you. 

HR. LEMAY: Thank you, Mr. Kel

lahi n . 

Any additional questions of the 

witness? Mr. Chavez. 

QUESTIONS BY MR. CHAVEZ: 

Q Mr. Emmendorfer, on your Exhibit Number 

Seven we have a paper w r i t t e n by Mr. Gorham, Woodward, Cal-

lender, and Greer. 

you've highlighted an area but j u s t before that highlighted 

area the authors state that the pr i n c i p a l factors i n the de

velopment of fracture permeability, such as radius of curva

ture, and so on, can you look at the radius of curvature for 

the what you've called the Gavilan Dome? 

a radius of curvature analysis as i s referred to by the 

t h i r d a r t i c l e i n my booklet that Mr. Hurray did i n the 

Sanish Pool i n North Dakota. I did not do that exact type 

of c a l c u l a t i o n , no. 

On the f i r s t page of the introduction 

A In a general respect, yes. I did not do 

0 What type of calculation did you do on 

radius of drainage? 

A I did not do a calc u l a t i o n . 
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Q The next item that that paper talks about 

of development i n fracture permeability i s rock type. Did 

you do a study of the rock types associated w i t h i n the area 

of discussion i n the Gavilan and West Puerto Chiquito 

Mancos? 

A I'm sorry, are we s t i l l t a l k i n g about the 

Q Same a r t i c l e . 

A Okay. 

Q The next item a f t e r radius of curvature. 

A Could you repeat t h a t , please? 

Q Did you do a study of rock types i n the 

— or look at the rock types i n the Gavilan area? 

A I've looked at the two cores i n the area, 

the Mallon core and the Mobil core, and notice that — and 

witnessed that there were indeed interbedded sandstones and 

shales and that the sands tend to be concentrated i n the A 

and the B Zones, which I had already suspected from d r i l l 

cuttings of logs that had been d r i l l e d before that. 

Q Another item that's called a pr i n c i p a l 

factor i n development of fracture permeability i s rate of 

s t r a i n . Did you make a study of the rate of s t r a i n on the 

rocks i n these pools? 

A No, s i r , I did not. 

0 Mr. Bromendorfer, on your Bxhibit Number 
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Nine, the top r i g h t , you ahow some in t e r p r e t a t i o n s , repre

sentations, of positive curvature, negative curvature, and 

another p o s i t i v e curvature, i l l u s t r a t e the increase i n fra c 

ture with — l e t me ask a question t h i s way. 

Is t h i s to i l l u s t r a t e the increase of 

fracture width the further away from the central point of 

the radius? 

A Mo, s i r , i t i s not. This again i s a 

schematic diagram. I j u s t used a standard curvature radius 

of these three — for these three separate pools. 

As a matter of f a c t , that was a — I used 

a figure out of Hurray's Sanish Pool study that did do the 

radius of curvature study. I j u s t used i t as a — as a 

schematic showing the difference of the rate, not the amount 

of radius of curvature. I j u s t used the same one as a point 

of reference. There i s a difference i n radius of curvature. 

The West Puerto Chiquito has a much larger radius of curva

ture than the other two pools would have. 

Q Do the three i l l u s t r a t i o n s at th© top 

r i g h t of e x h i b i t Nine indicate that the further frora the 

center point of a c i r c l e you are on the radius the wider the 

fracture or opening would be at the same angle? 

A That i s correct, yes, but, l i k e I said, I 

have not attempted to show that on my e x h i b i t . 

Q Is i t your opinion that the radius of 
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curvature f o r the — the Gavilan Dome, j u s t from what you 

understand of i t at t h i s time, i s such that there would be 

s i g n i f i c a n t difference i n fractures i n the A, B, and C Zones 

at the — at that p a r t i c u l a r distance out on the radius 

line? 

A I'm sorry, i f we had the same radius of 

curvature i n the Gavilan Dome as we have i n the West Puerto 

Chiquito? 

Q No, s i r . Well, I ' l l go on to something 

else. 

The l o g i c a l conclusion i t would seem l i k e 

from your Exhbiit Mine i s that the shallower the well would 

be out of the Gavilan area the more l i k e l y there would be 

larger fractures, i s that a l o g i c a l conclusion, would you 

say? 

A The shallower the well would be? 

Q Yes, a logica l conclusion would be the 

fractures would continue to extend upwards from the radius 

and therefore would be also exhibited at the surface or i n 

shallower wells such as Pictured C l i f f s or other zones? 

A No, you cannot conclude that. I do not 

hold that one fracture would extend from grassroots to gran

i t e . Normally the s t r u c t u r a l pressures that are incurred on 

a rock u n i t , which i s a strat i g r a p h i c column, w i l l be the 

same up and down the st r a t i g r a p h i c column, but certain f o r -



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 

75 

mations do not behave i n a b r i t t l e manner. They are i n t e r 

bedded with more p l a s t i c formations. 

These formations may not be subjected or 

subject to as much f r a c t u r i n g or even any f r a c t u r i n g as the 

more b r i t t l e , competent layers may be, so you do get a frac

ture, the same f r a c t u r a l o r i e n t a t i o n i f i t ' s created — i f 

that f r a c t u r a l o r i e n t a t i o n of a — of a — you're t a l k i n g 

about a zone, v e r t i c a l zone up and down a l l the formations, 

but that fracture o r i e n t a t i o n , those formations were subjec

ted to the same tectonic forces, then those fractures should 

be genetically related i n that t h e i r d i r e c t i o n and i n t e n s i t y 

— directions should be — should be s i m i l a r . 

Q So then the p l a s t i c i t y and the b r i t t l e -

ness of the formations are important i n t h i s — i n your ac

tual i n t e r p r e t a t i o n of whether there w i l l a c tually be f r a c 

tures there or not, i s that correct? 

ft Very important. I t ' s the rocks that are 

able to do the f r a c t u r i n g w i l l be fractured i f the tectonic 

forces are s u f f i c i e n t enough to fractu r e . 

Q Did you make any calculations or study of 

tectonic forces and the rock l i t h o l o g i e s i n t h i s area? 

A Ho, s i r , I have not. 

Q In Exhibit Number Seven, the second a r t 

i c l e , B u l l e t i n of the AAPG, i n the summary, th© f i r s t para

graph, i f I could, says t h i s investigation has shown that i n 
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order to use fractures as a tool f o r in t e r p r e t i n g f o l d 

structure, i t i s f i r s t necessay to establish the relations 

between the l i t h o l o g i c and physical characteristics of rocks 

and t h e i r expression of fractures. 

A Yes, s i r . This investigation, I think, 

i s the key word. I f we could thumb back to the f i r s t , Mr. 

Chairman, the f i r s t diagram or map, the one that depicts the 

Iso-fracture of the Goose Egg Dome, I t e s t i f i e d that Mr. 

Harris walked over the surface of the map, the concentration 

and o r i e n t a t i o n of these fractures ( s i c ) . Now t h i s i s from 

d i f f e r e n t beds and because normally when you have a struc

t u r e , one p a r t i c u l a r formation i s not exposed a l l the way 

around that — that structure. There i s usually erosion oc

curring at the surface and one bed may be p r e f e r e n t i a l l y ex

posed to another because of differences i n weathering. 

He, what he did was he had to take these 

— his data points from d i f f e r e n t portions of the f i e l d , 

d i f f e r e n t rocks, d i f f e r e n t formations, d i f f e r e n t rocks 

w i t h i n the formations, d i f f e r e n t thickesses of the beds, and 

he made a — he made a table showing which, which rocks were 

more susceptible to f r a c t u r i n g because of either t h e i r rock 

streaks, t h e i r composition, or t h e i r thickness or thinness 

related to the other ones, and then he used those calcula

tions to ar r i v e from the amount of fractures that was i n one 

pa r t i c u l a r spot on the surface to a datum — datum plane 
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surface w i t h i n — on that area. I t ' s the sarae thing as mak

ing a form l i n e contour map on an ae r i a l photograph. You've 

got — you take s t r i k e s and dips over many d i f f e r e n t forma

tions and you rel a t e that to one datum. 

Q Mr. Hromendorfer, i n predicting the exis

tence of f r a c t u r i n g , would i t be important to know past geo

logic h i s t o r y of the area as to whether or not there had 

been previous f o l d i n g , f a u l t i n g , or other structures that 

existed during the creation of an area? 

A I t would be nice to know that , yes, i t 

would. 

Q Had there been previous folding and f a u l 

t i n g i n t h i s area, could that account for fractures e x i s t i n g 

i n areas where t h i s type of prediction models does not show 

them? 

A Normally, unless the rock is very young 

i n geological age, i t ' s subjected to one, at least one or 

many times more tectonic forces. We can't very easily qo 

back and model each p a r t i c u l a r one. I'm sure that i f you 

had th® c a p a b i l i t i e s of a large geological-engineering s t a f f 

that could postulate on t h i s , you could come up with some 

kind of a study; however, the usefulness of the second d e r i 

vative map i s to show th® s t r u c t u r a l departure that i s pre

sently occurring i n — with the reservoir, the bed that 

you've mapped, and are of in t e r e s t i n . 
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This would not discuss any type of fr a c 

ture o r i e n t a t i o n that would occur, s t r i c t l y where the rocks 

are i n the l a t e s t deforsaational mode. 

0 Thank you. 

MR. LEMAY: Additional ques

tions? 

Yes, s i r . 

QUESTIONS BY MR. BROSTUEN: 

Q Mr. Eflimendorfer, yesterday I questioned 

Mr. E l l i s regarding porosity determination i n the — i n the 

area under consideration at the present time. 

Ke stated that he found that porosity 

logs were not exactly tools u t i l i z e d i n determining porosity 

i n t h i s area. 

Would you concur with that? 

A No. I think they're e f f e c t i v e tools i f 

you r e l a t e those back to actual core data and get your sand 

— I mean, excuse me, your shale corrections and a l l that 

from your core using sonic logs and that you could then back 

i n t o a more meaningful porosity determination. 

Used j u s t b l i n d l y going i n there and 

doing i t , I don't think that they're representative. 

Q When you say b l i n d l y going i n there, what 

do you mean by that? 
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A Well, normally you j u s t take — you can 

read the porosity o f f of a density log. That does not take 

i n t o account shale correction, the amount of shale that i s 

i n any p a r t i c u l a r rock, and many a r t i c l e s on log i n t e r p r e t a 

t i o n t e l l you that t h i s d r a s t i c a l l y affects the amount of 

porosity that can be read i n a rock. 

Q I would agree. Have you done a thorough 

analysis of the porosities on available logs, making the 

proper shale correction for the area of concern? 

A No, 1 have not, myself. 

Q Are you aware of any data that may be 

available where that — where that had been done? 

A I believe i n the l a s t hearing Mobil pre

sented an e x h i b i t . I — 

Q Then perhaps there w i l l be something 

forthcoming. 

The cores that were cut, there are two 

wells that are cored, i s that correct? 

A Two wells that have been cored extensive

ly i n the Niobrara. I should state there i s a t h i r d , one 

60-foot core that — i n one of the other Mallon wells that 

has been cut, but I chose the one that showed the greatest 

amount of section that was cored. 

Unfortunately i n both of them we missed 

the majority of the A Zone. 
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Q I see. Do you know were those cores ana

lyzed i n a standard way, i f a foot by foot determination of 

porosity and permeability, water saturation, o i l saturation, 

a study of that nature was performed? 

A I don't l i k e to defer questions to the 

next witness and I know he doesn't l i k e tne to do that 

e i t h e r , but he has been involved with studies of both of 

those cores and I think he would be better to answer that 

question. 

Q Thank you, that's a l l I have. 

QUESTIONS BY MR. LEMAY: 

Q I have a couple of questions maybe of 

c l a r i f i c a t i o n . 

Mr. Emraendorfer, you — on your Exhibit 

Number Three, how did you decide where the matrix production 

was coming from? 

A How did they — the Gavilan Mancos wells? 

Q Yes. You have your A, B, and C Zone and 

I think you t e s t i f i e d that the matrix production was coming 

from the zones as depicted up there. I j u s t wondered how 

you made that — whether the wells were perforated or — 

A No, i t has to do with the combination of, 

w e l l , my geologic studies using the frac logs throughout the 

pool, and then the production logs that I've seen and the 
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discussions I've had with our reservoir engineer as to our 

thinking on the area. 

Q One other question. Have you been out on 

any of the wells i n the Gavilan Field when they've d r i l l e d 

to the pay? 

A Yes, s i r . 

Q Rave you noted anything called by BPB, 

the b i t e , torque, and bounce? Is that a f a m i l i a r term up 

there? 

A I t may be but not i n the c i r c l e of 

friends I run w i t h . 

Q I t ' s not an X-rated term, e i t h e r . 

Generally, an i n d i r e c t measurement of 

f r a c t u r i n g i s when the Kelly w i l l jump going i n t o a frac

tured zone and i t w i l l — 

A Yes, s i r . 

Q — hang up and then torque up. 

A Uh-huh, that's correct. 

0 The torque i s an indication and sometimes 

mudloggers w i l l note t h i s on the mudlog. I didn't see any 

notation on the mudlogs you've shown or no testimony today 

concerning t h i s p a r t i c u l a r thing as an i n d i r e c t measurement 

or r e a l l y a d i r e c t measurement of f r a c t u r i n g . 

A Well, s i r , we do keep track of tha t . We 

— usually the company man, which i s being the engineer, he 
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w i l l sake instructions to the d r i l l e r s and i f he*s on their 

good side, they wi l l record for him and t e l l him where these 

areas where the Kelly and the d r i l l i n g floor are just boun

cing around. 

Usually i f the mudloggers are in good 

speaking terms with the d r i l l e r s they w i l l t e l l them this, 

and we do have — I do have mudlogs, not with me, that do 

have the notation "rough d r i l l i n g " , and in answer to your 

question, I've been out there during the d r i l l i n g through 

the Gallup and I have seen the phenomenon your talking about 

that's indicative of fractures. 

Q I t i s present out in that f i e l d , then, as 

an indiction of fracturing, isn't that true, but not as a 

correlative tool? People haven't used i t out there? 

A Hell, we try to use every available tool 

that we can use. I don't think that i t ' s out there as re

fined to a very fine recording — recorded value from well 

to well or anything like that. Each company has their own 

techniques and they like to use to determine the pay in an 

area, but I guess that we try to have the d r i l l e r s t e l l us 

the zones that — that they experience rough d r i l l i n g . 

Likewise, I like to use the geolograph. 

I think that picks that up rather well. I usually — I try 

to take a copy of the geolograph from the top to bottom i f 

they'll let me have one and take i t back to my office and 
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you can see very well on there the cor r e l a t i o n between where 

the d r i l l e r wrote — or noted "rough d r i l l i n g " and the geo

lograph, the weight of the d r i l l s t r i n g on the geolograph, 

and a l o t of times that's where the d r i l l e r w i l l record 

t h i s , i s on the geolograph i t s e l f . 

HR. LEMAYj That's a l l the 

questions I have. 

Additional questions of the 

witness? I f there are no more, he may be excused. 

MR. PEARCE: At t h i s time, Mr. 

Chairman, I would l i k e to c a l l Mr. Faulhaber to the witness 

stand. 

He has been previously sworn i n 

th i s matter. 

JOHN J. FAULHABER, 

being called as a witness and being duly sworn upon his 

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

DIRECT EXAMINATION 

BY MR. PEARCE: 

Q Por the record, s i r , would you please 

state your f u l l name, your employer, and your 

r e s p o n s i b i l i t i e s ? 

A My name i s John J. Faulhaber. I'm em-
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ployed by Mobil Producing Texas and Hew Mexico, Inc. 

I'm a Senior Production Geologist respon

si b l e for a l l aspects of production geology i n the San Juan 

Basin. 

In addition, I'm the Reservoir Management 

Team Coordinator with the L i n d r i t h S Onit. The L i n d r i t h B 

Unit i s a 26,000-acre exploration u n i t . The northeastern 

corner of the L i n d r i t h B u n i t l i e s w i t h i n the southwestern 

corner of the Gavilan Mancos Pool. As such, I'm responsible 

for coordinating geologic, reservoir engineering, production 

engineering, and operations engineering f o r the L i n d r i t h B 

Unit to insure that i t ' s developed and produced as e f f i c 

i e n t l y as possible. 

Q A l l r i g h t , s i r , would you please t e l l us 

your educational background beginning with your Bachelor's 

degree, please? 

A I received a Bachelor of Science degree 

i n geology with honors from the University of Oregon i n Eu

gene, Oregon, i n 1975. 

I received a Master of Science degree i n 

geology, also from the University of Oregon, i n 1977. 

Q A l l r i g h t , would you please outline your 

employment history i n the o i l and gas area? 

A I was employed as a summer hired geolo

g i s t f o r Mobil i n Denver i n 1975. 
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In 1977 - 1980 I was employed by Exxon as 

a geologist, and i n 1980 to the present I was employed 

I've been employed by Mobil as a geologist. 

Q Mr. Faulhaber, have you t e s t i f i e d before 

the New Mexico O i l Conservation Division or Commission pre

viously? 

A Yes, I have. 

Q And have your q u a l i f i c a t i o n s as an expert 

i n petroleum geology been accepted and made a matter of re

cord? 

A Yes, they have. 

MP. PEARCE: Mr. Chairman, at 

th i s time I would tender t h i s witness as an expert i n the 

f i e l d of petroleum geology. 

MR. LEMAY: Mr. Faulhaber*s 

q u a l i f i c a t i o n s are acceptable. 

Q Okay. Mr. Faulhaber, at t h i s time would 

you b r i e f l y o u t l i n e for us the purpose of your testimony 

t h i s morning? 

A With my testimony t h i s morning I would 

l i k e to demonstrate for the Commission what the reservoir 

looks l i k e . I want to show the Commission the fracture sys

tem as i t exists i n the borehole. 

I also want to show the Commission what 

the secondary porosity system looks l i k e i n the rocks. That 
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a complex i n t e r r e l a t i o n s h i p of microfractures, intergranular 

fractures, intergranular sheet pores, and t r a d i t i o n a l i n t e r 

granular porosity. 

Q Okay, what t o o l did you use to study the 

fracture system as you've b r i e f l y described i t ? 

A I've used Mobil's borehole televiewer. 

Q Could you t e l l us about that, that de

vice, please? 

A The borehole televiewer i s a logging t o o l 

developed by Mobil i n the mid-1960's for the purpose of 

i d e n t i f y i n g and evaluating naturally fractured reservoirs. 

The logging tool takes an oriented, acoustic picture of the 

inside of the wellbore i n the form of a continuous well log. 

The r e s u l t i s a presentation of the wellbore while — as i f 

i t were s p l i t v e r t i c a l l y along magnetic north and l a i d out 

f l a t . 

Q Okay, I would ask you at t h i s time, i f 

you would, please, to refer to the f i r s t page of what 

we've marked as Exhibit Nunber One, and Exhibit Number One 

i s the e n t i r e booklet, Mr. Chairman. We'll be r e f e r r i n g to 

separate parts of that during the course of t h i s examina

t i o n . This i s labeled Figure 1 and could you describe 

what's re f l e c t e d there for us, please? 

A Figure One i s a s i m p l i f i e d schematic of 
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the basic elements of the borehole televiewer. This i s ex

cerpted from an a r t i c l e w r i t t e n by the — one of the inven

tors of the televiewer for Mobil, Dr. Joe Zemanek. 

Q Could you describe how t h i s works, 

please? 

h Okay. The key element of the televiewer 

i s labeled on t h i s diagram as a (unclear) e l e c t r i c transdu

cer. This transducer emits high frequency sound pulses at a 

rate of approximately 2000 pulses per second. The sound 

frequency i t emits at about two megahertz. This frequency 

i s designed to penetrate mud and normal mud cake wi t h i n the 

borehole and obtain a r e f l e c t i o n reading from the borehole 

w a l l . 

This transducer, as i t i s pulsing at 2000 

times per second rotates at 6 times per second and while a l l 

t h i s i s going on the t o o l i s being pulled up the hole at a 

rate of approximately S feet per minute. 

The net re s u l t i s that a sound pulse i s 

refl e c t e d o f f of the borehole at a rate of approximately — 

with a horizontal frequency of approximately one pulso per 

degree and at a v e r t i c a l frequency of approximately 45 read

ings, i f you w i l l , per v e r t i c a l f o o t . 

The character of these r e f l e c t i o n s , t h e i r 

strength, are then used to provide an image of the condition 

of the borehole w a l l . The return signal i s converted to a 
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visual image up hole on l i g h t sensitive paper and, as I said 

o r i g i n a l l y , that image i s — presents the borehole wall as 

i f you were on the inside and had s p l i t i t v e r t i c a l l y along 

magnetic north and l a i d i t out f l a t . 

0 Okay, when you say that the signal i s re

f l e c t e d on the l i g h t sensitive paper, what are the charac

t e r i s t i c s of markings on that paper once t h i s reading i s 

made? 

A Okay. A strong r e f l e c t i o n comes back and 

shows up on the l i g h t sensitive paper as l i g h t , as white. 

I f the signal i s — return signal i s weak, such as i f you 

have some roughness or e c c e n t r i c i t y i n the borehole, then i t 

w i l l show up as black and i f the signal i s of intermediate 

strength, i t w i l l show up as some shade of gray. 

Q A l l r i g h t , at t h i s time, s i r , I would ask 

you to turn the page and look at what has been marked as 

figures 2 and 3 and could you describe for us, please, 

what's ref l e c t e d i n those two pictures? 

A Figures 2 and 3 are isometric drawings 

and corresponding borehole televiewer log depictions of what 

a planar feature, such as a planar natural fracture, would 

look l i k e i n both the borehole and a corresponding borehole 

telelviewer log. 

Figure Number 2 shows a moderately dip

ping planar feature and I ' l l j u s t c a l l them fractures, since 
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that* what we're t a l k i n g about here today, and Figure Hunt 

ber 3 shows a steeply dipping f r a c t u r e . 

Q Excuse me, i f I understand i t , i f you cut 

the column figure open and lay i t out f l a t , you develop the 

curves r e f l e c t e d i n the rectangular blocks, i s that right? 

A That's correct. The i n t e r — the plane 

as i t intersects the televiewer — the borehole and i f you 

lay i t out f l a t , i t defines a sine wave. 

Q A l l r i g h t , s i r . A l l r i g h t . Now I not

ice , s i r , that these two figures, 2 and 3, are s i m i l a r ; 

however, there are some differences. Could you indicate 

again — what — why the difference i n shape or slope of 

those sine curves results? 

A Okay, the difference i n the sine curves 

i s due to the difference i n dip of the fra c t u r e . A moder

ately dipping fracture has a moderate amplitude sine wave, 

sine curve. A steeply dipping fracture has a high amplitude 

sine curve. 

You can determine the d i r e c t i o n of dip of 

the feature by noting the or i e n t a t i o n of the lowest point of 

the sine curve. The s t r i k e d i r e c t i o n would then be normal 

to t h a t . 

I'd also l i k e to point out an ori e n t a t i o n 

convention that we have on the televiewer. I f yo u ' l l look, 

say, at the bottom part of the borehole televiewer presents-
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t i o n i n Figure 2, yo u ' l l notice that the convention i s that 

north i s on the l e f t side of the image and then we rotate, 

as we rotate through the image we go through east, south, 

west, and north, and hack to north on the righthand side of 

the image. 

Q And the tool i t s e l f i s designed to take 

i n t o account so that I t i s aware of what — of north direc

t i o n at a l l times, i s that correct? 

A Yes, i t references i t s e l f to a magneto

meter. 

Q A l l r i g h t , s i r . At t h i s time I'd l i k e 

for you to look at the bottom portion of that page, Figure 

4, and could you describe for the Commission and those i n 

attendance what's ref l e c t e d by that f i g u r e . 

A Figure 4 represents what an induced f r a c 

ture t y p i c a l l y looks l i k e i n a borehole. An induced fr a c 

ture i s usually a single planar fracture bisecting the bore

hole and entering and e x i t i n g the borehole at a moderate dip 

angle. 

Q And when you say induced, how are those 

fractures generally induced? 

A Generally i n the d r i l l i n g process due to 

perhaps excessive mud weight. 

Q Thank you, s i r . At t h i s time I would ask 

you to refer to what we've — to the materials i n the pock-
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ets 

A Okay. 

Q - of the ex h i b i t packet and you Ml 

probably want to take a few minutes to -

A Yeah, we need to hang -

Q I t w i l l j u s t take a isofnent. 

Hr. Faulhaber, we've displayed on the 

wall and contained i n each of the e x h i b i t packets we've pas

sed out, are two sets of two long s t r i p s of paper. Could 

you t e l l us what these are, please? 

televiewer logs run i n the L i n d r i t h B Unit No. 73 and No. 74 

Wells. 

A l l r i g h t , I'm going to use Mr. Entrnendor-

fer's second derivative map for reference. 

The B-73 i s located i n the northeast 

quarter of Section 6, 24 North, 2 West. 

The 3-74 if? located a couple ni3<"js ciway 

i n the northeast quarter of Section 9, 24 North, 2 West. 

These logs represent two runs that over

lap s l i g h t l y at the top and base. The f i r s t run on the 73 

goes from approximately 6500 to about 6780. The second run 

goes from 6780 to approximately 6960. 

On the B-74 the f i r s t run goes from the 

area 6420 down to about 6658 or 60. The second run goes 

A These are Xeroxed copies of the borehole 



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 

92 

from 6660 down to about 6880. 

I have added some annotation to t h i s to 

make i t much more readable. 

On the righthand side i s the cable depth 

as measred when the log was run. We do not have good depth 

control on t h i s log so that I have correlated i t to the gam

ma ray curve from the density neutron log and that corre

lated depth i s shown on the lefthand track. 

Also on t h i s log at the top and bane I 

have oriented the log with respect to the compass direc

ti o n s . These are magnetic compass di r e c t i o n s , north, east, 

south, west, and north, and also I've indicated the subdivi

sions w i t h i n the Gallup formation, Gallup A, Gallup B, the 

base of what I have called the Gallup B Sands, th© Gallup C, 

and the base of what I c a l l the C r e s i s t i v i t y high, since 

those r e a l l y are not sands. 

0 A l l r i g h t , s i r . For a reference, would 

you give us the depths of a couple of tho formations that 

you've annotated on t h i s log, please? 

A Okay. On the B-73 for the Gallup, the 

top of the Gallup A is at 6683 and a l l depth references I ' l l 

make w i l l be to the corrected depth. 

The top of the B i s at 6746. The base of 

the 8 sands i s at 6S08, r i g h t here. 

The top of the C i s at 6867 and the base 
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of the C r e s i s t i v i t y high i s at 6950. 

On the B-74 the top of the A i s at 6616, 

down probably where you can't see i t except on your own ex

h i b i t . 

The top of the B i s at 6676. The base of 

the B Sands i s at 6740. 

The top of the C i s at 6801 and the base 

of the C r e s i s t i v i t y high i s at 6883. 

0 Mr. Faulhaber, what's the v e r t i c a l scale 

of t h i s display? 

A The v e r t i c a l scale i s 8-1/2 inches repre

sents 20 f e e t . This i s — 

Q And the — I'm sorry. 

A I wanted to point out, t h i s i s consider

ably expanded over the normal log scales that we — we see, 

which are usually on the order of 1 inch equals 20 feet. 

Q What's the horizontal scale? 

A The horizontal scale is 2 inches repre

sents a f u l l 360-degrees of the borehole. 

