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{Thereafter at the hour of 8:3¢0 o5clock a.0,
on Wednesday, 1 April 1987, the hearing was
again called to order and the following pro-

ceadings were had, to-~wit:)

MR. LEMAY: The meeting will
now come to order,

We shall resume with Cases
7980, 8946, 8950, 9113, and S114, with Side Two.

Mr., Lopez, is there any
connotation you'd like to be known by?

Hr. Pearce?

MR. PEARCE: The good guys.

MR. LEMAY: The good guys?

MR. LOPEZ: Mr. Chairman.

MR. LEMAY: Mr. Lopez.

MR. LOPEZ: It may not come as
a great surprise to the members of the chmission but there
exists sharp disagreement with respect to the understanding
of these two pools between the parties.

In fact, it would be accurate
to say that the conclusions that the respective parties have
reached are simply contradictary, and it is not without

great interest because of the great investment that this
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side of the table (not understood) because unguestionably,
and I’m sure the other side of the table sees it the same
way, we want the biggesat bang for our buck. :

Howevey, 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‘éon't gee any purpose to be served by in-
expert attorneys putting words in their mohths.

In thig vein I would like ¢to
simply frame the issues as we see them and I think that
thera are saeveral points I'd like to make.

We Dbelieve and are confident
that the evidence will show that the Gavilan Mancos Pool
produces principally from the Niobrara A and B intervals and
is weakly connected with the West Puerto Chiquito Mancos
rPool, which produces primarily from the C Zone.

Second, the Gavilan Mancos Pool
is a dual poresity, not a gingle 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 if
it is produced on 320-acre spacing within the limits of ap-
plicable atatawidavfules. 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 oil.

Producing the poocl on this ba-
sis would prevent waste, would not cause waste.léhich would
occur if the McHugh/Greer proposal was adopted.

Pourth, 1if the Gavilan Mancos
Pool is produced in accordance with statewide rules on 320~
acre spacing, it will not adversely affect the production in
the West Puerto Chigquito Mancos Pool subject to the estab-
lished gas injection project operated by ¥r. Greer.

FPifth, the wells along the
waestern boundary of the West Puerto Chiquito Mancos Pool are
primarily in communication with the wells in the dCavilan
Mancos Pool and therefore the pool boundary should be estab-
lished as proposed by Mesa Grande.

This proposition is further
supported for geological reasons, nawely, 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 Hancos Pool
is a heterogeneous, complex reservoir with significant
highly varying reservoir characteristics present throughout
the pool, a fact that is supported by direct offset wells
varying aignificantly 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 éﬁ 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 amcngst the other wells in the Gavilan
#ancos 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 tha£ was brief

enough and with that I will call our first witness, Mr. Em-

mendorfer,

ALAN P. EMMENDORPER,
being called as a witness and being duly sworn upon his

cath, teatified as follows, to-wit:

DIRECT EXAMINATION
BY MR. LOPEZ:

G Would you please state your name and

where you reside?

A My name is Alen P. Emmendorfer and I
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regide in Tulsa, Cklahoma.

G By whom are you employed and in what
capacity? i

A I'm a petroleum geologist for Mesa Grande
Resources and I 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, 1 have.

e And were your qualifications accepted as
a matter of recqrd?

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 fall of '79% I went to work for El
Paso Exploration Company in Parmington, New 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 theféwith?

A Yes, 1 am.

MR. LOPEZ: I would tender Mr.
Emmendorfer as an expert geologist.

MR, LEMAY: His gualifications
are acceptable,

Q Mr. Emmendorfer, I would ask you to now
refer to what's been marked Exhibit Number One and identify
it.

Would you please describe this exhibit
and explain what it shows?

A Mr. Chairman, I included this first exhi-
bit, which 1I've entitled as Type Log, for reference pur-
poses.

We have here the Gavilan ¥o. 1, which was
originally drilled by Horthwest Exploration Company, and it
is ~=- has been considered the type log for the Gavilan Man-
cos Pield. 1It's -~ the vertical limits of that pocl, as de-
fined by Order Ho. R~7407, are listed and shown on the
righthand side of the log.

The Gavilan No. 1 Well was alsc used as
the ¢type 1log in the subcommittee portion of the Gavilan

Study Committee. In that committee we attempted to map the




S & WV o

10
11
12
13
14
15
16
17
18
19
20

21

23
24

25

13
geology of the Gavilan Mancos area and we picked tops, name-
ly the Riobrara A Zone, the Niobrara C Zone, and the Niobra-
ra -- Miobrara Zones, A, B, and C, and the Sanosiée.

We used the Gavilan Ro. 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-bDakota Pool, wells in the Ojito Gallup-
Dakota Pool, and wells in the Northeast Qiitc Gallup Pool.

These intervals were easily traced
throughout the area.

I've also included on here the geological
names for the formations. It gets kind of confusing when
one person says "Gallup" and the next person says "Niobrara"
and then they talk about pools, and all, but the Gavilan
HMancos interval is of Upper Cretaceous age in the Mancos in-
terval and a common term for the Niobrara A, B, and C Zones

used by industry people is the Gallup.

Q Is that all you have to say about this
exhibit?

A Yes, it is.

Q Now 1'd like for you to refer to what's

been marked as Exhibit Two and ask you to explain that.
MR. LOPRZ: ¥r. Chairman, we're

going to put this exhibit up on the wall and I'11 ask Mr.
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Emmendorfer to approach the exhibit and explain it.

A Exhibit HNumber Two is & structure map
mapped on top of the Gallup or the Riobrara A ‘2one. The
datums 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 Niobrara A Zone, thus gettng the data for
the top of the Niobrara A.

Contouring it up we see two separate
structural entities separated by a north/south trending
synclinal axis.

I would like to first refer vou 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 is 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 2nd 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 Hancos Pool.
The dips average within the Gavilan Mancos Pool, average

about .6 degrees throughout the producing area.
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wWe have the general axis of the San Juan
gasin occurring in Range 3 West and trending to the north=-
wast.

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 little over 350~
370 feet of vertical relief.

It's different from the West Puerto
Chiquito area where the -~ as 1 mentioned earlier, the
contour interval, if you weare to take this out to the
eastern edge of West Puerto Chigquito Pool, 1s at 3000 feet
above sea level and the datum of the Niobrara A top
injection well that occurs the farthest east in the West
Puerto Chiquito Poel is a positive 200 -~ 2,517 feet above
sea level, s¢ there ig 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.

[#] wWhat is the degree of dip for the West
Puerto Chiguito?
A wWell, it varies, but it goes from zero at

the base in the center of the syncline up to 6§ degrees in




< O VI e W

10
1"
12
13
14
15
16
17
18
19
20

21

23
24

25

16

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~11 Well in the West Puerto Chi-
quite Field, we have about 600 feet above sea leovel to 800
feet above sea level.

Another mile from the L~11 Well to the A~
14 Well, goes from 800 feet above sea level to approximate~-
ly 1200 feet above sea level.

¥ 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 30 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 con the structure
map the proposed Gavilan Mancos Pool boundary that our com-
pany has requested. The purpose of including it on the
structure map was to show the eastern boundary of this pool
as it 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 alsc put up oﬁ the wall,
Mr. Chajirman, and as you see there is a cross gection indi-
cated on the structure map, which will tie in with the next
exhibit.

Will you now describe what is shown on
Exhibit Three?

A Exhibit Three is a structural, general
east/west structural cross section through a major portion
of the West Puerto Chiquitoe Pield, extending through the Ga-
vilan Mancos Pield -- Pool, into the Ojito Gallup-~bDakota
Pool.

I'd 1like to refer you back to Exhibit
Number 7Two 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 first that the
structural cross section is not a true structural cross sec-
tion in the sense that it exhibits true structural confiqu-
ration from point A to point A', but it is a structural
cross section in that it serves to show the structural ele-
vational differences between each of the different wells.

But it 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 monoecline which is characteris
tic of the West Puerto Chiguito 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 it gets into the 0jito Gallup~-
bakota Pield.

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 croes saction.x

There are two wells that have not been
completed vyet. They're in the Canada Ojitos Unit 8o I
should not put what that producing interval is.

In the -- this red swath of line in the
eastern three wells on the cross section in the West Puerto
Chigquito PFPleld serve to show the main producing interval
over in that portion of the monocline, and you'll notice
that the ~-- all 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, geologlical 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
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green the A and B Zone productive intervals, and to a lesser
extent the C and the Sanostee intervals. I1've not colored
in the productive horizons in the Ojito Gallup-nékota walls
hecause I don't have the information as to where the major-
ity of the production is coming from.

1 mentioned earlier that the Canada
Qjitos Unit No. 33 was not completed yet. I do have it
shaded in because I 4o believe that it is a part of the
Gavilan Mancos Pool just by the fact that it is on the west
side of the syncline and geologically should be included in
the pool.

The Canada Ojitos No. 24 Well, commonly
referred to as the J-8, has a large gross productive
interval. It 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, Jjust where
the major productive interval is, bhecause as I was studying
the area, I just could not fiqure out where the four barrels
per day was coming from throughout this gross productive
interval, 80 1 left that off of the cross section with the
coloration of where the major production was coming from.

Q Qkay. Would you take your seat, then,
and -~ excuse me & 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 du§1 porosity
system. We have a high capacity fracture system and then we
have what we loosely define ags a matrix porosity system.
this matrix porosity system consists of low capacity
fractures, microfractures, and the strict geological
definition of matrix porosity in that it would be true
sandstone porosity, intergranular, interparticle porosity.

Q So when vou say matrix porosity system,
do you necessarily mean 2 typical sandstone porosity system?

A Ko, 1 don't. Like 1 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 all three, and we have a varying degree or
amount of this matrix porosity in any one area of the
reservoir.

Q Do you have any evidence of this matrix
porosity system, and in this connection 1'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 sit on mcét of the
wells that are drilled out in this pool, record intergranual
porosity and hydrocarbon sample shows routinely from sand-
stone cuttings as they are drilled through ~- as they come
up from the wellbore as drilled through the Gavilan Mancos
interval.

The first hydrocarbon show sheet after
the title page is from the HMallon 0il Company's Post Pederal
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 HWorth, 2 West.

Now, a8 a matter of industry practice
whenever you have a mudlogger sitting on a well, his job is
to describe the drill cuttings as they core 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 if they have any suggestion that
there might be some porosity within these cuttings, they put

it under an ultraviolet light and subject it to a solvent to
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see if 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 Paderal Well, 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
thay had intergranular porcsity. Although the porosity was
poorly developed it was the porosity present. There was a
good stain, oil stain, poor fluorescence, although it 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
first one 1s the Bearcat No. 1 in Section 22 of 25 North, 2
Hest,

¢ Ckay, Larry is pointing that out on the
exhibit.

A The second one is the Invader Federal No.
1, which is in Section 1, 24 North, 2 West.

And the third one is the Gavilan Howard
No. 1, drilled in Section 23, 25 North, 2 West.

I want to point out also that of these
three mud logs, they're from two different mudlegging com=-

panies and they are also a separate mudlogging company from
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the mudlogger that mudlogged the first sample here in my ex
hibit book.

I've highlighted on the mudlog where they
have noted the quality of the sandstone with exhibiting
hydrocarbon fluorescence in 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 Miobrara
that occurs toward the top of the mudlog on these three ex-
amples.

Pinally 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 Pederal Com 3-15.
This is located in S8ection 3 of 25 North, 2 West.

The first of these two show sheets is
from a depth of 7,030 feet to 7,078. If you were to look on
the induction log, this would be in the A Zone, above the
interval that was cored.

Again this nmudlogger recorded sandstones
within these drill cuttings containing intergranular poros-
iiy with a good hydrocarbon fluorescence and a good streanm-
ing yellow cut.

The last page is the second show sheet
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from this same well, the Davis Federal Com 3~15. The impor-
tant thing to see here is that this -- these samples ware
logged during the course of coring the B Zone of the well.
The cuttings that the mudlogger reported were intergranular
-=- fairly well developed intergranular sandstone porosity
with a fair, even hydrocarbon fluorescence and a good cut,

Again he noted, he remarked that these
shows were from the drill cuttings while drilling the 3B
Zone.

I think this is significant, Mr. Chair-
man, in that the routine core analysis that we had done by
Terra Tek, everybody generally says tﬁat there's no matrix
porosity within the core, yet the mudlogger reported cut-
tings coming from the same interval that the core was cut
and recorded hydrocarbon shows. This is a continuity with
all the other mudlog examples I have here. They're from
different operators, different nmudlogging company, and with-
in the same mudlogging company, dJdifferent mudloggers, and
this is a standard tool within the industry of locating mat-
rix producing reservoirs.

GP 1'd pow agk you to refer to what's been
marked for identification as Exhibit Pive and ask you to de-
scribe it, but before you do that I'd like you to explain
what the purpose of this exhibit is, so let's do that.

Okay, Mr. Emmendorfer.
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A Exhibit Humber Five is a general
north/south crose section between the two wells that were
cored extensively throughout the Miobrara productive inter-
val in the Gavilan Mancos Pool.

I would like Larry to point ocut for me on
the structure map where these wells are located.

The one to the north is Mallon O0Oil's
Davis Pederal Com 3-15. 1It's located in Section 3, Township
25 ¥North, 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 HMobil Lindrith B Unit
¥Ne. 38, located in Section 4, Township 24 North, Range 2
West.

What this exhibit serves tc show is the
visual sand/shale ratio of foot by foot description of the
cores as they relate to the induction logs within the Cavi-
lan Mancos Field.

We've heard testimony that routine core
analysis -- or routine wireline log analysis does not truly
reflect what is within the HNiobrara 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 it

onto the induction log of the two wells.
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On the Mallon well, the Davis Pederal Com
3-15, the study committee had this core analvzed and Terra
Tek, an organizaiton out of Salt Lake Clty, took a foot byl
foot description of the core and visually estimated the per-
cent of shale and sand within this foot. I made that into a
graph form for you here.

Likewise, in the Mobil well, the geolo-
gist that describes the core foot by foot, he also did a
visual sand/shale ratio plot of the well.

1 examined both of the cores and I vis-
ually 4id a rough estimate of sand/shale ratio plots and was
in close agreement with both of the geologists that did the
official sand/shale ratio plots that I have shown on the
cross section.

I think that it's important to see, MNr.
Chairman, that the 2 and the B Zones exhibit the high
concentration of sand in relation to shale.

In the bottom of the -~ in the base -~ or
below the high resistivity C Zone of the pavis Well, which
we were able to core through, we have another spot on the
graph that ghows that there is a high sand concentration
within this area.

In looking at the core, or the core pho-
tos, there's a definite genetic difference Dbetween these

sandstones, Dbetween the A~B Zone and this sand that's plot-
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ted in the lower C Zone.

The A and the B 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 2Zone below the high resistivity seam could
be described more accurately as a furrowed mudstone where
the sandas and the shsles have been furrowed together and
there is no true bedding between the sands and the shales.

Q Are you saying that the interbedded sands
and shales in the A and B Zone is different than the fur-
rowed mudstone that we find present in the lower ¢ Zone of
the Mallon Well?

A Yes, their stratigraphy is different and
I believe that their porosity, then, would be a little dif=-
ferent.

Q Does this mean that this high concentra-
tion of sand in the lower ¢ Zone is not productive?

A I don't think that it would not neces-
sarily be nonproductive. I think that it does have hydro-
carbons present. I think, though, necessary to make a com=~
mercial, producing effort out of this sand concentration in
the C Zone, you would have to have a well daveloped, high
capacity fracturs system to do so.

¥ Then which intervals in the Gavilan Han-

cos Pool do you consider highly fractured, and in this con-
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nection I refer you to what's been marked as Exhibit Six.
Would you explain what this exhibit is and describe what it
shows?

A Exhibit Number Six, Mr. Chairman, 1is 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 1in
that respect I would like you to refer to this exhibit and
1've highlighted in green here on the map the -- what 1 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 astart from the south, then, which is on the
lefthané side of the cross section, the Mobil Lindrith B No.
74, 1located in Section 9, 24 North, 2 West; the Bearcat No.
1, Section 22, 25 Rorth, 2 West:; the Canada Oiitos Unit No.
33, Section 18 of 25 North, 1 West; and finally the Canada
Cjitos Unit Ho. 32, located in Section 6, 25 North, 1 West.

Q S0 these four wells pfetty much cross the
ragervolr in the Gavilan Mancos Pool.

A Yes, 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

logy however, the logging companies that constructed the
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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 f{rac~-
tures.

The dipmeter tool consists of a four-
armed pad, each of these pads oriented at 90 degrees from
other.

How as this tool rotates up the hole,
these four pade record microresistivity. Then they compare
these pads from one, the resistivity, the microresistivity
reading from one of these pads to all 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 all four pads in conjunction and look at what each of
the pads are reading and interpret these things, we come up
with what we conslider to be a highly accuréte toel to deter-
mine where the fractures are located within a wellbore.

We have, the operators within the area
have run, at my latest count, fiftesen of these logs within
the Gavilan Mancos area. I've included four of them on this
cross section to show you what they all show to be, and that
is that the highly fractured Niobrara interval is concen-

trated within the A and the B Zones.
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Now I wmentioned that when there's a
resistivity, microresistivity anomaly, if we could refer to
the well on the far lefthand of the cross gection, the Lin-
drith B No. 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 &all times in
regspect to magnetic north, and in 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 8
No. 74, Hr. Chairman, you can see that some of these pads,
the traces are expanded out. This is a Schlumberger presen-
tation of this frac log and what they do is they take the
microresistivity of all four pads and add then together and
then on each of the pads they take -- such as Pad No. 1,
they take its microresistivity values and overlay that on
the average resistivity value of all four pads, and if there
is a difference, then there is a separation on the curve,
which is Pad No. 1.

Likewise they do this for Pad No. 2 com-

pared to all four pads average resistivity values; Pad No.
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3 and Pad No. 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. It would be the same as in the
Lindrith 8-74 and again if 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 little different. That's bacause
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 all four microresis-

tivity averages to one pad, the Welex log takes Pad ]l and it

/compares its resistivity, microresistivity reading to Pad 2.

Then it compares Pad 2's microresistivity reading to Pad 3,
and then it 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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Again I'd like ot refer you to the well,
the Canada Ojitos Unit 33. If 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 Unit
No. 32 we also see that the area of fracturing, the intense
fracturing, is confined to the area in the A and the &R
Zones.

Q On this cross section, Exhibit Six, that
you've just described as showing the interval of intense
fracturing, is it reasonable for us te conclude that there
is wvariabjility within the fracture components within the
Gavilan Mancos Pool porosity systews?

A Yes, I think there is. 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 it can tel]l you the thickness
or the height of this fractured interval, and lcoking at the
cross section, you can see that from one well to the other
that there is a great difference in the height of this in-
tense fractured interval that is communicated up and down

this fractured interval, 80 there is variability.
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Q And what is your evidence for this be-
sides ﬁh&t you just stated and in this connection I refer
you to what's been marked Exhibit Seven and would ask you to
explain it.

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 systenm. what I would like to address now is the
fracture component of this dual porosity system,

The first article, and I've Xeroxed the
cover of the guide book that this article came from, which
is in the New Mexico Geoclogical Society San Juan Basin IIIX
guide book in 1977,

There's an article in there entitled

Fracture Permeability in Cretaceous Rocks 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 is a greatest rate of change or dip, not neces-
sarily where the dips are the staepest.”

Also I've highlighted one other little
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passage stating that "Bedding thickness influences compe-
tence; Harris and others (1960) suggested that density of
joints is greater in thin beds™ than in thick beds.

Again, on the next page, in their conclu-
sions, 1've highlighted what I think are pertinent passages
to this testimony.

The first highlighted passage is that
field studies of joints 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 first publication referenced several
times by Mr. Harris and others in 1%60. This article was
originally a thesis by Mr. Harris and whenever he went into
industry and when ilndustry allowed him to release this the~
s8is 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 title of his article is Relation of

Deformational Practures in Sedimentary Rocks to Regional and
Local Structures.

If 1 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 Mr. Harris has entitled the "Iso-fracture Map of the
Goose Egg Dome®, located in Hatrona County, Wyoming.

The reason I included that in there was
Mr., Harris went around this dome and field mapped and
measured the orientation and fracture density of all the
fractures within this area.

Now he has a technique where he measures
every fracture in every bed and then since different beds
have different lavels 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 if we were to quickly glance at some of the data points,
the numbers above little squares is the amount of fractures
that he mapped within each square yard., We see that closer
to the centaer 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-




&

v o -~ 6w

10
1
12
13
14
15
16
17
18
19
20

21

23
24

25

386
vals ranging from -~ I don't know what his contour interval
is, although I think he has a key at the base of the wmap
here, but we can see that in some areas there are greater
than 9 fractures per sguare yard, yet thay guickly fall 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 denaity of

‘these fractures in any one particular area.

Referring you to the next page of this
exhibit is another page Xeroxed from his article and here he
did the same type of field meapping 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
structnre; 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 the 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 isg --
I won't read the whole thing, it's highlighted here -- but
again his conclusions are that where there's areas whare
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 -- vou
have the potantial for more fracture to occur at any parti-
cular unit of rock as in offsetting pieces of rock.

1'd like to refer you to the next page
and in here 1 would like to explain what this is. This is a
Xerox of a publication that I got the next article.

The American Asscciation of Petroleum
Geologists has a habit of taking out certain what they con-
sider landmarks of very constructiwarticles that get pub-
lished repeatedly in their djournal, or their bulletin, their
monthly bulletin, and they group these Into different cate-
gories so other people can read, aasimiiaté, and learn and
hopefully use to find more oil.

And this next article was reprinted in

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

led Production.

He would turn to that article. It was

originally published in the AAPG in 1968 by George Murray.
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Thie title of this article is Quantitative Practure Study

of the Sanish Pool, McKenzie County, Rorth Dakota.

We turn to the second page of this
article. 1I've highlighted what Mr. Murray did. what he at-
tempted to do was to make a second derivative calculation
and I would like to stop here and say that a second deriva-
tive is he's measuring the rate of change 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. MHurray 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.
It doesn't -~ it's not the steepest -- steepest part of the
dip. The steepest part of the dip does not really change
necessarily, but it'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-

¢line and one was at the bottom of the bottom of the curva-
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ture at the base of this anticline.

He 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 Pield were confined and this is within the gener-
al area of the highest second derivative on this particular‘
map.

I might point cut 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 it goes
around any particular structure.

And lastly of the articles, 1'd like to
refer you to an article that was interviewing, again, ¥Mr.
John Harris, who wrote the first article I referenced from
the AAPG, and this report occurred in the Drillbit Magazine
in May of 1982,

| And in this he stressed that "areas of
maximum curvature are areas wvhere there is a maximum rate of
change in dip or strike and that that key is the rate of
change.* You can see this maximunm curvature either by field
mapping on the surface or by doing a second derivative map
of the surface of the reservolir 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 I have a little show
of method of calculating a second derivative on a structure.

There are four, four steps and what I've
highlighted here in vellow is a square mile and first 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 all nine of this griad
datum values and divide by nine and you get the average
value of the structural datum which be there if that plane
was -~ if that surface was a plane within that center datunm.

Then you subtract the average datum of
that central point from the actual &aium value to get your
amount of structural departure. This then, when you contour
it 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 deformational curvature, Rocks
should then be fractured more and you would have then more
fractures per unit of rock in that area than in a?eas where

there is not much structural departure.
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o] Havae you constructed a second derivative
map for the Gavilan Mancos Pool, and in this connection I'd
lixe for you to refer to what's been marked as Exhibit
Bight.

wé're going to put EBxhibit Eight up, I
think up behind you, Alan.

A Thank you. Exhibit Number Eight is my
second derivative map that I constructed within the area of
the Gavilan Mancos Pool area and the West Puerto Chiguito
Pool area. This is the same -~ the datum that I used waé
the top of the Niobrara A Zone, in fact the structure map
that 1s 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 egual structural curvature. We have
negative structural curvature and positive structural curva-
ture. 1l've highlighted them separately on the map and these
two colors have nothing in relation to the colors of any of
my othét exhibitsy it's just that my drafteman got a better
price for red and green and bought them by the bulk.

S0 we do have red and green on this map.

In the article I referred to by George




H W

w

10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

42

¥urray, he talked about negative and positive curvature in
his article of the second derivative. The value of the
sign, negative or positive, doesn't really matter because {n
each cases it just relates the structural curvature differ-
ence or deviation from the average datum of the rock 6n that
plane. Iin either case the rocks have been thrown into
deformation from the fractures. but what I've attempted to
do with the red and the green here is 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 in varying colors to show the intensity of the dev~
iation from the datum plane as to how much deformational
forces the rock was subjected to.

I think there's a -~ when you get the map
colored up. 1 think there's twe very definable structural
entities that are brought out, not only on the structure
map, but on the second derivative map, and if you'll notice
in the major portion of 1 West that you see that the curva-
ture, the structural curvature departure is coming in 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 ses that the direction and change ¢of the structural de-
parture is oriented in a general northwest/southeast direc-
tion, so it occurs in several different orientations.

I think a big reason for this is that if
yod look in the West Puerto Chiquito area, you're dealing
with one component deformation. You're dealing with a great
rate of change of dip, structural dip, not so much strike,
because the -~ that monocline runs -~ trends basically
north/south; £hete’s not much change in strike. Strictly for
the most of it, it dips; however, when you get onto the --
the gGavilan 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 amocunt 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. 1 had
said the big structural cross section was a general cross
section- that just showed structural relation between indi-
vidual wells.

I1'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 sanme
general cross section of the larger cross section, but that
is the structural profile. I've given it some vertical ex~
aggeration just to show that there is differences in the
change -~ or in the amount of ﬁip over the area and that the
dome is not diéping at .6 degrees.

It averages .6 degrees, but there is
areas where there is a little 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 Humber Seven -~ Eight, excuse mne,
Exhibit Number Eight. You see that there are two separate
{unclear.)

I would 1like 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 is 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 fall in relation to this pro-

posed pocl boundary.
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I've got one last thing to say about my
second derivative map, is that it would be nice if you could
correlate the greatest, the highest values of either posi-
tive or negative second departure on my map and drill a
wall there and get the best well in the field, and I'm sure
gsome 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
thelxr 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. 1It's just to show that there is variabil-
ity within the area and that there's no wayiif you were to
say that this structural curvature map repraSented exactly
where the concentration of fractures were, and if you wanted
to expound and postulate that that would be where the oil
was, and so therefore there's a certain amount of oill here,
there's a certain amount of oil over there, it can't be
done. There's other factors that are involved in a frac-
tured reaservoir.
Q , In summary, then, would you say that the
second derivative map shows that the fracture componant of

the Gavilan Mancos reservoir is not uniform throughout the

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

Q And that it is hard to interpret how much
0il is in any one particular area or one part of the field?

A Very hard. It just relates to the amount
of de!ormation’that particular -~ the rock was aexposed to in
any particular area.

Q And 1 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. 1It's not perfect. You're at the surface and you're
gsending stuff down to do the work for you at about 7000 feet
below the ground, and thinge do happen. There is -~- there
is a high degree of variability and therefore, just because,
as I said earlier, you drill a well in a particular hot
spot, as airbrushed on my second derivative map, you may not

be quaranteed the best well in the field.
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Q You have talked about the difference be-
tween the Gavilan Mancos and the West Puerto Chiquito Mancos
Pool. Have you prepared an exhibit that has put these Qif-
ferences in regional perspective, and in this connection
1'11 refer you to Exhibit Nine.

A | Mr. Chairman, I've included in my Exhibit
Number HNine a generalized map and cross section, and I do
want to refer to it as gensralized. This is not ==~ 1 have
not constructed this to a-- true to scale. It's strictly te
show the relationships of the productive intervals of three
separate pools and the anticlinal and synclinal flexuring
élong 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 East
Puerto Chiqulto Pools, and I've highlighted what I consider
to be the main preoducing intervals within the Niobrara zone
form each of these three separate pools.

From articles and discussions with opera-~
ters, I've been told that the Bast Puerto Chiquito Pool is
producing predominantly from the A and the B 2Zone. Like~-
wise, the West Puerto Chiguito Mancos, it 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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1'd like to say that in the Gavilan Man-
cos Pool, from geological study and engineering study, we've
determined that the majority of the production within the
Gavilan Mancos Pocl is coming from the A and the B Zones.

