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{Thereafter, at the hour of 8:30 a. m. on the
31st day of March, 1987, the hearing was recon-
vened, at which time the proceadings were con-

tinued as follows, to-wit:

MR, LEMAY: The neeting will
come to order.

We will resume Cases 7980,
8946, 8960, 9113, and 9114, with #r. Kellahin and -- yes,
sir, Mr. Carr.

ME. CARR: Before you bhegin
this morning, yesterday during the cross examination of Hr.
Greer by Mr. Pearce, he requested certain information con-
cerning a Delta T figure and some build-yp taests.

We have that information. we
have marked it as Exbhibit Three. I've provided a copy to
¥r. Pearce and we would move the admission of Benson-Hontin-
Greer Exhbiit Number Three at this time.

¥MR. PEARCE: Okay.

MR, LEMAY; If there is no
objection the exhibits will be entered into the record.

Is there anything additional
this morning before we resume with Mr. pRillon?

1f not, ¥r. Xellahin, please
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MR, KELLAWIN: Thank you, Mr.

Chairman.

RICHARD G, DILLONM,
resuming the witness stand and remaining under oath,

testified as follows, to-wit:

DIRBCT EXAMINATION
BY MR. KELLAHIN

0 Mr. Dillon, yesterday we were at the
point of your testimony where we were discussing the various
parameters that you were placing into what you characterized
as a top of the line computer model to simulate this reser-
voir.

! wonder, HMr. Dillon, if you would take a
few minutes and help us understand the deqree of sophistica~
tion of this model in comparison to the more simple material
balance calculations that we see very freguently before the
Commission?

A The model to which we referred and which
we have used for this study is again & 3-dimensional 3-phase
relatively complex model that is really the only proper way
to introduce rate and other effects, such as drainage, grav-

ity drainage or other processes into recovery calculations.
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The result obtained from material bal-
ance, which i3 a very simple tank type of calculation which
has no areal definition, has no vertical definition, does
not allow for the relative permeability effects or any gra-
vity effects, there's no rate that can be introduced into a
material balance, it's essentially & hand calculation.

The essence of a reservoir simulation
model is to reproduce the fluid flow as it actually occurs
in the reservoir to the best of our ability.

The wmodel, when it's in a prediction
phase will allow movement of £luid as forced by different
pressure forces, g¢gravity forces, et cetera, such that it --
it sheould behave identically to what the fluid actually does
in the reservoir, and again, it's the only way that rate can
be introduced into a recovery calculation.

o Yesterday we were discussing the para-
meters that went into the model and we'd gotten to the point
where you were ready to discusz how you defined the arga by
which the commuter ~- the computer woud then simulate the
regservoir.

Let me direct your attention now to that
subject and to Exhibit Number Six in the Sun package of ex-
hibits.

A Exhibit 5ix is a structure map on the top

of the HNiobrara 'A' Hember. This map is the interpretation
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by Dick Ellis of ¥cHugh and Associates.

The purpose of this map, which again the
data was taken from Dick Ellis for Sun's purposes, was to
determine the magnitude, gquantify the dip in the various
areas of the -- particularly the Gavilan area.

We, from study of previous testimony, et
cetera, realize that dip is a critical gquestion here and
wanted to quantify for ourselves what ~- what type of magni-
tude we were looking at.,

In order to determine that we needed a
data base, a structure map, in order to calculate those fig-
ures.

Q Baving obtaiped a structure map, what
then is 1t that you have done in order to wutilize that
structure map in the reseervoir simulation?

A The structure map was digitized and using
Sun’'s geclogic weork staticn, and converted into a data base,
based on a finely gridded array over the mapped area. This
data base was then run through another set of software that
was able to calculate the dip at each of these individual
polnts in the reservoir. Again this was a fairly fine grid
over the reservolr.

The, again, we wanted to know rather than
what the regional dip was or what the dip was bLetween any

twoe given wells, this would enable us to preduce a map, &
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11
continuous depiction of what the dip magritude is, again
particularly over tha Gavilan area.

) Are you satisfied, HMr. dillon, that the
study you have made has accurately and reliably digitalized
the known structural mapping that Mr. Ellils provided to you?

A Yes.

< All right, would vou turn now to Exhibit
Number Seven and identify that for us?

A Bxhipbit Zaven is the result of the calcu-~
lations there were performed on the data obtained from the
gtructure map. It is a formation dip on the top of the,
again, the Niobrara 'A' Porwmation.,

The scale in, for example, here, I apolo-
gize for the fact that some of the contours are a little
hard to read, we had a scaling problem here, but looking in
the Gavilan Agrea, which is in the Range 2 West, Township 25
Horth area, taking that township for example, the solid,
thin lines in that area represent, I think you can probably
read that numberx, a value o0f 100 feet per mile of dip.

¥ou can see there's several contours
there that extend over a fairly significant portion of that
atea;

The dashed, excuse me, the dotten contour
is the S50~foot per mile contour and as you can see, there's

& fair number of those with, again, a larger area lying be-
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12
tween that 50~foot contour and the 100-foot contour.

The other contour that shows up in hat
area, particularly up in the northwest portion of that town-
ship, you see a rather bold line that varies in width some~
what, that is the 150~foot dip contour. Again, this 1is
measured in feet per mile.

As you can see as we get farther aver in-
to the eastern area in the Canada Qjitos Unit, dips increase
significantly, as we've already learned.

The area of the present Gavilan Pool was
taken along with an area that approximated to he buffer zone
of the West Puerto Chigquito Unit and an average was taken
over that, again using the computer software, and it was
found that the average in this area approximates 50 feet per
mile of dip.

Q Are you satisfied, ¥r. Dillen, that the
computer simulation of the reservoir has been done in such a
way as to accurately reflect the structure map that Mr, Dil-
ion -= that you were provided, Hr. Dillon, by ¥Mr. Ellis?

A Yes.

Q All right. What then, now, having
selected the model, made the selaction of parameters, I as-
sume now that you're prepared te run the model?

A That's correct.

R And you did that.
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13
A Yes.
Q Having run the rodel, are vou gatisfied
that it has simulated the performance of the Mances Reser-
veir under certain producing ratess?

A Yes, I am.

Q Would you give us a ganeral outline of
the varicus rates or alternatives you selected for running
the model?

A The model was run under tradition condi-
tions, specifically for oil. We used values of 2008, 800, up
to 1404 barrels per day per 640 acres.

The 1404 represents the depth bracket al-
lowabla set by the state, That was our maximum and we went
down to a aminimum of 200 barrels a day from the 640 acres.

We also utilized gas congtraints in the
form of GOR limits, these limits of 600, 1000, and 2000
standard cubic feet per stock tank barrel.

The combination of the oil and gas limits
resulted in limiting gas rates of 200, 480, B0O, up to 2808
MCF per day.

Also varied, besides the producing rate,
was the spacing. As we looked before on Exnibit Five, I be=-
lieve, we had two different (not understood) configura-

tions.

We investigated the 320-acre spacing ver-
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sus 640-acre spacing, and, as we just locked at, the forma-
tion dip, in order to get a range of the possible recoveries
from the area of interest, we used formation dips of both 50
feet per mile, which represents an average, and 100 feet per
mile, which represents a significant portion of the Gavilan
and certain areas in the western part of the present West
Puertoe Chigquito Unit.

G Do you have an opinion, Mr. Dillon, as to

whether the Mancos reservoir is or is not rate sensitive?

A Yes.
1%} And what is that opinion?
A My opinion is that the reservoir is very

rate sensitive., It can produce a variety of ultimate recov-
eries and I've found that a large amount of waste will occur
under current producing rates.

Q Do you have an opinion as to what is the
most efficient rate and gpacing that will result in the
greatest ultimate recovery from the Mancos Reservoir?

A Yes,

G Have you presented your conclusions in
the form of a graphic display by which you can use to illus-~
trate your opinions and conclusions?

A Yas, I have,

G And is that shown on Exhibit Number

Eight?
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A Yeg, it im.

2 Do you also have a larger copy of Exhibit
Humber Eight and you've Zisplayed on the chalkboard?

A Yes,

2 All right, let me have you ¢go to the lar-
ger display, if you will, please. Would you take a moment
and first of all identify thne exhibit for us, explalin for us
how to understand and read the exhibit and then show us the
conclusions and opinions you've reached from the reservoir
simulation by illustrating with this exhibit?

A Okay. The exibit is simply a plot of
measure of recovery versus the constraints of production
rates.

This particular plot is for the set of
model runs that was made with a formation Jdip of 30 feet par
mile.

% ¥hen you say Mancos Pool, Mr. Dillon,
what are you meaning by Mancos Pool?

A The Mancos Pool in this sengse is the
resarvoir that underlays the present West Puerto Chiguito
and the Gavilan Pool,

Q You're not == you don't have a microphone
with you, B0 you have to speak up as best you can, please.

A Yes, sir. The scales, 1'l] point out in-

itially, along the vertical scale we have again our measure
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of recovery factor.

Along the horizontal scales we have at
the top our limiting gas rate, which 1 discussed hefore, the
combination of various gas/oil ratio limits and oil! allow-
ables resulted in these rates.

Y¥ou can see this is a logarithmic scala
that extends from a value of 100 MCF per day to a value of
6000 MCF per day.

We found in the cocurse of modeling the
reservoir that more important than the oil allowble was the
constraining or limiting gas rate. We found that without
exception, no matter what the initial oll allowable was, as
we started our simulation at the bubble point, the GORs
quickly decreased, thus limiting the production based on the
GOR, thus the gas rate rather than the oil rate; however,
we've included three scales along the hottom so that we can
convert our limiting gas rate to different total allowable
oll rates.

The first scale, for example, for an oil
rate is based on a 600-te~1 gas/oil ratio limit. You can see
this is scaled again logarithmically from 167 barrels per
day to 10,000 barrels per day. This is again stated in
barrels per day for 64C acres. This is ths total production
whether it be from one well on 640 acres or be from both of

the wells on the 320 acres, again this is total from the
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t40~acre area that we're looking at.

We have a second scale that's based on a
1000=to~1 gasfoil ratio and a third cone that's based on a
2000-to-1 gas/oll ratic, and you can see the corresponding
changes in the equivalent o0il rate that is comparable to the
limiting gas rate of the pool.

We, turning now to the vertical scale
again, what we have plotted here is our relative recovery
factors. This scale, as you can see, 1is a rectangular
Cartisian scale; it is ncot logarithmic.

The plot starts at a value of 1.0, ex-
tendis to a value of 3.0.

In order 1o compare the results from all
the various model runs that were made, each of the output,
each of the results from the -- each run were converted to a
relative recovery factor which is normalized or adjusted to\
& base case which was selected.

This base case was specifically the run
that was made at a limiting gas/oil ratio of 2000-to-1 and
oil rate of 1404 barrels per day, again from 640 acres.

The specific case that was run against
all other cases that we normalized was the 320-acre spacing
case. This was chosen because this case, this particular
set of parameters of thisg model with any further increase in

flow rate, as you can see, showad no further senstitivity to
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recovery from the model; that is, the 320-acre spacing case
at these rates produced the least amount of oll from the
model.

This case was given the value of one.
This is adjusted to value of one and all other cases were
adjusted against this value. Por example, moving back to
the other side of the plot, if we were to take, for axample,
the 640~acre ¢pacing case, that {8 one wall per section,
that is represented by this green line. 1f we look at the
highest point, we see that it curves at a limiting gas rate
of 200 MCP per day.

We see against that we have a relative
racovary factor of 2.0. This 2.0 indicates that the reser-
ves or the recovery from this run was a factor of two larger
than our base case. Thus, by limiting our constraining gas
rate, or low rate, if vou will, £from 2808 to 200, we are
able to double recovery from the reservoir.

And accordingly, as you comes hack toward
the left -- toward the right again, vou can see as we in-
crease the oil rate with gas rate the same rate, that is, as
wa approach the higher rates that we feel are more wasteful,
it follows that our ultimate recovery will decrease and fin-
2lly stop in the lowest, as we have experienced in the
model.

I might point out also the variance be-~
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tween 320-acre spacing and the 640-acre spacing.

Again the red line was represented hy the
320 acres. You can see over the mariority of the curve, es-
pecially at the lower producing rates, the 640-acre gpacing
case actually produces more than the case with two wells, or
the 320-acre spacing, so0 not only does the addition of one
mora well into a 640-acre proration unit not increase the
resarves, it actually has a slight reducing effect on the
reservas and that any additional well would be unnecessary
from, especially, an economic standpoint and alsc from an
ultimate recovery standpoint.

Q Let me direct your attention to the top
of the three horizontal scales at the bottom of the graph.
Will you locate that one for me with your pointer?

A Yes, sir,

Q All right, that one is the oil schedule
rate at 600-to~l gas/oil ratio, using %40-acre spacing. 1Isg
that not correct?

A That is for, again, based on 640 acres.
It applies to both the 640 and 320-acre spacing.

Q In order to utilize that scale and under-
stand what it would be if I had 320 acres, what do I do to
the producing oll rates along that line in order to maxe
that conversion?

Por example, look at 4680 barrels. That
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is the rate on 640-acre spacing.

A That's correct.

Q If 1 want to see the corresponding rate
on 320-acre spacing at a 600~to~1 gas/oil ratio, what do [
do with that number?

A In order to convert this rate, which is a
flow rate from one well on 640 acres to a rate that would be
applicable to each of the two individual wells on 320 acres,
we would simply divide that number by two and this
represents the total of the two wells. This would say that
our individual allowable rate for wells on 320 acres would
be limited to 2340 barrels.

G HeHugh, vgan, Sun, and Greer have
applied for a limiting rate of 800 barrels a day at a 600~
to-1 gas/oil ratio on 640~acre spacing.

Would you ¢€ind me on that scale that
point?

A That point on this scale would be right
here.

v} Where we find on the top horizontal scale
the number 800, that would be 800 barrels a day?

A That's correct.

0 Where would that place us on the graph,

then, if we were spacing this reserveoir on 220 acres on the

red line: where does that take usg?
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A That takes us right here to this point.

Q 1f spacing is on 640 acres as opposed to
320, what happens to the ultimate recovery?

A It moves up, too.

Q The maximum top allowable apart from the
temorary order in this reservoir would provide an operator
on 320 acres to produce at a dally rate of 702 barrels a day
at a 200~to~1 gas/oil ratio.

Can you find us a horizontal scale on
your exhibit that will show us where the top allowable would
be on 320 acres?

A That would correspond to this point here.
This would be equivalent to 702 barrels.

G You're looking at the third or the bottom
horizontal scale?

A That's correct, the 2000-to-1 gas/oil
ratio.

Q And you've taken the number 1404 and
divided it by half?

A That's correct.

Q Al right, 1if that is the producing rate
for the pool, where does that place us on the relative re-

covery factor curve?

A It places us at the lowest point, the

value of 1.0.




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

22

] And as we move from right to left along
that curve on 320-acre spacing, what does the reservoir sim-
ulation tell you?

A It tells us that for decreasing oil al-
lowable or gas, limiting gas rates, that our relative recov-
ery factor is increased,

Q And you find as you restrict the produc~
ing oil rate down to 200 harrele -- I'm sorry, 330 barrels a
day on 640-acre spacing, the top scale --

A Yas.

Q == we see that the recovery factor can be
twice that of the producing rate at a top allowable?

A That is correct. Its value is essentiale-
ly 2.0. 1t's l.99-something but essentially ves, the recov~
ery would be double.

Q Is there any significance to the Ffact
that the 320 and the 640 lines appear to come together at
the point, the 2.0 recovary factor on the far left of the
scale?

A At the point on the far left of the lim-
iting gas rate of 200 MCPF a day, the fact that the two lines
come together is simply telling us that the combination of
parameters that we input into the model, that will be 50
feet per mile, the permeability, et cetera, cause the re-

sults of the model to give us very identical answers for the
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two different spacings for this particular case.
Q All right, sir, if you'll return to your
seat, please,

Again, the large diasplay is a reproduc-
tion of Exhibit Number Eight ==

A That's correct.

Q -~ that's in the exhibit package? And
that represents your work product, does it, Mr., Dillon?

A Yes, it does.

Q Let's turn now to Exhibit Number Nine.
Would you identify and describe for us Exhibit Number Nine?

A Exhibit Nine is another plot of recovery
factor versus restricting oil and gas rate. The difference
between this plot and Exhibit Eight and the large plot is
that these cases were run at a dip of 100 feet per mile.

The scales for limiting gas rate and to-
tal allowable o0il rate are identical tc the previous plot
and can be used in much the same way. The relative recovery
factor again was calculated in the same manner but the séale
on this plot was extended to a value of 5.0 in order to show
the enhanced recovery that we see due to the extra formation
dip that was present in the model for these cases.

@ If we start at the far lower end on the
lower right, that is the same relative point by which you no

longer increase the producing rates of the model,
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A That is correct.

Q And that is the similar thing that you
did to the model run deplicted on Exhibit Rumber Eight?

A That's correct. The results from the
cases that were run at 1900 feet par.mila waere again adjusted
back to our base case which again was the case with the 320-
acre spacing at the maximum rate that we looked at, again
1404 barrels at a gas/oil ratio of 2000~to-l. You can see
that both of these points do not quite come down to the 1.0
line due to the added effect of the Fformatlon dip. All
cases were adjusted back to the cone base case.

Q As we move from right to left and go wup
either one of those curves, we get to a maximum height on
those curves in relation to the recovery, relative recovery
factor number?

A Corract.,

0 I notice that you've uvged a different
gcale or a different set of numbers on this exhibit for that

left vertical scale than you had on Exhibit Number Eight.

A Yes.
Q Why?
A That was necessary in order to show the

increagsed recovery that occurred from these model runs.

1 1f wa look at the bottow horizontal scale

which would represent the maximum top allowable under state-
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wide rules of 702 barrels a day, 320-acre spacinq,_and 2000~
to-1 gas/oil ratio, we find that point and then we find the
ultimate recovery at the most restrictive rate that you ap-
plied into the model, what is the relationship in ultimate
recoveries?

A The relationship in ultimate recoveries
for both of the cases, for example, for the 640-acre spac-
ing, again shown by the green line, is that we increase our
recovery from a value of approximately 1.4 or 1.5 up to a
value of 4.5 at our most restrictive rate. |

Q What does that mean?

A That means that we have approximately a
200 percent increase or that our ultimate recovery would
triple by constraining the rate from our highest investi-
gated rate to our most restrictive rate.

Q Using the reservoir parameters provided
for the model, using Mr. Ellis' structure map, do you have
an opinion concerning the effects, if any, of dip in the

reservoir and its importance to the recoveries in the Mancos

Resarvoir?
A Yes, I do.
Q what is that opinion?
A #y opinion is that the dip plays a signi-

ficant part in the ultimate recovery. With increasing dip

we see generally increasing recoveries, even identical other
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constraining factors, and we also sae that the 50 feet per
mile which i8 the averaqge prevalent number in the Gavilan
Area 1is sufficient dip to see dramatic increases in ultimate
recovery when the rates are constricted to rates that will
allow the gravity drainage mechanism to occur.

G Would you turn now to Exhibit Number Ten
and identify that exhibit for us?

A Exhibit Ten is simply & tabulation of the
points that were used to make the plot on Exhibit EBight.

Q And Exhibit Eleven?

A BExhibit Bleven again are the points that
were used to make the plot for Bxhibit Hine.

Q And finally included in your exhibit book
is the final page that says Conclusions.

A Yes.

Q Do those represent your opinions and con-~
clusions that you've put down in written form?

A Yes, they do.

Q All right, would you give us your conclu-
sions, Mr. Dillon, with regards to the simulation of this
reservolr that you conducted from your opinions about that
raservoir?

A My first and most ohvious conclusion was
that the current production rate from the wells in the Gavi~

lan Area 1s causing waste and that ultimately it will re-
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sult in the loss of of a vast amount of otherwise recover—
able oil. This is regardless of the spacing. Por a given
spacing there will be more waste with increasing rate.

This is also regardless of whether there
is widespread communication from over several townships, or
whether the pool is confined to one township. The results
of the model apply to any area within the Cavilan or the
Canada Ojitos as long as there is a situation such as depic-
ted in the model, where there's at least one square pile of
continuity or transmissibility in the reservoir.

The recovery of ail from gravity drainage
is significant and, as I just said, at formation dips at S0
feet per mile. By reducing the gas and o0il restrictive
rates, by producing -~ the producing rates will allow the
more efficient gravity drainage mechanism to overcome and to
dominate the present mechanism, which is the less efficient
golution gas drive mechanism, And this restriction would
result in ultimately recovering far more reserves from the
regervoir than we currently were.

In my opinion the -~ from a gtrictly re~-
serveir management standpoint the production constraints
should be as low as possible in order to maximize oil recov-
ery. Realizing that there are other economic constraints,
and other physical reasons that perhaps the minimum rate

should not be imposed, I've approximated that, a recommenda-
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tion of 400 stock tank barrels of oil per day and a gas/oil
ratio of 600 standard cubic feet per barrel, which is a gas
rate of 240 MCP per day from a 640 acre proration unit would
be the proper constraint to maximize oil recovery.

Again, this applies whether there is one
or two wells producing from this 640~acre area.

As far as spacing is concerned, the -- of
the two that were investigated, the 640-acre spacing is the
most efficlent of the two. Our results show that the recov-
ery from the additional well is not sufficient to make the
well eaconomic a&nd in some cagses can ultimately reduce the
ultimate recovery.

And in general, the statement can be made
that with increasing reservolr dip, the ultimate recovery
will be increased.

Q Were Exhibits One through Eleven prepared
by you or compiled under your direction and supervision?
A Yes, they were.

MR, KELLAHKIN: That concludes
my examination of Mr. Dillon, Mr. Chairman.

We would move the introduction
of Sun's Bxhibits One through Eleven, including the written
summary of Mr. Dillon's conclusions.

MR, LEMAY: #ithout objection

Exhibite One through Eleven will be admitted in evidence.
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Are there any questions of Mr.
Dillon, friendly or unfriendly?
MR. HUMPHRIES: 1I'd like to ask
Hr. Dillon some questions.

MR, LEMAY: Yes, please do.

QUESTIONS BY MR. HUMPHRIES:

Q How many variadbles can you put in vyour
model? |

A The number of variables in the model are
essentially infinite. The, I believe it was Exhibit Two
which showed the basic parameters that would be used in most
any calculation. These were basic and again these were used
and =~—- however, when it comes to confining the model
areally, as far as a grid is concerned, you can vary it,
just like I say, almost an infinite number of ways.

I know that may not be a satisfactory an-
swer to what you were asking but it -~ tha regservoir s ==
the reservoir model is very flexible and can be described
such that it will perform the correct calculations for al-
mogst any reservolr configuration that you might encounter.,

Q 1f you change signficantly any or all of
those variables, you change significantly the model, would
you not?

A That's correct.
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G Okay. How old is this technology?

Hegerveir simulation has been in exis~-

| tence in a crude form for probably in excess of twenty

years. The technology that we utilized here, this particu-~
lar generation of program, s approximately five to six
years old for this generation or this particular level of
tachneology.

Q On a scale from one to ten, with one
being a guess and ten being actual historical knowledge,
when you create one of these models, what do you rate it?

A A properly constructed reservoir model
will approach a value of ten. That is the hope. There are,
you know, inherent things that prevent it from being a- a
perfect representation as a model. It is as close as we can
come using known technology.

I will say again that it approachee a

ten.

Q So it's essentiallyl 1080 percent reli-
able. |

A Yas.

Q How many times have you correlated a

model to actual histery of production? That's what I was
trying to get at when I asked you how long the model had
been available.

A This particular model has been used in --
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just within Sun's simulation group for approximately four
years, 1 bellieve, and we have done, I would say, in tens of
studies, and in the vast majority of those studies the mocdel
has been calibrated or history matched against previous his-
tory and used for predictive type of modes.

We have taken a few instances where we
have partially history matched a model and let it predict
what will happen in the future; however, the biggest unknown
in the performance of any reservoir is what we do to the re-
servoir in terms of voidage rates and operations. Given
that we know the correct assumptions as to what the produc-
ing operations will be in the future, we have a very good
record of being able to match those recoveries as exhibited
in actuality from the reservoir, but management decisions
are wmade, wells are shut in, things happen that we're not
anticipating in models, but knowing the exact future events
that will occur, the model, if properly calibrated, will
predict within engineering accuracy the actual response from
the reservoir, -

¢ £0 your personal experience is over the
last four or five yearg that you're approaching something
close to 100 percent with the exception of some changes such
as shut~ins and ~-

A That's correct.

Q ~= that kind of thing.
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A It can approach 100 percent.

G You're approaching 100 percent reliabil-
ity of your model to the actual result four or five vyears
later.

A That's correct.

MR, HUMPHRIES: Thank vyou, I

have no further questions.

QUESTIONS BY MR. BROSTUEN:
Q Mr. Dillon, in your discussion of Exhibit
Eight and Exhibit Nine, and your ultimate recovery factor,
obviously you have utilized some economic limit in deter-
mining what the ultimate production would be?
A Yas.
Q What were the ~~ what was the economic
limit and were they the same for 320 as they were for 6407
A Yes, the economic limit was set on a per
well economic limit of 10 barrels of oil per day production,
Also there was & minimum bottom hole
pressure of 200 pounds set, 80 esgentially the statement
could be made that the reservoir would be abandoned at 200
pounds if that occurred before the oil rate dropped to 10
barrels of oil per day.
KBR. BROSTUEN: That's all I

have right now. Thank you.
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QUESTIONS BY MR. LEMAY:

¥ I 4o have & question of clarity.

In terms of Exhibit Eight and Rine, if
you had half your wells -- we'll take the top part of the
graph =~ half your wells at 800 and half your wells at 200
MCF per day, are you going to average those wells out to 460
on your graph or is your -- in other words, is your graph an
average or 1is it predicated on all wells doing the same
thing?

A It is -~ the medel was run on all wells
doing the same thing. S0 could not rigorously apply an
average between two points.

You could generally make that statement,
but it was rate specific.

Q Well, in the real worid we don't have all
the wells capable of doing the same thing, 80 how would that
-~ 18 that kind of input, 1is it possible to input that into
your model where you do vary the guality of wells or is that
too much for your model to handle?

A No. It can ~- it can handle any variance
in quality of the wells, any producing conditions, any dif-
ferent types of lift mechanisms. Por purposes of this study
those numbers were held constant but, yes, it could be done.

Q Other examples in a period of time, we'll
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say if you had wells producing at high rates and then they
were cut back at a -~ after payout, we'll say, after a month

or 80 of production, they were cut back in half. Then do you

take your «- your model and bring it back to the recovery

factors you show. in other words, at any particular point
in time you're dealing with this chart and when the wells
vary you will have varying recoveries?

A That's -- that's correct. The model had
to make the assumption, or in the model we had to make the
assumption that not knowing all of the varieties of produc-
ing features of the wells that the limits that 1I've shown
here were composed from the very beginning, so if a well,
for example, in the field were, say, t¢o be produced at the
top bracket allwoable for a period of time and then reduced,
this would not be a rigorous explanation of the ultimate re~-
covery from that -~ from that well. It would an approxima-
tion of -~ the model given the varying historical rate coulg
predict what the ultimate recovery would be, but again, that
was, that assumption was made in here that that d4id not
change through the life of the well.