0 A l l r i g h t , s i r , looking at the display 

for the 73 Well, would you describe what's reflected on that 

display, please? 

A Okay. There are several features on t h i s 

display. The f i r s t I'd l i k e to point out are these horizon

t a l dark bands. You can see several i n the i n t e r v a l from 
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6602 to 6642, keeping i n mind that the dark bands that go 

completely across are depth reference l i n e s . The ones that 

are not depth reference lines are shale laminations. The 

shale laminations provide a poor sonic signal return and 

hence appear dark on the log. 

Another feature we see through the top of 

the 73 i s a sine wave shaped dark feature, which we see 

quite a number of them on the 73 log. Just to reference 

you, we see one that s t a r t s on the l e f t at 6585, rises to 

6583 i n the east quadrant, drops down to about 6588 i n the 

west quadrant, and rises back to 6585 when we get back to 

north. 

This sine wave shaped feature i s the 

borehole televiewer log presentation of a planar natural 

fracture i n t e r s e c t i n g the borehole at an angle of approxi

mately 82 degrees, dipping ot the west and s t r i k i n g north-

/south i n reference to magnetic north. 

Q And I understand that the degree of dip 

of those fractures can foe calculated between the high and 

low points represented on that sine curve, i s that correct? 

A Yes. 

Q A l l r i g h t , s i r . 

A I f we know the high and low points and 

the radius of the borehole we can calculate the — 

Q Would you describe — I'm sorry. 
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A — depth of t h a t . 

Q Would you describe f o r us, please, why 

the fractures are v i s i b l e on t h i s televiewer log? 

A The fractures show up on the televiewer 

log f o r two reasons. One i s i f you're d r i l l i n g well 

overbalanced, the mud might prop them open. Two, and more 

commonly, the thinner edges of the fracture during the d r i l 

l i n g process where the fracture intersects the borehole, 

tend to break as a r e s u l t of the d r i l l i n g process and l i t t l e 

pieces come out and you — and therefore provide a roughness 

i n the borehole, which did not return the sonic signal w e l l . 

Q Is i t possible using t h i s tool to measure 

the width of any of the fractures reflected? 

A No, i t i s not due to two reasons. One i s 

the beam width i s — i s a c t u a l l y , you know, has a 1 degree 

width and because you're seeing the fractures because they 

have spoiled (sic) that feather edge. You cannot measure 

anything i n the televiewer to determine fracture width. 

Q Okay, could you describe what the 

televiewer log of the 73 indicates? 

A Okay. There's a number of noteworthy 

features on the 73 televiewer. 

One i s that we see fractures developed 

above the A Zone and continuing down into the top of the 

Gallup A. 
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Those fractures on the televiewer y o u ' l l 

see become much more obvious and easier to spot. You see 

much sore complete sine waves. You see more of them and 

they also appear to be steeper. 

'What we are seeing are — i n an increase 

in fracture i n t e n s i t y s t a r t i n g near the top of the Gallup A 

and proceeding down through the top of the Gallup B. As we 

go down through the Gallup B the fractures become less i n 

tense but nonetheless present down through the base of tho B 

Sands and further on down in t o the B, although they're quite 

weak i n t h i s lower i n t e r v a l . 

Vfe ses no f r a c t u r i n g i n the top of the 

Gallup C. We see a weak fracture development, what I would 

term weak, i n the lower two-thirds of the Gallup C r e s i s t i v 

i t y high. 

Q hnd. would you relate the completion of 

t h i s well to the information reflected on that televiewer 

log, please? 

A Okay. On t h i s well we spent a few extra 

dollars i n order to t r y to relate the producton of the well 

to the f r a c t u r i n g we see on the televiewer. We i n i t i a l l y 

completed the C Zone with perforations and a frac job from 

6874 — l e t ' s see, which i s about here, to about 6926. 

We put t h i s well on — af t e r perfing and 

fracing we put the well on pump and l e f t i t that way for 
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several weeks. I t eventually s t a b i l i z e d at a production 

rate of 10 barrels of o i l per day and 33 HCF per day under 

pump. 

We then set a bridge plug at 6850, i n 

here — I'm sorry, up i n here, and stimulated, perfed and 

stimulated the AB Zone from 6684 — I'm sorry, yeah 6684 

down through 6300. 

We swabbed? we l e f t the bridge plug i n 

the hole and we swabbed f o r half a day and tht? well began 

flowing at the rate of 10 barrels of f l u i d an hour. 

The l a s t t e s t we had before we removed 

the bridge plug was 99 barrels of f l u i d per day. I believe 

a l i t t l e over h a l f of that was o i l . 

Q A l l r i g h t , s i r , could you compare what 

you have j u s t discussed on the 73 Well with the televiewer 

log representation on the 74 Well? 

A In the 74 y o u ' l l notice that these two 

logs, sets of logs, cover approximately the sane s t r a t i 

graphic i n t e r v a l . One thing that becomes immediately ob

vious i s there are no fractures above the A. In f a c t , there 

are no — 

Q Let me i n t e r r u p t you, i f I may, — 

A Okay. 

Q — for j u s t a minute. Would you locate 

those two wells again on the second derivative map for me 
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A Okay. The 73 map, I meant log, I'm sor

ry, which showed the extensive f r a c t u r i n g , i s located i n the 

northeast quarter of Section 6, 24 Morth, 2 West, adjacent 

to t h i s second derivative high, i f you w i l l , of Mr. Emraen 

dorfer's. 

The 74 Well i s locatad here i n the north 

east quarter of Section 9, close to the zero second deriva

t i v e l i n e on Hr. Emwsndorfer'3 map. 

Q I 'm sorry, now would you go back and ad

dress the 74 more? I apologize for the i n t e r r u p t i o n . 

A Okay. On the 74, as I said, we have no 

f r a c t u r i n g above the A. vj*> don't even have any f r a c t u r i n g 

i n the top of the A u n t i l we get most of the way through the 

A — w e l l , about halfway through the A. 

Q At about what depth does that f r a c t u r i n g 

begin to appear i n that well? 

A At about, say, 6655. The fr a c t u r i n g then 

extends down through the rest of the A i n t o and a l l the way 

through the B Sands. And then once we get through the B 

Sands, we do not sea any f r a c t u r i n g below that. There is a 

few possible fractures i n the top of the Gallup C, but I 

don't f e e l comfortable with c a l l i n g them natural fractures. 

Q And how was that well c o l l a t e d ? 

A In tha B-74, because we did not see any 
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did not f e e l , the way Mobil completes t h e i r wells, we do a 

stage completion. We do the C Zone f i r s t and we did not 

feel that the economies warranted a separate stage comple

t i o n on the C Zone. 

So we then completed the AB Zone form 

6620 to 6740. 6620 i s about here and 6740 i s down here near 

the based of the B Sands. 

We've only recently done that completion. 

We swabbed the well f o r f i v e days and i t recently started 

flowing at the rate of 65 barrels of f l u i d per day cn a 

20/64ths choke. 

Q A l l r i g h t , s i r , at t h i s time, i f you 

would, I'd l i k e to refer you to the sheets contained i n a 

packet at the back of Exhibit Number One. Could you 

describe for us, please, what's reflected on those sheets 

and how that information was derived? 

A These sheets are what we c a l l rose dia

grams. They are designed to represent the r e l a t i v e f r e 

quency of the fracture o r i e n t a t i o n i n the s t r i k e aspect, 

where we're mapping the s t r i k e , where we're indicating the 

frequency of the s t r i k e s of these fractures. 

The — on the B-73 I measured the s t r i k e 

of 272 fractures and entered them into t h i s computer program 

fo r p l o t t i n g . I t o l d the program to pl o t and determine the 
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frequency of those fractures i n 10 degree increments, star

t i n g at north so the f i r s t increment i s for north, 10 de

grees east of north, then 10 degrees east of north to 20 de

grees east of north, et cetera, and then i t essentially 

counted the number of fractures that are s t r i k i n g i n that 

p a r t i c u l a r d i r e c t i o n and plotted the frequency of that — of 

those numbers on t h i s p l o t , such that the large wing, i f you 

w i l l , going out northeast, north/northeast and south/south

east, represents 154 fractures and then tha smaller pie 

slices represent lesser numbers of fractures. 

Q Let's look quickly at the display cover

ing the S-74 H e l l . That i s a r e f l e c t i o n of the same sort of 

information derived i n the same way? 

A That's correct. 

Q Could you t e l l us what the effects of 

having these fractures with s l i g h t l y d i f f e r e n t o r i e n t a t i o n 

is? 

A The e f f e c t is that the fractures w i l l i n 

tersect i n the formation. You can see that even though the 

major fracture set i s trending at about north 14 degrees 

•sast, there i s another minor fracture set trending more 

north/south and possibly a few other very minor fracture 

sets trending at similar but close directions, so — and 

t h i s , I'd also l i k e to point out that we also see a varia

b i l i t y i n fracture dip when we make these measurements so 
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that the fractures do intersect i n both a horizontal and a 

v e r t i c a l sense i n the formations. 

0 And the e f f e c t of having these fractures 

not being perf e c t l y p a r a l l e l i s t h i s intersection that you 

A Yes. 

Q — mentioned. A l l r i g h t , s i r . In these 

two wells on which you ran the borehole televiewer, do you 

f i n d evidence of m u l t i d i r e c t i o n a l fracturing? 

A No, I do not. 

Q A l l r i g h t , s i r , do you have any general 

continents which you'd l i k e to make with regard to the bore

hole televiewer results on the 73 and 74 wells? 

A A couple of comments. One is that i n 

both of these wells as a comparative study we ran Schlumber

ger 's dipmeter logs and did the fracture finding type orien

tations that Mr. SStaraendorfer referred t o . I f you w i l l refer 

to Hr. Ernmendorfer's, I guess i t ' s Exhibit Number Seven, his 

— Bxhibit Six, I'm sorry, you w i l l notice that the lefthand 

side of that e x h i b i t — 

Q Excuse ree, l e t ' s slow down and l e t people 

get i t to r e f e r t o . 

A Okay. 

Q Which e x h i b i t i s that, f*r. Faulhaber? 

A That's Exhibit Number Six. 
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Q And what — what does the ex h i b i t look 

like? We're having trouble f i n d i n g i t . 

A I t is t i t l e d north/South Stratigraphic 

Cross Section, Intervals of Intense Fracturing. 

Q Okay. 

A You'll notice on t h i s e x h i b i t — 

Q »»*e*re s t i l l not with you. 

A Oh, I'm sorry. I 'm sorry. 

Q A l l r i g h t , s i r . 

A Okay. Looking at the lefthand log i n 

th i s e x h i b i t y o u ' l l see that i t i s one of these diptsveter 

logs from the L i n d r i t h Ho. B-74 Well. 

I f we look at the i n t e r v a l that i s 

indicated as having fractures on t h i s e x h i b i t , we see i t 

extends from approximately 6658 down to about 6744, i f IV. 

reading that c o r r e c t l y . 

I f we look at the televiewer log we see 

f r a c t u r i n g fro« about a l i t t l e above 6658, about .say 6553, 

or so, down through about 6738 or 40. So there's a very 

close agreement between the a b i l i t y of these fracture, the 

dipmeter fracture type detection logs to detect fractures 

and what we see i n the borehole televiewer. 

This — these results have been confirmed 

by the other comparative studies that we made i n the other 

wells. 
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Q AU r i g h t , s i r , any other general 

comments with regard to these displays? 

A One very important observation i s that 

w i t h i n the AB Zone we see fractures v e r t i c a l l y traversing 

a l l l i t h o l o g i c units and interconnecting the AB Zone. 

Q 5»?ould you point that out to us where you 

see fractures interconnecting the A and B i n t h i s well? 

A Okay, i t ' s probably best developed on the 

73. 

Q F i r s t of a l l , what depth i s that? 

A This boundary i s at about 6745. I don't 

retneiaber my exact notes, but on a log we would see several 

l i t h o l o g i e s here, with t h i s would be sand, shale, sand, 

shale, and then into a sand again, and we can see that these 

sine wave shaped fractures did not r e a l l y pay attention to 

l i t h o l o g i c boundaries, and we see several fractures that 

a c t u a l l y crossed the AB boundary. 

Me see the same thing on the 74 where the 

fractures simply extend throughout the formation, throughout 

the A® Zone, and form what we see as a single reservoir 

u n i t , which we c a l l the AB. 

Now the exact i n t e r v a l that's fractured, 

i t varies between wells, between logs, but essentially we 

see a single homogeneous i n terms of f r a c t u r i n g AB Zone that 

i s communicated, appears to be communicated. 
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Q A l l r i g h t , s i r , do you have any other 

comments you want to make with regard to Bxhibit Number One? 

A No, I do not. 

Q A l l r i g h t , i t w i l l take j u s t one minute 

to pass out Bxhibit Number Two. 

A l l r i g h t , Mr. Faulhaber, at t h i s time I 

would ask you to refer to Mobil Exhibit number Two. What are 

we going to do with t h i s e x h i b i t , Mr. Faulhaber? 

A With t h i s e x h i b i t we're going to look at 

the second po r t i o n , i f you w i l l , of our dual porosity sys

tem. We're going to look at the matrix i n i t s broad d e f i n i 

t i o n and how i t relates to the major fracture system. 

Q A l l r i g h t , s i r , and when you say "matrix 

i n i t s broad d e f i n i i t i o n " , could you once again explain to 

us what you mean by that term? 

A By that term I mean that i t i s a complex 

i n t e r r e l a t i o n s h i p of microfractures, intergranular f r a c 

tures, intergranular sheet pores, and t r a d i t i o n a l intergran

ular porosity. 

Q A l l r i g h t , s i r , l e t ' s look at Photo No. 1 

i n t h i s e x h i b i t . Could you t e l l us what you displayed i n 

t h i s photograph? 

A Photo No. 1 i s a photograph of the Lin

d r i t h B-38 Core, a short portion of i t from the B 2one at 

about 6691.5 fee t . 
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Top is to the l e f t on this photo. Just 

to show you what's going on, in the bottom third of the pho

to, i f you would refer back and forth between the legend and 

the photo, you'll see that in the bottom third we are look

ing at a natural fracture face. 

Q A l l r i g h t , l e t me interrupt for just a 

minute. 

I f I turned the exhibit so that the pic

tures are at the top, that represents the top of the core 

sample, is that correct? 

A That's correct. 

0 A l l r i g h t , thank you. 

A Okay. Proceeding up through Photo No. 1, 

we see a l i g h t band across the middle of that. That's sim

ply the surface of the core and then the upper half of the 

surface — of the photo, rather — is the slab surface of 

the core and with a routine core analysis plug location in 

the middle of that slab surface. 

The things that are noteworthy on this 

photo is the l i g h t , l i g h t and dark bands that are going ver

t i c a l l y in the photo and that is horizontally in the core, 

the l i g h t bands are very fine grained sand lamination, gen

erally less than I centimeter thick. 

The dark bands are shale laminations, in 

this case a few millimeters thick, or less. Okay. 
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Q Please continue. 

A On Photo t*o. 2 we see another piece of 

core from the L i n d r i t h B-3B i n the B Zone. In the lower 

t h i r d of that photo toe see a natural fracture face. This 

i s , fay the way, these fracture faces I'm showing i n the core 

are the types of fractures that we're seeing on the 

televiewer. 

The slab surface comprises the upper two-

thi r d s of the photo? again another plug location i s shown i n 

the upper l e f t of the photo. Here we can see a lower 

percentage of very fi n e sand laminations and a higher 

percentage of shale. 

Q Okay, once again for ori e n t a t i o n and 

understanding purposes, i f I turn the e x h i b i t so that the 

top of the core i s to the top of the page and the 

photographs are r i g h t side up reflected on the l e f t of both 

of those photographs i s the natural fracture where the core 

broke away, i s that correct? 

A That's correct. 

Q And that's clear from the weathered 

nature of that face, i s that correct? 

A We i d e n t i f y that by the somewhat 

irr e g u l a r nature of that face and i n the lower photo, 

s p e c i f i c a l l y , you can see d r i l l i n g mud that was not cleaned 

of f the — o f f that face. 



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 

107 

Q A l l r i g h t , s i r , anything else you want to 

discuss with regards to Photographs 1 and 2? 

A This would probably be a good time to il

l u s t r a t e the general mechanism that we f e e l i s operating i n 

t h i s reservoir and that i s we fee l that the secondary poro

s i t y system operating i n these t h i n sandstone laminations 

communicates to these — to the major fracture face. 

Now i n both core and televiewer analysis, 

the fracture spacing between these major fractures appears 

to be on the order of anywhere from a ha l f inch to four i n 

ches and occasionally up to six inches i n the horizontal 

plane. 

So we're dealing with planar fractures 

spaced at a half inch to six inches apart with most of them 

on the order of, say, two to four inches apart i n the A and 

B Zones. 

So i n our model what we see i s the poten

t i a l f o r communication between the porosity i n the matrix 

with these major fracture faces, keeping i n mind that any 

f l u i d s would only have to t r a v e l anywhere from one-quarter 

inch t o , say, a maximum of two or three inches i n order to 

reach the major fracture face and be produced. 

Q Okay. l e t ' s turn now, i f you would, 

please, to the next set of photographs, labeled 3A and B, 

and would you describe for us, please, what's ref l e c t e d 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 

108 

those photographs? 

A Photos 3A and B ar® photomicrographs en

larged at about 300 times magnification. The upper — they 

both depict the same view. The lower photograph i s a plain 

l i g h t photograph. The upper photograph i s a UV fluorescence 

photograph. These — we had approximately 40 t h i n sections 

from the AB Zone impregnated for inspection with an epoxy 

carrying a dye that i s red under v i s i b l e l i g h t and fluores

ces orange under u l t r a v i o l e t l i g h t . 

This epoxy and i t s dye, the epoxy invades 

the pore spaces i n the rocks and when i t fluoresces i t a l 

lows us to see the very f i n e pore spaces and t h e i r intercon

nections much better than we normally would with j u s t a 

pl a i n l i g h t photograph, when we examine the s l i d e under u l 

t r a v i o l e t — r e f l e c t e d u l t r a v i o l e t l i g h t . 

In Photo 3A and 8 y o u ' l l notice on the 

l e f t we have the face, one face of a major fr a c t u r e . I t ap

pears as green i n the UV photo and as clear on the plain 

l i g h t photo. 

In the righthand photograph we see the 

elements of our secondary poroisty system. We see v e r t i c a l 

ly trending microfractures. We see true intergranular poro

s i t y represented by the blobs, i f you w i l l , of red dye and 

fluorescence. we see what apears to be intergranular f r a c 

t u r i n g , microfracturing, and i n some instances we see what 
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appear to oe intergranular, what I c a l l sheet pores, which 

are t h i n pores found between the grains i n the sandstone. 

This, for purposes of scale, the grains 

we're seeing i n t h i s photomicrograph come under the size 

c l a s s i f i c a t i o n of very fi n e grainod sandstone. 

Q Okay, l e t ' s turn to look now at Photo

graphs 4A and 4B and could you b r i e f l y t e l l us what's re

fl e c t e d on those photographs? 

A In 4A and 43 we've gone up to the A Zone, 

that f i r s t photo was i n the B Eone, and we've taken a look 

at another one of these t h i n centimeter thick or less sand

stone laminations. Once again we see a very f i n e grained 

sandstone. In t h i s p a r t i c u l a r photo we see a v e r t i c a l t r e n 

ding microfracture feeding i n t o sheet pores and 

intergranular porosity. 

Q Anything else you want to comment on with 

regard to Photographs 4A and 4B? 

A No. 

Q A l l r i g h t , s i r , l e t ' s turn now to 5A and 

SB. 

A In Photo 5A and 5B we're looking at an

other pair of p l a i n l i g h t and OV photos. 

F i r s t I'd l i k e to apologize for the qual

i t y of Photo 5B; they're s l i g h t l y out of focus, but again we 

can see that — i n t h i s case we see p r i n c i p a l l y two types of 
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porosity present. We see sheet pores and intergranular por

o s i t y . Even though i n t h i s p a r t i c u l a r photo we're some d i s 

tance away frora a fracture face, i n terms of some distance 

I'm t a l k i n g about maybe — maybe a l l of an inch or two, we 

s t i l l see interconnected porosity around the grains and con

necting up the intergranular, t y p i c a l intergranular poros

i t y . 

Q I don't think we can say much about 5B 

because of the way i t looks. 

Let's look now, i f we could, at Photo 6. 

Could you t e l l us what's represented i n that photo? 

A Okay. The — f i r s t I'd l i k e ot make a 

point that would probably help everybody i n t h e i r orienta

t i o n here. 

A l l of the photos i n t h i s e x h i b i t are 

oriented so that the horizontal i n the core p a r a l l e l s the 

long axis of the photo, so that when you're looking at the 

photo so that you can read the legend, the horizontal i n the 

core p a r a l l e l s , i s also horizontal. 

Q Okay, l e t ' s look at 6 and there i s a 

major orange area running down through the center of that 

photograph. Is that a v e r t i c a l or horizontal? 

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

Q A l l r i g h t , s i r , thank you. Now go ahead 

and t a l k about Six. Thank you. 
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A Okay. The next series of photos, Photo 6 

and on, are excerpted from the Terra Tek report on the 

Mallon O i l Davis Ped 3-15 core. These are s l i g h t l y less 

enlarged than the ones I ju s t showed you. They are enlarged 

approximately 100 times and w i t h i n the legend for each of 

these photos I've provided you with Terra Tek's in t e r p r e t a 

t i o n of the photo. 

Of p a r t i c u l a r note i n Photo 5 i s f i r s t 

that we see the v e r t i c a l l y trending microfractures, which 

are cross-cutting the l i t h o l o g i e s , and also of note is that 

Terra Tek put a l i t t l e arrow on the l e f t side of the photo 

pointing to some t h i n orange fluorescing lines around what 

appear to be grains and those are the same feature that I've 

been c a l l i n g sheet pores i n the previous photos. 

Okay, t h i s one, the Photo 5 i s tha only 

photo we have from the B Zone i n the Mallon core. In tha 

Mallon core out of ten samples that Terra Tek did a petro-

graphic study on only three of those were from the n Zone? 

the rest were from the C Eone. 

In the C Eone we — i n Photo 7, we see a 

tremendous amount of orange, fluorescing orange. Terra Tek 

inte r p r e t s t h i s to be a k a o l i n i t i c f i l l i n g between the 

grains that we see here. They do not feel that t h i s k a o l i 

n i t i c f i l l i n g i s capable of storing and releasing o i l . 

I should j u s t l i k e to point out though 
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that t h i s f i l l i n g did absorb the epoxy, which has a viscos

i t y 60 times greater than the o i l we produce from t h i s 

reservoir. 

Q Turning now to Photos 8 and 9, would you 

address those for us, please? 

A Photos S and 9 are also C Zone photos 

from the Terra Tek report. This photo i l l u s t r a t e s what 

consider to be a problem with the Terra Tek report, at least 

& potential problem. 

I f I night read Terra Tek's description, 

they say, "This i s a fluorescence micrograph of a large open 

fracture t y p i c a l l y responsible for most porosity i n these 

rocks." 

I have some problem with them c a l l i n g 

that a fracture that would be open at depth. You'll notice 

that i t ' s oriented h o r i z o n t a l l y . I t ' s probably a bedding 

plane fracture that occurred during some stage of perfora

t i o n of the sample. I t may have been existing naturally but 

i t c e r t a i n l y wasn't thia wide. I f you look at the two sides 

of that fracture you can see that they are o f f s e t down— the 

lower half i s o f f s e t down and a l i t t l e to the l e f t . I f you 

put them back together they would match quite closely. 

Another i n t e r e s t i n g feature of t h i s photo 

i s that they show us microfracturing c u t t i n g the grains, and 

also what Terra Tek c a l l s leak o f f matrix porosity. What 
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they consider t h i s to be i s porosity that surrounds the 

fracture and i s apparently capable of storing f l u i d s . 

I should also l i k e to point out that a l l 

of the photos i n the Terra Tek report, I double checked t h i s 

with Hr. Bereskin, who wrote the report yesterday, a l l of 

the photos i n that report were oriented the way I have these 

photos oriented. 

I believe Hr. E l l i s presented a couple of 

photos yesterday that ware v e r t i c a l on his e x h i b i t . Those, 

i f you want t h e i r true o r i e n t a t i o n , should ba rotated ninety 

degrees. 

Q Okay, l e t ' s look at Photo Ho. 9, please, 

and i f you'd b r i e f l y describe th a t . 

A Photo 9 simply represents the — I guess 

the abundance of some of the intergranular porosity that you 

can have connecting around these grains. I'm not quite i n 

agreement with Mr. — or with Terra Tek's i n t e r p r e t a t i o n . 

Their description of these i s pull-apart porosity vhere 

grain-to-grain contacts have pulled away from one another. 

I am not sure the genetic implications 

are correct. I f t h i s sample was from near a fracture face 

that's c e r t a i n l y plausible. These also bear a resemblance 

to what we would c a l l sheet pores, which occur naturally be

tween the grains i n the rock. 

Q A l l r i g h t . At t h i s time, i f you would, 
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pleaae, l e t ' s refer to the pages following those photographs 

and would you please describe what's reflected on the f i r s t 

of those graphic displays? 

A The f i r s t i s a p l o t of permeability ver

sus porosity of the routine plug analysis from the L i n d r i t h 

8 Unit NO. 38 core, which was taken by Mobil and analyzed by 

Core Laboratories. 

Sow, t h i s sample — these — these sam

ples were prepared somewhat d i f f e r e n t l y than the Terra Tek 

samples i n a manner which I f e e l i s much more appropriate 

for these rocks i n determining porosity and permeability. 

I've drawn, y o u ' l l notice on t h i s sample 

that up to the l«sft of the l i n e that's drawn on t h i s t r a n 

secting the photo, there are a number of diamonds. These 

diamonds represent approximately 10 bad samples that we had 

that fractured during the process of the routine core analy

s i s . You'll notice that thi s l i n e — there i s also a few 

diamonds to the r i g h t of the l i n e and a few crosses, which 

represent good samples, to the l e f t of the l i n e . The lower 

l i m i t of the porosity/permeability p l o t i s at 0.01 of a m i l 

l i d a r c y , which i s the lower testing l i m i t i n routine plug 

analysis. 

What t h i s p l o t summarizes i s the porosity 

and permeability c h a r a c t e r i s t i c s , at least what the crosses 

on t h i s e x h i b i t summarize, are the porosity and permeability 
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the rock. 

Q Okay, and to restate ae I understand i t , 

the diamonds are samples which you may believe has sample 

problems and the crosses represent what you believe to be 

valid? 

A That's correct. 

0 A l l r i g h t , s i r , l e t ' s turn the page and 

address the next p l o t , i f you would, please. 

A The next p l o t simply superimposes the 

Mallon core data on top of tho L i n d r i t h B-38 core data. We 

can see that t h i s — the green represents the L i n d r i t h B-38 

data. The blue crosses represent the data from the Mallon 

core, which Terra Tek did not witness any desiccation cracks 

i n . 

Q A l l r i g h t , s i r , what i s the source of the 

diagonal l i n e running through t h i s graphic display? 

A That's simply the same li n e shown on the 

previous display. I t ' s simply a reference l i n e , i f you 

wi 11. 

Q A reference l i n e which generally separ

ates those points which you believe may have cracking prob

lems during sampling from the rest of the samples? 

A In the B-38, yes. 

Q A l l r i g h t , s i r . Looking at p a r t i c u l a r l y 
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the display that we had i n f r o n t of us before, what conclu

sions can you draw? 