Now if we would refer to the generalized.
cross section on the righthand portion of the -~ of this ex-
hibit, 1'd like to first explain that what I'm trying to re-
late here is if we take the whole Niobrara interval and if
we were to cause it to bend around a fold, either the anti-
clinal fold or a synclinal €old, 1I'd like to show you thqt
the top portion of that interval is going to be subjected
to extensional tectonic, extensional pressures, and that the
lower portion in an anticlinal flexure is going to be sub-
jected to contractional stresses.

And if we waere to take a look at this
cross section, in the Bast Puerto Chiquito Mancos, which is
producing on a structural nose, very top of the monocline,
wé have an anticlinal flexuring and if 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, if there's fractures there, is going to tight and bhe

pretty nonproductive,




- O W &

10
11
12
13
14
15
16
17
18
19
20

21

23
24
25

49

Likewise, as we go from east to west, we
get into the West Puerto Chiguito Mancos. Now tﬁat is pro~
ducing at the base of the monocline. It'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 curv&tufe is occcurring and so the A and the B Zones
are going to be contracted and the C Zone of the Niobrara is
going to be exposed to the extensional fracturing within the
tectonic forces there, and you would expect to get the ma=~
jority of the production coming out of the C Zone.

Then when we get on the other side of
that little 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 anticlinal flexuring and the A and the B 3Zones would
then be in extension whereas the C Zone would be in contrac-
tion there.

Now, we see this. 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
andlthc B Zones, We do have some fractures in the C Zone,
just like any of the other two pools do but it's =~ this re-
lationship of -- of the particular zones, their spatial re-
lationship to the positive or negative curvature of the an-

ticline 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-
tion, and why the third one has A and B production, also.

Now, 1like I said, this is a generalized
exhibit. We do have some C production from the Gavilan Man-
cos Pool. 1 believe in earier testimony the Canada 0Ojitos
Unit Well that's in Section 30 of 29 Morth, 1 West, has the
production 1log show that there was production coming from
the C. That doesn't surprise me. If we put that into true
structural relationship, it's on the west side of our divig-
ing syncline, yet there is a atill a minor amount of syncli-
nal flexuring that is exposed, that the Niobrara interval is
exposed to; therefore the C 2one would =- there's no problem
there in my wmind that we would get some production from the
C Zone, but there is going to be a minimal amount of slop, I
would call it, that we're going to have a little gray area
where there's going to be a little of not communication but
production from maybe all three of the different intervals,
but when you get onto -- if you take the Gavilan Mancos Pool
as & whole and put it in its true structural relationship,
we see that the majority of the production is coming from
the A and the B Zone.

Doea this conclude your direct testimony?

Yes, it does,

Q were Exhibita One through Nine prepared
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by you or under your supervision?
A Yes, they were.

MR. LOPEZ: Mr. _Chairnan, at
this time I'd like to move the admission of our Exhibits One
through Hine.

MR. LEMAY: Without objection
Exhibits One through Nine will be admitted as evidence.

Any other direct or friendly
examination?

MR. PEARCE: 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.)

CROSES EXAMINATION
BY MR. CARR:
Q ¥Mr. Emmendorfer, initially I want to be
sure I understand some of the things that you, and, I sus-
pect, we can agree on.

Pirst of all, as I understand your testi~
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mony, the 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 Yes, 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
dcn'ﬁ»know what your definition of a barrier is.

Q Have you found a restriction that would
parmit or prohibit the flow or oil across any particular
area in the combined Gavilan~-West Puerto Chiquito area?

A Not using conventlional wireline logs.

Q Now, and you found, not having found any
of those barriers, do you have anything that would show that
we have separate sources of supply?

A Well, now it 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 1like to go to your Exhibit Number
Two, which is your cross section, and I would like to find
out, £firest of all, you indicated you had an average dip in
the Gavilan area of .6 of a degree.

A That's correct.
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Q And have you translated that into a foot-
age figure?

A I can't do that in my head.

Q Would you accept, subject to subsegquent
corraction, tpat that would work out to approximately 55
feet per mile?

A I think that would be correct, somewhat.

Q Now, the area you've summarized, the area
that you looked at to develop this average figure of .6 of a
degree, d4id you include the area that you are proposing be
included in the Gavilan?

A Yes, I did.

Q 50 you included that additional row of
sections that is currently in the West Puerto Chiquito Pool?

A Yes, 1 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, is it not?

A Well, it's as flat as the top of the Gav-
ilan Dome is flat.

Q And that would be the other really flat
area, isn't that correct?

A Yes, that's correct,

Q 8o in averaging, in reaching an average,

you've used the two areas we're talking about that show the
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littlest or the least degree of dip.

A Yes, but if 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 If we take a look at this map and if we
go to the structure map, and we look at the westernmost tier
of sections in 25 North, 2 West, have you calculated the
amount of dip in, say, Section 36, in that one row of sec-
tions?

Separately?
Yes.

No, I have not.

Lo B I

Have you done that for the dip in 31, 25

North, 1 tiest?

A Separately, no.

Q In 3ection 327

A No, I have not. It can be done,

V) Have you calculated section by section as

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

A I took an average throughout the whole
area.

Q If we go to your Exhibit Number Pour, it
was nmy understanding that you talked, correct me if 1I'm
wrong; about drilling breaks in the mudlogs as being an in-

dication of matrix porosity.
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A I don't think I testified to drilling
breaks.

Q All right, then that isn't something
you're intending to present testimeny on?

A We can talk about it, 1f you would like.
Mudloggers do ~- do indicate drilling breaks, and a lot of
times that is indicative of porosity within a rock unit as

you drill through it.

Q And could that also be indicative of frac-
turing?

A Yes, and no.

2 It could be, could it not?

A Yes, it could.

Q Yes and no? Yes. Now, vou had the

mudloggers out there and they were looking at the samples
that were coming up and if I understood your testimony, they
waere able to conclude from this that there was matrix
porosity, is that correct?
A Well, ves. They take the samples as they
come out of the -- out of the flow line and put them under a
binocular microscope, it's standard procedure, and look to
see 1if there is porosity, and I've been out on -- in the
mudlogging trailer and I have witnessed this myself.
| Q And based on the informaton you got from

mudloggers, they concluded there was porosity there.




10
1"
12
13
14
15
16
17
18
19
20

21

23
24

25

56

A Yes.

Q And the same information, however, was
analyzed by Terra Tek and they could find no matrix contri-
bution. Is that correct?

A Yes. 1 think they said that there was
some but they did not think it was significant.

Q All right, no significant contribution.

A Ro, not no significant contribution; that
there was no significant matrix porosity that they saw.

G dow, the mudlogger --

a There was a petrograph -— I'd like 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
©il cut, looking at the samples themselves.

A I don't understand high porosity oil cut.

Q When they looked at them they concluded
there was high porosity in these samples, is that correct?

A No. I believe I testified that if you
would look at these sample show sheets that they define what
they consldered to be the amount of intergranular or inter-
particle porosity within that sample.

I believe thay have only three subdivi-
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sions and it's subijective, it's poor, fair, or good porosity
developnent,

Q And did you get that kind of information
on the Mallon State -- the Mallon NRavis Well?

A Yes, we did.

G And they did find there was this good de-
velopment, did they not -~ the mudloggers?

A I don't believe it was good, but we could
look on the gsample show.

o How did they characterize it?

A Let me lock In the exhibit, please.
which of the two sample shows are you referring to?

Q I gquess it's the last page. It's got
Show Ho. 9 on it at the top. How did they characterize the

porosity in that well?

A fFairly well develeoped, intergranular
porogity.

Q Ckay, ;hen did vou receive a core on that
interval?

A Yes, we cored that interval.

Q And did the core -- the core did not con-

firm the mudlogger’'s information on the porosity, did it?
A Not as described by Terra Tek.
Q 1 think I'd like to go for a minute to

what I believe is your -- is this Exhibit Number Eight? 1
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think you're holding up Seven,

A No, that's Eight. This is Seven.

Q How if I understand the red shaded areas,
those are areas where there would be -~ the darker the red,
the greatest curvature. Is that -- is that what this is
designed to show?

A The greater the negatiave curve -- or
negative structural departure from a plane, yes.

Q 8o the darker the red, the more flex, I
guess, in the formation?

A Potential for it, yes.

Q And in those areas you'd expect to have
the greatest amount of fracturing, is that not true?

A We would hope so0, yes. That's the
general idea.

o How, in this reservoir, the thing you're
attempting when you drill a well to obtain is a -- is to tie
into the fracture system, is it not?

A Yes.

Q And if you tie into the fracture system
your chances of having a better well are increased. Isn't
that correct?

A The greater the intensity of fractures in
that fracture system, yes,

£ And in the darker shaded areas we could
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anticipate a greater intensity of fracturing than in an area
that is not shaded.

A We can hope for the possibility of
greater fracturing.

Q And if we go through and take a look at
the map, there's sort of an area starting in 32, oh, let's
see, 25 North, 1 West, ard {t runs north of that and it's an
area that is by and large not shaded, is that correct?

A That is correct.

Q And in that area we have a couple of
wells, one in Section 29, one in 32, in areas that are
shaded light green and one two-tone green but those are
areas that have a limited curvature, isn't that correct?

A Yes, that is correct.

e And isn't it true that the two wells, the
one in Section 29 and the one in 22 are the best producing

0oil wells in the State of New Mexico?

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

¢ They're extremely good oil wells, are
they not?

A Their flow would indicate so, yes.

0 Now, if we go up into Section 22 of 2

West, 26 North, there's an Amoco No. 1 Seifert Gas Com A,

That is right in the center of an area that is shaded in




10
"
12
13
14
15
16
17
18
19
20

21

23
24

25

60
dark red, is that not correct?
A That is correct.
Q Are you aware of what kind of producing
capability that well has?
A | MNo. I believe Amoce is testing it 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 in Section 31 of 25 Horth,

1] West. It's Unit Well No. 26, I helieve. Are you familiar
with the producing capabllities of that well?

A . Yes, I am.

Q And it's in an area that you've shaded

red, lg it not?

A Yes, it is.

Q And it's an extremely poor well, 1ig it
not?

A I believe that is correct.

Q Now, 1f 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 it, you're in effect

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

A That is correct.

0 And where it's presently located it pret-
ty wmuch traces an area that is lightly shaded, isn't that
true?

A | That is true.

0 And as you move it over to tha west
you're actually drawing it through an area that's more dark-
ly shaded, darker shading, isn't that also correct?

A That is correct.

0 And if the darker shading corresponds to
increased fracture activity, wouldn't you anticipate mors
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 is missing the
point of my exhibit. This is structural -~ it's a second
derivative map to show that there can be variabilities in
the fracture intensity. It doesnt matter if it's a red
color or a green coler, there are areas that there's struc-
tural departure in either way from a datum plane, and that
we can't tie, and I've testified that we cannot ¢tie the
structural derivative map, the value on this structural de-
rivative map, to the amount of oil in place or to the pro-

ductivity of any one well. It's strictly to be gshown that
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thera's variability within the fracture component of the re-
servoir.

. S0 all this showé is that fractures vary
across the pool but that productivity of anvy well anywhere
on this map doesn't necessarily relate to any of the color-
ing that you've shown on this map. Is that what you Just
sald?

A Yes, 1 said that.

G g this doesn't show you where vyou're
going to get a good well or where you're not?

A No, I testified that that wouldn't do
that,

Q And 1t doesn't show you where there's
communication across thie area, does it?

A No, it's strictly to further illustrate
the structural differences between the ¥West Puerto Chiguito
Pool on the, say, final flexuring of that monocline and the
Gavilan Dome and the syncline that separates the two,

¢ Now 1I'd like to go to Exhibit Rumber
Nine. If 1 understand Exhibit Number Hine, if we go to the
cartoon over on the right --

A Could I get mine, please?

Q Yes, sir. i1f we go to the cartoon or
diagram on the righthand side of this exhibit, 1if I under-

stand it, you're showing with the red shaded area that area
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where, correct me if I'm wrong, where you anticipate the
production to be coming from the Vest Puerto Chiguito “ancos
fool.

K That's what I understand, is that the C
Zone in the West Puerto Chiquito Mancos Pocl, and I've tes-
tified to this, that in this schematic cross section, I've
identified the predoninant producing interval of each of the
three pools.

Q All right, and so this is how vou are de-
plcting the predominant producing interval in the West Puer-
to Chiguito.

A That is correct.

O And yet that is above the portion of that
structure where there is a greatest flexure; 1i.e., down
where the letter C actually appears.

A If you want to look at it from a very
limited scope, yes, ths very base where that € is labaled is
that syncline between the two. That is not where the pro-
duction from the West Puerto Chiquitce is coming from. It's
coming from the greatest rate of change coming off that
steeply dipping monocline. The dip starts to change greatly
and that's where the West Puerto Chigquito production is oc-
curring --

Q Okay, if I =--

A -= that lower part.
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G If I look at your cartoon, t appears to
me the greatest rate of change is below where ycu've shaded
it in red. Wouldn't that be true?
A On a -~ on this schematic item, vyes, hut

I testified that it was not accurate to -—-

¢ All right.
A -= true structure,
Q All right. Now I think you testified

that the West Puerto Chiguito Mancos Pool was producing from
the C Zone, isn't that true?
| A That's where the majority of the produc-
tion is occurring.
O Are you familiar with the Unit Well L-27,

located in Section 27 of Township 26 North, 1 East?

A I heard testimony about that yesterday.

Q And that is producing from the unit, is
it not?

A Yes, it is.

Q In the unit area?

A Yes, it is.

o Are vou aware that from the B Zone it has

produced almost half as much oil as the total production
from the Gavilan?
A No, 1I'm not. I1've never s=en a produc-—

tion log on that. It's my understanding that the A, 13, and
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All three were stimulated

and it's just interpretation as to where that production is

coming from. There is no documented proof that that oil is

coming from the D Zone.
Q And

to you that it is not?

do you have anything that would prove

A Ho, sir.
Q Thank you.
MR,
tions? Mr. Kellahin?
MR.

Chairman.

cR

BY MR. KELLAHIN:

G Mr.

085 EYAMI

That's all I have.

LEMAY: Additional ques-

KELLAHIN: Thank you, Mr.

NATIOK

Epmendorfer, when we looked at Fxhi-

bit Number Eight, I think I understood vou to say that in

determining a boundary between the two areas of the ‘“ancos

resarvoir, that you have not, cannot, and will not use this

display in the second dsrivative analysis to determine that

boundary.

A Mo, sir.

o You can't use it for that purpose, can
you?

A Mo, sir. I strictly put that overlay
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with the boundary on there to show, as I have it on the
structure map, where the proposed boundary is, just as a
matter of reference.

0 When you discussed with M¥r. {arr the
mudlog and the core information, can you identify 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 Oil Company's Davis
Pederal 3-15,

Q Am I correct in understanding your direct
testimony that you have selected the mudlog position over
the core information?

A I'm sorry, 1 don't believe I understand
the question.

4] Having the choice of the two data, the
mudlog information and the core information, I believe I un-

derstood you to tell me that you would select the mudlog in-

formation.
A In -~ for what reference purpose?
G You tell me, with regards to matrix poro-

sity and fractures.

A The core data and mudlog sample shows are
different. You can quantify porosity and permeability meas-
urements from the core. it's hard to do from a sample, a

drill cutting.
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G S0 then my basic statement wag correct,
that you have selected the mudlog information over the core
information to make that conclusion.

MR, LOPEZ: Chiection, Mr.
Chairman. That wasn't what he sgaid.

MR. LEMAY: I'11 ask the wit-
ness to ~- to not be led by the question, #Mr. Kellahin, but
maybe explain to all of us what -- what he was referring to
when he was describing the core information and the mudlog
information.

A From the mudlog information we have the
drill cuttings from a particular interval within the well
that the mudlogger has described as to its litholeogqy and if
any porosity is present and if there is anvy kind of a hydro-
carbon show from that -- that sample.

In the core data the -- from we take a
core, you can visually describe that core and you can guan-
tify particular measurements as to porosity and permeability

I den't think I said that I didn't be-
lieve there was any matrix porosity absent within that core.
I believe 1 testified that Terra TeX said that from their --
their estimates or their analysis that they did not think
that the matrix porosity was producable, that it was -- they
did not qualify as to how much it would produce or would not

produce.




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

6€

Q e I not then correct when I have said
that you have taken the mudlog information over the core da-
ta in making your opinion with regards to that point?

A No, I don't believe so. I cannot tell
you the exact sand lamina from that core that we have from
where that sample cutting came from. 1 do know it was in
that interval.

We know that it was coming from the cored
interval. The well was conditioned and the mud was circu-
lated out before the core was cut. I can't say, 1 <cannot
tell you that that particular sand cutting with the matrix
porosity that has been witnessed has come from any particu-
lar individual sand lamina on that core that the people at
Terra Tek analyzed and sald that there was no matrix poros-
ity. 1 cannot do that, sir.

Q ¥ay it b2 reasonably concluded from your
tegstimony, ®Mr. Emmendorfer, that this reservoir is multi-
directional in its fracture system?

A I did not say that but 1 believe that the
-~ the fracture system is multi-directional, if you want me
to state my opinion.

Q Yes, 8ir. We had one of your exhibits
that had four or five logs on them and you discussed with us
a log that would show directional fracturing?

A That vou could determine dJdirections of
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fracture orientation from that., I did not tastify as to the
orientation of any fractures that I saw within those frac-

tured intervals.

] Refresh my memory about what exhibit that
WAS .

A I balieve that's Exhibit Number Seven ==
5ix.

0o Am I correct in understanding that you're

not taking the position at this hearing that vou took in the
August hearing that you could use directional survey frac-
ture orientation logs to determine orientation of fractures?

a That's not part of my testimony but I
think, 1 think that 1've studied ther andéd can determine
fracture orientation from those logs.

0 Are there any basic fundamental gaologic
conclusions that you've reached today that are any different
from your testimony back in August?

MR. LOPEZ: ¥r. Chairman, I'nm
going to object to the question as being too over-reaching.
If ¥r. Kellahin has specific instances as to testimony that
was glven on diréct as to different geological opinions as
opposed to the August hearing, let him identify them, but
just to ask an cpen ended question outside the scope of dir-
act or not related to anything that's been testified to, I

think is much tooc broad.
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¥R, HKELLAHIN: #r. Chairman,
it's an appropriate guestion. This witness has laid a foun-
dation and he testified in August. I've been very careful
to avoid what Mr. Lopez has been doing and that is
testifying for this witness. I don't want to put qgeclogic
conclusions 4in his mouth. I've simply asked him has he
changed his mind since August.

MR, LEMAY: I think that line
of questioning is all right. If you'd be more specific I
think it's more helpful because vou're dealing with three
new commissioners here who did not hear the previous
testimony, so if you could narrow it down a little bDbit I
think it would be most helpful.

Q With regards to the structure of the
Mancos reservoir would you --

A wWhich Mancos raservoir?

o when 1 talk about the Hancos reserveir I
mean to say from the western boundary of the CGavilan Mancos
Poocl to the eastern boundary of the Wast Puerto Chiquito
Mancos Pool. That interval, that area, as you've displayed
on your structure map. Have you changed your structural
opinions and interpretations from the August hearing to now?

A HO, I hava not. I've changed my
structure map because there's been a few wells drilled since

then along that general area; gave me more datum points, so
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my structure map changed a littie bit.
G Thank you.
MR, LEMAY: Thank you, Mr. Kel=-
lanin.
Any adéitional questions of the

witnegs? Mr. Chavez,

QUESTIONS BY MR. CHAVEZ:

Q Mr. Emmendorfer, on your Exhibit Rumber
Zeven we have a paper written by Mr. Gorham, Woodward, Cal-
lender, and Greer.

On the first page of the introduction
you've highlighted an area but just before that highlighted
area the authors state that the principal factors in the de-
velopment of fracture permeablility, 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 In a general respect, yes. I did not do
a radius of curvature analysis as is referred to by the
third article in my booklet that Mr. Murray did in the
Sanisih Pool in MNorth Dakota. I did not do that exact type
of calculation, no.

Q What type of calculation did you do on
radius of drainage?

A 1 did not do a calculation.
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) The next item that that paper talks about
of development in fracture permeability is rock type. Did
you do a study of the rock types associated within the area

of discussion in the Gavilan and West Puerto Chiquito

Hancos?
A 1'm sorry, are we still talking about the
Q Same article.
A Qkay.
Q The next item after radius of curvature.
A Could you repeat that, please?

Q Did you do a study of rock types in the
-= or look at the rock types in the Cavilan area?

A I've looked at the two cores in the area,
the HMallon 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 in the A
and the B Zones, which I had already suspected from dJrill
cuttings of logs that had been drilled before that.

Q Another item that's called a principal
factor 1in development of fracture permeability is rate of
strain. Pid you make a study of the rate of strain on the
rocks in these pools?

A No, sir, I did not.

G Mr. Emmendorfer, on your Exhibit Number
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Hine, the top right, vyou show some interpretations, repre-~
gsentations, of positive curvature, negative curvature, and
another positive curvature, illustrate the increase in frac-
ture with -- let me ask a question this way.

Is this to illustrate the Iincrease of
fracture width the further away from the central point of
the radius?

A o, sir, it iz not. This again is a
aschematic diagram. I just used a standard curvature radius
of thesge three -~ for these three separate pools.

As a matter of fact, that was a =-- [ used
a figure out of Murray's Sanish Pool study that did do the
radius of curvature study. I just used it as a =~ as a
schematic showing the difference of the rate, not the amount
of radius of curvature. 1 just used the same one ag a point
of reference. There is a difference in 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 illustrations at the top
right of exhibit Nine indicate that the further from the
center point of a circle you are on the radius the wider the
fracture or opening would be at the same angle?

A That is correct, yes, but, like I said, I
have not attempted to show that on my exhibit.

Q Is it your opinion that the radius of
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curvature for the -- the Gavilan Dome, just from what you
understand of it at this time, is such that there would be
significant difference in fractures in the A, B, and C Zones
ar the =-- at that particular distance out on the radius
line?

A I'm sorry, 1f we had the same radius of
curvature in the Gavilan Dome as we have in the West Puerto
Chiquito?

G No, sir. Wwell, 1'11 go on to something
else.

The logical conclusion it would seem like
from your Exhbiit Nine is that the shallower the well would
ba out of the Cavilan area the more likely there would be
larger fractures, is that a logical conclusion, would you
say?

A The shallower the well would be?

Q Yea, a logical conclusion would pe the
fractures would continue to extend upwards from the radius
and therefore would be also exhibited at the surface or in
shallower wells such as Pictured Cliffs or other zones?

A Ho, you cannot conclude that. I do not
heold that one fracture would extend from grassroots to gran-
ite. Normally the structural pressures that are incurred on
a rock unit, which is a stratigraphic column, will be the

same up and down the stratigraphic column, but certain for-
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mations do not behave in a brittle manner. They are inter-
bedded with more plastic formations.

These formations may not be subjected or
subject to as much fracturing or even any fracturing as the
more brittle, competent layers may be, so vou do get a frac-
ture, the same fractural orientation if it's created -~ if
that fractural orientation of a -~ of a =~ you're talking
about & zone, vertical zone up and down all the formations,
but that fracture orientation, those formations were subjec-
ted to the same tectonic forces, then those fractures should
be genetically related in that their direction and intensity
- direc%ions should be -- should be similar.

Q %0 then the plasticity and the brittle-
ness of the formations are important in this -- in your ac-
tual interpretation of whether there will actually be frac-
tures there or not, is that correct?

A Vary important. It's the rocks that are
able to do the fracturing will be fractured if the tectonic
forces are sufficient enough to fracture.

C Did you make any calculations or study of
tectonic forces and the rock lithologies in this area?

A Ho, sir, I have not.

Q In Exhibit Number Seven, the second art-
icle, Bulletin of the AAPG, in the summary, the first para-

graph, if 1 could, says this investigation has shown that in
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order to use fractures as a tool for interpreting fold
structure, it is first necessay to establish the relations
petween the lithologic and physical characteristics of rocks
and their expression of fractures.

A Yes, sir. This investigation, I think,
is the key word. If we could thumb back toe the first, Mr.
Chairman, the first diagram or map, the one that depicts the
Iso~fracture of the Goose Egg Dome, I testified that Mr.
Harris walked over the surface of the map, the concentration
and orientation of these fractures (sic). ¥ow this is from
different beds and because normally when you have a struc-
ture, one particular formation is not exposed all the way
around that ~- that structure. There is usually erosion oc-
curring at the surface and one bed may be preferentially ex-
posed to another because of differences in weathering.

He, what he did was he had to take these
-= nis data points from different portions of the fleld,
different rocks, different formations, different rocks
within the formations, different thickesses of the beds, and
he made a -- he made a table showing which, which rocks were
more susceptible to fracturing because of either their rock
streaks, their composition, or their thickness or thinness
related to the other ones, and then he used those calcula-
tions to arrive from the amount of fractures that was in one

particular spot on the surface to a datum -~ datum plane ==~
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surface within -- on that area. 1It's the same thing as mak-
ing a form line contour map on an aerial photograph. You've
got == you take strikes and dips over many different forma-
tiong and you relate that to one datum.

0Q Mr. Emmendorfer, in predicting the exis-
tence of fracturing, would it be important to know past geo-
logic history of the area as toc whether or not there had
been previous folding, faulting, or other structures that
existed during the creation of an area?

A It would be nice to know that, vyes, it
would.

0 Had there been previous folding and faul-
ting in this area, could that account for fractures existing
in areas where this type of prediction models does not show
them?

A Normally, unless the rock is very young
in geological age, it's subjected to one, at least one or
many times more tectonic forces. We can't very easilv go
back and model each particular one. I'm sure that if vyou
had the capabilities of a large geological-engineering staff
that could postulate on this , you could come up with some
kind of a study; howaver, the usefulness of the second deri-
vative map iz to show the structural departure that is pre-
sently occurring in -- with the reservoir, the bed that

you've mapped, and are of interest in.
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This would not discuss any type of frac-
ture orientation that would occur, strictly wherea the rocks
are in the latest deformational mode,
o Thank you.
MR. LEMAY: Additional gques-
tions?

Yes, sir.

QUESTIONS BY MR. BROSTUEN:

Q Mr. FEmmendorfer, yesterday I questioned
Mr. Ellis regarding porosity determination in the -- in the
area under consideration at the present time,.

He stated that he found that porosity
logs were not exactly tools utilized in determining porosity
in this area.

Would you concur with that?

A No. I think they're effective tools if
you relate those back to actual core data and get your sand
-~ 1 mean, excuse me, your shale corrections and all that
from your core using sonic logs and that you could then back
into a more meaningful porosity determination.

Used Just blindly going in there andg
doing it, I don't think that they're representative.

Q When you say blindly going in there, what

do you mean by that?
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A Well, normally you just take -- you can
read the porosity off of a density log. That does not take
into account shale correction, the amount of shale that is
in any particular rock, and many articles on log interpreta-
tion tell you that this drastically affects the amount of
porosity that can be read in a rock.

o] 1 would agree. Have you done a thorough
analysis o0f the porosities on avallable logs, making the
proper shale correction for the area of concern?

A Ko, I have not, myself.

Q Are vyou aware of any data that may be
available where that -~ where that had been done?

A I believe in the last hearing Mobil pre-
sented an exhibit. I --

4 Then perhaps there will be something
fortheoming.

The cores that were cut, there are two
wells that are cored, is that correct?

A Two wells that have been cored extensive-
1y 1in the Niobrara. 1 should state there is a third, one
6C~foot <core that -~ in one of the other Mallon wells that
has been cut, but 1 chose the one that showed the qgreatest
amount of section that was cored,.

Unfortunately in 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 in a standard way, 1f a foot by foot determination of
porosity and permeability, water saturation, oil saturation,
a study of that nature was performed?

A I don't like to defer questions to the
next witness and I know he doesn't like me to do that
either, 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 all I have.

QUESTIONS BY MR. LEMAY:

Q I have a couple of guestions naybe of
clarification.

Mr. Emmendorfer, you == on your Exhibit

Number Three, how did vou decide where the matrix production
was coming from?