Q But there again is it fair to say that if
you're dealing with variables that you could take an average
and come pretty close to the projections on your graph?

A 1 think that's correct, yes.

Q Thank you.
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HR. LEMAY: Any additional -~
any guestions of -~
¥R. DBROSTUEBN: I have an addi-
tional question or two here.

MR, LEMAY: Yes.

QUESTIONS BY MR. BROSTUEN:

Q Mr. Billon, on your Exhibit Two you're
showing your net pay, two 310-foot zones, and you're saying
one zone modeled,

Are you contending you modeled those 2
30~foot zones as one zone or are you just taking one zone
and utilige the data for one zone?

A In the model, in order to reduce the num-
ber of calis and reduce the computer time and cother consid-
erations, the model is scaled to one zone. It would behave
identically whether there were two zones or three zones, but
for terms of economy one zone was actually modeled in the
reservolir., It had five individual layers within it. - We
scaled it up assuming that the real world consisted of
roughly two layers each of which had 30 feet of net pay.

4] 8o would you be utilizing, say, 60 feet
of net pay in your calculations?

A That's correct.

Q As one zone. Your porosity you're giving
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here is one percent plus or minus. Is that -- you're talk-

ing about matrix porosity, is that correct?

A No, that would be a fracture porosity.

Q Practure porosity of one percent?

.3 Yes.

G Do you have any -- any porosity data for

the matrixz porosity or any cores that were analyzed or that
you have data from logs utilizing any of that information?

A The data that was utilized in this study,
the one percent explanation for the fracture porosity, was
arrived at by taking the -~ if you go down about four lines,
the original oil in place of 3000 barrels per acre, which
was calculated from various sources, was taken as the input
data to the model.

By Dbacking out the calculations of the
saturations, the net pay, et cetera, we arrived at a poro~
sity of 1.0 percent, plus or minus, it was approximately in
that area.

He did not start out with the assumpiion
that the porosity was one percent and go from there. wWa
started out with the -- the 3000 barrels per acre and calcu-
lated what the porosity would have to bhe in order to obtain
that,

To answer the rest of your question, yes,

there's core data available and -- which shows some results
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from the matrix porosity; however, in this model we were
modeling strictly the fracture porosity which we feel is the
-~ egsaentially the sole contribution of the eil to the pro
ducing wells., The fracture -- excuse me, the matrix poros
ity was assumaed to be negligible and insignificant for these
purposes.

) 50 what you're saying is your original

0il in place you assumed was 3000 stock tank barrels per

acre?

A That's correct.

G How did you arrive at a 3000 barrels fig
ure?

A Again, this information was supplied by

-~ primarily £from the operator of the Canada Ojitos Unit.
There were alsc some calculations, some information that
came up at the last hearing that indicated that perhaps the
total oil in place was somewhere on the order of 60 to 100~
million Dbarrels, By simply dividing that by the area over
which we're looking, you arrive at numbers in the area- of
3000 barrels per acre.

Q $0 this -~ this is an assumption based on
other assusptions about the recoverable oil in the -~ origi-
nal oil 4in place in the two pools or the single pool,
whatever you want to believe, is that correct?

A That's correct.
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Q g0 if this =-- this number is incorrect,
this assumption is incorrect, your entire model would bhe
thrown off, is that correct?

A That is correct, yes. 1£f this number,
for eaxample, is optimistic, 1if there’s less oil in place,
then the results that we saw from the model]l would be even
more dramatic in that we would have less of a source of oil
to pull from; pulling at higher rates would deplete it even
faster. Again, if the -~ if the number is on the low side,
and I don't believe it is, I believe it's somewhat optimis-
tic, then the results from the model would be somewhat off-
set by that == by that assumption.

Q Thank vou.

HR. LEMAY: Any questions of
Mr. Dillen? |

Hr., Paarce.

CROSS EXAMINATION
BY HR. PEARCE:

Q Mr, Dillon, to begin, what other commer-
clally available or in-house created models does 5un use in
zodeling reservoirs, besides VIP?

A Begides the VIP we have a number of other
models produced by J. S. Nolen and Associates. They are

different variants o¢f this that have speclialized purposes,
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such &8 thermal models or compositional models.

We also have softwear available from Core
lLaboratories, their data model which we've utilized in the
past, which is an older generation of 6f rmodels.

We have not purchased but we lease var-
ious models from Scientific Softwear, InterComp Group.
There 1s a group from lLondon that has a new group who pro-
gram those Bclipse that we've used.

I think that we've tested in some forwm
essentially every product that has come on the market,

Q All right, thank you, sir.

ILet's look at Exhibit Two for a moment,
if we could.

I want to gee 1f I understand your part
0of the work here. Am I correct in undersgtanding that the
values shown on Exhibit Two were provided to you and you do
not have an independent verification of those values?

A The values here, most of which show the
origin or documentation, were for the most part obtained
from some other socurce, yes.

I 4did not myself make an in depth study
of the particular variables from this reservoir. That'sg
been done a number of times and the -- most of that data is
public. We relied on the operator of the Canada Ojitos Unit

for part of this, based on his experience from the area.
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To answer your qguestion, most of it, yes,
did come from other sources.

Q Looking down at the last item in the
first section of that under Reservoir Conditions and Proper-
ties, that's really a transmissibility number, not a perme-
ability number, isn't it, Darcy feet?

A That 1is correct. Transmigsibllity some-
times doesn't have meaning to non-englneering types. It is
labaled permeability for those purposes. Trangmissibility
can have various units which may or may not be Darcy faet,

Q Until we started this proceeding,
transmissibility didn't mean anything to me,

Did I understand your answer to several
previous questions that really the validity of not only this
model but other models depends upon the validity of the
parametars that you put into that model?

A That's correct.

o] You had some qguestions earlier, sir,

about the preferability of modeling over material bhalance.

A Yes.
g Can you briefly explain to me, & layman,
what the difference is? wWhat i3 a material balance

calculation versus what the model does?
A A mataerial balance calculation egsen-

tially gives one answer and that is the original oil in
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place. It can give ancther answer with an assumed oil |in
place of influx into the reservoir or some other single
variable, hut the answer from any material balance
calculation which, however, maybe fairly complex in that it
assumed & numbar of different conditions, rock
compressibility, et cetera, the end result is not rate de~
pendent and is simply a measure of the original fluids {in
the reservoir..

Q Some of the same items appear to show up
in the model that show up in material balance, except it is
a -- has a lot more complicated factors that it can consider
with some of the same underlying principles, is that fair?

A That's fair, vyes.

o] Thank you. Okay, in looking at == I'm
looking at Exhibit Five. Por the 640-acre spacing symmetry,
as I understand it, if you're assuming a 640 section and
3000 stock tank barrels per acre, you're assuming that the
-- multiply thoee out and that's the amount of cil to be
considered, is that --

A That's correct, vyes.

Q and your model assumes that all of -~ all
of the horizon in the reservolr is uniform, that there is no
variability in your model. It assumes that, for instance,
in the 640~acre tract shown on the top of Exhibit Pive ==

A Yes.
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characteristics.

A That's correct.

o Be you believe that's generally true from

what you know of the Gavilan Pocol?

A It =-- the Gavilan Poel is a somewhat
heterogeneous reservoir; however, for my purposes in devel-
oping this process model, 1if you will, which is describing
the processes going on in that area, we took the smallest
sampling that we could from there and assumed constant pro-
perties due to the fact that there's an infinite combination
should we agssume to vary &ny one property over that group.

g Have you looked at any directional per-
meability information?

A In constructing thie grid we did not uti-
lize any and at this pcint have not come to any conclusicons
on directiocnal permeability, no.

Q 1 gather from that answer that you have
looked at some information and have not reached a conclu-
sion, is that =--

A That's correct.

Q If you concluded that there was direc~
ticonal permeability present, would that affect the model?

A Yes, it would.

Q Qkay, in working the model, and I'm still
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looking at the top diagram on Exhibit Five, you show four
wells, one at each guarter -~- each corngr of the 640 and I
understand you keep telling me that, but a guarter well in
the model, how are those wells produced? wWere they produced
wide open and shut in? Kere they preduced continuously to
reach the production level?

A The wells, each of which were scaled to
one quarter of whatever the assumed producing rate was for
that particular run. For example, Lf we were assuming a
constraining rate of 200 barrels of oil per day, each of
these quarter wells would bhe forced to initially preoduce 50
barrels of oil per day, thus the summation of those four
guarters would add up to 200 barrels, thus giving us our one
full well at 200 barrels per day.

Q Okay, 30 that 1f looking at this 640-acre
depiction, 1f there is some dip in there, then you're pro-
ducing both in the model, both the up-dip quarter well and
the down-dip quarter well at the same rate.

A That's correct.

Q Did you inject any gas inte the up-dip
wells as we understand is done in the Canada 0Ojitos portion
of what you are calling the ¥ancos Pool?

A In this particular configuration, no, we
did not inject any gas into this model scheme.

O And therefore any recoveriegs shown by
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this modeling would be from primary recovery.

A That's correct.

Q Okay, let's turn noQ, if wvou would,
please, to Exhibit Eight.

If we could start, sir, could you explain
to me the relative recovery factor, the vertical axis on
this diagram?

A Again the relative recovery factor is a
measure of the ultimate recovery obtained from each run,
which §is normalized or compared against our standard base
case, which is the 320 acres at the maximum rate.

¢ Qkay, and what was that base case
recovery factor?

A That was assigned a valuve of 1.0 -~

Qb Yes, and in terms of percentage of oil in
place raecovered?

A In terms of original oil in place, that
particular run recovered -~ excuse mae, I'1]1 have to recall
that from memory -- if I recall, that was about 11 percent
of the original oil in place.

Q And that, as I understand it, is the far
right =-- one of the (not understood) on the far right of
your line.

A That's correct.

G So that's the lowest recovery you would
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axpect.

A Yes, under these conditions.

0 And you have not in vour modeling process
studied gas injection, is that correct?

A for this particular configuration that
we're showing you today, no, we have not studied that. wWe
have in the past made sensitivity runs but we don't have any
exhibits here today to show you on that, no.

G Yes, I was only addressing these exhi-
bits,

#¥r. Dillon, what's vour understanding of
Sun and other parties reguests for maximum 0il allowable for
a 640-acre unit?

A I don't believe I understand your ques-
tion. I'm sorry.

0 In your ~-- when you were being questioned
by Mr. Kellahin I think he asked you about the set of points
above the number B0OC on the uppermost lower scale.

A Right.

Q Do I understand that from his questioning
that the request is for a 800-to~1 GOR, an £00-barrel a day
allowable, and 640-acre spacing?

A That is what we requested at the time of
application, yes.

o Goodness, that answer makes me nervous,
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Do 1 gather from that answer that vou're
asking for something Jdifferent now?

A My results, as you can ses, Show that
there is further sensitivity with reduced producing rate;
however, again, this is a strictly reserveoir management
yuestion that I'a addressing. There are other factors in-
volved.

Again, again the application doss state,
vyes, 300 barrels of oil pex day. If I were alone in this
matter and had television with nothing but the results of
models to loock at, it would indicate to me that some lower
rate would probably be the optimum,

Q I'w looking at your conclusions, the last
sheet of vour package of exhibits, Item Number 4, and I see
rates of approximately 400 stock tank barrels of oil per day
and a GOR of 600 from a 640 proration unit.

ghould that be 8007

A No, The regsults of the model indicate
that it should be more on the order of 400.

0 That == the difference ig & Jdifferencae
between your modeling results and the application rather
than in the (not understood}.

A That's correct.

Q In your model you used the 10 barcy feet
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transmissiblility number. If the transwissibility were lower
than that, what affect would that have on the model? If vou
lower transmissibility, what happens in the model?

R If the transmissibility is lowered in the
model, then, of course, fluld flow becomes more difficult
from cell to cell as it would in the reservoir.

Q And how does -~ I'm still looking at Ix-~
hibit Bight. What effect would you expect that to have on
the way Exhibit Eight looks?

A Exhibit Eiqght, with a decrease in trans-
missibility, the red and green curves would essentially have
the same characteristics as we sec here but the end point of
the curve would be reduced somewhat, depending on what the
reduction in transmissibility was.

0 The whole curve would shift down or would
the slope shift so that the end points were lower?

A The whole curve would shift down and es-
sentlally retain the same character. Cf course there would
be a change in the scale of recovery factor, but the essen-
tial character would stay the same in that it would increase
with decrease in constraining rates.

0 As I understood your opening presenta-
tion, you were asked by Mr. Kellahin if this model could be
used for dual porosity reservoirs and 1 believe you answered

that it could be configured to do that.
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A That's correct.

0 2id you do that in the courss of prepara-
tion for this hearing?

A Ho. In the course of preparation for
this hearing we concluded that there was only a one poros-
ity, one permeability system present and effective in the
reservoir, thus it 4id not necessitate making changes to the

model that would accommcdate two different types of poros-

~itys it would accommodate a matrix porosity. It was set up

for a fracture porosgity system.

Q How ~- how does thizs model take into ac-
count what Mr. Greer refers to as tight blocks?

A The tight blocks that ¥r. Greer referred
to are an integral part of the reservoir. They contribute
to the production through the fractures that exist in those
tight blocks and it was essumed for our modeling purposes
that the porosity and the permeability was all of one type;
that is, fracture porosity, for our purposes.

Q And you assumed in constructing this
model that the transmissibility within those tight blocks
wag 10 Darcy feet?

A We assumed that the eguivalent transmis-
sibility in the reservoir was 10 wmillidarcy feat -~ 10 Darcy
feet, excuse me, as shown by interfer=ance tests and other

calculations.
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Q What were your assumptions about vertical
permeability versus horvizontal permeability in this reser-
voir?

A We assumed that within the layers that we
are investigating that the horizontal and vertical permeahil-
itiesg were egual.

Q How I'm 5till not ¢lear up towards the
front, and I believe you had a -- yes, you had s question or
two about it and I'm still not clear, I'm loocking at Pxhibit
Two, the net pay, it says there are two 30-foot zones, one
zone was modeled and now vou'wve 3just indicated that within
zones the model assumed that tha vertical and horizontal
permeabilities were equal.

A That's correct.

o Okay, can you help me understand what
I've just said to you?

A The individual zones or members of the
¥Niobrara, the 3, B, and C, for example, ara assumed for our
purpeses to be a zone. We assume those to have an  average
of 30 feet of net pay.

For purposes of modeling, in order to ob-
tain the simplest model that would still give us the sgame
results as the more cowplex description, that as we scale
the model, within that layer, as we show on Exhibit Pive,

there were f£ive individual layvers, model layers; that is,
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individual cell blocks, 1if you will, within that laver.
These were done., These were divided such teo give us verti-
cal definlition within each layer such that changes in satu-
ration and pressure could occur within each layer, rather
than making the simplifying assumption that all saturations
would be the same for any given area in the wmodel, vertical-
iy within that 40-foot layer =-- 30 foot laver.

Q Looking back for a moment, 1if you would,
sir, at Exhibit HNumber Fight, vou indicated that the base
cage showed about 11 percent recovery. What's the recovery
mechanism for that 11 percent?

A The reacovery mechanismn from that,
although 1it's not a result that is obtained from the model,
it's not an answer that is printed out on the cutput, in my
assumption is essentially a solution gas drive machanism.

Q When we were discussing the zone a few
moments ago, you were indicating that the model, vyou broke
it down into five vertical strata within sach of those 30~
foot zones,

Does the model assume equal gas ~- does
the model calculate an equal gas percentage in each of those
layers or does it differentiate gas/oil percentages between
layers?

A It differentiates different saturations

in each laver. It do=s assume anvthing. It calculates those
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saturations as they occur as a result of the parameters that
we give the model.

I1£ we had simply used one gross block for
our vertical definition and did not have our five layers,
one saturation would be assumed up and down within that --
that zone.

The five layers give a more detailed,
more accurate answer to the problem.

Q And what is the recovery wmechanism in
your opinion for those recoveries above the 1} percent |(if
the production rates were reduced?

A If the rates are reduced, the mechanism
becomes, [ believe, increasingly dominated by oravity drain-
age,

Q S50 that if I look at Exhibit Eight, it is
possible to have a 50 percent gravity contribution and a %0
parcent solution gas drive contribution? I mean I'm look-
ing at the relative recovery factors and 1 ~-

A Right.

o] ~- want to understand if that's what that
means, that one --

A At some point along that curve, 1 cannot
tell you where it is, the contributions may be equal, yes.

] Okay. What would the results of the

model be if the transmissibilitieg vertically were, let's
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say, one tenth of the transmissibility horizontally?
What impact would that have on results?

A That would, and I'm speculating here to a
certain extent, would affect the model such that the oil and
gas would not he able to communicate vertically as rapidly.
The effect of that would probably be to reduce the overall
recovery from the model from a solution gas drive standpoint
in that that gas would not be able to escape from the oil
and your relative permeability oil would be affected adver-
sely. However, with the higher number still retained in
the hoizontal direction, the gravity drainage mechanism
would still be able to be effective, S¢ my answer to that
is that the curves would be, for example, on Exhibit Eight,
the curves would be shifted downward but would still exhibit
their curvature upward as we go to the left. That is, they
would still be rate dependent and show higher recoveries.

Q Okay, let's switch that around and have
the higher transmigsibilities vertically rather than hori-
gontally, what impact would you expect on the model from
that change of circumstance?

2 If the transmissibilities were higher in
the vertical direction, that would allow the cil and gas to
flow up and down within a reservoir, 8o to speak, easier.
Production to the well would be inhibited. That combination

of effects would complicate the results of the model. It
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would, depending on what those ratios were, and I can't an-
swer at what point, the curve again would be reduced, 1I
feal, downward, and again depending on what that ratio was,
at some point in time you might see a decrease in one of the
mechanisms, Solution gas would perhaps become more of a =-
convert to more of a -~ perhaps a gas cap mechanism, except
for the fact that the gas 1s being produced out of the up-
dip wells.

I just have to have an estimate of what
those numbers would be in put them in the model. 1 really
can't answer that. That's a liﬁtle bit more complex than I
can answer off the top of my head.

O And additionally, am I correct that {t
would complicate things if the transmissibility in one
direction horizontally were greater than the ransmissibil-
ity in another direction horizontally, fast versus wast.

A That's correct. That could, depending on
which direction in relation to the dip that that occurred,
it could enhance the recovery from the drainage mechanism,
the gravity drainage mechanism, or it could perhaps reduce
it somewhat. It would still be effective unless there was
some total lack of communication in some direction.

¢ Then, as 1 understand the last few

answers, the graph, the shape of the graph, the placement of
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the graph lines on the grié are dependent upon a number of
things and this model has assumed a transmissibility number,

has assumed it radially, is that correct?

A I'm not sure radially is the correct
term.

Q Homogeneous?

A That's a proper term, ves.

Q And you have not modeled the different
set of assumptions, 1if I understand it, than this homogene-
tic (sic) ==

A That is correct, no.

MR. PEARCE: hat's all I have.
Thank you, sir.

MR, LEHMAY: Any additional
questions of Mr, Dillon?

¥es, FPrank Chavez.

QUESTIONS BY MR. CHAVEZ:
Q ¥r. pillon, does you model take into ac-

gount interference?

A Interference between the wells?
Q Yeg.
A Yeg, it takes into account any relation-~

ship between production that you would see in the field.

the wells are a2ll connected in the model via the grid. So,
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yes, interference would be seen.

Q So the spacing is not Jjust determined
whether the ~- you didn't assume that a well would drain 320
or a well would drain 350, it was just a model overall of
the production from the pool, is that correct?

A That's correct. The model does not pre-
assume any spacing cor any recovery mechanism. It simply
calculates to the best of our ability, to the best of its
ability, what would happen in the reserveir given thease
spacings, given these dips, et cetera,

Q Ig this program capable of calculating
optimum spacing and optimum production rates?

3 Given the constraining rates for all of
the other variables, yes, an optimum spacing or any other
parameter, since (not clearly understood) is a parameter,
can be established, yes,

Q Given the model results you showed on the
chart, I guess in Exhibit MNine, would you presume then those
results that denser spacing, say, at 160 or even 80 acres,
would be even more wasteful?

A It is my conclusion that, vyes, the chart
that's hanging, which I believe is Exhibit Bight, from ax~
trapolation of the data that we have would show that that is
very likely. Until that run is made I can't make that posi-

tive statement, but, yes, my opinion is that tighter spacing
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would Further decrease the recovery from the reservoir.

Q Then in your copinion based on your (not
understood) would even greater spacing than 640 accomplish
even more efficient production?

A Again, speculating somewhat, I would say
that it is very possible that perhaps a wider spacing could
be more efficlient; however, at some point you reach a limit
that some of the oil does not get produced because it is not
able to travel to the producing wellbores, and I cannot tell
you what that spacing would be from my results.

Q In the use of your computer models, do
you often when you practice with your company's policy,
given the accuracy of the model, proceed with what the
models might direct you to do and not given some greater
political or economic consideration?

A Within the structure, management struc-
ture at Sun, typically the results of the model are taken
and usually economics are applied to those results. Usually
we have the opportunity to interact with those people making
the econmic assegsment, such that we cap optimize from an
economic standpoint.

Not having that luxury in this case, we
easentially were 1limited to optimizing from strictly a
reservoir standpoint.

Q 50 aconorics could not be used in this
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model (not clearly understood.)
A Feoconomics could be uged to optimize.
They were not for terms of coming up with my conclusions.

4] Thank you.

QUESTICHS BY MR. LEMAY:

o Hr. ©Dillen, I have a question. Your
model shows certainly that this reservoir 1ls rate sensitive,
especially to the rate of dip as exhibited by Exhibits Eight
and Nine. pouble the dip and you go from two to four times
the base level.

What other factors on Exhibit Two can you
tell us that would be important or critical in judging the
degree of rate sensitivity to this reservoir?

Which are the critical elements in the
assumptions on Exhibit Two?

A On Exhidit Two the other parameters would
be the initial oil in place, as I mentioned before. with
any reduction in that number it would beceme probably more
rate sensitive, ae with higher numbers it would become less,
generally.

It is fairly insensitive to rock compres-
sibility. That really wouldn't affect the rate sensitivity.
The model has been founé to be relatively insensitive to re-

lative permeability. The permeability would have an affect
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on the ultimate recovery but for the -- all of the cases
that we ran it was found that it was still rate dependent no
matter what the permeability or transmissibility that we ==
that we ran.

The PVT, the fluid properties would have
some minor affect on that., I don't believe they would --
they would enter into any determination of whether or not
the reservoir was rate sensitive.

Q 8¢ far we've ijust got oll in place. How
about porosity, temperature, any of those items, do they af-
fect rate sensitivity?

A Well, no, the temperature would not. The
initial pressures would not, The, again it would be the oil
in place which -~ which is directly related to the porosity.

Q Okay, that's all I have,

MR, LEMAY: Any additional
questions?
¥MR. HUMPHRIES: I have one.

MR, LEMAY: YVYes.

QUESTIONS BY MR. HUMPHRIES:

Q I guess it's twe questions. Either I
misunderstood something or I made an incorrect conclusion
yesterday.

pid you tell ~- did you say in your tes-
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timony just & few minutes ago that you did not consider
tight blocks as a part of this formation or this field?

A The tight blocks were considered to be an
integral part of the average reservoir properties and those
average properties were applied to the model.

We do not have tight blocks set up within
the model, no, per se.

Q Describe to me how you averaged, because
I think I heard you say in thse same testimony that you con-
sidered this to be homogenous fractured throughout this en-
tire production area, is that right, or this entire forma-
tion, and in ordey to arrive at that you took == you aver-
aged the tight blocks in with the rast of the fracture sys-

tem. Is that I understood you to say?

A We -
Q Or is that what you said, I guess.
A o, I don't believe that's really --

really what I said.
The ~-= let me approach your question from
a different way and 1 hope 1 can answer it better for you.
the permeablility number, the transmissi-
bility that was used was not averaged from any =-- any sour=-
ces other than the fact that it is within the range of i~
rect measurements from pressure build-up and interference

tests directly on the in situ permeablility in the reservolir;
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that is the -- the result of calculationsg such as those that
Mr. Greer showed us yeesterday, show that 10 Darcy feet is a
representative number for the reserveir, and yes, for the
question that we assumed again that we had a constant per-
meabllity or a homogeneous reservoir, as you said.

O well, I don't mean to ask you to specu-
late, my understanding about Mr. Greer's testimony yesterday
in Section B, 1 believe, there were basic rescervoir mecha-
nics as perceived from prior OCD Cases £%46 and 8950.

One of the unigue characteristics that
we're agsked to decide upon about this particular questicon is
that the field is indirectly draining the tight blocks it
surrounds, so that becomes in my mind a crucial part‘of this
testimony and your model and it alsc says that that pressure
maintenance by gas injection is combined -- a combination to
{not understood) the formation, and if I understand it
right, you average -~ you did not include any consideration
for gas pressure maintenance and you did average the Dblocks
baged on your assumptions.

A That's correct, for purposes of
presentation at this hearing, no, we did not run any
specific cases with this particular set up for qgas
injection. We've done that in the past and have come to
some intermediate conclusions, but -- and to answer your

other question, again, the mechanism that the model is being
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-- that it is wusing is the fluid flow within a type of
porosity, type of permeability in the model. We have it
constructed such that that represents the fracture porosity,
the fracture permeability, nc matter what the ~- whether we
say that {t’s a fracture within a tight block or {t's a
large fracture. We have essentially made the assumption
that one number can represent the combination of those two
affects.

Q And that would then, as far as vou're
concerned, avarage out in your model existence ana

consideration of this uniqueness of the tight blocks in this

formation.
A To a certain extent, yes,
Q 1 have one other question, On  Exhibit

Two, 1 think you've been over the assumptions you made, but
one of the inputs or the variables, I presume that you used
in fluid properties, was under Exhibit Four.

Would the age of that information have
anything to do with its particular application today or its
value today?

. The age of the information is critical
in that the older the information, that is the sooner that
this information is obtained to the time of discovery of
the reservoir, in all likelihood the higher probhability

that this is a representative sample of the reservoir
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fluids.
Q ) So the fact that this is 1962 information
is more valuable not less valuable --
A That's correct.
Q -~ in your model. Thank you. 1 have no

further questions.

MR. LEMAY: Any additional
guestions? Mr. Lyon.
QUESTIONS BY MR, LYON:
¢ Mr. Dillon, on Exhibits Ten and Eleven

you have two sets of data on each exhibit.

A Yas.

G what is the significance of those two
sets of data?

A The -- I assume you're referring to the
fact that there isg one table which is separated by a head-
ing that says Relataive Recovery Pactures (VS Same Spacing),
and then there's another table bslow that?

Q Right.

A Okay. The upper table are the data
points that were used in making these plots. These are the
direct results from the model.

These are normalized to our Dbase case,

which I believe 1've mentioned here at the top iz the 320~




10
n
12
13
14
15
16
17
18
19
20

21

23
24
25

63
acre spacingy 1404 barrel of oil per day case, again at S0
feet per mile of dip.