A Well, f i r s t of a l l , I think that the Mal

lon core data we have to ignore because there was such a 

problem with desiccation cracks. &ell over — over 50 per

cent of the samples from the Mallon core appeared to have 

desiccation cracks to Terra Tek. Whether or not those 

cracks are actually a f f e c t i n g permeability, we'll never 

know. There's no way of knowing. I've got my doubts, but 

that's not for t h i s hearing. 

So we have to go back to the B-38 core 

data to get a good impression as to what the matrix i s 

doing. 

In the B-3E we had only 10 samples, or 12 

percent of the t o t a l samples crack during the analysis 

process. In addition, we have another 17 points, or 21 

percent of the samples which did not have a permeability 

high enough to measure by the — i n routine core analysis, 

less than one 0.01 of a m i l l i d a r c y . 

That leaves us with 54 good data points. 

You'll see that these 54 good data points form a wide scat

t e r . In t r a d i t i o n a l permeability/porosity p l o t i n t e r p r e t a 

t i o n , you l i k e to see a — a l l the data points winding up i n 

a s t r a i g h t l i n e , or close to a s t r a i g h t l i n e , defining a 

d e f i n i t e trend, such that when we see an increase i n poro-
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s i t y of X magnitude, that i s wa also see a corresponding i n 

crease i n permeability, at least when displayed i n a log 

normal p l o t l i k e you see here. 

What t h i s dispersion of points indicates 

i s that we do not have a single porosity type i n these rocks 

and as the — and t h i s i s also seen i n the photos we j u s t 

looked a t . What we have i s a complex i n t e r r e l a t i o n s h i p of 

several porosity types. v?e have ty p i c a l intergranular poro

s i t y . We've got sheet pores which have — which would be 

t y p i f i e d by a, I guess a pore width. I t i s very close to 

the (unclear) width, and we have microfracturing. So there 

i s , i f we could separate out each of these d i f f e r e n t types 

of porosity, which we cannot, then each separate porosity 

type would form a s t r a i g h t l i n e i n this type of analysis, 

but since these porosity types are intermixed i n varying 

proportions to varying degrees, we get the scatter that we 

see on t h i s p l o t . 

Q Okay, any other general conclusions with 

regards to the contents of Exhibit Two, »Mr. Faulhaber? 

A Ho, s i r . 

Q A l l r i g h t , s i r , l e t ' s put that aside for 

a moment. 

Mr. Faulhaber, were you present here at 

t h i s hearing when some concern about water saturation was 

expressed? 
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A Yes, I was. 

Q Mr. Greer has previously expressed the 

idea that a high water saturation i n a surface core may rep

resent a high water saturation level i n the reservoir. Do 

you agree with that? 

A No, I do not. 

Q And could you t e l l me why? 

A In simple terms i t ' s because both of 

these cores were d r i l l e d with water based mud. A great deal 

of the o i l i n the core, perhaps, most of the o i l i n the 

core, that existed at depth would have been flushed from the 

core. 

Just as a general rule of thumb at that 

depth you have a core that i s 70 percent o i l and 30 percent 

water, when you core th a t , when you take that core, then the 

simple process of taking the core where you're — with the 

water based mud, where your mud i s invading the core and 

flushing the core, the o i l saturation could be reduced to 

say, w e l l , a common ballpark number would be 15 percent and 

your water saturation would be increased to, say, on the or

der of 85 percent. 

I f you bring that core to the surface and 

some gas comes out of so l u t i o n , that gas, depending on how 

much i s i n sol u t i o n , w i l l expel a l i t t l e b i t of the o i l 

that's remaining, maybe dropping to down t o , say, 13 per-
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cent, and might expel some of the water, maybe dropping i t , 

say, down to 60 percent. 

When we look, at the saturation values for 

the Mallon core, which, we see that, and there are, you 

know, there are some problems with those saturation values, 

but we see an average o i l saturation of, I believe, 14 per

cent and an average water saturation of about 66 percent. 

So t h i s i s per f e c t l y consistent with what normally goes on 

during the coring process when you're t a l k i n g a core in an 

o i l reservoir. When you're taking an o i l saturated rock 

that's saturated with o i l at depth and bringing i t to the 

surface i n the coring process. 

Q Hr. Faulhaber, i n discussing Exhibits One 

and Two we discussed two elements of a porosity system. 

Could you b r i e f l y summarize the conclu

sions which you draw from examination of those exhibits? 

A What I see are two major porosity sys

tems. The televiewer and the megascopic features of the 

core show us a major open fracture system that i s of quite 

an extent v e r t i c a l l y , and that crosses l i t h o l o g i c bound

aries. 

feeding into that major fracture system 

we have a, what we've been c a l l i n g a matrix porosity system 

that although i t i s t i g h t by t r a d i t i o n a l standards, con

tains f l u i d s , presumably o i l , that do not have to migrate 
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very f a r , and which migrate i n these sand laminations to the 

major fracture system. 

0 Anything further? 

h Ho. 

HR. PEARCK: Nothing further 

from t h i s witness, Mr. Chairman. 

MR. LEMAY: Thank you. I think 

t h i s may be a good point to break for lunch before we go 

int o cross examination. 

MR. PEARCE: Before we do that, 

i f I may, Mr. Chairman, I'd l i k e to move the admission of 

Mobil exhibits One and Two. 

m . LEMAY: Without objection 

the exhibits w i l l be admitted for evidence. 

Okay, we'll reconvene at 1:10. 

(Thereupon the noon recess was taken. Thereafter 

at the hour of 1:10 p.m. the hearing was continued 

as follows, to~wit:) 

MR. LEMAY: Please be seated. 

The meeting w i l l come to order and we w i l l continue. I t ' s 

my understanding that you are through with d i r e c t 

examination, i s that correct? 

nn. PEARCE: That's correct, Mr. 
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Chairman. 

MR. LEMAY: Anything, Mr. Lopez7 

Are you ready for cross exam

ination, Mr. Carr? Hr. Kellahin? 

MR. KELLAHIN: Thank you, Mr. 

Chairman. 

JOHN J . FAULHABER, 

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

fied as follows, to-wit: 

CROSS EXAMINATION 

BY MR. KELLAHIN: 

Q Mr. Faulhaber, I have during the lunch 

hour placed some tabs on the HMf* Exhibit Eight, I believe i t 

i s . I t ' s the second derivative analysis of the Gallup 

structure, and I'd like to simply have you orient with roe to 

make sure I've done this correctly so that when I s i t down 

and start discussing these wells with you we'll have an idea 

of exactly where we are. 

You've described for us the Mallon core 

data for the Mallon well. Have I correctly put the sticker 

to locate the Mallon well in Section 3? 

A Yes, you have. 

0 All right, s i r , and while you're s t i l l 
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here* I've located also what I understand to be the Mobil 

well for which the — we'll simply c a l l that the Mobil core, 

i s that correctly done? 

A That's correct. 

Q In addition you gave us two wells that 

are outside of the existing boundary of the Gavilan Mancos 

Pool in which you did two televiewer logs? 

A That's correct. 

Q And the f i r s t that we discussed was the 

Mobil televiewer log on the B-73 Well. Have I located that 

correctly? 

A That's correct. 

Q And then the second one was the B-74 

televiewer log and have I located that correctly? 

A Yes. 

Q In addition, finally, there i s also a 

Mobil well called the 8-72 in between the two wells that 

have a televiewer log. Have I located that correctly? 

A Yes. 

Q All right, s i r , thank you. I'd like to 

discuss with you my recollection of some of the points in 

your testimony concerning what I understood you to say was 

the distance or the separation between fractures. My recol

lection was that you were seeing fractures based upon your 

information whereby those fractures are spaced between 2, 4, 
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6 inches apart? 

A Yes, and as close as 1/2 inch. 

Q We're looking horizontally? 

A In a horizontal d i r e c t i o n , yes. 

Q Horizontal d i r e c t i o n , and i f I have a 

fracture the next one could be anywhere from 2 to 4 to 6 

inches? 

A That's correct. 

Q Okay. I don't remember i f you t o l d me i f 

that's the distance between raajor fractures, as you've char

acterize them. 

A Yes. 

Q When we look at one of these televiewer 

logs, were there any televiewer logs run i n the West Puerto 

Chiquito Mancos Pool? 

A No, not that I know of. 

Q And w i t h i n the current ex i s t i n g boundary 

for the Gavilan Mancos Pool were there any televiewer logs 

run f o r wells w i t h i n that area? 

A Hone that I know of. 

Q Did you run a televiewer log on the B-72 

Well? 

A Yes, I d i d . 

Q Is i t simil a r to the two that you've de

picted for us today on the B-73 and the B-74? 



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 

*S*rT ~ ' 

124 

A Yes. In the 8-72, and the reason why we 

did not present i t as an exhibit, we did an extensive com

parison between the Mobil televiewer, the Schlumberger li

cense of that televiewer, and the Schlumberger FMS, forma

tion micro-scanner. A l l those w i l l give you fracture orien

tations. We considered that. That was a f a i r l y expensive 

comparison and we did not care to release that data. 

Q Am I correct in understanding that of the 

Gavilan Mancos wells, as well as the west Puerto Chiquito 

Hancos wwells, that probably no more than one of those wells 

that has been completed so that i t w i l l flow o i l to the sur

face under natural conditions? 

A I don't understand the question. 

Q A l l r i g h t . Are there any wells in the 

Mancos that when they were d r i l l e d were able to flow o i l to 

the surface without being fractured? 

A I have no idea. 

Q I f you'll take that as correct, that 

there was only one well that could flow naturally without a 

fracture treatment in the reservoir, do you have a geologic 

explanation as to why the wells have to be fractured in or

der to flow when we see the kinds of fractures you are t e l 

ling us exist in the Mancos reservoir? 

A With those wells that were d r i l l e d with 

mud, yes, I do. 
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Q when we look at the televiewer log, can 

you give us a feel for the relative scale of what we're 

doing in terms of the total vertical interval versus what 

you're examining with the individual fractures that you see 

in the televiewer? 

A I'm not quite sure I understand what you 

— what you need. 

Q All right. What fraction of the total 

vertical depth of the Mancos reservoirs is investigated by 

the televiewer log? 

A In a l l three wells we ran the televiewer 

fro© — we didn't — we haven't shown you a l l of our tele

viewer logs. We ran the televiewer frous the base — well, 

fro® the, what's commonly termed the top of the Upper Car

l i l e Shale, through the top of the Mancos interval. 

Q Within that interval what fraction of 

that investigation represents the actual fractured inter

vals? 

A In the B-73 the vertical extent of frac

turing was on the order of 700 feet. 

In the 8-74 the vertical extent of frac

turing was 92 feet. 

Q When we add to that the circumference of 

the investigation in a horizontal extent, what is that dia

meter or circumference we're dealing with horizontally? 
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A You mean what's the depth of inves t iga

t i o n of the tool? 

Q Yes. 

A I t ' s reading the borehole w a l l . 

0 When you add that dimension to the v e r t i 

cal dimension, aw I correct i n understanding that you're i n 

vestigating a very, very small portion of the t o t a l reser

voir? 

A That's kind of a simple-minded analogy, 

but yes. 

Q That's a l l I have to work with today. 

When we t a l k about these fractures, and I'm not sure I was 

clear on what you said, are you meaning to imply that there 

i s a dominant d i r e c t i o n with regards to the fractures i n the 

Gavilan Mancos or the west Puerto Chiquito Mancos reservoir? 

A What I see i s an or i e n t a t i o n i n the three 

televiewer logs that i s the saise between a l l three logs. 

The p r i n c i p a l o r i e n t a t i o n of the fractures i n North, 14 de

grees Bast. In the P-38 core I saw evidence of only one 

fracture d i r e c t i o n , one p r i n c i p a l fracture d i r e c t i o n . In ray 

examination of the Mallon core I saw evidence of only one 

fracture d i r e c t i o n . I f i n d i t very Interesting that t h i s 

fracture o r i e n t a t i o n i s very simil a r to the dike system 

which we have developed north of the Gavilan reservoir, part 

of which i s found very close to the Gavilan reservoir i n the 
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Tapacitos Ridge, which 1*11 point out on the reap. 

The Tapacitos Ridge i s located approxi

mately l i k e t h i s at about that o r i e n t a t i o n . 

Q Do you r e c a l l Mr. Emmendorfer*s testimony 

that believed that there was a f r a c t i o n a l d i r e c t i o n , or 

d i r e c t i o n to the fractures, i f X r e c a l l c o r r e c t l y I think he 

oriented them northwest to southeast generally across the 

reservoir. 

A You mean i n the August hearing? 

Q Yes, I believe that's correct. 

A I r e c a l l that — 

Q Oo you reroerober that? 

A — yes. 

Q Can we use the televiewer log. does i t 

give us the a b i l i t y or the scale of observation f o r these 

fractures so that we can u t i l i z e that logging device as a 

way to t e l l us what the o r i e n t a t i o n of these fractures is? 

A I believe so, yes. 

Q W i l l that t e l l us what the or i e n t a t i o n of 

the fractures w i t h i n the t o t a l reservoir are? 

A I think you have to take each piece of 

evidence as i t exists and see what they add up t o . we've 

got three televiewer logs that have the saiae orientation and 

I would presume that that's a f a i r l y — that's f a i r l y con

vincing to me that we've got a strong fracture o r i e n t a t i o n . 
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Q Aw I correct i n understanding that of the 

available core information, what you had from the Mallon 

core, that you have not pl o t t e d the porosity/permeability 

data that you did on the Mobil core? 

A I'm not quite sure I understand you. On 

the — i n my e x h i b i t , the second porosity/permeability p l o t , 

I have plotted a l l of the known core data on that p l o t . 

Q I f we look at the Exhibit Two package, 

the l a s t white sheets, the f i r s t of those i s the plot of the 

permeability versus porosity on the Mobil core? 

A That's correct. 

Q And then the secod one i s where you've 

added i n the Mallon core data? 

A That's correct. 

0 How many plugs were there i n the Mallon 

core? 

A I believe there were about 150. 

Q And of those plugs how many did you u t i 

l i z e f o r p l o t t i n g purposes? 

A Let's see, a l l but 11 samples are on t h i s 

p l o t . 

Q With regards to the Mobil core, how — 

there were 81, I think, o r i g i n a l plugs? 

A I believe that's correct, yes. 

Q And how raany of those plugs did you u t i -
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lize ? 

A A l l but 17 are on t h i s p l o t . 

Q Okay. On the f i r s t page, the f i r s t one, 

i t shows j u s t the Mobil core, i s that the same plot that you 

presented to the Commission at the August hearing? 

A I don't believe i t ' s precisely the same 

p l o t . I t ' s the same data. 

Q Did you re - p l o t the August — did you re-

p l o t the core data from the Mobil core and prepare a new ex

h i b i t for today7 

A Yes. 

Q Is the difference i n the two exhibits the 

fac t that i n the August hearing you plott e d a l l 81 plugs on 

the Mobil core? 

A Oh, are you r e f e r r i n g to — the pl o t i n 

t h i s e x h i b i t does not include those data points which had a 

permeability of less than one 0.01 m i l l i d a r c y . I l e f t those 

o f f because that date, we simply have no permeability value 

and the other one I simply p l o t t e d them down below that at a 

hypothetical value. 

Q W i l l you summarize for tae how there's a 

difference between the August p l o t and the pl o t we have t o 

day so that when I look at the two together I ' l l understand 

what you did? 

A In th© p l o t I presented today, since the 
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— we only have permeability values down to a level of one 

0.01 m i l l i d a r c y , I cut o f f »y p l o t at that point. 

In the August hearing I presented a pl o t 

which went down, I believe, to one 0.01 rsilidarcy. I don't 

remember what the top scale was, and I believe I plotted a l l 

of those samples which were l i s t e d i n the core report as 

being less than one 0.01 t n i l l i d a r c y , I think, for the pur

poses of p l o t t i n g , I p l o t t e d there at one 0.001 of a m i l l i 

darcy. 

0 In taking the core data frora the Mobil 

core, have you determined what the porosity cutoff was for 

that area of investigation i n the core? what did you use? 

A In August I used a one percent porosity 

c u t o f f . At the woment I don't use any. 

Q Okay, we wouldn't use a c u f o f f , then, i n 

examining the current information. 

A Ho. 

Q A l l r i g h t . With regards to a 

permeability c u t o f f , what number did you use i n August, do 

you reaember? 

A One 0.01 milidarcy, I believe. 

Q And you used that again today? 

A Yes. 

Q In looking at the core, the i n t e r v a l 

core, approximately how snany feet of net pay i n that i n t e r -
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val was cored and analyzed? 

A In the B-38? 

Q Yes, s i r . 

A I don't r e c a l l r i g h t o f f the top of my 

head. 

0 Your testimony i n August was that i t was 

SO feet of net pay. Does that refresh your recollection? 

A Yeah, that's what I said i n August. 

0 Is that s t i l l correct? 

A I'm not — I don't consider the term "net 

pay" to have that much meaning at the present. 

Q what, using the current information and 

f o r g e t t i n g for a moment the August compilation of that data, 

what i s the mean permeability that you have used for t h i s 

core? 

A Could you repeat the question? 

Q Yes, s i r , when we p l o t the data, analyse 

i t , and study i t — 

A Uh-huh. 

Q --' and I'm ready to do sorae calculations, 

I want to do a material balance calculation or a volumetric 

c a l c u l a t i o n , I ask you f o r the average permeability. 

A Okay, when I — 1 have not recalculated 

those with using no c u t o f f s . 

I believe i n August I used an average 
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permeability of the — using the one percent porosity cut

o f f , I think I used an average permeability of .048 m i l l i 

darcies. 

0. That's my r e c o l l e c t i o n , too. When you 

t a l k about average permeability, what have you averaged? 

A You've averaged a l l the plug samples you 

have data f o r . 

Q Is that an arithmetic average of a l l the 

data points? 

A Yes. 

Q In t a l k i n g about the average permeability 

that you had i n August, the .048 railidarcies — 

A Yes. 

Q — having eliminated the c u t o f f , i f we 

recalculated i t taking o f f the c u t o f f , would we have lower 

average permeability? 

A Probably, yes. 

Q I t o l d a witness yesterday I know enough 

engineering to be dangerous and I've proven that j u s t now. 

I understand that when engineers t a l k about wells that are 

natu r a l l y completed, they don't necessarily mean that i t 

w i l l flow o i l to the surface. I t simply means p r i o r to 

stimulation, a l l r i g h t ? Did I confuse you by t e l l i n g you 

otherwise? 

A Ho. 
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Q You talked about the fa c t that the well 

had been d r i l l e d with mud. 

A Yes. 

Q Should a well d r i l l e d with a i r require 

fracture stimulation to produce naturally? Do you have a 

geologic opinion as to whether that would make a difference? 

A I don't have any experience with a i r 

d r i l l i n g on wells out here. 

0 Thank you. 

MR. LEMAY: Mr. Carr? 

CROSS EXAMINATION 

BY MR. CARR: 

Q I have j u s t a couple of questions. Mr. 

Faulhaber, I'm going to ask you a couple of questions about 

the L i n d r i t h B Unit No. 73 Well to be sure I understand your 

testimony. That well you i n i t i a l l y completed i n the C Zone, 

is that correct? 

A That's correct. 

Q Were you producing any water i n the C 

Zone? 

A We were s t i l l returning load water. 

Q And when you s t a b i l i z e d i t were you pro

ducing water at that time? 

A Yes. 
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Q And you were producing how many barrels 

of o i l , 10 barrels of o i l a day? 

A Y O S • 

Q Based on that amount you decided to set 

a bridge plug and move away from that and go up and complete 

in the A and B Zone. 

A Yes. 

Q Is i t your testimony that that 10 barrels 

per day in the C Zone i s indicative of what the c Zone w i l l 

produce in the Gavilan area? 

A We have another — a number of these 

types of tests and I don't remember the exact wells. I 

believe the — in the well that was cored, the Mallon Davis 

Fed 3-15 the C Zone only produced a few barrels of o i l a 

day, 5 or 6. 

In the — I think that the ability of the 

C Zone to produce i s directly related to the amount of 

fracturing. I t appears that the C Zone does not, in the 

Gavilan area does not fracture as readily as the A and B 

Zone, so i t i s our current operating philosophy that, as we 

did on the 74, that when we do not see fractures in the C 

Zone, we w i l l not complete i t . 

Q And i s that well, in your opinion, 

indicative of what the C Zones does in that area? 

A In what area? 
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Q In the Gavilan area? 

A Prom the evidence I've seen i t appears to 

be t y p i c a l of the Gavilan area. 

Q And you set a bridge plug and that 

segregated the C Zone from the A and 8. 

A That's correct. 

Q And i t ' s a separate zone. 

A That's correct. 

Q You didn't see any communication between 

the C to the A and B, did you? 

A No, we ran a f t e r - f r a c logs a f t e r both our 

frac jobs and also a p r e t t y thorough suite of cement bond 

logs, and we see no evidence of communication between the 

two zones. 

Q And the A and B Zone i s s t a b i l i z e d , you 

say? 

A No, i t ' s not s t a b i l i z e d . 

Q I t ' s s t i l l producing frac water? 

A Yes, i t ' s returning o i l water. 

Q And i t ' s producing about 50 barrels a 

day? 

A I t was, yes. 

Q Is that f i g u r e cowing down? 

A I don't know. I haven't seen a recent 

production t e s t . We pulled the bridge plug and are doing 
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some other things to the w e l l , so — 

Q Do you think that 50 barrels a day i s 

indi c a t i v e of what the A and B can do i n the Gavilan? 

A I would l i k e to think that i n some areas 

i t could do better. 

HR. CARR: That's a l l I have. 

MR. LEMAY* Thank you, Mr. 

Carr. Additional questions of the witness. Mr. Chavez. 

QUESTIONS BY MR. CHAVE&: 

Q Yes, s i r , i n Exhibit Number Two, your 

permeability versus porosity graph — 

A Uh-huh. 

Q — the plugs that were used f o r these 

calculations, were they through the same i n t e r v a l that the 

wells completed in? 

A Yes. 

Q On your Exhibit Number One, is the direc

t i o n on the televiewer magnetic north or true north? 

A On the televiewer i t ' s magnetic north; on 

the plots I provided at the back of Exhibit One, those have 

been corrected f o r magnetic declination. 

Q I f you had only one televiewer log that 

indicated fracture d i r e c t i o n , would that provide j u s t a 

small degree of c e r t a i n t y as to the areal fracture d i r e c t i o n 
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or the fracture d i r e c t i o n i n the area? 

A I would d e f i n i t e l y l i k e to have more 

fracture d i r e c t i o n s , although you can assume that fractures 

i n local area are going to form under a similar stress 

f i e l d throughout that area. 

Q So the raore televiewer logs that you have 

to Indicate a fracture d i r e c t i o n the more cer t a i n t y you 

have? 

A Yes. 

Q Would you care to rate the certai n t y of 

— you have of the fracture directions j u s t based on these 

three logs you said you ran? Is that 9 percent certainty? 

50 percent certainty? 

A That's d i f f i c u l t to do. I fe e l that i n 

that portion of the reservoir that Mobil's wells are i n I'm 

100 percent certain as to fracture o r i e n t a t i o n , w e l l , maybe 

95 percent since I'm a geologist. 

As for the rest of the reservoir, I look 

for other data that may be extrapolated from t h a t , such as 

maybe the or i e n t a t i o n of Tapacitos Ridge and those other 

dikes t o the north. That gives some credence to the possi

b i l i t y that the fracture d i r e c t i o n we're seeing i n the t e l e 

viewer logs i s — i s f a i r l y extensive regionally. 

Q Did fracture pressures during t r e a t i n g 

indicate that there were already e x i s t i n g fractures i n these 
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wells? 

A I don't know. 

Q Did any other information, such as geo-

logs or other d r i l l i n g information that — f l u i d lost while 

d r i l l i n g , back up your claim of fractures through these i n 

tervals? 

A Ves, we lost — i t varied between the 

wells, but we did have — lose circulation in th© Gallup. 

I should point out that our d r i l l i n g en

gineers have spent a l o t of time and we actually rented the 

rigs out here on a day rate so we could control the mud sys

tem very closely, and so our lost circulation was not as bad 

as i t typically i s out here. 

Q But did the lost circulation areas or 

places where you lost circulation coincide with the areas 

where your logs indicated fractures? 

A In general when we got to tbe top of the 

Gallup, usually we lost a l i t t l e b i t of circulation and we 

put in a bunch of LCM and maintained that LCH concentration 

so that once we started d r i l l i n g the Gallup we did not con

tinue to lose mud. 

As far as there being — I have not made 

a very close correlation between the mud loss and — and the 

te1eviewer 1ogs. 

Q Thank you. 
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MR. LEMAY; Thank you, Mr. 

Chavez. 

Additional questions of the 

witness? 

Q0BSTIOJ3S BY MR. LEMAY: 

Q I have one possibly for c l a r i f i c a t i o n , — 

A Okay. 

Q — Mr. Faulhaber. You refer to a secon

dary porosity system. Is that i n a generic sense a post-

depositional porosity system or a system separate from the 

fracture system? The d e f i n i t i o n of secondary, I guess. 

A Okay, i t ' s a system d i f f e r e n t from the 

frac — from the major fracture system. 

Q How would you expect that to react — or 

maybe t h i s i s speculation, i t may be an engineering ques

t i o n , but i n your diagrams, we're t a l k i n g about tracing 

lines — 

A Uh-huh. 

Q — and these l i n e s , we'll say major f r a c 

tures are the lines and then the other lines are also minute 

fractures or — or some form of void space that enters in t o 

the main— the main fractures, as you've termed them. 

Is that d i f f e r e n t than j u s t speaking of a 

fracture system reservoir? 
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A I — that i s i n part an engineering ques

t i o n , and i n j u s t general terms I believe we're — i t ' s a 

dual — rather than saying i t ' s a dual porosity system or 

something l i k e t h a t , i t ' s r e a l l y a dual permeability system; 

high permeability, major fractures; low permeability, mat

r i x , i f you w i l l . 

Q So i t refers to the degree of 

permeability w i t h i n the rock rather than maybe the type of 

permeability i n the rock, and I'm t r y i n g t o , an example, I 

understand a vugular system would react d i f f e r e n t — 

A Right. The f i r s t , l e t ' s c a l l i t a 

permeability system. The f i r s t permeability system that we 

look — that we see out here are the major fractures that we 

see on the televiewer. 

The second permeability system i s a 

combination of pore types that I would characterize as being 

microfractures, what I c a l l intergranular sheet pores, and 

t r a d i t i o n a l intergranular porosity. 

Did I explain that or — 

Q You described i t w e l l . 

A Okay. 

Q I was t r y i n g to c r y s t a l l i z e what be a 

singular porosity system and a dual porosity system. 

A Okay. 

0 Both from a geological point of view and 
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from an engineering point of view, and naturally your t e s t i 

mony would be the geological — 

A Right. 

Q — and that's what I waa tr y i n g to crys

t a l l i z e , the differences. 

A Okay. 

MR. LEMAY: Mr. Brostuen. 

QUESTIONS BY MR BROSTUEN: 

Q Mr. Faulhaber, have you been able to 

quantify the porosity? You do use some numbers here i n your 

Exhibit Two i n your porosity versus permeability chart. 

Have you arrived at a porosity percentage 

or an average f o r fracture porosity and also for intergranu

lar or matrix porosity? 

A no. I'm — estimating fracture porosity 

i s a can of worms and I've stayed away from that. 