A How did they -- the Cavilan Mancos wells?

0 Yes. You have your A, B, and C Zone and
1 think you testified that the matrix production was coming
from the zones as depicted up there. I jdust wondered how
you made that ~- whether the wells were perforated ar --

A Mo, it has to do with the combination of,
well, 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
tninkfﬁg on the area.

‘\Q OCne other question. Have you been out on

any of the wells in the Gavilan Field when they've drilled

to the pay?
A Yes, sir.
s lkave you noted anything called by BPR,

the bite, torque, and bounce? Is that a familiar term up
there?
A It may be but not in the circle of
friends I run with.
G It's not an X-rated term, either.
Generally, an indirect measurement of
fracturing is when the Xelly will jump going into a frac-

tured zone and it will -~

A Yas, sir.

Q == hang up and then torque up.

A Uh-huh, that's correct.

Q The torque is an indication and sometimes

mudloggers will note this on the mudlog. 1 didn't see any
notation on the mudlogs you've shown or no testimony today
concerning this particular thing as an indirect measurement
or really a direct measurement of fracturing.

A Well, sir, we do keep track of that. We

-- usually the company man, which is being the engineer, he
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will make instructions to the drillers and if he's on their
good side, they will record for him and tell him where these
areas where the Kelly and the drilling flcor are just boun-
cing around.

Usually 1if the mudloggers are in good
speaking terms with the drillers they will tell them this,
and we do have -- 1 do have mudlogs, not with me, that do
have the notation "rough drilling", and in answer to your
guestion, I've been out there during the drilling through
the Gallup and I have seen the phenomenon your talking about
that's indicative of fractures.

4] It is present out in that field, then, as
an indiction of fracturing, isn't that true, but not as a
correlative tool? People haven't used it out there?

A wWell, we try to use every available tool
that we can use. I don't think that it's out there as re-
fined to a very fine recording -- recorded value from well
to well or anything like that. Fach 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 drillers tell us
the zones that -- that they experience rough drilling.

Likewise, I 1like to use the geolograph.
I think that picks that up rather well, I usually ~=- 1 try
to take a copy of the geolograph from the top to bottom if

they'll 1let me have one and take it back tc my office and
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you can see very well on there the correlation between where
the driller wrote -- or noted "rough drilling” and the geo-~-
lograph, the weight of the drill string on the geolograph,
and a lot of times that's where the driller will record
this, is on the geolograph itself.

MR. LEMAY: That's all the
questions 1 have.

Additional questions of the
witness? If there are no more, he may bDe excused.

MR. PEARCE: At this timpe, Mr.
Chairman, 1 would like to call Mr. Paulhabher to the witness
stand.

He has been previcusly sworn in

this matter,

JOHN J. FAULHABER,
being called as a witness and being duly sworn upon his

ocath, testified as follows, to-wit:

DIRECT EXAMINATION

BY MR. PEARCE:

Q Por the record, sir, would you please
state your full name, your emplover, and your
regsponsibilities?

A My name is John J. Faulhaber. I'm em-
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ployed by Mobil Producing Texas and New Mexico, Inc.

I'm a Senior Production Geologist respon-
sible for all aspects of production geclogy in the San Juan
Basin.

In addition, I'm the Reservolir Management
Team Coordinator with the Lindrith B Unit. The Lindrith B
bnit is a 26,000~acre exploration unit. The nportheastern
corner of the Lindrith B Onit lies within the southwestern

corner of the Gavilan Mancos Pool. As such, I'm responsible

for coordinating geologic, reservoir engineering, production

engineering, and operations engineering for the Lindrith B
Unit to insure that it's developed and produced as effic-
iently as possible.

Q All right, sir, would you please tell us
your educational background beginning with your Bachelor's
degree, please?

A I received a Bachelor of Science degree
in geology with honors from the University of Oregon in Fu-
gene, Oregon, in 1975.

I received a Master of Science degree in
geology, also from the University of Oregon, in 1977.

Q All right, would you please ocutline your
amployrent history in the o0il and gas area?

A I was employed as a summer hired geolo-

gist for Mobil in Denver in 1975,'
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In 1877 - 1980 I was employed by Exxon as
a geologlist, and in 1980 to the present I was employed -~
I've been employed by Mobll as a geologist.

Q Mr. Faulheber, have you testified hefore
the New Mexico 0il Conservation Division or Commission pre-
viously?

A Yes, I have.

Q And have your gualifications as an expert
in petroleum geology been accepted and made a matter of re-
cord?

). : Yeg, they have,

¥R. PEARCE: Mr. Chairman, at
this time 1 would tender this witness as an expert in the
field of petroleum geology.

MR. LEMAY: Mr. Paulhaber's
qualifications are acceptable.

Q Ckay. Mr. Faulhaber, at this time would
you briefly outline for us the purpose of vyour testimony
this morning?

A With my testimony this morning I would
like to demonstrate for the Commission what the reservoir
looks like. I want to show the Commissgion the fracture sys-
tem as it exists in the borehole.

I alsoc want to show the Commission what

the seccndary porosity system looks like in the rocks. That
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porosity system, tha secondary porosity system consisting of
a complex interrelationship of microfractures, intergranular
fractures, intergranular sheet pores, and traditional inter-
granular porosity.

9] Okay, what tool did you use to study the
fracture system as you've briefly described it?

A I've used Mobil's borehole televiewer.

Q Could you tell us about that, that de-
vice, please?

A The borehole televiewer is a logging tool
developed by Mobil in the mid~]1%260's for the purpose of
identifying and evaluating naturally fractured reservoirs.
The logglng tool takes an oriented, acoustic picture of the
inside of the wellbore in the form of a continuous well log.
The result is a presentation of the wellbore while -- as if
it were split vertically along magnetic north and laid out
flat.

o OCkay, I would ask you at this time, 1if
you would, please, to refer to tha first page of what
we've marked as Exhibit Number One, and Exhibit Number One
is the entire booklet, Mr. Chairman. W®We'll he referring to
gseparate parts of that during the course of this examina-
tion. This is 1labeled Pigure 1 and could you describe
what's reflected there for us, please?

A Figure One is a simplified schematic of
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the basic elements of the bporshole televiewer. This is ex-—
cerpted from an article written by the =-- one of the inven-
tors of the televiewer for Hobil, Dr. Joe Zemanexk.

G Could vyou describe how this works,
please?

A Okay. The key element of the telsviewer
is laneled on this diagram as a {unclear) electric transdu-
cer. This transducer emiteg high frequency sound pulses at a
rate of approximately 2000 pulses per second, The sound
frequency it emits at about two megahertz. This frequency
iz designed to penetrate mud and normal mud cake within the
borehole and obtain a raflection reading from the borehole
wall.

This transducer, as it is pulsing at 2000
times per second rotates at 6 times per second and while all
this is going on the tcol is being pulled up the hole at a
rate of approximately 8 feoet per minute.

The net result is that a sound pulse is
reflected off of the borehole at a rate of approximately --
with a horizontal frequency of approximately one pulse per
degree and at a vertical frequency of approximately 45 read-
ings, if you will, per vertical foot.

The character of these reflections, their
strangth, are then used to provide an image of the condition

of the borehole wall. The return signal is converted to a
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visual image up hole on light sensitive paper and, as I saidg
originally, that image is -- presents the borehole wall as
1f you were on the inside and had split it vertically along
magnetic north and laid it out flat,

] Ckayv, when you say that the signal is re-~-
flected on the light sensitive paper, what are the charac~
teristics of wmarkings on that paper once this reading is
made?

A Okay. A strong reflection comes back and

shows up on the light sensitive paper as light, as white.

If the signal is ~- return signal is weak, such as if vyou
have some roughness or eccentricity in the borehole, then it
will show up as black and if the signal is of intermediate
strength, it will show up as some shade of gray.

Q A1l right, at this time, sir, I would ask
you to turn the page and look at what has besen marked as
Figures 2 and 3 and could you describe for us, please,
what's reflected in those two pictures?

A Pigures 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 like in both the borehole and a corresponding borehole
telelviewer log.

Figure Number 2 shows a moderately dip-

ping planar feature and 1'1l1l just call them fractures, since
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that' what we're talking about here today, and Figure hHum
ber 3 shows a steeply dipping fracture.

Q Excuse me, if I understand it, if you cut
the column figure open and lay it out flat, you develop the
curves reflected in the rectangular blocks, is that right?

A That's correct. The inter -- the plane
as it intersects the televiewer -- the borehole and if you
lay it out flat, it defines a sine wave.

O All rignt, sir. All right. Now I not-
ice, sir, that these two figures, 2 and 3, are similar;:
however, there are some differences. Could you indicate
again -~ what -- why the difference in shape or slope of
those sine curves results?

A Okay, the difference in the sine curves
is due to the difference in dip of the fracture, A modear-
ately dipping fracture has a moderate amplitude sine wave,
sine curve. A steeply dipping fracture has a high amplitude
sine curvs.

You can determine the direction of dip of
the feature by noting the orientation of the lowest point of
the sine curve. The strike direction would then be normal
to that.

1'd also like to point out an orientation
convention that we have on the televiewer. If you'll look,

say, at the bottom part of the borehole televiewer presenta-~
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tion in Pigure 2, you'll notice that the convention is that
north is on the left side of the image and then we rotate,
as we rotate through the image we go through east, south,
west, and north, and back to north on the righthand side of
the image.

Q And the tool itself is designed to take
into account go that it is aware of what -- of north direc-
tion at all times, is that correct?

A Yes, it references itself to a magneto-
meter.

0 All right, sir. At this time 1'd like
for you to look at the bottom portion of that page, Figure
4, &and could you describe for the Commission and those in
attendance what's reflected by that figure.

A Figure 4§ represents what an induced frac-
ture typically looks like in a borehole. An induced frac-
ture is usually a single planar fracture bisecting the bore-
hole and entering and exiting the borehole at a moderate dip
angle.

0 And when you say induced, how are those
fractures generally induced?

A Generally in the drilling process due to
perhaps excessive mud weight,

Q Thank you, sir. At this time I would ask

you to refer to what we've -~ to the materials in the pock-
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et -~

A Gkay.

G -= of the exhibit packet and you'll
probably want to take a few minutes to --

A Yaah, we need to hang --

Q It will just take a moment.

¥r. Faulhaber, we've displayed on the
wall and contained in ecach of the exhibit packets we've pas-
sed out, are two sets of two long strips of paper. Coulad
you tell us what these are, please?

A These are Xeroxed copies of the bhorehole
televiewer logs run in the Lindrith B tnit No. 53 ang XNo. 74
Wells,

All right, I'm going to use Mr, Emmendor-
fer's second derivative map for reference.

The P=-73 {s located in the northeast
quarter of Section 6, 24 North, 2 West.

The B&B-74 is located a couple niles away
in the northeast quarter of Section 9, 24 North, 2 VWest.

These logs represent twe runs that over-
lap slightly at the top and base. The first run on the 73
goaes from approximately 6580 to about 678C. The second run
goeg from 6780 to approximately 6960,

On the B-74 the first run goes {rom the

area 6420 down to about 6658 or 60. The second run goes
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from 6660 down to about §880.

I have added some annotation to this to
make it much more readable.

On the righthand side is the cable depth
as peasred vwhen the log was run. We do not have good depth
control on this log so that I have correlated it to the gam-
ma ray curve from the density neutron log and that corre-
lated depth is shown on the lefthand track.

Also on this log at the top and base I
have oriented the log with respect to the compass direc-
tions. These are magnetic compass directions, north, east,
south, west, and north, and also I've indicated the subdivi-
sions within the Gallup formation, Gallup A, Gallup B, the
base of what I have called the Gallup B Sands, the Gallup C,
and the base of what I call the C resistivity high, since
those really are not sands.

G A1l right, sir. For a reference, would
you give us the depths of a couple of the formations that
you've annotated on this loy, please?

A Dkay. On the B-73 for the Gallup, the
top of the Gallup A is at 6683 and all depth references I'l1
make will be to the corrected depth.

The top of the B is at 6746. The bhase of
the B sands is at 6808, right here.

The top of the C is at 6867 and the base




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

93
of the C resistivity high is at 6950.

On the B~74 the top of the A is at 6616,
down probably where you can't see it except on your own ex-
hibit.

The top of the B is at 6676. The base of
the B Sands is at 6740,

The top of the C is at 6801 and the base
of the C resistivity high is at 6883,

Q Mr. Faulhaber, what's the vertical scale
of this display?

A The vertical scale is 8-1/2 inches repre-
sents 20 feet. This ig ~--

4] And the -~ I'm sorry.

A I wanted to point out, this is 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 full 360-degrees of the borehole.

g All right, sir, looking at the display
for the 73 wWell, would you describe what's reflected on that
display, please?

A Okay. There are several features on this
display. The first 1'd like to point out are these horizon-

tal dark bands. You can se¢ several in the interval from
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6602 to 6642, keeping in mind that the dark bands that go
completely across are depth reference lines. 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 1is a sine wave shaped dark feature, which we see
guite a number of them on the 73 log. Just to reference
you, we see one that starts on the left at 6585, rises to
6583 in the east quadrant, drops down to about 6588 in the
west quadrant, and rises back to 6585 when we get back to
north.

This sine wave shaped feature is the
borehole televiewer 1log presentation of a planar natural
fracture intersecting the borehole at an angle of approxi-
mately 82 degrees, dipping ot the west and striking north-
/south in reference toc magnetic north.

Q And I understand that the degree of dip
of those fractures can be calculated between the high and

low points represented on that sine curve, is that correct?

A Yes.
Q All right, sir.
A If 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 that.

') Would you describe for us, please, why
the fractures are visible on this televiewer log?

A The fractures show up on the televiewer
log for two reasons. One is if vyou're 4drilling well
overbalanced, the mud might prop them open. Twe, and more
commonly, the thinner edges of the fracture during the dril-
ling process where the fracture intersects the bhorehole,
tend to break as a result of the drilling process and little
pieces come out and you -- and therefore provide a roughness
in the borehole, which did not return the sonic signal well.

Q Is it possible using this tool to measure
the width of any of the fractures reflected?

A o, it is not due to two reasons. One is
the beam width is -- is actually, 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 in the televiewer to determine fracture width.

Q Ckay, 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 is 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 you'll
see Dbecome much more obvicus and easier to spot. You seae
much more complete zZine waves, You seg more of them and
they also appear to be steeper.

What we are seeing are -- in an increase
in fracture intensity starting 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 in-
tengse but nonetheless present down through the hase of the B
Sands and further on down into the B, although they're quite
weak in this lower interval.

We sez no fracturing in the top of the
Gallup C. We see a weak fracture development, what I would
term weak, in the lower two-thivds of the Gallup € resistiv-
ity high.

Q Ang would you relate the completion of
this well to the information reflacted on that televiewer
log, please?

A Ckay. On this well we spent a few extra
dollars 1in order to try to relate the producton of the well
to the fracturing we sees on the televiewer. We initially
completed the ¢ Zone with perforations and a frac job from
6874 -~ let's see, which is about here, to about 6926,

We put this well on ~- after perfing and

fracing we put the well on pump and left it that way for
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several weeks. It eventually stabilized at a production
rate of 10 barrels of oil per day and 33 MCP per day under
pump.

We then set a bridge plug at 6850, in
here -- I'm sorry, up in here, and stimulated, perfed and

stimulated the AB Zone from 6684 -~ I'm sorry, yeah 6684

-down through 6300,

We swabbed; we left the bridge plug in
the hole and we swabbed for half a day and the well began
flowing at the rate of 10 barrels of fluid an hour.

The last test we had before we removed
the bridge plug was 99 barrels of fluid per day. I believe
a little over half of that was oil.

Q All right, sir, could you compare what
vou have Just discussed on the 73 Well with the televiewer
log representation on the 74 wWell?

A In the 74 you'll notice that theses two
logs, sets of logs, cover approximately the same strati-
graphic¢ interval. One thing that becomes immediately ob-

vious is there are no fractures above the A. In fact, there

are no =--
] Let me interrupt you, if I may, =--
A Okay.
Q ~~ for just a minute. would you locate

those two wells again on the second derivative map for me
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identification?

A Qkay. The 73 map, I wmeant log, I'm sor-
ry, which gshowed the extensive fracturing, is located in the
northeast quarter of Section 6, 24 North, 2 West, adjacent
to this second derivative high, if you will, of Mr. Bmmen
dorfer's.

The 74 Well is locatad here in the north
esast quarter of Section 9, c¢lose to the zero second deriva-
tive line on Mr. Emmendorfer’'s map.

Q 1'm sorry, now would you go back and ad~-
dress the 74 more? I apologize for the interruption.

A QOkay. On the 74, as I said, we have no
fracturing above the A. We don't even have any fracturing
in the top of the A until we get most of the way through the
A& ~-= well, about halfway through the A,

Q At about what depth does that fracturing
vegin to appear in that well?

A At about, say, 6655. The fracturing then
axtends down through the rest of the A into and all the way
through the B Sands. And then once we get through the B
Zands, we do not see any fracturing below that. There is a
few posgsible fractures in the top of the Gallup C, but I
don't feel comfortable with calling them natural fractures.

Q And how was that well complated?

A In the B-74, because we did not gee any
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fracturing in that well we did not complete the C Zone. Wa
did not feel, the way Mobil completes thelir wells, we do a
stage completion. We do the C Zone first and we did not
feel that the economics warranted a separate stage comple-~
tion on the C Zone.

S0 we then completed the AR Zone form
6820 to 6740. 6620 is about here and 6740 is down here near
the based of the B Sands.

we've only recently done that completion.
We swabbed the well for five days and it recently started
flowing at the rate of 65 barrels of fluid per day on a
20/64the choke.

g All ricght, sir, at this time, 1if you
would, I'd like to refer vou to the sheets contained in a
packet at the back of Exhibit Number One. Could vyou
describe for us, please, what's fefl@cte& on those sheets
and how that information was derived?

A These sheets are what we call rose dia-
grams. They are designed to represent the relative fre-
quency o©f the fracture orientation in the strike aspect,
where we're mapping the strike, where we're indicating the
frequency of the strikes of these fractures,

The =- on the R-73 I measursd the strike
of 272 fractures and entered them into this computer program

for plotting. I told the program to plot and determine the
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frequency of those fractures in 10 degree increments, star-
ting at north so the first increment is 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 it essentially
counted the number of fractures that are striking in that

particular direction and plotted the frequency of that -- of

‘those numbers on this plot, such that the large wing, if you

will, going out northeast, north/northeast and south/south-
east, represents 154 ({ractures and then the smaller pie
slices represent lesser numbers of fractures.

. Let's look quickly at the display cover-
ing the B-74 ¥ell. That is a reflection of the same sort of
information derived in the same way?

A That's correct.

v Could vwyou tell us what the effects of
having these fractures with slightly different orientation
is?

a The affect (s that the fractures will in-
tersect in the formation. You can see that even though the
major fracture set is trending at about north 14 degrees
sast, there is 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
this, 1'd also like to point out that we also ses a varia-

bility 1in fracture dip when we make these measurements so
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that the fractures do intersect in both a horizontal and a
vertical sense in the formations,

g And the effect of having these fractures
not being perfectly parallel is this intersection that you

A Y2s.

Q ~- wentionad. All right, sir. In these
two wells on which you van the horehole televiewer, do you
find evidence of multidirectional fracturing?

b No, I 4o not.

g All right, sir, do you have any general
comments which you'd like to make with regard to the bore-
hole televiewsr results on the 73 and 74 wells?

A A couple of comments. One is that in
both of these wells as a comparative study we ran Schlumber-
ger's dipmeter logs and did the fracture Ffinding type orien-
tations that Mr, Pmmendorfer referred to., If you will refer
to Mr. Emmendorfer's, I cuess it's Fxhibit Humbhar Seven, his
-- Pxhibit S8ix, I'm sorry, yvou will notice that the lefthand
side of that exhibit --

0 Excuse me, let's slow down and let people

get it to refer to.

A Okay.
C which exhipit is that, ¥r. Faulhaber?
A That's Exhibit Number Six.
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8] And what -- what does the exhibit look
like? We're having trouble [inding it.

2 It is titled tlorth/South Stratigraphic
Cross Section, Intervals of Intense Fracturing.

Q Okay.

A You'll notice on this exhibit --

'] vie're still not with you.

A Ch, I'm sorry. I'm sorry.

g All right, gir.

A Okay. Looking at the lefthand log in

this exhibit you'll sen that it is one of
logs from the Lindrith Ho. B-74 wWell.

If we look at the int
indicated as havino fractures on this exhibi
extends from approximately 6658 down to abou

reading that correctly.

these J

ipmeter

erval that is

t, we

t 6744,

see it

if I'm

If we locok at the televiewer log we see

fracturing from about a little above €658, a

or so, down through about 6738 or 44, So

bout say

there's

66532,

a very

close aqgreement between the ability of these fracture, the

dipmeter fracture type detection logs te da
and what we see in the borehole televiewer.

This == these results have

tect fr

actures

heen confirmed

by the other comparative studies that we made in the

wells.

other




10
1
12
13
14
15
16
17
18
19
20

21

23
24

25

183
Q All right, sir, any other general
comments with regard to these displays?
A One very important observation is that
within the AB Zone we see fractures vertically traversing
all litholegic units and interconnecting the AR Zone.

Q Would you point that out to us where you

-sea fractures interconnecting the A and B in this well?

A Okay, it's probably best developed on the
73.

Q First of all, what depth is that?

A This boundary is at about 6745. I don't

remember my exact notes, but on a log we would see sgeveral
lithologies here, with this would be sand, shale, sand,
shale, and then into a sand again, and we can see that these
sine wave shaped fractures did not really pay attention to
lithologic boundaries, and we see several fractures that
actually crossed the AB boundary.

¥le see the same thing on the 74 where the
fractures simply extend throughout the formation, throughout
the AR 2Zone, and form what we see as a single reservoir
unit, which we call the AR.

Now the exact interval that's fractured,
it wvaries between wells, between logs, but essentially we
see a single homogeneous in terms of fracturing AB Zone that

is communicated, appears to be communicated.
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Q All right, sir, do you have any other
comments you want to make with regard to Exhibit Number One?
A No, I do not.
£ All right, it will take just one minute
to pass out Exhibit Number Two.

All right, Mr. Paulhaber, at this time I

‘would ask you to refer to Mobil Exhibit Number Twc. What are

we going to do with this exhibit, Mr. Paulhaber?

A With this exhibit we're going to look at
the second portion, if you will, of our dual porogity sys-
tem. We're going to look at the matrix in its broad defini-
tion and how it relates to the major fracture system.

Q All right, sir, and when you say "matrix
in its broad definiition", could you once again explain to
us what you mean by that term?

A By that term I mean that it is a complex
interrelationship of nricrofractures, intergranular frac-
tures, intergranular sheet pores, and traditional intergran-
ular porosity.

Qg All right, sir, let's look at Photo No. 1
in this exhibit. Could you tell us what you displayed in
this photograph?

A Photo No. 1 is a photograph of the Lin-
drith B-38 Core, a short portion of it from the B Zone at

about 6691.5 feet.
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Top is to the left on this photo. Just
to show you what's going on, in the bottom third@ of the pho-
to, if 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 All right, 1let me interrupt for just a

‘minute.

If 1 turned the exhibit so that the pic-
tures are at the top, that represents the top of the core

sanple, is that correct?

A That's correct.
Q All right, thank you.
A Okay. Preceeding up through Photo Ho. 1,

we see a light 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 light, light and dark bands that are going ver-
tically in the photo and that is horizontally in the core,
the light bands are very fine grained sand lamination, gen-
erally less than 1 centimeter thick,

The dark bands are shale laminations, in

this case a few millimeters thick, or less. Okay.
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G Please continue.

A Gn Photo ¥o. 2 we see another piece of
core from the Lindrith B-38 in the B Zone. In the lower
third of that photo be see a natural fracture face. This
is, by the way, these fracture faces I'm showing in the core

are the types of fractures that we're sgeeing on the

televiewer.

The slab surface comprises the upper two-
thirds of the photo; again another plug location is shown in
the upper left of the photo. Here we can see a lower
percentage of very fine sand laminations and a ‘higher
percentage of shale.

Q Okay, once again for orientation and
understanding purposes, if I turn the exhibit so that the
top of the core is to the top of the page and the
photographs are right side up reflected on the left of hoth
of those photographs is the natural fracture where the core
broke away, is that correct?

A That's correct.

Q And that's clear from the weathered
nature of that face, is that correct?

A e identify that by the somewhat
irregular nature of that face and in the lower photo,
specifically, you can see drilling mud that was not cleanad

off the -~ off that face.
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Q All right, sir, anything else you want to
discuss with regards to Photographs 1 and 27
A This would probably be a good time to il-
lustrate the general mechanism that we feel is operating in
this reservoir and that is we feel that the secondary poro-

sity system operating in these thin sandstone laminations

-communicates to these ~- to the major fracture face,

Now in both core and televiewer analysis,
the fracture spacing between these major fractures appears
to be on the order of anywhere from a half inch to four in-
ches and occasionally up to six inches in 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 in the A and
B Zones.

S0 in our model what we see is the poten-
tial for communication between the porosity in the matrix
with these major fracture faces, keeping in mind that any
fluids_ would only have to travel anywhere from one-quarter
inch to, say, a maxinum of two or three inches in order to
reach the major fracture face and be produced.

2 Okay. let's turn now, if you would,
please, to the next set of photographs, labeled 3A and B,

and would you describe for us, please, what's reflected in
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those photographs?

A Photos 3A and B are photomicrographs en-
larged at about 300 times magnification. The upper ~- they
both depict the same view. The lower photograph is a plain
light photograph. The upper photograph is a UV fluorescence
photograph. These -- we had approximately 40 thin sections
from the AB Zone impregnated for inaspection with an epoxy
carrying a dye that is red under visible light and fluores-
ces orange under vltraviolet light.

This epoxy and its dye, the epoxy invades
the pore spaces in the rocks and when it fluoresces it al-
lows us to see the very fine pore spaces and their intercon-
nections much better than we normally would with Jjust a
plain light photograph, when we examine the slide under ul-
traviolet -- reflected ultraviolet light.

In Photo 3A and B you'll notice on the
left we have the face, one face of a major fracture. It ap-~
pears as green in the UV photo and as clear on the plain
light photo.

In the righthand photograph we see the
elements of our secondary poroisty system. We see vertical-
ly trending microfractures. We see true intergranular poro-
sity represented by the blobs, if you will, of red dye and
fiuorescence. We see what apears to be intergranular frac-

turing, microfracturing, and in some instances we see what
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appear to be intergranular, what I call sheet pores, which
are thin pores found between the grains in the sandstone.
This, for purposes of scale, the grains
we're seeing 1in this photomicrograph come under the size
classification of very fine grained sandstone.

Q2 Okay, let's turn to look now at Photo-

‘graphs 4A and 4B and could you briefly tell us what's re-

flected on those photographs?

A In 4a and 4B we've gone up to the A Zone,
that first photo was in the B Zone, and we've taken a look
at another one of these thin centimeter thick or less sand-
stone laminations. Once again we see a very fine grained
sandstone. In this particular photo we see a vertical tren-
ding microfracture feeding into sheet pores and
intergranular porosity.

o Anything else you want to comment on with

regard to Photographs 4A and 4B?

A No,

Q All ri¢ht, s8ir, let's turn now to 5A and
5B.

A In Photo S5A and 5B we're looking at ane

other pair of plain light and UV photos.
First I'd like to apologize for the qual-
ity of Photo SB; they're slightly out of focus, but again we

can see that -- in this case we see principally two types of
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porosity present. We see sheet pores and intergranular por-
osity. Even though in this particular photo we're some dis-
tance away from a fracture face, in terms of some distance
I'm talking about maybe -- maybe all of an inch or two, we
still see interconnected poreosity around the grains and con-

necting up the intergranular, typical intergranular porosg-

ity.

4] I don't think we can say much about 5B
because of the way it looks.

Let's look now, 1f we could, at Photo 6.
Could you tell us what's represented in that photo?

A okay. The -~ first 1'd like ot make a
point that would probably help everybody in their orienta-
tion here.