The second set of numbers that you're
looking at were adijusted similarly but they were adjusted
for the same spacing; that is they were adiusted to the case
that recovered the lowest amount of oil for that particular
spacing. Thug you see that the 320~acre spacing numbers do
not change because the same base case was used for normali-
zing those numbers.

In the 640~acre spacing case you see that
there’'s a slight difference there. It was encugh of a dif~
ference that it shows up in about the third decimal point
cut there.

This == this was to show the sensitivity
given a base case of 640 acres, if you want to compare with-
in that case rather than comparing it to 320, If you would
nake the assumption that you wanted to make all your compar-
isons for one spacing.

That was simply done to, you know, facil-
itate the interpretation of the results in a different man-
ner.

o On the Exhibit Eleven, the differencas
were more pronounced.
A That's correct.

Q Is there an explanation for that?
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A Again, the numbers that you see in the
upper table were normalized but compared against the base
case which had 50 feet per mile of formation dip.

The set of numbers in the lower table
were compared again within that set of four runs. 1In other
words, you see that the highest rate case again has a value
of 1, thus this takes out the effective dip and says that
given 100 feet per wmile of dip, and, say, 320-acre spacing,
our lowest rate produces a factor of 3 times as much oil as
our base case which has, in that case, which has a value of
1.0.

L] So this is not a question of repeatablil-
ity of your model.

A No. This is just a different presenta-
tion of the results in a different format that facilitates
comparing each of these four runs, it breaks it down to
strictly a rate parameter.

O And all four of these are compared to
your base case that's shown on Exhibit Number Four? Your
base case iﬁ 320-acre spacing, 50 feet per mile dip, and
640-acre spacing as compared to that and then the twoe on Ex-
nibit Eleven are also compared to that first column on Exhi~
bit Ten.

A That's correct. For the upper table in

asach of those, ves,
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o All right. Wwould it -~ would it be fair

to characterize the results of your model study to say that

at 50 feet dip per mile and 100 feet dip per mile gravity

drainage is a viable mechanism for producing oil and that

this can be enhanced by extending the amount of time that
you take to exhaust the reservoir?
A That's correct.

MR. LEHMAY: Additional ques-

tiong?

QUESTIONS BY HMR. STOCKTOR:

Q #¥r., Dillon, my name is Rruce 8tockton.
I'm with the New Mexico State Land Office.

Have you done simulations on other

solution gas drive reservoirs?

& Yes, I have.

Q What -- can you generalize the shape of
the curves that you usually receive from those results?

A The studies that I've seen from other so-
lution gas drive reservoirs, those studies have been of a
different nature in which we did not go in and impose dif-
ferent rates on those reservoirs. ¥e history-matched or we
imposed the actual rates that we had seen in the past and we
predicted from that, assuming a rate,

I1f we were to ~- I can speculate somewhat
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that if we were to go out and do a rate sensitivity such as
this, the curves would look somewhat different. If there
was strictly no mechanism &ctive in the reserveir except for
solution gas drive, the curves would look different.

g 8o i3 what you're saying is you feel that
you have accounted for in this aimulétian both gravity
drainage and solution g¢as drive, is that correct?

A That's correct. BAgain the model does not
pre~-assume any dominant recovery. 1t esgsentially tells you
what will happen under the conditions that you give 1t and 1
believe that, vyes, the two mechanisms that we see are grav-
ity drainage and solution gas.

Q In this simulation model that you have
used, does this have the capabllity to (not clearly under-
stood) functicng for some of teh input parameters?

A In order to do that -- it could be uti-
ilzed to do that, yes. It's not something that's inherent
in the model. It would have to be something that the person
making the study would have te impose on the model and make
a variety of runs. But it could be done.

o And in this case vou chose not teo do
that, though.

A No, We picked our assumptions and made
cur runs based on that.

Q Okay, thank you.
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MR, LEMAY: Additional gues-
tiona?

Mr. Lopez?

CROSS EXAMINATION
BY HMR. LOPEZ:

Q ¥r. Dillon, 1 noticed on your Exhibit Six
thatv you have used two different contour intervals. Would
you explain the reason for that?

A Exhibit 8ix, which is a structure mnap,
utilized two different contour intervals because of the wide
variance in structure tops that we see in this area. In or-
der to make it most appropriate for presentation of what the
structure was, it was necegsary to go to two different
structural intervalsg, yes.

Q And is the 500-foot contour interval used
on the righthand side of the exhibit as opposed to the 100~
foot interval they used over in the Gavilan Mancos Area?

A That's correct.

8] And in 80 doing it would not show the
significant difference in structural relief Dbetween the
three areas of «- betwean the two pools, would it?

A If, 1 believa, if I undertand the ques-
tion right, vyou're asking does this map depict the struc-

tural relief properly between the two areas?
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Q Yes.,

A 1 believe it does. The data are labeled
on the contours as they exist by our interpretation of the
reservoir.

2 If you used the same contour, though, it
would show quite a different picture, wouldn't it?

A The contours, ves, would become somewhat
closer over to the right area, especially in areas to the --
to the east of the, and out of the Puerto Chiguito -~ West
Puerto Chiquito Unit.

¢ Therefore you'd see a much more signifi-
cant difference in structural relief between the two areas.

A That's -- that's correct. vigsually it
would appear to be different, yes.

Q Also, #r. Dillon, you've assumed that
this reservoir has 10 Darcy feet transmissibility. What
xind of producing rates or capacity would you expect f£from

wells that amount of transmissibility?

A in texrms of -- of absolute -~
Q Barrels per day.
A Barrels per day. Re assentially stopped

our investigation at, I believe looking at Exhibit Eight,
for example, you can see we stopped at a producing rate of
1400 barrels of oil per day from one well,

From the drawdowns that were present at
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that point I believe there is a possibility that higher
rates could be seen from that tvpe of permeability.
o In the real world what would you expect
producing rates to be with that amount of transmissibility?
Well, I see on your Exhibit Fight that
you have 4680 thousand barrels per day as a possibility.
Would that surprise you?

MR. KELLAHIN: I'm going to obh-
ject to the guestion, Mr. Chairman.

Mr. Lopez has phrased in terms
of some abstract concept about the real world. If he could
rephrase his question to apply to this particular reservoir
it might be intelligible enough that this witness could un-
derstand and respond to it.

MR. LEMAY: Mr. Lopez, would
you rephrase the qguestion?

MR. LOPEZ: Okay, 1'l]l rephrase
the quastion.

Q Have you ever seen a well that has 10
Darcy feet transmissibility produce 4680 barrels a thousand
-=- 4680 dbarrels per day, or more?

A In my experience, no, I have ot, although
that's not the purpose of the graph. More critical to the
graph is the limiting gas rate which at that oil rate would

be 1l.8-million cubic feet per day, and that would be well




w N

<

10
1
12
13
14
15
16
17
18
19
20

21

23
24

25

70
within reason.
Q Do  you know what the average producing
rate in the Gavilan Hances Pool is?
A Today?
& Yes.
No, I can't answer that gquestion specifiw~
cally.
0 dWould it surprise you if it's less than
100 barrelg per day?
A No, that would not surprise me.
MR, LEMAY: Additional ques-
tions of Mr. DRillon? 1If not, he may be excused.
Ch, I'm sorry, Hr. Kellahin.
MR, FKELLAHIN: I wonder if Hr.
Dillon might take a break here at this point and I have a
few questions to ask him, but perhaps now is an appropriate
tine for a break. He's been testifying for close to two
hours.
¥R. LEMAY: I realize that.
We're ready to excuse him, but you if you want him back, we
certainly -~ if he wants more direct we'll take a break now
and resume after -- we'll take a ten minute break and resume

at 10:30.

{Thereupon a ten minute recess was taken.)
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MR. LEMAY: M®Mr. Kellahin.
¥R. KELLAHIN: Thank you, Mr,

Chairman.

REDIRECT EXAMINATION
BY MR. KELLAHIN:

4] Mr. Dillon, 1I'm like Mr. Pearce, I Kknow
just enough reservoir engineering to be dangerous. If I ask
you a guestion that causes you to speculate, just tell me “I
can't speculate for you. I don't know."

1've asked many enqgineers gquestions that
are unintelligible and if I give you one, don't be bashful
to tell me it makes no sense.

What I want to do is clarify perhaps only
for my own information, but I perceive gome confusion, and I
think 1've introduced it, in terms of terminology.

tie have talked about the reservoir model.
We have talked about material balance calculations being a
model. ®We have talked about reservoir simulations.

Can you give me a concisge and clear way
to understand how to distinguish between a model and then
reservelir simulation because I think it my discussions with
you 1 have gometimes used modeling when I meant to ask you

simulation questions.
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Could you tell me, for example, when we
talk about a material balance calculation, is that not sim-
ply a model?

A That's correct. That's a very s&imply
model or conception of the reservoir.

Q when we talk about reservoir models, what
is the correct way to identify and describe and underatand
that word?

A Again a model is simply a concept of the
proceases in the reservoir. The term as I've used it today
and I think maybe you, also, dealing with it on a daily
basis, a model, as I've defined it, is a reservoir simula-
tion model that 1ls a complex set of computer code that uses
known and proven eguations to describe the exact flow of the
fluids in the reervoir on an areal sense, a vertical sense,
in three dimensions, as a function of time, as a function of
different parameters, where at times one hears the term
model that could be applied to things as simple as a simple
mantal concept to describe a reserveoir such that knowing a
few facts about the reservoir we might presume that it's a
certain type of drainage. It's -~ you have a concept that
it's a gravity drainage reservoir or solution gas drive, but
there are no facts, no computations that back up that as-
sumption.

The range of what one considers to be a
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rmodel could vary from simply a mental conception to a soph-
isticated 3-dimensional simulation of the reservoir.

6] I1'éd like to direct your attention to Ex-
hibit Number Eight, simply because I thirk it's a useful
display to ask vou some guestione about the changing or al-
tering certain of the parameters or assumptions that go into
the model by which then the reservoir is simulated.

If I understood this correctly, -- well,
let me just put the question to you, if we look at the lower
righthand portion of the two curves, and as we move to the
left on those curves, that shows increasing ultimate recov-
ery as we reduce the rates and the assumption was that thers
was 10 Darcy feet of permeability in the reservoir.

A That's correct.

Q Kow, 1f that permeability is reduced,
what happens to the curve?

A If the permeability is reduced and the
numbers from results of those calculations from the model
ware to be plotted on this curve and adjusted again to their
~= to a base cage at that transmissibility, the right hand-
side of the curve would again be the value of 13 however,
the lefthand side of the curve, that is the hicghest point we
sea would be brought down and the entire curvature of the
curve would be brought down in some relation to the de-

creased permeability that was introduced in the model.
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G Ig it a correct generalization of vyour
testimony that as the parmeablility is reduced, that the
slope of that curve, then, as you reduce the rates, is not
ag great as you would saee it at a higher permeability range?

A That's correct.

0 What 1s the lowest permeabllity range
that you have analyzed in your study?

A In our studies the lowest cases, the low=-
est transmissibility that we utilized in any of the cases
was 1 Darcy foot.

Q At 1 barcy foot do vou still see any ef-
fects of gravity drainage on increasing ultimate recovery
over straight solution gas drive?

A Yes, you can see a -~ you ¢an continue to
B@e a curvature of the line. The line still slopes. Again,
as 1 mentioned, the magnitude of the line is reduced sub-
stantially from the 2.0 value that it shows in this graph,
but nonetheless it still shows & rate dependency at that
transmissibility.

8] Is it a correct generalization then that
the perwmeability can be adjusted over a very large range and
you still see ultimate recoveries benefiting by reducing the
producing rates?

A That's correct.

Q You gave us some percentages in response
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to Mr. Pearce's question awhile ago and I'm not sure i un-
derstood exactly what the percentage was. Can you give us a
general range of percentages that you see are reasonable to
apply to this reservoir if we assume the total absence of
the influence of gravity drainage in the model; take that
out altogether?

A By taking ocut any vertical definition in
the model, forcing it to produce such that it is in a rels-
tively pure solution gas drive mechanism, there's no segre-
gation of the gas, it's produced with the oil, it =-- and
that has been done with the model, we have made early cases
where we did not have the vertical definition that we saw.
A pure solution gas drive or the lowest result that we've
seen from this model has been reoveries on the order of 4.9,
around 3 percent, using essentially the same parawmeters that
we're using except for taking out vertical difinitions, thus
eliminating any -- just about any chance of contribution by
gravity drainage.

Q within the range of your study, can vyou
give us an approximation of the maximum percentage that
gravity drainage might reasonably be expected to affect ul-
timate recovery in the reservoir?

A 1 believe that approximately, somewhere
on the order of %0, perhaps appreoaching 60 percent, of the

orlginal o0il in place could be recovered by gravity drainage
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if that mechanism were allowed to dominate from the time
that the reservoir was discovered and produced.

Q There were some questions with regards to
your understanding and application of the phrase "tight
blocks®, When you use that phrase, tight blocks, does that
mean that you are dealing with or does that inmply that
you're dealing with a dual porosity type reservoir?

A HO. The term "tight blocks” as I've in-
terpreted it and using in this study, implies that there are
areas of the reservoir, this being a somewhat heterogenous
regarvelr, that are tighter than other areas. there is a
fracture system that invades all of the productive argza of
the reservoir, and it's through that system that the oil is
produced.

It is only through that systenm. There,
from my calculations, there are neo -~ there is no contribu-
tion, no significant contribution, from any other type of
porosity other than matrix; that is there is no =~ or excuse
me, other than fracture. There is no contribution from any
of the matrix porosity which may or may not exist in the re-
servoir.

The results as we've sean here, again, in
the early calculations I 4id in setting up this model, indi-
cate that the matrix contribution is neglligible and that

this is not to be confused with what we call "tight blocks®,
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which are of a fracture porosity type, identical to any nigh
conductivity fracture system that permeates throughout the
reservolr; that is, we have a single type of porosity, not a
dual or two-type of porosity system.

i+ Is the simulation of this reservoir one
whereby you can cause the simulation to distinguish between
simply wmodeling and a2 homogeneous reserveir whare you stick
a bunch of straws In and suck out all the o0il, versus a het-
erogeneous reservoir that has non-uniformities, areal Jdif-
ferences, and certainly more complexity than the simple,
homogeneous regservolir?

A Going back to your original aquestion, I
believe that the answer to that is yes.

Q Your simulation is one that is suitable
for the Mancos Reserveolir?

A Yes, I belleve it ls.

G And it does not ceause by the input of
these parameters or assumptions, you've not caused this sim~
ulation to characterize and congider this reservoir simply to
ba a homogeneous reservoir?

A By the input parameters that I've used in
the construction of the reservoir that I've gone through,
the reservolir, although on an areal gense over the entire
producing area of what we're looking at, both pools is hel-

erogeneous, Within the reservoir model, the simulation
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model, we have made certain assumptions about what the ef
fective transmissibility and other parameters are.

G Do you have any difficulty, raeservations,
gualms, or argument pased upon your study with the para-
meters and assumptions you've made in modeling this ressr-
voir?

A ®o, I do not.

Q Let me ask you about the question askad
aarlier about the effact of pressurs maintenance. I helieve
in response to that question you said you did not put in a
factor that would take into consideration the precsure main-
tenance occurring in the unit.

A That's correct.

Q What Wwill happen if you assume prassure
maintenance and you have gas injection, as is occurring in
the reservoir; do you have any opinions as to what that will
do to the simulation of that raservoir?

A By maintaining or partially maintaining
the voidage and pressure in the reservoir by injecting tha
produced gas, the results would indicate that the recovery,
the absolute recoveries that we're lcoking at here, would
increase substantially; that the added anergy to the resoere-
veir from the injected gas would in all cases regardless of
rate 1increase the ultimate recovery from the reservoir by

usually several factors, It could hbe a two or three-folg
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factor increase in ultimate recovery.

0 By excluding that fros consideration is
it fair to characterize your opinion as being one that shows
a more consarvative ultimate recovery from the reservoir
than you nmight otherwise expect from pressure maintenance?

A That's correct.

4] Thank you, ¥r. Dillon.

MR. LEMAY; Thank you, Mr. Kel-~-
lahin.

Additional questions?

RECROSS BYARINATION
BY MR, PEARCE:

Q Just very briefly, Mr. Dillon if I may, I
thought 1 heard you to say during ¥r. Kellahin's questioning
right now that you had reached the conclusion that we had a
single porosity system based upon work which you did prior

te modeling this reservoir?

A That's correct.
G Could you describe that work, please?
A The analysis that I went through prior to

modeling this was somewhat quantitative with the exception
that I went back through the transcripts and exhibits teo see

what other ~- other companies had done.

Specifically 1 went back and looked at
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some exhibits -~ an exhibit that Mobil had introduced at the
last hearing. They had done some recovary calculations angd
specifically had done some sensitivity to what type of a -=
or what size of a fracture would be necessary in order to
produce the rates that they were exhibiting, that they were
seeing exhibited in the reservoir at the permeablilitios that
they assumed ware there frowm thelr core data, and they were
making the assumption that this was essentially a matrix
contribution to a fracture system, and thus being produced
into the == into the wellbore.

The calculations theay did to come up with
this matrix contribution were bhased on core data that showed
very low permeabilities but were based on data that was
taken under conditfons that were inappropriate for thelr use
in these calculations. The parmeabilities that they came up
with were on the order of hundredths of a wmillidarcy and
even at that they were calculating that you would have to
have two fractures, each of which a mile long, in order to
produce 150 barrels of oil a day at this permeability, which
is a significant rate; howsver, the -- by correcting or by
assuping what the correct permeability should be, 1if the
cores had been tested under the correct conditions, that is,
the cores were tested for permeabilities after they had had
all residual fluid saturations removed and they had baen

tested under atmospheric conditions.
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If these cores had been tested under the
correct overburden conditions with the in situ =aturationa
that we assumed exist in the reservoir, the permeabllities
would have been cut by at least a factor of 10, if not 15 to
perhaps 100,

If we make the asgsumption that they were
cut by a factor of 50, for example, that would reduce this
150 barrels of oil per day number to something on the order
of =~- 50 would be 3 barrels of oil and in my judgment that
was insignificant compared to the hundreds of barrels of oil
that we were seeing exhibited by actual wells in the reser-
voir.

They alse did not take into account any
relative permeability effects that would have further re-
duced this calculated number from the matrix system. They
assumed 100 percent o0il saturation but yet their pressure
calculations were done at pressures that were below the bub-
ble point, thus gas saturation would have had to exist.

So the relative permeability of oil would
have bene reduced perhaps by another factor of 10, so it was
my conclusion that there was no significant contribution
from the matrix at the permeabilities that we believe may
exist in that matrix.

Q Your analysie of a single porosity sys-

tem, then, is based on that prior testimony and those exhi-~
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bits. You have done no independent study of other data, is
that correct?

A Other than magnitudes of permeability
that we might expect from the matrix, no, 1 have done no
other studies.

Q In response to some of nmy questioning
earlier and in response to Mr. Kellahin’s questioning just a
few moments ago, we were talking about whether or not
studies had been conducted considering gas injection into
this reservoir. 1 believe you indicated to me that you had
done some preliminary work but had not concluded that, is
that correct?

A That is correct.

Q And your discussion with Mr. Kellahin was
your preliminary opinion not having completed that study?
Is that a fair characterization?

A That's a fair characterization. We have
seen the results that I gave to Mr. Kellahin, yes.

Q Just one moment, please.

Kothing further, thank you. I appreciate

MR, LEMAY: Thank you, Mr.
Pearce. Additional direct or any other questions of the
witness?

If not, he may be excused,
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Thank you, Mr. Dillon.

Mr. Kellahin?

MR. KELLAHIN: Thank vyou, Mr.
chairman.

1f we might take a moment, I
will call Mr. Richard Fllis. He's a geologist with Jerome
P. McHugh and Associates. We will distribute Mr. Ellis®
exhibits and get on with it.

¥R. LEMAY: All right,

gentlemen, please continue,

RICHARD XK. BELLIS,
being called as a witness and being duly sworn upon his

vath, testified as follows, to-wit:

DIRECT EXAMIHATION

BY MR. KELLAHIN:

43 ®r. Ellis, for the record would you
please state your name, sir?

7 A Richard Ellis.

Q By whom are vou employed, MNr. Ellis, and
in what capacity?

A I'm employed by Jerome McHugh as a geolo-
gist.

Q Mr. Ellis, have you previocusly testified
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before the Gil Conservation Commission of New Mexico as a
petroleum geologist?

A ¥Yes, 1 have.

O In fact you testified hefore the Commig-
sioen last August, 1986, with regards to certain of the cases
that have been cecnsolidated for hearing today, did you not?

A Yes, 1 did.

Q Have you participated on behalf of your
company in the work studies that were conducted subsequent
to the last hearing on the Mancos Reserveir?

A Yes.

Q And pursuant to your employment have you
prepared a geoclogic presentation for the Mancos Reservoir
for todey's hearing?

A 1 have.

Q Would you identify and describe for the
Commigsion when and where you obtained vour degree in geol-
ogy?

A I obtained my Bachelor of Science degree
in geoclogy in 1975 from the University of washington in
Eeattle and I -~

Q Subsequant to graduation with that degree
do you have any other degrees?

A Yes, 1 also got a Bachelor of Science in

mathematics in 1875 from the University of Washington in
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Seattle; a Master of Science in geology from the University
of California at Berkeley in '77, a Juris Doctor degree in
1982 from the University of Denver, <College of Law:; been a
member of the Coloradc Bar since 1983.
o ¥r. Ellis, I know you're suffering from a
little laryngitis. ¥We'll bear with you.

Would you descrive for us, sir, your em=-
ployment experience as a petroleum geologist?

A Spent two summers, 197% and 1976, working
for Exxon in the Gulf Coast and Rocky Mountains.

1 went with Chevron in Denver in 1977;
spent seven and a half years with them in various capaci-
ties, geophysicist, exploration geologist, reservoir geolo~
gist, responsible for development in the Painter (sic)
Reservolr Unit and the Rangeley Unit, and finally as a pro-
ject supervisor responsible for exploration work in San
Juan, Uinta, Piceance, Paradox Bagins.

And I went with Mr. McHugh in March of
1985.

MR. KELLAHIN: At this time,
Mr. Chairman, we tender Mr. Ellis as an expert petroleum
geologist.

MR, LEMAY: His qualifications
are acceptable.

Q Mr. BEllis, let me direct vour attention,
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if you will, sir, to what we've marked as Exhibit Number
One, and ask you to identify that exhibit.
A Exhibit Rumber Cne is a structure map on
the top of the Hiobrara A member. The structure top is the

top of what we feel to be the producing interval in the

field.
¢ Did you prepare this structure map?
A 1 did.
] Before we discuss the exhibit itself and

the conclusions you can draw from this exhibit, would you
take & moment and simply orient us as to what data is dis-~
played?

A Okay. Basically we're looking at a por-
tion of Rio Arriba County, HNew Mexico, situated in the
southeast part of the Ban Juan Basin.

For reference I've indicated on all the
gstructure maps an outcrop line. This 1s the outcrop of the
Niobrara A that I used in the actual structural mapping pro-
cCess.

We have 215 wells that went into the con-
struction of the map. You'll notice that there are several
wells in here without structural datums., They're -- actual-
ly the number of wells that you'll see on the map will be
closer to 250 bhut we had 21% structural datums that went in-

to the construction of the map.
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Highlighted in vyellow on a few of the
maps are -- iz the proposed outline of the West Puerto Chi-~
quito Pool. If you look carefully, you'll see a dotted line
that indicates the boundary of the Canada 0j}itos Pocl wholly
contained within that proposed pool outline.

I've also indicated on here a series of
three structural cross gections in pink. The A, B, and C,
are basically perpendicular to the axial plane of the Gavi-
lan nose and alsoc parallel to the strike of the monccline.

Also in blue is stratigraphic cross sec-
tion X, which will be used later to talk a little bit about
Hiobrara stratigraphy.

O Would it be cumbersome for you to hold
the microphone, Mr. Ellis? Let's try it.

A Okay.

o] As 2 geologist, ®r. Fllis, what do you
conclude about the structure as displayed on Exhibit Number
One?

A Bagically if you'll take a look at the
map I think you can identify three structural elements with-
in the pool outline, I submit that these structural ele-
ments are gengtically related and therefore, because they
are genetically related you have a situation where the pool
is a single, unified, structural entity.

These three structural slements include,
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starting from the east off of the outcrop would be the mono-
cline, this plane (sic) of dip here.

Immediately adjacent to it and west of it
would be the syncline between the Gavilan nose and the mono-
cline.

And immediately west of the syncline
would be the Gavilan nose,

As I mentioned earlier, I established an
attitude (sic) for the Gavilan nose of approximately 10 de-
Jreeg e¢ast - mavbe I didn't mention that, but I have a
direction for the axial plane of the Gavilan Pool of approx-
imately 10 degrees east of north, and it is parallel to the
gtrike of the wmonocline.

Q Do we have wells in the Mancos Reservolir
within the yellow shaded area that are located in each of
the three elements of the reservolr, the structural elements
of the reservoir?

A Well, ves, we have wells completed in the
Niobrara producing interval in all threa structural ele-
ments, that's correct.

Q When we look at the dividing line that
currently exists between the Gavilan Area and the West Puer-
to Chiqguito Area, do you see any structural feature that
would cause you to separate the Mancos reservolir into two

separate and distinct areas?




10
1
12
13
14
15
16
17
18
19
20

21

23
24

25

89

A Ko, I do not. In fact it becomes more
clear when we look at the structural cross saction, but bas-
ically the current dividing line between the Unit and the
Gavilan Pocl is on an eastward dipping plane (sic) off of
the crest of tha Gavilan nose.

Q Can you express a geologic copinion as to
whether the proposed outline of the consolidatad pool areas
has a reasonable geologic basis?

A Yes., Basically, as I indicated a minute
ago, 1 feel that since these three structural elsments that
we see encompassed within the pool outline are genetically
related, you know, you're dealing with a situation where
these things behave as a single structural entity. It's the
same structure throughout the pool.

9] Let's go now to Exhibit Number Two and
have you first of all simply identify and orient ue to the
exhbit. Will you take Jjust a second and let ug unfold
copies of that?

A Okay . Referring to the structural nmap
again just real briefly, again the three cross section
orientations are highlighted in pink. As I mentioned, I set
them up perpendicular to the axial plane direction of the
Gavilan Nose and the strike of the monocline. I hoped to
give us a true structural plicture of what the reservoir

locks like.
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Now we'll move to Exhibit Number Two.
Thies is a2 structural cross section.

Basically 1 have highlighted on this
structural cross section in green the Hiobrara interval, the
A, B, and C zones of the Niobrara, the (not understood) of
production in the pool, and I've also highlighted in yellow
the proposed pool outline, the limits of the proposad pool
outline; in pink, the 1limits of the currently existing
Canada Ojitos Unit.

The method of construction for the struc~
tural cross section is pretty standard. Wwhat I've done is
I've tied the sections to the outcrop. We have outcrop in-
formation, you know, in the field. Also I've taken the
wells that you see on the structural cross sectiona and pro-
jected them into the line of asection along the plunge direc—
tion of the Gavilan nose and along the strike of the mono-
cline. I've shifted them vertically to account for the
structural differences sought in the line of section.