Q However, have you made any attempt to 

u t i l i z e the porosity logs to determine porosity? 

A Yes. In the August hearing I believe we 

presented one e x h i b i t which w i l l be i n the f i l e s where we 

took our sonic log, which responds pr i m a r i l y to matrix, 

w e l l , should be reading only matrix, non-vugular matrix, but 

we don't have vugs here, and we provided — did two calcula

tions on t h a t . F i r s t we simply calculated the sonic 
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MR. LOPEZ: No, Mr. Chairman. 

In the s p i r i t of the melodrama that we are p a r t i c i p a t i n g i n 

we fe e l i t appropriate to in s e r t the various chapters of the 

melodrama as they occur and as we address them. 

We don't want to take away any 

of the expectation. 

MR. LEMAY: We appreciate the 

suspense and that procedure i s acceptable. 

MR. KELLAHIN: Do I understand 

we w i l l continue with the practice of hearing by sabotage? 

MR. LEMAY: Mr. Kellahin, i t ' s 

j u s t a matter of s t y l e . I think — 

MR. KELLAHIN: we go with the 

books, Mr. Chairman. 

MR. LEMAY: — the MMM sty l e i s 

d i f f e r e n t than the lead-off s t y l e , so we w i l l appreciate 

both s t y l e s . 

MR. KELLAHIN* We w i l l comment 

on that l a t e r . 

GREGORY B. HUENI, 

being called as a witness and being duly sworn upon his 

oath, t e s t i f i e d as follows, to-wits 
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DI RKCT E X hH I NAT I Qti 

BY HR. LOPEZ: 

Q Would you please state your name and 

where you reside? 

A Yes. Hy name i s Gregory B. Hueni and I 

reside i n Denver, Colorado, actually Lakewood, Colorado, at 

11420 West 27th Place. 

Q By whom are you employed and in what cap

acity? 

A I'm employed by Jerry R. Bergeson & As

sociates, Incorporated. I am a consulting petroleum en

gineer specializing i n reservoir evaluations. 

I'm also Vice President of that p a r t i c u 

l a r f i r m . 

Q Have you previously t e s t i f i e d s p e c i f i c a l 

l y with respect to the matter© before the Commission i n 

these hearings? 

A Yes, I have. 

Q fcfould you describe your educational back

ground, your work experience? 

A Yes. I received a Waster's degree i n 

mechanical engineering from Rice University, 1971. 

I was employed thereafter by Exxon Com

pany U.S.A. and worked i n t h e i r o f f i c e s located i n Midland, 
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Texasj in Houston, Texas? and in Kingsville, Texas. 

In 1977 l l e f t Exxon and went to work for 

Jerry R. Bergeson & Associates and have worked with that 

fir® since that time. 

Q When you were employed by Exxon, what 

were the range of your duties and work experience? 

A While I was with Exxon I worked primarily 

as a reservoir engineer. I worked also in production and 

planning, organization, and I also worked as a supervising 

reservoir engineer. 

Geographically I've worked the West 

Texas-New Mexico area. I also worked in the South Texas 

area, and then as part of Production Planning Group I was 

involved i n observing Exxon's operations throughout the 

United States. 

0 And since you have been working for Ber-

geson & Associates, what has been the nature and extent of 

your employment and responsibilities? 

A While with Bergeson and Associates I have 

worked on fields located throughout the world, most especi

a l l y the ones that I've worked on overseas have been located 

either in the North Sea environment or in Western — West 

Germany. 

While with Bergeson and Associates I've 

also worked on fields located throughout the United States, 
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as well as i n Canada. 

The types of work that I've been involved 

with have ranged from reservoir engineering evaluations and 

econmic studies. Vte've completed reservoir studies using 

c l a s s i c a l approaches. I've been involved i n reservoir simu

l a t i o n studies i n several reservoirs located throughout — 

throughout the United States and overseas. 

I have taught the industry courses which 

our f i r m presents i n the area of reservoir engineering and I 

have also served as an expert witness on a number of d i f f e r 

ent issues. 

Q Did you do a study of the Gavilan Mancos 

and West Puerto Chiquito Pools? 

A Yes, I di d . 

Q And you have t e s t i f i e d previously before 

t h i s Commission and had your q u a l i f i c a t i o n s as an expert 

petroleum reservoir engineer accepted as a matter of record? 

A Yes, I have. 

m . LOPEZ: I tender Mr. Hueni 

as an expert witness. 

MH. LEMAY: Mr. Hueni's q u a l i 

f i c a t i o n s are acceptable. 

Q Mr. Hueni, I believe you j u s t stated that 

you did perform a study of the Gavilan Mancos and West Puer

to Chiquito Mancos Pools. By whom were you asked to perform 
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t h i s study? 

A Our f i r m was contacted by a number of the 

working i n t e r e s t owners i n Gavilan Mancos Pool. Those wor

king i n t e r e s t owners include the following companies: Mal

lon, Mesa Grande Resources, Amoco, Mobil, Koch, Reading & 

Bates, Hooper, Kimball & Williams, Tenneco, Kodiak Petro

leum, and American Penn Energy. 

We performed the study on behalf of those 

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

Q And what did t h i s study consist of? 

A The study consisted of an evaluation of 

the Gavilan Mancos Pool with the objective of determining 

the optimum method for depletion of that pool. 

Q And what was the objective of the study? 

A Well, the objective was to determine the 

best method of depletion of the pool, whether i t would be 

best to deplete the pool on a primary depletion basis or 

whether i t would be perhaps better to — to u n i t i z e and i n 

j e c t gas i n t o that p a r t i c u l a r pool. 

The study i t s e l f consisted of several 

d i f f e r e n t phases. I t involved a considerable amount of tes

t i n g , both i n the f i e l d type t e s t i n g as well as laboratory 

te s t i n g . I t involved geological analysis which we're heard 

described previously that was conducted by Mr. Emmendorfer 

and Mr. Faulhaber, and i t also included an engineering ana-
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Now I might go ahead and I could refer to 

Figure One? 

Q Sure. I think when you performed your 

study was one of the things you considered reservoir perfor

mance, and i n t h i s connection I'd ask you to refer to the 

Tab 2 i n the report that we j u s t circulated and ask you to 

explain what i t i s . 

A Okay. Okay, i n performing our study the 

basic approach to our study which we would l i k e to describe 

today was to review the reservoir performance? follow that 

by attempting to describe the reservoir as completely and 

accurately as we possibly could. Then once we had that de

s c r i p t i o n , to analyze the reservoir using appropriate 

methods of analysis, and then once we analyzed the reservoir 

we wanted to put some economics to i t and we completed an 

economic analysis, and as a re s u l t of that we arrived at our 

optimum plan of depletion. 

The f i r s t section that we are going 

througn, which we wanted to hand out so that we would be 

able to preserve the flow of the — of our engineering 

study, deals with reservoir performance, because t h i s i s 

r e a l l y the f i r s t a c t i v i t y that we undertook i n completing 

the study. 

The f i r s t part — w e l l , when we reviewed 
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reservoir performance, there were several things that we — 

we had available to look a t . 

We had production trends that were 

available to look a t . We had indivi d u a l well tests were 

available to look a t . We had production control surveys, or 

production logs that were available to look a t . We also had 

pressure information that was available to look at and t h i s 

information i s what we've attempted to describe under the 

f i r s t tab, Reservoir Performance. 

Q Okay. Go ahead and explain what else you 

want t o show with t h i s part of the e x h i b i t , i f you w i l l . 

Q Okay. 

MR. KELLAHIN: I'm going to 

object to that question, Mr. Chairman. I t makes i t very 

d i f f i c u l t to follow the testimony i f he c a l l s for a 

narrative answer from t h i s witness. 

In properly conducted d i r e c t 

examination Mr. Lopez should be putting a speci f i c question 

to t h i s witness so we would know whether i t ' s objectionable 

and so that we would have an index before t h i s man answers 

the question of whether or not i t ' s appropriate testimony. 

To simply plug him i n and l e t 

hi® run i s not appropriate hearing procedure. We object. 

HR. LEMAY: Mr. Lopez, do you 

hava a comment on Mr. Kellahin*s objection? 
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MR. LOPEZ: Hr. Chairman, as we 

a l l know, the rules of evidence are more informal (unclear) 

Commission hearings. I f we were to observe s t r i c t formality 

as you'd expect i n a court of law, I'm sure we would have 

been objecting a l l the f i r s t day with respect to Kr. Greer's 

narrative testimony. 

I think the purpose of these 

hearings i s to t r y and f i n d out what t h i s reservoir i s about 

and how the best method of producing i t i s . 

I f you wish, I can ask Mr. Hue

ni to refer to each page under t h i s section and ask him to 

explain what i t shows, but I think i t ' s better i n the narra

t i v e form for everyone to understand without i n t e r r u p t i n g 

testimony. 

MR. LEMAY: I think that's been 

used at — i f you can, to s a t i s f y Mr. Kellahin's objection, 

j u s t say you want to continue on with production 

performance, f o r instance; refer to the e x h i b i t that he i s 

describing and I think that w i l l keep us a l l oriented and 

w i l l p r e t t y well t i e down what part of the testimony that he 

is currently based i n . 

MR. KELLAHIN; I t would be very 

helpful to see i f we couldn't organize i t so we can under

stand the areas that he's focusing i n on. 

MR. LEMAY: That was my suggas-
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t i o n , to j u s t refer to the e x h i b i t , continue on with the ex

h i b i t , and then we can a l l stay with him. 

MR. LOPEZ: Okay. 

Q I believe we are r e f e r r i n g to the section 

under Tab 2, i s that r i g h t , Hr. Hueni? 

A That i s correct. 

Q With respect to reservoir performance. 

Okay, what did you consider when you were making your study 

with respect to reservoir performance? 

A $e considered the production performance 

of the f i e l d as a whole as well as the individual pools 

which comprise that f i e l d . 

Q I'd ask you then to refer to what is Fig

ure 2 behind the blue tab and ask you to explain what i t 

shows. 

A Figure 2 i s a production p l o t showing the 

production h i s t o r y for the Gavilan Mancos Pool as proposed 

in the Mesa Grande, et a l , application to expand the pool. 

In other words, t h i s i s the production history f o r not only 

what has t r a d i t i o n a l l y been known as Gavilan Mancos Pool, 

but also includes production from the western t i e r of Canada 

Ojitos Unit wells, or West Puerto Chiquito pool wells. 

This p a r t i c u l a r plot that we have shows 

the production history for a l l of the v e i l s i n the Gavilan 

Mancos Pool. We've attempted along the top of tho page to 



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 

152 

give some ind i c a t i o n of the number of wells that are either 

on production or that appear to be capable of producing at a 

given point i n time. This compares to a number of wells 

producing as indicated by Hr. Roe, but his were wells actu

a l l y on production i n a given — given month, whereas we've 

included some wells that are simply capable of producing. 

The scale of the e x h i b i t on the Y axis 

shows d a i l y production. I t ' s expressed i n barrels of o i l 

per day. I t ' s on a logarithmic scale with the bottom of the 

graph showing a value of 10, the value of 10 to the 2nd 

power represents 100, 10 to the 3rd represents 1000, and 

then the top of the graph would represent 10,000 barrels a 

day. 

Me show production on a monthly basis 

from date of f i r s t production i n 1982, which was the Gavilan 

Uo. 1, through January of 1987. 

We would l i k e to note that the — t h i s 

p a r t i c u l a r area, Gavilan plus the western t i e r of Canada 

Ojitos Unit wells, i n January of 1987 was producing about 

3,650 barrels a day. I t had accumulated 3.15-million bar

r e l s of o i l . I t was experiencing a current GOR s l i g h t l y un

der 2,400 standard cubic feet per stock tank b a r r e l . 

Q For comparative purposes what i s the 

t o t a l cumulative production of the West Puerto Chiquito 

Mancos Pool, i f you know? 
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A Well, i f wa were to take the remainder of 

the West Puerto Chiquito Pool that we did not include i n 

t h i s p a r t i c u l a r e x h i b i t , we would f i n d that by October of 

1986 that the cumulative production fron that area amounted 

to about 8.44-n?illion barrels, producing at a gas/oil r a t i o 

of 880 and producing at a rate of 1 ,643, or 1,640 barrels of 

o i l per day. 

Q And when was the West Puerto Chiquito 

Mancos Pool f i r s t put on production? 

A That represents the production that's 

been accumulated i n that pool since 1962. 

Q And the over 3-rcillion barrels that has 

been accumulated i n the Gavilan Mancos has been accumulated 

i n what time frame? 

A Well, there was some production i n 1982. 

That was rather a minor amount of production; basically pro

duction i n the Gavilan Mancos area started i n mid-1983. 

Q When were the West Puerto Chiquito Mancos 

Pool wells that you included as part of the Gavilan Mancos 

Pool production f i r s t put on production? 

A They were put on production i n 1986. 

C And why have you included these wells as 

part of the Gavilan Mancos Pool? 

A We've included these wells because we 

believe these wells are i n very good pressure communication 
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with Gavilan Mancos Pool, that the depletion of Gavilan Han-

cos, Gavilan Mancos Pool w i l l p a r a l l e l t h e i r depletion. 

We've Included them because we believe that a substantial 

amount of t h e i r production comes from the Niobrara A and a 

gone, as we believe that the Majority of Gavilan Mancos Pool 

production coaes from the Niobrara A and B Zone, as w e l l , 

and we've also included them because the presence of a syn

c l i n a l area i n a gas i n j e c t i o n project represents a logica l 

termination of an i n j e c t i o n program. 

Q And these wells that are included are the 

wells i n the most western t i e r of sections i n the West Puer

to Chiquito and are included i n the proposed Gavilan Mancos 

extension. 

A That i s correct. 

Q I'd now ask you to refer to what's been 

i d e n t i f i e d as Figure 3 and ask you to explain what i t shows, 

and i f you would, compare i t to the previous e x h i b i t . 

A Figure 3 i s a very similar plot with the 

exception that we've excluded the production from two wells 

from t h i s p l o t . The two wells that we excluded were the 

Gavilan Howard Well and the Gavilan No. 1 Well. 

i n the preceding hearing that was held on 

t h i s matter a concern was raised by other parties that these 

wells may not actually be reporting production or t h e i r past 

production may not ac t u a l l y have ref l e c t e d Mancos Zone pro-
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duction because they were either dually completed with mech

anical problems or because they had been commingled with Da

kota production, and we've reviewed that information and we 

too believe that that i s possible that those two wells have 

recorded some production as Mancos production that actually 

came from the Dakota. 

So we have excluded those two wells from 

our production — production plot. 

I f we compare Pigures 2 and 3, we see 

that that does not change really the shape of the field 

curve. We s t i l l have a rapid build-up in production frora 

1983 to the middle of 1986. We have a fa i r l y constant gas-

/ o i l ratio performance until 1986, at which point in time we 

have a moderate increase in gas/oil ratio performance. Gas-

/ o i l ratio field-wide i s about 2337 standard cubic feet per 

stock tank barrel, which I think we're going to show i s not 

unduly large, at least on the field total basis, and the 

other — the other point, the other reason that we show this 

performance trend i s because when we subsequently interpret 

performance of the f i e l d , we want to be able to set forth an 

interpretation that i s consistent with the performance that 

we see on this particular chart for the field as a whole. 

Q I'd now ask you to refer to Figures 4 

through 11 and ask you to explain what these figures show. 

A Yes. All of Figures 4 through 11 are 
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similar type of production plots that are presented for in

dividual wells. They show o i l production expressed in bar

rels of o i l per producing day. In other words, we've taken 

the barrels of o i l that each month produced, divided by the 

number of days reported on production. We've plotted that 

information and we've also plotted the gas/oil ratio infor

mation. 

The o i l production i s shown by the 

triangles. The gas production i s shown by the x's, or the 

gas/oil ratio production i s shown by the x's. 

We have several wells here. I don't 

believe i t ' s necessary to look at each individual well. The 

purpose of the — of the comparison of wells is to 

ill u s t r a t e that individual wells in the pool do not have 

necessarily common producing characteristics. So i f we were 

to look at the very f i r s t one, Figure 4, which i s , as shown 

by the t i t l e , the production history for the Mallon fisher 

2-1, located in Section 2 of 25 North, 2 West, we would see 

a well that has been capable and has produced over a period 

of tisae at rates of 500 barrels of o i l per day. 

I t i n i t i a l l y produced with a gas/oil 

ratio of 800, later dropping down a bit to around 400 in 

early 1986, and then the gas/oil ratio increased in about 

the middle of 1986 and appeared to stabilize at a rate of 

about 1,200 to 1,300 cubic feet per barrel. 
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One of the points that we * 11 be making 

l a t e r on i s that t h i s type of behavior i s not 

cha r a c t e r i s t i c of a solution gas drive reservoir. We can 

take Figure 4 and look then at the o f f s e t t i n g w e l l , which i s 

a well known as the Ribeyowids. 

Q Mr. Hueni, would i t be helpful to point 

out where these wells are on the structure reap? 

A Certainly, i t would be. 

Okay, that i s the location of Mallon 

the Mallon Ribeyowids Federal 2-16, located i n — also i n 

Section 2 of 25 North, 2 West. 

Now t h i s w e l l , whereas the other well 

demonstrated producing rates of 500 barrels a day, t h i s well 

demonstrated a maximum producing rate of 215 barrels a day. 

i t produced at reasonably low gas/oil r a t i o s , approximately 

500 standard cubic feet per stock tank barrel u n t i l the 

middle of 1986, and at that tif»e i t s gas/oil r a t i o 

performance took a steep upward turn and then leveled o f f . 

I t currently i s about 3,600. The well i s producing about 87 

barrels a day. I t i s basically producing at capacity where 

the well that we looked at previously i s not producing at 

capacity. 

We would suggest that the shape of the 

gas/oil r a t i o curve on t h i s well i s also not charac t e r i s t i c 

of a solution gas drive reservoir. 
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The Figure 6 shows the Mesa Grande Rucker 

lake No. 3 Well, which i s a well that's produced at a r e l a 

t i v e l y constant producing rate of about 100 barrels a day 

since the laiddle of 1983. I t ' s gas/oil r a t i o performance i n 

1984 was approximately 1700 — or i t rose to as high as 1700 

cubic feet per b a r r e l , dropped down to 500 cubic feet per 

barrel and then increased i n about the middle of '86 up to 

around 1,257 standard cubic feet per b a r r e l . That was the 

January '87 nunsber. The o i l production rate i s at 64. Once 

again we do not believe that t h i s i s in d i c a t i v e of a reser

v o i r that's performing as a solution gas drive reservoir. 

This also happens to be a well that i s 

r e l a t i v e l y high on the Gavilan Doiae structure. I t i s not a 

well that i s low on structure. 

The Figure 7 i s the production history 

f o r the Native Son No. 2 Well. This p a r t i c u l a r well i s the 

well that has accumulated the most production out of the 

Gavilan Mancos Pool since i t was discovered. I t s cumulative 

production amounts to approximately 360,000 barrels of o i l . 

As we can note, i t has had a very high 

capacity flow rate since 1984, reaching rates as high as 530 

barrels of o i l per day. 

The gas/oil r a t i o performance i s d i f f e r 

ent than the ones that we looked at previously. Gas/oil 

r a t i o , which was around 5-to-600, began increasing i n 1985 
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and since that time has increased at a maderate rate of i n 

crease to a current value of about 4,300. Once again we 

would suggest that t h i s i s not cha r a c t e r i s t i c of wells that 

are i n a solution gas drive reservoir. 

The next f i g u r e , figure No. 8, i s the 

performance for the McHugh Pull Sail No. 1, located i n 

Section 29, 25 West, 2 North. This i s a well that i s on the 

flank of the Gavilan Mancos Pool. 

The productive capacity of t h i s well 

during 1985 was demonstrated to be on the order of 225 

barrels a day. The gas/oil r a t i o was around 1000 at that 

time. 

In early 1986 i t took an abrupt increase 

up to approximately 1,900, and then the gas/oil r a t i o 

through 1986 increased moderately to 2,500. 

Once again we have seen a gas/oil r a t i o 

increase i n t h i s well but we do not see that as being 

t y p i c a l of a solution gas drive reservoir. 

Figure 9, the Rucker Lake No. 2, i s a 

well that i s once again very high on structure. I t ' s a well 

that has demonstrated producing capacities of 150 barrels 

per day f o r a short period of time on a da i l y production 

basis. I t was tested at rates as high as 400 barrels a day. 

The gas/oil r a t i o declined a b i t between 

1984 and 1985 to a level of about 5-to-600 standard cubic 

feet per stock tank b a r r e l . 
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I t increased i n the early part of 1986 

and increased up to a current value of about 3,800 standard 

cubic feet per stock tank b a r r e l . 

This well has experienced a l i t t l e more 

steep increase i n i t s gas/oil r a t i o performance; perhaps 

t h i s t&ight look a l i t t l e b i t more l i k e a solution gas drive 

w e l l , although i t doesn't, according to the analysis that 

we've done, even t h i s well doesn't r e a l l y look l i k e a 

solution gas drive. 

Figure 10, I only have two more of these 

to go through but we're t r y i n g to point out the v a r i a b i l i t y 

of the producing characteristics of the d i f f e r e n t wells i n 

the Gavilan Hancos Pool, Figure 10 i s the production history 

for the Janet No. 2 Well, operated by Mr. McHugh, located i n 

Section 21, 25 North, 2 West. 

The production history on t h i s well shows 

a well that produced at a constant rate of approximately 60 

barrels a day i n '84 and '85. The gas/oil r a t i o i n 'B4 was 

in the range of 5-to-6QQ, increased to SOO to i n excess of 

1000 i n 1985, and i n 1986 took an abrupt increase i n about 

A p r i l to a maximum value that was recorded i n December of 

6,900, followed by a s l i g h t GOR decrease i n January of 1987 

to a level of about 5,500 standard cubic feet per stock tank 

b a r r e l . 

And f i n a l l y we have the production p l o t 
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for the Janet No. 1 Well, also a well operated by Mr. 

McHugh, located i n Section 27 of 25 North, 2 West. 

This well tested at high rates, 300 bar

r e l s a day fo r a few days i n 1983, but bas i c a l l y , since i t ' s 

been put on production has produced at an average rate of 

about 100 barrels a day since that time. 

The GOR i n i t i a l l y i n 1984 reached levels 

of around 900, dropped down to the S-to-600 range i n 1985, 

and then abruptly increased i n mid-1986. The f i r s t increase 

was up to a rate — that occurrad i n about June — was to a 

gas/oil r a t i o of 2,600 and then subsequently, la t e r i n the 

year, up to gas/oil r a t i o s i n excess of 10,000. Current GOR 

i s running at about 12,300. 

Q Okay. Mr. Hueni, I'd now ask you to re

fer to the f i r s t set of maps under the map tab at the back 

of the book and ask you to i d e n t i f y and explain what the 

f i r s t map shows. 

A Okay. Once again we are going through 

the i n d i v i d u a l well performance information that we looked 

at i n t r y i n g to a r r i v e at an understanding of the f i e l d i t 

s e l f . 

The plots that we've looked at up to t h i s 

point i n time have indicateds a ce r t a i n degree of v a r i a b i l 

i t y between indiv i d u a l well performance, and i n looking at 

reservoir performance we wanted to look at additional i n d i -
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cators of variability, ao wa sat out a series of maps and 

the the f i r s t map is a map that shows several wells in the 

— in the Gavilan Mancos Pool, as well as along the western 

tier of sections in the Canada ojitos Unit, and what we've 

attempted to do is picture the areas that have been devel

oped and the dates at which the development occurred. 

We've color coded the individual wells 

with the f i r s t wells being drilled in 1980 or before. we 

have wells drilled in '81 shown by different color, similar

ly for the other years. 

What we would note is that the f i r s t 

well, f i r s t producing well in the Gavilan Mancos Pool, as 

it's normally identified, is the Gavilan No. 1 Well, located 

in the northeast of Section 26 of 25 North, 2 West. 

That well, then, was, after a bit of pro

duction history, was followed by a certain amount of devel

opment that occurred in the southern end of the Gavilan Man

cos nose. 

The subsequent development occurred to 

the northeast in '85 and '86, when Mallon drilled several 

wells and certain wells were also drilled by — by the Can

ada Ojitos Unit. 

Q Okay. You want to refer to the second 

map of this — off the record for a minute. 
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(There followed a discussion o f f the record.) 

Q Okay. Would you w e l l , excuse me, be

fore we go to the next map could you explain where the f i r s t 

wells were developed i n the Gavilan Mancos Pool and the l a s t 

wells? 

A Yeah. Okay. The, as we said before, the 

f i r s t maps — or the f i r s t wells were developed i n the 

southern end of the pool. Subsequent development occurred 

up i n the northest area. The map i s not e n t i r e l y completed. 

I t ' s not f u l l y colored i n . 

There have been several additional wells 

that have been d r i l l e d since — some of which, w e l l , which 

are not yet on production. Hany of them are not yet on pro

duction, at least i n December of 1986, at which point i n 

time we used — we constructed t h i s data. 

There are three wells that Mobil has 

d r i l l e d along the south end of the pool, the Mobil B-73, 

L i n d r i t h 9-73, located i n Section 6 of 24 North, 2 West; the 

Mobil B-72, located i n 25 — i n Section 8 of 24 North, 2 

West; the Mobil B-74 i n 24 North of 2 West, Section 9. 

In addition to t h a t , along the perimeter 

we have d r i l l e d by Mr. McHugh, we have f i v e wells d r i l l e d i n 

Section 25 North of 2 West, and i n the Canada Ojitos Unit we 

have two wells d r i l l e d along the — along th© western t i e r 
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of sections and then there were two additional wells drilled 

on the second ti e r of sections from the Gavilan Mancos Pool. 

There is one additional well that was not 

circled. I t has not proved to be productive yet. I t i s the 

Mallon Davis Well located in Section 3 of 25 Norht, 2 West. 

Q So since the hearing in August/ and ex

cluding the three Hobil wells and the one Mallon well, a l l 

the wells that have been drilled have been drilled by the 

proponents after they claimed an emergency existed and that 

no further development should take place? 

A That's correct. 

Q Okay. I now ask you to turn to the next 

map, which i s identified as cumulative o i l and ask you to 

explain what i t shows. 

A The second map i s a map showing the cum

ulative o i l production recorded by individual wells in the 

area as of December, 1986. I t i s — the cumulative o i l pro

duction on this map i s indicated by different size c i r c l e s . 

The largest c i r c l e s indicate wells that accumulated 300,000 

plus barrels of o i l and then we grade down in the size of 

the c i r c l e s to indicate the different types of recoveries 

experienced by wells, by individual wells in the pool. 

The reason that we point this out i s that 

we've looked at wells and we've seen that they exhibit var

iable production characteristics. I think i f we look at 
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t h i s type of presentation, although we have to realize that 

wells coae on at d i f f e r e n t points i n time, that c e r t a i n l y 

there has been a wide v a r i a t i o n i n the type of recoveries 

that have been experienced by the d i f f e r e n t wells i n the Ga

v i l a n Mancos Pool. 

In the Canada Ojitos Unit area we show 

along the eastern edge several wells which have produced 

c e r t a i n l y i n excess of 300,000 barrels. This map does not 

show the two wells i n Section 29 and 32 of 25 North, 1 West, 

which are Canada Ojitos Unit wells which do have — have 

some production that should be shown on here. 

Q So the p r i n c i p a l purpose of the e x h i b i t 

or the map i s to show the large v a r i a b i l i t y i n cumulative 

production of the various wells i n the pool. 