All of the photos in this exhibit are
oriented so that the horizontal in the core parallels the
long axis of the photo, so that when vyou're looking at the
photo 80 that you can read the legend, the horizontal in the
core parallels, is also horizontal.

- I Okay, let's look at 6 and there iz a
major orange area runbning down through the center of that
photograph. Is that a vertical or horizontal?

A That is a vertical fracture.

"] All right, sir, thank you. HNow go ahead

and talk about Six. Thank you.
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A Ckay. The next series of photos, Photo 6
and on, are excerpted from the Terra Tek report on the
Mallon O4i1 Davis Ped 3-15 core. These are slightly less
enlarged than the ones I just showed you. They are enlarged
approximately 100 times and within the legend for each of

these photos 1've provided you with Terra Tek's interpreta-

‘tion of the photo.

0f particular note in Photo & is first
that we see the vertically trending micrefractures, which
are cross-cutting the lithologies, and also of note is that
Terra Tek put a little arrow on the left side 0f the photo
pointing to some thin orange fluorescing lines around what
appear to be grains and those are the same feature that I've
been calling sheet pores in the previous photos.

Okay, this one, the Photo 65 is the only
phote we have frowm the B Zone in the Mallon core. In the
Mallon core out of ten samples that Terra Tek did a petro-
graphic study on only three of those were fron the T Zone;
the rest were from the £ Zone.

In the C Zone we =~ in Photo 7, we see a
tremendous amount of orange, fluorescing orange. Terra Tek
interprets this to bpe a kaolinitic filling between the
grains that we see here. They do not feel that this kaoli-
nitic filling is capable of storing and releasing oil.

I =should Jjust like to point out though
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that this filling did absorb the epoxy, which has a viscos-
ity 60 times greater than the oil we produce from this
reservolir.
Q Turning now to Photos £ and %, would you
address those for us, please?

A FPhotos & and 9 are also C Zone photos

from the Terra Tek report. This photo illustrates what

consider to be a problem with the Terra Tek report, at least
o potential problem.

If I might read Terra Tek's description,
they gay, "This is a fluorescence microgyraph of a large open
fracture typlcally responsible for most porosity in these
rocks."

I have some problem with them calling
that a fracture that would be open at depth. You'll notice
thet 41it's oriented horizontally. It's probably a bedding
irlane fracture that occurred during some stage of perfora-
tion of the sample. It may have been existing naturally but
it certainly wasn't this wide. If you look at the two sides
of that fracture you can see that they are offset down-- the
lower half is offset down and a little to the left. If you
put them back together they would match quite closely.

Another interesting feature of this photo
is that they show us wmicrofracturing cutting the grains, and

also what Terra Tek calls leak off matrix porosity. What
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they consider this to pe is porosity that surrounds the
fracture and is apparently capable of storing fluids.
I should also like to point out that all
of the photos in the Terra Tek report, I double checked this
with Mr. Bereskin, who wrote the report yesterday, all of

the photos in that report were oriented the way 1 have these

-photos oriented.

I believe Mr. Ellis presented a couple of
photos yesterday that were vertical on his exhibit. Those,
if you want thelir true orientation, should ba rotated ninety
degrees.

g Okay, let's look at Photo No. 9, please,
and if you'd briefly descrive that.

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 pot quite in
agreement with Mr. -- or with Terre Tek's interpretation.
Their description of these is pull-apart porosity where
grain-to-grain contacts have pulled away from one another.

I am not sure the genetic implications
are corrgct. I1f this sample was f{rusm near a fracture face
that's certainly plausible, These also bear a resemblance
to what we would call sheet pores, which occur naturally be-

tween the grains in the rock.

Q All right. At this time, if you would,




10
11
12
13
14
15
16
17
18
19
20

21

23
24

25

114
rlease, let's refer to the pages following those photographs
and would vou please describe what's reflected on the first
of those graphic displays?
A The first is a plot of permeabllity ver-
3us porosity of the routine plug analysis from the Lindrith

B Unit NO. 38 core, which was taken by Mobil and analyzed by

Core Laboratories.

Now, this sample =- these -~ these sam-
ples were prepared somewhat differently than the Tarra Tek
samples in a manner which I feel is much more appfopriate
for thege rocks in determining porosity and permeability.

I1've drawn, you'll notice on this sample
that up to the left of the line that's drawn on this tran-
secting the photo, there are a number cf diamonds. Thaese
diamonds represent approximately 10 bad samples that we had
that fractured during the process of the routine core analy-
sis. You'll notice that this line =-- there is also a few
diamonds to the right of the line and & few cocross2s, which
represent good samples, to the left of the line. The lower
limit of the porosity/permeability plot is at 0.01 of a mil-
lidarcy, which is the lower testing limit in routine plug
analysis.

what this plot summarizes is the porosity
and permeability characterigtics, at least what the crosses

on this exhlbit summarize, are the porosity and permeability




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

115
characteristics of what we're calling the matrix system in
the rock.

0 Okay, and to restate as I understand it,
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.

Q All right, sir, let's turn the page and
address the next plot, if you would, please.

A The next plot simpl? superimposes the
Hallon core data on top of the Lindrith B-38 core data. We
can see that this -- the green represents the Lindrith B-23
data. The blue crosces represent the data from the Hallon
core, which Terra TeX did not wltness any desiccation cracks
in.

O All right, =ir, what is the sgource of the
diagonal line running through this graphic display?

A That's simply the same line 3hiown on the
previcus display. It's simply a reference line, if vyou
will.

¥, A reference line 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 2-38, ves.

Q All right, sir. Looking at particularly




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

116
the display that we had in front of us before, what conclu-
sions can you draw?
A wWell, first of all, I think that the Mal-
lon core data we have to ignore because there was such a
problem with desiccation cracks. Well over -- over 50 per~

cent of the samples from the Mallon core appeared to have

desliccation <¢racks to Terra Tek. ¥hether or not those

cracks are actually affecting permeability, we'll never
KNnow. There's no way of knowing. I've got iy doubts, but
that's not for this hearing.

&0 we have to go back to the E~38 core
data to get a good impression as to what the matrix is
doing.

In the E-3B we had only 10 samples, or 12
percent of the total samples crack during the analysis
process., In additicn, we have another 17 points, or 21
percent of the samples which did not have a permeability
high encugh to measure by the -- in routine core analysis,
less than one 0.01 of a millidarcy.

That leaves us with 54 good data points.
You'll see that these 54 gcod data points form a wide scate
ter. In traditional permeability/porosity plot interpreta-
tion, you like to see a -- all the data points winding up in
8 straight lire, or close to a straight line, defining a

definite trend, such that when we see an increase in poro=-
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sity of X magnitude, that is we also see a corresponding in-
crease in permeability, at least when displaved in a log
normal plot like you see here,
What this dispersion of points indicates
is that we do not have & single porosity type in these rocks

and as the -- and this is also seen in the photos we just

looked at. what we have is a complex interrelationship of

several porosity types. We have typical intergranular poro-
sity. We've got sheet pores which have == which would be
typified by a, I guess a pore width. It is very close to
the (unclear) width, and we have microfracturing. So there
is, 1if we could separate out sach of these different types
of porosity, which we cannot, then each separate porosity
type would form a straight line in this type ©f analysis,
Iat since these porosity types are intermixed in varying
proportions to varving degrees, we get the scatter that we
see on this plot.

¥ Oray, any other genoeral conclusions with
regards to the contents of Exhibit Two, Mr. Faulhaber?

A No, sir.

¢ 211 right, sir, let's put that aside for
a moment.

¥r. Faulhaber, were you present here at

this hearing whenh some concern about water saturation was

aexpressad’?
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A Yes, I was.
o Mr. Greer has previously expressed the
idea that a high water saturation in a surface core may rep-
resent a high water saturation level in the reservoir. Do

you agree with that?

A Ko, I o not.
Q And could you tell me why?
A Iin simple terms it's because Dboth of

these cores were drilled with water based mud. A great deal
of the il in the core, perhaps, most of the oil in the
core, that existed at depth would have been flushed from the
core,

Jugt asg a general rule of thumb at that
depth you have a core that is 70 percent 0il and 30 percent
water, when you core that, when you take that core, then the
simple process of taking the core where vou're -- with the
water based mud, where your mud is invading the core and
Elushing the core, the oll saturation could be reduced to
say, well, a common ballpark number would be 15 percent and
your water saturation would be increased to, say, on the or-
der of 85 percent.

If you bring that core to the surface and
some gas comes out of solution, that gas, depending on how
much is in solution, will expel a little bit of the oil

that's remaining, maybe dropping to down to, say, 13 per-




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

11¢
cent, and might expel some of the water, maybe dropping it,
say, down to 60 percent.

When we look at the saturation values for
the Mallon core, which, we see that, and there are, vou
know, there are some problems with those saturation values,
but we see an average oil saturation of, I believe, 14 per-
cent and an average water saturation of about 66 percent.
S50 this is perfectly consistent with what normally goes on
during the corlng process when you're talking 2 core in  an
0il reservolir. Whan you're taking an oil saturated rock
that's saturated with oil at depth and bringing it to the
surface in the coring process.

G Mr. PFPaulhaber, in discussing Exhibits One
and Two we discussged two elements of a porosity system.

Could vyou briefly summarize the conclu-
gions which you draw from examination of those exhibita?

A what 1 see are two major norosity sys-~
tems. The televiewayry and the magascopic features of the
core show us a major open fracture system that isg of quite
an extent vertically, and that crossges lithologic bound-
arzies,

Feeding into that maijor fracture system
we have &, what we've been calling a matrix porosity system
that although it is tight by traditional standards, con=-

tains fluids, presumably oil, that do not have to nmrigrate
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very far, and which migrate in these sand laminations to the
major fracture system.
Q Anything further?
A Mo,

MR. PBARCE: Nething further
from this witness, Mr. Chairman.

MR. LEMAY: Thank you. I think
this may be a good point to break for lunch before we go
into cross examination.

¥R. PEARCE: BRefore we do that,
if I may, Mr. Chairman, 1I'd like to move the admission of
Mohil Exhibite One and Two.

MR. LEMAY: Without obiection
the exhibits will be admitted for evidence.

Okay, we'll reconvene at 1:10.

(Therseupon the noon recess was taken. Thereafter
at tha hour of 1:10 p.n. the hearing was continued

ag followe, to-wit:)

MR. LEMAY: Please be seated.
The meeting will come to order and we will continue. It's
my understanding that you are through with direct
examination, is that correct?

H¥R. PEARCE: That's correct, Hr.
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Chairman.
MR. LEMAY: Anything, Mr. Lopez?

Are you ready for cross exam-

ination, Mr. Carr? #r. Kellahin?

MR. KELLAHIN: Thank you, Mr.

Chairman.

JOHN J. FAULHABER,
resuming the witness stand and remaining under ocath, testi-

fied as follows, to-wit:

CROSS EXAMINATION
BY MR. KELLAHIN:

Q Mr. Faulhaber, I have during the lunch
hour placed some tabs on the MMM Exhibit Eight, I believe it
is. It's the second derivative analysis of the Gallup
structure, and I'd like to simply have you orient with me to
make sure I've done this correctly so that when I sit 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 37

A Yes, you have,

Q All right, sir, and while you're still
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here, I1I've located also what I understand to bhe the Mobil
weall for which the -~ wa'll simply c¢all that the Mobil core,
is 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
Pocl in which you did two televiewer logs?

A That's correct.

Q And the first 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 BR-74

telaviewer log and have I located that correctly?

A Yes.

%) In addition, finally, there is also a
Mobil well <called the B~72 in between the two wells that
have a televiewer log. Have 1 located that correctly?

A Yes.

Q All right, sir, 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 direction, ves.

G Horizontal direction, and if I have a

fracture the next one could bhe anywhere from 2 to 4 to 6
inches?

A That's correct.

Q Okay. I don't remember if you told me if
that's the distance between major fractures, as you've char-
acterize thean.

A Yes.

Q When we look at one of these televiewer
logs, were there any televiewer logs run in the West Puerto
Chiquito Mancos Pool?

A Ho, not that I know of.

Q And within the c¢urrent existing boundary
for the Gavilan Mancos Pool were there any televiewer logs

run for wells within that area?

A Wone that I know of.

Q Did you run a televiewer log on the B=72
Well?

A Yes, I did.

Q Ie it similar to the two that you've de-

picted for us today on the B-73 and the B-74?
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A Yes. In the B-~72, and the reason why we
did not present it as an exhibit, we did an extensive com-
parison between the Mobil televiewer, the Schlumherger li-
cense of that televiewer, and the Schlumberger #MS, forma-
tion micro-scanner. All those will give you fracture orien-
tations. We considered that. That was a fairly 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 thah one of those wells
that has been completed so that it will flow oil to the sur-
face under natural conditions?

A I don't understand the guestion.

g All right. Are there any wells in the
Mancos that when they were drilled ware able to flow oil to
the surface without being fractured?

A 1 have no idea.

Q If you'll take that as correct, that
there was only one well that could flow naturally without a
fracture treatment in the reservoir, d&o 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 tel-
ling us exist in the Mancos reservoir?

a With those wells that were drilled with

mud, yes, 1 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. wWhat fraction of the total
vertical depth of the Mancos reservoirs is investigated by
the televiewer log?

A In all three wells we ran the televiewer
from -~ we didn't ~- we haven't shown you all of our tele~
viewer logs. We ran the televiewer from the base -- well,
from the, what'as commonly termed the top of the Upper Car-
lile 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 B-74 the vertical extent of frac-
turing was 92 feet.

Qo When we add to that the circumfarence of
the investigation in a horizontal extent, what is that dia-

meter or circumference we're dealing with horizontally?
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2 You mean what's the depth of investiga-

tion of the tool?

Q Yes.
A It's reading the borehole wall.
o When you add that dimension to the verti-

cal dimension, am I correct in understanding that you're in-
vestigating a very, very small portion of the total reser~-
voir?

A That's kind of a simple~-minded analogy,
but yes.

Q That's all I have to work with today.
When we talk about these fractures, and I'm not sure I was
clear on what you said, are you meaning to imply that there
is a dominant direction with regards to the fractures in the
Gavilan Mancos or the West Puerto Chiquito Mancos reservoir?

A What I see is an orientation in the three
televiewer logs that is the same between all three logs.
The principal orientation of the fractures in Horth, 14 de~-
grees FEast. In the R-38 core 1 saw evidence of only one

fracture direction, one principal fracture direction. 1In my

‘examination of the Hallon core ! saw evidence of only one

fracture direction. I find it very interesting that this
fracture orientation is very similar to the dike systenm
which we have developed north of the Gavilan reservoir, part

of which is found very close to the Gavilan reservoir in the




10
11
12
13
14
15
16
17
18
19
20

21

23
24
25

127
Tapacitos Ridge, which I'l]l peoint out on the map.
The Tapacitos Ridge is located approxi-
mately like this at about that orientation.
Q Do you recall Mr. Emmendorfer's testimony
that believed that there was a fractional direction, or
directicon to the fractures, if I recall correctly I think he

oriented them northwest to southeast generally across the

reservoir.
A You mean in the August hearing?
Q Yes, 1 believe that's correct.
A 1 recall that =-
2 Do you remember that?
A - Yes.,
v Can we use the televiewer log. does it

give us the ability or the scale of observation for these
fractures so that we can utilize that logging device as a
way to tell us what the orientation of these fractures is?

A I believe so, ves.

Q will that tell us what the orientation of
the fractures within the total reservoir are?

A I think you have to take each piece of
evidence as it exists and see what they add up to. We've
got three televiewer logs that have the same orientation ané
I would presume that that's a fairly -- that's fairly con-

vincing to me that we've got a strong fracture orientation.
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Q Am I correct in understanding that of the
available core information, what you had from the Mallon
core, that you have not plotted the porosity/permeability
data that you did on the HMobil core?

A I'm not quite sure I understand you. Oon
the -~ in my exhibit, the second porosity/permeability plot,
1 have plotted all of the knhown core data on that plot.

Q If we look at the Exhibit Two package,
the last white sheets, the first of ﬁhose is the plot of the
permeability versus porosity on the Mobil core?

A That's correct.

Q And then the secod one is where you've

added in the Mallon core data?

A That's correct,

Q How many plugs were there in the Mallon
core?

A I believe there were about 150.

O And of those plugs how many did you uti-

lize for plotting purposes?

A Let's see, all but 11 samples ére on this
plot.

G wWith regards to the Mobil core, how =~
there were 81, 1 think, original plugs?

A 1 believe that's correct, ves.

Q And how many of thoge plugs did you uti-
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lize?

A all but 17 are on this plot.

18] Okay. On the first page, the first one,
it showsz just the Mobil core, is that the same plot that you
presented to the Commission at the August hearing?

A I don't believe it's precisely the same
plet. 1It's the same data.

2 Did you re~plot the August -- did you re-
plot the core data from the Mobil core and prepare a new ex-
hibit for today?

A Yes.

Q | Is the difference in the two exhibits the
fact that in the August hearing you plotted all 81 plugs on
the Mobil core?

A Gh, are you referring to -- the plot in
this exhibit does not include those data points which had a
permeability of less than one 0.C01 millidarcy. 1 left those
off because that date, we simply have no permeability value
and the other one 1 simply plotted them down below that at a
hypothetical value.

Q Will you summarize for me how there's a
difference between the August plot and the plot we have to-
day 8o that when I look at the two together I'll understand
what you did?

A In the plot I presented today, since the
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-= we only have permeability values down to a level of one
0.01 millicdarcy, I cut off my plot at that point.

In the August hearing 1 presented a plot
which went down, I believe, té one 0.01 milidarcy. I don't
remember what the top scale was, and I believe I plotted all
of those samples which were listed in the core report as
being less than one 0.01 millidarcy, I think, for the pur-~
poses of plotting, 1 plotted them at one 0.001 of a milli-
darcy.

Q In taking the core data from the Mobil
core, have you determined what the porosity cutoff was for
that area of investigation in the core? Wwhat did you use?

A In August I used a cne percent porosity
cutoff. At the moment 1 don't use any.

Q Okay, we wouldn't use a cufoff, then, in
axamining the current information.

A Ho.

4] All rignt. with regards to a
permeability cutoff, what number did you use in August, do

you remember?

A One 0.01 milidarcy, I believe,

Q And you used that again today?

A Yes.

¥} In lcoking at the core, the interval

core, approximately how many feet of net pay in that inter-
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val was cored and analyzed?

A In the P-387

Q Yes, sir.

A I don't recallvright off the top of my
head.

Q Your testimony in August was that it was

50 feet of net pay. Does that refresh your recollection?

A Yeah, that's what 1 said in August.
" Is that stil)] 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
forgetting for a moment the August compilation of that data,
what is the meankpermeability that you have used for this
core? o

A Could you repeat the cquestion?

Q Yes, sir, when we plot the data; analyse
it, and study it =--

A gh-~huh.

o -- and I'm ready to do some calculations,
I want to do a material balance calculation or a volumetric
calculation, I ask you for the average permeability.

A Ckay, when I -- I have not recalculated

those with using no cutoeffs.

I believe in August I used an average
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permeability of the -~ using the cne percent porosity cut-
off, I think I used an average permeability of .048 milli-
darcies.

Q That's my recollection, too. When you
talk about average permeability, what have you averaged?

A You've averaged all the plug samples you
have data for.

Q is that an arithmetic average of all the
data points?

A Yes.

Q In talking about the average permeability
that you had in August, the .048 milidarcies --

A Yes.

Q -~ having eliminated the cutoff, if we
recalculated it taking off the cutoff, would we have lower
average permeability?

A Probably, yes.

< I told a witness yesterday 1 know enough
engineering to be dangerous and I've proven that just now.
I understand that when engineers talk abcocut wells that are
naturally cowmpleted, they don't necessarily mean that it
will flow o0il to the surface. It simply means prior to
stimulation, all right? Did I confuse you by telling you
otherwise?

A No.
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Q You talked about the fact that the well
had been drilled with mud.

A Yes,

0 Should a well drilled with air require
fracture stimulation to produce naturally? Do you have a
geologic opinion as to whether that would make a difference?

A 1 don't have any experience with air
drilling on wells out here.

Q Thank you.

MR. LEMAY: Mr., Carr?

CROSS EXAMINATION
3Y MR. CARR:

Q 1 have just a couple of questions. Mr.
Paulhaber, 1I'm going to ask you a couple of guestions about
the Lindrith B Unit No. 73 Well to be sure I understand your
testimony. That well you initially completed in the C Zone,

is that correct?

A That's correct.

o Here you producing any water in the C
Zone?

A We were still returning load water.

Q And when you stabilized it were you pro-

ducing water at that time?

A Yes.
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Q And you were producing how many barrels
of oil, 10 barreis of cil a day?

A Yes.

Q Rased 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 it your testimony that that 10 barrels
per day in the C Zone is indicative of what the C Zone will
produce in the Gavilan area?

A We have another -~ a number of these
types of tests and I don't remember the exact wells, 1
believe the -~ in the well that was cored, the Mallon Davis
Ped 3~1S the C Zone only produced a few barrels of oil a
day, 5 or €,

In the -= I think that the ability of the
C Zone to produce is directly related to the amount of
fracturing. It appears that the C Zone does not, in the
Gavilan area does not fracture as readily as the A and B
Zone, 80 it is our current operating philosophy that, as we
did on the 74, that when we do not see fracturas in the C
Zone, we will not complete it.

Q And is that well, in vyour opinion,
indicative of what the C Zones does in that area?

A In what area?
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In the Gavilan area?

Prom the evidence I've seen it appears to

be typical of the Gavilan area.

Q

And you set a bridge plug and that

gsegregated the C Zone from the A and B.

A

Q
A

Y,

That's correct.
And it's a separate zone.
That's correct.

You didn't see any communication between

the C to the A and B, did you?

A
frac Jjobs
logs, and

two zones.

Q
3ay?

A

Q

A

Q
day?

A

Q

A
production

No, we ran after-frac logs after both our
and also a pretty thorough suite of cement bond

we see no evidence of communication between the

And the A and B Zone is stabilized, vyou

No, it's not stabilized.
It's still producing frac water?
Yes, it's returning oil water.

And 1it's producing about S50 barrels a

It was, yes,
Is that figure coming down?
I don't know. 1 haven't seen a recent

test. We pulled the bridge plug and are doing
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some other things to the well, s0o =--
Q po you think that 50 barrels a day |is
indicative of what the A and B can do in the Gavilan?
A I would like tc think that in some areas
it could do better.
MR. CARR: That's all I have.
MR, LEMAY: Thank you, Mr.

Carr. Additional guestions of the witness. Mr. Chavez.

QUESTIONS BY MR. CHAVEZ:

Q Yes, sir, 4in Exhibit Number Two, your
permeability versusg porosity graph --

A Uh-huh.

Q -=- the pluge that were used for these
calculations, were they through the same interval that the
walls completed in?

A Yes.

", On your Exhibit Rumber One, is the direc-
tion on the televiewer magnetic north or true north?

& On the televiewer it's magnetlc north:; on
the plots I provided at the back of Exhibit One, those have
been corrected for magnetic declination.

Q 1f you had only one televiewer log that
indicated fracture direction, would that provide just a

small degree of certainty as to the areal fracture direction
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or the fracture direction in the areca?

A I would definitely like to have more
fracture directions, although you can assume that fractures
in local area are going to form under a similar stress
field throughout that area. |

Q Su the rmore televiewer logs that you have
tc indicate a fracture direction the more certainty vyou
have?

A Yes.

>, Would vou care to rate the certainty of
-~ you have of the fracture directions just based on these
three logs you said you ran? Is that 9 percent certainty?
50 percent certainty?

A That's difficult to do,. I feel that in
that portion of the reservoir that Mobil's wells are in I'm
100 percent certain as to fracture crientation. #ell, maybe
95 percent since I'm a geologist,

As for the rest of the reserveir, 1 look
for other Adata that may be extrapolated from that, such as
maybe the orientation of Tapacitos Ridge and those other
dikes to the north. That gives some credence to the possi-
bility that the fracture direction we're seeing in the tele-
viewer logs is -- is fairly extensive regionally.

Q Did fracture pressures during treating

indicate that there were already existing fractures in these
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wells?

A I don't know.

Q Did any other information, such as geo-
logs or other drilling information that ~~ fluid lost while
drilling, back up your claim of fractures through these in-
tervals?

A Yeg, we lost -~ it varied between the
wells, but we did have -~ lose circulation in the Gallup.

I should point out that our dérilling en-
gineers have spent a lot 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 it typically is out here.

Q But did the lost circulation areas or
places where you lost circulation coincide with the areas
where your logs indicated fractures?

& In general when we got to the top of the
Gallup, wusually we lost a little bit of circulation and we
put in a bunch of LCM and maintained that LCH concentration
50 that once we started drilling the Gallup we did not con-
tinue to lose mud.

As far as there heing -=- I have not made
a vary close correlation between the mud loss and =-- and the
televiewer logs.

Q Thank you.
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MR, LEMAY: Thank you, Mr.
Chavez.
Additional questions of the

witness?

QUESTIONS BY MR. LEMAY:

G 1 have one possibly for clarification, ==~
A Okay.
9] -~ ¥r. PFaulhaber. You refer to a secon-

dary porosity system. Iz that in s geﬁeric senge a post-
depositional porosity system or a system separate from the
fracture system? The dafinition of secondary, I guess.

A Okay, it's a system different from the
frac -= from the major fracture system,

Q How would you expect that to react =-- or
maybe this is speculation, it may be an engineering ques-
tion, but in your diagrams, we're talking about tracing
lines ==~

A Uh=-huh.

(e B -~ and these lines, we'll say major frac-
tures are the lines and then the other lines are also minute
fractures or -- or some form of vold space that enters into
the main-~ the main fractures, as you've termed them.

Is that different than just speaking of a

fracture system reservoir?
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A I -- that is in part an engineering ques-
tion, and in just general terms I believe we're -~ it's a
dual -~ rather than saying it's a dual porosity system or
something like that, it's really a dual permeability system;
high permeability, major fractures; 1low permeability, mat-
rix, if you will.,

Q So it refers ¢to the degree of
permeability within the rock rather than maybe the type of
permeability in the rock, and I'm trying to, an example, I
understand a vugular systen would react different --

A Right, The first, let's call it a
permeability system., The first permeability system that we
look =- that we see ocut here are the major fractures that we
see on the televiewer.

The second permeabllity system |is a
combination of pore types that I would characterize as being
microfractures, what I call intergranular sheet pores, and
traditional intergranular porosity.

pid I explain that or -=-

Q You described it well.
A okay.
Q I was trying to crystallize what be a

singular porosity system and a dual porosity system.
A Okay.

v} Both from a geological point of view and
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from an engineering point of view, and paturally your testi~
mony would be the geological ~--
A Richt,
0 -= and that's what I was trying to crys-
tallize, the differences.
A ODkay.

¥R. LEMAY: Mr. Brostuen.

CUESTIONS BY MR BROSTUEN:

Q ¥r. PFaulhaber, have you been able to
guantify the porosity? You do use some numbers here in your
Exhibit Two in your porosity versus permeability chart,

Have you arrived at a porosity percentage
or an average for fracture porosity and also for intergranu-
lar or matrix porosity?

A No. I'm -- estimating fracture porosity
is a can of worms and I've stayed away from that.

Q However, have you made any attempt to
utilize the porosity logs to determine porosity?

A Yes, In the August hearing I 5elieve we
presented one exhibit which will be in the files where we
took our sonic log, which responds primarily to matrix,
well, should be reading only matrix, non-vugular matrix, but
we don't have vugs here, and we provided ~- did two calcula-

tions on that. First we simply calculated the sonic
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MR. LOPEZ: No, Mr. Chairman.
In the spirit of the melodrama that we are participating in
we feel it appropriate to insert 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: wWe appreciate the
suspense and that procedure is acceptable.

MR. KELLAHIN: Do I understand
we will continue with the practice of hearing by sabotage?

MR. LEMAY: Mr. Kellahin, it's
just a matter of style. I think --

MR. KELLAHIN: We go with the
books, Mr. Chairman.

MR. LEMAY: -- the MMM style is
different than the lead-off style, so we will appreciate
both styles.

MR. KELLAHIN: We will comment

on that later.