There should be three wells, one in each
section that have no proiection, starting with the one at
the top, A-A', the key well in the section is the Mallon 1-
11 Howard Federal.

On B-B' the key well is the Mesa Orande
Gavilan Howard No. 1, and the xey well on C~C' would be the

HcHugh Homestead Ranch o, 2.
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Okay, that's basically the matter of con-
struction. There's one drafting errcor. 1f you'll look in
B=-8', the western limit of Range 1 Wast, immediately to the
wast of thast it says Range 1 West. That should read Range 2
West.

Q What is the vertical and horizontal scale
that you've selected for the three cross sections?

A 1've selected the same vertical and hori-
zontal scale of one inch eqguals 2000 feet. This is signifi-
cant in that it gives you a true scale gtructural represen-
tation of the reservoir. There is no exaggeration in a ver~
tical direction that gives you a falge impression of the dip
rates throughout the pool,

¥, As we go from right to left on any of the
three structural cross sections, will you show us how to
read and understand the exhibit and identifying the dagree
or rate of dip that occurs?

A Beyinning from the outcrop, you'll notice
that we have a range of dips in the Riobrara section between
53 and 59 degrees.

Moving into the east side of the unit
you're looking at an average dip rate of 2 to 6 degrees and
as you move through most of the rest of the unit and all of
Gavilan Pool, you're looking at dips less than 1.% degrees.

With the exception of the crest or the dip reversal at the
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crest of the Gavilan nose, and the dip reversal at the bot-
tom of the syncline, there are no non -- all dips in the
pool are non—-gero. In other words, there is dip throughout
the pool except for those two flexure points at the bottom
of the syncline and the top of the Gavilan nose.

Q Using the structure map as a way to lead
us across the structural cross section, 1if you'll pick any
one of those lines on Exhibit Number One, show us the rate
of dip per mile as we move from the far right going to the
far left,

A I didn't calculate a foot per mile figure
for the dip rate for the cutcrop figures but it should be in
the range of 7500 feet per mile right at the outcrop.

As you move away from the outcrop you see
an immediate flattening of dip and that's represented in the
contour intervals next toc the outcrop which I should mention
we have three different contour intervals in the map, or
that go intc the make-up of the map.

Let's take just a minute and look to the
north, anything less than 1000 feet above sea level is a 50
foot contour interval. Within 1000 to 2000 feet above sea
level is a 100 foot contour interval, and above 2000 feet
above sea level is a 500 foot contour. There's an obviocus
reason for -- for doing that, you know, if you want to keep

your 50 foot contour interval next to the outcrop, you're
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not going to see any well control at all. There's just going
to be a black blob.

So I've, you know, deliberately done that
not to create a distorted impression of what the dip rate is
but just so that the map is readable and in fact you can see
exactly what happens on a structural cross section.

Q As we take the structure map, then, and
move from right to left, if you'll start at the eastern
boundary of the proposed consolidated pool, and take the
first few sections as we move to the west, and give us an
indication of the dip per mile as we move in a westerly di-
rection.

A Yes. Actually we start out at about 5000
feet, or so, per mile dip rate.

When we get into the eastern part of the
unit, the gas comparati?e part of the unit, you're dealing
with dip rates of approximately 6 degrees. That would give
you a good 555 feet per mile.

Moving down the hill we get to a 4 degree
figure here on C-C', that would give you approximately 359
feet per mile.

Now at 2.2 degrees further down the hill
on Section A-A' you're dealing with 203 feet per mile.

At, well, at the -~ on the east side of

the <¢Gavilan nose we've got a maximum dip rate of approxi-
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mately a degree just to the east of the crest of the nose
and that will give you approximately 32 feet per mila.
Anything less than, well, to give you an
example, approximately 1/2 a degree would be from 4 to 6
feet per mile dip rate.

G The structure map that vou've identified
and described, 1is that the same structure map that you gave
Mr. Dillon for his utilization in the computer simulation of
thiz reservoir?

A Yes.

Q In your opinion, Mr., BEllis, {s it fair
and reasonable to use an average dip per mile of 50 feet per
rile 4in calculating the dip for a certain portion of this
reservoir?

A oh, a certain portion if you're talking
about the portion basically on the west side of the proposed
pool outline, the Gavilan Pool, in other words, would be
somewhat higher than that. The average should be in excess
of 50 feet.

Q And for another portion of the reservoir
can you ldentify for us vhere an approximate average of a
dip of 100 feet per wile is appropriate?

A Certainly the west flank of the Gavilan
nose shows dip rates in excess of 100 feeat per mnile. The

east flank of the Gavilan nose shows dip rates of arcund 100
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feet per mile.
The oil withdrawal portion of the unit
shows dip rate of approximately 100 to 150 feet per mile.

Q So with regard to the structural cross
sections on Exhibit Number Two, do you gee any significant
changes in the thickness or faulting in the pool area?

A No, I do not. At this particular scale
there is no evidence of any significant Ffaulting or strati-
graphlc change that would give rise to, you know, obvious
changes in the cross sectional view. This is significant in
terms of the development of a structural (not understood)
likxe the Basin. You'll notethat none of the Cretacecus
units show any kingd of indication of thinning. 1 interpret
this to mean that we're dealing with predominant Laramide
tectonic forces that gave rise to these impressional feat-
ures along the flank of the basin. And it is probably true
that the same tectonic forces gave rise to all three ele-
ments, and that's the basic reason for lack of thinning, for
lack of faulting, due to faulting. That's the basic reason
why I Dbelieve we're dealing with kinetic {(not understood)
eroded from one tectonic force (not understood).

Q Based upon your studies, ¥r. Ellis, and
since you have told us that the three structural elements
are genetically reiatad, what conclusions can you reach with

regards to the fracture system?
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A Well, certainly, if vou understand tec-
tonic forces, operative and creating your structural feat-
ures, they were probably also a causative mechanism for the
development of a fracture system in the unit.

Q Can you describe a geologic reason, or
attach a geologic reason to the western boundary of the pro-
pogsed pool area?

A Yes, 1 can. If you'll leook at the west
gide of the three structural cross sections, you'll notice a
dip flattening at the end of all three cross sections. Bas
ically, referring back to the structure map, vou're looking
at a defnite change in structural form as vou move west of
the range lines in 2 West and 2 West., We're looking at much
wider dips. fThere's no, vou know, real structural form that
I'd want to pin on that particular part of the mapped area,
so it definitely would appear that we're losing the form of
the Gavilan nose as we move up the (not understood).

¢} Is there anvthing else about Exhibit One
or Two before we go on to the next exhibit?

A Ro, there's not,

Q All right, sir, let's go on then.

Mr. Ellis, would you identify for us @x-
hibit Number Three?

A Exhibit Number Three is a compilation of

Landsat fracture lineation data which came from a unit study




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

21

23
24
25

27
that was done last year.

Q Would you identify the source of the in-
formation that's depicted on this exhibit?

A Yes. The information came from a study
that wae cotamissioned by the Canada Ojitos Unit.

0 Wouild you explain to us the significance
and purpose of the exhibit?

A The Landsat data is basically giving an
indication of the orientation or distribution of regional
fractures, at least as seen on the surface.

Both of the next two exhibits are scale
dependent in that you're looking at a very large scale, you
know, reglonal interpretation, if you will, from, you know,
from satellite altitudes,

wWhat this Landsat fracture map would show
you basically are the regional fractures and maybe any larqge

tectonic fractures that are operative in the area.

0 Let's go =-
A You'll notice =--
¢ Let's perhaps go to Exhibit Number FPour

which might be helpful to look at at the same time we look
at Bxhibit Humber Three, and then let me askX you some gues-
tions about them together.

A Would you identify this exhibit for us?

A Yes. I've referenced this map as a
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rhotogeologic interpretation.

Q what dJdoes that mean?

A Again this is a compilation of the frac-
ture lineation data that came from the study commissioned by
the Unit.

The scale on this particular map, the
scale of observation on this particular map will bhe somewhat
different in that the data is viewed on photographs taken at
an approximate elevation of 20,000 feet.

You're going to see much more detail.
You're also going to see evidence of what I consider to he
tectonic fracturing in the area.

0 What is the significance to you as a pet~
roleum geologist of the information depicted on HExhibits
Three and Four?

A There are a couple of significant obser-
vations we can make here, One of them, vyou kXnow, issues
from the photogeologic map more so than the Landsat dJata,
and that is that we have evidence of a conjugate system of
fractures in the area. This system would have an approxi-
mate corientation of northwest/southeast conjugates. That
would be northeast/southwest,

If vyou'll look in the regional map vyou
have those corientaticns in the map, as well, but if the two

were overlain you'd see that the ragional fracture trends
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are somewhat obligque to the conjugate system that exists in
the photogeoclogic map.

I believe that the conjugate system is
probably derived from the same Laramide tectonic forces that
gave rise to the development of our three structural ele-
ments.

wWe can alsQ =-

Go ahead.

B b

We can also draw the preliminary conclu-
sion, anyway, that fractures evidenced on the map are prob-
ably wvertical to subvertical. You might expect the same
general distribution of fracturing in the subsurface, and I
beliave that the, you know, the indication on the surface
here is that, you know, at least at reservoir depths we're
dealing with a multi-directional fracture orientation.

o We spent some time at the last hearing
discussing among the geologic witnesges whather or not it
was reasonable to conclude that there as a specific orienta-
tion to the fractures in the Mancos reservoir.

Poes thizg help you reach a cenclusion on
that subject?

A wWell, I've -~ 1 have concluded that we'ra
dealing with a multi-directional fracture orientation at re-
servoir depths, Obviocusly, since you're dealing with, you

know data that gives you a picture of actual surface frac
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ture distribution, there will probably be scome change in the
orientation at that, but I thirk that the fact that you have
tectonic forces operative in the area is going to, you know,
lead you to believe that you're going to have a conijugate
system of fractures at depth, but I see no evidence that
there 1is a dominant fracture direction bhased on these sets
of data and there certainly doesn't appear to be & barrier
to flow across the existing pool houndary on the west side
of the unit, particularly if you, you know, observe the form
on the photogeologic map.

O ¥You've told us just now that this may be
soma@ indication why -- by which vou can project vertical
fractures into and through the Mancos reservoir?

A Well, let me clarify that point somewhat,
ir. Kellahin. We're -- although we do have a multi-direc-
tional distribution on the surface, I believe, and thisg is
pretty well documentad in the literature, that, you know,
the fracture distribution for the various different litholo-
gic units as you move vertically down to reservoir depths,
is going to change. We know, for example, that reqional
fractures will change strike dramatically at lithologic
boundaries of the subsurface.

So 1 don't expect this exact frarzture
distribution 4in the map to bear any resemblance whatsoever

to the fracture distribution in the subsurface, other than
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to say that you have a multi-directional conjugate set at
reservoir depths.,

Q Let's talk about the fracture system
within the Mancos reservoir itself, Can you conclude based
upon your studies whether or not we have vertical fracturing
in the reservoir that will cause each of the three zones
within the reservoir to be interconnected?

A I've an opinion on that. I think one of
the later displays is more instructive on that point, vyou
know. I definitely don't believe that we have vertical com-
munication of fractures amongst a2ll the Niobrara units, if
you will.

Q While we're talking about the corientation
of fractures, there has been previous discussion about the
utilization of a dipmeter to help establish some orienta-
tion to the fractures.

Why don't vau give us your opinions and
obgervations about the utilization of that data?

A You know, I believe that there are a num-
ber of different logs in use today that will give you evi-
dence of the existence of fractures in the subsurface, and
they're probably accurate insofar as you use them just for
that purpose.

The dipmeter, however, has a number of

inherent problems. I'm not, obviously not a, you know, a
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logying expert or anything, but the sost obviouns problem
from Jjust a purely scientific standpoint is you're dsaling
with a very scale dependent observational set of data,

You've got a tool, vyou've got a tool in
the subsurface that's looking for vertical to sub=-vertical
fractures at some unknown spacing in the reservoir in a 7=~
ineh hole, and then you're taking that data and trying to
relate it, or trying to derive some kind of statistically
valid fracture orientation in the reservoir, while vyou're
sampling, at 1least in the case of a single borehole, less
than l-billionth of one percent of the total regservoir. So
even if every hole cut there had dipmeter information and
had some kind of, you know, psuedo-fracture orientation es-
tablished for it, you're still sampling such an infinitegi~
mally small portion of the reservoir that that kind of data
is, you know, to my way of thinking meaningless.

Now, that's one of the reasons why we at
least took a look at some of the surface fracture indica-
tions, is it does have the advantage of, you know, some sort
of sastatistical valldity You know, at least you're looking
at the entire regerveir and trying to characterize the --
not the entire reservoir, the entire pool, and trying to
characterize the fracture distribution in the reservoir on
that basis.

9] Have you made a study, ¥r., Ellis, of the
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stratigraphic uniformity of the A, the 1B, and the C Zones
in the Mancos reservoir?

A Yes, I have,

) And have you reduced that to a strati-
graphic cross section?

A Yeah, a stratigraphic cross section.

a That will be Exhibit Number Pive?

Will vou describe Exhibit Number Flve,
Mr. Ellis?

A Exhibit HNumber Five is a stratigrahic
cross section basically traversing the pool.

0 How many wells have you picked for the
stratigraphic cross section?

A We've gelected a l6-well cross section.

G Is that a representative 1lé-~well cross
section to demonstrate to you the stratigraphy of the Mancos
reservoir?

A Yes, because we believe the lateral
homogeneity in the individual units in the Wiobrara is --
is, you know, basically, without question, I think those 186
wells give a fair representation of the stratigraphic
continuity.

Q Let mwe have you go  to Exhiblt Number
five and demonstrate tc us the evidence you see that

supports your conclusion that there is stratigraphic unifor-
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mity among wells for each of the three producing gones.

A In the construction of the c¢ross section
we're hanging, if you will, all the logs on the top of the
Hiobrara A, picking that as our datum, and alsoc highlighted
at the top of the Hiobrara B and the top of the Niobrara C.

There's other tops of individual units in
the lower part of the Mancos interval down below that 1
naven't highlighted.

Basically 1I'd like to, you know, iJust
highlight the fact that we're dealing with very continuous
unitg in the individual zones of the Niobrara. I've just
highlighted three of them as exemplary of that point.

Cne of them in the MNiobrara A is high-
lighted in blue. You can see it maintaing its consistent
log signature, at least with respect to the gamma ray, log
across the pool.

Because thae resgistivity tool is gensitive
to mud conditions at the time of logging, changes will occur
that make that particular signature somewhat dJdifferent,
There {s, however, a resistivity kick in each one of the
little blue intervals I've highlighted there.

I've also highlighted a zone in the B  in
similar fashion and alsc one in the Niobrara C.

And also highlighted on that strati-

graphic cross section are the individual perfs within the
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different wells on the saction, and this is mainly meant to
he representative of each operater's completion practices.

o Is there anything else about Exhibit Mum-
ver Five that in a preliminary way you'd like to direct our
attantion to?

A Yeah, there's a drafting error that ought
to be peointed cut and that is that several of the wells,
particularly in the northern part of Gavilan are cowmpleted
in what we would call the gray zone of the Niobrara and I
apologlze for not having a log section that will give you an
indication of the log signature within that unit. It too
exhibits characteristics of uniformity, at least in the
northern part of the pool,

I've indicated thosze waells that have per-
forations in that grav zone here in pink, both the (not un-
derstood) . It's just an unfortunate thing that there are,
as I sald, in the northern part of Gavilan several wells
completed in the gray zone,

Tha other thing to point ocut would bhe
that with the exception of the one unit well on the right-
hand side of the section, the E~10, all of the wells in the

section are open in the A, B, and C intervals of the Hiobra-

ra, and that also includes the B-18 well at the eastern edge

of the unit. It's open in the A, B, and C for gas injec-

tion.
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Q 1s that the only well on the cross sec-
tion that displays a unit well that is open for gas injec-
tion?

A That 1is correct.

4] And that's the last one on the far right
of the cross section?

A Yas.

Q And that well is open in the A, B, and C
for gas injection?

A Yes, it is.

Q OCkay. How are the perforations indicated
on the exhibit? I cannot see that far.

A It's a little difficult. On each one of
the copies you have you'll see a black line that indicates
the particular foot that was parforated. 1 just highlighted
those particular feet with a pink highlighter is all. You
can see that there are zones where you've got, you Xknow,
many, many perforations next toc each other, you know, it has
the appearance to be, you know, solidly perforated, but in
fact there are individual peaks in there that are
individually perforated. There are several 2o0nes, as you
can see, particularly above the top of the C Zone in the
Niobrara in the Reading & Rates Well you'll see a hiatus in
the perforations between the lower part of the Niobrara R

interval, or the middle part of the Niobrara R and in the
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top of the C.

In other words, there's zones throughout
that are, uniformly not perforated because of their log sig-
natures.

Q Do you have an oplinion, Mr. Ellis, as to

whether oOr not this is & stratified reservoir?

A Yes, 1 do,

Q And what is that opinion?

A I believe it's a very highly stratified
reservoir.

Q what is the significance of the green, or

is that blue, color?

A Oh, that's one of the what I would call a
marker unit. I was trying to indicate, you know, the stra-
tigraphic uniformity throughout the pool, but they're rela-
tively arbitrary in their selection. There's many more
within that Niobrara A, B, C interval and 1 think if you sat
down and were very careful about your correlating (not
understood) of the pool.

i+ Find a point on the cross section, if you
will, where we move out of the Gavilan area and move into
the West Puerto Chiguito area.

A Yes, that particular point would be ap-
proximately here.

Q To the right of that point on the cross
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gection are there wells completed inp the A, B, and C Zones
of the Mancos reservoir?
A Yes., In fact most of the wells in the
unit are completed in those zones.
G And as we move to the left of that line,
what occurs in the Gavilan area with regards to the comple-
tions in those three intervals?
A All of the wells in the Gavilan Pool are
completed in the A, B, and C. There were a couple of wells
where we attempted to differentiate the productive capacity
of the individual units. Those were some of the later
wells. The Mallon Davis 3~15 was completed in the C ini-
tially and 1 believe has been recompleted in the A and B
since then.
And then the Mcllugh High Adventure Well
was completed in the A and B initially, but all of the Gavi~
lan wells, to my knowledge, are open in the A, B, and C.
g Let's go to Exhibit Humber Six now.
| MR. KELLAHIN: Mr. Chairman, we

have a logistics problem here with our next exhibit,
Unfortunately we have only one
set of the actual photographs that complete this exhibit and
additionally it's very difficult to see without close

inspection.

I wonder if you might have some
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discussion about how to present this so that we can all see
it in a meaningful way?

I1'm happy to put it up here.

MR. LEMAY: We could come down
there and that would allow -~

MR. KRLLARIN: Perhaps that
might be helpful if you could come down here and look at
this, we'll try to explain it in a way that the opponents'
technical people can also see the same information.

¢ All right, Mr. £21lis, let's do this slow-

ly, realizing that we're all trying to leook at one exhibit
together and in addition realizing that the court reporter
has to make some sense out of what we're saying when you
point to this and that and the other.

S0 take a moment and when you point to a
portion of the exhibit, please describe where you are on the
exhibit s¢ the record will reflact it.

Let me begin first of all by asking vyou
to simply identify what this exhibit is.

A This is a display of what I call core re-
sults and analysis in the Mallon Davis wWell.

Q Take a moment and find for us where the
#allon Davie Well is within the Mancos reservoir. where are
we going to find that well?

A Well, i{f you can make reference to vour
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cross section, Jlook at Section 3 of Township 25 North, 2
west. It will be in the northern portion of the Gavilan
Pool.

e what is the purpose of making this analy-
siz and presentation of this display? What are you trying
to show?

A All I'm trying to show here is clarifica-
tion on what 1 believe to be the salient points of the
rather exhaustive analysisg we've performed on the Mallon
core.

Q Was the HMallon core a core that was
available to the geologists at the August, 1986, hearing?

A Mo, it wasn't,

4] All right, this is data from the last
hearing that's been developed.

A Yes, this iz work we did after the hsar-~
ing.

Q 0 to the digplay itself and before you
describe your conclusions, help us understand how you put
this display together.

A Qkay. The lefthand side of the display
basically 1is a series of three logs, The induction log is
on here more for reference than anything. It shows the
characteristic signature in the Niobrara and again that

would just tell us what's in the Nicbrara section.
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And there's no ~- there is no difference
whatsoever between log signature of the zone we're dealing
with on this induction log and what we expect throughout the
poocl. 8o we believe it's probably, at least from a litholo-
gic standpeoint, a representative log.

Also, as l've indicated on the induction
log, the zone of reservoir, that's highlighted in blue. We
also have next to the induction log a composite of what 1
call -- or what Welex calls, a composite fracture log and
basically this is a qualitative representation of the pre-
sence of fractures in a particular part of the subsurface.
The composite is basically giving you a fracture index and
you know, just by way of definition, their definition of a
high fracture index would be what I would call a reasonable
certainty that there's a fracture at that particular point
in the subsurface.

Now this log is derived from a log suite
that was run in the Mallon Davis Well. There were basically
four sets of log data that went into the makeup of this so-
called fracture index. Those are the caliper log, the sp
lot, dJdipmeter and density log, and next to that I have what
I1've called a fracture frequency log and this is just an at~-
tempt to graphically depict the observational data that Ter-
raTek, the <core analysis people, gave us confirming the

fractures in the core.
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They made a visuwal inspection, foot by
foot, of the 334 feet of recovered rock out of this 337-foot
interval and gave us, you know, a report concerning the
fracture density, type of fracture, orientation of the
fracture realizing, of course, that this was not an oriented
core, but that, you know, you can certainly tell general
directions in the reservoir.

Q Would you take a moment and describe for
us the various operators that participated and shared in the
coring of this Mallon well?

A Well, I think I can give most of them.
Let's see, there was my company, #HcHugh, Dugan, Meridian,
Mallon, Mesa Grande, Mobkil, and Amcco.

G It represented a joint study, then, by
various operators and you simply selected the next available

well from which you could derive an accurate core.

A Correct.
Q All right. Please continue.
QOkay. Going back to the fracture

treatment, I need to explain this. This is, vyou know, an
artifact (sic) of the observational data that we got from
TarraTek, an attempt to graphically depict the preferential
nature of the fracturing in the reservoir.

What 1I've done here is really quite

simple, you know. For anything «- any foot analyzed with
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greater than four fractures per foot indicated, I've drawn a
blue line on the plot.

In fact, the report indicates that every
foot had a fracture in it, but what I'm trying to do ig ~-
is give you an idea of -- of what is significant about the
work they did, and that, I feel, is that individual zones
within particularly the Wiobrara B Zone, from the core are
preferentially fractured relative to those zonas around
them.

And also in a more general sense, the
Niobrara B Zone is preferentially fractures relative to the
C Zone below it.

v What is the significance of the core
photographes themselves as we move to the far right of the
display?

A Okay. The photos are there s6 we can
examine why this qualitative observation of certain zones of
the Niobrara B have a greater propensity to fracture than
other zones. We're going to take them on a smaller scale.
We've bheen looking at a lcg scale observation on the left
part of the display. We're going to go down to the core
scale now for the photographs.

We've got two photographs; one is a plain
light wview; one is an ultra-violet light view of the sanpe

interval in the core. That interval was situated at the top
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of the B Zone of the Niobrara, and, you know, that zone that
is the core interval is highlighted in yellow there,.
Just a few quick observations before we
get into the more significant (not understood) of this.
In the ultra-violet wview you can sece

several zones that apparently are fluorescing. The ultra-~

| violet 1light view should give you at least some indication

that you have fluorescing zones within, you know, a particu-
lar core.

You can see that certailn 2zones are
fluorescing The reason why they're fluorescing is because
TerraTek took their plug samples by drilling with (not
clear) oil and that contamination of those plug intervals is
the reason why those things look like they're fluorescing;
that's nte natural hydrocarbon fluorescence.

There is indication of natural
hydrocarbon fluorescence at approximately 7098 feet and I
think it's related to the fracture phase that you can see
behind the core material there and that would be, you know,
a4 natural hydrocarbon fluorescence.

If you'll look at the plain light view,
you'll alasoc see that there are light and dark zones. The
light zones are probably coarser grained materials than
silt laminae, and possibly limestone laminae that are light

colored relative to the darker shales and
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nudstones arcund them. How those gzones in the ultra-violet

view are highlighted and you can definitely tell which of

those things «- or which part of the core is a sand or silt
laminae; however that's not natural hydrocarbon fluores-
cence. 1It's just a situvation where you've got back lighting
and the actual ultra-violet photographic process would be
that associated with the fracture traces.

50 the only natural hydrocarbon fluores-
cence that I would attribute to this photo would be that asg~
gociated with the fracture phase which is at approximately
7098.

MR. KELLAHIN: #r. Chalrman,
wae're going to have a number of more minutes on this exhi-
bit. He'd be happy to try and complete this exhibit before
the lunch hour, if you'd like; whatever the pleasure of the
Commission is.

MR. LEMAY: How long?

MR. KELLAHIN: Pifteen or twen-
ty minutes.

Q will you look now at the photographs de-
picted on the exhibit and have you identify for us the bot-
tom two photographs on that exhibit. Simply tell us what
they are and then we'll come back to the rest of the dis-
play.

A Can I finish up with the larger photo-
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graph first?
Q Sure, let's do thsat.
A Okay. Basically, let's take a quick look
at the lithology of that upper B Zone in the Niobrara.

You'll note that you're dealing with a
very highly laminated, thin-bedded seguence of alternating
shales and mudstones and siltstones and sandstones and
probably minor limestone lamipee, as well.

The scale of those -- the thickness of
thoge individual units will vary anywhere from millimeters
to centimeters. There's a high degree of variability in the
rock in a vertical sense and, you know, obviocusly, you have
to consider that to have tremendous vertical {(not
understood).

The other significant aspect, if vyou'll
look at approximately the depth 7089%.5%, you'll notice a
sandy or a silty laminae which within the scale of the core
pinches out in a lateral direction. Now this is quite con-
mon at the HNicbrara interval and it alsgo points up the fact
that you have tremendous horizontal anisotropic reservoirs
and I believe the combination of those two, since you do
have such a highly anisotropic reservoir, you're probably
dealing with also an extremely brittle zone relative to the
ore massive lithologies around it and the more massive

lithologies are going to behave plastically relative to the
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antisotropic, brittle units that indicates. ¥Now the range,
if you'll examine, you know, in our examination of the core,
the range in thickness of these so-called "brittle® zones
ranges anywhere from a couple of feet to approximately 30
feet in thickness. They are generally encased in much more
massive, and therefore plastic, lithologies, and, you know,
I believe based on this observational data that we're
dealing with, you know, despite the tremendous vertical and
horizontal hetercgeneity in the reservoir, we're dealing
with a homogeneocus unit. These individual brittle zones
behave homogensously because they are so heterogsneous and I
think, you know, they're -- and that leads me to believe
that they're probably a reservolr response unit in and of
themselves.