A That i s correct. We once again are going 

to present our i n t e r p r e t a t i o n of field-wide performance and 

we are simply pointing out that individual wells represent 

variations from that — that performance. 

Q Mow could you refer to the t h i r d map i n 

t h i s series of maps, e n t i t l e d Cumulative Gas and explain 

what i t shwos? 

A The t h i r d map shows the cumulative gas 

production recorded for ind i v i d u a l wells since — since — 

or as of December, December 1986. 

Once again we have used a presentation i n 
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the form of showing the amount of production according to 

the size of the c i r c l e and each of the c i r c l e s then i s 

colored i n red to indicate the gas. 

We note immediately that there are two 

wells i n the pool t h a t , w e l l , there are r e a l l y three wells 

i n the Gavilan Mancos Pool proper that have a large amount 

of gas production. There i s a well located i n the northwest 

corner of Section 23 of 25 North, 2 West. That i s Gavilan 

Howard No. 1, a well that was dually completed i n the Dakota 

i n which i t was observed mechanical communication with the 

Dakota had occurred. 

The second well i s the Gavilan No. I 

Well, located l n the northeast of Section 26 of 25 North, 2 

West. The Gavilan No. 1 i s also a well commingled with the 

Dakota. At the past p r i o r hearing i t was indicated that 

there was a p o s s i b i l i t y that t h i s gas was coming from the 

Dakota and i n subsequently reviewing the production h i s 

t o r i e s we decided that we thought that was reasonable ad we 

consequently excluded those two wells performance from the 

t o t a l f i e l d average. 

Q Okay. Mow could you refer to the next 

map? 

A The next map, and t h i s i s perhaps one 

that you would l i k e to — 

0 Yeah. 
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A — put up i f you can f i n d t h i s one. 

Q I'M not sure we have i t , so I think — 

A Oh, okay. 

Q — the best thing to do i s to j u s t have 

Colin refer to the structure map, where the wells are as you 

c a l l them out. 

A Okay. 

Q I think we also need to correct t h i s map 

A Yes. 

0 — that says Maximum Gas Rate, but i t 

should read maxium o i l r a t e , Is that correct? 

A That i s correct. That i s noted in the report i t s e l f , that t h i s — that t h i s r e f l e c t s the maximum 

o i l rate i n barrels of o i l per day observed as production 

fro» the in d i v i d u a l wells. 

Now some of the wells have always been 

constrained i n producing by the statewide allowable, 702, or 

by the more recent allowable of 400 barrels of o i l per day 

on 640. So some of the well s , perhaps, have greater capa

c i t y than shown on t h i s p a r t i c u l a r map. 

The map does indicate p r o d u t i v l t i e s up to 

a maximum value of 600 plus barrels of o i l per day. 

In looking at t h i s I think we would see 

once again a wide v a r i a b i l i t y to — of the producing capaci-
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ties of the various wells. There i s a region of — an area 

of high productivities in the southern part of Township 25 

North, 2 West, the area around the Native Son Ko. 2, Native 

Son No. 1, Homestead Ranch No. 1. Those wells are certainly 

high productivity wells. There's also a very high producti

v i t y area up i n the northeast portion of the Gavilan Mancos 

Pool and the adjoining Canada Ojitos Unit area. Those wells 

also have demonstrated flow capacities i n excess of 5, 4-to-

500 barrels a day. 

But the thing that is also very striking 

i s that there are quite a large number of the Gavilan Mancos 

wells that don't have those types of flow capacities but 

have flow capacities less than 200 barrels of o i l per day. 

I f we look further to the east, we look 

at Canada Ojitos Unit wells, the ones that we have data for. 

We see that there are quite a large number of those wells 

that have very high flow capacities. We also show several 

other wells that are low flow capacity wells, which we are 

not sure i f those — i f that's because those are observation 

wells or whether they are simply wells in areas that are not 

highly fractured. 

In between those two areas we would like 

to note that there are several wells that have certain 

demonstrated low production capacities. Por example, i f we 

were to look i n Township 26 Hart, 1 West, Section 20, the 
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Canada Ojitos Unit No. 22 has never produced. We assume 

that that Is because i t ' s not capable of producing. 

We have, also i n that same township i n 

Section 32, the Canada Ojitos Unit No. 21. That well i s 

currently shut i n . I t ' s last producing rate was 6 barrels a 

day. I t had a cumulative production of 6000 barrels. 

As we move d i r e c t l y south from that we 

see the Canada Ojitos Unit Ho. 24. That well i s currently 

producing 4 barrels of o i l per day. I t ' a producing out of 

the A, B, and C Zones. I t has a cumulative production of 

300 barrels of o i l . 

We move further south to Sections 29 and 

32. We — there are two wells i n there. There's the Canada 

Ojitos Unit Ho. 28, which i s a very good well and produces 

i n excess of 600 barrels a day. 

There i s a Canada Ojitos Unit Ho. 25, 

also produces i n excess of 600 or appears to have c a p a b i l i t y 

i n excess of 600 barrels a day. 

These wells produce from the A, B, and C 

2ones. 

F i n a l l y we move to the southwest, to 

Section 31 of 25 North, 1 West. We have Canada Ojitos Unit 

No. 31. That well i s currently shut i n . I t s l a s t recorded 

producing rate was 6 barrels a day af t e r a cumulative 

production of 800 barrels of o i l . 
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Q Now I think you stated that there are 

wells i n the pool that produce or are capable of producing 

less than 200 barrels of o i l per day. 

A I , j u s t looking at i t , I would say that 

probably the majority of the wells i n the Gavilan Mancos 

Pool f i t t hat s i t u a t i o n . 

Q Would you expect wells that produce at 

less than 200 barrels a day to have 10 Darcy feet of reser

v o i r t r a n s m i s s i b i l i t y ? 

A Absolutely not. 

Q Mr. Greer has suggested that many of the 

wells could reach payout i n three months or less. Do you 

have any comment? 

A In the calculations or the calculations 

that Mr. Greer presented, he assumed wells that were capable 

of producing 400 barrels a day under t h e i r revised allowable 

of 702 barrels a day under the statewide allowable, and he 

calculated very s l i g h t pay out times for those wells. 

In practice there are only a l i m i t e d num

ber of wells i n the Gavilan Mancos area that actually have 

that kind of demonstrated production capacity. 

0 Would you now refer to the next map and 

explain what i t shows? That's the gas/oil r a t i o map. 

A The next map i s a map of gas/oil r a t i o s 

calculated based on December, 1986 production information 
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for wells in the Gavilan Mancos Pool and adjoining t i e r of 

sections along the western tier of sections for west Puerto 

Chiquito. 

In reviewing this inforiation we would see 

once again the highest GORs indicated by the biggest c i r c l e s 

and we, I think, would have our attention drawn to certain 

wells that are located in 25 liorth, 2 West, perhaps in Sec

tions 15, 24, and 26. These wells are wells that produce 

with — with GOR's generally in excess of 10,000 standard 

cubic feet per stock tank barrel. 

The f i r s t thing that we might be tempted 

to conclude from this i s that these are wells that are at 

the top of the structure, that we're having gas accumulate 

at the top of that structure and that we're having gas 

migration in the reservoir. 

That i s not our interpretation. We have 

wells that are equally high on structure interspersed with 

those wells that have the high gas/oil ratios. w© have 

wells that are high on structure down in Sections 34 and 35 

in Township 25 north, 2 West, that are very low in gas/oil 

ratio performance. I t does not appear to us to be so much a 

matter of the structural elevation as i t i s perhaps more a 

matter of well productivity, of well quality. 

The wells that are in Section 34 and 35, 

many of those tend to be some very good wells. Some of the 
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wells that are up i n the area where we have the larger c i r 

cles are low pro d u c t i v i t y wells. 

I^oving then to the northeast area around 

the Mallon wells i n Section 1, we see several of those wells 

with reasonably low GOR's, reasonably high pr o d u c t i v i t y 

wells i n that area. 

We in part take t h i s information to, you 

know, to conclude that there — the gas/oil r a t i o s are i n 

part associated more with low produc t i v i t y than they are 

with s t r u c t u r a l elevation. 

Q I f I understand you co r r e c t l y , are you 

saying that there are wells low on structure that are pro

ducing at GOR's higher than wells high on structure? 

A That's correct. 

MR. KELLAHIN: Mr. Chairman, I 

have resisted as long as I can. Mr. Lopez has t o l d us at 

the beginning of the day that he was going to l e t his w i t 

nesses t e s t i f y and yet every time he asks a question he tes

t i f i e s , he characterizes the testimony of the witness and 

then asks him to answer yes. 

That's not appropriate d i r e c t 

examination and I can't stand i t any longer. 

MR. LBMAY: Thank you, Mr. Kel

l a h i n , we a l l have d i f f e r e n t s t y l e s . I think Hr. Lopez can 

ask the witness, I didn't catch any leading there. I think 
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he — 

MR. KELLAHIN: You didn't? I'm 

sorry. 

NR. LEMAY: I just thought he 

was trying to move things along, but — 

MR. KELLAHINt All right, s i r . 

MR. LEMAY: — i f you would 

just ask the question — 

MR. LOPEZ: I wi l l watch that, 

Mr. Chairman. 1*11 be glad to watch that. 

MR. LEMAY: We'll appreciate 

i t , Mr. Lopes. Thank you. 

Q Let me ask you another question. Are 

some of the lower GOR wells producing at higher rates and 

vice versa? 

A Yes, they are. 

MR. LEMAYs Mr. Lopez, I 

thought that was the essence of Hr. Kellahin's objection. 

MR. LOPEZ: I just wanted to 

make sure (unclear). 

MR. LEMAY: I think you've (un

clear) i t . 

Q Sow, Mr. Hueni, I'd like you to refer to 

what has been — or the next map, map 6, which I think i s 

identified as a status map, and explain what i t shows. 
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A Okay. Figure 6, which we've t i t l e d as a 

Status Map, i s our estimation of which wells are being af

fected by the current r e s t r i c t e d allowable condition of the 

reservoir? which wells are producing at capacity. This i n 

formation i s taken based on the l a t e s t month's o i l and gas 

production reported to the state, as well as the number of 

days on production. 

So, f o r example, i f we see a well that 

has reported — that's been on production for 31 days, i t 

hasn't produced i t s maximum gas allowable or maximum o i l a l 

lowable, we've concluded that that well i s a l i m i t e d capa

c i t y w e l l . 

On the other hand, i f we see a well that 

has produced fo r perhaps only 15 days and i t ' s produced a 

volume equivalent to i t s monthly gas allowable, o i l allow

able, then we conclude that that well was being affected by 

the production r e s t r i c t o n . 

Once again we are presenting t h i s i n f o r 

mation as an in d i c a t i o n of a v a r i a b i l i t y i n well q u a l i t y . 

We have several wells which appear to be capacity wells. We 

have them somewhat interspersed with wells that are allow

able l i m i t e d wells. Certain of the allowable l i m i t e d wells 

— well — 

Q Okay, are there — are there a s i g n i f i 

cant number of wells producing at the reduced allowable? 
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A Yes, there are a s i g n i f i c a n t that are af

fected by the reduced allowable. Those are indicated by the 

red squares. 

Well© that are producing at capacity, as 

we would estimate i t , are indicated by green c i r c l e s , and 

certain wells appear to be, t h e i r capacities and t h e i r a l 

lowables, i t ' s j u s t quite d i f f i c u l t to t e l l whether they — 

they appear to be almost synonymous i n tha sense, t h e i r ca

pacity i s t h e i r allowable, and those are the wells that 

we've indicated by the yellow t r i a n g l e s . Certainly t h i s i s 

based on available data and doesn't necessarily take i n t o 

account wells that may be choked back on which we have no 

information about the fact that they are indeed choked back. 

Q Do you believe that the wells that are 

operating at capacity as shown i n the green on the map exhi

b i t 10 Darcy feet t r a n s m i s s i b i l i t y ? 

A no, i don't. 

Q Now l e t ' s turn back to Figures 12 and 13 

under Tab 2 and I'd l i k e you to explain what these two f i g 

ures are. 

A When we began our study, one of the 

things that we — that we wanted to do was to determine i f 

there was any kind of migration that was occurring l a t e r a l l y 

across the f i e l d . By migration I mean gas migration such 

that gas would be tending to move to the s t r u c t u r a l l y high-
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est parts of the Gavilan Mancos Pool. 

As a consequence one of the s t a t i s t i c a l 

plots that we made was a p l o t of the December gas/oil r a t i o 

production versus the elevation of the Hiobrara A, the Nio

brara A as mapped by Mr. Emmendorfer i n a preceding e x h i b i t . 

And so we have wells i n the Gavilan Han-

cos Pool with tops recorded between looks l i k e about +250 up 

as high as about +600 feet that have production GOR's recor

ded f o r 1986. 

That information i s reported on on t h i s 

p a r t i c u l a r p l o t . We've shown on the scale a plo t — a scale 

that goes from zero up to 40,000 standard cubic feet per 

stock tank b a r r e l . 

We see a couple wells that are very high 

i n t h e i r gas/oil r a t i o performance. Those wells are i n the 

range of S-to-600 feet above sea l e v e l , and i f those were 

the only data points that we had, we might conclude that 

yes, indeed, the gas was migrating to the upper part of the 

structure. So we look down and we see that also i n that 

range, 5-to-600 feet above sea l e v e l , there are many, many 

wells that are operating at gas/oil r a t i o s that are about 

the same as gas/oil r a t i o s of the wells that are deeper down 

i n the structure. 

We had looked at these individual wells 

and we had concluded that the majority of the wells that 
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showed very high gas/oil r a t i o behavior are wells that have 

very l i m i t e d production capacities. 

So once again, as we mentioned before on 

the gas/oil r a t i o p l o t , the presence of some high gas/oil 

r a t i o production i n our minds does not suggest that we're 

forming any kind of secondary gas cap or gas migration; i t 

suggests simply that we have some poor producers along the 

top of the Gavilan structure. 

I night — t h i s i s Figure I?.. Figure 13 

i s an expanded portion of the scale of t h i s same graph for 

those wells that had gas/oil r a t i o s i n the range of sera to 

10,000, and I think when we look at that that once again we 

don't derive any kind of s t a t i s t i c a l c o r r e l a t i o n between the 

gas/oil r a t i o i n December, anyway, and the s t r u c t u r a l eleva

t i o n of the w e l l . 

Q Does t h i s t e l l us anything about the l a 

t e r a l movement of gas throughout the reservoir? 

A Well, we believe that — we believo that 

i t indicates that there i s hoizontal migration of gas across 

the f i e l d such that i t ' s accumulating at the top of the 

structure at t h i s time. 

Q We've now looked at poolwide production 

performance and in d i v i d u a l well production performance. 

Could you now look at in d i v i d u a l zone or i n t e r v a l perfor

mance, and i n t h i s connection I refer you to Figures 14 
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through 16, and would ask you to explain what these show. 

A In performing t h i s study and t r y i n g to 

get the best understanding that we could of the Canada O j i 

tos Onit reservoir, r e a l i z i n g that i n the l a s t hearing there 

was c e r t a i n l y — c e r t a i n l y some unknowns regarding the pro

ductive i n t e r v a l , we encouraged a certain number of i n d i v i 

dual zone production tests to be run, and the three that 

were run that we have access to are shown on the next three 

p l o t s , Figures 14, 15, and 16. These individual 2one pro

duction plots were run on the Mobil L i n d r i t h B-73 Well. I t 

as tested separately i n the C Zone beginning March 6th, 

1987, and produced at the s t a b i l i z e d rate — w e l l , a rate 

s t a b i l i z e d for a period of about 13 days, of 10 barrels of 

o i l per day. 

The second well that was tested i n the C 

Zone was the Mallon Davis Federal Well, located i n Section 3 

of 25 North, 2 West. This well when i t was tested i n the C 

Zone produced at rates generally one barrel a day or less 

for a 20-day period beginning January 3rd, 1987. 

This well has also been tested i n the A 

and 8 and appears to be a noncommercial well producing from 

the A and 8 at 5 barrels of o i l per day. 

The t h i r d well was the Mallon Fisher Well 

located i n Section 2 of 25 North, 2 west, and t h i s p a r t i c u 

lar graph has two typographical errors i n i t . 
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F i r s t , at the bottom fo production pl o t 

we indicate production began November 3rd, 19?]?. Obviously 

that should be November 3rd, 1986. 

And also a f t e r about 21 days we indicate 

that the Niobrara A and C were open. That i s r e a l l y the 

Niobrara A and S were open. 

So the C production from the Fisher well 

occurred i n a period of 22 days — or a 22-day period begin

ning November 3rd, 1986. In t h i s case i t was a somewhat er

r a t i c production that averaged about 25 barrels of o i l per 

day over that period. 

When the Niobrara A and 8 were put on 

production the production increased up to rates i n excess of 

400 barrels of o i l per day. 

Q Is there any other information that pro

vides us f l u i d flow out of the individual zones, and i n t h i s 

connection I refer you t o , f i r s t , Figure 17. 

A Also looking at where the production was 

coming from there have been several production loge that 

have been run recently i n the Gavilan Mancos Pool and what 

we've t r i e d to do i s incorporated some of the — some of 

these as e x h i b i t s , begining with Figure 17, which i s a pro

duction log that was run on the Marauder Uo. 1, July 24th, 

1986. I t was run by Mesa Grande. I t i s what we c a l l a cap

acitance survey combined with a temperature survey. 
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Q Where i s the Marauder and f o r the Chair

man and Commission's ben e f i t , we s t i l l have Kr. Emmendorfer 

up at the structure map pointing out these indi v i d u a l wells 

and t h e i r locations. 

A Right. The Marauder i s located, I be

l i e v e , i n Section 7, Section 8, I'm sorry. Section 8, Town

ship 25 North, 2 West. 

This p a r t i c u l a r w e l l , the capacitance 

survey, change i n capacitance indicates a change i n the 

f l u i d column of the wellbore, the capacitance as i t — the 

capacitance curve as i t s h i f t s to the l e f t indicates a 

change from gas i n the wellbore to l i q u i d i n the wellbore. 

From t h i s e x h i b i t we see that there i s an 

abrupt change that occurs about 7,111 feet, which we've 

designated as the lowest point of gas entry. This 

corresonds basically with the bottom of the A Zone. The top 

of the A Zone i s located at about 7,050 feet. The top of 

the C 2one i s located down in the range of about 7,230 feet 

and i s indicated by the p r o f i l e on the temperature log. 

There i s no in d i c a t i o n of s i g n i f i c a n t f l u i d entry i n that — 

that p a r t i c u l a r region. 

G Would you refer to the next figure and 

explain what i t shows? 

A Figure 18 are the production log results 

previously referred to by Mr. Roe for the Homestead Ranch 
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No. 2 Well. We have included a similar section of the pro

duction log showing the spinner surveys indicated on the 

bottom of the graph and the f l u i d density survey is i n d i 

cated also on the bottom of the graph, and from t h i s p a r t i 

cular graph we note, as Mr. Roe di d , that there was a major 

point of gas and f l u i d entry that occurred at approximately 

6,770 feet where we had a considerable amount of gas enter

ing, as well as o i l entering. 

We see a s l i g h t amount of f l u i d entry be

low that point. Once again we would not consider i t very 

s i g n i f i c a n t , the amount of f l u i d entry below that point, 

p a r t i c u l a r l y down i n the C zone, to be p a r t i c u l a r l y s i g n i f i 

cant. 

Q And Figure 19. 

A Figure 19 i s the production log results 

run on the Benson-Montin-Grser Canada Ojitos Onit F Uo. 30, 

which i s located i n Section 30 of Township 25 North, 1 West. 

That p a r t i c u l a r production log i s unique of a l l the produc

ti o n logs we've run, televiewer surveys that we've taken, 

in d i v i d u a l zone tests that we've made, t h i s i s the only well 

that we've noted that has had demonstrated s i g n i f i c a n t pro

duction out of the C Zone.. i n t h i s case t h i s w e l l , which I 

believe was producing i n excess of 400 barrels a day, re

cords approximately 83 to 85 percent of the o i l coming from 

the C 2one. I t also records about 15 percent of the o i l 
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production cowing from the A Zone, and i t indicates that es

s e n t i a l l y , w e l l , the vaot majority of gas is also coming 

from the A Zone, as w e l l , the top perforation i n the A 2onc. 

Q And would you refer to Figure 20 and 

explain that? 

A Figure 20 i s a production log run on 

another Canada Ojitos Unit w e l l , the Benson-Montin-Greer 

Canada Ojitos Unit Well Ko. N-31, located i n Section 31 of 

Township 26 North, Range 1 West. 

This p a r t i c u l a r production log as opposed 

to the preceding log, indicates essentially no production 

coming frora the C Zone, or at least very minor C ?,or\& o i l 

production. 

I t shows o i l contribution fros* the B Zone 

and i t shows a considerable amount of o i l contribution 

coming — the majority of the o i l contribution coming from 

the A Zone. 

I t also shows that essentially a l l of the 

A Zone, or a l l of the gas that's being produced by th i s well 

is being produced out of the top perforation i n the A Zone. 

Q And then Figure 21. 

A Figure 21 i s the f i n a l production log 

information that we had available to us. This production 

log was run on the Mobil L i n d r i t h B-37 v?ell i n March — 

w e l l , on March 20th of 19 87. 
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What we have on the lefthand aide of that 

p a r t i c u l a r log summary are the perforations, the points of 

f l u i d entry, and then on the righthand aide we have a column 

that's designated percent gas and percent o i l , and what we 

see i s , we see a high percentage gas for down to a depth of 

about 6,713 f e e t , a moderate o i l percentage, and then we 

pick up i n o i l percentage below that and we — we have a d i 

minished percent gas. 

Q What can we conclude from a l l t h i s i n f o r 

mation you've j u s t presented us? 

A Well, once again the f i r s t t h i n wa wanted 

to do i n doing t h i s study i s we wanted to t r y and gain sonie 

sort of physical understanding of how the reservoir was per

forming. 

Prom the individual zone tests, from the 

production logs, from the televiewer information, we have 

concluded that i n the Gavilan Mancos Pool that the € Zone i s 

at best minimally productive. 

The second thing we've concluded i s that 

where — f o r the majority of the wells that we have informa

t i o n on, that the production that's coming i n t o the wellbore 

generally shows that the gas i s coming i n through the high

est set of perforations that are open to the wellbore. I t 

i s not coming i n through a l l the perforations. 

Q I think we've now talked about production 
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Ia there any other data that you've examined that relates to 

reservoir performance, and I would ask you to refer to the 

next Figure 22. 

A Figure 22, Figure 22 i s a p l o t of 

recorded pressure information pl o t t e d versus time at which 

the pressures were recorded. We have the individual wells 

on which pressure surveys were done recorded according to 

d i f f e r e n t symbols anu d i f f e r e n t colors. Vie have a legend 

that's shown on that graph. 

We see a — i n c i d e n t a l l y , the scale on 

t h i s runs from zero psi to 2000 p s i , whereas the preceding 

— one of the preceding exhibits presented by Mr. Roe had a 

very expanded scale that ended at a pressure of 1,040. 

We see a pressure trend for the wells i n 

general. Many of the wells show very similar pressures. 

These pressures represent i n some cases the results? of 

pressure build-up surveys; i n other cases the result of 

s t a t i s pressure surveys. 

We have two points that are sort of on 

the upper righthand portion of the graph sort of o f f by 

themselves, maybe upper lefthand portion i f you're looking 

the f igure v e r t i c a l l y — i f your paper is held up 

v e r t i c a l l y . Those two points represent pressures taken i n 

tha Davis Well, Mallon Davis Well, located i n Section 3 of 
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25 Horth, 2 West, during t e s t i n g operations i n the C Zone. 

There i s obviously some concern that t h i s 

follows a frac job, that the reservoir at t h i s point i n time 

may be supercharged. on the other hand at t h i s point i n 

time we're not sure whether that represents true C Zone 

pressure or whether i t i s j u s t simply the e f f e c t of super

charging. 

In subsequent calculations that we've 

done we have taken the trend i n pressures that we've shown 

on t h i s p a r t i c u l a r p l o t , a l l of which were reported to a 

datum pressure of plus 370 feet above sea l e v e l , and we have 

used a trend l i n e average through those points i n performing 

several additional calculations. 

Q Why i s the pressure declining more rapid

ly since 1985? 

A Well, I think i t ' s very simply that we've 

had an increased rate of depletion from the f i e l d . Later on 

we w i l l be presenting the same pressure information versus 

cumulative withdrawals taken from the f i e l d and when we take 

into account the fa c t that withdrawals have increased, the 

pressure decline has not been as dramatically affected as i t 

appears i n the pressure versus time p l o t . 

Q Would t h i s decline i n pressure seem 

abrupt i f i t were plot t e d against cumulative o i l production? 

A m , no, i t wouldn't. 
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Q The performance data, that you've reviewed 

that the C Zone i s marginally productive and that the major

i t y of the production i s derived from the A and 8 Zones, Mr. 

Greer has stated that you previously t e s t i f i e d that the pro

duction i n the Gavilan Mancos Pool was derived from a 600-

foot i n t e r v a l , would you care to corament about that? 

A Yes, I would. A l l — when wa did our 

f i r s t study i n August of t h i s past year there was not nearly 

the asnount of t e s t i n g that had been done i n the Gavilan Man

cos area, which was available for i n t e r p r e t a t i o n . 

In order ot perform calculations that de

termined how f a s t gas and o i l might segregate w i t h i n the 

Gavilan Mancos Pool, we need to have some estimate of v e r t i 

cal permeability and i n order to make an estimate of v e r t i 

cal permeability based on pressure build-up surveys that we 

had analyzed, i t was necessary for us to assume a thickness 

value. 

Row, i f we assume a thickness value that 

i s the maximum, then we calculate out the minimum permeabil

i t y value, v e r t i c a l permeability value, and consequently, 

when we use that i n our calculations, we re s u l t in the most 

— i n a conservative answer, an answer that wouldn't, do dam

age to the reservoir. 

So when we said that we used a 600-foot 

i n t e r v a l , we were doing — we were using that number not be-
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cause we necessarily knew that the flow was coming out of a 

600-foot i n t e r v a l , but so that we would have an answer that 

would c e r t a i n l y not be something that could cause damage to 

the reservoir, and what I'd l i k e to quote i s section or i s a 

part of the tr a n s c r i p t i n which I discussed that, stating 

simply that we used a 600-foot i n t e r v a l as perhaps the maxi

mum thickness that we saw production — productive out there 

i n order to a r r i v e at a permeability. By di v i d i n g by 600 

feet we ended up with a lower permeability estimate than we 

would of had we used, say, 200 feet or 300 feet . We frankly 

are not sure what the ov e r a l l producing i n t e r v a l thickness 

i s ourselves, but we f e l t that we would err on the conserva

t i v e side, get a lower permeability, i f we used the maximum 

thickness that I s t y p i c a l l y perforated by many operators out 

there. 

Q What page i s that of the August tran

s c r i p t ? 

A That i s Page 130 of the August tran

s c r i p t . 

Q One f i n a l question with respect to t h i s 

section. 

The pressure decline that you've de

scribed, what i s i t i n d i c a t i v e of? 