GREGORY B. HURNI,
being called as a witness and being duly sworn upon his

cath, testified as follows, to-wit:
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DIRBECT EXAMINATION
BY HR. LOPEZ:

o would vyou please state your name and
where you reside?

A Yes. My name is Gregory B. Hueni and 1
reside in Denver, Colorado, actually Lakewood, Coloradeo, at
11420 wWest 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 in reservoir evaluations.

I'm also Vice President of that particu=~
lar firm.

Q HHave you previocusly testified specifical-
ly with respect to the matters before the Commission in
these hearings?

A Yes, I have.

Q7 Would you describe your educational back-
ground, your work experience?

A Yes. I received a Master's degree in
mechanical engineering from Rice University, 1971.

I was enmployed thereafter by Bxxon Com=-

pany U.S8.A. and worked in their offices located in Midland,
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Texas; in Houston, Texag; and in Kingsville, Texas.
In 1977 1 left Exxon and went to work for
Jerry R. Bergeson & Associates and have worked with that
firm since that time.

Q When you were employed by Exxon, what
were the range of your dutiss and work experience?

A While I was with Exxon I worked primarily
as & reservoir engineer, 1 worked also in production and
planning, organization, and I also worked as & 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 in observing Exxon's coperations throughout the
United States.

(o] And since you have been working for Ber-
geson & Assoclates, what has bheen the nature and extent of
your employment and responsibilities?

A wWhile with Bergeson and Associates I have
worked on fields located throughout the world, most especi-
ally the ones that ]'ve worked on overseas have been located
either in the North Sea environment or in Western -- West
Germany.

While with Bergeson and Associates 1I've

also worked on fields located throughout the United States,
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as well as in Canada.

The types of work that I've been involved
with have ranged from reservoir engineering evaluations and
econmic studies. We've completed reservoir studies using
classical approaches. 1I've been involved in reservoir simu-
lation studies in several reservoirs located throughout =-
throughout the United States and overseas.

I have taught the industry courses which
our £firm presents in the area of reservoir engineering and I
have also served as an expert witness on a number of differ-~
ant issues.

Q Did vou do a study of the Gavilan Mancos
and West Puerto Chiquito Pools?

A Yeg, I did.

Q And you have testified previously bhefore
this Commission and had your gqualifications as an expert
petroleum regervoir engineer accepted as a matter of record?

A Yes, I have.

MR, LOPEZ: I tender Mr. Hueni
as an expert witness.

MR, LEMAY: M¥r, Huenli's quali-
fications are accsptable.

Q Mr, Hueni, I believe you just stated that
you did perform a study of the Gavilan Mancos and West Puer-

to Chiguito Manceos Pools. By whom wer2 you asked to perform
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this study?

A Qur firm was contacted by a number of the
working interest owners in Gavilan Mancos Pool. Thosa wor-
king interest owners include the following companies: Mal-
lon, Mesa Grande Resources, Amocc, Mobil, Koch, Reading &
Prates, Hooper, Kimball & wWilliams, Tennecoc, Kodiak Petro-
leunm, and American Penn Enerqgy.

wWe performed the study on behalf of those
particular parties,

Q And what did this 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.

4] And what was the oblective of the study?

A Well, the objective was to determine the
hest method of depletion of the pool, whether it wouldé be
hest to deplete the pool on a primary depletion basis or
whether it would be perhaps better to «- to unitize and in-
ject gas into that particular pool.

The study itself consisted of several
different phases. It involved a considerable ampunt of tes-
ting, both in the field type testing as well as laboratory
testing. It involved geological analysis which we're heard
described previously that was conducted by Mr. Emmendorfer

and ¥r. Faulhaber, and it also included an enagineering ana-
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lysis of the pool itself.

Now I might go ahsad and 1 could refer to
Pigure One?

Q Sure. I think when you performed your
study was one of the things you congidered reservoir perfor-
mance, and 1in this connection I'd ask vou to refer to the
Tap 2 in the report that we just circulated and ask you to
explain what it is.

A Okay. Okay, in performing our study the
basic approach to our study which we would lixe to descrlibe
today was to review the reservoir performance; follow that
by attempting t¢ describe the reservoir as completely and
accurately as we possibly could. Then conce we had that de-~
scription, to analyze the reservoir using appropriate
methods of analysis, and then once we analyzed the reservoir
we wanted to put some economics to it and we completed an
econopic analysis, and as a result of that we arrived at our
optimum plan of deplation.

The first 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 this is
really the first activity that we undertook in completing
the study.

The first part -- well, when we reviewed
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reservoir performance, there were several things that we =--
we had available to look at.

Je had production trends that waere
available to 1look at. we had individual well tests were
available to look at. We had production control surveys, or
production logs that were available to look at. We also had
pressure information that was available to look at and this
information is what we've attempted to describe under the
first tah, Reservoir Performance.

Q OCkay. Go ahead and explain what else you
want to show with this part of the exhibit, if you will.
Q Okav.

MR, RELLAMIN: I'm going to
object to that question, Mr. Chairman. It makes it very
difficult to follow the testimony if he calls for a
narrative answer from this witness.

In properly conducted direct
examination Mr. Lopez should be putting a specific question
to this witness so wa would know whether it's objectionable
and so that‘we_wouid have an index before this man answers
the question of whether or not it's appropriate testimony.

To simply plug him in anéd let
him run is not appropriate hearing procedure. We object.

NR. LEMAY: Mr. Lopez, do you

have a comment on Mr. Kellahin's objection?
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MR. LOPEZ: Mr. Chairman, ag we
all kxnow, the rules of evidence are more informal (unclear)
Commission hearings. If we were to observe strict formality
as you'd expect in a court of law, I'm sure we would have
been objecting all the first day with respect to Hr. Greer's
narrative testimony.

1 think the purpose of these
hearings is to try and find out what this reservoir is about
and how the best method of producing it is.

If you wish, 1 can ask Mr. Hue-
ni to refer to each page under this saction and ask him to
axplain what it shows, but 1 think it's better in the narra-
tive form for everyone to understand without interrupting
testimony.

MR. LEMAY: I think that's been
used at -~ if you can, to satisfy Mr. Kellahin's obiection,
just say you want to continue on  with production
performance, for instance; refer to the exhibit that he is
degcribing and I think that will keep us all oriented and
will pretty well tie down what part of the testimony that he
is currently based in.

MR. KELLAHIN; It would be very
nalpful to see if we couldn't organize it so we can under-
stand the areas that he's focusing in on.

MR, LEMAY: That was my sugges-
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tion, to just refer to the exhibit, continue on with the ex~
hibit, and then we can all stay with him.
MR, LOPEZ: Qkay.

O 1 believe we are referring to the section
under Tab 2, is that right, Mr. Hueni?

A That is correct.

G With respect tc reservoir performance.
Okay, what did you consider when yvou were making yvour study
with respect to reservoir performance?

A We considered the production performance
of the field as a whole as well as the individual pools
which comprise that fiecld.

Q I1'd ask you then to refer to what is Fig-
ure 2 behind the blue tab and ask you to explain what |t
shows.

A Figure 2 is a production plot showing the
produétion history for the Gavilan Mancos Pool as proposed
in the Mesa Grande, et al, application to expand thea pool.
In other words, this is the production history for not only
what has traditionally been known as Gavilan Mancos Pool,
but also includes production from the western tier of Canada
Ojitos Unit wells, or #est Puerto Chiquito Pool wells,

This particular plot that we have shows
the production history for all of the walls in the Gavilan

Mancos Pool. We've attempted along the top of the page to
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give some indication of the number of wells that are either
on production or that appear to be capable of producing at a
given point in time, This compares to a number of wells
producing as indicated by Mr. Roe, but his werc wells actu-
ally on production in a given -- given month, whereas we've
included some wells that are simply capable of producing.

The scale of the exhibit on the Y axis
shows daily production. It's expressed in barrels of oil
per day. 1It's on a logarithmric 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.

We show production on a monthly basis
from date of first production in 1982, which was the Gavilan
No. 1, through January of 1987.

We would like to note that the -~ this
particular area, Gavilan plus the western tier of Canada
0jitos Unit wells, in January of 1987 was producing about
3,650 barrels a day. It had accumulated 3.15-million bar-
rels of oil. It was experiencing a current GOR slightly un-
der 2,400 standard cublic feet per stock tank barrel.

Q Por comparative purposes what is the
total cunulative production of the West Puerto Chiquito

Mancos Pool, if you Know?
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A Well, if we were to take the remainder of
the West Puerto Chiguito Pool that we did not include in
this particular exhibit, we would find that by October of
1586 that the cumulative production from that area anounted
to about B.44-million barrels, producing at a gas/oil ratio
of 880 and producing at & rate of 1,643, or 1,640 barrels of
0il per day.

Q And when was the West Puerto Chiquito
Mancos Pool first put on production?

A That represents the production that's
been accumulated in that pool since 19%962.

Q Ancd the over 3-million barrels that has
been accumulated in the Gavilan Mancos has been accumulated
in what time frame?

A wWell, there was some production in 1982.
That was rather a minor amount of production; basically pro-
ductién in the Gavilan Mancos area started in mid-19283.

Q wWhen were the ¥West Puerto Thiguito Mancos
Pool wells that you included as part of the Gavilan Mancos
Pool production first put on production?

A They were put on production in 1386,

¢ And why have you included these wells as
part of the Gavilan #Hancos Pool?

A we've 1included these wells because we

believe these wells are in very good pressure communication
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with Gavilan Mancos Pool, that the depletion of Gavilan ®an-
cos, Gavilan HMancos Pool will parallel their depletion.
We've included them because we believe that a substantial
amount of their production comes from the Niobrara A and B
Zone, as we believe that the majority of Gavilan Mancos Pool
production comes from the Nicobrara A and B Zone, as well,
and we've also included them because the presence of a syn-
¢linal area in a gas injection project represents a loglcal
termination of an injection program.

Q And these wells that are included are the
wells in the most wastern tier of sections in the West Puer-

to Chiguito and are included in the proposed Gavilan Mancos

extension.
A That 1is correct.
Q I1'd now ask you to refer to what's been

identified as Figure 3 and ask you to explain what it shows,
and if you would, compare it to the previous exhibit.

A Pigure 3 is a very similar plot with the
exception that we've excluded the production from two wells
from this plot. The two wells that we excluded were the
Gavilan Howard Well and the Gavilan HNo. 1 Well.

In the preceding hearing that was held on
this matter & Contern was raised by other parties that these
walls may not actually be reporting production or their past

production may not actually have reflected 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 is possible that those two wells have
recorded some production as Mancos production that actually
came from the Dakota.

S0 we have excluded those two wells from
our production -~ production plot,

If we compare Pigures 2 and 3, we see
that that does not change really the shape of the field
curve, We s8till have a rapid build-up in production from
1983 to the middle of 1936, We have a fairly constant gas-
/oil ratio performance until 1986, at which point in time we
have a moderate increase in gas/oil ratio performance. Gas-
/oil ratio field-wide is about 2337 standard cubic feet per
stock tank barrel, which I think we're going to show is 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 is because when we subsequently interpret
performance of the field, we want to be able to set forth an
interpretation that is consistent with the performance that
we see on this particular chart for the field as a whole.

Q 1'd now ask you to refer to Figures 4
through 11 and ask you to explain what these figures sghow.

A Yes. A1l of Figures 4 through 11 are




10
1
12
13
14
15
16
17
18
19
20

21

23
24

25

156

similar type of production plots that are presented for in-
dividual wells. They show oil production expressed in bar-
rels of oil per producing day. In other words, we've taken
the barrels of oil that each month produced, divided by the
number of days reported on production. ¥e've plotted that
information and we've also plotted the gas/oil ratio infor-
mation.

The oil production is shown by the
triangles. The gas production is shown by the x's, or the
gas/oil ratio producticn is shown by the x's.

We have several wells here. I don't
believe it's necessary to look at each individual well. The
purpose of the -=- of the comparison of wells is to
1llustrate that 1individual wells in the pool do not have
necessarily common producing characteristics. So if we were
to look at the very first one, PFigqure 4, which is, as shown
by thé title, 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 time at rates of 500 barrels of oil per day.

It initially produced with a gas/oil
ratio of 800, later dropping down a bit to arocund 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'll be making
later on is that this type of behavior is not
characteristic of a solution gas drive reservoir. We can
take Pigure 4 and look then at the offsetting well, which is
a well kxnown as the Ribeyowids.

Q Mr. Hueni, would it be helpful to point
out where these wells are on the structure map?
A Certainly, it would be.

Okay, that is the location of Mallon -~
the Mallon Ribeyowids Federal 2-16, located in ~- also in
Section 2 of 25 North, 2 West.

Now this well, whereas the other well
demonstrated producing rates of 500 barrels a day, this well
demonstrated & maximum producing rate of 21% barrels a day.
it produced at reasonably low gas/oil ratios, approximately
500 standard cubic feet per stock tank barrel until the
middle of 1986, and at that time its gas/oil ratio
performance took a steep upward turn and then leveled off.
It currently is about 3,600. The well is producing about 87
barrels a day. it is basically producing at capacity where
the well that we loocked at previously is not producing at
capacity.

wWe would suggest that the shape of the
gas/oil ratio curve on this well is also not characteristic

of & solution gas drive reservoir.




10
1
12
13
14
15
16
17
18
19
20

21

23
24

25

158

The Pigure 6 shows the Mesa Grande Rucker
iake No. 3 ¥Well, which is a well that's produced at a rela-
tively constant producing rate of about 100 barrels a day
since the middle of 1983, 1It's gas/oll ratio performance in
1984 was approximately 1700 -- or it rose to as high as 1700
cubic feet per barrel, dropped down to 500 cubic feet per
barrel and then increased in about the middle of '86 up to
around 1,257 standard cubic feet per barrel. That was the
January '87 number. The o0il production rate is at 64. Once
again we do not believe that this is indicative of a reser-
voir that's perferming as a sclution gas drive reservoir5

This also happens to be a well that is
relatively high on the Gavilan Dome structure. It is not a
waell that is low on structure,

The Figure 7 is the production history
for the Native Son No. 2 Well. This particular well is the
wall .that has accumulated the most production out of the
Gavilan Mancos Pool since it was discovered. 1Its cumulative
production amounts to approximately 360,000 barrels of oil.

As we can note, it has had a very high
capacity flow rate since 1984, reaching rates as high as 530
barrels of cil per day.

The gas/oll ratio performance is differ-
ent than the ones that we looked at previously. Gas/oil

ratio, which was arcund 5-to-600, began increasing in 1985
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and since that time has increased at a maderate rate of in-
crease to a current value of about 4,300, Once again we
would suggest that this is not characteristic of wells that
are in a solution gas drive reservoir.

The next figure, Figure No. 8, is the
performance for the McHugh Pull Sail No. 1, located in
Section 29, 25 West, 2 North., This is a well that is on the
flank of the Gavilan Mancos Pool.

The productive capacity of this well
during 1985 was demonstrated to he on the order of 225
barrels a day. The gas/oil ratio was around 1500 at that
time.

In early 1986 it took an abrupt increase
up to approximately 1,900, and then the gas/oil ratio
through 1986 increased moderately to 2,600,

Once again we have seen a gas/oil ratio
incre#se in this well but we do not see that ag being
typical of a solution gas drive reservoir.

Pigure 9, the Ruckar Lake No. 2, is a
well that ia once again very high on structure. 1t's a well
that has demonstrated producing capacities of 150 barrels
per day for a short period of time on a daily production
bagis. It was tested at rates as high as 400 barrels a day.

The gas/oll ratio declined a bit between
1984 and 1985 to a level of about 5-to-500 standard cubic

feet per stock tank barrel.
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It increased in the early part of 1986
and increased up to a current value of about 3,800 standard
cubic feet per stock tank barrel.

This well has experienced a little more
steep increase in its gas/oil ratio performance; perhaps
this might look a little bit more like a solution gas drive
well, although it doesn't, according to the analysis that
we've done, even this well doesn't really 1look like a
solution gas drive.

Figure 10, 1 only have two more of these
to go through but we're trying to point out the variability
of the producing characteristics of the different wells in
the Gavilan Mancos Pool, Figure 10 is the production history
for the Janet No. 2 Well, operated by Mr. McHugh, located in
Section 21, 25 Worth, 2 wWest,

The production history on this well shows
a weli that produced at a constant rate of approximately 60
barrels a day in '84 anad '85, The gas/cil ratio in ‘84 was
in the range of 5-to-600, increased to 800 to in excess of
1600 in 198%, an@ in 1986 took an abrupt incraase in about
April to a maximum value that was recorded in December of
6,900, followed by a slight GOR decrease in January of 1987
to a level of about 5,500 standard cubic feet per stock tank
varrel.

And finally we have the production plot
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for the Janet No. 1 ¥Well, also a well operated bhy Mr.
McHugh, located in Section 27 of 25 Rorth, 2 West.

This well tested at high rates, 300 bar-
rels a day for a few days in 1983, but basically, since it's
been put on production has produced at an average rate of
about 100 barrels a day since that time.

The GOR initially in 1984 reached levels
of around 900, dropped down to the 5-to~-600 range in 1985,
and then abruptly increased in mid-1986. The first increase
was up to a rate -~ that occurred in about June -- was to a
gas/oil ratio of 2,600 and then subsequently, later in the
year, up to gas/oil ratios in excess of 10,000. Current GOR
is running at about 12,300.

] Gkay. Mr. Hueni, I'd now ask you to re-
fer to the first set of maps under the map tab at the Dback
of the book and ask you to identify and explain what the
firstAmap shows.

A Ckay. Once again we are going through
the individual well performance information that we looked
at in trying to arrive at an understanding of the field it~
self.

The plots that we've looked at up to this
point in time have indicateds a certain degree of variabil-
ity Dbetween individual well performance, and in looking at

reservolr performance we wanted to look at additional indi-
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cators of variability, so we set out a series of maps and
the the first 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 heen devel-
oped and the dates at which the development occurred.

We've color coded the individual wells
with the first wells being drilled in 1980 or Dbefore. We
have wells drilled in '81 shown by different color, similar-
ly £or the other years.

What we would note is that the first
well, first 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 Rorth, 2 West.

That well, then, was, after a bit of pro-
duction history, was followaed by a certain amount of devel-
opmenﬁ that occurred in the southern end of the Gavilan Man-
cos nose,

The subsequent development occurred to
the northeast in 'B5 and '86, when Mallon drilled several
wells and certain wells were also drilled by -- by the Can-
ada Ojitos Unit.

4] 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 off the record.)

Q Okay. would you -~ well, excuse me, be-
fore we go to the next map could you explain where the first
wells were developed in the Gavilan Mancos Pool and the last
wells?

A Yeah. (Qkay. The, as we said before, the
first maps == or the first wells ware developed in the
southern end of the pool. Subsequent development occurred
up in the northest area. The wmap is not entirely completed.
It's not fully colored in.

There have been several additional wells
that have been drilled since -~ some of which, well, which
are not yet on production. Many of them are not yet on pro-
duction, at least in December of 1986, at which point in
time we useé ~= we constructed this data.

| There are three wells that Mobil has
drilled along the socuth end of the pcol, the Mobil PB-73,
Lindrith B-73, located in Section 6 of 24 North, 2 West; the
Mobil B~72, located in 25 -- in Section 8 of 24 North, 2
West; the Mobil B~74 in 24 North of 2 West, Section 9.

In addition to that, along the perimeter
we have drilled by Mr. Mclugh, we have five wells drilled in
Section 25 North of 2 West, and in the Canada Ojitos Unit we

have two wells drilled along the -- along the western tier
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of sections and then there were two additional wells drilled
on the second tier of sections from the Gavilan Mancos Pool.
There is one additional well that was not
circled. It has not proved to be productive yet. It is the
Mallon Davis Well located in Section 3 of 25 Horht, 2 West.

Q So since the hearing in August, and ex-
cluding the three Mobil wells and the one Mallon well, all
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.

¥ Okay. I now ask you to turn to the next
map, which is identified as cumulative oil and ask you to
explain what it shows.

A The second map is a map showing the cum~
ulative oil production recorded by individual wells in the
area #s of December, 1986. It is -- the cumulative oil pro-
duction on this map is indicated by different size circles.
The largest circles indicate wells that accunmulated 300,000
plus barrels of oil and then we grade down in the size of
the circles to indicate the different types of recoveries
experienced by wells, by individual wells in the pool.

The reason that we point this out is that
we've Jlooked at wells and we've seen that they exhibit var-

iable production characteristics. I think if we look at
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this type of presentation, although we have to realize that
wells come on at different points in time, that certeinly
there has been a wide variation in the type of recoveries
that have been experienced by the different wells in the Ga-
vilan Mancos Pool.

In the Canada Cjitos Unit area we show
along the eastern edge several wells which have produced
certainly in excess of 300,000 barrels. This map does not
ghow the two wells in Section 2% and 32 of 25 orth, 1 West,
which are Canada Ojites Unit wells which do have -« have
some production that should be shown on here.

Q So the principal purpose of the exhibit
or the map is to show the large variability in cumulative
production of the varicus wells in the pool.

A That is correct. We once again are going
to present our interpretation of fisld-wide performance and
we afe simply pointing out that individual wells represent
variations from that -~ that performance.

Q How could you refer to the third map in
this series of maps, entitled Cumulative Gas and explain
what it shwos?

A The third map shows the cumulative gas
preduction recorded for individual wells since -- since =--
or as of December, December 1986.

Once again we have used a presentation in
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the form of showing the amount of production according to
the size of the circle and each of the circles then |is
colored in red to indicate the gas.

We note immediately that there are two
wells in the pool that, well, there are really three wells
in the Gavilan Mancos Pool proper that have a large amount
of gas production. There igs a well lcocated in the northwest
corner of Section 23 of 25 North, 2 West, That is Gavilan
Howard No. 1, a well that was dually conmpleted in the Dakota
in which it was observed mechanical communication with the
Dakota had occurred.

The second well is the Gavilan VHo., 1
Well, located in the northeast of Section 26 of 25 North, 2
West. The Gavilan No. 1 is also a well commingled with the
Dakota. At the past prior hearing it was lndicated that
there was a possibility that this gas was coming from the
Dakoté and in subsequently reviewing the production his-
toeries we decided that we thought that was reasonable ad we
consequently excluded those two wells performance from the
total field average,

Q Okay. How could you refer to the next
map?

A The next map, and this is perhaps one
that you would like to --

Q Yeah.
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A ~~ put up if you can find this one.

¥ I'm not sure we have it, so I think -~

A ¢oh, cokay.

Q -= the best thing to do is to just have

Colin refer to the structure map, where the wells are as you

call them out.

A Okay.
Q I think we also need to correct this map
A Yes.
Q -= that says Maximum Gas Rate, but it

should read maxium 0il rate, is that correct?

A That is correct. That is noted in the
report itself, that this -~ that this reflects the maximum
oil rate in barrels of oil per day observed as production
from the individual wells.

| Now some of the wells have always been
constrained in producing by the statewide allowable, 702, or
by the more recent allowable of 400 barrels of oil per day
on 640, So some of the wells, perhaps, have greater capa-
city than shown on this particular map.
The map does indicate produtivities up to
a maximum value of 600 plus barrels of oil per day.
In looking at this I think we would see

once again a wide variabllity to -~ of the producing capaci-
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ties of the various wells. There is a region of ~- an area
of high productivities in the southern part of Township 25
North, 2 West, the area around the Rative Son No. 2, Native
Son No. 1, Homestead Ranch No. 1. Those wells are certainly
high productivity wells. There's also a very high producti-~
vity area up in the northeast portion of the Gavilan Mancos
Pool and the adjoining Canada Ojitos Unit area. Those wells
also have demonstrated flow capacities in excess of 5, 4~-to-
500 barrels a day.

But the thing that is also very striking
is 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 o0il per day.

1f we look further to the east, we look
at Canada 0Ojitos Unit wells, the ones that we have data for.
We gee that there are quite a large number of those wells
that have vary high flow capacities. e also show several
other wells that are low flow capacity wells, which we are
not sure if those -~ if 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 cartain
demonstrated low production capacities. For example, if we

were to look in Township 26 Hort, 1 West, S8ection 20, the
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Canada Ojitos Unit No. 22 has never produced,. We assume
that that i{s because it's not capable of producing.

we have, also in that same township in
Section 32, the Canada Ojitos Unit Mo, 21. That well is
currently shut in., It's last producing rate was & barrels a
day. It had a cusulative production of 6000 barrels.,

As we move directly south from that we
see the Canada Ojitos Unit No. 24. That well is currently
producing 4 barrels of oil per day. It's producing out of
the A, B, and £ Zones. It has a cumulative production of
300 barrels of oil.

we move further south to Sections 29 and
32. Ve == there are two walls in there. There's the Canada
0jitos Unit No. 28, which is a very good well and produces
in excegs of 600 barreis a day.

There 1is8 a Canada Ojitos Unit No. 25,
also §r0duces in excess of 600 or appears to have capability
in excess of 600 barrels a day.

These wells produce from the A, B, and C
Zones.

Pinally we wmove to the southwest, to
Section 31 of 25 Horth, 1 West. w%We have Canada Cjitos Unit
No. 31. That well is currently shut in. 1Its last recordad
rroducing rate was 6 Dbarrels a day after a cumulative

production of 800 barrals of oil.
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¥ Wow I think you stated that there are
wells in the pool that produce or are capable of producing
less than 200 barrels of oil per day.

A I, dJust looking at it, I would say that
probably the majority of the wells in the Gavilan HXancos
Pool fit that situation.

Q Would vyou expect wells that produce at
less than 200 barrels a day to have 10 Darcy feet of reser-
voir transmissibility?

A Abgsolutely not.

Q Mr. Greer has suggested that many of the
wells could reach payout in three months or less. Do you
have any comment?

A In the calculationg or the calculations
that Mr. Greer presented, he assumed wells that were capable
of producing 400 barrels a day under their revised allowable
of 702 barrels a day under the statewide allowable, and he
calculated very slight pay out times for those wells.

In practice there are only a limited num-
ber of wells in the Gavilan Mancos area that actually have
that kind of demonstrated preoduction capacity.

Q would you now refer to the next map and
explain what it shows? That's the gas/oil ratio map.

A The next map is a map of gas/oil ratios

calculated based on December, 1986 production information
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for wells in the Gavilan Mancos Pool and adjoining tier of
sections along the western tier of sections for west Puerto
Chiquito.

In reviewing this informtion we would see
once again the highest GORs indicated by the biggest circles
and we, I think, would have cur attention drawn to certain
wells that are located in 25 North, 2 West, perhaps in Sec-
tiong 1%, 24, and 26. Thesge wells are wells that produce
with -- with GOR's generally in excess of 10,000 standard
cubic feet per stock tank barrel.

The first thing that we might be tempted
to conclude from this is 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 is not our interpretation. We have
wells. that are equally high on structure interspersed with
those wells that have the high gasfoil ratios. ¥e have
wells that are high on structure down in Sections 34 and 3%
in Township 25 MNorth, 2 West, that are very low in gas/oil
ratio performance. It does not appear to us to be so much a
matter of the structural elevation as it is 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 in the area where we have the larger cir-
cles are low productivity wells,

Moving then to the northeast area around
the Mallon wells in Section 1, we see several of those wells
with reasonably low GOR's, reasonably high productivity
wells in that area.

We in part take this information to, you
know, to conclude that there -- the gas/oil ratios are in
part associated more with low productivity than they are
with structural elevation.

Q I1f I understand you correctly, 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: #r. Chairman, I
have resisted as long as I can. Mr., Lopez has told us at
the beginning of the day that he was going to let his wit-
nesses testify and yet every time he asks a gquestion he tes-
tifies, he characterizes the testimony of the witness and
then asks him to answer ves.