That's what I wanted to note. We have,
to sum up, then, I believe the situation in the Niobrara is
this: We have discrete, pervasively fractured zones hecause
they are more brittle that are encased by the more plastic
zones around them. The plastic zZones in a vertical sensge
are certainly going to be fractured; however, they're not
going to be nearly as intensjively fractured as these more
brittle =zones, and you can certainly expecﬁ or intuitively
obgerve that, you know, you could have healing in these mora
plastic zonee that would prevent any kind of  real time

vertical communication in the reserveir, certainly with
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regpect to fluid flow. And that leads me to believe that
the Nicbrara units, individual units within the WNiobrarsa,
particularly within the Niobrara B and probably within the
Niobrara A, even though we don't have core data to support
it, are behaving in a2 highly stratified and by stratified I
mean stratified on the order of a few to tens of feet and
nighly stratified in a very compartmentalized fashion.

How let's take this scale of observation
down one more step and we're going to look at an individual
laminae within that core. HRow these two photos did not cone
from exactly the same core interval that we're observing up
above. They came from these two indicated feet on the logs.

How the lefthand photo, I think, is
dramatic evidence of a phenomenon that's been noted in the
Hiobrara and a lot of different places. We've seen it in
Rangeley. We've seen it in the San Juan Basin and now we
see it here in Gavilan, as well, and it's not surprising,
and that is that ~- well, first, first of all, the photo
itgelf is a thin section photograph showing a part of the
rock that has been injected with a fluorescing dye at
ambient prassure, and what you can see there isvyou've got
large open fractures that are fed by an intricate system of
microfractures. This, 1 believe, is the best
characterization of the porosity and permeability of the

Hiobrara reservoir.
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On  the righthand side again, you know,
we've got a large open fracture, but we've got a larqe open
fracture that appears to be right on the contact between a
muddy or a silty or a clay lithology, and, you know, a san-
dier, silty lamina, This large open fracture, as you can
séa, is fed by a series of microfractures, is particularly
visible on the mudstone at the upper central part of the
photo, but you can also see a series of microfractures cut-
ting through the sandstone laminae. YOu can see them not
only cutting and breaking individual grains, but you can see
them separating graing, such that they gqo around individual
grains and feed the main fracture system.

| This last photo, 1 think, suggests the

possible reason why we have noted oil saturations in scome of
our pluyg analyses in this rock, and that is it would appear
that oll migrating through open fractures has contaminated,
if you will, the gréin boundaries, or left a residual or an
0il1 saturation aleng grain boundariés that are immediately
adjacent to open fractures.

Well, one other guick item before we fin-
ish this.

You know, 1I'm reasonably certain, based
on photos and my observations with regpect to the core it-
self, that you're dealing with essentlially no storage capa-

city in the matrix, intrinsic storage capacity in the mat-
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rix, You gét, because of tectonic forces operative in the
subgurface you get this imprinting of fracture permeability
and porogity. It's obvicusly going to include the sandstene
and siltstone laminae, particularly in the permeable zones,
and that, I believe, is the reascn why you're going to, you
know, the ability of the Kiobrara to produca.
Q Okay.
¥R. LEMAY: I think we'll break

for lunch now and return at 1:20.
{Thereupon the noon recess was taken.)

MR, LEMAY: HMr. Kellahin.
HR. KELLAHIN: Thank you, Mr.

Chairman.

RICHARD K. BLLIS,
resuming the stand and remaining under ocath, testified as

follows, to-wit:

CIRECT EXAMINATION
BY MR. KELLAHIN:
4] Mr. FRllis, at this time I'cd like to di-
rect your attention to the Exhibit NHumber Seven that is in

your package of exhibits and ask you you to identify that
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for us.

A Yes. this is an excerpt £from the
petrologic investigation conducted by Terra Tek on the
#allon core.

Q This is to be read in conjunction with

the information you've described on Exhibit Number Six?

A Yesg,
Q And what is the purpose of this exhibit,
Mr. Bllis? |
| A I've included this exhibit as a summary

statement with respect to the analysis of the core and also
as evidence that it's not just the applicants in this case
that believe that the matrix is -- is very unlikely to con-
tribute to production in the reservoir.

Q Let me ask you, sir, to take this oppor=-
tunity, based upon your study of the geologic characteris-
tics in the Mancos reservoir as depicted on all your exhi-
bits, and provide us with the gaolégic conclusions of the
various significant factors that you think are appropriate
for the Commission to understand with regards to a decision
in this case. |

MR, KELLAHIN; By way of asgis-
tance, Mr. Chairman, we have provided in written fashion Mr.
Ellis' conclusions. I've identified that as Exhibit Number

Eight. If during the break I could produce additional
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coples of ihia, I'd be happy to share my copy with Nr.
Pearce and Mr. Lopez for now, there may be other coples in
some of these packages; mine didn't have one.
Are there copies? A1l right,
Let me substitute this one because it is stamped as& an
exhibit. It's all done.

Q A1l right, Mr., Ellis, would you give us
your geologic conclusions about the reservoir?

A Yes. Basically referring to Exhibit Num-
ber Eight, we'll Just take the more Iimportant ones in
Beguence.

I believe basically that we're dealing
with a single unitified structural entity. As you've seen
on our structural cross sections, a fairly simple, overall
structural form to the pool area.

The other important conclusion I'd 1like
to highlight is the fact that the dip rates in a majority of
the pool area are quite low. 1t ié true that on the east
side of the unit you've got dipe that range from 2 to 6 de~
grees but dips throughout most of the rest of the area are
less than 1.5 degrees, and certainly within the gas injec~
tion, by the time you get ot the gas injection portion of
the unit, you're down in the range of 6 degrees or less,

There 1is dip that exists throughout the

area with the exceptions I noted earlier, the dip reversal
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at the crest of the Gavilan nose and at the bottom of the
syncline.

I've also concluded from fracture analy-
gis that we've got indicaticons of a multi-directional frac-
ture orientation. We expect this fracture distribution at
the surface to be similar to but not necessarily esactly the
same as what exists at reservoir levels.

I believe that the Laramide tectonic for-
ces that were operative in the development of the three
structﬁral elements were also operative in the development
of the pool-wide fracture system.

And one very important conclusion with
respect to the fracture, directionality of fractures in the
reservoir, would be that no one fracture direction appears
to dominate and certainly doesn't appear to create any kind
of areal flow.

I1've concluded from the core study and
the core photographs that we're deélinq with several dis-
crete, highly laminated and thin-bedded intervals in the
Hiobrara B, and that these brittle zones, 1if you will, are
preferentially fractured relative to the units around them.

Because they're highly anisotropic, 1 bhe-
lieve that they've behaved as single reservoir responsive
units. They appear to have the thicknesses that -- that ep-

pear to have indicated thicknesses in a range of a few feet
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te 20 to apptaximately evaen as much as 30 feet of thickness,

Also I am reasonably certain that we're
dealing with a multi-directional fracture distribution at
reservoir depths and that this fracturs distribution does
not extend vertically in the reservoir for any great dis-
ténce, but in fact, the brittle zonese on the order of a few
tens of feet in thickness are very communicative throughout
but that the intervening plastic zones around them, because
of the more massive lithologies, and the healing nature of
that pérticular zone, has probably created a situation where
the reservoir interval, the brittle zones, are discrete, be-
having separate from the -- from each other.

In other words, the reservoeir is highly
stratified.

Also a conclusion basically from the pho-
tomicrographs and from the actual rock data that was pre-
pared by Terra Tek, it would appear that the reservoir stor-
age capacity and permeability is derived from a system of
large open fractures, which are fed by a network of micro-
fractures, and that the fracture system is extensive
throughout these brittle zones. In other words, they in-
clude the sand, silt, non-shale, and mudstone laminae that
we saw in the photos this morning, and, as I concluded this
rorning, I think the presence of oil saturation in the ana-

lyseg of the plug samples is -~ ig, to my way of thinking,
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probably primarily dJdue to the fact we have o0il migrating
through open fractures and resulting in saturation of alonyg
boundaries and contacts that are adjacent to the fracturaé.

The analyzed porosities and permeabili-
ties, I haven't included any data on that, but from the ¥Ex-
hibit Seven that I just gave you, the statement that Terra
Tek made there, and also the fact that the average porosity
in the analyzed interval ranges or is approximately 2 per-
cent, and the arithmetic average of permeabilities, at least
for the samples that are not contaminated by dehydration
cracking in the sample cleaning process, appear to average
about .02 millidarcies.

This is wvery low and I think all the
reservolr storage cépacity and permeability derives from the
fractures. |

MR, KELLAHIH: That concludes
my examination of Mr. Ellis, Mr. Chairman.

we would move the introduction
of McHugh Exhbiits One throuqgh Eight.

MR. LEMAY; Without objecticn
the exhibits will be accepted.

Are there any questions of Hr.

Ellis? ¥r. Pearce?
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BY MR. PEARCE:

Q Mr. E£11lis, as you began your presentation
this morning you indicated, 1 believe, that there were three
structural elements largely at work in this area, those
being a wonocline, a syncline, and the Gavilan nose, ig that
correct?

A That's correct.

Q Would jou expect that each of those ele-
ments would cause similar fracturing patterns so that this
reservoir should be -~ should exhibit a homogeneity in frac-
turing or each of those structural elements, because of dif-
ferent folding rates, or something, have different fractur-
ing effects? |

A I would expect there -- there to be, cer-
tainly to be differences in the overall fracture distribu-
tion across the different elements, if you will refer to the
fracture map, the photogeologic interpretation. In fact the
crest of the Gavilan nose, if you'll look at it, is -- shows
a distinct lack of fracturing across the crest of the nose.

when you get into the bottom of the syn-
cline, however, you're looking at substantially increased
fracture intensity.

G Let's turn, if we can, 1I'm sorry 1 have

forgotten the exhibit numbers, the Landsat interpretation and
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the exhibit following it. I'm not sure, were they Three and

Pour?
A Yes, that's correct.
Q Okay.
A Go ahead.
Q Thank you. It's my understanding that

Exhibit Three, the Landsat interpretation, results from your
interpretation of a Landsat photo which the Canada Ojitos
Unit commissioned, is that correct?

A 1 reviewed the photo and verified the
fracture lineation data that was presented to the unit by
the expert photo interpretation and then 1 transposed that
data, whic¢h was actually contained on topographic sheets,
onto this scale bése map so that it correlates with the
structural.

4] Okay, and has the DHR Whitehead & Asso-
ciates actually interpreted the lines from the Landsat photo

rather than you?

A ' That's the drafting person.
& Okay.
A He did no interpretation. Ha's a draf=-

ting person.
Q Okay, I'm still not clear. who inter-
preted the photos to daetermine whether the lines on this ex-

hibit ought to pe?
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A The expert inveolved in the interpratation
was a guy named Goldsmith out of California.

Q Have you ~~ did you indicate that you had
reviewed the Landsat photo?

A I have seon the photo and I've correlated
his observations with what my observations would be on the
photo, that's correct.

Q Okay. Let's take a look Jjust real
quickly at the proposed géolsgic interpretations. ! have
the same sorits of guestions, ¥ho took the photo? who did
the interpretation as to where the lines should appear?

A The BLM supplies the photo mapping
sequence and Mr. Goldsmith again did the interpretation, and

I have all of the photos again verified with respect to his

interpretation.
Q Qkay.
A And all of the data is transposed from

his topographic maps again onto the bhase =

Q ' I apologize for interrupting. Could you
give me an indication of what the instructions to Mr.
Goldsmith were?

A I wasn't involved in commissioning the
study. The Unit actually commissioned the study and since
we are Iinterest owners in the Unit we had access to the

study, so I received his interpretation, had my own photos,
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and did my own verification of his work.

G When you say the Unit commissioned the
study, the unit operator, in your understanding is that who
gave whatever instructions were given to Mr. Goldsmith?

A Yes, that's correct,

Q Okay. 1f we could take a look for a mo=~
ment at your Exhibits One and Two, maybe I can just pull
down part of this, 1'd like to refer you, if 1 could,
please, to Exhibit Number Gn@. which is the structure map on
top ©f the A, and ask you, if vou would, to locate for us

the Canada Ojitos Unit wWell No. 22.

A In Section 20 of 26 North, 1 West.

Q What's the status of that well, if you
know? |

A I have no idea.

Q Can you locate for us the Canada 0jitos

Unit Well No. 217
A Section 32 of 26 North, 1 West.
& : Do you have any ldea of what the produ-

cing status of that well is or the rates of proaduction?

A No, I don't,

Q Canada 0jitos Unit well No. 24.

A In Section 8 of 25 Horth, 1 West.

0 Same questions. Do you know historical

or present production on that well?
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A ¥No, I don't.

Q And finally, a well down in 31 on this
map, it appears to be marked 26 Unit.

A Yeah.

Q Do you have any information on the pre-
sent or past production of that well?

A Ho, I don't.

Q Looking at the well in Number Eight, the
Canada Ojitos Unit 24 weli, on Exhibit Number Two. If that
well had been included in the A~A' cross section, where
would it have fallen on that cross section?

A Approximately in this location here.

Q Batwaen ~- it looks like you're indica-
ting about halfway between two other wells on that cross
saction. Could you tell me what those are?

A That would be the unit Ho. 32, the J-6;
Unit No. 11, E=~10.

Q And am I correct that you were indicating
about halfway between those two Qells is where that one
would appear?

A Yes, approximately.

¢ Okay. Similarly, locking at the 26 Well
down in Section 31, if that well had been included on the C-

C' cross section, can you indicate about where it would be

located?
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You mean on the cross section?
Yes, the 26 Well.
It is on the cross section.
Ch, it is on the cross section?

Yes, that's correct.

o O O » 0O

Okay. That was just a misinterpretation
of your ==

That's all I've got on those two, thank
you, sir. |

1'd like for you, if you would, please
sir, to turn with me to the second page of the last document
you've discussed called Geoclogic Conclusions.

The first sentence of paragraph number 8,
would you read that, to yourself is fine?

A Core micrographs show that reservoir
storage capacity and permeability derives from a system of
large open fractures fed by a network of microfractures.

g Could you explain to me your opinion of
that network of microfractures? Just fill in what those
words mean and explain that to me, 1f you would?

A Okay. As we noted in the photomicro-
graphs, basically your attention is immediately drawn to the
fact that you have large open fractures which run through
the rock. In one of those, well, actually in both of those

plctures you appear to have fluorescing zones that feed into
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the large open fracture, because -- particularly on the
second photo, because the fluorescing zonas, the much thin-
ner fluorescing zones cut individual grains and also separ-
ate the individual grains, you interpret those as being a
tectonic related phenomenon; i.e. microfractures in this

case, That's my -~

A -~ analysis of it.
Q Do you ﬁava ~= can you give me an indica-

tion of what sort of transmissibility cne cught to expect in
a microfracture?

A Ch, I have no idea. Relative to
something else or on its own, 1 have no idea.

Q Towards the latter part of your testimony
this morning, you were discussing something and 1 missed
part of it, but let me ask you and see if you can refresh my
recollection, that had 0.2 of a millidarcy permeability?

A You mean my testimony this afternoon? An
arithmetic average for the core analyzed data on the Mallon
core indicated a permeability of .02 milidarcies.

Q «02 millicdarcies. Is that == is that
from the microfractures or is that from something else, in
your opinion?

A Ckay. The actual data that gave rise to

that average comes from slug samples in that particular core.
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And routinely, as a group, what happened was we selected
particular intervals to sample with slugs. Those intervals
routinely or uniformly, anyway, were in zones that had
higher sand, silt laminae percentages. 350 we were trying to
addreass the problem of what exactly the matrix properties
were and that, becaugse of that, I feel that that permeabil-~
ity is probably representative of the actual matrix perme-
ability. |

Q When ybu began this morning deciphering
your Exhibit Number Two with the cross section, you pointed
out that that had a scale of one inch equal to 2000 feet in
order, 1 believe your phrase was "to avoid false impressions
of dip rate.®

A That's correct.

Q That's a danger with Exhibit Cne, 1is it
not, with the three scales? I mean just looking at that
without realizing the scales, some concern in there.

A Yeah. strictly -- strictly from a, you
know, from a visual viewpoint you may get the impression
that up next to the ocutcrop you in fact have legs dip than
you in fact do. The main reason why the structural cross
sections axist is to show exactly what's bappening in a
structural view in the reservoir.

As 1 said earlier, if continue the 100 or

the 50 foot contours up te the outcrop, you'd lose all con-
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ception o¢f what kind of well control is -- actually exists
in that east part of the Mancos.

Q I believe you indicated that you hold the
opinion that the fractures 1ndicaped on the surface repre-
sentations should not be expected to be duplicated at reser-
voir depth. 18 that correct?

A ¥hat I indicated was the multi-direction-
ality of the surface fracture distribution will probably ex-
ist at depths because it exists at the surface. The fact
is, however, you're looking at the tertiary units on the
surface that show the kind of system of fractures. You
wouldn't expect the exact same fracture identified on the
surface map to exist in the exactly the same position in the
subsurface, ‘or it may not even be the same fracture in the
subsurface. All I'm saying is that the tectonic forces that
gave rise to the conjugate system on the surface certainly
gave rigse to a conjugate system in the subsurface and it may
not bear a direct correlation between what you see at the
surface.

MR. PEARCE: Thank you. That's
all 1 have,

MR. LEMAY: Point of clarifica-
tion on your Exhibit Seven. 1It's only one page, 1Is there a
-~ it stops right there. 1Is there a second page to that?

A No, it's one page,
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MR. LEMAY: Yeah, there's one
page behind the cover page. You said two pages. You just
~= the title of the actual report and then the excerpt would
the first sentence of that zecond page? "If fracturing is
performed in the ..." and then it stops. Isn't there a =--

A Ooh, no, the first second -~ the first
sentence of the second page is the relevant, you know, sen-
tence.

MR. LEMAY: I see, the rest is
not relevant.

A Well, the second sentence, first and
second sentence, excuse me.

MR, LEMAY: Okay, Prank?

QUESTIONS BY MR. CHAVEZ:

G Mr., Ellis, in your first sentence on your
geologic conclusions you say that structural mapping and
cross sgections indicate that the pools are genetically re-
lated and behave as a single, unified structural entity.

How does structurally mapping and cross
sections show that the pools behave as a single unified
structural entity?

A I drew the conclusions that the three
structural elements, the noge, the syncline, and the mono-

cline, are genetically related because of the absence of any




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

136

kind of thinning associated with the units across the pool.
In =-- in routine structural geclogy one thing that we 1look
to to try and establish discontinuity, at least structural
discontinuity in a particular situation, would be that kind
of thinning over the top of the structure, indicating some
kind of c¢older paleo-gstructure was operative and also any
faulting.

Now the absgsence of both thinning and
faulting let me to belie#e that the same tectonic forces
which would be Laramide in age in this particular basin, are
raeasponsible for the development of all three structures.
Since they're genetically related, therefore, I believe they
behave as a single unified structural entity.

Q By "behave®™, I guess I don't understand

what you mean by “"behave®.

A Well --
8] Could you explain that, please?
A Yeah. The fracture system that probably

gave rise or -- let me back up.

The tectonic forces that gave rise to the
development of these structures probably also gave rise to
the fracture (a portion of this answer lost due to changing
of tape.)

Q Did you look at any faulting outside of

this study area?
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actual prodﬁcing gas/eil ratio, the thing that's most ob-~
vious 1is during the month of September through December the
0il production took a pretty dramatic drop, mainly as a re-
sult of the curtailed production beginning September 1st,
and also we see, which is unrelated to that drop, a fairly
sﬁbstantial increase in the gas/oil ratio that also leveled
off during the September through December.

Q The bottom 1line on the plot 1is the
gasfoil ratio; the top line is the producing rate?

A Yes, sir, that's correct. The top is the
barrels of oil per month and the gas/oil ratic during Decem-
ber was about 5700, which would be the lower line.

Q Okay. Iet's turn to another example un~
der Mr., McHugh's wells, let's turn and look at the Native
Son No. 2 Well, and if you'll find the graph that shows the
tabulation of that production.

A Okay.

Q - All right, sir, would vou describe for us
what significance this has for you? |

A Here again where we're dealing with ac-
tual barrels of oil per month and gas/oil ratio, again dur-
ing the month period September through December, which would
be the later two divisions on the graph, there is two months
per division, we see a fairly substantial reduction in the

0il and we also are observing that the gas/oil ratio is con-
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tinuing to incline and during the month of December it was
about 3%50 cubic feet per barrel.

Q All right, and finally, let's turn to the
Mesa Grande Resources wells and find the Gavilan Pederal No,
1.

Again describe for us what's occurring
with relation to the producing oil rates and the gas/oil
ratio rates.

A This again is -- it's evident that during
the months September through December the oil rates have
been reduced. Prior tc our reduction the oil rates were de-~
clining, the gas/oil ratioc was inclining. Since reduction
the gas/oil ratio has continued on a general incline.

Q What significance do these three particu-
lar examples have with regards to your concerng about the
production in the Gavilan Mancos area?

A The primary purpose for pointing out
these specific wells is they are eitﬁer large wells or walls
that had a high gas/oil ratio. Even with the reduced pro-
duction levels that were dictated with the allowable reduc-
tion order September through December. We are continuing
experiencing increasing gas/oil ratios throughout the pool,
and again in wells operated by all operators.

Q Turn to Exhibit Number Three, ¥r. Roe,

Would you identify Exhiblit Number Three for us?
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A Well, as part of my overall regional work
I'm aware of the vary substantial magnitude of faults in the
immediate area, yes.

Q Well, why wouldn't you include other
faults in the immediate area as part of this genetically
similar area that you're calling a single unified structural
entity?

A Okay, the specific faulting that I'm re-
ferring to would be that‘associatad with the Racimiento
hountain front. That, a&s you know, has many thousands of
feet of relief across the fault and there's probably some -~
some form of high or reversed fault.

Because of the tertiary units next to the
fault, we believe that that particular fault has younger
movement on it; therefore, you know, and you're -- the ob-
vious conclusion there is that you have a much younger fea-
ture that is operatiVe.

Now there could also be a much older fea-
ture operative in there. You've got & basement high -~ ex-
cuse me, a PreCambrian rock high to the east of the actual
fault lines. It's just a totally different animal.

Q That's just to the east, isn't it?

.4 It's not directly east, no. It's south
about two townships, about -~ ahout fifteen miles.

Q I8 there other faulting to the southwest
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and west or to the north of this area?

A Gh, there 1is faulting throughout the
area. As may not have been clear is there's normal faulting
all over the area. In fact on the structure map, if you
lock in the northeast part of the map area, right agalinst
the boundary of the East Puerte Chiguito Mancos Unit with
the W®West Puerto Chigquito Pool, there's a very significant
normal fault with throw approximately 300 feet and there |is
quite a bit of minor, norﬁal faulting in the area, ves.

Q S0 as far as being genetically related,
you're not excluding other areasa on the, say, on on the
east sgide of the San Juan Basin as being part of this uni-
fied structural entity?

A ' Oh, no. 1 believe anything associated
with the wmonocline itself is part of the sgsame tectonic
force. The monocline appears to have largely a Laramide age
structural development and anything assocliated with the mon-
ocline on all sides of the basin 1 believe to be genetically
related.

4] On the seocnd page of your geologic con-
clusions, actually starting with number 6§ on the first page,
you mention plastic lithologies and you mentioned that also
in your testimony concerning the cores. Are you saying that
the plastic lithology is what closes fractures that might

otherwise communicate between the A, B, and C Zones?
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A Yes, I think that's a distinct possibil-
ity.

Q ¥hat do you base that conclusion of plas-
tic lithologlies on?

A well, a lot of -~ a lot of the technical
literature has given quite a bit of verbiage to the rock
machanics of different rock types and bhasically the massive
lithologies, and particularly this lithology, which is lar-
gely shale and muﬁstane,' you know, bhehaves in & plastic
fashion relative to what I would call the more brittle
zonag, which are, as 1 mentioned earlier, extremely hetero-
geneous in both vertical and horizontal diresctions.

4] You say a lot of literature gives much
attention to this., 1Is there any specific documentation that
you have about plastic lithologlies and brittle lithologies
concerning this particuler area?

A well, I couldn't give you & title but
mogt  of the work has really been done in the A & M rock
mechanics lab by a guy named Sterns, and a reference to that
author would probably give you some of the information you
naed.

] And he deals with these lithologies lo-
cated in this particular area of the San Juan Basin?

A Oh, 1 doubt if he's got a Niobrara rock
in his lab.
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Q Is it possible, then, in your work in the
San Juan Basin to trace the Niobrara from the west side to
the east side on -- baged on logs and all of the MNiobrara
lithology across the San Juan Basin?

A Okay, there is definitely a stratigraphic
interval that people call the Niobrara that extends f£rom
wast to east across the San Juan Basin. The lithclogy with~
in the HWiobrara changes dramatically depending on the orien-
tation of your traverse acicss the basin. Wie're dealing in
a very localized area here within the pool with & very con-
gsistent and uniform stratigraphic interval.

Q In your Exhibit Number Two you have shown
across all three cross sections where you have -~ where the
application for the expansjion of the existing West Puerto
Chiquito Mancos Pool (inaudible) at a township line between
1 West and 2 West.

Do you fully agree with that on the basis
of your study of the structure?

A Well, I believe that boundary would be
between 2 West and 3 West.

Q I'm sorry, you're right.

A Yes, 1 do, and as I mentioned earlier,
it's == it's &a mere coincidence that the proposed west
boundary of the pool also happens to coincide with the cur-

rent production limits in the Gavilan Pool as we know it.
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There |is, in fact, as I mentioned
earlier, that dip flattening to zero degrees at the west
side and I think the change in structural form as you move
across the range line into 3 ¥West, that supporte the idea of
a west boundary along the range line.

Q when you say change in structural form,
what does that mean?

A 1f you look at the structure map, at
least to the west of the range line, you'’re not dealing with
a panel of dip, but a panel of west dip off of the Gavilan
nose any more. In fact what you've done is you've rolled
out at the bottom of that particular panel of dip and, vyou
know, have had no, you know, outstanding structural form
entrenched through there,

Q Okay, 80 the change itself from some dip
to no dip itself indicates to you that you have a change in
structuré that would indicate a change in the common source
of supply?

A That -- it's & possibility that the mech~
anism of production or mechanism of -~ yeah, mechanism of
production could change at the range line. Wwe don't have
sufficient production data west of the range line to com-
pletely divorce the production in 3 West from the production
in 2 West.

1t seems ot me that the change in struc
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tural form is at least arguable at that point and that's one
of the reasons why the application specifies the west bound-
ary in that location.

Q Then could I interpret that as (unclear)
geologic reason for ending the pool at that =~ at that
point?

A That's correct.

¢ In studying the three cross sections you
have, you also show other places where there 1is geologic
change, specifically on the top cross section just to the
right of the Range 2 West, Range 1 Hest line you show where
you have a change in structure at that point. You're
starting to get a rise in dip through the Gavilan nose, is
that correct?

A To the west of -- yeah, correct.

Q But that particular geological feature
itself does not indicate a change in pocl (inaudible), does
it?