A Well, i f we refer to Figure 22, we see a 

rapid pressure versus — pressure versus time decline. we 
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also see a decline when we p l o t pressure versus cumulative 

production, and what our analysis shows, and which we had 

proved l a t e r on, that t h i s i s simply the fact that we are 

depleting a reservoir that i s not large i n s ize . We are 

dealing with a dual porosity system. There is not a high 

o i l content that we have to work wi t h . There's not a large 

amount of o i l i n place. v,»e are — we have high p r o d u c t i v i 

t i e s because we do have a fracture system and consequently, 

as we might expect, the pressure i s going to drop down, down 

rapi d l y because we have a l i m i t e d amount of o i l i n place to 

work w i t h . 

MR. LOPES: Hr. Chairman, I 

think t h i s concludes our testimony with respect to Section 2 

of the report and t h i s might be a good t i n e to take a break 

i f we're going to go on to Section 3, or on at a l l . 

MR. LEMAYJ Okay, we'll take a 

13 minute break. 

(Thereupon a 13 minute recess was taken.} 

MR. LEMAY: We'll continue with 

d i r e c t examination — d i r e c t testimony, Ht . Lopez. 

m . LOPES: Thank you, Mr. 

Chairman. 

0 Mt. Hueni, I think before you provided us 
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with performance information that was available for analy

s i s . Could you now t e l l us what the next phase of your 

study was. 

A The next phase of our study was to a t 

tempt to describe the physical characteristics of the Gavi

lan Mancos Pool. These c h a r a c t e r i s t i c s , when we then ana

lyzed for f i e l d performance, should give us performance con

si s t e n t with what's been observed. 

So the next phase of our investigation 

was description of reservoir c h a r a c t e r i s t i c s . 

Q Would you care to comment on the type of 

flow system we're dealing with, and i n t h i s connection I 

would refer you to Figure 23 under Section 4. 

A Was that — 

Q Or under Section 3. 

A After a considerable amount of study and 

investigating the characteristics of other types of flow 

systems, such as single porosity systems, with single 

porosity representing either a fracture system present i n 

the reservoir or investigating a single porosity system 

where matrix was the only type of rock present i n the 

reservoir, we have arrived at the conclusion that what we're 

dealing with i s a dual porosity system, and th i s system i s 

what we c a l l a system that consists of a high capacity set 

of fractures combined with a low flow capacity matrix. 
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How, by matrix, wa once again don't use 

perhaps the classical intergranular definition of matrix, 

although that may indeed be a part of the matrix component. 

Matrix i s also taken to include microfractures as well as 

low capacity or low permeability fractures that are just 

much lower permeability than high — high capacity frac

tures. 

Figure 23 is a schematic of the type of 

reservoir rock flow system that a dual porosity system is 

set up to t r y and describe. This particular figure is taken 

from a paper published by Warren and Root that describes 

dual porosity system. This particular figure shows a cube 

of reservoir rock that contains, obviously, a very high 

capacity fracture, which is shown intersecting the cube. 

I t also contains some vugular porosity, 

which in the case of the Gavilan Mancos Pool we don't — 

don't see being present here. 

I t also contains some matrix material 

which is going to be much lower flow capacity than the — 

than the high capacity fracture system, and i t also contains 

at the very top, shows more or less a crack or a low capac

i t y fracture, as well. 

Sow the importance from our standpoint, 

from the engineering standpoint, the important distinction 

is not one based on the type of porosity, whether we're 
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dealing with intergranular porosity or a microfracture type 

porosity, i t ' s simply that we have two different flow capa

city systems that are present in the reservoir. 

We have a high capacity flow system. We 

have a low capacity flow system, and that i s — that i s a 

parameter that we identify when we talk about a dual poro

sity system. 

Q Do you wish to comment further on the 

rock properties and in connection therewith discuss what you 

understood Mr. Greer to view the tight block system in the 

Gavilan Mancos? (sic) 

A Right. Yes. We have handed out under a 

tab thats marked "Other Exhibits* a quote from a paper that 

was published by Mr. Greer along with Hr. Gorham and Mr. 

Woodward, nr. Callender, t i t l e d Fracture Permeability in 

Cretaceous Rocks of the San Juan Basin. 

I t has a section in there that discusses 

drainage of tight fracture blocks and i t makes note, as 

we've highlighted, a substantial amount of o i l might be 

contained in the low permeability fracture blocks..." and 

just stopping i t at that point, that i s simply the same type 

of system that we are trying to describe with our dual poro

sity model, that we have two different types of rocks, one a 

high capacity fracture system through which flow can occur 

quite rapidly, and then a second, a low capacity type system 
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which feeds int o that higher capacity system and then 

through which f l u i d s can move to the wellbore. 

Q Before we go any f u r t h e r , there's been 

considerable discussion of the d i f f e r e n t types of producing 

mechanisms i n the Gavilan Mancos Pool. Since i t ' s possible 

that not everyone i s not real sophisticated regarding these 

concepts, would you take a moment to further explain these 

to RKS and i n t h i s connection I would refer to Exhibits 24 

through 28? 

h Right. We're going to look at Figures 24 

through 28, which presents some schematics of the d i f f e r e n t 

types of flow systems that we might expect to encounter i n a 

reservoir and we — what we're t r y i n g to do i s decide which 

of the types of flow systems that we have pictured here are 

we r e a l l y seeing prevalent i n the Gavilan Mancos Pool. 

I n c i d e n t a l l y , Figures 27 and 28 are not 

numbered, they j u s t follow sequentially a f t e r Figure 26. 

What I'd l i k e to look at f i r s t i s Figure 

24. I t i s a schematic of a single porosity system. This i s 

the type of porosity system that i t ' s my understanding has 

been described by the Sun simulation model and i t i s a sys

tem where the pore space i n the rock i s basically a l l asso

ciated with the fracture system i t s e l f , and i n i t i a l l y that 

pore space may be f i l l e d up with o i l , which we've designated 

by the green color, and then as we withdraw o i l from that 
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block, and we drop the pressure below the point at which gas 

comes out of solution, that gas, because of the high capa

ci t y of the fracture system and given vertical communica

tio n , then that gas w i l l just by the density difference seg

regate to the top of the system i t s e l f , so the gas w i l l 

overlie the o i l in the fracture system i t s e l f . 

And this is not only a single porosity 

system showing a fracture, but i t is also showing what we 

c a l l gas segregation v e r t i c a l l y within the producing inter

val . 

Now this is the way the reservoir, a ver

t i c a l section of the rock might look early in the l i f e of 

the reservoir where we have gas on top of the o i l . The gas 

w i l l mvoe to the wellbore at one rate? the o i l w i l l move at 

a different rate. 

The second, the second schematic, which 

is Figure 25, is the same single porosity system except now 

we are much later in the l i f e of the f i e l d . we w i l l have 

the gas once again having segregated to the top, the o i l at 

the bottom, and we w i l l have o i l flowing out of that bottom 

section more or less unimpeded by the presence of gas and 

gas flowing out of the top section more or less unimpeded by 

the flow of o i l . 

Once again this is gas segregation and 

this represents later in the l i f e of the producing reser-
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v o i r . The gas/oil r a t i o performance for t h i s type of reser

voir i s not going to he the rapidly increasing gas/oil r a 

t i o s that we expect to see i n a solution gas drive f i e l d , 

t h i s w i l l be a much more moderate increase i n gas/oil r a t i o 

performance and we'll demonstrate that l a t e r on. 

The next f i g u r e . Figure 26, i s intended 

to represent the same single porosity system but t h i s i s a 

system that i s produced so f a s t that the gas i s not given 

s u f f i c i e n t time to migrate to the top of the — top of the 

formation, so that rather than having t h i s opportunity to 

move v e r t i c a l l y upward, i t i s produced rapidly horizontally 

across the system and then comes out of the producing i n t e r 

val uniformly, more or less uniformly d i s t r i b u t e d across the 

v e r t i c a l i n t e r v a l . 

tfe show that both o i l and gas are flowing 

concurrently at the same point i n the reservoir and the fact 

that we have both o i l and gas flowing at that point, the 

flow, the presence of both f l u i d s Impedes the flow of the 

ind i v i d u a l f l u i d s and the presence of gas tends to impede 

the flow of o i l more, so that the gas slows down the o i l , 

the gas moves r e l a t i v e l y a l i t t l e b i t faster, and i n t h i s 

kind of system we expect to see a rapid increase i n gas/oil 

r a t i o . 

So t h i s would be a system that i s a solu

t i o n gas drive system, single porosity, and we do not see 
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gas segregation. So what we t r i e d to draw here, f i r s t the 

single porosity model, what i t looks like? second, the d i f 

ference between ga® segregation and solution gas drive. 

Now we'd l i k e to turn to Figure 27. This 

f i g u r e i s more the type of system that we believe exists i n 

the Gavilan Mancos Pool. We believe i t ' s a much ore complex 

system than j u s t simple, simple fractures. 

This i s the representation of a dual por

o s i t y system. The ind i v i d u a l cubes that we see there repre

sent what we c a l l the matrix, or what we'll j u s t say i s a 

low capacity flow system. Fluid w i l l not flow readily out 

of those — out of those in d i v i d u a l cubes. 

Separating the cubes sort of i n an i d e a l 

ized fashion both i n a horizontal sense and a v e r t i c a l 

sense, are high capacity fractures through which flow to the 

wellbore occurs. The flow, once again, i s from the matrix 

i n t o the high capacity fracture system and then through that 

high capacity fracture system to the wellbore. 

So what other people have talked about as 

drainage i n t i g h t blocks i s r e a l l y the expelling of o i l out 

of matrix i n t o the high capacity fr a c t u r e , then moving to 

the wellbore i t s e l f . 

What we've shown i n Figure 27 i s a system 

as i t might i n i t i a l l y eKist when the pressure i s above the 

bubble point pressure a l l gas i s contained dissolved i n the 
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o i l . 

We've represented the o i l by the green 

dots as contained i n the matrix to indicate that i t i s per

haps associated with some type of matrix porosity and then 

we f i l l e d fractures with o i l indicated by the green. 

As we s t a r t to produce a system l i k e 

t h i s , we see what — very l i k e l y what w i l l happen and what 

we believe i s happening i n the Gavilan Mancos Pool, and that 

i s Figure 28. 

As we produce t h i s reservoir we drop to 

pressures that are less than the bubble point pressure and 

gas w i l l no longer be completely dissolved i n the o i l so 

that we w i l l have the presence of a free gas phase i n the 

reservoir. That free gas phase w i l l e x i s t both i n the f r a c 

ture system as well as i n the matrix system. 

The matrix system i s very low capacity. 

I t doesn't have a great deal of flow capacity, so i t i s not 

going to segregate w i t h i n the individual blocks. Basically 

what we're going to form i s what we c a l l a gas saturation, 

where we have a c e r t a i n percentage of the pore space occu

pied by — by gas and a f r a c t i o n are occupied by o i l . As 

the pressure drops i n t h i s system o i l and gas are expelled 

from the matrix flowing i n t o the high capacity flow system 

and then as i t enters the high capacity flow system, because 

of the large amount of v e r t i c a l t r a n s m i s s i b i l i t y , at least 
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w i t h i n the producing i n t e r v a l , i t w i l l — gas w i l l segregate 

v e r t i c a l l y to the top of the system. 

Now one of the reasons we say that we 

have a dual porosity system, or one of the evidences that we 

have that we have gas segregation, i s that we do have gas 

flow occurring i n t o the top perforations i n the wellbore, 

in d i c a t i n g that the gas i s segregating to the top, top of 

the system and the o i l i s staying at the bottom of the sys

tem. 

One of the points that we would make is 

that there i s no way that the o i l and gas can move out of 

the matrix blocks unless the pressure i n the fracture sys

tem i s less than the pressure i n the matrix blocks. There 

i s no pressure d i f f e r e n t i a l to drive that with unless that 

occurs. 

So i n order to real i z e maximum benefit 

from the low permeability matrix system, we end up having to 

— having to have a pressure drop. Then once again, when we 

get i n t o the high capacity flow system, we have segregation 

occurring and when we — when the f l u i d reaches the wellbore 

the gas i s more than l i k e l y p r i n c i p a l l y segregated on top of 

the o i l . 

The distance that we're t a l k i n g about, we 

need to keep i n mind that we're t a l k i n g about f a i r l y large 

horizontal distances here between wells. We're f i g u r i n g 20-
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acre spacing i s 2000 f e e t . That gives quite an opportunity 

i n o i l moving that — that distance to a wellbore, i t also 

gives i t a good opportunity f o r gas to move v e r t i c a l l y up

ward to the upper reaches of whatever the continuous i n t e r 

val of fracture i s . 

Q One of the other reasons you indicate 

that we have a dual porosity system i s that you ran some 

foregoing compressibility studies. Would you comment about 

t h i s , please? 

A Yes. Well, I'd l i k e to say that we do 

believe that we have a dual porosity system. We believe i t 

not on the basis of any one piece of evidence. We have — 

we consier several pieces of evidence that include the core 

descriptive studies of — that have been described previous

l y by Mr. faulhaber; by the information presented previously 

by Hr. Emraendorfer; we also have the televiewer logs which 

indicate that we have a high i n t e n s i t y fracture system which 

would allow, then, even very t i g h t matrix to coramunicate 

with these fractures. 

We have a somewhat analogous description 

of a dual porosity system by Mr. Greer, and then i n addition 

to t h a t , we have — we have some tests that were — we com

missioned Terra Tek Laboratories i n Salt Lake City to run 

for us, and that information i s presented i n Appendix B. 

One of the reasons that we asked Terra 
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Tek to complete t h i s study i s that we did not fe e l that we 

had necessarily any — any highly r e l i a b l e values for rock 

compressibility, p a r t i c u l a r l y rock compressibility that 

might include a fr a c t u r e , and rock compressibility, while 

many authors tend to think that that's not an important 

quantity, i n a system that i s a fractured system, i t can be

come extremely important. We wanted to be sura that the 

tests were carried out properly. The f i r s t l e t t e r under the 

Terra Tek report i s a l e t t e r addressed to me from the pro

j e c t engineer describing the procedure that they followed i n 

performing the pore volume compressibility t e s t . 

And the g i s t of t h i s l e t t e r i s that they 

exercised caution to make sure that none of the formation 

was damaged, that they didn't create any hydration cracks i n 

the core samples before they — they actually tested them. 

They also make the point that some of the 

results that they present here i n terms of answers are going 

to be on the low side i n terms of the values of rock 

compres s i b l l i t i e s . 

One of the things that we're going to see 

in a second i s that rock compressibility very well i s on the 

order of ten times greater than i s — than any value that's 

ever been used up to th i s point i n the Gavilan area. 

The f i r s t l e t t e r , as I said before, pre

sents a summary of the preparation, core preparation, and 
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ume compressibility t e s t s . 

Following that i s a report which they 

submitted to us and t h i s report deals with three, what we 

c a l l pore volume compressibility measurements, and these 

three pore volume compressibility measurements were run. 

Two were f u l l core measurements, one run on a core that was 

prim a r i l y a s i l t y shale and sand that occurred i n the B 

Zone, and that i s the Number 1 core described under the i n 

troduction to the report, Number 1, Full Diameter Fractured 

Core, S i l t y Shale and Sand, depth 7,087 feet out of the 

Davis, Mallon Davis Well, that i s a B Zone core. 

The second F u l l Diameter Fractured Core 

occurred i n the shale zone. Depthwise i t was at 7221, which 

represented an i n t e r v a l i n the C Zone. 

Fina l l y they ran a core plug sample to 

determine matrix pore volume compressibility from a depth of 

73 — or 7,338.7 feet , and t h i s i s also sort of i n the lower 

part of the C section. 

Under test procedures, a l i t t l e b i t 

further down that page, about a quarter of the way from the 

bottom, i t talks about number of hours required to flow a 

volume through the sand core at a very low i n j e c t i o n 

pressure of 5 p s i , indicated high permeability. This was a 

B Zone core. 
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The second sample, which was C Zone, 

cleaned up a f t e r 120 cc's, which two days were required to 

flow t h i s volume at 75 p s i , in d i c a t i n g much lower permeab

i l i t y i n the C section. 

Now, they then went through and conducted 

the t e s t and what they do i n a te s t l i k e t h i s i s they satu

rate the samples with f l u i d and then they exert a 

hydrostatic pressure, they put a hydrosttic pressure on the 

outside of the sample, and as they put a higher pressure on 

that sample, then i t causes f l u i d to be extruded, or ot 

extruded, but I guess they use the word {not understood) 

from the sample; i n other words, discharged frotn the sample, 

and t h i s i s something they measure. 

How the significance of this kind of te s t 

i s that i t i s run at high pressures, high net overburden 

pressures, representing i n s i t u conditions i n the reser

v o i r , and we would conclude that i f we see flow through the 

system at these kind of net overburden conditions, i f even 

though we may have a low porosity, then we would have to 

consider that that i s evidence that matrix flow is actually 

occurring, can actually occur at the pressure levels that 

occur w i t h i n the reservoir i t s e l f . 

So they carried out these tests and I ' l l 

show you the results of them in j u s t a second. 

Under the remarks and conclusions, 
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though, while we're looking at this — this section, the 

very last remark and conclusion on the final page states, 

"Last, but not least, i f the samples are representing the 

reservoir, we may conclude that fracture and matrix porosity 

are of the same order of magnitude, and both less than 3 

percent. Very likely the fracture porosity i s less than 

that of the matrix. Matrix contribution to the production 

of o i l w i l l be noticeable provided the fracture system i s 

well developed and relatively dense." 

Now, this we consider to be a fai r l y sig

nificant conclusion; came from Terra Tek. We recognized 

Terra Tek in another place. I t also reported that there was 

no matrix porosity, so in order to feel comfortable with the 

results that Terra Tek had provided us, we asked Amoco to 

take a look at the petrographic work that had been done by 

Terra Tek and to provide us with their conclusions. 

And the Amoco letter documenting their 

conclusions follows the Terra Tek report in the last two 

pages. This letter was sent to me by John Thomas, the 

regional petrologist for Amoco after studying samples from 

cores from the Amoco J i c a r i l l a Apache A-118 No. 14, which i s 

near the northeast Ojito Gallup Dakota Pool, after studying 

the Mallon Davis Federal 3-15 information, and after study

ing thin sections from the Mobil Lindrith B-34 Well, as 

well. 
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Thia l e t t e r describes the matrix porosity 

system which Mr. Thomas notes i n t h i s p a r t i c u l a r rock and in 

the f i n a l paragraph he notes, " I n summary I do not believe 

the Gallup Mancos reservoir i n the Gavilan and West Puerto 

Chiquito Pools i s a simple megafracture-drainaga network. 

The microfracture and intergranular pore spaces must be i n 

terconnected with the megafractures.* 

So once again reviewing the pore compres

s i b i l i t y information, ve concluded that we had matrix con

t r i b u t i o n and that we could obtain — we could obtain flow 

ftom the matrix at reservoir conditions. 

Mow, i f 1 could ask you to turn back to 

the — 

Q Excuse, me, Mr. Hueni, before you leave 

that l e t t e r , I think — i s i t not true that there i s a typo 

on the second page, the Mobil L i n d r i t h Unit B, i t ' s B-3B not 

13-34. 

A That's correct. That's correct. IV, 

sorry. That's r i g h t . We — Mr. Thomas was sent approxi

mately 40 t h i n section samples from Mobil to investigate and 

those were from the 8-38 Well. 

0 Okay, I'm sorry. Please continue. 

A I'd l i k e to retu r n , then, to Section 3 of 

the report and s p e c i f i c a l l y to Figures 29, 30, and 31. 

Figure 29 are the results obtained from 
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the Terra Tek report, reflecting the poor compressibility 

mesureraents on the f u l l core sample, the sand sample, that 

occurred at a depth of 7,087. 

the second, or the next figure, which 

would be Figure 30, is the f u l l core shale sample, and then 

the f i n a l one is the core plug results. 

How, what we have, i f we look at Figure 

29, i s we show on the lefthand column something w® c a l l ef

fective stress and what effective stress means, i t is the 

difference between the external pressures exerted on a test 

c e l l and the pore pressured of the f l u i d within tho test 

c e l l . 

So in other words, we are simulating a 

large amount of overburden pressure by doing this type of 

test, and as we increase the overburden pressure, what that 

has to do is i t has to reduce the pore volume of the rock 

and i t has to causes volume to be what we c a l l eluded from 

the sample, giving rise to the incremental and cumulative 

columns that we see on the — on the test, or on the columns 

2 and 3 off that. 

From that we can calculate what we c a l l 

compressibility. Compressibility is the rate at which the 

rock volume w i l l change per unit volume of rock per psi 

pressure change, and those numbers, then, are shown as the 

hydrostatic compressibility and also knowing the i n i t i a l 
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porosity of the system, which the sand sample was 2.OA per

cent, we could see then how the porosity diminishes with i n 

creasing overburden ar; would be reflected in the reservoir 

i t s e l f . 

So in t h i s case at the 4200 psi e f f e c t i v e 

stress l e v e l , the porosity has diminished from ?, percent 

down to 1.45 percent. 

Tha hydrostatic compressibility values 

that we see down at the 4,200 range i s 50 times 10 to the -6 

i n reciprocal psi un i t s . This value i s — the values that 

we've heard quoted previously for — w e l l , the value that 

was used i n the sun study, simulation study, was a value of 

10. The value that Mr. Greer quoted was a value of, I be

li e v e , and I hope I'm not misquoting t h i s , i n the range of 6 

to 10. 

We have values of 50, and i f you r e c a l l 

back to the l e t t e r of Terra Tek, they said that t h i s value 

would be pessimistic. In other words, t h i s ir, goinq to he 

on the low side. The true compressibility of the system i s 

going to be greater than t h i s and i n our estimation af t e r 

doing several modeling runs t r y i n g to obtain a match of per

formance, ' w© believe i t ' s on the order of 100 times 10 to 

the -6, which i s a value that i s approximately 10 times the 

values that have t r a d i t i o n a l l y been used in t h i s area. 

I might add that there are also coreela-
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tions that are available to estimate fracture compressibil

i t y and those correlations give numbers similar to the re

sults of the Terra Tek report, so we have no reason to 

necessarily question them. 

I f I could turn, then, skip over the 

shale sample, because once again we don't necessarily be

lieve that the C Eons is going to ba productive, and turn to 

Figure 31, what I have is the rock compressibility informton 

for core plug. How this core plug was selected so that we 

didn't have any kind of fracturing and what we did is we ran 

this test from an effective stress level of 300 up to 6000 

psi, and what we saw, that even at S000 psi we were s t i l l 

squeezing f l u i d out of tho — out of the pore space of the 

core. Sow this is — t h i s is once again reflective of 

reservoir conditions and i t very clearly shows that f l u i d 

w i l l flow out of a — out of this matrix type rock at condi

tions that are reflective of reservoir conditions. 

show on here compressionity values 

and on compressibility values for the core sample, we move 

across — well, we could move down to the effective stress 

level of 6000 and across to the f i f t h column, which i s 

designated as uniaxial compressibility, and we would see 

that the value of compressibility in this — on this p a r t i 

cular sample was on the order of 135 times 10 to the -6, a 

value ten times what has tra d i t i o n a l l y been used in th© Gav 
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ilan Mancos Pool. 

So both the fracture system, which we 

looked at previously, which — which we said we believe i s 

on the order of 100, as well as the matrix, both of these 

numbers are very large. 

Mow we can also see what happens to the 

matrix i t s e l f as i t is subjected to increasing overburden 

pressure as shown by the porosity column on the far right. 

At 300 pounds net overburden conditions we have 2.6 percent 

porosity. As we go to higher and higher net overburden con

ditions, the porosity diminishes considerably. What we be

lieve is the effective stress level in the Gavilan Mancos 

Fool at the time i t was discovered i s on the order of 5,200 

psi, and i f we read across that 5.200 psi column, wa would 

see that that 2.6 percent porosity rock probably has had i t s 

porosity diminished down perhaps to as low as 26-5 percent 

porosity. 

So we recognize very well that in this 

study that we are dealing with in the matrix a very low por

osity system. I t ' s going to be a very ti g h t porosity sys

tem, and consequentially i t w i l l not produce unless there 

are highly developed — there's a highly developed high cap

acity fracture system in the v i c i n i t y of this particular 

type of rock. 

Wow, f i n a l l y , the f i n a l comment that I'd 
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l i k e to stake with respect to pore volume compressibility 

measurements i s I'd l i k e to make with reference to Page 3.5 

of our report. 

Q Would you want to skip over to Figure 32 

and look at that? 

a No, I didn't. I'm sorry, I apologize. 

IC we could look at Figure 32, then I'd 

l i k e to look at Figure 3.5. 

Figure 32 is the plug analysis presented 

from the Terra Tek study of the Mallon Davis core and t h i s 

plug analysis reported several values of permeability and 

porosity for these d i f f e r e n t , these individual core plug 

samples. Many of then were not considered r e l i a b l e due to 

dehydration cracks a f f e c t i n g permeability measurements. 

Those are noted i n the t h i r d column from the lefthand side 

of the page with the notation 3, or the superscript 3. 

There are, however, several additional permeability and por

o s i t y values that are r e f l e c t i v e of the — of the matrix — 

matrix, or the — yes, of the matrix permeability and poro

s i t y . 

flow, i f we were to take the v a l i d — the 

readings that we consider more or less v a l i d , then we would 

— we could average out those twelve readings and we would 

come to a value for permeability of about .01® m i l l i d a r c i e s 

from the core plug samples and w® would come to a porosity 
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reading of about 2.6 percent porosity. 

!$ow, i f we could turn to — back to page 

3.5, the question i s how much i s the permeability, t h i s 

value that's already p r e t t y small, the .018 m i l l i d a r c i e s , 

how much i s that reduced by putting — subjecting the rock 

to so«e f a i r l y high level of net overburden pressures 

r e f l e c t i n g the i n i t i a l conditions of Gavilan. 

And on Figure 3.5 the f i r s t thing I'd 

l i k e t o note i s we show a formula and we snow a formula 

that's been quoted before, sometimes not i n i t s correct i n 

t e r p r e t a t i o n on the Gavilan Mancos Pool. The porosity i s 

related to the cube root of permeability. This i s true for 

a fracture system of fixed density and a fixed fracture den

s i t y . And what we've assumed, and t h i s , I thi n k , i s a f a i r l y 

conservative assumption, that a l l of the porosity that's 

contained w i t h i n the matrix i s microfracture porosity and 

consequently what we've done i s we've taken t h i s cube root 

r e l a t i o n s h i p , take the pereraabilitiss that we've measured, 

f i r s t the value of Phi 1, the 2.6 value, i s a value that we 

measured i n the Terra Tek samples, tha average of the twelve 

samples, and we've divided that by Phi 2, which i s the .64 

value that i s the value at net overburden conditions 

r e f l e c t i n g the Terra Tek pore volust© compressibility 

measureeienta, and then we've taken the value of Kl and that 

should read .018 tailldarcies instead of .18. that needs to 
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OQ corrected. 

And we've corrected that, then, to tbe 

permeability that we show aa K2, which ia a value of .0003 

millidarcies, or .3 of a csicrodarcy. 

Sow that is i f we assumed this conserva

tive relationship on cube root of permeability, that is the 

value of permeability that we would — would have indicated 

from the core plug analysis. 

Sow we dont — I think I need to make i t 

clear that we dont necessarily believe that th© matrix co»-

ponent in the Gavilan Mancos Pool is s t r i c t l y this micro

fracture intergranular matrix that we nay have measured in 

the core plug. We also suspect that there are going ot be 

fractures i n that area that are going to be lower capacity 

fractures in this tremendus high capacity fracture system 

that we have. 