That's not appropriate gdirect
examination and I can't stand it any longer,

MR. LEBAY: Thank you, Mr. Kel-
lahin, we all have different styles. I think Mr. Lopez can

ask the witness, I didn't catch any leading there. I think
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he --
HR. KELLAHIN: You didn't? I'm
8OILrY.
MR, LEMAY: I just thought he
was trying to move things along, but --
MR. KELLAHIN: All right, sir,.
MR. LEMAY: -- if you would
just ask the question --
MR, LOPEZ: I will watch that,
Mr. Chairman. 1I°'ll be glad to watch that.
MR, LEMAY: We'll appreciate
it, #r. lopez. 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, LEMAY: Mr. Lopez, 1
thought that was the esgssence of Mr. Kellahin's objection.
MR. LOPEZ: I just wanted to
make sure (unclear).
MR. LEMAY: I think you'wve {un-
clear) it.
Q Now, Mr. Huenli, I'd like you to refer to
what has been -- or the next map, map 6, which I think is

identified as a status map, and explain what it shows.
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A Okay. Figure 6, which we've titled as a
Status Map, |is oﬁr estimation of which wells are being af-
faected by the current restricted allowable condition of the
reservoir; which wells are producing at capacity. This in-
formation is taken based on the latest month's oil and gas
production reported to the state, as well as the number of
days on production.

S0, for example, 1if welsee a well that
has reported -- that's been on production for 31 days, it
hasn't produced its maximum gas allowable or maximum oil al-
lowable, we've concluded that that well is a limited capa-
city well.

On the other hand, if we see a well that
has produced for perhaps only 15 days and it's produced a
volume equivalent to its monthly gas allowable, oil allow-
able, then we conclude that that well was being affected by
the pioducticn restricton.

Once again we are presenting this infor-
mation as an indication of a variability in well quality.
We have several wells which appear to be capacity wells. We
have them somewhat interspersed with wells that are allow-
able limited wells. Certain of the allowable limited wells
-~ well --

G Okay, are there -- are there & signifi-

cant number of wells producing at the reduced allowable?
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A Yes, there are a significant that are af-
fected by the reduced allowable. Those are indicated by the
red squares.

Wells that are producing at capacity, a

4]

we would estimate it, are indicated by green circles, and
certain wells appear to be, thelr capacities and their al-
lowables, it's just quite difficult to tell whether they --
they appear to be almost syponymous in tha sense, their ca-
pacity is their allowable, and those are the wells that
we've indicated by the yellow triangles. Certainly this is
based on available data and doesn't necessarily take into
account wells that may be choked back on which we have no
information about the fact that they are indeed choked back.

G Do you believe that the wells that are
operating at capacity as shown in the green on the map exhi-
bit 10 Darcy feet transnissibility?

| A Ho, I don't.

Q Now let's turn back to Pigures 12 and 13
under Tab 2 and I'd like you to explain what these two fig-
ures are.

A when we began our study, one of the
things that we -~ that we wanted to do was to determine if
there was any kind of migration that was occurring laterally
across the fileld. By migration I mean gas migration such

that gas would be tending to move to the structurally high-
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est parts of the Gavilan Mancos Pool.

As a consequence one of the statistical
plots that we made was a plot of the December gas/oil ratio
production versus the elavation of the Nicbrara A, the Nio-
brara A as mapped by Mr. Emmendorfer in a preceding exhibit.

And so we have wells in the Gavilan Man-
co8 Pool with tops recorded between looks like about +25C up
as high as about +600 feet that have production GOR's recor-
ded for 1986.

That information is reported on on this
particular plot. We've shown on the scale a plot -- a scale
that goes from zero up to 40,000 standard cubic feet per
stock tank barrel.

We see a couple wells that are very high
in their gas/oil ratio performance. Those wells are in the
range of $-to-600 feet above sea level, and if those were
the én}y data points that we had, we might conclude that
yes, indeed, the gas was migrating to the upper part of the
structure. 80 we look down and we see that also in that
range, 5-to-600 feet above sea level, there are many, many
wells that are operating at gas/oil ratios that are about
the same as gas/oil ratios of the wells that are deeper down
in the structure.

We had looked at these individual wells

and vwe had concluded that the majority of the wells that
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showad very high gas/oi)l ratio behavior are wells that have
vary limited production capacities.

8¢ once again, as we mentioned before on
the gas/oil ratio plot, the pressnce of some high gas/oil
ratio production in our ninds does not sugqgest that we're
forming any kind of secondary gas cap or gas migrationy it
suggests simply that we have some poor producers along the
top of the Gavilan structure.

I might -- this is Pigure 12. Pigure 12
is an expanded portion of the scale of this same graph for
those wells that had gas/oil ratios in the range of zero to
16,00¢, and I think when we look at that that once again we
don't derive any Xind of statistical correlation between the
gaa/oll ratic in December, anyway, and the structural eleva-
tion of the well.

Q Does this tell us anything about the la-
teral'movamenh of gas throughout the reservolir?

A Well, we believe that -~ we believe that
it indicates that there is hoizontal migration of gas across
the field such that it's accumulating at the top of the
structure at this time.

Q We've now looked at poolwide production
performance and individual well production performance.
Could you now look at individual zone or interval perfor-

mance, and in this connection I refer vou to Figures 14
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through 16, and would ask you to explain what these show.

A In performing this study and tryving to
get the best understanding that we could of the Canada 0ji-
tos Unit reservoir, realizing that in the last hearing there
was certainly -~ certainly some unknowns regarding the pro-
ductive integrval, we encouraged a certain aumber of indivi-
dual zone production tests to be run, and the three that
ware run that we have access to are shown onAthe next three
plots, PFigures 14, 15, and 16. These individual zone pro-
duction plots were run on the Meobil Lindrith B-73 Well. It
as tested separately in the C Zone beginning HHarch 6th,
1987, and produced at the stabilized rate -- well, a rate
stabilized for a period of about 13 days, of 10 barrels of
oil per day.

The second well that was tested in the C
Zone was the Mallon Davis Pederal %ell, located in Section 2
of 25-North, 2 West. This well when it was tested in 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 in the A
and B and appears to be a noncommercial well producing from
the A and B at 5 barrels of oil per day.

The third well was the Mallon Fisher Well
located in Section 2 of 2% Horth, 2 West, and this particu-

lar graph has two typographical errors in it.
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First, at the bottom fo production plct
we indicate production began November 3rd, 1887, Chviocusly
that should be Wovember 3ird, 1986.

And also after about 21 days we indicate
that the Kiobrara A and C wers open. That is really the
Hiobrara A and B were open.

o the € production from the Fisher well
occurred in a period of 22 days -~ or a 22-day period begin-
ning November 3rd, 1986. 1In this case it was a somewhat er-
ratic production that averaged about 25 barrels of oil per
day over that period.

When the Niobrara & and B were put on
production the production increased up to rates in excess of
400 barrels of oil per day.

Q I8 there any other information that pro-
vides us fluid flow out of the individual zones, and in this
conneétion I refer vou to, first, Pigure 17.

A Also looking at where the production was
coming from there have been several production loge that
have been run recently in the Gavilan Mancos Pool and what
we've tried to do is incorporated some of the «- some of
these as exhibits, begining with Figure 17, which is a pro-
duction log that was run on the Marauder Ho. 1, July 24th,
1586. It was run by Mesa Grande. It is what we call a cap-

acitance survey combined with a tewperature survey.
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O ¥here is the Marauder and for the Chair-
man and Commission's benefit, we still]l have Er. Emmendorfer
up at the structure map pointing out these individual wells
and their locations.

A Right. The Marauder is located, I be-
lieve, in Section 7, Section 8, I'm sorry, Section &, Town-
ship 25 North, 2 West.

This particular well, the capacitance
survey, change in capacitance indicates a change in the
fluid column of the wellbore, the capacitance as it =~- the
capacitance curve as it shifts to the left indicates a
change from gas in the wellbore to liquid in the wellbore.

From this exhibit we see that there is 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 is located at about 7,050 feet. The top of
the C Zone is located down in the range of aghout 7,230 feeot
and is indicated by the profile on the temperature log.
There is no indication of significant fluid entry in that -~
that particular region.

Q Would vou refer to the next figure and
explain what it 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
hottom of the graph and the fluid density survey is indi-
cated also on the bottom of the graph, and from this parti-
cular graph we note, as Mr. Roe did, that there was a major
point of gas and fluid entry that occurred at approximately
6,770 feet where we had a considerable amount of gas anter-
ing, as well as ail entering.

We see a glight amount of Fluid entry Da-
low that point. Once again we would not consider it very
significant, the amount of fluid entry below that point,
particularly down in the ¢ zone, to be particularly signifi-
cant.

Q And Figure 19.

Figure 19 is the production lcocg results

run on the Benson~Montin-Greer Canada Ojitos Unit F HNo. 230,
which.is located in Section 30 of Township 25 Horth, 1 West.
That particular production log is unique of all the ;roduc-
tion 1loygs we've run, televiewer surveys that we've taken,
individual zone tests that we've made, this ls the only well
that we've noted that has had demonstrated significant pro-

duction out of the C Zone. In this case this well, which I
believe was producing in excess of 400 barrels a dav, re-
cords approximately 83 to 85 percent of the oil coming from

the C Zone. 1t also records about 15 percent of the oil
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production coming frowm the A Zone, and it indicates that es-
sentially, well, the wvast majority of cas is also coming
from the A Zone, as well, the top perforation in the A Zone.

0 And would you refer to Figure 20 and
explain that?

a Pigure 20 is a production log run on
another Canada 0Ojitosz Unit well, the Benson-Montin-Greer
Canada Ojitos Unit Well No., H-31, located in Section 31 of
Township 26 Horth, Range 1 West.

This particular prcduction log as opposed
to the preceding log, indicates essentially no production
coming from the C Zone, or at least very minor C Zone oil
production.

It shows o0il contribution frum the B Zone
and it shows a considerable amount of c¢il econtribution
coming == the majority of the oil contribution coming from
the A Zone.

It also shows that essentially all of the
X Zone, or all of the gas that's being produced by this well
is being produced out of the top perforation in the A Zone.

Q And then Figure 21.

A Pigure 21 is the final production log
information that we had available to us, This production
lng was run on the Mobil Lindrith 2-37 %ell in March --

waall, on March 20th of 1917,
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What we have on the lefthand side of that
particular log summary are the perforations, the points of
£luid entry, and then on the righthand side we have a colunmn
that's designated percent gas and percent oil, and wiat we
see is, we see a high percentage gas for down to a depth of
about 6,713 faet, a moderate oil percentage, and then we
pick up in oil percentage velow that and we -- we have a di-
minished percent gas.

o) wWhat can we conclude from all this infor-
mation you've just presented us?

A Well, once again the first thin we wanted
to do in doing this étudy is we wanted to try and gain sone
sort of physical understanding of how the reservoir was per-
forming.

From the individual zone tests, from the
production 1logs, from the televiewer information, we have
concluded that in the Gavilan Mancos Pool that the C Zone is
at best minimally productive.

The second thing we've concluded is that
where == for the majority of the wells that we have informa-
tion on, that the production that's coming into the wellbore
generally shows that the gas is coming in through’the high-
est set of perforations that are open to the wellbore. It
ie not coming in through all the perforations.

4] I think we've now talked about production
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performance, and we've looked at individual zone perforance,
Is thare any other data that you'wve examined that relates to
reservoir performance, and I would askX you to refer to the
next Plqure 22.

A Pigure 22, PFigure 22 1is a plot of
recorded pressure information plotted versus time at which
the pressures wevre recorded. We have the individual wells
on which pressure surveys were done recorded according to
different symbols and different colors. We nave a  legend
that's shown on that graph.

We see a —-- incidentally, the scale on
this runs from zero psi to 2000 psi, whereas the preceding
-- one of the preceding exhibits presented by ¥r. Roe had a
very expanded scale that ended at a pressure of 1,040,

We see a pressure trend for the wells in
general. Many of the wells show very similar pressures.
These preassures represent in some cases the results of
pressure bulild-up surveys; Iin other cases the result of
statlis pressure surveys.

We have two points that are sort of on
the wupper righthand portion of the graph sort of off by
themselves, maybe upper lefthand portion if ycu‘fe looking
the figure vwvertically -~ iFf vour paper 1is held up
vertically. Those two points represent pressures taken in

the Davis Well, Hallon havis Well, located in Section 3 of
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25 North, 2 West, during testing operations in the C Zone.

There is obviously some concern that this
follows a frac job, that the reservoir at this point in time
may be supercharged. On the other hand at this point in
time we're not sure whether that represents true C Zone
pressure or whether it is just simply the effect of super-
charging.

In subseguent calculations that we've
done we have takaﬁ the trend in pressures that we've shown
cn this particular plot, all of which were reported to a
datum pressure of plus 370 feet above sea level, and we have
used a trend line average through those points in performing
several additional calculsations.

QR Why is the pressure declining more rapid-
ly gince 1985%

A wWaell, I think it's very simply that we've
had an increased rate of depletion from the field. Later on
we will be presenting the same pressure information versus
cumulative withdrawals taken from the field and when we take
into account the fact that withdrawals have increased, the
pressure decline has not been as dramatically affected as it
appears in the pressure versus time plot. |

Q would this decline in pressure secem
abrupt if it were plotted against cumulative oil production?

A 8o, no, it wouldn't.
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9] The performance data that you've reviewed
that the C Zone is marginally productive and that the major-
ity of the procuction is derived from the A and 3 Zones, Mr.
Greer has stated that you previously testified that the pro-
duction in the Gavilan Manccos Pool was derived from a 600~
foot interval, would vou care to comment about that?
A Yes, I would. All -= when we did our
First study in August of this past year there was not nearly
the amount of testing that had been done in the Gavilan Man-
cos area, which was available for interpretation.

In order ot perform calculations that de-
termined how fast gas and oil might segregate within the
Gavilan Mancos Pool, we need to have some estimate of verti-
cal permeability and in order to make an estimate of verti-
cal permeability based on pressure bulld-up surveys that we
had analyzed, it was necessary for us to assume a thickness
valuea.

Row, if we assume a thickness value that
is the maximum, then we calculate out the minimum permeabil-
ity value, vertical permeability value, and consequently,
when we use that in our calculations, we result in the most
-~ in a conservative answer, an answer that wouldn't Jdo dam=
age to the reservoir.

50 when wa saild that we used a §00-foot

interval, we were doing -- we were using that number not be-
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cause we necessarlily knew that the flow was coming out of a
600~foot interval, but sc that we would have an answer that
would certainly not be something that could cause damage to
the reservolir, and what I'd like to quote is section or is a
part of the transcript in which I discussed that, stating
simply that we used a 600-foot interval as perhaps the maxi-
mum thickness that we saw production -~ productive out there
in order to arrive at a permeability. By dividing by 600
feet we ended up with a lower permeapility estimate than we
would of had we used, say, 200 feet or 300 feet. We frankly
are not gure what the overall producing interval thickness
is ourselves, but we felt that we would err on the conserva-
tive side, get a lower permeability, if we used the maximum

thickness that is typically perforated by many operators out

there,

g ¥what page is that of the August tran-
gseript?

A That is Page 130 of the August tran-
script.

Q One Final question with respect to this
gection.

The pressure decline that you've de-
scribed, what is it indicative of?
A Well, if we refer to Figure 22, we gee a

raplid pressure vergsus -- pressure versus time decline. Ve
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also see a decline when we plot pressure versus cumulative
production, and what our analysis shows, and which we had
proved later on, that this is simply the fact that we .are
depleting a reservoir that is not large in size. We are
dealing with a dual porosity system. Thare is not a high
©il content that we have to work with. There's not a large
amount of oil in place. We are =-- we have high productivi-
ties because we do have a fracture system and consequently,
as we might expect, the pressure is going te decop down, down
rapidly because we have a limited amount of oil in place to
workx with.

MR. TOPEZ: Hr. Chalirman, I
think this concludes cur testimony with respect to Section 2
of the report and this might be a good time to take a break
if we're going to go on to Section 3, or on at all.

MR, LEMAY: Okay, we'll take a

13 minute break.

{(Thereupon a 13 minute recess was taken.)

HR. LEMAY: WwWe'll continue with
direct examination -- direct testimony, Mr. Lopez.

ME. LOPEZR: Thank vou, Mr,
Chairman.

0 Mr. Hueni, 1 think befcre you provided us
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with performance information that was available for analy-
sis. Could you now tell us what the next phase of your
study was.

A The next phase of our study was to at-
tempt to describe the physical characteristics of the Gavi-
lan #Mancos Pool., These characteristics, when we then ana-
lyzed for field performance, should give us performance con-
sistent with what's been observed.

50 the next phase of our investigation
was description of reservoir characteristics.

Q Would you care to comment on the tvpe of
flow system we're dealing with, and in this connection I

would refer you to PFigqure 23 under Section 4.

A Was that «-
¢ 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 & fracture system present in
the reservoir or investigating a single porosity system
where matrix was the only type of rock present in the
reservoir, we have arrived at the conclusion that what we're
dealing with is a dual porosity system, and this system is
what we call a systen that consists of a high capacity set

of fractures combined with a low flow capacity matrix.
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Now, by matrix, we once again don't use
perhaps the classical intergranular definition of matrix,
although that may indeed bhe a part of the matrix component.
Matrix is 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 1is
set up to try 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, obviocusly, a very high
capacity fracture, which is shown intersecting the cube.

It also contains some vugular porosity,
which in the case of the Gavilan Mancos Pool we don't --
don't see being present here.

It also contains some matrix material
which 18 going to be much lower flow capacity than the -~
than the high capacity fracture system, and it also contains
at the very top, shows more or less a crack or a low capac-
ity fracture, as well.

Now 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, it's simply that we have two different flow capa-
city systems that are present in the reservoir.

We have a high capacity flow systen. We
have a low capacity flow system, and that is -~ that is a
parameter that we identify when we talk about a dual poro-
sity system.

Q Do you wigsh 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 ¥r. Gorham and ¥r.

Woodward, Mr. Callender, titled Fracture Permeability in

Cretaceous Rocks of the San Juan Basin.

It has a section in there that discusses
drainage of tight fracture blocks and it makes note, as
we've highlighted, *"... 2 substantial amount of o0il might be
contained in the low permeability fracture blocks...* and
just stopping it at that point, that is 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 into that higher capacity system and then
through which fluids can move to the wellbore.

Q Before we go any further, there's been
considerable discussion of the different types of producing
wechanisms in the Gavilan Mancos Pool. S8ince it's possible
that not everyone is not real sophisticated regarding these
concepts, would you take a moment to further explain these
to me and in this connection I would refer to Exhibits 24
through 287

A Right. We're going to look at Figures 24
through 28, which presents some schematics of the different
types of flow systems that we might expect to encounter in a
reservoir and we -- what we're trying to do is decide which
of the types of flow systems that we have pictured here are
we really seeing prevalent in the Gavilan Mancos Pool.

Incidentally, Pigures 27 and 28 are not
numbered, they just follow sequentially after Pigure 26.

What 1'd like to look at first is Figure
24. 1t is a schematic of a single porosity system. This is
the type of porosity system that it's my understanding has
been described by the Sun simulation model and it is a sys-
ter where the pore space in the rock is basically all asso-
ciated with the fracture system itself, and initially that
pore space may be filled up with oil, wﬁich we've designated

by the green color, and then as we withdraw oil from that
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block, and we drop the pressure below the point at which gas
comes out of solution, that gas, becaﬁse of the high capa-
city of the fracture system and given vertical communica-
tion, then that gas will just by the density difference seg-
regate to the top of the system itself, so the gas will
overlie the oil in the fracture system itself.

And this is not only a single porosity
system showing a fracture, but it is also showing what we
call gas segregation vertically within the producing inter-
val.

Kow this is the way the reservoir, a ver-
tical section of the rock might look early in the 1life of
the reservoir where we have gas on top éf the oil. The gas
will mvoe to the wellbore at one rate; the oil will move at
a different rate,.

The second, the second schematic, which
iz Pigure 25, 1is the same single porosity system except now
we are much later in the life of the field. We will have
the gas once again having segregated to the top, the oil at
the bottom, and we will have oil flowing out of that bottom
saction more or less unimpeded by the presence of gas and
gas flowing out of the top section mcrejor legss unimpeded by
the flow of oil.

Once again this is gas segregation and

this represents later in the life of the producing reser-
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voir. The gas/oll ratio performance for this type of reser-
voir is not going to be the rapidly increasing gas/oil ra-~
tios that we expect to see in a solution gas drive field.
this will be a much more moderate increase in gas/oil ratio
performance and we'll demonstrate that later on.

The next figure, Figure 26, is intended
to represent the same single porosity system but this is a
system that is produced so fast that the gas is not given
sufficient time to migrate to the top of the -- top of the
formation, 80 that rather than having this opportunity to
move vertically upward, it is produced rapidly horizontally
across the gystem and then comes out of the producing inter-
val uniformly, more or less uniformly distributed across the
vertical interval.

We show that both oil and gas are flowing
concurrently at the same point in the reservoir and the fact
that we have both 0il and gas flowing at that point, the
flow, the presence of both fluids impedes the flow of the
individual fluids and the presence of gas tends to impede
the £flow of oil more, so that the gas slows down the oil,
the gas moves relatively a little bit faster, and {n this
kind of system we expect to see a rapid increase in gas/oil
ratio.

80 this would be a system that is a solu-

tion gas drive system, single porosity, and we do not see
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gas segregation. 80 what we tried to draw here, first the
single porosity model, what it looks like; second, the dif-
ference between gas segregation and solution gas drive.

Now we'd like to turn to Pigure 27. This
figure 1is more the type of system that we believe exists in
the Gavilan Mancos Pool. We believe it's a much ore complex
system than just simple, simple fractures.

This is the representation of a dual por-
ogity system. The individual cubes that we see there repre-
sent what we call the matrix, or what we'll just say is a
low capacity flow system. Pluid will not flow readily out
of those -~ out of those individual cubes.

Separating the cubes sort of in an ideal=~
ized fashion both in a horizontal sense and a vertical
sense, are high capacity fractures through which flow to the
wellbore occurs. The flow, once again, is from the matrix
into the high capacity fracture system and then through that
high capacity fracture system to the wellbore.

£o what other people have talked about as
drainage in tight blocks is really the expelling of oil out
of matrix into the high capacity fracture, then moving to
the wellbore itself,

What we've shown in FPigure 27 is a system
as it might initially exist when the pressure is above the

bubble point pressure all gas is contained dissolved in the
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oil.

We've represented the oil by the green
dots as contained in the matrix to indicate that it is per-
haps associated with some type of matrix porosity and then
we filled fractures with oil indicated by the green.

As we start to produce a system like
this, we see what -- very likely what will happen and what
we believe is happening in the Gavilan Mancos Pool, and that
is Pigure 28.

As we produce this reservoir we drop to
pressures that are less than the bubble point pressure and
gas will no longer be completely dissolved in the oil so
that we will have the presence of & free gas phase in the
reservoir. That free gas phase will exist both in the frac-~
ture system as well as in the matrix system.

The matrix system is very low capacity.
It doesn’t have a great deal of flow capacity, so it is not
going to segregate within the individual blocks. Basically
what we're going to form is what we call a gas saturation,
where we have a certain percentage of the pore space occu-
pied by -~ by gas and a fraction are occupied by oil. As
the pressure drope in this system oll and gas are expelled
from the matrix flowing into the high capacity flow system
and then as it enters the high capacity flow system, because

of the large amount of vertical transmissibility, at Jleast




10
"
12
13
14
15
16
17
18
19
20

21

23
24

25

197
within the producing interval, it will ~=- gas will segregate
vertically 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, 1s that we do have gas
flow occurring into the top perforations in the wellbore,
indicating that the gas is segregating to the top, top of
the system and the oil is staying at the bottom of the sys-
tem.

One of the points that we would make is
that there is no way that the oil and gas can move out of
the matrix blocksa unless the pressure in the fracture sys-—
tem iz less than the pressure in the matrix blocks. There
ig no pressure differential to drive that with unless that
OCCurs.

S50 in order to realize 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 into the high capacity flow system, we have segregation
occurring and when we -~ when the fluid reaches the wellbore
the gas is more than likely principally segregated on top of
the oil.

The distance that we're talking about, we
need to keep in mind that we're talking about fairly large

horizontal distances here between wells., We're figuring 20-
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acre spacing les 2000 feet. That gives quite an opportunity
in o©il moving that ~- that distance to a wellbore, it also
gives it a good opportunity for gas to move vertically up-
ward t0 the upper reaches of whatever the continuous inter~
val of fracture is.

Q One of the other reasons vou indicate
that we have a dual porosity system ig that you ran some
foreqgoing compressibility studies. Would you comment about
this, please?

A Yes. Well, 1I'd like to say that we do
helieve that we have a dual porosity system. We believe it
not on the basis of any one pilece of evidence. We have ==
we consier several pleces of evidence that include the core
descriptive studies of ~- that have been described previous-
ly by Mr. Faulhaber; by the information presented previously
by MWr. Emmendorfer; we also have the televiewer logs which
indicate that we have a high intensity fracture system which
would allow, then, even very tight matrix to communicate
with these fractures,

¥e have a somewhat analogous description
of a dual porosity system by Mr. Greer, and then in addition
to that, we have ~- we have some tests that were -- we com-
missioned Terra Tek Laboratories in Salt Lake City to run
for us, and that information is presented in Appendix B,

Oone of the reasons that we asked Terra
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Tek to complete this study is that we did not feel that we
had necessarily any -~ any highly reliable values for rock
compressibility, particularly rock compressibility that
might include a fracture, and rock compressibility, while
many authors tend to think that that's not an important
quantity, in a system that is a fractured system, it can be-
come extremely important. We wanted to be sure that the
tests were carried out properly. The first letter under the
Terra Tek report is a letter addressed toc me from the pro-
ject engineer describing the procedure that they followed in
performing the pore volume compressibility test.

And the gist of this letter is that they
exercised caution to make sure that none of the formation
was damaged, that they didn't create any hydration cracks in
the core samples before they -- they actually tested them.

They also make the point that some of the
results that they present here in terms of answers are going
to be on the low side in terms of the values of rock
compressibilities.

One of the things that we're going to see
in a second is that rock compressibility very well is on the
order of ten times greater than is ~- than any value that's
ever been used up to this point in the Gavilan area.

The first letter, as I said before, pre-

sents a summary of the preparation, core preparation, and
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some miscellaneous comments with respect to their pore vol-
ume compressibility tests.

Following that 1s a report which they
submitted to us and this report deals with three, what we
call pore volume compressibility measurements, and these
three pore volume compressibility measurements were run.
Two were full core measurements, one run on a core that was
primarily a sllty shale and sand that occurred in the B
Zone, &and that is the Number 1 core described under the in-
troduction to the report, Number 1, Full Diameter Practured
Core, Silty Shale and Sand, depth 7,087 feet out of the
bavis, Mallon Davis Well. that is a B Zone core.

The second Full Diameter Fractured Core
occurred in the shale zone. Depthwisze it was at 7221, which
represented an interval in the C Zone.

Finally they ran a core plug sample to
determine matrix pore volume compressibility from a depth of
73 -~ or 7,338.7 feet, and this is also sort of in the lower
part of the C section.

Under test procedures, a little bit
further down that page, about a quarter of the way from the
bottom, it talks about number of hours required to flow a
volume through the sand core at a very low injection
pressure of 5 pai, indicated high permeability. This was a

il Zone core,
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The second sample, which was € Zone,
cleaned up after 120 cc's, which two days were reguired to
flow this volume at 7% psi, indicating much lower pormeab-
ility in the C section.

Now, they then went through and conducted
the test and what they do in a test like this is they satu-
rate the samples with fluid 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 it causes fluid to be extruded, or ot
extrudaed, but I guess they use the word {not understood)
from the sample; in other words, discharged from the sample,
and this is something they measurae.

How the significance of this kind of test
is that it is run at high pressures, high net overburden
pressures, representing in situ conditions in the reser-—
voir, and we would conclude that if we see flow through the
sygtem at these kind of net overburden conditions, if even
though we may have a low porosity, then we would have to
censider that that is evidence that matrix flow is actually
occurring, can actually occur at the pressure levels that
occur within the reservoir itself.

gc hey carried out these tests and 1'11
show you the results of them in just a second.

inder 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, if 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 1likely the fracture porosity is less than
that of the matrix. Matrix contribution to the production
of o0il will be noticeable provided the fracture system is
well developed and relatively dense.®

Now, this we consider to be a fairly sig-
nificant conclusion:; came from Terra Tek. We recognized
Terra Tek in another place. 1t also reported that there was
no matrix porosity, so in order to fsel 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 Jicarilla Apache A-118 No. 14, which is
near the pnortheast 0jito Gallup Dakota Pool, after studying
the Mallon Davis Federal 3-15 information, and after study~-
ing thin sections from the Mobil Lindrith R-34 Wwell, as

well.
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this letter describes the matrix porosity
system which ¥r. Thoras notes In thieg particular rock and in
the final paragqraph he notes, "In susmary I do not bhellave
the Gallup Mancos reservoir in the Gavilan and West Puerto
Chiquito Pools 1s a simple megafracture-~drainage network.
The microfracture and intergranular pore spaces must be in-
terconnected with the megafractures.®

Zo oncae sgain reviewing the pore coppras-
sibility information, we concluded that we “ad matrix con-
tribution and that we could obtain -~ we could obtein flow
from the matrix at reservoir conditions.