A Basically i've related the three
structural elements already and then shown that there's a
continuity of multi-directional fracture distributon across
that zone there would link the -- link the two or three ele-
ments together.

Q But you've already said that there were

mono-directional fractures all through the area in that part
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of the San Juan Sasin.

A That's correct.

Q Why particularly here does this create a
difference when you have a change in dip?

A A difference meaning what now?

Q Well, there are fractures all over this
area. I think, if I understood you correctly, but particu~
larly here at this point they indicate you've got a common
source of supply, although you do have a change. in dip,
where those fractures, say, betﬁeen Range 2 ¥West and 3 West,
you don't show ~- vyou say there they are different sources
of supply.

A Yes. That, well, I believe, you know,
what I was trying ot indicate was the structural form
changes at the range line. You're no longer dealing with
discrete elements that hehave together as a single entity,
the nose, the synclihe, and the monocline interchange to the
west of the range line, even though you've got indications
of tectonic fractures, you just don't have the structural
intensity, if you will, to the west of the range line, and
therefore there's a possiblity that, you know, it's truly
not part of the -~ the West Puerto Chiquito nmechanism of
production.

Q And a change in structural intensity is a

criteria?
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A Yes, I belleve it is.

Q Well, is there an intense «~- is the
structural intensity in the Gavilan different than {n the
west Puerto Chiquito Mancos?

A You can see that most of the pool based
on the dip rates on the cross section is in == it is consis~-
tent. A8 you move, obviocusly, as you move up onto the out-
crop you dget a very dramatic steepening in dip and, you
know, but the most, the majority of the pool is all at a
very low dip rate.

¥R, CHAVEZ: That's all I have.

MR. LBEMAY: Hr. Brostuan.

QUESTIONS BY MR. BROSTUEN:

Q Mr. BEllis, in your resonse to ¥r. Chavez'
racent =—- not the most recent question but did you state
that there is a faulting in the Gavilan area? Is that what
you were saying?

A Oh, well, at the scale on the cross sec-
tions, of the structural cross sections, that is, we don't
gee any significant faulting in the area. We do know, as
for example on the stratiqraphic cross section, that the
minor changes in thickness you note in those intervals is
probably due to minor normal faulting.'

Q I see. So you're not saying that fault-
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ing i3 not --

A Oh, no.
Q -= peccurring in the other area?
A Oh, no, it's very small magnitude. The

throws would be on the order of, vyou know, 1less than 50
feet.

G Then your interpretation, the lineations
that you're presenting here on Exhibit Pour, I believe, are
the surface expression of the subsurface fadlts. which might
be referred to as minor faulte?

A I don't think there's continuity between
what exists at the surface and what exists in the subsur-
face, but the presence of a multi-directional fracture dig-
tribution indicates that tectonic forces were active to
create a conjugate system in the area and in -- at the re-
servoir level there is probably a conjugate system devel-~
oped. | |

G Yes. I'm not implying that what we're
seeing on the surface, the lineations here are surface on
down but they are related to -~ to structural features that

exist at depth.

A Well --

Q There is a relationship.

A Well, yves.

Q A cause and effect, you might say.
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A Yeah.

Q Okay. Referring to your well log, or
your cross section, this one here as Exhibit Pive, and right
now I haven't opened it up but I'm looking at your =~ the
Unit W#Well B-18 in Section 18, Township 25 North, Range 1
gast,

I'm noticing that on the -~ on the gamma
ray curve over here it appears that most of the perforations
are coincidental with the clean zones. Is that because
these are the inner zones, the more brittle zones, which
would be -~ tend to fracture? Is that what you're saying?
Qr do we show some -~ are we showing a sand? Are we ghow-
ing limestone, or what are we showing here?

A Yeah, well, that's a big problem is
trying to calibrate the log response to litholegy and
that's one of the reasons why the core data is so helpful.
In fact, 1 think the reason why those zones have been per-
forated routinely in the cleaner intervals is because of a
resistivity response in those intervals. 1 think it's for-
tuitous, though, that it appearg that these cleaner zones,
we'll say cleaner, but in fact you've seen the core photo-~
graphs indicate that it's highly laminated. You might have
& higher percentage of those individual silt and sand lands
in a particular interval that will result in a gamma ray

looking cleaner than the 100 percent shale line, for exam-
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ple, and, you know, that I think is the reason why we've
perforated in this past with just the resistivity response.
I mean the indications of higher resistivity in those
cleaner zones.,

0 Well, it appears to me that some of the,
some of the clean -- what I've heard of the clean zones on
these gamma ray logs look rather significant.

I've also noticed that there was in your
exhibit in the E-6 there's a discrepancy between the log
depth and the core dapth, and I'm assuming what you've done

is you have adjusted that?

A We've adjusted that.
Q You've adjusted that.
A Yesh, the actual cored interval indicated

about 8 feet low to the actual log entered.

Q On that same axhiblt you show the com-
pogita fracture log'and the -=- on the far right of the com-
posite fracture log you have a fracture index qoing from low
to high, and I would -~ assuming that the low, on the low
side of the curve we're looking at that portion of the sec~
tion which would have a less fracture density than on the
right, is that correct?

A Not necessarily fracture density as much
as just the mere presence of fractures.

1f you're looking at the low side of the




10
n
12
13
14
15
16
17
18
19
20

21

23
24
25

148
frcture index all that's tellling you qualitatively is that
those =-- that that log suite, those four logs that go into
the makeup of their composite fracture log, are not indicat=-
ing fractures present at that particular interval, or at
that particular foot.

Q 80 -

A It has no real bearing on fracture intaen~
sity per se.

Q Or fracture frequency? Does it have a
bearing on fracture frequency?

A Ko, no, huh-uh.

Q Then I guess I fail to understand why you
have included the core fracture freguency visual from the «-
from the core when it appears to be that there is little re
lationship. (Not clearly understood) relationship but look-
ing at the section from, say, 7170 to 7190, perhaps, we're
showing a number of fractures went through that section
whereas it shows very low frequency on the other, on the
fracture index curve.

A Yeah, okay. A lot of that could be re-
lated to the actual tool sensitivity, you know. Obviously,
you know, it's going to see different scale effects in the
borehole than the visual examination of that very rock in-
terval, and that's the difference there, is, you know, when

you're examining a core foot by foot there's a much greater
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likelihood, obviously, than you're going to pick up indica-
tions of fractures.

The tool operates in a very isperfect en-
vironment.

o Thank you. Are you aware of any porosity
logs that were run in thesge wells? Did you examine any por-
osity logs?

A Yeah, we've got, I guess, every well that

McHugh has operated we've had a CHL/PDC log run on, yes.

0 And a sonic, perhaps, for a well or --

A Some of the later wells we've run sonic
logs on.

e 1 see. And what do you ~~ I know it's

very difficult to answer inasmuch as you don't have a 1log
before you, but what -- what have you seen on these logs
that =-- insofar as porosity is concerned in some of what
I'1l refer to as the cleaner zones on the Niobrara logs that
have been presented here?

A Yeah, that would be a tough =-=- tough
questions to answer, [ ~-

¢ You must have formulated some opinion,
though.

A Yeah, vyeah. Based on the core data, now
the core data, I think, is much more relevant here because,

you know, obviocusly looking at the actual rock data, vou
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know, has some merit, we havae felt and have gone on record
bafore as indicating that we don't feel the porosity logs
are giving us any held whatsoever in the clean zones.

The c¢lean zones, in fact, are dirty.
They are clean relative to the 100 percent shale line but I
don't think the log suites that are available are helping us
in any exact fashion to determine what the porosity is in
those rocks.

I think the more relevant parameter,
anyway, is permeability. You know, there's going to be a
non~zero porosity in any of these rocks we analyze but
unfortunately we're dealing with, you know, microporosity,
which is8 in effective.

Q From your experience are we looking at
primarily one percent, less than one percent, greater than
one percent, porogity? What --

A Waell, I think the rock data ranges

anywhere from --

Q Ho, only from your log analsyses, I'm
saying --

A Oh, okay.

Q -- and not looking at the core analyses.

A Yeah, well, 1 ~- I'd have to be quite

honest with you, I don't even use the CNL/PDC log.

Q I see, How many of thesge wells have been
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-- 18 it custam&ry procedure to core these wells through the
Nliobrara phase?

A Well, unfortunately, no. I wish we had
more core data but we've got basically one Mobil core, the
Mallon core, a very limited interval cored in one of the
other Mallon wells, and then I believe it's two Unit wells
have some early core data.

Q S50 your =-- your porosity data based on
core analysis is very limited, would you say that?

A Yes, it is,

Q And insofar as your core data from log an-
alyses, {it's nonexistent because you don't lcok at those

logs, is that correct?

A Well --
Q You don't have any faith in ther?
A Yeah, 1 basically don't use the density

log at this point in'my reservoir analysis, based on earlier
experience. I started out using them pecause I had come
from a matrix reservoir background where logs mean some=-
thing, and it's just my opinion, based on my early exper-
ience that the logs are not very helpful, 80 1 do not use
them at the present time.

Q Also in your response to ¥Mr. Chavez, and
1 apparently missed part of it, I wish you'd refresh my

memory or help me to understand, you said that you had taken
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the plug samples from the core on this (not clearly under-
stood) that you saw where they had been extracted?

A Yes.

Q And where you'd done the tests on those
plugs to determine porosity or/and permeability?

A That's correct.

g And you said that the permeability that

you saw there that was presented was essentially matrix per-~

meability?
A Yes, I believe it was.
e And what gort of permeability are we

talking about here? I missed the numbers; you said you didq
present them.

A Okay, sure. Let me -~ let me just pre-~
face that remark or the answer to your guesztion with a re-
mark.

In the actual process of cleaning the
samples we -- well, let me back up.

We wished in our analysis of the core to
fully address the matrix question and we felt it necessary
amongst the group to do the best job we could as far as get-
ting accurate saturation data. 50 we used the (not clearly
understood) procees for that reason. In the process of
doing that, and the toluene cleaning process that follows

the (not clearly understood), we ended up with the dehydra-
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tlon. cracks in many of the plug samples and were forced to
qualify the permeability numbers with respect to that data.
In fact, 1it's probably not usable because any time you've
got a horizontal crack in a plug, why, you're going to af-
fect the horizontal permeability.

| Okay, so that data needs to be thrown
out. When you do that, vou end up with about 63 samples
that apparently don't have any dessication cracks in then
and just remembering from remory, 1 think the average poro-
sity for the plug analyzed samples was somevhere in the
range of 2 to 2.2 percent, but when you factor out the sam-
ples that have been contaninated by cracks, the permeabllity
numbers range from a low of .003 millidarcies, 3/1000ths of
& millidarcy, to a high of .08 millidarcies, 8/100ths of a
millidarcy, and the average, the arithmsetic average would be

Q Okay, thank you, very much.

QUESTIONS BY MR. LEMAY:
g I just have a quick one, Mr, Ellis.
Somewhere I guess I've read in the liter-
ature and I wonder if you could comment on it, that the fre-
guency of fracturing is somehow related to the calcium car-
bonate in the rock. In other words dolomitic or limey sec~
tions will fracture gasier being more brittle.

Is that fair to say that's the case in
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A Yeah, I think that's probably very like-
ly. One of the early studies done on the B and C zones in
the unit was directly on that point and they concluded that
the dolomite percentage in the overall interval had & signi-
ficant contribution to the brittle nature of the (unclear.)

Q And those, if you're looking at the log,
would be in the more highly resistive areas and that's why
those are the areas that are perforated?

A Yes, I believe that's true. The 2zones
that are not as resistive are probably §ning to be the more
massive lithologles, the shales and nmudstones.

MR, LEMAY: Additicnal queg-

tions?

QUESTIONS BY DR. S2ZARO:

G Are you implying a system of open frac-
tures, the cracks that are more or less continucus in the
regervolr?

What I'm looking for or fishing for is
what propping agent keeps the fracs open?

A Excuse me, beg pardon?

O What propping agent would keep the frac-
tures open?

A Ckay. I believe that the situation in
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the raservoif, becauge you have such a tremendous anmount of
hieterogeneity in the resexvoir, that the fractures are open
primarily because of heterogeneity but also because of the
structural form of the reservoir.

Obviously, 1f you get in flexion points
on the resarvoir you're going to have a greater number of
open fractures at that peint, but you also have the, I
think, fairly uniqge situation in the Niobrara of having
very thin bedded and highly laminated lithologies that allow
you because of the way the rock necessarily was Dbraced to
keep the fractures open.

G what would have prevented the nmigration
of the ligquids down dip by gravity if these fractures were
open?

A Well, nothing. HNothing within the brit-
tle zones in the reservoir, You're not going to have any
restriction, I feel, to == along -~ along the reservoir
units down there.

Q Then we should expect a gas cap with
liguids segregated at the bottom.

.Y Well, there's golhg to be some segrega-
tion within each individual reservoir, yes.

Q Aside from economic screams of anguish,
then, is8 there any reason why you shouldn't prohibit the

production of gas except for recycling in order to maximize
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the return of liguids from the reservoir?

A Well, that's an engineering question and
1 think you know that.

g So essentially the fluids would migrate
down 1if you created your gas build-up with gas recycling?

A 1 think there's probably going to be seg-
regation within the individual reservoir units, that's cor-
rect.

Q Yes, lost gas that affects the loss of
recovery by keeping fractures open, possibly.

A Well, 1I'm not sure I understand vyour
gquesgtion.

Q In other words as long as you maintain
your reservoir pressure it keeps them from collapsing.

A Ch, vyeah, 1 expect that's certainly pos-
sible, yes.

MR, LEMAY: Additional ques~-
tionsg? |

MR. HOMPHRIES: Mr. Chairman,
I have a couple.

QUESTIONS BY MR, HUMPRIES:
0 Mr. Ellis, for the most part you quys

speak English and I understand it, and this mwmay be a little
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bit more hypothetical than some people would like but, for
my knowledge, if there were a restrictive barrier in bhetween
the Gavilan Mancos Pool and the West Puerto Chiquite Pool,
what would I see on your structural cross section?

A Well, there's a number of examples that
come to mind. If you want to see a truly definitive barrier
between the two, maybe a fault with a magnitude of 500 feet
would help.

G fesides that, and since we're saving that
there is apparently no fault similar to, I forget the term
you used, but minor faults with 50-foot throw, or something
like that, would there be other things, other geologic fac-
tors that might separate these?

A Well, 1if you had some laterally discon-
tinuous stratigraphy in operation in the reservoir, it's
just possible you ¢ould have, you know, some kind of a bav-
rier at some point.

Q - If I understood you right when ¥r. Chavez
was asking you questions about that separation in Range 23
West, you started to see some changes in the geology there
and in this particular formation more specifically, but you
don't have information that tells you exactly where that
stops, is that --

A Well, I think I was referring to produc-

tion information. We don't know that, you know, that tha
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wells on the west side of Gavilan are not somchow similar to
the production west of the line.

There 1is a structural discontinuity is
whnat I was alluding to and it was --

9 Poes that structural discontinulity becona
more pronounced at, like, Range 4, between 3 and 4, or does
the information HJust run out as far as vyou're concerned,
where the production knowledge is not important to you?

A Oh, well, yeah, well, obviously produc-
tion information is important. I think maybe I wasn't mak-
ing my point clear, bHut, you know, all 1'm referring te as
geologic Justification for the placement of our proposed
weat bhoundary would ba the change in structural form.
You're going from a very well defined nose with fairly uni-
form dip panel, a west panel, to flat dipa at the range
line, and no structural form.

You know, sure, there's change in the
contour all over that but yvou've contoured a S0-foot intar-
val. If you want to look at that onvthe structural cross
section, why, it would be expressionless, completely, you
know, flat in wmy mind, at least at that scale,

G Okay.

A All right, I'm, you know, talking about a
change in structural --

Q AL the west side of what's now the Gavi-
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A Our proposed pool, yeah.

Q If I understood you right, and the dif-
ference in the rock between the production zones A, 2, and
C, that we've been talking about here, vyou say that there
afe certain plastic gualities or lithography assoclated with
that, that keep production from going back and forth between
A, B, and € Zonaes, is that right?

A Yeah, it certainly has the potential to
restrict fluid flow in a vertical sense reservoir-wide. 1
think vyou've got tremendous communicated fluid flows within
these individual brittle zones that Ive alluded to , but the
plastic nature of the rocks around them would, 1 feel, re-
strict the fluid flow in a vertical sense throughout the re-
Servolir.

0 S50 in your Exhibits Three and Four ig «-
would there be some necessary assoclation of structural
cross s8ection that might indicate é barrier between the
brittle zones of West Puerto Chiquite and Gavilan Hancos at
this point?

A Within the brittle zones, no. 1 believe
there's a fair amount of established lateral contlinuity
within the brittle zones across the pool.

0id I answer your guestion?

Q I think so0. And then going back to r,
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Chavez' line of questioning, out at, again, at the west and
of this particular c¢ross section that you're talking about
here, are you saying that that fracturing doesn't exist at
the wegt end of that or I thought I understood you to say it
does.

A Yeah, well, at least as we see on the
surface fracture maps there is a kind you could set that ex~
tends west of the range lines, yes, that's true,

I was =~ in answer to Mr. Chavez' ques-
tion, I made reference to structural intensity as a guide to
developrent of sufficient reservoir permeability to gilve
lixe kind production between the three structural elements.

I don't Xxnow whether I answered your
question or not,

Q Just one more time for my clarification.
Then at the west end the reason that the so-called
fracturing that you've described as one of the reasons why
there 1is no barrier between Gavilaa}ﬁancos'and West Puerto
Chiguito, along with the information that you got in these
prittle zones, le that the entire formation changes for soma
reason somewhere between Section -- or Range 1 and Range 4,
and therefore the fracturing is not particularly relevant at
the west end as it is at the east end?

A Well, Range 2 and Range 3, you mean?

Q Well, yeah --

A See 1'm drawing the line ==~
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o -- the information stops somewhere between
Range 3 and Range 4, you said.

A Ch, no, no, I said =y, you know, the in~
formation stops between Range 2 and Range 3. Range 4 isn't
represented on the map and 1 was referring to production
information. At least the surface fracture map indicates
that there are fractures that extend across that line.

What I was saying is that the structural
intensity appears to be consistent throughout the pool area,
whereas when you cross the range line into 3 wWest, because
of the structural form indicated on the structure map, you
have lost that structural intensity and therefore those
brittle zones in the subsurface that produce the oil in the
Niobrara are going to be, you konw, a Qifferent animal, bés-
ically. There may not be the continuity, lateral continu-
ity, of permeability in the reservoir.

Q B0 that gives you a geologic boundary to
the west end of the present Gavilan kancos Pool.

A That's correct.

] Okay, I understand. Thank you.

¥R, LEMAY: Any additional
questions of Mr. Ellis?

If not, he may be excused.

Care to call your next witness?

MR. KELLAHIN: VYes, sir.
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MR. LEMAY: Mr., Kellahin?
{There followed a brief recess.)

MR. EKELLARIN: Gentlemen, my
next witness is Mr. John Roe, who's a petroleum engineer for

Dugan Production Corporation.

JOH® B. RCGE, JR.,
being called as a witness and being duly sworn upon his

oath, testified as follows, to-wit:

DIRECT EXAMINATION

BY MR. KELLAHIN:

Q Mr. Roe, for the record would you please
state your name and occupation?

A Okay. My name is John Dale Roe, Junior.
I'm a petroleum engineer for Dugan ércduction Corporation.

i+ Mr. Roe, have vou previously testified
before the 011 Conservation Division of New Mexico as a pet-
roleun engineer?

A Yes, sir.

Q Did you provide testimony to this commis~
sion in the August, 1%86, hearings with regards to certain

of these cases?
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A Yes, I did.

Q And have you continued to study the in-
formation available from the Mancos reservoir, including the
Gavilan Mancos area of this reservoir?

A Yes.

MR. KXEBLLAHIN: HWe tender ¥r.
Roe as an expert petroleum engineer.

MR. LEMAY: Qualifications are
acceptable.

Q Mr. Roe, let me direct you to what we
have marked as Dugan Exhibit Number One and have you ident~
ify exhibit.

A Okay. What I've marked as Exhibit Number
Cne is four pages with -- of data that is organized by oper-
ator and then alphabetically under operator by well number,
and it is an attempt to present, one, an idea of what wells
are involved in the Gavilan Mancos Pocol. 1've given the lo-

cation of each of the wells, the completion date, the actual

production, that each individual well had during December,

1986, and 1've presented the cumulative production of each
individual well as of January lst, 1987.

Q At this peint, Mr. Roe, approximately how
many operators do we have in the Gavilan Mancos Pool?

A There officially are ten operators within

the Gavilan Mancos 0il Poool.
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o And ag of December of 'B§, how many pro-
ducing wells did you have in the Gavilan Hancos Pool?

A During December there were 49 wells that
actually produced, that had production.

In addition to these 49 wells there were
21 additional wells that are complaeted, ready to produce, or
being completed for production.

Q In addition to that, sir, how many staked
locations were there for the pool?

A - There were 15 additicnal locations, brin-
ging a total of 85 potential wells within the Gavilan Hancos
Pool area.

Q This can be utilized, then, as a guide or
an index to helping us understand who operates what wells
and shows us how to identify those wells and shows when the
wells were completed and the production information.

A That is correct.

O - Al} right, sir.

Let's turn to Exhibit Number Two now, Mr.
Roe, and have you identify that exhibit.

A Exhibit HNumber Two is a much more de-
tailed compilation of the production statistics for each of
the wells in the Gavilan Hancog Pool area.

It <= in the front portion of this exhi~

bit there are some green shaded pages that present the pool
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production and this would be the total frbm the pocol for all
wells within the pool.

You'll note on the first page that pro-
duction from the pool began in December of 1980 from a well
operated by Dugan Production, and it by month lists produc-
tion data through December, 1986.

Q Okay, 1if we turn past the green sheets
and we have the pink sheets, what are those?

A All right. The pink sheets list the same
type of information but for each individual operator, again
from the date of first production that any individual
operator had production in the pool through December, 1986,

Q I want to look up individual well produc-
tion information, can I turn to the white sheets in this ex-~
hibit?

A Yes, sir, the white sheets are -- there
is one sheet, or at least one sheet, for each well that's
within the Gavilan Mancos Pool Area and in addition., asso-
ciated with the tabular data, is a production plot for each
well.

G In looking at the individual well infor~
mation for the Gavilan Mancos Pool, I would like to have you
tell me how I find the individual wells by an operator. Are
they 1listed alphabetically by operator in thisg portion of
the exhibits?
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A Yes, sir, starting with the operator is
the first index of our ~- our listing, and then within each
operator we are alphabetically by well.

80, for instance, if we were to turn to a
well operated by Jerome P. McHugh, we put it first under the
séction ~= I have not put dividers in here to divide the
operators but would look to the section that McHugh's wells
are listed and then the Janet No. 2 would be alphabeticallyl
within McHugh's group of well data.

Q If we turn to Mr. McHugh's Janet No. 2
Well, there will be a separate page by which vou have tabu-
lated the production and then there will be also a graph
that shows the gas/oil ratio versus the oil production
rates?

A Yes, =s8ir. I have not marked this parti-
cular page in all books but in several cf the books I've put
a little yellow tab and it would be the first of three tabs.
That would be the production curve fdr the janet No. 2, yes.

Q All right, let's look at the production
curve for the McHugh Janet No. 2, and»ask you to describe
how we wmight use this graph to realize information about
this particular well.

A Okay. The things that are moat obvious
on this graph, other than it does present the actual barrels

of o0il per month that were produced from the well and the
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A Yez. Exhibit Number Three is a very sim—-
ilar presentation to Exhibit Number Two; however, in Exhibit
Three we have the wells and production statistics for each
well within the West Puerto Chiquito Pool.

Q Would you go through with us and identify
tﬁe various color tabs?

A Yes. This == the first nine pages in
this exhibit are shaded green and they primarily present
what would be the total pocl production, if you examine the
first page beginning in December, 1962, taking you through
becember of 1986,

Now, the difference -~ the second set of
pages, there's also nine of them that are shaded blue, the
seacnd or the blue shaded pages reflect only the Canada Qji-
tos Unit production, pretty much for the same period of
tine,

The green pages included four wells that
were —-- were not actually within the Canpada Ojitos bnit.

The pink shaded pages folleowing the blue
reflect the production within the West Puerto Chiquito Pool
that was not included in the Canada Qjitos Unit, go it would
be the balance of production in the West Puertc Chiquito
Pool, an probably a fairly important page for reference
would be the gold colored page. It's -— primarily the pur-~

pose for including this is in & lot of our testimony today,
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and the unitAoparator routinely refers to the wells by their
unit letter and section number, the State dces not recognize
this numbering system. It's a matter of convenience for lo-
catinq the wells within the unit area, so this could serve
as a cross reference between what is the official state de-
signated Canada 0Ojitos Unit well number and the conveniently
unit section number that we use routiﬂaly._

Q And finally, the white pages in this
exhibit.

A The white pages following the gold, as
with the Gavilan Pool, is monthly production =-=- production
statistics for each well within the Canada Qjitos Unit from
the date of first production through December, 1%86.

Q Let me direct your attention now to what
we've marked as Dugan Exhibit Number Pour, Mr. Roe. This is
simply a reproduction ocut of Sun's exhibit beok, it's their
Exhibit Number Two on the reservoir parameters that were
ugsed in their computer simulation of the Mancos reservoir,
Mr. Roe. The purpose of including this at this point is I
would like to have you review the parameters for me and have
you tell me whether or not you have an expert opinion as a
petroleum engineer as to whether these parsmeters are
representative of the information you have and Xnow to
exist for the Gavilan Mancos area?

A Would you like me to review each para-
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meter or just --

Q Ko, Jjust take a moment and look through
these without reading them out loud and tell if there are
any of these parameters that you feel are not reliable or do
net fairly represent the characteristics you see for wells
in the Gavilan Mancos area.

A I have reviewaed this list and I -- it's
my opinion that the information included in -- on Dugan Pro-
duction Exhibit VFour is representative of reservoir and
fluid properties not only in the Canda 0jitos Unit, but also
in Gavilan.

Q Let me direct your attention now, Mr.
Roe, to Exhibit Number Five. 1'd like to spend some time on
this exhibit, Hr. Roe. Do you have a copy before you, sir?

A Yes, sir.

Q Is this an exhibit that you have caused
to be prepared?

A : Yes.

Q And have you reviewed the information on
here to determine whether it has been correctly depicted and
accuratély represented?

A Yes, I have.

Q Would you take a moment and tell us == oOr
identity the exhibit?

A Yes, sir. This =-- a portion of this ex-
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hibit was included in Dugan Production Exhibit Number Two at
the August allowable reduction hearing, which was Case 89546.
On that exhibit that we presented in August we had data
through June of 1986. I have taken the data that is avail-
able production-wise and updated this exhibit through Decem=-
ber of 1986 and I've updated it for pressure information
through March of 1986.

And primarily what we're presenting on
this exhibit ls ~- we're attempting tc show the pressure in—
formation and the history of the reservoir pressure in the
Gavilan Mancos Pool area and along the bottom portion of the
exhinit we are presenting the voidage that we're causing in
the Gavilan Mancos pocl area, with the o0il production and
then we've got two additional curves that we're attempting
to show the range of voidage that we're causing in the
reservoir with the gas production.