And so the value that we have, this — 

the value of the permeability that w® have currently in our 

work, i n our engineering work, is not quite as low as the 

type of matrix permeability that wa are able to get iraore 

than sufficient flow out of the matrix and into the fracture 

system to.duplicate the behavior of the Gavilan Hancos Pool. 

Q What do a l l these pore volume compres

s i b i l i t y measurements raean to us? 

A Well, they mean — they — they t e l l us 
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two things. They t e l l us f i r s t that the rock compressibil

i t y value that we should be using in our studies of Gavilan 

Mancos Pool is considerably higher than any of the values 

that we tra d i t i o n a l l y have used, at least to the best of my 

knowledge have been used i n studies up to this point for 

this particular pool. 

And the second thing i t tell© me is that 

there — that there i s matrix contribution. w© have obser

ved i t . We see f l u i d flow into the matrix. we see f l u i d 

flow out of the matrix. 

Q Mr. Hueni, I think you've now described 

the type of porosity and the rock compressibility informa

tion for Gavilan Mancos Pool. Could you now describe what 

you consider the permeability of the reservoir and go ahead? 

h Yes, okay. Well, the next property that 

we t r i e d to describe with respect to the Gavilan Kancos Pool 

was the perweabllity of that reservoir and rather than des

cribe talking about permeability, i t ' s probably easier to 

talk about what we c a l l transmissibility. This is a term 

that other people that have presented teatin»oiny have used. 

I t is the permeability thickness product, because a l l of us 

have a d i f f i c u l t time absolutely quantifying what the true 

producing thickness is of the producing interval. 

We've heard testijuony up to this point 

that there are wells that exhibit up to, I believe, as high 
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as 49 Darcy feat of transmission!ty and we've heard in pre

vious testimony that interference test transmissibility 

values of 5 to 10 Darcy feet have been reported for the Can

ada Ojitos Onit. 

We do not believe that those values are 

reasonable. we do not believe that they could have been 

reasonably obtained given behavior of a dual porosity sys

tem, m just don*t think i t f i t s . 

We certainly don't think i t f i t s the be

havior of Gavilan Mancos Pool. We just don't see wells that 

produce at rates of l-to-200 barrels a day having tens of 

darcies of permeability or of t r a n s a i s s i b i i i t y . 

Kfe — we have used a different type ap

proach in calculating permeability or transmissibility. 

ft?hat we have done is we've attempted a twofold approach, one 

we have used the pressure build-up analysis performed on the 

various wells in the f i e l d . We've analyzed that presssure 

build-up analysis i n many cases ourselves, using a type 

curve approach and using a Horner analysis approach, to de

termine the values of transmissibility for the various wells 

in the f i e l d . 

The second approach we've used is an ap

proach we c a l l the psuedo steady state approach, which uses 

the demonstrated maximum flow capacities of the individual 

wells to determine what type of transmissibility is required 
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i n a r a d i a l flow sense for the f l u i d to flow i n at a p a r t i 

cular observed rate. 

The types of observed rates that we used 

on Individual wells were the types of observed rates that we 

plo t t e d on the map that we presented that we've also hung on 

the sid® of the wall over there, which was the maximum o i l 

rate map* 

We f i n d when we use the pressure build-up 

analysis and the flow approach, the steady state flow ap

proach, we end up with what we think are f a i r l y — f a i r l y 

comparable type values and values that are auch wore reason

able. They're not — not on the order of tens of darcies. 

They ar© on the order of hundreds of Hsillidarcies t o maybe a 

Darcy f o o t . In some cases, and in many cases, i t ' s down i n 

the order of 50 a i l l l i d a r c y f e e t . 

Q Would you now refer to Figure 33 ad 34 

and explain that these show? 

A figures — Figure 33 i s a summary of 

several pressure build-up tests which we analyzed using a 

typa curve analysis and using a Horner p l o t analysis. And 

then t h i s presents the results of those tests. 

The column on the l e f t r e f l e c t s the well 

name. There are seven tests that we — that we analyzed. 

The test date, the o i l r a t e , producing o i l rate, are shown 

i n the next two columns. 
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The values that we would like to focus on 

are under the type curve analysis, the colustn labeled kh, 

which is transmissibility. 

Under the Horner plot analysis is the 

value of kh, which is also representative of transmissibil

i t y . 

One of the things that we found frora thia 

type of analysis, and one of the problems that we have with 

some of the analysis that's been previously presented, i s 

that in many cases no attempt is made to validate the proper 

portions of the build-up curve that should b© used for 

determining this quantity that we designate as kh that is 

transmisaibi1ity. 

The pressure build-up analysis represents 

affective permeability in a radial flow systens. I t averages 

out to some extent any kind of directional permeability. So 

i f we have a very high permeability in one direction, then 

in the averaging process — well, then the values that we 

see here would Indicate that in the other direction, or the 

perpendicular direction to the high flow capacity direction, 

we have a such lower transrciasibility. 

The values that we obtained fro« the type 

curve analysis and the Horner plot analysis obviously do not 

agree exactly but they are reasonably consistent and they 

are certainly of an order of magnitude raiach large — rauch 
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smaller than has been previously presented. 

One of the build-up analysis curves that 

we analyzed was the Sucker E*aka Ko. 2. That i s th® test 

that's l i s t e d f i r s t on figure 33. The build-up curve i n f o r 

mation i s presented i n Figure 34. This i s what is known as 

a Horner p l o t . Along the bottoai of the pl o t we have some

thing that i s r e f l e c t i v e of time, the amount of shut-in time 

compared to the producing time, and then as the shut-in time 

increases, the pressure builds up, and we have pressure as 

measured on the Y axis and we see t h i s increase i n pressure. 

We see i t go up. m see i t level o f f . We see i t go up 

again. 

The — t h i s separation or t h i s dual 

s t r a i g h t l i n e behavior i s t y p i c a l of — t y p i c a l of what wa 

would c a l l a non-homogeneous system test and i t i s one of 

the c l a s s i c a l shapes that would be r e f l e c t i v e of a dual por

o s i t y system. There are, I believe i n a l l fairness we have 

to admit there are other reasons why you could have t h i s 

p a r t i c u l a r type of shape, but dual porosity i s one of the 

reasons that you can — that you can r e f l e c t on that could 

be indicated by t h i s shape. 

So once again we see at least some i n d i 

cations i n c e r t a i n wells of dual porosity behavior based on 

the pressure build-up surveys. 

Now, also discussing the subject of re-
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tservoir pereasability, we are taking a steady state approach 

and what we've done i s we've taken the observed o i l produc

t i o n rates f o r i n d i v i d u a l wells, the maximum o i l production 

rates as we've indicated on the map thet we presented pre

viously, and what we've done i s we've related the amount of 

t r a n s w i s s i b l l i t y required i n order to obtain that kind of 

o i l flow rate and t h i s i s — we use what's called the pseudo 

steady state approach and what we've done i s we've used a 

flow equation that — that i s — that determines r e l a t i o n 

ship of flow to t r a n s f f l i s s i b i l i t y and we've used a drainage 

area of 320 acres. One of the comments that we have had 

previously i s that pressure build-up analysis does not re

f l e c t the average properties of the reservoir. The pseudo 

steady state flow analysis has to reprsent the average pro

perties of the reservoir because that i s the demonstrated 

well flow capacity. 

So what we have done i s , and we showed 

t h i s i n Figure 35, i s we've taken our psuedo steady state 

producing capacity, whieh we've plot t e d on the y axis, and 

we've pl o t t e d i t against the permeability thickness or the 

t r a n s m i s s i b i l i t y value along the X axis, and we've assuraad 

i n t h i s analysis that we have maximum producing drawdown i n 

individual wells and that may be — that may not always be a 

good assumption. I think we saw yesterday a case of soma 

wells where we had very high flow rates with very low produ-
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cing drawdowns i n th® case of the Canada Ojitos Unit 29 and 

32, I believe, had very isiniraal drawdowns. 

But c e r t a i n l y some of our capacity wells 

i n the Gavilan area are being pumped o f f and do not have a 

substantial aajount of back pressure against the formation. 

t h i s r e l a t ionship says for that type of 

well that's producing at capacity i f we observe the flow 

rat® on the ¥ axis of 10 to the 2, which i s 100 barrels a 

day, we would corae across, intersect the l i n e and then read 

downward and we would determine that we only need permeabil

i t i e s on the order of 30 m i l l i d a r c y feet i n order to get 

that kind of flow r a t e . 

200 barrel a day, we would go over a b i t 

f u r t h e r . We'd see i t was 60 m i l l i d a r c y feet. We don't re

quire the high t r a n s m i s s i b i l i t i e s i n order to — i n order to 

see the capacity flow rates that we've seen on many of the 

Gavilan producing wells. 

*#e — the pseudo steady state approach i s 

an approach based on a 320-acre drainage area. I t r e f l e c t s 

average flwo characteristics into & wellbore. once again i t 

averages out, perhaps, i n d i r e c t i o n a l perfaeafoility but once 

again i f we can't i d e n t i f y the d i r e c t i o n a l permeability, 

then we might have d i f f i c u l t y using — taking advantage of 

high permeability i n the reservoir i n a p a r t i c u l a r d i r e c t i o n 

because i t would be o f f s e t by low permeability i n the oppo-
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s i t e d i r e c t i o n . 

We've compared our results in Figure 36 

and Figure 36 i s what we c a l l Radial Flow & Pressure Build

up Derived — that should ba Tr&nsraissifeilities, instead of 

m-i-s-c i t should be m-i-s-s — Por a Portion of the Gavilan 

Fi e l d . 

And what we've shown on here are three 

wells, the Native Son Ho. 2, the Native Son Uo. 1, and the 

Hawk federal Ho. 2, and what we've t r i e d to do i s draw c i r 

cles around these wells but our computer seeies to want to 

draw e l l i p t i c a l shapes and that wasn't i n t e n t i o n a l . The 

radius of these c i r c l e s are meant to designate a 320-acre 

drainage radius, and we can see then that these c i r c l e s i n 

tersect a b i t between the isativ© Son 2 and the Native Son 1 

and the Hawk federal No. 2, which are spaced a l i t t l e b i t 

closer than — than a pure 320-acre drainage radius would 

suggest. 

This — these are the areas that we're 

measuring the t r a n s m i s s i b i l i t y f o r with the pseudo steady 

state approach. 

Assuming these wells are producing at 

capacity, which once again i n not a l l cases i s going to be a 

good assumption, we would calculate based on the observed 

maximum reserved flow rate from the flative Son Ho. 2, a 

tr a n s m i t s i b i 1 i t y value of 250 m i l l i d a r c y f e e t . 



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 

23.9 

For th© Native Son No. 1 from our steady 

state approach we would calculate 201 millidarcy feet, and 

we would compare that to what wa got from our pressure 

build-up analysis, which is a value of 181. In other words, 

we're getting about the sasse answers both ways. 

We're not getting two different answers. 

And f i n a l l y through the Hawk Federal 

we're getting values of 103 millidarcy feet. 

We hava concluded based on permeability 

that we do have variable permeability in the reservoir. 

This whole reservoir varies i n a lot of i t s parameters and 

permeability is one of them and i t ' s reflected by the varia

tion in the producing rates that we've observed out of the 

— out of the wells. There's a high degree of v a r i a b i l i t y . 

Me do have some wells with good transmis

s i b i l i t y values but we also hava a large number with flsuch 

poorer transmissibility values. 

We've concluded that the pressure build

up analysis gives about the same answer as the pseudo steady 

state analysis and both of those answers are far less than 

values of several £>arcy feet of transtsissibility. 

0 What are those answers? 

A The — well, the answers for transmissibil

i t y , we've shown for some of these individual wells in the 

range of 180 to 200 millidarcy feet. 



I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

220 

In our simulation study w© have used a 

value of 400 m i l l i d a r c y f e e t . He have also tested our an

swers against 10 Darcy feet and we cocse up with to some ex

tent the sajue answer. 

Q In addition to peremability or transmis

s i b i l i t y c h a r a c t e r i s t i c s , I understand you also need to have 

some estimate for r e l a t i v e permeability c h a r a c t e r i s t i c s , so 

f i r s t could you explain what r e l a t i v e permeability charac

t e r i s t i c s ar© and second, what values you used i n your study? 

k h l l r i g h t . Once again, we're t r y i n g to 

describe the reservoir. I can understand t h i s would be ted

ious, i t ' s a tedious description, but i f wt* don't get the 

proper description of the reservoir, we aren't going to be 

able t o duplicate performance and we're not going to be able 

to understand how the f i e l d w i l l perform and we can't deter

mine what the optiraum depletion plan i s . So, you know, we 

want t o present our e n t i r e analysis here and the next part 

of i t i s t h i s — has to do with the subject of r e l a t i v e per

meability. 

Selativ© permeability i s a factor that i s 

applied against the — what we c a l l absolute permeability 

that we*ve j u s t been discussing and i t applies to instances 

where we have ore than one phase f l u i d flowing at a given 

point i n the reservoir, so i f we have o i l and gas flowing at 

a point i n the reservoir, th® presence of both phases tends 
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to interfere with the flow of each individual phase, and so 

the more gas that we have present in an area, the more the 

o i l flow w i l l be restricted. 

Now in dealing with the dual porosity 

syste® we have to have relative permeability characteristics 

for both the fracture system as well as for what we c a l l the 

matrix system, which is once again a combination of low ca

pacity fractures, microfractures, and true — true matrix. 

These characteristics have not been 

determined i n the laboratory on any — on any core that I'm 

aware of in this particular area, so th© best that we can do 

are to use industry guidelines that appear reasonable. 

For the fracture systeftt we are dealing 

with a high capacity fracture systeas. Work by previous 

authors suggests i t would be reasonable to use what are rep

resented by straight line functions of relative permeability 

to saturation and these are shown in Figure 37. 

I f w© looked at that we would see o i l 

saturation fracturing. When w® look over the far righthand 

scale, we*d see o i l saturation being 100 percent and i f we 

look then up at the terrs called Kro fracture, we would see 

i t 100 percent. I t intersects a value for relative perme

a b i l i t y of 1. So i f we have no gas present in the system, 

then i t doesn't interfere at a l l with the absolute perme

a b i l i t y and so we have — that's what's indicated by a rela-
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t i v e permeability of 1. 

I f the system is essentially entirely 

gas, then instead of an o i l saturation of 1 we would have an 

o i l saturation of aero and the relative permeability of the 

flow of o i l would be zero. No o i l is going to flow because 

there*s none there, but i t ' s not going to flow because the 

gas int4erferes with i t s a b i l i t y to flow. 

That's what relative permeability charac

t e r i s t i c s are. Prota the lit e r a t u r e for a high capacity 

fracture systew, we'v® used the straight line curves. We 

have also tested the high capacity fracture systera and we 

found i t to be relatively insensitive to the values that we 

use for relative permeability for the fracture syste©. 

The matrix, on the other hand, has — has 

a set of curves that are considerably different than the 

fracture. They are labeled by ssatrix. The o i l relative 

permeability, you'll note w i l l drop o f f guite quickly, i t ' s 

anticipated i t w i l l drop off quite quickly as gas is evolved 

from the o i l and occupies a portion of the pore space, and 

at the same tiiae the flow capacity of the gas w i l l increase, 

and we've shown those two curves by the Kro and Krg for the 

matrix. 

Sow we have modified those curves a b i t , 

not a great deal but we've modified them a l i t t l e b i t in or

der to t r y and duplicate the observed perforiaance of the 
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Gavilan Mancos Pool, and what we hav<e on Figure 38 is soae 

wore relative permeability information. 

What's plotted along the — th© X axis is 

tota l l i q u i d saturation and what's plotted along the Y axis 

is the ra t i o of relative permeability to gas, th® ratio of 

the relative permeability to gas divided by the relative 

permeability to o i i , and the values that have trad i t i o n a l l y 

been used for the Gavilan Mancos Pool, and they are t o t a l l y 

a r b i t r a r i l y selected, have been the values that are, well, 

the value that's shown by the dashed curve that also has an 

arrow going over to i t that says "Curves used in calcula

tions", but other values have been run, as well, as sugges

ted perhaps by the other curves that are in place on the — 

on this graph. 

The curve that we hav* arrived at to des

cribe this matriK system, from which we believe a large 

amount of flow i s cowing, is what we show as tha Bergecon 

Model Curve, and ! think the point to be snade is that i t 

does not reflect any radical departure for the matrix front 

curves previously used. 

Q One of the other parts of a reservoir de

scription is a description of the reservoir f l u i d s . What is 

your opinion about the f l u i d properties of Gavilan, and in 

this connection would you refer to the Figure 39 and 

following? 
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A We have heard in some simulation study 

and we heard in the preceding hearing that the Canada Ojitos 

Unit f l u i d sample indicated a bubble point pressure in the 

order of 1500 psij I think they used a value a l i t t l e b i t 

higher than that. 

Me have a logging pvt sample that is on 

the order of 1500 psi, as well. 

Itt our previous study of the Gavilan Han-

cos Pool we had a very d i f f i c u l t tiis© rationalizing the 

amount of gas that was coming from that pool, using that as 

a representative set of f l u i d properties, and in looking 

back at the pvt samples themselves, we believe that there is 

a high probability that the sample was not — well, just by 

the nature of the sampling conditions, was not t o t a l l y re

fle c t i v e of the — of the reservoir conditions. 

In our preceding hearing we — we i n d i 

cated that we thought the bubbl# point pressure might be 

1770. «e*ve revised that nussbar, based on our study, down 

to a number of 1S60, and to i l l u s t r a t e to you why be velieve 

that the bubble point pressure has to be greater than the 

1500 psi pressure that other people are using, we have con

structed a set of plots, and that's what w® show in Figures 

39 through 41 and those plots are plots of pressure versus 

gas/oil r a t i o . 

How, the source of our pressure test that 
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we — pressure test information that w@ refer in the reser

voir performance section. At the point i n tise where we had 

a particular pressure measured, we could also go the f i e l d 

gas/oil ra t i o performance curve and determine the gas/oil 

rat i o at that point. And so we can plot gas/oil ratio not 

as a function of tiwe tout s t r i c t l y as a function of pres

sure. 

We did that for the f i e l d as a whole, 

which we show on these figures as "Total a l l wells". 

Q Greg, before you go ahead, just so every

one is staying with us, could you just explain what a bubble 

point pressure is7 

A Okay. & bubble point pressure o i l 

well, l e t me back up. 

Oil contains a certain amount of gas dis

solved i n tha o i l and the amount of gas dissolved in the o i l 

is dependant on the f l u i d composition of the gas and o i l to

gether. I t ' s dependent on the reservoir pressure and the 

reservoir temperature. I t ' s dependent on a l l those factors, 

and so i f any of those factors change over an area, then a 

f l u i d sample froa one area may not be reflective of a f l u i d 

sample f r o * another area, and, i n fact, we find many large 

reservoirs in the world where fluids vary i n their proper

ties even within the reservoir i t s e l f . 

How a bubble point pressure is that pres-
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sure that when — i f we start out at a very high pressure 

and we lower the pressure down to some particular — to some 

specific lower pressure, w© w i l l see in that o i l just the 

very f i r s t bubble coming out of solution in the o i l , and 

that's what we c a l l the bubble point pressure. I t ' s the 

f i r s t point, i t ' s the pressure at which the o i l begins to 

bubble out of the — at which gas begins to bubble out of 

the o i l , and that, a l i t t l e b i t further, the significance of 

this is that when we review reservoir performances, i f we 

don't understand what the correct reservoir properties are 

for the pool, we once again w i l l tend to asislnterpret the 

producing mechanisms in the pool. 

So the bubble point pressure is that 

pressure as a reservoir pressure declines, is that pressure 

that w i l l foe reached eventually at which gas that i s dissol

ved i n tha o i l w i l l begin to bubble ©ut of the o i l and form, 

then, a free gas phase within the reservoir. 

Q A l l r i g h t . I thought that that would be 

helpful (inaudible) 

A Okay, well, we plotted gas/oil ratio ver

sus pressure for the f i e l d as a whole and for several of the 

three individual wells, and what we see for the f i e l d as a 

whole, i f you can focus i n Figure 39 on the circles, is we 

see that when we reach a pressure of aboout 1600 psi that 

the gas/oil rati© which had been running about 1000, begins 
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to climb abruptly, and we see that behavior not only for the 

f i e l d as a whole, but i f we compare i t for the individual 

wells, figure 39 we compared to the Full Sail Mo. 1, which 

is a well that's high on structure, i f we compare i t we see 

that the breakover point is also at about 1S00 psi. 

On Figure 40 for the Hative Hon Ho. 2 we 

see that the breakover point for the Native Son No. 2 was 

even higher than 1600 psi. 

Por the Rucker Lake No. 2 we s@« that the 

— that the breakover point for the increasing GOH was also 

about 1600 psi, and from that we concluded that, from that 

type of information in conjunction with our simulation work, 

we've concluded that the bubble point pressure from the pvt 

sample in the X»oddy is not representative because i t w i l l 

not duplicate that type of performance. 

Q Could you explain what the breakover 

point is? 

A The breakover point is that point on the 

pressure versus gas/oil ra t i o plot where the gas/oil ra t i o 

begins to Increase dramatically with lower pressures, and 

that i s true for Figures 39, 40, and 41, that in a l l cases 

at abot 1600 psi the GOR btsgan to increase significantly. 

Q Mould you now refer to Figure 42 and ex

plain what this shows, please? 

A fas, okay. Figure 42 is th® same type of 
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plot. I t ' s a plot of gas/oil ratio lotted against reservoir 

pressure as measured by our pressure tests on the reservoir. 

The GOR is the measured production GOR, and we show that the 

actual performance, you se© that actual curve that — well, 

i t ' s labeled "actual*, and what vie ©how on this i s several 

runs set up for a single porosity system set up to insure 

that we had a solution gas drive producing mechanism. In 

other words, w© didn't allow gas to migrate, to segregate to 

the v e r t i c a l l y upper reaches of the reservoir. 

And the two things that we got out of 

that i s that we when w® compared what the siroilator told 

ue, which are the values that are the curves that kind of qo 

f l a t for awhile and then thay go up very abruptly, we see 

that the breakover point for each of these similator runs, 

and we show three of thea on hare, the breakover point 

occurred compared to the actual f i e l d performance, certainly 

closer to a value of 1660, than i t did either to the pres

sure that we've used i n i t i a l l y of 1770 in the last hearing 

or the pressure from the Loddy pvt sample, which was 149 8. 

Now the second thing we concluded, also, 

is that the shape of a solution gas drive curve yields or 

indicates a much steeper increase i n gas/oil ratio with 

pressure depletion than what we've actually observed. 

And so as we'll see when we discuss our 

reservoir analysis section, we'll see that this is one of 
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the reasons that we don't heJlev® that w« — that we don't 

believe that we have a solution gas drive reservoir. 

Q Okay. Now would you turn to Figure 43 

and explain what Figure 43 through 47 indicate? 

A We, this report, we intended i t to be as 

complete as possible, so what this inforsnation is presents 

sicipiy the f l u i d properties that we used in our subsequent 

evaluation, and what we've included in Figure 43 is a term 

we c a l l o i l formation volurae factor, which is the relation

ship of a barrel of o i l in the reservoir containing i t s dis

solved gas, to what that barrel would occupy at the surface, 

and then that i s a relationship that is related to the pres

sure in the reservoir i t s e l f , and so in general we see from 

this value that I imagine has bee quoted before, that when 

we're talking about the Gavilan Mancos Fool o i l formation 

volume factors, i n i t i a l l y in the range of 1.3 reservoir bar

rels yielding one stock tank barrel of o i l at the surface. 

Figure 4 4 is a figure that once again 

needs to be relabeled. Th© V axis reads " o i l formation vol

ume factor". That Y axis actually represents the amount of 

gas dissolved in the o i l ; in other words, the dissolved 

gas/oil ra t i o expressed in terms of standard cubic feet per 

stock tank barrel. 

Figure 45 i s the relationship of gas for

mation volume factor to pressure. 
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Figure 46 i s the relationship of o i l v i s 

cosity to pressure. 

Frora Figure 46 we do note that we're* 

dealing with about a hal f centipoise v i s c o s i t y o i l . we * re 

not dealing with p a r t i c u l a r l y heavy o i l i n t h i s Oavilan Man

cos Fool* 

these figures comprise the set of f l u i d 

properties that we used i n our analysis. 

Q One of the wain components of describing 

a reservoir i s the magnitude of tho resource base from which 

you are producting. Would you describe how you calculated 

o r i g i n a l o i l i n place? 

Well, before we go to th a t , I don't think 

you — you skipped Figure 47. Perhaps you'd better address 

that f i r s t . 

A Okay. I j u s t wondered i f we night take 

abut a f i v e minute break? 

Q Sure. 

A t'sa s t a r t i n g to get hoarse, 

{thereupon a b r i e f recess was taken.) 

continue now 

Q 

MR, LE$AYs ?*r. Lopes, you {way 

I think I jumped ahead and skipped Figure 
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47. Would you explain what 47 is (not clearly understood) 

to show? 

A Yes. figure 47 is our f i r s t — is the 

f i r s t figure that we have that relates to our calculation of 

o i l i n place, and I might — night say before we get into 

that calculation, that we have done a material balance cal

culation of o i l i n place. We've heard previously that 

material balance, at least i n terras of studies, are not ne

cessarily going to be as sophisticated as a computer model

ing study, and I think that is — is correct, because the 

taodeling study can take into account variable dimensions and 

variable properties, and we agree wholeheartedly on that. 

On the other hand, we believe that the 

material balance approach is a valid approach for calcu

lating o i l in place and we have consequently u t i l i z e d that 

approach. 

The f i r s t figure that w« have in the cal

culation of o i l in place i s Figure 47, which our history of 

well pressures plotted versus cumulative o i l production, the 

tota l f i e l d o i l production expressed i n thousands of bar

rels. The scale, once again, th® well pressures, are ex

pressed on a scale from zero to 2000 psi and the cumulative 

production numbers, then, are expressed on a scale from zero 

on out to 4-million barrels. 

Current cumulative production that we had 
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recorded as of January 1st, 1987, was a valu© of about 3.15-

raillion barrels and the very last pressure points that we 

have plotted for individual well© after that point at which 

our factual production end®, are simply estimated at this 

time, a continuation of the f i e l d producing rate at an e s t i -

raated rate of about 3600 barrels per day. 

The individual well pressures are plotted 

versus — versus cumulative production, cumulative f i e l d 

production, and each individual well ia designated as shown 

in the legend, so we have different symbols and different 

colors to represent different individual wells. 

fro® this plot one of the things that we 

see i s that the sharp trend in declining pressures that was 

observed i n 1985 and '86 i s not gutie so apparent because — 

well, i t ' s not quite so apparent on this type of plot be

cause ia 1985 and 1986 the reason the pressure decline was 

so severe was that the f i e l d producing rate was increasing. 

The pressures that we have on here, w© 

have attempted to draw some bounds on those pressures, we 

hae an upper bound shown that represents wore or less an 

extrapolation of several pressures measured basically — 

well, I think i t ' s pretty obvious what the upper bound i s . 

The lower bound, representing the lower 

bound, i s sort of a lower envelope including most of the 

pressures, and then the pressure that we used in our study 
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was a valus of about 1800 p s i . That's the i n i t i a l pressure 

used i n the study. 

tod what we're going to see l a t e r on Is 

that we believe that t h i s pressure i s a l i t t l e below what 

the i n i t i a l pressure i n the Gavilan Field area would be 

na t u r a l l y , i n d i c a t i n g that we have had some aainor influence 

of pressure the production that occurred previously i n the 

West Puerto Chiquito area. 