Row, 1if 1 could ask you to turn back teo
the ==

O Excuse me, Mr. Hueni, Dbefore vou leave

that letter, I think -- is it ﬁot true that there is a typo

on the second page, the Mobil Lindrith Unit B, it's B-38 not

A That's correct. That'e cCorrect. I'm
SOXEY. That's right. We -- Mr. Thowmas was sent approxi-
mately 40 thin section samples from Mobil to investigate and

those were from the RB-38 HWaell.

G Okay, 1'm sorry. Please continue,
5 I'd like to return, thenp, to Section 3 of

the report and specifically to Pigures

jae]

9, 30, and 21,

Pigure 279 are the results obtained from
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the Terra Tek report, reflecting the poor coﬁpreasibility
mosuremants on the full core sample, the sand sample, that
occurred at & depth of 7,087.

The gecond, or the next figure, which
would be Figure 30, is the full core shale samwple, and then
the final one is the core plug results.

Wow, what we have, if we look at Pigure
29, 18 we show on the lefthand column something we call ef-
fective stress and what effective stress means, it is the
difference between the external pressures exerted on a test
cell and the pore pressured of the fluid within tho test
cell,

8o in other words, we are simulating a
large amount of overburden pressure by doing this type of
test, and as we increase the oﬁarburdgn pressure, what that
has to do is it has to reduce the pore volume of the rock
and At has to causes volume to be what we call 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 of that.

From that wa can calculate what wa call
compressibility. Compressibility 4is the rate at which the
rock volume will change per unit volume of rock per psi
pressure change, and those numbers, then, are shown as the

hydrostatic compressibility and elso knowing the initial




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

20%
porosity of the systen, which the sand sample was 2.04 per~
cent, we could see then how the poroesity diminishes with in-
creasing overburden as would be reflected in the reservoir
itself.

€o In this case at the 4200 psi effective
stress level, the porozity has diminished from 2 percent
down to 1.4% percent.

The hydrostatic compressibility wvalues
that we see down at the 4,200 range {s 5S¢ times 10 to the =&
in reciprocal psi units, This valua i3 -~ the values that
we've heard quoted previocusly for -- well, ths value that
was used in the sun study, simulation stuvdy, was 2 value of
10, Tha value that Hr. Greer quoted was a value of, I hee
lieve, and I hope I'® not misquoting this, in the range of 6
to 10, |

We have values of %0, and i{f you regall
back to the letter of Terra Tek, they zaid that this value
would be pessimistic, In other words, this is going to ha
on the low side. The true compressibility of the system is
going to be greater than thils and in our estimation aftar
doing several modeling runs trying to obtain a match of por-
formance,  wae belleve it's on the order of 100 times 10 to
the -6, which is a value that is approximately 10 timsg tha
values that have traditionally baen use? in this area,.

I wmight add that thare are alseo correla-
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tions that are available to estimate fracture écmpressibil~
ity and those correlations give numbers similar to the re-
sults of the Terra Tek report, 80 w2 have no reason to
naecessarily question them,

1£f 1 could turn, then, skip over the
shale sample, because once again we don't necegsarily Dbe-~
lieve that the C Zone is going to be productive, and turn to
Pigure 31, what I have is the rock compressibility informton
for core plug,. How this core plug was selected so that wa
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 6500
pei, and what we saw, that even at 6000 pai we ware still
squeeszing fluld ocut of the -~ out 0f the pore space of the
core, Hew this is -- this is once again reflective of
reservolr conditions and it veiy clearly shows that fluid
will flow cut of a -=- cut of this matrix type rock at condi-
tions that are reflactive of reservolir conditions.

We show on here compraessipility wvalues
and on compressibility values for the core sample, we move
across -- wall, we could move down to the effective stress
lavel of 6000 and across to the fifth column, which 1is
designated as uniaxial compressibility, and we would see
that the value of conmpressibility in this -- on this parti-
cular sample was on the order of 13% times 10 to the «~6, a

value ten times what has traditionally been used in the Gav
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ilan Mancos Pool.

8o both the fracture aystem, which we
looked at previcusly, which -~ which we said we believe is
on  the order of 100, as well as the matrix, both of these
numbers are very large.

How we can also see what happens to the
wmatrix 1itself as it is subjected to increasing overburden
pressure a&s shown by the porosity column on the far right.
At 300 pounds net overburden conditions we have 2.6 percent
porogity, As we g0 to higher and higher net overburden con-
ditions, the parosity diminishes conaiderably. wWhat we be~
lieve 1is the effective stress level in the Gavilan Mancos
Fool at the time it was discovered is on the order of 5,200
psi, and if we read across that 5.200 pzi column, wa would
gee that that 2.6 percent porosity rock probably has had its
porosity diminished down perhaps to as low as 26~5 percent
porosity.

50 we recognize very well that in this
study that we are dealing with in the matrix a very low por-
oslty systemn. It's going to be a very tight porosity sys-
tem, and conseqguentially it will not produce unless there
are highly developed -~ there's & highly developed high cap-
acity fracture system in the vicinity of this particular
type of rock.

Wow, finally, the final comment that I'd
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like to make with respect to pore volume coﬁpxessibility
neasuresents 18 I'd like to make with refersnce to Page 3.5
of our report.
G wWould vou want to skip over to Figure 32
and look at that?
a No, I didn't. I'm sorry, 1 apolosgize.

1£ we could look at Figure 32, then I1'd
like to look at Plgure 3.%.

Figure 32 is the plug analysis presented
from the Terra Tek study of the Mallon Davis core and this
plug analysls reported several values of permeability and
porosity for these different, these individual core plug
samples. Many of them were not considered relisple due to
dehydration cracks affecting permeability measurernents.
Those are noted in the third célumn from the lafthand side
of the page with thes notation 3, or the superscript 3.
There are, however, several additional permeability and por-
osity values that are reflective of the ~~ of the matrix ~-
matrix, or the ~- yes, of the matrix permeability and poro-
sity.

Now, 1if we were to take the valid -~ the
readings that we consider more or less valid, then we would
-~ we could average out thosae twelve readings and we would
com@ to a value for permeability of about .018 millid:ircies

from the core plug samples and we would come to a porosity
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reszding of about 2.6 percent porosity.

Now, if we could turn to -~ back to page
3.5, the gquesation is how much is the permeahility, this
value that's already proetty smell, the .018 millidarcies,
how much is that reduced by putting -~ subjecting the rock
to some fairly high level of net overburden presgures
reflecting the initial conditions of Gavilan.

And on flgure 3.5 the first thing 1'd
like to note is we show a formula and we show a formula
that's been quoted before, szometimes not in its correct in-
terpretation on the Gavilan Rancos Pool. The porosity i=s
related to the cube root of permeability. This is true for
a fracture system of f{ixed density and a fixed fracture den-
sity. And what we've assumed, and this, I think, is a fairly
congervative assumption, that. all of the porosity that's
contained within the matrix is microfracture porosity and

consequently what we've done is we've taken this cube root

.relationship, take the peremabilitiss that we've measuraed,

first the value of Phi 1, the 2.6 value, is a valua that we
measured in the Terra Tek samples, the average of the twelve
samples, and we've divided that by Phi 2, which is the .64
value that 4is the value at net overburden conditions
reflecting the YTerra Tek pore volume compressibility
measurements, and then we've taken the value of X1l and that

should read .018 milidarcies instead of .18, that peeds to
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ba corrected.

And we've corrected that, then, to the
permeabllity that we show as X2, which is a value of .0003
millidarciea, or .3 of a microdarcy.

Now that is if 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.

Now we dont == I think ! need to make it
clear that we dont necessarily believe that the matrix com-
ponent in the Gavilan HMancos Pool ie strictly this micro-
fracture intergranular matrix that we may have measured in
the cgore plug. We also suspect that there are going ot be
fractures in 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, thig «=-
the value of the permeability that we have currently in our
work, 4n our engineering work, is not quite as low as the
type of matrix permeability that wa are able tc get more
than sufficient flow out of the matrix and into the fracture
system to.duplicate the behavior of the Gavilan #ancos Pool.

Q What do all these pore volume compres-—
sibility measurements mean to us?

A Well, they mean ~~ they -- they tell us
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two things. They tell us firast that the rock CQm?ressibil-
ity value that we should be using in our studies of Gavilan
Hancos Pool is considerably higher than any of the values
that we traditionally have used, at least to the best of my
knowledge have bsen used in studies up to this point for
this particular pool.

And the second thing it tells me ig that
there -~ that there is matrix contribution. wa have obser-
ved it. He see fluid flow into the matrix. we mee fluid
flow out of the matrix.,

Q ¥r. Hueni, I think you've now described
the type of porosity and the rock compressiblility informa-
tion for Gavilan Hancos Pool. Could you now describe what
you consider the permeabllity of the reservoir and go ahead?

A Yes, okay. vwell, the next property that
wa tried to describe with respect to the Gavilan Mancos Pool
was the perreability of that reservoir and rather than des-
cribe talkxing apout permeability, it's probably easier to
talk about what we call transmissibllity. This is a term
that other peaople that have presented testimoiny have used.
It is the permeability thickness product, bhecause all of us
have a difficult time absolutely quantifying what the true
producing thickness is5 of the producing interval.

We've heard testimony up to this peint

that there are wells that exhibit up to, 1 believe, as high
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as 49 Darcy feet of transmissibility and we've heard in pre-
vious testimony that interference test transmissibility
valueg of 5 to 10 Darcy feet have been reported for the Can-
ada 0Ojitos Unit.

wWe do not believe that those values are
reasonable, We do  not bslieve that they could have been
reasonably obtained given beahavior of a dual porosity sys-
tem. We just don't think it fits.

We certainly don't think it £its the be-
havior of Gavilan Mancos Pool. We jusf don't see wells that
produce at rates of 1-to-200 barrels a day having tens of
darcies of permeability or of transmigsibility.

We ~- we have used a different type ap-
preach in calculating  permeability or transmissibility.
what we have done is we've atteépte& a twofold approach, one
we have used the pressure build-up analysis performed on the
various wells in the field. We've analyzed that presssure
build-up analysis in many cases ourselves, using a type
curve approach and using a Horner analysis approach, tc de-
termine the values of transmissibility for the variocus wells
in the field.

| The second approach we've used is an ap~
proach we call the psuedo steady state approach, which uses
the demonstrated maximum flow capacities of the indivigual

wells to determine what type of transmissibility is reguired
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in a radial flow sense for the fluild to flow in at a parti-
cular observed rate.

The types of obhserved rates that we used
on individual wells were the typas of observed rates that we
plotted on the map that we presented that we've also hung cn
the side of tha wall over there, which was the maximum oil
rate map.

HWe find when we use the prassure builde-up
analysis and the flow approach, the steady state flow ap-
proach, we end up with what we think are fairly -~ fairly
comparahle type valuaes and values that are much more reason-
able, They're not == not on the order of tens of dJdarcies.
They are on the order of hundreds of millidarcies to maybe a
Darcy foot. In some cases, and in many cases, it's down in
the order of 50 millidarcy feet;

s wWould vyou now refer to FPigure 33 ad 34
and explain that these show?

A Figures -- Pigure 33 is a summary of
several pressure build-up tests which we analyzed using a
type curve analysis and using a Horper plot analysis., knd
then this presents the results of those tests.

The column on the left reflects the well
name. There are seven tests that we -~ that we analyzed.
The test date, the oil rate, producing oil rate, are shown

in the next two columns.
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The values that we would like to focus on
are under the type curve analysis, the column labeled Xxh,
which is transmissibility.

Under the Horner plot analysis is the
value of kh, which Iis alsc representative of transmissibil-
ity.

One of the things that we found from this
type of analysis, and one of the problems that we have with
gome of the analysis that's been previously presented, 1is
that in many cases no attempt is made to validate the proper
portions of the bulld~up curve that should be used for
determining this quantity that we designate as kh that is
transmissibility.

The pressure build-up analysis represents
affective permeability in a raﬁial flow system. It averaqges
out to some extent any kind of directional permeability. So
if we have a very high permeability in one direction, then
in the averaging process -~ well, then the valuee that we
see here would indicate that in the cother direction, or the
perpendicular direction to the high flow capacity direction,
we have a much lower transmissibpility.

The values that we obtained from the type
curve analysis and the Horner plot analysis obviously do not
agree exactly but they are reasconably consistent and they

are cartainly of an order of magnitude much large -~ much
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smaller than has been previously prasented.

One of the build-up analysis curves that
we analyzed was the Rucker Lake No. 2. That is the test
that's listed first on Pigure 33. The huild-up curve infor-
mation {2 presented in Figure 34. This is what is xnown as
& Horner plot. Along the bottom of the plot we have some-
thing that is reflective 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 pressuce as
mezasured on the ¥ axis and we see this increase in pressure.
e gee it go up. He see it level off,. We see it go up
again.

The ==~ this separation or this dual
straight line behavior is typilcal of «- typical of what we
would call a non-homogensous éystem tast and it is one of
the classical shapes that would be reflective of a dual por~
osity system., There are, I believe in all fairness we have
to admit there are other reasons why vou could have this
particular type of shape, but dual porosity iz one of the
reasong that you can ~~ that you can reflect on that could
be indlicated by this shape.

| 80 once again we see at least some indi-
cations in certain wells of dual porosity bhehavior based on
the pressure build-up surveys.

Now, also dliscussing the subject of re-
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sexvoir peremabllity, we are taking a steady state approach
and wvhat we've done is we've taken the observed oil produc-
tion rates for individual wells, the maximum oil production
rates as we've indicated on the map that we presented pre-
viously, and what we've done is we've related the amount of
transmissibility required in order to obtain that kind of
oil flow rate and this is -- we use what's called the pseudo
steady state approach and what we've Sone is we've used a
flow equaticn that -~ that is =~ that determines relation~
ship of flow to transmissibility and we've used a drainage
area of 320 acres. One of the comments that we have had
previously is that pressure build~up analysis doas not re-
flect the average properties of the reservoir. The pseudo
steady state flow analysis has to reprsent the average pro-
parties of the reservoir mecauéa that is the demonstrated
wall flow capacity.

S0 what we have done is, and we showed
this in Figure 35, 1ls we've taken our psuedo steady state
producing capacity, which we've plotted on the Y axis, and
w2've plotted it against the permeability thickness or the
transmissibility value along the X axis, and we've assumed
in thié analysls that we have maximum producing drawdown in
individual wells and that may be -~ that may not always he a
good assumption. I think we saw yesterday a case of some

wells where we had very high flow rates with very low produ=-
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cirg drawdowns in the case of the Canada Oiitos Unit 29 and
32, 1 believe, had very minimal drawdowns.

But certainly some of our capacity wells
in the Gavilan ares are being pumped off and do not have a
substantial ameunt of back pressure against the formation.

This relationship says for that type of
wall that's producing at capacity if we observe the flow
rate on the Y axis of 10 to the 2, which i3 100 barrels a
day, we would come across, intersect the line and then read
downward and we would determine that we only need permeabil-
ities on the order of 20 willidarcy feet in order to get
that kind of flow rate.

200 barrel a day, we would go over a bit
further, We'd gee it was 60 millidarcy fest. We don't re-
guire the high transmissibilitiés in order to -- in order to
see the capacity flow rates that we've geen on many of the
Gavilan producing wells.

We -- the pseudo steady state approach is
an approach based on a 320-acre drainage area. It reflects
average f{lwo characteristics intoe & wellbore. Once again it
averages out, perhaps, in directional permeability but onge
again If we can't identify the directional permeability,
then we might have difficulty using ~- taking advantage of
high permeability in the reserveir in a particular direction

because it would e offset by low permeability in the oppo-~
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site direction.

He've compared our results in Pigure 36
and Plgure 36 1s what we call Radial Flow & Pressure Build-
up Derived -- that should be Transmissibilities, instead of
m=i~g=c it should be p~i-z~s -~ Por & Portion of the Gavilan
Fisld.

And what we've shown on here are three
wells, the Hative Son No. 2, the Native Son Ho., 1, and the
Hawk Pederal No. 2, and what we've tried to do is draw cir-
cles around these wells but our computer sagrs to want to
draw elliptical shapes and that wasn't intentional. The
radius of these circles are meant to designate a 3J20-acre
drainage radius, and we can see then that these circles in-
tersact a bit between the Hative Son 2 and the Native Son
and the Hawk Pederal WHo. 2, thch are spaced & little bit
closer than =-- than a pure 320-acre drainage radius would
suggest.,

This =~~~ these are the areas that we'rs
peasuring the transwmissibility for with the pseudo steady
state approach.

Assuming these wells are producing at
capacify.'wﬁich once again in not all cases is going to be a
good assumption, we would calculate based on the observed
maximum reserved flow rate from the Hative Son Ho. 2, a

transmlissibility value of 250 millidarcy feat,
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Por the XNative Son Ho. 1 from our steady
state approach we would calculate 201 millidarcy feet, and
we would compare that to what we got from our pressure
build=-up analysis, which is a value of 181. In other words,
we're getting about the same answers both ways.

We're not getting two different answers.

And finally through the Hawk Pederal
we're getting values of 103 millidarcy fewt.

He nave concluded based on perssablility
that we do have variable permeablility in the resar?cir.
Thie whole regervoir varies in a lot of its paramaters and
parmeablility is one of them and it's reflected by the varia-
tion {in the producing rates that wa've obgerved out of the
-- out of the wells. There's a high degree of variability.

We do have aém& walls with good transmig-—
sibility wvalues but we also have a large number with much
poorer transpisaibility wvaluss,

we've concluded that the pressure huild-
up analysis gives about the same answer as the pgeudo steady
state analysis and both of those answers ave far less than
values of sevaral Darcy feet of transmissibility.

Q What are those anawere?
A The =~ well, the answers for transmissibil-
ity, we've shown for some of these individual wells in the

range of 180 to 200 wmillidaxcy feet.
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In our simulation study we have used a
value of 400 millidarcy feet. ¥e have also tested our an-
swars against 10 Darcy feet and we come up with to some ex-
tent the same answer.

Q In addition to peremability or transmis-
sibility characterigtics, 1 understand you also need to have
some estimate for relative permeability characteristics, so
first could you explain what relative permeadility charac~
teristics are and second, what values you used in your study?

A X111 right. Once aéain. we're tryihg to
dascribe the reservoir. I can understand this would be ted-
ious, it's a tedious description, but if we don't get the
proper description of the reservoir, we aren't qgoing to Le
able to duplicate performance and we're not going to be able
to understand how the field wili perform and we can't deter-
mine what the optimum depletion plan is. S0, you know, we
want to present our entire analysis here and the next part
of it is this -- has to do with the subject of ralative per-
reability.

Relative permeablility is a factor that is
applied against the ~- what we call absolute permeability
that Qe’ve just been discussing and it applies to instances
where ws have ore than one phase fluld flowing at a given
point in the reservoir, so if we have oil and gas flowing at

a point in the reservcir, the presence of both phases tends
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to interfere with the flow of each individual phase, and so
the wmore gas that we have present in an area, the more the
oil flow will be restrictad.

Now in dealing with the dual porosity
syster we have to have relative permeability characteristics
for both the fracture system as well as for what we call the
matrix system, which 1ls once aqain a combination of low ca-
pacity fractures, microfractures, and true -- true matrix.

These characterisgtics have not been
detarwined in the laboratory on any ~- on any core that. I'm
aware of in this particular area, 80 the best that we can do
are to use industry guidelines that appear reasonable.

For the fracture systey we are dealing
with a high capacity fracture systam, Work by previcus
authors suggesnts it would be reéaenﬁble to use what are rep-
resented by straight line functions of relative permeability
to saturation and thege are shown in Pigure 317.

I1f we looked at that we would sgee oil
saturation fracturing. When we look over the far righthand
scale, we'd see cil saturation being 100 percent and if we
look then up at the term called Kro fracture, we would see
it 1cé percent., It intersects a value for relative perme-
ability of 1. 8o if we have no gas present in the aystem,
then it doesn't interfere at all with the absoclute perme-

ability and so we have -~ that's what's indicated by a rala-
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tive permeability of 1.

If the system is essentially entirely
gas, then instead of an oil saturation of 1 we would have an
oil saturation of zero and the relative permsability of the
flow of o0il would be zero. Ho oil is going to flow because
there's none there, but it's not going to flow because the
gas intderferes with its ability to flow.

That's what relative permeability charac-
teristics are, From the literature for a high capacity
fracture system, we've used the straight line curves. wWa
have alsoc tested the high capacity fracture system and we
found it to be relatively insensitive to the valueg that we
ugse for relative permeability for the fracture systems.

The matrix, on the other hand, has -~ has
a set of curves that are aonsiderahly different than the
fracture., They avre labeled by matrix. The oil relative

permeability, you'll note will drop off guite guickly. it's

anticipated it will drop off qgquite qguickly as gas is evolved

from the coll and occupies a portion of the pore space, and
at the same time the flow capacity of the gas will increase,
and we'va shown those two curves by the XKro and Krg for the
matrix.

Now we have modified those curves a bit,
not a great deal put we've modified them a little bit in or-

Gger to try and duplicate the observed performance of the
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Gavilan Mancos Pool, and what we have on Figure 38 is some
more relative permeability information.

that's plotted along the -~ the ¥ axis is
total liquid saturation and what's plotted along the Y axis
iz the ratio of relative permeability to gas, the ratio of
the relative permeability to gas divided by the relative
permeability to oil, and the values that have traditionally
been uged for the Gavilan Mancos Pool, and they sre totally
arbitrarily selected, have been the values that are, well,
the value that's shown by the dashed curve that also hné an
arrow going over to it that seys “Curves used in calcula-
tiong®™, but other values have heen run, as well, as suggas~
ted perhaps by the other curves that are in place on the --
on this graph.

The curve thét we have arrived at to des~
crive this matrix system, from which we believe a large
amount of flow is coming, is what we show as ths Rergecon
Model Curve, and I think the point to be made is that it
does not reflect any radical departure for the matrix from
curves previously usged.

Q One of the other parts of a reservolr de-
acriptien‘is a description of the reservoir fluids. What is
your opinion about the fluid properties of Gavilan, and in
this connection would vou refer to the Figure 3% and

following?
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A We have heard in some sisulation study
and we heard in the preceding hearing that the Canada Ojitos
Unit fluld sample indicated a bubble point pressure in the
order of 1500 psir I think they used a value a little bijt
nigher than that.

We have a logging pvt sample that is on
the order of 1500 psi, as well.

In our previous study of the Gavilan Man-
cos Poeol we had a very difficult time raticnalizing the
amount of gas that was coming from that pool, using that as
a representative set of fluid properties, and in looking
back at the pvt samples themselves, we believe that there is
& high probablility that the sample was not -~ well, ijust by
the nature of the sampling conditions, was not totally re-
flactive of the -~ of the reservoir conditions.

In our preceding hearing we -- we indi-

cated that we thought the bubble point pressure might be

1776. He've revised that number, based on our study, down

to a number of 16480, and to illustrate to you why be velieve
that the bubble point prassure has to bs greater than the
15G0 psi pressure that other people are using, we have con-
struct@d a et of plotg, and that's what we show in Pigures
3% through 41 and those plots are plots of pressure versus
gasfoil ratio.

How, the source of our pressure test that
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we =« pregsurae test information that we refer in the reser-
voir performance section. At the point in time where we had
a particular pressure measured, we could also go the field
gas/oil ratio performance curve and determine the gas/oil
ratico at that point, ind 80 we can plot gag/oll ratic not
ag & function of time but strictly as a function of pres-
sure.
We did that for the field as a whole,
which we show on these figures ags "Total all wells®.

4] Greqg, bafore you gc'ahead. just so every-
one ts staying with us, could you just explain what a bubble
point pressure is?

A Okay. A4 Dbubble point pressure oil =--
well, let me back up.

0il contains a certain amount of gas dis-
solved in the oil and the amount of gas dissolved in the oil
igs dependent on the fluid compogition of the gas and oil to-
gether, It's dependent on the reserveoir prassure and the
reagservoir tempaerature. It's dependent on all those factors,
and s0 if any of those factors change over an area, then a
fluid sample from one area may not be reflective of a fluid
sample from another area, and, in fact, we find many large
reservoirs in the world where fluids vary in their proper-
ties even within the reservoir itself.

Now @ bubble point pressure is that pres-
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sure that when -- if we start out at & very high pressure
and we lower the pressure down to some particular -- to sone
specific lower pressure, we will see in that oil jJust the
very first bubble coming out of solution in the o041, and
that's what we call the budbble point pressure. It's the
first peint, it's the pressure at which the oil begins to
bubble out of the -- gt which gas begins to bubble out of
the o0il, and that, a little bit further, the significance of
this is that when we review reservoir performances, if we
don't understand what the correct reservoir properties. are
for the pool, we once again will tend to misinterpret the
producing mechanisms in the pool.

o the bubble point pressure ig that
pressure as a resarveoir pressure declines, is that pressure
that will be reached eventually at which ¢gas that is dissol-
vad in the o0il will begin to bubble cut of the oil and form,
then, a free gas phase within the reservolir.

Q All right. I thought that that would he
helpful (inaudiblse)

A (kay, well, we plotted gas/oil ratioc ver-
sus pressure for the field as a whole and for several of the
three individuoal wells, and what we gee for the field as a
whola. if you cen focus in Flgure 32 on the circles, (s we
see@ that when we reach a pregaure of aboout 1600 psi that

the gas/oil ratio which had been running about 1000, beygins
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to climb abruptly, and we see that bahavior not only for the
field as a whole, but if we compare it for the individual
wells, PFigure 39 we compared to the Full Sail Mo. 1, which
is a well that's high on structure, if we cCompare it we sec
that the breakover point is also at about 1600 psi.

On Pigure 40 for the Kative Son Wo. 2 we
see that the breakover point for the Hative Son No. 2 was
even higher than 1600 psi.

For the Rucker Lake No. 2 we see that the
-~ that the breakeover point for the increasing GOR wam also
about 1600 psi, and from that we concluded that, from that
type of information in conjunction with our simulation work,
we've oconcluded that the bubble point pressure from the pvt
sample in the lLoddy is not representative becauge it will
not duplicate that type of performance.

Q Could vou explain what the breakover
point is8?

A The braskover point ig that point on the
pressure versus gas/oil ratio plot where the gas/oil ratio
beging to increase dramatically with lower pressures, and
that is true for Pigures 39, 40, and 41, that in all cases
at abot 1600 psi the GOR began Lo increase significantly.

(9] Would you now refer to Figure 42 and ex-
plain what this shows, plaase?

A Yas, okay. Figqure 42 is the same type of
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plot, 1t's & plot of gas/oil ratio lotted against reservoir
preesure as measured by our pressure tests on the raservoir.
The GOR is the measured production GOR, and we show that the
actual performance, Yyou see that actual curve that -- well,
it's labeled “actual”, and what we show on this is several
runs set up for a single porosity system set up to insure
that we had a sclution gas drive producing mechanism, In
other words, we didn't allow gas to migrate, to segregate to
the vertically upper reaches of the reservoir.

And the two things that we got out of
that is that we -~ when we compared what the similator told
ug, which are the values that are the curves that kind of go
flat for awhile and then they go up very abruptly, we see
that the hreakover point for esach of these similator runs,
and we show three of them on here, the breakover point
occurred compared to the actual field performance, certainly
closer to a value of 1660, than it did either to the éres-
sure that we've used initially of 1772 in the last thearing
or the pressure from the Loddy pvt sample, which was 1498,

Kow the second thing we concluded, also,
is that the shape of a solution gas drive curve vields or
indicates a much steeper increase in gas/oil ratio with
pressure depletion than what we've actually observed.