Q Let's use the bottom horizontal scale
that shows in years displayed by months per vyear, starting
with August of 1984, Would you follow that for us on the
scale and at the same time in following that scale, if
you'll locate the line that has been identified as 0il Plus
Maximum Gas Voildage? Do you £ind that block?

If you read up from July, 1985 ==

A Yes, sir.

Q -= it says 0il voidage. You go up the
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next one says 0il Plus HiInimum Gas Voldage.

A Yes,

o] And then finally above that it says 0Oil
Plus Maxlmum Gas Voidage?

A Yes, sir.

Q Look at that line that I've last identi-
fied and tell me what that is.

A Qkay. That =~- that would be my estimate
of what the total volidage that occurred during any one month
from the number of wells that are identified immediately
above that line.

S0, for instance, during July of 1985 the
regervoir experienced a reduction in volume by approximately
7725 or 50 barrels, reserveir barrels, and that occurred
from the fact that 2£ wells were producing.

¢ All right, if we look at the month of
July of '8%5; we follow over into the lefthand vertical scale
where it says Reservoir Voidage?

A Yes, sir.

Q We Find 8000 and just below that, then,
is the reservoir voidage in barrels per day?

A Yes, that's correct,

Q All right. As we move from August of '84
through July of '8%, what opinion do you have about the rate

of increase in the reservoir voidage line?
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A Okay. The, during the periocd of time
that you've identified there and the time actually extends
probably up into -~ maybe through October of 1285, the
reservolr voidage was fairly constant or did not regularly
exceed about B000 barrels a day, and the number of wells
that were producing during this periéd of time was fairly
stable. It was a period of time that we -~ the reservoir
was not experiencing a great increase in withdrawal.

Q If we follow the bottom horizontal scale
and we look at 1986, did I correctly hear you to say that in
the August '86 hearing you had data available through HMay
31st of 19867

A Ho, I ~-- it was through June 30th =-

Q June 30th.

A -~ of 1986.

Q All right. June 30th of '86. If we find

that point and we move vertically and find the Reservoir
Voidage 1line again, am 1 correct in finding that at that

point we had 43 wells?

A Yeg, sir.
Q Are these producing wells?
X Yes. The numbers indicated are the wells

that actually had production during that month.
Q Do you attach any significance to the

rate at which the reservoir voidage was occurring between
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October of '85 and June 30th of '862

A Yes., It is just the -~ the Total Voldage
curve indicates we were experiencing a pretty substantial
increase in the reservoir production and that's partially
explainable by the fact that the wells producing were begin-
ning to =~ te -- or new wells were being place on production
during this time and, for instance, during June of 1986
there were 43 wells that produced, which is an increase of $
over the previous month.

Q What 1is the relationship with the in-
crease in reservoir voidage insofar as it applies to your
previous testimony in August of '86 that an emergency was
occuring or existed in the Gavilan Mancos Pool?

A Our primary concern in August was that we
had at that -- at that hearing had a sufficient amount of
pressure dJdata to -~ and as the exhibit in August had indi-
cated, the rate of pressure decline that the reservoir was
experiencing had shifted from around S pounds per month,
which would be for the period prior to, say, October, '85,
and beginning ip November or in that generally vicinity of
November, '85, the rate of pressﬁre decline increagzed to
around 30 pounds per month, and our primary reason for be-~
coming really alarmed was we could project this 30 pounds
into the future and it, as an engineer, it did not allow us

much time to make a modification to the method that we were
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producing the reservoir, if there was a method that would
result in improved recoveries, and that was what we viewed
as an emergency.

Q If we look now to December 31st of '8¢,
find that line on the bottom horizontal scale and follow it,
then, vertically, to the last input point where it shows 45
wells.

A Yes, sir.

G ¥hat is your opinion about the resgervoir
voidage that is displayed at that point in the exhibit?

A Okay. During Décamb&r, 1986, the -- as
you mentioned, we had 49 and during November there had bheen
50 wells that had production, but there was roughly 49
wells, 50, that had -- that had established production. The
reservoir voidage during December was approximately 22,100
reservoir barrels a day, of which about 4300 of that was oil
and the remainder was free gas.

The real significance in that number was
during December, as I had mentioned, during review of the
prodution statitistics in Bxhibits Two and, although I did
not mention it in Exhibit One, one of the pieces of informa-
tion presented in Exhibit One was the number of days that
each individual well produced during December.

There are many wells that are only pro-

ducing 25 to 30 percent of the time, These are generally
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the larger wells or the higher gas/oil ratio wells.

The real significance, knowing that
during the period September through December we did have
some of our bigger wells, our higher gas/foil ratioc wells,
shut in or producing at reduced levels, some of them as low
a§ 6 to 8 days per month, had we not had a reduction in the
permissible gas production during any one month, from prior
to the allowable reduction hearing, we were able to produce
approximately 1.4 million cubic feet a day.

With the allowable reduction the gas vol~
umes restricted, were restricted to about 240 MCF a day.

50 had we not had this restriction during
December, 1 had put axact numbers on it, but knowing that
the wells were producing 25 to 30 percent of the time, I
feel fairly certain that the reservoir voidage during Decem-
Ler would have been a couple of time what we're showing here
and I would have had to add paper to the top of my graph in
order to present that voidags.

Q In your opinion has the temporary order
of September lst, '88, caused a reduction in the rate of re-
servoir voidage of the reservoir?

A It did not provide the reduction that we
were hoping for because there are some of cur engineering
group that does feel there are things we could do to improve

recoveries; however, from this graph, and I've highlighted
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on several of the graphs, I don't think I had time toc high-
light everybody's copy of this exhibit, but I've highlighted
three wells that are of particular interest,
G Well, let me ask you this. In the ab-
sence of tlhe temporary order, the voidage in the reservoir

wouléd have been above the 22,000-barrel index, where it is

now.

A Yas, sir.

Q Decemnber 3lst,

A Yes.

Q And where would it have been approximate-
ly, if you know?

A 1 haven't, mainly because it was a diffi-

cult nuﬁber to calculate, but I feel fairly certain it would
he at least twice what we're showing during December, which
would be a rate of about 44,000 barrels per day, and the
rate at the top of my scale is 36,000 barrels a day. S50 we
would have, like I say, have to either change the scale or
add graph paper.

Q Do you have an opinion, Mr. Roe, as to
whether or not there is a continuing need for such an order
as was entered in September in order to control the rate at
which the reservoir is being voided?

A Yes. I think that what this graph de-~

picts is that we have a continuing need to at least maintain
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the levels of voidage that we have,. 1t would possibly sug-
gest even a greater -~ or a need for a greater reduction
than we currently are operating under.

] What effect, if any, has the additional
wells that have come on production had on the ability of the
temporary orderto control reservoir voidage?

A The drametically -- dramatic increasa in
reservir voidage that we gee is a factor of two things.
One, we have experienced a large number of new wells coming
on production, and as I've indicated on Exhibit Number One,
we have about 21 addtiional wells right now that will in the
very near future be placed on production.

So the new wells coming on production is
dramatically increasing the amount of voidage that we're
seeing from the reservoir. These new wells are coming on in
production in a reservoir that generally is monthly declin-
ing in reservoir pressure at about 30 pounds a month. The
lower the reservoir pressure gets, the higher the gas/oil
ratio within the reservoir is getting and these new wells
not only in pure numbers but the fact they're cowming on
higher gas/oil ratios is having a dramatic effect on the re-
servoir withdrawal.

Q When we look at the upper half of the ex-
hibit, those lines and the well names, those indicate pres-

sure versusg time lines?
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A Yes, sir.

Q Okay. At what point in examining that
display do you show that wells were declining at the rate of
5 barrels of pressure per month?

A That =-- that rate of pressure decline
existed before November of 1985.

| Q And after Hovembher of '85 what has hap-
pened to the rate of pressure decline?

A A1l right, Dbheginning sometime after the
data we had in October, we -- the pressure began declining
at a rate that was guite a bit more than 5 pounds per month
and it averages, oh, about 30 pounds a month, and there's
many wells that are depicting rates of pressure decline up
to 50 pounds a month,

Q Let's find an example of a pressure de-
cline. Perhaps we could use the Loddy Well that's identi-
fied in green on my copy, ©or maybe the one that has the line
above that, I guess it's one of the Canada 0Ojito Unit wells,
the E~-6? Do you find one of those lines?

A Okay, 1 would prefer to use the Loddy for
the reason that —-- and this is on some of the graphs identi-
fied with a green shading -- this well during this period of
time was not producing at all, so the question of whether
we're looking at adequately built-up pressure or not

shouldn't be a question. This well had no production until
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December of 13%86.

G puring the period of no production in
this well, how many months are you talking about?

A Roughly ten months. The well -- we first
-~ the well was completed 1in August of 1985, We started
monitoring reservoir pressure during the latter part of Feb-
ruary, 1986,

Q Puring that period of time without
production in the well what was the total number of pounds
of lost pressure in that well?

A #e'll have gquite a bit more detail on
this particular well in a later exhibit, but it experienced
roughly a 3300 pound pressure drop during this period of
time. |

Q What is that an indication of to you, Mr.
Roe?

A 1t confirms what the rest of this data is
telling us, is that throughout the reservoir we are exper=-
iencing a fairly good communication well to well and
throughout the reservoir. The additional wells, specifical-
ly the Loddy, the Loddy was during this period of time at
the kind of the northwestern edge of the developed reser-
voir. There wae no significant production immediately adja-
cent to the well. The nearest producing well that was pro-

ducing under a sustained basis was approximately a mile and
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a half away, so whatever was causing ;his pressure reduction
in this well was at least a mile and a half away from the
Loddy.

In addition to the specific example of
the Loddy, we've taken and presented pressure data from
wells both 4in the northern part of the study area, the
southern part of the study area, the east and the west. e
even got gsome wells within the Canada 0Ojitos Unit presented
on this exhibit.

Q 1£f we look at the later end of the produc-
tion decline -~ I mean pressure decline curve, do you see
any effects of having the prodﬁcing rates restricted as a
result of the September 1lst, '86 order?

A The rate of -- the arresting of the rate
of pressure decline was not as much as I had hoped it would
be having reduced allowables beginning in September; how-
ever, again 1f we could use the Loddy as an example, the
pressure data that is depicted haere prior toc September was
declining at a rate of about 47 pounds per month and again
remember thie i3 in a well that was not producing. It was
shut in and the only thing that was happening is we were
monitoring reservoir pressure.

Beginning with the pressures that we have
during the latter part of ZSeptember and in October, the rate

of pressure decline in this well slowed to about 33 pounds
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per month. Now I feel fairly certain that that primary rate
of -~ arrest in the rate of pressure decline is a direct re-
sult of the reduction in reserveoir voidage that d4didé occur
beginning in September, and so this, I feel, although it's
not as dramatic as I personally had hoped we would see, this
is, I think, a very specific example of benefit that was de-
rived from the reduction in allowables.

Q The rate of pressure drop in this well is
projected to be about 33 pounds a month. Was I correct in
hearing you?

A That was the rate that it slowed to; how-
ever, the last pressurs we have in the well in the latter
part of November suggests that it's -- the rate of pressure
decline is increasing a little. From September to October
it's back to about a rate of 39 pounds a month.

Q Do you have an approximation of the pres-
sure decline in typical wells in the Gavilan Mancos Reser-
voir on a monthly basis?

A Yes, s8ir, 1 ~-- the rate of pressure de-
cline throughout the reservoir is averaging about 30 pounds
par month.

Q If the rate of pressure decline from the
reservoir continues unarrested at about 30 pounds per month,
what in your opinion is the remaining life of this pool?

A We would have approximately three vyears
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of remaining life as we know Gavilan today.

O What is your concern about that, ¥r. Roea?

A My major concern is that I believe that
there is potential for improving the recoveries from the
Gavilan Mancos Pool area. I think the -- knowing that it's
declining at a roughly -- at a rate of 30 pounds per month,
knowing that the reservoir presisure, as I've indicated on
this graph is8 in the range of 1250 pounds currently, we are
by anybody's standards significantly below the bubble point
pressure. We mBee the increasing gas/oil ratios in indivi-
dual wells and we gee it on a pool total. I know 28 an in-
terest owner in the Canada Ojitos Unit that what's happening
in Gavilan is going to allow a very long established pres-
sure maintenance and efficiant mode of operation in the Can-
ada Olitos Unit to be unraveled. I -- my real concern |is
that what is happening and displayed on this graph is going
to have a dramatic effect on the ultimate recovery from the
Mancos Reservoir from the areas that we're referring to as
Canada Gjitos Unit and also the Gavilan Mancos.

Q Let's turn to Exhibit Number Six, ¥Mr.
Roe.

Some of the following information 1is

again statistical information that you tabulated on the re-
serveir. I'd like you to simply identify the information we

have in BExhibit Humber Six.
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A Yes, sir. Exhibit 8ix is nothing more
than just a tabulation, again organized alphabatically by
oparator and under each operator for each well that I was
either able toc find the information on or had time to pre-~
sent the information on.

But Exhiblt Six consists of 16 pages of
information as to where eéch 0of the wells is perforated
within the zones that I've identified and for just reference
purposes I've divided it up into an area that is above the A
one, the A Zone, R Zone, © Zone. There is an area that's
below what we normally refer to as the base of the C and
the top of the Sanostse. It sporadically is perforated.
And then there is what we -- I refer to as the Sanosteae.
All of these zones are within the Gavilan Mancos Pool, also
the West Puerto Chiquito Mancos Pool, and I -- the purpose
of presenting this is --

Q Excuse ne, this also includes the Benson-
Montin-Greer wells, at least a certain number of those wells
in the tabulation?

A Yes, sir. I've got the data on ten of
the welis that are within the unit area.

Q All right, sir. Let's go now to Zxhibit
Number Seven. wWould you identify what you have compiled as
Dugan Production Exhibit Humber Seven?

A Dugan Exhibit Number Seven is basically a
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reproduction of the open hole resistivity log pretty much on
all of the wells that the tabular data was listed on Exhibit
Humber Six, and the primary reason for presenting this piece
of information s all wells are hopefully reduced to the
same scale so that it would be an easy matter to make a cor-
relation between any of the wells that you chose to compare.

8 Thank you. Let's turn now to Exhibit
Humber Bight.

You thave used as Exhibit Number Eight a
plat of wells in the Gavilan Mancos area and you've
highlighted in yellow two wells?

A Yes, sir.

g Cne of them is the Loddy well that we
just diécussed in Exhibit Humber Five?

A That's correct.

¢ A1l right, sir, and the next one is the
Homastead Ranch No. 2 Well?

A Yes, sir.

G Let me direct you now, and using his
still as a guide, Exhibit Number Eight, let me direct vou to
Exhibit‘ﬁumber Hine and have you identify that exhibit.

A Exhibit Xumber Nine is a presentation of
the well information and results of a production survey that
we ran in the Homestead Ranch No. 2, which is located in the

southwest quarter of Section 34 of 25 North, 2 West.
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0 Let's turn through Exhibit HNumber ¥Nine
and it might be just as easy to count the second page from
the back.
My copy of that second page from the last

has some colored shading on it.

A Yes, sir, everybody's should be,

Q Fverybody's shaded?

A Should be.

Q A1l right, sir, would you identify and

vdescribe what that is?

A Ckay. This is a reproduction of the ac~
tual log of information that was recorded during the produc-
tion survey that we made in the Homestead Ranch Ro. 2 on
March 13th of 1987.

Q Wwhat does this show you as an engineer,
Mr. Roa?

A The information that -- the bottoem 1line
is that 100 percent of the production that we werse getting
from the well is coming from a 20-foot 2zone near the top of
the B Zone and although we did not monitor production from
the C ione during this period of time, the fact that the
density of the wellbore fluid opposite the C Zone is oil
rather than water, we could conclude that the C Zone has at
some time produced.

Q Wwhat do you conclude from looking at this
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production control survey with regards to whether or not
this is a stratified reservoir?

A It to me confirms that we at least have a
barrier between the B and the A Zone. I reviewed the com-
pletion that we had on this well initially. I reviewed the
treating pressures and frac rates that existed when this
well was stimulated, and it's my believe that each zone, the
perforations in the A, B, and C, did receive stimulation
during the frac based upon our analysis of the treating
rates and pressures, and so with the knowledge that each
zone did receive stimulation, the fact that the majority of
the production, or all of the production is coming in near
the top of the B Zone tells me that there is a barrier be-
tween tﬁe A and B,

G Let's turn now to Exhibit Number Ten.
Would you identify for us what Exhibit Number Ten is?

A Ckay. Exhibit Number Ten is a presenta-
tion of the pressure data that we monitored in Jerome P,
McHugh's Loddy Ro. 1, this well being located in the north-
west quarter of Section 20 of 25 North, Range 2 West, and
this is-the same data that was presented on an earlier exhi-
bit, Exhibit RHumber Five.

Q I want to direct your attention to the
first page of Exhibit Number Ten and at the same time have

you help orient us by looking at Exhibit Number Eight. I
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have located in Section 20 in yellow the Loddy Ne. 1 Well?

A Yas, sir.

Q Locking at the first page of BExhibit Ten,
describe for us first of all what you are showing on that
exhibit.

A Okay. The first page of Exhibit Number
Ten, and Exhibit Ten consists of eleven pages, the first
page presents a summary of what is attached on the next ten
pages in more detail.

We have with time just the graph peper
we're using presents the rate of -- or the pressure on the
vertical scale ags we've adjusted to a datum in the reservolir
of +370 feet, and across the bottom are just the number of
days sé we can keep track of what happened to the reserveoir
pressure as time progresses.

As I've indicated at the bottom left cor-
ner, the well was completed August 30th of 1985. 1 had said
earlier the well hadn't produced. There were three days in
August that we did produce the well and a total of 22% har-
rels were produced on a short production test.

| 8] August of '867

Yes, sir, I'm sorry, August of '8§6.

Q Except for that short production test,
the well did not produce from completion in August 30th of

'85 up through what time? Wwhat date?
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A The well was first placed on production
December llth of 198656, and I have that date indicated on the
graph.

Q Puring that period of time, was this well
used ag an observation well?

A Yes, sir, it was.

Q Puring that total period of time in the
absence of production, tell us what the total loss in pres-
sure was in that well.

A During the period that we're talking
about, we had approximately 300 pound pressure loes, begin-
ning, like 1've indicated with our pressure we measured the
latter part of Pebruary, up through the latter part of
November, just prior to putting the well on production.

Q would you describe for us as we go down
the presgsure plot on that well and show us instances of
where you think there has been communication or interference
by events that are occurring in other wells?

A Sure. Sterting with the first pressure
information we have, and I might mention that a majority of
this préssure information was recorded with a pressure bomb
that we had borrowed from the Canada 0Ojitos Unit. It's a
very sensitive pressure bomb and the data that was collected
with that bomb I've identified across the very top of the

page as GRC, which is the name 0of the company that sold the
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bomb, and the specific run that that bomb pressure
information was recorded.

For reference, the == attached to these
sheets, for instance, the GRC Run 28 & 30, that would be the
first page behind this and naturally I was not able to pre-
sent the detail on the first page that does exist on the
subsequent pages, 50 I don't plan to review subseguent pages
but the tremendous accuracy of this pressure bosb and watch-
ing the pressure declline early in the life at a rate of
and monitor this pressure decline, is pretty amazing to me.

Bot all of our data was recorded with
this bomb, We've confirmed this pressure decline with an
Amerada pressure bomb on several occasions, that we leased
from a contract service, As I've indicated earlier, the
early part of pressure decline was about 7 -~ averaged about
experiencing a rate of pressure decline of 1.68 psi per day.
He -- we don't have any data during August, bput the first
pregsure we -~ we collected in September, and again the spe-
cific details on any individual data is attached, but the
rate of pressure decline slowed from the 1.68 psi per day to
about a‘.96 psi per day, and this slowing of pressure was --
we monitored that for several days during September. Dur-
ing the latter part of November, prior to placing the well
on production, we ronitored pressure agein and it had re-

sumed a little steeper rate of decline now declining at 1.32
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psi per day.

Each of these changes in rates of pres-
sure decline had to have been the result of Ffactors that
were happening somewhere else in the reservoir.

G Let's look at Exhibit Number Eight and
nave you relate to us, based upon your study, what wells and
activities in offsetting wells have communicated or been af-
fected or appeared in the Loddy No. 1 Well.

3 Sure. During the maijority of the time
that we were monitoring pressure in the Loddy, the closest
offset well to the Loddy is a well operated by Mesa Grande
Resources, which 1is directly north about a half a nmile,
This well is the Brown Ho. 1. This well was placed on pro-
duction'éuring March of 1985; however, it was operated very
sporadically. It did not produce continuously throughout
this period and the cumulative production at the end of Nov-
ember of 1986 was just 25,000 barrels of oil, so0o we feel
fairly certain that this well was not responsible for the
rates of pressure decline; that removing that well has --
the primary, undoubtedly it had to have been influenced, in-
fluenciﬁg the pressure some when it was on production, but
there were many months between March of '85 and Hovember '8¢
that it didn't produce at all,

Q Identify for us wells on Exhibiit Eight

that you find have influenced the pressure on the Loddy No.
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1 Well.

A Okavy. We think that we've been able to
correlate things that have happened in the Full Sail No. 1,
which is in the southeast quarter of Section 29.

Q Moving to the south of 20 and the next
section to the south, the southern well in that section?

A Yes, sir, it would be in the goutheast
quarter, and that's roughly a mile and a quarter away. Dur-
ing this period of time the Full Sail 1 was preducing, as
was the ET No. 1, which is in the nortawest guarter of Sec-
tion 28, also ahout a mile and a guarter away, and the Janet
No. 2, which is about 2-3/4 of a mile away in the southeast
quarter of Section 21. These three specific wells were pro-~
ducing .throughout tha period and we feel that we are
possibly able to identifv changes in the rates of decline
baged upon what's happening in these three wells, plus I
feel very c¢ertalin there were other wells in the reservoir
that were affecting what's happening here, also.

Q What do you conclude about the distance
by which wells are able to affect each other?

A It's my feeling this is a direct measure
of the ability of any cone well to drain areas that qgreatly
exceed the existing spacing of 320 and even the §40-~acre
spacing we're asking for in our application.

Q Let me ask you, ¥Hr. Roe, to summarize
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your engineering opinions and conclusions with regards to
the Mancos Reservoir and how you wouléd recompend to the Com-
mission thet this pool be operated and what rules be estab-
lished.

A Based upon the data that I've presented
here and on a tremendous amount of information on this re-
servoir, 1've been studying this reservoir since the very
first well was completed. Dugan Production has an interest
in 40 of the 70 wells. I've had access to a tremendous
amount of information, not only in the 40 wells that we have
an interest in but in a cooperative effort with the
Engineering Study Committee I've been active in all of the
neatings that we've had. I have had the benefit of working
very closely with Mr., Greer and sharing in all of the know-
ledge he's amassed in his 25 years of experience in the Can-
ada Qjitos Unit.

And based uponvall of that, I am very
concerned about the rates the pressures are declining. I am
concerned about the rate at which the gas/oil ratio is in-
creasing. I'm concerned that there is a tremendous number
of operators that are becomning very interested in developing
the reservoir on the existing spacing. As I've indicated,
we have 15 locations that are staked, with operators plan-
ning to drill. Rased upon my analysis, if the pressure con-

tinues to decline, we have roughly another three vaars he-
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fore we get to what will be the latter stages of depletion
of this reservolir. I feel falirly certain that not only in
Gavilan but in the unit we have the opportunity to improve
recovaries by allowing gravity drainage to work and I feel,
based upon Sun's analysis, which substantiates my ideas,
that the rates of pressure in production are excessive, so
that gravity drainage will not have a chance to work if we
continue producing the reserveoir as we are now.

Therefore I think we need to initiate
some efforts to slow the rate of preésure decline and -~ and
try to get an operation in the reservoir that will allow
gravity drainage to become more of a factor in ultimate re-
covery from the reservoir.

Q Do you have an opinion, Mr. Roe, as to
whether or not the Gavilan area and the West Puerto Chiguito

Mancos area ought to be treated as one common source of sup-

ply?
A Yes, 1 do have.
Q And what is that opinion?
A I feel that the pressure data we have

very clearly indicates that it is one common source.

Q Do you have an opinion as to whether or
not this is a stratified reservoir consisting of three digs~
tinct producing zones?

A Yes.




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

21

23
24

25

1%¢

4 And what is that opinion?

I feel that the data we've presented to-
day and a tremendous amount of additional data, supports
that there are stratification -- there is stratification
within the Mancos interval and we are dealing with three re-
servoirs that are isolated from each other.

Q what would you recommend to the Commig=-
sion to adopt as a spacing for the Mancos Reservoir?

A We have asked that a spacing of 640 acres
be established.

Q with the option for a second well on 6407

A Yes, sir, that would provide for those
operators that still feel that they have a need to 4rill a
aacond Qell on a 640 for whatever reason, they either don’'t
believe the reservir engineers, or they did not get the re-
sults they wanted with the first well, then at their option
they would be able to drill a second well, They would not
be forced to drill a second well.

Q Jo vou have a recommendation to the Com-
mission as to a gas/oil ratio or a2 limiting gas/oil ratio to
apply to this reservoir?

A We'vae <~ in our application we've asked
for & limiting GCR of approximately the solution GOR, which
is 600 to 1.

] Do you have an endgineering oplnion as to
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whether that is a fair and reasonable limiting gas/oil ratio
rate to apply to the reservoir?

A Yas. It is a logical rate to apply from
a standpoint that that is what we believe toc be close to the
solution GOR.

Q And do you have a maximum daily producing
oil rate that you would recommend to the Division be adopted
and apply to this reservoir?

A ¥es, sir, 800 barrels of olil per day per
640~acre unit.

Q If allowables are set higher than your
recommanded allowables for a limiting gas/eil ratio and for
an oil producing rate, what effect will that have in your
o?inion‘ on the ability of this reservoir to obtain addi-
tional drive mechanism for gravity drainage?

A 1t will definitely restrict the time per~
iod with which gravity drainage will be allowed to work and
it will result in a reduction of oil recovered from the re-
servoir.

¥R. KELLAHIN: That concludes
my examination of Mr. Roe.

We would move the introduction
of his Exhibits One through Ten.

MR. LFMAY: ¥Without objection

Fxhibits One through Ten will be admitted in evidence.
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I think we'll take a breax now
before we get to cross examination.

Take a ten minute break.

{Thereupon a ten minute recess was taken.)

MR, LEMAY: We will resume with

axamination of Mr. Roe.

Is there any additional direct

examination --
MR, KELLARIW: No, sir.
MR, LEMAY: ~=~ for Mr., Roe?
Questions of Mr. Roe?
MR. CARR: ©XNo.
MR. LEMAY: No, #Mr. Carxr?

Mr. Pearce.

CROS8 EXAMINATION
BY MR. PEARCE:
Q Mr. Roe, would you please look at your
Exhibit Number Pour with me for a few minutes?
A Yes, =ir.
Q I understood you to answar Mr. Yellahin

that you believed that was reliable and fairly represented
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the wells in the Canada Ojitos Unit and the Gavilan unit.