These pressure are measured with a datum 

of +370 feet subsea. 

Once again, the two pressure points that 

are on the upper righthand side of the graph represent the 

pressures frora the Davis Well measured i n the C Sone and 

they aay or may not r e f l e c t true C 3one pressures because 

they may be affected by supercharging associated with the 

well stimulation. 

We have takan t h i s pressure history and 

we've drawn what we consider to be sort of a best f i t trend 

l i n e . We've not done any kind of s t a t i s t i c a l -analysis, nor 

have we done any kind of volumetric weighting of pressures 

i n order to determine an average pressure, but rather we 

have taken something that we believe i s a s t a t i s t i c a l best 

f i t w i t h a pressure versus production h i s t o r y . We do note 

that for many of th© f i e l d s that th@re has been — reany of 

the w e l l s , there i s good pressure communication between 
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those wells, such that there is not a large pressure d i f f e r 

ence between those wells so that w© can draw a reasonable 

tread f i t sore or less through the center of the data. 

Mow, the next thing — the next thing we 

did i s we're about to — we want to do a material balance 

calculation to determine o i l i n place. Before we do that we 

need to review the points in the — in this calculation that 

we would consider to be valid versus the points that we wold 

not consider to be valid and we — we recognize that whan 

you have a reservoir that i s — that has a f a i r amount of 

structural r e l i e f frost the very top of the structure to the 

very base of the structure. Then you could have a situation 

occur where the pressure in the reservoir may be such that a 

portion of the reservoir, the upper portion might be at a 

lower pressure, a pressure below the bubble point where you 

have free gas saturation in that upper part of the reser

voir, and you also have a portion of the reservoir at the 

same time that is s t i l l at & pressure higher than the bubble 

point, and that i s what we c a l l an undersaturated reservoir, 

and during that period of performance where we have a — 

well, I'm sorry, I may have misstated that. 

During that tiese fraise that is — that 

occurs when there i s a — both a region in the reservoir 

that is above the bubble point and a region in the reservoir 

that is below the bubble point would have what's referred to 
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as a p a r t i a l l y und<*rsaturated reservoir and a c l a s s i f i c a l 

wiaterial balance approach w i l l not work during that t i a e 

frame. 

So i n order to investigate what that 

period of tins© was, we constructed what we c a l l a cumulative 

bulk volume versus depth d i s t r i b u t i o n for the reservoir and 

t h i s i s what we show i n Figure — Figure 48. 

What we have i n Figure 43 i s measured 

depth above sea l e v e l , s t a r t i n g at 150 feet above saa level 

going up to as high as about 6S0 feet above sea l e v e l , and 

we took the »ap of the Gavilan Mancos Fool and we determined 

the amount of voluwe that would contained at any — at any 

p a r t i c u l a r depth l e v e l , so i f we're at 650, w e l l , at 650 

there i s r e a l l y no volume above that , that depth. 

As we move down to about 450 fe e t , then 

there i s a number that turns out to be, i t looks l i k e about 

1.5-s>illion acre feet below that point. 

And then as we go deeper and deeper i n t o 

the reservoir, we basically accumulate a l l the volume that 

we associate with that reservoir. 

Now t h i s bulk reservoir volume versus 

depth re l a t i o n s h i p i s ©et out for the h and l \ Zones because 

we believe that those are the productive zones? that's what 

our reservoir performance information indicated to us. 

Q So the c Zone i s not included i n that. 
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A Vo, the C Zone i s not included i n t h i s . 

Now, when — i f we take our pressure ver

sus time h i s t o r y and we recognize that that pressure versus 

time i s — i s evaluated a t *370 feet subsea, we can actually 

use that t o determine the point i n titoe that we w i l l f i r s t 

have the bubble point pressure reach the top of t h i s — of 

t h i s reservoir volume, and i n doing that we determined that 

that would occur i n approximately the (Riddle of 1985. 

We also determined the point i n time i n 

which the bubble point pressure would be reached at the bot

tom of the zone as being early 198ft. 

So p r i o r of 1985, Biid-1985, we do not be

lieve that we had a s i g n i f i c a n t (unclear) gas saturation i n 

the reservoir associated with (not understood) working below 

the bubble point. 

And then a f t e r the early part of 1986 we 

believe that the e n t i r e reservoir volume i s at pressures be

low the bubble point pressure. 

Okay, so what t h i s has done fo r us i s 

i d e n t i f i e d that period of t i a e that we do not feel a mater

i a l balance c a l c u l a t i o n would necessarily provide meaningful 

results and that period of time extends from about mid-85 to 

early 1986. 

The next figure that we have i s Figure 

49, which i s our cal c u l a t i o n of o i l i n place and i n order to 
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calculate the o i l in place in the Gavilan Mancos Pool we 

have to — we have to know th© pressure production history, 

which we*ve just shown you on one of the preceding — pre

ceding figures. 

He also need to know the f l u i d proper

t i e s , and we've just finished discussing the f l u i d proper

ties that we believe occur in the reservoir, and with that 

information i t is a reasonably — well, i t ' s a very easy 

calculation to determine o i l in place. 

How, what we have done is we have taken 

the historical pressure-production information beginning in 

October 1st, 1983 and extending through January 1st, 1987, 

and we show that about the middle of the page. Historical 

Pressure-Production Information. We've tabulated out what 

our trend line indicates as average reservoir pressure. 

We've tabulated out what the cumulative o i l withdrawals in 

the f i e l d have been at each point in time; also the amount 

of cumulative gas production at that point in time, and then 

we've recorded what the gas/oil ra t i o is at that — those 

individual points i n titse. 

We — tinder the, about the fourth line 

down we have what we c a l l Control Parameters. fte know the 

value of PI, that's our i n i t i a l pressure. We've said that 

the i n i t i a l pressure, based on our trend is 1800 psi in Gav

il a n . Then two values over we had a value of Cf. that 
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stands for formation or rock compressibility. That rock 

compressibility value is a value of 100 times 10 to the -6, 

consisten with our laboratory measurements and that is what 

that value i s . 

we then go through the material balance 

calculation of in place at each of the pressure-production 

points and we calculate out c i l in place, and those are the 

values that we show at the bottom of the page, and w© note 

that the values have — obviously show some degree of v a r i 

a b i l i t y and part of the reason they show a degree of va r i 

a b i l i t y is that you have to, i f you're going to apply this 

approach, you have to be able to estimate average reservoir 

pressure and i t is not always easy to estimate average re

servoir pressure in an accurate fashion, partly because you 

don't always have individual pressures from individual 

wells, and so when we draw a trend line we recognize that we 

w i l l have soma deviation from the true average reservoir 

pressure by doing that, that type of procedure. So an i n d i 

vidual analysis, an individual value for o i l in place, we 

don't necessarily consider particularly meaningful. i t is 

really i f we can get several values of o i l in place that 

tend to give us a single value that we think we can then 

tend to believe as the — as the correct o i l in place value. 

So these are the values that we calcu

lated versus titee, the results of our o i l in place 
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cal c u l a t i o n . 

I should emphasize that we have done 

faany, many wore calculations than what we've shown here. We 

have attempted to — we calculated o i l i n place values for 

various ranges of formation compressibility. We'd calcu

lated i t f o r d i f f e r e n t values of f l u i d properties. I think 

— I think that's — those are the two wain variables but 

you are going to get substantially d i f f e r e n t — d i f f e r e n t 

answers i f you use d i f f e r e n t formation compressibility and 

i f you use d i f f e r e n t f l u i d properties, and the values that 

we a r r i v e at here on fi g u r e 49, i t ' s been an i n t r i c a t e type 

process where we have worked with an assumed set of para-

meters, found that data was inconsistent with f i e l d perfor

mance, cowe back, then, and revised our estimation of f l u i d 

properties u n t i l we f i n a l l y arrived at a picture that i s 

consistent i n i t s i n t e r p r e t a t i o n of f i e l d performance and 

f l u i d properties, rock compressibility, permeability t h i c k 

ness, et cetera. 

Figure 49, the results of o i l i n place 

calculations that are — that are shown on that figure have 

been pl o t t e d i n Figure 50. 

Figure 50 i s shown on the lefthand side 

of th© graph. I t ' s called Apparent Oil i n Place expressed 

in w i l l i o n s of stock tank barrels. These are then the 

values that were calculated based on the pressure production 
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history at various points i n time, as shown by the x's, and 

we see that the early values trend upward to a l i n e that 

then f l a t t e n s out f o r a period, has a very sharp spike i n 

the calculated o i l i n place value. Then i t goes back down, 

levels o f f f o r a period, and goes back down again. 

The period we've already noted i n terms 

of where we had a p a r t i a l l y undersaturated reservoir occurs 

from mid-1985 to early 1986 and we note the conventional 

material balance calculations are not v a l i d during that time 

period. So we have excluded those, those points from our 

analysis and we see that the regaining points tend to have 

at least f i v e of the points, f i v e or six of the points tend 

to have an indicated o i l i n place value of around 55-milion 

stock tank barrel© for the Gavilan Mancos Pool. 

The value of 55-million barrels las t — 

at the August hearing, we — we u t i l i z e d a value of 100-mil-

l i o n barrels at that point i n time but we recognized at that 

point i n time that our rock compressibility number might be 

i n error and since that time we've taken steps to correct 

that formation coaspressibi 1 i t y number. 

So we calculate out 55-million barrels i n 

place. #e — and that's what we believe to be i n the Gavi

lan Mancos pool based on the pressure production h i s t o r y . 

flow, one of the — one of the questions 

that we had, one of the concerns! that we had, and one of the 
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things that we believe i s at least p a r t i a l l y supportive of a 

dual porosity system i s indicated by the cross-hatched area. 

When w© showed i n the period late 1986 and early 1997, we 

showed the o i l i n place values continuing to decline, the 

calculated o i l i n place, down to value i n the range of 40-

jRi l l i o n stock tank barrels. 

Now, obviously one of two things — w e l l , 

one of, I guess, & couple things could be — could be i n er

ror . 

F i r s t , we raay not have the true produc

t i o n recorded f o r ths Gavilan Mancos Pool, **> may have som 

production that i s — that i s not being included i n the t o 

t a l pool production. 

The second p o s s i b i l i t y ia that the — 

that the average pressure i s not correct, and that i s the 

thing that we believe i s happening. 

I f you r e c a l l back where we talked about 

a dual porosity system, we said that there had to be a l a r 

ger pressure i n the matrix than pressure i n the fracture 

system i n order to cause f l u i d to flow from the matrix i n t o 

the f r a c t u r e ; otherwise there's no pressure d i f f e r e n t i a l and 

there's no reason that f l u i d would flow i n t o that high capa

c i t y fracture system. 

As a r e s u l t of that the fracture system 

depletes at a d i f f e r e n t rate than the rcatrix system. That 
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i s not necessarily bad because i t induces a larger pressure 

drop between the two — two components of the dual porosity 

system and i t causes the matrix feed-in to be more rapid, 

but i t does have an e f f e c t when we do a pressure build-up 

survey, and that pressure build-up survey w i l l I n i t i a l l y 

s t a r t to measure the pressure i n the fracture system and i t 

w i l l s t a r t t o b u i l d , fouild-up, but before i t can get b u i l t -

up to a value that i s i n d i c a t i v e of average pressure i n the-

v i c i n i t y of that v m l l , we v i l l s t a r t seeing interference ef

fects frow other wells that are also taking o i l from that 

high capacity fracture system. 

So we don't build-up to a true average 

pressure, and consequently the pressure we've used in our 

o i l i n place calculations w i l l he a value that's too low and 

we w i l l calculate then too low of an o i l i n place. 

hnd our f i n a l figure with respect to re

servoir description i s Figure 51, and that is a p l o t of the* 

f r a c t i o n of o i l i n place produced versus the pressure as we 

see i t r e l a t i n g to the matrix and as we ©ee i t r e l a t i n g to 

the fracture system 

Now, one of the things that you're going 

to see toinorrow i s that we believe i n the Gavilan area on 

the average that as much as 90 percent of the o i l storage 

volume i s contained i n the matrix with 10 percent contained 

i n the high capacity fracture system. 
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The results of our analysis using a dual 

porosity systow, then, is what we show here. This is gen

erated by our computer model. I t shows the pressure in tha 

matrix and i t shows the pressure in the fracture and i t 

shows what the average pressure i s , and you note that the 

average pressure is close to the matrix pressure because 

most of the volume resides in th© Beatrix i t s e l f . So with 

higher rates of depletion that occurred i n , well, particu

l a r l y in 1986, you see that the increased pressure differen

t i a l between th® fracture pressure and the matrix pressure 

is such that when we then shut in a well connected with the 

high capacity fracture system, we're less l i k e l y to build 

up to the true average pressure prior ot seeing interference 

than we would see — than we would — than we would have had 

earlier. 

So what we believe in that these last 

pressures that have been sseasured hava not necessarily been 

completely representative of true average pressure in the 

reservoir, and so the values of 40-asillion barrels of o i l in 

place that we calculated in the last few days for o i l in 

place, we do not believe representative. 

we believe that the o i l in place is i n 

deed on the order of 5 r>-jnillion stock tank barrels for the 

Gavilan Mancos Pool, or at least for whatever is pressure 

communicating in that particular area. 
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So i n summary, t h i s completes our reser

voir description. We've attempted to describe a l l of the 

rock properties that we obtained. We've attempted to spec

i f y that we have — to i d e n t i f y the flow system that we're 

dealing w i t h , t h i s being a dual porosity systero, and the 

rock properties. fe'e've attempted to i d e n t i f y the pore com

p r e s s i b i l i t y data, the f l u i d property data, the r e l a t i v e 

permeability data, and then combine a l l that i n t o — the 

pressure production data, combine a l l that in t o an interpre

t a t i o n of o i l i n place that yields 55-milion barrels, and i n 

our reservoir analysis section we w i l l show basically that 

— that we can duplicate the f i e l d performance on that 

basis. 

MR. LOPES: .Mr. Chairman, I 

think t h i s i s as good a time as any to recess u n t i l tomorrow 

and I suggest that we do so. 

mi . LKKAYs Okay, i s that agree

able with you, Hz. Kellahin? 

MR. KHUJVBIN: Ko, s i r , Mr. 

Chairman. 

t h i s hearing by ambush was cute 

e a r l i e r . I t has now becotae very serious and we have a very 

grave due process problem I want t o address with you on 

that. 

MR. LEMAYi Okay. 
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MR. KSUAHXNx Kr. Greer's 

theories of t h i s reservoir and our position in t h i s case 

were made known to these parties i n a 5-day hearing i n 

August. Our position was the same then as i t i s now. 

In an e f f o r t to accomodate the 

Commission and t r y to c o n s t r i c t t h i s case to a one-week 

hearing, we had a meeting of a l l counsel i n which the Chair-

pan requested that foy March 23rd, which was la s t Monday, the 

parties give you a position paper. 

I gave you that position paper. 

In f a c t I had to reduce i t on my photocopy machine so I 

could squeeze i t on one page. maintain that the opposi

t i o n d i d not wake s f a i r disclosure to us on t h e i r p o s i t i o n . 

In addition ve fi n d out today 

that Mr. Hueni's testimony i n August, he's abandoned his hy

pothesis i n August, his position then was that the explana

t i o n of the reservoir in that t h i s was a reservoir that was 

operating under a secondary gas cap expansion. «e now f i n d 

that he has changed that hypothesis. 

They have very c a r e f u l l y taken 

out portions of t h i s e x h i b i t book *nd they've displayed them 

to us not i n a complete package but only i n sections, and he 

has presented to us a very complicated hypothesis. 

Vie presented the opposition 

with Mr. Greer's complete e x h i b i t book on Monday, the com-
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plete Sun coaputer reservoir simulation on Monday. They had 

overnight to look at that book, and to cross examine Mr. 

Dillon. 

In the s p i r i t of fairness we 

request that the opposition give us the balance of the exhi

b i t book for Mr. Hueni so that we have a f a i r opportunity to 

understand what his conclusions are, what his reservoir sim

ulation i s , and what his ultiiste analysis of this reservoir 

i s . Without having that to study so that we can f a i r l y res

pond, we w i l l not be able to conclude this hearing and we 

w i l l be compelled to ask you for a continuance of this case 

following the completion of his presentation tomorrow. 

In a l l fairness we would re

quest that we be given that information so that this is not 

a hearing decided on atabush and gamesmanship, but that we 

make a serious e f f o r t to study and understand the reservoir 

mechanics and so that each set of opponents and proponents 

have some reasonable fairness i n responding to the other's 

position. 

We request that disclosure. 

MR. LKMAY: Thank you, Hr. Kel

lahin. Sow you want to address i t , Mr. Lopez? 

MR. LOPEZ: Yes, Mr. Chairman. 

There ia no rule of the Coisuaission that requires exhibits be 

introduced before the witness i s prepared to t e s t i f y the 
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ease to these, bat this was a case, and Mr. Greer's exhibits 

were available and ready last week and we could have made 

demand and called for the exhibits at that time. 

Th© only reason we were given 

Mr. Greer's — or Sun's computer simulation model was be

cause Mr. Greer during his testissoy on Monday had to lay a 

foundation for the parameters on which the simulation models 

are msde. 

There is good reason that tha 

Commission has no rules that require the disclosure of exhi

bits until the witness i s prepared to introduce them, be

cause as in this case, we've been assembling exhibits even 

as we were having a recess at lunch today. 

I see no requirement that we — 

and I see no failure in the sense of fair play. we had no 

idea at the August hearing that Mr. Greer was going to ex

pand the West Puerto Chiquito Mancos Pool to include the 

whole Gavilan Mancos Pool. He never made us — wade to us 

available the interference teats that ha testified to on 

Monday. We had his exhibits for the f i r s t time Honday and 

after a fifteen minute recess crossed and completed our 

cross examination. 

I absolutely see no reason that 

we have to comply with this request and I thinx there's no 

due process require»ent there. 
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KR. LEMAYt Yes, s i r , Mr. Carr. 

MR. CARRs May i t pleas® the 

Commission, the question i s whether or not we have an oppor

tunity to review this information so that we can cross exa

mine nr. Hueni's testimony. I t ' s a complicated formula and 

i t ' s a complicated reservoir model that they're going to 

present tomorrow rooming. 

There was no opening statement 

in the case. We were today f i n a l l y advised what direction 

they were going in certain respects, and we have a question 

here, I think, that — i t ' s a fundamental question is there 

a right we have, i f we're going to be entitled to examine 

his testimony. I f we don't, we won't be able to represent 

to you — we'll have to t e l l you that w© can't stay within a 

time frame that so far we've been successful staying within. 

Me really welcomed the oppor

tunity to meet with you a few weeks ago to exchange state

ments outlining the position that we were going to take and 

I think we did that. 

The two sentences that were 

provided on the other side, I don't think that's the s p i r i t 

of those tHeetings. I think we have a situation here where 

there's a strategy to hide the b a l l , to keep everything un

der wraps so that we don't have an opportunity to review i t 

before i t ' s time to cross examine, and 1 submit to you that 
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violates our fundamental rights to due process. 

We think that no one here has 

said they don't have the inforaation. tio, they say, well 

there's nothing that requires «e to give i t . Hell, I feel 

there is soisething that requires them to, and that's our 

right to due process and i f we don't have i t tonight, i f we 

don't have an opportunity to review i t , we w i l l has to ask 

for a continuance as soon as we get i t . 

MR. LEMAY: Mr. Pearce. 

MS. PEARCE! I'm the person 

that's charged with the responsibility of cross examining 

Mr. Greer. I believe Mr. Kellahin is wrong. The case that 

Mr. Greer presented on Manday and that we took a fi f t e e n 

minute recess on and that I cross examined him on was not 

the case that he presented in August. 

He did not ask for the expan

sion of the West Puerto Chiquito in that hearing. He did 

not present that interference data at that August hearing. 

1 think that is a c r i t i c a l element i n his case. Once he 

came forward with that and once he presented us with his ex

hi b i t s , we did rise and cry, "̂ e can't ba ready". 

You have before you, and per

haps I ought to exclude tayself, but you have before you the 

most experienced set of o i l and gas regulatory attorneys in 

the State of Sew Mexico. Each side i n this proceeding has a 
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battery of experts behind thass. 

We don't have a fairness ques

tion {inaudible), Mr. Chairman. t*hat we have is an attempt 

to get ahead i n our opponents policy. Clearly they want to 

have a longer time to prepared for cross examination? that's 

what this i s a l l about. They want to have an opportunity 

that we did not have. m did not cry about that. We did 

not believe that was a violation of due process. These 

hearings run by finishing a witness, beginning cross exam

ination. This agency does not have a history of waking ex

hib i t s available before the hearing. when Hr. Hueni t e s t i 

fies about materials he w i l l provide those materials, as Hr. 

Greer did. 

1 don't think we've got a due 

process question. We've got a question of so»efoody wanting 

to get ahead. 

I don't think that's necessary. 

I don't think the parties are incapable. You may rereonoer 

Nr. Dillon's testimony. He t e s t i f i e d that Sun had lots of 

models, they chose the one they thought was appropriate. 

We chose the model that we 

think is appropriate. These parties can foe ready to cross 

exawine and I think they should be required to go forward. 

In the discussions of this matter with the Chairman and the 

Commission before the hearing, we did not agree to exchange 
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exhibits prior to hearing and i t has not been done in this 

agency, and our opponents seek to have that done now. I 

don*t think that's necessary to give them f a i r protection. 

I don't think i t has — i t ia what has been afforded to us 

in this proceeding. 1 think we have been expected to pro

ceed. Mr. Greer finished, I was expected to get ready and 

go. I got ready the best I could and I went. That's not an 

unreasonable thing to request of our opponents in this mat

ter. 

MK. LUMKYt Thank you. 

RR. &ELLARIK; Kay I close my 

argu*»e-t very briefly? 

Sir. Greer's theory was one, 

solution gas drive enhanced by gravity drainage. That was 

his theory seven months ago. They've had seven months to 

prepare on that theory. 

Mr. Hueni's theory is known to 

us only today and Mr. Hueni has been prepared for the last 

two days to respond to testimony heard on Monday. 

We're simply asking in fairness 

to understand what his position i s , Hr. Chairraan. 

HR. LENA*: How many additional 

exhibits do you plan to introduce, Mr. Lopez? 

Mft. LOPEE: I think — I think 

we have 100 figures t o t a l and we have gone through SI of 
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them. 

MR. LEMAY: So you have 49 f i g 

ures that are not i n the book that you w i i i provide tomor

row, or plan to provide tomorrow, and then have testimony on 

those 49 figures. 

I want to take a five minute 

recess and confer with my colleagues and come back with a 

ruling. 

(Thereupon a recess was taken.) 

MR. LBHAY: %to have a ruling, 

but f i r s t I*d like to quote Rule 1212. 

"Rules of Evidence. Pull op

portunity shall be afforded a l l interested parties at a 

hearing to present evidence and to cross examine witnesses. 

In general, the rules of evidence applicable in a t r i a l be

fore a court without a jury shall be applicable; provided 

that such rules may be relaxed where by so doing the ends of 

justice w i l l be better served. Ho order shall be made which 

is not supported by competent legal evidence." 

t?hat we've decided is that 

there i s no rule that requires the exhibits to be presented 

to a l l parties prior to testimony. Had there been two wit

nesses instead of one for n t . Hueni, you would have the ex-
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hib i t s presented today and you would not have what w i l l be 

coming i n tomorrow* however, i n i t i a l l y we did request that 

the essence of testimony would be presented In s form which 

would be summary and that was not done by the Hinkle firm, 

that we could feel what was coming next. I think that's Mr. 

Kellahin's and Mr. Carr's main objection. 

We were alluded to the fact 

that we have an o i l in place calculation coming up tomorrow 

that w i l l show 90 percent contributed by matrix, 10 percent 

by the fracture system. 

At this time we would l i k e to 

have in summary for© some of your conclusions concerning 

what Mr. Kuay (sic) w i l l t e s t i f y to toworrow. fio exhibits 

are necessary but we would i n a s p i r i t of fairness li k e to 

have your conclusions* 

I might point out that there 

w i l l be ample time to cross examine Mr. Huey (sic) Friday. 

That w i l l give you Thursday night and you'll be able to re

direct testiraony on Friday. We've reserved some time for 

that, so i t ' s not like we're cutting you off tomorrow. 

MR. LOPEZ: I f you could give 

us a minute, Mr. Chairman, to figure out exactly what kind 

of conclusions you ar« requesting. I thought I made those 

f a i r l y clear i n my opening statement, what conclusions we 

reached. 
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I think that i t i s our position 

and tha position t h s t we took at tha August 4th hearing that 

t h i s i s not a gra v i t y drainage reservoir. That hasn't chan-

HR. LEMAY: Okay, that's impor

tant . I t has not changed. 

MR. LOPEZt That has not chan

ged. 

HR. LERAY: v 0u agree i t i s 

p a r t i a l l y g r a v i t y drainage. 

MR. LOPES: I t i s not. 

MR. LEMAY: I t i s not gravity 

drainage. 

MR. LOPBKt tio. 

MR. LEMAY: I think Mr. Huey 

(sic) referred to the fac t i t was not gas solution. 

MR. LOPEZ: Me also agreed that 

MR. LSHAY: We don't want to 

put words i n the witness' twouth. 

m . s I'd also make the 

other observation, Mr. Chairssan, that the proponents had 

every opportunity to p a r t i c i p a t e i n Hr. Hueni*s study but 

refused to do so. 

MR. LEMAY That point ie taken 
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and noted. 

MR. KSLLAHIJit .May we require 

them to t e l l us what modal program was used to simulate the 

reservoir? We need to know that* Mr. Chairraan. 

MR. LEMAY: I think we're over 

— we're not talking about the types off proof that Mr. Uuey 

(sic) is going to go into. We're just — we're just talking 

about hla conclusions. The proof w i l l be forthcoming tomor

row which can be studied and you'll be able to cjo after that 

on Friday. 

m . PEARC&s Hr. Chairman, I 

think i t asay — iaay help our opponents more than I'd like 

to, but i t Ray be of assistance to them, there is a Section 

1 of the proposed notebook entitled "Summary and Recommenda

tions", and i f the Commission believes i t would be of assis

tance, we w i l l at this tiae sake that available to everyone 

who's received copies of this exhibit, copies of the note

book, I mean. 

MR. LEMAYt I think that would 

be helpful. 

MR. PEAHCK: Hay I have just a 

winute? I have copies right here and we w i l l distribute 

the st. 

Mr. Chairman, for my own c l a r i 

f i c a t i o n , I have now passed out a l l of the copies of that 
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•SuBus&ry and Reeowiaendations" section which I had. I 'm not 

sure I got everybody. I f other people need one and w i l l see 

tm immediately a f t e r the hearing, 1*11 get them one. 

MR. LEMAYi Appreciate that. 

MR. REARCBi Yes, s i r . 

MR. LEMAY: shall convene 

tomorrow at 8:IS. 

MR. KBLLAHIH: Than you very 

f8UCh. 

MR. CARRs Than* you. 

{Hearing concluded.} 
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C E R T I F I C A T E 

I , SALLY W. BGVD, C.S.R., DO HEREBY CER

TIFY the foregoing Transcript of Hearing before the Oil Con

servation Division (Cotmsission) was reported by met that the 

said t r a n s c r i p t i s a f u l l , t rue, and correct record of t h i s 

portion of the hearing, prepared by me to the best of ray 

a b i l i t y . 