And 80 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 helieve that we ~- that we don't
pelieve that we have a scolution gas drive reservoir.

€] Qkay. How would you turn te Pigure 43
and explain what Figure 43 through 47 indicate?

A FWQ, this report, we Intended it to be as
complete as possible, so0 what this information is presents
simply the fluild properties that we used in our subsequent
avaluation, and what we've included in Figure 43 is a term
we call oll formation volume factor, which is the relation-
ship of a barrel of cil in the reservoir containing its dis-
solved gas, to what that barrel would occcupy at the surface,
and then that is a relationship that is related to the pres-
sure in the reservoir itself, and so in general we see from
this wvalue that I imagine has bee quoted before, that when
we're talking about the Gavilan Mancog Fool o0il formation
volume factors, initially in the range 0f 1.3 reservoir bar-
rels yielding one stock tank barrel of oil at the surface,

Pigure 44 is a filgure tnat once again
needs to be relabeled. ‘The ¥ axis reads “oil formation vol-
ume factor®., That Y axis actuvally represents the awmount of
gas dissolved in the oil; {in other words, the dissolved
gas/oil ratio expressed in terme of standard cubic feet per
stock tank barrel.

Figure 45 is the relationship of gas for-

mation volume factor to pressure,
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Pigure 46 is the ralationship of oil vis~-
cosity to pressure.

From Flgure 46 we do notea that we're
dealing with about a half centipoise viscosity oil. We're
not dealing with particularly heavy oil in this Gavilan Man-
cos Pool,

These figures comprise the sat of fluid
properties that we used in our analysis.

G Dne of the wmain cogpﬂnents of describing
& resérvair is the megnitude of the rescurce base from which
you are producting. Woeuld you describe how you calculated
original oil in place?

Well, before we go to that, I don't think
you -~ you skipped Pigure 47. Perhaps you'd better address
that first.

A Okay. 1 just wondered if we might take
aput a five minute break?
{2 Sure,

A I'm starting to get hoarse,

{Thereupon a brief recess was taken.)

MR. LEMAY: Mr. Lopez, you may
continue now.

G I think I jumped ahead and sxipped Pigqure
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47. Would you explain what 47 is (not clearly understood)
to show?

A Yes. Figure 47 is our first -- is the
firat figure that we have that relates to cur calculation of
oil in place, and 1 might -- pight say hefore we get into
that calculation, that we have done & materisl balance cal-
culation of o¢il in place. We've heard previously that
material balance, at least in terms 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
modeling study can take into account variasble 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 oil in place and we have consequently utilized that
approach.

The firgt figure that we have in the cal-
culation of oil in place iz Figure 47, which our history of
well pressures plotted versus cumulative oil production, the
total field oil production expressed in thousands of bar-
rels, The scale, once again, the well pressures, are ex-
pressed on a scale from zers to 2000 psi and the cumulative
production numbers, then, are expressed on a2 gcala from zero
on out to 4-milllon barrels.

Current cumulative production that we had
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recorded as of Jaenuary lst, 1%87, was a value of about 3,15~
million barrels and the very last pressure points that we
have plotted for individual wells after that point at which
our factual production ends, are simply estimated at this
time, a continuation of the field producing rate at an esti-
mated rate of about 2800 barrels per day.

The individual well presgures are plotted
versus -- versus cumulative production, cumulative field
production, and each individual well is designated as shown
in the legend, so0 we have different gymbols and dJdifferent
colors to represent different individual wells,

From this plot one of the things that we
seg is that the sharp trend in declining pressures that was
observed in 1985 and '86 is not qutie 50 apparent because =~
well, it's not quite g0 apparent on this type of plot be-
ceuse 1in 1985 and 1986 the reason the pressure decline was
s¢ severe was that the field producing rate was increasing.

The pressures that we have on here, we
have attempted to drew some bounds on those pressures. ¥We
hae an upper bound shown that represents more or less an
extrapolation of saveral prassures measured basically --
wall, I think it's pretty obvious what the upper bound is.

The lowetr bound, representing the lower
bound, ia sort of a lower envelope including most of the

pressures, and then the pressure that we used in our stndy
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was a value of about 1800 psi. That's the initial pressure
used in the study.

And  what we're going t¢ see later on 1is
that we believe that this pressure is a little below what
the initial pressure in the Gavilan Field area would be
naturally, indicating that we have had some minor influence
of - pressure the production that cccurred previcusly in  the
West Puerto Chigquiteo area.

These pressure are measured with & datum
of +370 fest subsea.

once again, the two pressure points that
are on the upper righthand side of the qraph represent the
pressures from the Davis Well measured in the € Zone and
they may or may not reflect true C Zone pressuras hecauge
they may be affected by sugerﬁharging assoclated with the
well stimulation,

Wa have taken this pressure history and
wa've dravwn what we consider to be sort of a best fit trend
line. We've not done any kxind of statistical analysis, nor
have we done any Xind of volumetric weighting of pressures
in order to determine an average pressure, but rather we
have taken something that we believe is a statistical Dbast
fit with a pressure versus production history. He 40 note
that for many of the fields that there hasgs been =-- many of

the walls, there is good pressure communication betwaen
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those walls, such that there is not a large pressure differ-
ence betwean those wells so that we can draw a8 reasonable
trend fit more or less through the center of the data.

How, the next thing -~ the next thing we
did is we're about to -~ wa want to do a maeterial balance
calculation to determine oil in place. BRefore we do that we
need to review the pcints in the -~ in this calculation that
we would consider to be valid versus the points that we wold
not  consgider to be valid and we -- we racognize that when
you have a reservoir that is -~ that haz a fair amount of
structural relief from the very top of the structure to the
very base of the structure. Then you could have a situation
occur whera the pressure in the reservolr 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 vyou also have a portion of the reservoir at the
game time that is still at a pressure higher than the bubble
point, and that is what we call an undersaturated reservoir,
and during that period of performance where we have a ==
well, I'm sorry, I may have misstated that.

During that tipe frame that is -~ that
occurs when there is a -~ both a region in the reservoir
that iz above the bhubble point and a region in the reservoir

that is below the bubble point would have what's referred to
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as & partially undersaturated reserveir and a clasgsifical
material balance approach will not work during that time
frame.

S0 in order to investigate what that
pericd of time was, we constructed what wa call a cumulative
bulk wvolume varsus Jdepth distribution for the reservoir and
thias is what we show in Figure -- Pigure 439.

What we have in Figure 48 iz measured
depth ahove sea level, starting at 150 feet above sea level
golng up to a&s high as about 50 feet above sea level, and
we took the map of the Gavilan Mancos Pocl and we determined
the amount of volume that would contained at any -- at any
particular depth level, s0 if we're at 650, well, at 650
there is really no volume above that, that depth.

As we move down to about 450 feet, then
there is a number that turns out to be, it looks like about
l1.5-million acre feat below that point.

And then as we go deeper and deeper into
the reservoir, we basically accumulate all the veolume that
we assoclate with that reservoir.

tow this bulk reservoir wvolume versus
depth relatlonship is set out for the A and B Zones because
we believe that those are the productive zones; that's what
our reservoir performance information indicated to us.

G So the ¢ Zone iz not included in that.
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A No, the C Zone is not included in this.

Now, when ~- if we take our pressure ver-
sus time history and we recognize that that pressure versus
time is -~ i8 evaluated at +370 feat subsea, we can actually
use that to determine the point in time that we will Ffirst
have the bubble point pressure reach the top of this =-- of
this reservoir volume, and in doing that we determined that
that would occcur in approximately the middle of 1985,

We alsco determined the point in time in
which the bubble point pressure would be reached at the bot-
tom of the z2one as baing early 1985,

Eo prior of 198%, mid-~198%, we do not bhe-
lieve that we had a significant (unclear) gas ssturation in
the reservoir associated with (not understood) working below
the bubble point.

And then after the early part of 1986 we
believe that the entire reservolr volume is at pressures be-
low the bubble point pressure.

Oxay, 20 what this has done for us is
jdentified that period of time that we do not feel a mater-
ial balance calculation would necessarily provide meaningful
regults and that period of time extends from about mid-8% to
sarly 19264,

The next figure that we have is PFigure

49, which is our calculation of oil in place and in order to
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calculate the oil in place in the Gavilan Mancos Pool we
have to -~ we have to know the pressure production history,
which we've just shown you on one of the preceding -- pre-
ceding figures.

We also need to kpow the fluid proper-
ties, and we've just finished discussing the fluid proper-
ties that we belleve occcur in the reservoir, and with that
information it 1s & reasonably -~ well, it's a very easy
calculation to determine cil in place.

How, what we have done 1s we have taken
the historical pressure~production information beginning in
Octobher lst, 1983 and extending through January lst, 1987,
and we show that about the middle of the page, Historical
Pressure~Production Information. we've tabulated out what
our trend 1line indicates as AVarage ragervoir pressure.
We've tabulated out what the cumulative oil withdrawals in
the field have been at each point in time; also the awmount
of cumulative gag production at that point in time, and then
we've recorded what the gas/oil ratio is at that -~ those
individual points in tiwe.

We =-- under the, about the fourth line
down we have what we call Control Parameters. We know the
value of PI, that's our initial pressure. We've said that
the initial pressure, based on our trend is 1800 psi in Gav-

ilan. Then two values over we had a value of Cf. That
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standg for formation or rock campresslbility.‘ That rock

compressibility valuve is & value of 100 times 10 to the -§,

consisten with our laboratory measurements and that is what

that value {s,

We then go through the material balance
calculation of in place at each of the pressure-production
points and we calculate out cil in place, and those are the
values that we show at the bottom of the page, and we note
that the values have -- obviously show some degree of vari-
ability anc part of the reason they show a degree of vari-
ability is that you have to, if you're going to apply this
approach, you have to be able to estimate average reservoir
pressure and it is not always easy to estimate average re-
servoir pressure in an accurate fashion, partly because you
don't always have indiviﬁuali prassures from individual
wells, and so when we draw a trend line we recognize that we
will have some deviation from the true avarage reservoir
pressure by doing that, that type of procedure. 50 an indi-
vidual analysis, an individual value for oil in place, we
don't necassarily consider particularly meaningful. It is
really if we can get several values of oil in place that
tend to ‘give us a single value that we think we can then
tend to believe as the -- ay the correct coil in place value.

S0 these are the values that we calcu-

lated versus time, the results of our oil in place
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calculation.

I should emphasize that we have done
many, many more calculations than what we've shown here. We
have attempted to -~ we calculated oi) in place values for
various ranges of formation compressibility. We'd calcu-
lated it for different values of fluid properties. I think
-~ 1 think that's -~ those are the two main variables but
you are going to get substantially different -- different
answers 1if you use different formation compressibility and
1f vou use different fluid properties, and the values that
we arrive at here on Fiqure 4%, it's been an intricate type
process where we have worked with an assumed set of para-
meters, found that data was inconsistent with field perfor-
manca, cowe back, then, and revised our estimation of fluid
properties until we finally afrived at & picture that |is
consistent in its interpretation of field performance and
£luld properties, rock compressibility, permeability thicke
ness, et cetera.

Pigure 49, the results of oil in place
calculations that are =~ that are shown on that figure have
been plotted in Figure %0,

Pigure 50 is shown on the lefthand side
of the graph. It's called Apparent 0il in Place expressed
in millions of stock tank barrels. These are then the

values that were calculated based on the pressure production
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alstory at various points in time, as shown bybthe x's, and
we see that the arly values trend upward to a line that
then flattens out for a period, has a very sharp spike in
the calculated oil in place value, Then it goes back down,
levels off for a period, and goes back down again.

The period we've already noted in terms
of where we had a partially undersaturated reservoir occurs
from mid~1985 to early 1986 and we note the conventional
material balance calculations are not valid during that time
period, 80 wae have excluded those, those points froim our
analysis and we see that the remaining peints tend to have
at least five of the polnts, £five or gix of the points tend
to have an indicated cil in place value of around SS-milion
stock tank barrels for the Gavilan Mancos Pool.

The value of 5S5-million barrals lagt ==
at the August hearing, we -~ we utilized a valua of 100~mil~
lion barrels at that point in time but we recognized at that
point in time that our rock compressibility number might be
in error and since that time we've taken steps to correct
that formation compressibility number.

50 we calculate out SS-million barrels in
place. He ~~ and that's what we helieve to be in the GCavi-
lan Mancos Pool based on the pressure production history.

How, 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 iz at least partially supportive of a
dua] porosity system is indicated by the cross~-hatched area.
When we showed in the period late 1386 and early 1937, we
showed the oil in place values continuing to decline, the
caleculated oil in place, down to value in the range of 40~
million stock tank barrels.

Row, obviously one of two things ~- well,
one of, 1 guess, a couple things could be -- could be in er~
ror,

First, we may not have the true produc-
tion recorded for the Gavilan Mancos Pool. We may have somo
production that is -~ that is not being included in the to-
tal pool production,

The second possibility is that the -~
taat the average pressure is nét gorrect, and that is the
thing that we believe ls happening.

1f you recall bhack where we talked about
4 dual porosity system, we sald that there had to be a lar-~
ger pressure in the matrix than pressure in the fracture
gsystem in order to cause fluid to flow from the matrix into
the fracture; otherwises there's no pressure differential and
there's no reason that fluid would flow into that high capa-
city fracture systenm,

As & result of that the fracture system

depletes at a different rate than the matrix system. That
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is not necessarily bad because it induces a larger pressure
drop between the two -- two components of the dual porosity
system and it causes the matrix feed-in to he meore raplid,
but it Jdoes have an affect when we do a pressure bulld-up
survey, and that pressurs build-up survey will initially
start to measure the pressure in the fracture system and it
will start to build, build-up, but before [t can get built-
up to a value that 1s indicative of average pressure in the
vicinity of that well, we will start seeing interference ef-
fects from other wells that are also taking il from that
high capacity fracture svastem.

So we doa't bLuild-up te a true average
pressure, and conseguently the pressure we've used in our
oil in plage calculations will be a value that's too low and
we will calculate then too low df an il in place.

And our final figure with raspect to re-
serveir description is Pigure 51, and that s a plot of the
fraction of oil in place produced versus the prossure as we
see it relating to the matrix and as we see it relating to
the fracture system

Noew, one of the thinge that you're qoing
to see toworrow is that we believe in the Gavilan area on
the average that as nmuch as 90 percent of the o0il storage
velume 1is contained in the matrix with 10 percent contained

in the high capacity fracture system.
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The regults of our analysis using a dual
porosity system, then, is what we show here., This is gen-
erated by our computer model, It shows the pressure in the
matrix and it shows the pressure in the fracture and it
shows what the average prassure 1s, and you note that the
average pressura is close to the matrix pressure because
most of the volume resides in the matrix itself. S50 with
higheyr rates of depletion that occurred in, well, particu-
larly in 1%86, you see that the increased pressure differen-
tial between the fracture pressure and the matrix preasure
is such that when we then shut in a well connected with the
high capacity fracture system, we're Jless likely to build
up to the true average pressure prior ot sasing interference
than we would see -~ than we would =- than we would have had
earlier.

80 what we believe is that these last
pressures that have been measured have not necesgarily been
completely representative of true average pressure in the
reservoir, and so the valuasg of 40-million barrels of oil in
place that we calgulated in the last few days for oil in
place, we do not believe representative.

We Dhelleve that the oil in place is in-
deed on the order of 5%-million stock tank barrals for the
Gavilan Mancos Pool, or at least for whatever is pressure

communicating in that particular area.
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8¢ in summary, this campletés our reser-
voir description. We've attempted to describe all of the
ook properties that we obtained. We've attespted to spec-
ify that we have -~ to identify the flow system that we're
dealing with, this being a dual porosity system, and the
rock properties. wWe've attempted to identify the pore com—
pressibility data, the fluid property <ata, the relative
permeablility data, and thsn combine all that into == the
prassure production data, combine all that into an interpre-
tation of o0il in place that yields 5%-milion barrele, and in
our resarvolr analyeis section we will show basically that
-~ that wa can duplicate the field perforsance on that
hasis.

HR. LOQPEZL: Hr. Chairman, I
think this is as good a time as‘any to recess until tomorrow
and I suggesnt that we do so.

HR. LEMAY: Ckay, is that agree-
alble with you, Mr. Kellahin?

HR., KELLAHIN: %2, 8ir, Mr.
Chalrman,

This hearing by ambush was rcute
earlier. It has now hecome very serious and we have a very
grave due process problem I want to address with you on
that.

“R. LEMAY: Okay.
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MR,  KELLAIIN: Mr. Greer's
theories of this reservoir and our position in this case
were made known to these parties in a 5S-day hearing in
August. Our position was the same then as it is now.

In an effort to accommodate the
Commission and try to constrict this case to a one-week
hearing, we had a meeting of all counsel in which the Chair-
man requested that by March 23rd, which was last Honday, the
parties give you a poesition paper.

I gave you that position paper.
In fact 1 had to reduce it on my photocopy machine so 1
could squeeze it on one page, ¥e maintain that the opposi-
tion 4id not make & fair disclosure to us on thelr nosition.

In addition we find out today
that Mr. Hueni's testimony in Adquﬁt, he's abandoned his hy-
pothesis in August, his position then was that the explana-
tion of the reservoir is thet this was a reservoir that was
operating under a secondary gas cap expansion. Ye now find
that he has changed that hypothesis,

hey have very carefully taken
out portions of this exhibit book 3nd they've displayved them
to us not in a complete package but only in sections, and he
has presented to us a very complicated hypothesis.

Ve prasentaed the opposition

with Mr. Greer's complete exhiblit bhook on Monday, the com-
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plete Sun computer reservoir simulation on ﬁondéy. They had
overnight to look at that book, and to cross examine Mr.
billon.

In the spirit of fairness we
reguest that the opposition give us the balance of the exhi-
bit book for Mr. Hueni so that we have a fair opportunity to
understand what his conclusions are, what his reservoir sim-
ulation is, and what his ultimte analysis of this reservoir
is. Wwithout having that to study so tﬁat we can fairly reg-
pond, we will not be able to conclude this hearing and we
will be compelled to ask you for a continuance of this case
following the completion of his presentation tomorrow.

in all fairness we would re-
quest that we be given that information so that this is not
a hearing decided on ambush an& gamesmanship, but that we
make a serious effort to study and understand the reservoir
mechanics and so that each set of opponents and proponents
have some reasonable fairness in responding to the other's
position.

We reqguest that disclosure,

MR. LE®AY: Thank vou, Hr. Kel-
lahin. HNow you want to address it, ¥r. Lopez?

HR. LOPEZ: Yes, Mr, Chairman.
There is no rule of the Commigsion that requires exhibits be

introduced before the witness iz prepared to testify the
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case to them, but this was a case, and Mr. Greé:'s exhibits
were available and ready last week and we could have made
demand and called for the exhibits at that time.

Thae only reason we were given
¥r. OGreer's -~- or Sun's computer gimulation model was de-
cause Mr. Greer during his testimoy on dondsy had to lay a
foundatiorn for the parameters on which the gimulation models
are made.

_ There is good reason that the
Commission has no rules that require the disclosure of exhi-
bits antil the witness is prepared to introduce them, be-~
cause a3 in this case, we've been assembling exhibitsz even
as we were having 2 recess at lunch today.

I see no requirement that we --
and I see no failure in the senée 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 -~ made tO us
available the {interference tests that he testified to on
¥onday . We had his exhibits for the first time Honday and
after a fifteen minute recess crossed and cosmpleted our
cross exasination.

I absolutely see no reason that
we have to comply with this request and I think there's no

due process reguirement there.
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HR. LEMAY: Yes, sir, Mr. Carr.

MR, CARR: Hay it please the
Commission, the question is whether or not we have an oppor=~
tunity to review this information sc that we can cross exa-
mine Mr. Hueni's testimony. It's a complicated formula and
it's a complicated reserveir model that they're going to
present tomorrow morning.

There was no opening statement
in the case. We were today finally advised what direction
they were going in certain respects, and we have a question
here, 1 think, that -- it's a fundamental guestion is there
a right we have, if we're going to be entitled to examine
his teatimony. If we don't, we won't be able to represent
to you -- we'll have to tell you that we can't stay within a
time frame that so far we've heén guccessful staying within.

He really welcomed the oppor-
tunity to meet with you a few weeks ago to exchange sgtata-
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 ﬁide, I don't think that's the spirit
of those meetings. I think we have a situation here where
there's a strategy to hide the ball, to keep everything un~
der wraps so that we deon't have an opportunity to review it

before it's time to cross examine, and I submit to you that
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violates our fundamental rights to due process.

#We think that no one here has
gaid they don't have the information. Ho, they say, well
there's nothing that requires me to give it. Well, I feel
there is something that reguires them to, and that's our
right to due process and if we don't have it tonight, if we
don’t have an opportunity to review it, we will has to ask
for & continuance as soon as we get it.

¥R. LEMAY: NMr. Poarce.

¥R, PEA&&E: I'm the person
that's charged with the responsibility of cross examining
Mr. Greear., I bellieve Mr. Kellahin is wrong. The case that
#r. CGreer presented on Handay and that we took a fifteen
minute recess on and that I crose examined him on was not
the case that he presented in Aﬁgust.

e did not ask for the expan-
sion of the West Puerto Chiguito in that hearing. He did
not present that interfarence data at that aAugust hearing.
1 think that {8 a critical element in his case. Once he
carpe forward with that and once he presented us with his ex-
hibits, we did rise and cry, "We can't be ready”.

You have before you, and per-
haps I ought to exclude nyself, but you have hefore you the
wost axperienced set of ©il and gas regulatory attorneys in

the State of New Mexico. Each side in this proceeding has a
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hattery of experts behind them.

He don't have a fairness ques-
tion (inaudible), Mr. Chairman. W®What we have is an attempt
to get ahead in our opponents policy. Clearly they want to
have a longer time to preparad for cross examination; that's
what this is all about, They want to have an opportunity
that we did not have. We did not cry about that. we didg
not bellieve that was a violation of due procesns. Theae
hearings run by finishing a witness, Deginning c¢ross exam=—
inatien. This agency does not have a history of making ex-
hibits avallable before the hearing. When Hr. Huenl testi-
fies about materials he will provide those materials, as MNr.
Greer did.

I don't think we've got a due
process question, We've got a-qusstion 0f somebody wanting
to get ahead.

I don't think that's necessary.
I don't think the parties are incapable. You may remember
Mr. Dillon's testimony. He testified that Sun had lots of
medels. They chose the one they thought was appropriate.

We chose the model that we
think is appropriate. These parties can be ready to cross
examine and I think they should be required to go forward.
In the discussions of this matter with the Chalrman and the

Commission before the hearing, we did not agree to exchange
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exhibits prior to hearing and it has not been &ona in this
agency, anéd our opponents seek to have that done now. 1
don't think that's necessary to give them fair protection,
1 don't think it has -- it ia what has been afforded to wus
in this proceeding. I think we have been expected to pro=-
ceed. Mr. Greer finished, 1 was expected to get ready and
go. I got ready the best I could and I went. That's not an
unreasonable thing to requeat of our opponente in this mat-
ter. _

BMR. LEMAY: Thank you,

¥R, EEBELLARIN; May I close wmy
argume~t very briefly?

Mr. Greer's theory was one,
solution gas drive enhanced by gravity drainage. That was
his theory seven months ago. Qhey‘va had seven months to
prepare on that theory.

Mr. Huenl's theory is known to
us only today and Mr., Hueni has been prepered for the last
two days to respond to testimony heard on Monday.

we're simply asking in fairness
to understangd what his position is, ¥r. Chairman.

¥R. LEMAY: MNow many additional
exhibits do you plan to introduce, Mr. Lopez?

MR. LCPEE: I think -- I think

wa hnave 100 figures total and we have gone through 51 of
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them.

MR. LEMAY: S0 you have 49 [ig-
ures that are not in the book that you will provide tormcr=
row, or plan to provide tomorrow, and then have testimony on
thosae 4% figures.,

I want to take a five minute

recess and confer with my colleagues and come back with a

ruling.
{Thereupon a reacess was taken,)

HR. LEMAY: We have a ruling,
but first I'd like to quote Rule 1212.

"Rules of Evidence. Full op-
portunity shall be afforded &11 interested parties at a
hearing to present evidence and to cross examine witnesses.
In general, the rules of evidence applicable in a trisl be-
fore & court without a jury shall be appllcable; provided
that such rules may be relaxed where by so doing the ends of
Justice will be better served. Neo order shall be made which
is not supported by competent legal evidence."

What we've decided is that
there is no rule that requires the exhibits to be presented
to all parties prior to testimony. fiad there been two wit-

nesses instead of one for Mr. Hueni, you would have the ex-
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hibits presented today and you would not have Qhet will bhe
coming in tomorrow; however, initially we did reguest that
the essence of testimony would be presented in s form which
would be summary and that was not done by the Hinkle £irm,
that we could feel what was coming next. I think that's Mr.
Xellahin's and Mr. Carr's main objection.

We were alluded to the fact
that we have an 0ll in place calculation coming up tomorrow
that will show %0 percent contributed by matrix, 10 percent
by the fracture system,

At this time we would like to
have in summary form some of your conclusions concerning
what ¥r. Huey (sic) will testify to tomorrowv. No exhibits
are necessary but we would in a spirit of fairness like to
have your conclusions. |

I might peoelint out that there
will be ample time to cross examine ¥Mr., Huey (sic) PFriday.
That will give you Thursday night and you'll be able to re-
direct testimony on Priday. We've reserved some time for
that, 20 it's not like we're cutting you off tomorrow.

MR, LOPEZ: If you could give
ue a minute, Mr. Chairman, to figure out exactly what kind
of aonclusions you are requesting. I thought I made those
fairly clear in =y opening statement, what conclusions we

reached.
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! think that it is owmr position
and the position that we took at the August 4th hearing that
this is not a gravity drainage reservoir. That hasn't chan-
ged.

MR. LEMAY: Okay, that's impor-
tant. 1% has net changed,

MR. LOPRZ: That has not chan-
ged.,

MR, LEMAY: You agree it is
partially gravity drainage.

MR. LOPBZ: It is not.

¥R, LEMAY: It is not gravity
drainage.

MR. LOPEZ: Ho.

MR. LEMAY: I think Mr. Huey
(sic) referred to the fact it was not gasg molution.

MR, LOPEZ: We also agreed that

MR. LENHAY: We don't want to
put words in the witness' mouth.

ER, LOPEZ: I1'd also make the
other obgervation, Hr. Chairman, that the proponents had
evary opportunity to participate in Hr. Hueni's study but
refugsed to do so.

MR, LEMAY That point is taken
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and noted.

MR, FKELLAHIN: May we reguire
them to tell]l us what model program was used to simulate the
reservoir? We need to know that, ¥r. Chairman.

MR, LEMAY: 1 think we're over
~- we'ra not talking about the types of proof that Mr. Huey
(sic) is golng to go into. We're just -- we're just talking
about his conclusions. The proof will be forthcoming towmor-
row which can be studied and you'll be able to go after that
on Friday.

MR, PEARCE: Mr. Chairman, 1
think it may -~ may help our opponents more than 1'¢d like
to, but it ray be of assistance to them, there is a Section
1 of the proposed notebook entitled “Summary and Recommenda-
tions®, and if the Commission bélieves it would be of assis-
tance, we will at this time make that available to everyone
who's received copies of this exhibit, coples of the note-
book, 1 mean.

¥R. LEMAY: ! think that would
be helpful.,

MR. PEARCE: May 1 have just a
minute? I have copies right here ond we will distribute
thenm.

Mr, Chairman, for my own clari-

fication, I have now passed out all of the copies of that
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*Summary and Recommendations® section which I had. 1'm not
gure I got everybody. If other pecple need one and will see
e immediately after the hearing, 1'l11 get them one.

¥R, LEMAY: Appreciate that.

¥R. PEARCE: Yes, sir.

MR, LEMAY: We shall convene
tomorrow at 8:15.

MR, KELLAMIN: Than you very
inach.

MR, CARR: Thank you.

(Hearing concluded.)
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