A Yes.

Q A couple of iftems on there th#t cause me
some problem with that response.

I'm looking, for instance, at the item
labeled permeablility, which is I understand is ¢transmis-
sibility, and it says 10 Darcy feet. Do you think 10 Darcy
feet is representative of the wells both in the Canada 0Oji-
tos and the Gavilan Pools?

A Yes, sir, I think..although 1 didn't have
any of that data, Mr. Greer on one of his exhibits yester-
day actually presented the results from pressure build-up
tests that are in our area.

Q I'm looking now, sir, at your Exhibit
Number Three, and I'm looking at the Benson-Montin-Greer
Canada Ojitos Unit Well Ho. 21.

A Yes, sir.

Q Barrels of oil per day column ﬁeginning

in 1985, 1 find those figures to be 18.2, 17.6, 20.0, 15,

13.7. Down in July of 1986 the number is 20.5. Do you

believe that those production levels are indicative of a
well that has 10 Darcy feet of transmigsibility within this
reservoir?

A I would have to say that the 10 Darcy

feet is intended to represent an average of the reservoir. 1
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would not associate that high a transmissibility with each
well; however, I might point out that there are a lot of
reasons that a well might not be == the production rate
would not necessarily reflect its transmissibility.

4] Could you give me some instances?

A wWell, ineffective stimulation, skin dam=
age that was created during the stimulation, the reservoir
areg around the wellbore might actually exhibit a higher
transmigssibility than the production rate would -- would in-
dicate, and we would be able to detect this on a pressure
build-up and you wouldn't necessarily be able to infer it
from the producticn.

¥ Do you know what area of the Puerto Chi-
gquito of Gavilan Pools this well is located in, this well in
what's commonly called the trough? (sic)

A Yes, sir, also at the top of the page you
have the benefit of being abhle to see that the well's in the
northeast quarter of Section 32 of 28, 1, which is at == 1
don't really refer to it as the trough, but that is adjacent
to the west Gavilan Mancos area, yes.

Q Turning to the next page, there is a
sheet on the Canada Ojitos Well No. 23 and once again if you
skim down the barrel of oil per day column, do you believe
those rates are indicative of 10 Darcy feet?

A Again, Mr. Pearce, I =~ I would not
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necessarily =~ my comments from the previous well would
stand with this well, also.

Q Do you have any information or knowledge
right now about how these wells were completed and whether
or not there were any completion problems with these wells
which might have restricted their producing ability?

A 1 am familiar with the general
completions, although there may have been something specific
in the individual wells that I am not aware of.

I might mention that you’ve picked out
twe wells that are in the northern part of -- of what we're
talking about. Both wells are in Township 26 Rorth, and the
fact that there is one or two wells in a general area that
would not have 10 Darcy feet, does not mean that 10 Darcy
feet is not an average for the reservoir.

As I recall, Mr. Greer had an example oOf
a3 well that he TD'ed and was unsatisfied with the well and
just deviated 40 feet -- a 40-~acre location away and had an
entirely different well.

80 I think you're looking at the results,
if the production truly reflects the transmissibility that
exists, 1 think you're looking at this would be one of the
-- a well that's copleted in one of the tight blocks, if you
want to think of it in that manner,

Q And do I understand correctly that the
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transmissibility which you would expect to find within those
tight blocks is substantially less than 10 Darcy feet.

A Yes. The tight blocks would have the low
permeability, if you're in the middle and removed from the
higher capacity fractures,.

Q I notice that the same sorts of produc~-
tion 1levels also show up on the 26 Well, which is in 25
North, barrels of oil started out in May of '85 at 138 but
then it dropped very rapidly to 17 and it is now down around
3, 4, or 5. Do you have any information about the comple~
tion or any prodution problems with that well?

A Yes, sir, I have & great deal of informa-
tion on that well because it also sets -~ offsets a well
that Duéan Production operates in Section 36 of 25, 2, and
we have identified an area that's fairly localized in Sec-
tion 31 of 25, 1, and 36 of 25, 2. Dugan Production's big-
gest disappointment was drilling a well that looks just like
this.

I might point out that within a -~ one
saction away in Section 32, it's what Mr. Greer referred to
a8 the B~32, he has a well that will produce ~-- it has tes~
ted at over 1000 barrels a day with a 4-pound drawdown.

O Okay. Then looking at the 10 Darcy feet
number set forth on your Exhibit Pour, when you say that is

an average number, could you explain toc me a little more
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fully about what you think that is? Or is there a set of
data which has been averaged to arrive at 107

A No, we d4id not mathematicaliy average a
set of data. We have access to several build-ups that --
that we felt 10 to be representative of that. Now I honest-
ly cannot say I added up all those numbers and divided by
the total numbers. 10 is & number that is convenient to
talk about and it's certainly in the range of transmissibil-
ities that our build-up data did indicate, and again with
reference to one of Mr., Greer's exhibits, he had this pre-
sented on a plat that shows transmissibilities more than
twice, maybe three times, both in the Gavilan area and the
Unit area.

| The idea of what we're trying to depict

is what is primarily going influence the coperation of the
reservoir as a whole, recognizing that there are going to be
areas within the reservoir that aren't going to have 10 Dar-
cy feet, They're going to have some lesser permeabilities
because they are not as highly fractured and because they
are not as highly fractured they -~ they will be poorer
wells.

Q Qkay. Looking up that exhibit a couple
of 1lines, the original oil in place line, 3000 stock tank
barels per acre, could you give me your honest opinion of

what that number 1is? Is that some sort of averaging? How
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as that number derived, if you know, and what level of con-
fidence do you personally have in it?
A I have accepted that number because it's
the number that has worked very well,
Now, in our original pool hearing three
years ago, I was involved and-aidad Mr. Greer in putting a
lot of this data together that was part of his testimony,
and this number comes from not only a very detailed study of
the Mancos in the Boulder, the Gallegos, Gallup, the Hogback
area, there are many areas in the Boulder Mancos and the
Bast and West Puerto Chiquito, aéd this is a number that
primarily has Dbeen g¢stablished with pressure interference
data and we -~ we have no reason to have anything but a
fairly high confidence in that =-- that number.
MR. PEARCE: I don't think I
have anything further. Thank you, sir.
MR. LEMAY: Thank you , Mr.
Pearce. Are there any questions of Mr. Roe?

Mr. Chavaez.

QUESTIONS BY HR. CHAVEZ:

Q Mr. Roe, on your Exhibit Number Hine,
which includes a spinner survey of the Homestead Ranch No. 2
Well ==

A Yes, sir.
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Q You stated that you thought the A, B, and
C Zones nhad all been fractured adequately. How did you de-
termine that?

A Priwarily, Frank, we -- I took a look,
xnowing that not all operators are real advocates of limited
entry type stimulations bhut 1 am. and this particular well
was completed with 35 perforations and knowing the diameter
of those perforations and by having a copy of the rate and
pressure that was actually recorded during the stimulation,
I'm able to calculate how many barrels per minute were lit-
erally pumped out of each perforation and it's a fairly
axact calculation. In other words, you pump the plume up so
high it's go to have so many holes or the pressure is going
to get higher or you're going to bust something.

80 making a calculation that is fairly
standard, in other words, it's not a lot of -- lot of
guessing and by gelly, the only uncertainty is are the
perforations round and do I know the size of the hole. If 1
know that, and I know what the £fluid properties were, which
I admittedly have to assume that what I got charged for in
the 1invoice and what the treating company said they mixed,
they did mix.

But if I know that, then this is a fairly
exact calculation and 1 was able to take that data and

calculate that at least thirty holes were stimulated during
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the frac job, and I cannot find any one interval that I can
take five holes away; in other words -- so0 I know that five
holes may have not been treated, and if I take five holes
out of any one 2one, I still have to have perforations left
or there are perforations left in any of the zones, A, B, or
C, so based upon that calculation I know that I had to have
put some stimulation out each perforation, at least a few
perforations in either zone, In other words, there are more
than five holes in the A Z%one, and there's more than five
holes in the B Zone and the C Zone.

Had there been.only five holes, then I
would have saild, aw, maybe the A Zone didn’t take the frac,
but I feel fairly certain that at least thirty holes did
accept frac fluid, which was, you know, we had our sand in,
and based on that, they were all treated.

Q Did you drop any ball gealers during the
frac to verify that?

A Mo, sir. I personally do not 1like
dropping ball sealers during a frac job.

How we did use ball sealers during --
prior to the frac job to help insure that we had a maximum
number of perforations open prior to our frac job.

Q How many were open on that basis? How
many did you determine were open prior to frac?

A . Ch, Prank, I don't remember. I know we




10
"
12
13
14
15
16
17
18
19
20

21

23
24

25

207
did not ball out. This =-- this particular well is one that
I was not on, Mr. McHugh's engineer was there and I am us-
ing the treating company's reports to make my calculations.

I do know they d4id not ball out and so 1
can't say that we seated all balls, but the fact you seat
all balls doesn't mean that you opened all perforations,
either.

S0 I do not have a ball count for you.

Q You mentioned that, as an earlier witness
did, that perhaps the amount of allowable that vou're
regquesting in the application may be too -~- too much at this
time.

Do you have a figure just -=- or your own
personal opinion what may be an adeguate or appropriate al~
lowable?

A Well, this -- this is something that I've
done a lot of work on. In our application at the August
hearing one of my exhibits, and I think, I hope some of my
testimony reflected, first coff, our application was for 200
barrels a day, and one of my exhibits pointed towards the
fact that if economics were not a factor and all the opera-
tors weren't experienced and, you know, this is a pretty
tough time for all operators, so we do have to recognize
that pure reservoir mechanics are not all that we need to

consider, but if I was to get the reservoir voidage back to




10
n
12
13
14
15
16
17
18
19
20

21

23
24

25

208
where the rate of pressure decline was in the 5 pounds per
month, it would, as I recall, now again 1'm remembering, but
it was in the range of 50 barrels a day. |
In order to pure reservoir mechanics,

now, again we did not ask for S0, Gur application in the
August hearing was for 200, and I'm not saying that, you
know, I strongly support that, that's just a recognition
that =~- even that the 860 is high, but it is a number we
feel will be better than returning to the 700 or 1400 on a
640~acre basis.

MR. CHAVEZ:. That's all I have.

HR. LEMAY: Thank you, Mr,
Chavez.

Any additional questions of Mr.
Roe?

Do you want some redirect --

KR. KELLAHIN: Yes, sir.

MR. LEMAY: -~ or do you want
some more gquestions?

One gquestion I want to asxk

first. Point of ignorance from the Commission, two of then.

QUESTIONS RY MR, LEMAY:
Q On your Exhibit Number Five, you show an

oil plus minimum gas voidage and an oil plus maximum gas
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voidage.
Can you explain to us the difference in
minimum and maximum? |
A I'11 try. When I =-- in all -- the only
curve we talked about was the upper curve, which would be
the maximum voidage. If all other gas left in the reservoir
was a free gas, and it was only free gas in the reservoir,
now recognizing that we're dealing with a reservoir and
there's oil throughout, and as the pressure comes down some
of this gas that's being produced during December did conme
from a free phase but some of it éame out of solution, not
only with the oil we produce but from oil that's several
miles away from it, or I don't have a distance, but any oil
-= with the reservoir communication we've got, a pressure
drop 1in any one well will affect large areas around the
well, and so not only do you get the gas that's associated
with that barrel of oil but some of the gas that's asso-
ciated with oil that's adjacent to those barrels that were

produced also is produced, and so dependent upon -- and if

‘that's what happens, in other words, if the gas come out of

solution, rather out of a free space, in other words, if the
gas is occupying & volume and 1 take it out of the reser-
voir, that causes a voidage that I would see in the upper
curve.

If the gas literally comes form solution
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of other oil in the reservoir, then the only real voidage
that results is the change in the cil formation volume fac-
tor, because I took a small part of the gas ouﬁ; in other
words I went from 15 pounds to 12 pounds, 80 there was a
small reduction in pressure and a little bit of gas left. I
took that gas out of the resérvoir but the real change in
volume was just shrinkage in the oil that's still left in
the reservoir.

S0 if the gas came out of solution in
that manner, if all of it came out of solution in that
manner, that would be the lower line.

1£f all of it left in a free phase, that
would be the upper line. Invariably the real voidage is
somewhare between -~ because we are getting free gas and we
are getting gas that 1is coming out of solution of the
residual oil that's left in the reservoir.

Q 50 your professional opinion is you're
getting both and a realistic 1line would be somewhere
betwean those two.

A Yes, sir.

G Thank you.

MR. LEMAY: Additional gquestions

of Mr. Roa?
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QUESTIONS BY MR. HUMPHRIES:

A You made a statement at the end that in
approximately three years the life of the Gavilan Field as
you know it today would end under prasent circumstances.

A Yes, sir. _

G Am I right in loéking at this that the
Gavilan Field's inception was 19842

A The discovery well, which was drilled by
Northwest Exploration, was completed in August of 1982, I
think, or in that general] area.

1 have the completion dates listed on the
-~ my Exhibit Number Cne.

The actual pool that we're calling Gavi-
lan Mancos Pool was not actually officially recognized until
the pool rules were effective, which was March 1lst of 1984,
and they ware for the three year period, which basically
brings us here today as one of the cases.

o) With these assumptions that we're discus~
sing and potential implacement of these kinds of recommenda-
tions that you made, what would be the life then?

A I'm gsorry, 1 don't think I understood
you.

Q Well, you said that as the field is being
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operated under the August, 1986 order, is that correct -~

A Yes, sir.

o -~ that you think perhaps three years is
the maximum life.

A Well, there's -- there's a couple of
things that c¢ould happen that 1 haven't really accounted
for.

The three years comes from just a pure
calculation of knowing that the rate pressure is now declin-
ing at 30 pounds a month, I know that we have 1250 pounds,
roughly, average in the reservoir, and 1 feel fairly certain
that an abandonment pressure, we ¢ould argue about what |is
an abandonment pressure, but it will be in the range of 200
to 250 pounds, s0 we have roughly 1000 pounds left to pro-
duce, and if we're using that at the rate of 30 pounds a
month, we've got roughly 33 months,

] Okay, if we implement the 640-acre with
one well optional spacing, 60C~to-~1 gas/oll ratio, 800 bar=-
rels per day per section, what do you think the life of the
field would be then?

A . Well, if some of the operators take ad-
vantage of the benefit of not drilling two wells in a sec~
tion, which I wouléd hope the company I work for would
consider that, and I think we would, because we're high at

about a half a million dollar well, and the less of those
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you can drill and, aqgain, 1f you extrapolate this out,
you're looking at roughly 3-million of additional recovery
from the reservoir.

If there's going to be =- right now
there’'s going to be 85 wells; by the end of the life there
could conceivably be 100 wells, so you're talking about get-
ting an average of 135,000 barrels of oil per wellifrom this
date forward, and you just can't spend a half a million dol-
lars to get that.

So, hopefully, some operators would take
advantage of the option to drill one well per section. That
would give us -~ that would minimize the impact of a lot of
additional wells being placed on production.

It won't necessarily extend the life of
-~ in other words, it won't make this curve any better un-
less a lot of operators will then ¢go together and form a
640~acre spacing unit and in the instance that the ownership
is common between wells, that could happen, and if that

does happen, then those operators could at their option pro-

duce only the lower gas/oll ratio and produce less of the

free gas, and if that did happen, then the life would be ex-
tended, but I don't have a time that I can give you; there
are s0 many variables that would affect that.

We're just trying to take a step that

will move us towards a direction and primﬁrily I don't like
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recommending to Mr. Dugan that we go out there and develop
our undeveloped acreage one well per 320, knowing that I'm
going to average 35,000 barrels per well. |

¢ If 1 undarstand you right, then, on
Exhibit Number Five, under a better managed scenario, those
curves, those confining curves would flatten out?

A If I had my tctal say-so, if we were able
to -=- I hate to use this word,-- but if we were able to uni-
tize, we would be able to change that slope of that curve,
yes, sirc.

8] What would an optimum curve look like, if
that curve flattened out and --

A ¥Well -~=-

Q J— you had the best of all worlds, what
would that curve look like?

A Por twenty years the unit maintained a
rate of pressure decline of about 11 pounds per year.

G Which unit, the -~

A The Canada Ojitos Unit, with pressure
maintenance, matching =~- attempting to maintain reservoir
pressure and produce the reservoir at a rate that
approximately matched the gravity drainaqe rate, the rate of
pressure decline, and again I said twenty years, 1I!'m not
sure how many years, but the rate of pressure decline was

about 11 pounds a year.
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Q So approximately a third of what exists
today.

A Yes, sir. Xow again, to somé dagree the
guestions you're asking are better addressed in the work
tﬁat Richard Dillon did with his model study. 1£f I had my
total say~so, we would like to figure ount exactly what the
gravity drainage rate is and then  match regervoir
withdrawals to equal that, but under a competitive operation
and one well every 320 acres, and the only way an individual
operator has to protect his correlative rights, 1is to drill
wells, this curve isn't going to do anything but get worse
unless we at least allow the option to drill less wells,
which is basically what ocur application asks for.

1t doesn't force anybody to drill less
wellsr it just gives the individual operators that option.

G Now, if I undertand right here, these
wells are all in the Gavilan Mancos Pool.

A Well, the majority of them are. There
are a couple of wells -~

Q Yeah, 1 see the E-6 and the B-9.

A Yes, sir, and then there's the B~32. Ve
-~ we don't have as much Gavilan data on here -- 1 mean the
Unit well data on here, although there is more Unit well
data that we could have put.

There's quite a bit of pressure data in
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Gavilan that's not on this, but it would not serve to add to
the plot. It would just confuse things. 1t's more of the
same. |

in othet words, I 4id not mean to say
that this is a presentation of all of the pressure data we
have., This is a reprasantatioh -

G I understood that, but there has been an
intense effort to maintain pressure in the Canada 0Ojitos
West Puerto Chiquito.

A Yas, sir, and that might explain why Mr.
Greer's here today because he's very concerned about what's
happened.

Q I understand, but you're talking about a
20 year life ip his field and maybe, 4if I understand you
right, a =-- well, 22 years at this point -~

A Yes, sir.

Q -~ and some thing like & more vyears
maximum with, as I understood not from your testimony, but

other testimony priocr to you, that there at least at this

.point are no plans for any kind of pressure maintenance in

what's currently known as the Gavilan Hancos Pool.

A Well, yeah, what you said is right, but
the reason that he's had the life, longevity and production
that he's had is because he was able to control reservir

voidage and he intentionally did that. In other words, for
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many years the Unit was produced. It -=- well, when Dugan
Production f£irst became involved in the unit iis average
production was 600 barrels a day and not because that's all
that he could produce. He could produce 30 or 40,000 bar-
rels a day, 1 would guees. 'I don't ~- have never made an
effort to know what the combined productivity of the Unit
would be, but there's many wells that, like I say, I know of
one that 1I've looked at that produced 1000 barrels a day
with a 4~pound drawdown. The productivity of that well is
pretty high.

The controlled rates of reservoir with-
drawal is what has resulted in a 22-year life so far in the
unit,

Had we had a controlled rate of with-
drawal in Gavilan, which we have not, in order for the oper-
ators to protect their correlative rights they have to drill
their acreage and they have to produce their wells. They
really don't have a choice. With the communication that
this graph would indicate exists throughout tha reservoir,
an operator that has undeveloped acreage is -~- neads the

{(not clearly understocod.)

QUESTIONS BY MR. LEMAY:
Q I have a guestion mainly to understand

it, since you're going to be the last witness on the first




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

21

23
24

25

218
side.

As we come down dip, what's the limiting
factor down dip in the Gavilan? Do they have diy holes in
the west end of Gavilan?

A No. Right now -- Hr. Ellils was trving to
address that a little bit. Werhaven't really identified the
west end of Gavilan, but we know from a personal fairly ex-
tensive investigation of what is known as the West Lindrith
Gallup~Dakota, we know that when you get into 3 West, Range
3 West, there are Gallup or Mancos wells. It's still Hancos
but the people that call if West Lindrith Gallup-Dakota are
completing the same thing we're calling the Hiobrara inter-
val in Gavilan. It's =~ you can correlate it on a log. 1In
the original spacing hearing in 1984 we presented a cross
section that tied West Lindrith in te Gavilan and to the
Canada Ojitos Unit, but the fractures diminigh as we go
wast, and that's what's going to centrol the westarn bound-
ary of our area and right now we have not really identified
it, but we feel it's fairly close to where we're at.

Q Must get tight; there's no down dip
water?

A No, sir, not that we've observed,

How, the Mancos does produce water in a
down dip area in East Puerto Chiqguito, but again, that 's

different than what we're dealing with.
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Q Well, the point of the gquestion was we're
to ~- assuming we're to ~- we have a three year life based
on this -~ this current pressure drop, as you identified,
but we also, I think, are assuming a fixed number of wells
or a fixed amount of acreage that this pressure drop is as-
sociated with, if we enlarge the field any more, espacially
in the down dip side, we're talking about a lesser life,
then, aren't we?

A Well, that's our real concern and the
basis of our application, is we would like to hold the num-
ber of wells that are required to develop the reserveir and
try to keep this curve from getting any worse.

How one thing that I really did not bring
in, and there's no way to bring it in this curve, but the
lower the pressure gets in Gavilan, the more likely we are
to start having an inflow of oil from the east, and so that
will give us a longer life but it will also -- it is also
affecting what's happening in the Canada (Ojitos Unit.

Q Mr. Greer has been known to be a generous

person in the past.

A Hot this time.
MR. LEMAY: Are there any other

questions of the witness? Mr. Kellahin.
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REDIRECT EYAMINATIOR
BY MR. KELLAHIN:

Q Mr. Roe, so I understand the direct rela-
tionship between the pounds of pressure that are lost, lost
on some basis in the Unit as well as Gavilan, you told us
that 1in the Unit Mr. Greer by pressure maintenance is con-
trolling the leogs of pressure to 11 pounds per year?

A That is the rate that existed prior to
Gavilan being developed, yes.

Q And if we look at your FExhibit Number
Five, we see on a yearly basis then, that in Gavilan vou're
having a pressure loss of 360 pounds.

A Yes, 8ir, in fact the -« one of my exhi-
bits, the Loddy actually in a ten month period logt 300
pounds, again remembering the Loddy was not in the center of
production, it was on the edgye of the development that exis~
ted at the time.

Q M¥r. Pearce had selected out for you to

note the miniscule amount of oil production, some three

koe, for the reservoir, would you consider it appropriate to
salect data from wells that produce a large portion of the
oil from that reservoir versus wells that produce such small
amounts of the reservoir enerqgy?

A ¥o. It wouldn't bhe appropriate. ¥%hat wﬁ
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are trying to do was arrive at numbers that would represent
what's going to happen to the reservoir as a whole, and re-
cognizing that there would be areas that waulﬁn’t.be exactly
simulated but there will also be areas of the reservoir that
will have higher, much higher transmissibilities than the
ten. So we're trying to look at something that would give
us a representative pilece of the reservoir.

Q And do you belisve the parameters listed
on your Exhibit Number Four are reasonable parameters to
make that selection upon?

A Yes, I do.

MR, KELLAHIN: I have nothing
further.

¥R, LEMAY: Additional «ques-
tions of Mr. Roe.

1f not, he may be excused.

¥R. EKELLAHIN: The proponents,
a5 we've been characterized, Hr. Carr and my clients seek
to rest our direct case.

Mr. Carr is our official time-
keepar. wWe are ready to debate the amount of time we have
used and the amount of time we have kept track for the oppo-
nents and Mr. Carr, I think, has some numbers for you to
consider.

MR. CARR: May it please tho
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Commission, at this time we submit that Greer, Dugan,
McBugh, and Sun have used 7 hours and 31 minutes.

In cross examinatién tallon,
Mesa Grande, and Amoco have used 2 hours and 18 minutes.

Questions from the Commission
and others, including Mr. Padilla, is 1 hours and 13 nmin-
utes, and we tender back to you 45 minutes today.

Based on that we submit that we
are reserving 5 hours and 15 minutes for cross examination
and rebuttal.

MR, LOPEZ: Mr. Chairman,
that's all well and good as 1 see it. I concur that we've
used 2 hours and 18 minutes and adding the 45 minutes left
today, that gives the proponents approximately 3 hours.

We have two more days according
to I think the rules of the game established early on and so
as I would calculate it. We will be able to go forxth with
our case and stop sometime after lunch on Thursday leaving

at least three hours, that giving the opponents and whoever

else whatever necessary time you need to do whatever cross

examination.

I think this is one sort of
thing just can't be (inaudible) with a logarithmic scale and
I think we're just going to have to play it by ear.

¥R, LEMARY: I agree. There was
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some talk earlier that the proponents or side one would like
to reserve some time to recall some witnesses and for that
reason they were not using all their cross examinétion time,
Does that sound like something you would all like to do, or
part of the game plan?

MR. LOPEZ: We would like to
keep some time for surrebuttal (inaudible).

MR, CARR: We're not going to
fight over minutes, but we were giving our briefing of where
we are.

¥R, LOPEZ: So it looks like =~-
are we going to go forward this afternoon?

MR. LEMAY: That's in your op-
tion. If you'd like to, well, we can do that. Sally's on
one tape and for that reason she has some concern, but I
think she could catch it on her tape.

MR. LOPEZ: Well, 1t would suit
us just as well to start at 8:00 in the morning if it would
be better for you.

MR. LEMAY: Since it's your
turn at bat, we'll go by your wishes.

MR, LOPEZ: #®hy don't we start
at 8:00, unless that's too hard a hardship on --

MR. LEMAY: I don't believe so.

I think we could -~ did you say 8:00 or 8:307
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MR. LOPEZ: 8300 o'clock. 8:15.

¥R, KELLAHIN: Mr. Chairman,
it's only 17 after 4:0C in the afternoon and we éte geing to
come to Priday and just as sure as God made little green ap-
ples we are going to run out of time.

We have sat anxiously waiting
for days to understand the opposition's position. Maybe we
could have a little clue with an opening statement or some-
thing. Don't make us suffer tonight.

MR. LFMAY: As I mentioned
yesterday, Mr. Kellahin, with all good socap operas, we al-
ways leave them with the good things to happen next time, s0
tune in tomorrow and you'll find out.

MR. KELLAHIN: It may not be
good, Mr. Chairmen. There's 45 minutes, it's their nickel,
Mr. Chairman, if they want to waste it.

MR, LEMAY: We're accommodating
the other side at this point in time.

Since we started early and
we're going to start a little earlier tomorrow, 11 don't seec
any problem with adjourning early today.

That doesn't mean that we're
gqoing to continue to adijourn early. I think once they get
on we'll want to push through so we will have some reserve

time on Priday, and if we do run into Priday, the way I have
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it figured right now, there will be some time Friday. I
don't see that much direct testimony.

So besides closing #ﬁgum@nts we
can run over a little on Priday. We're trying to reserve
that because we know how ~- how these kind of things can
keep going on and on without putting time limits.

So unless there's any other oh~

jection to the current schedule, we'll adjourn for the day.

{Hearing concluded.)
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