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MR, WEBB: That is all.

MR. PORTER: Anyone else havé a questirn? The witness may
be excused.

MR, CAMPBELL: I have a little bit of re-direct, please,
I would like, if the Commission please, to straighten up a few mat-
ters here that perhaps have left the record in doubt in a mathema-
tical sense.

"REDIRECT EXAMINATION

BY MR, CAMPBELL:

Q Mr. Keller, would you put those two things up on that boardf

Mr. Keller, in connection with your cross-examination by Mr. Hinkle
on one of the several hypothetical situations on which you have tes
tified here, and also on a hypothetical question by Mr. Webb, you
made some hasty calculations with reference to those situations.
Would you, by reference te the calculations you have put up
there on the board, and referring first to Mr. Hinkle's hypotheti-
cal case of one well with a thousand pounds of pressure, and one
well with five hundred pounds pressure, relate briefly to the Com-
mission what your recalculations indicate as to that situation.
A VWell, sir, I made some mistake in my calculations, both in
respect to Mr. Hinkle's questions, and Mr. Webb's., I would like
to correct them. 1 thought the easiest way to do so was to set

them down in black and white where they are clearly shown. The
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assumption under Mr. Hinkle?2 question was that we had two wells,
equal in all respects, except that the pressur<s varied. Number 1
had a thousand pounds of pressure, Number 2 five hundred, and then
the problem was to calculate the deliverability, and the reserve
under that assumption.

Correcting that yesterday, I testified that the deliverability
would vary as three to one. Comparing the two wells, on calculating
it in the quiet of my room, I calculate 3.2 to 1, while the reservg
would be in direct propertion, or 2 to 1.

In addition, I have calculated the allowable that would be
assigned to two wells under the assumptions involved on the recom-
mended basis, and on the present basis, and I find that the allow-
able of the Number 1 well would be 2.2, compared to 1 on the Num-
ber 2 well, under the recommended basis and, of course, 1 to 1 on
the 100% acreage basis, since the assumption was that all other
factors about the two wells were equal.

Of course, it is quite obvious, I think, that the ratio of
the reserves, or the ratio of the allowable, under the recommended
formula of 2.2 to 1, is much closer tc the ratio of reserves to
2 to 1 than is the 1 to 1 basis calculated under the present allocd-
tion formula. Actually, the 75, 25 basis was within about 10% of
being directly, of the allowable being directly prorational teo

regserves.
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Q Now, with regard to the hypothetical case posed by Mr.
Webb, I believe you, in your calculations, came up with a differ-
ent.1al on the one thousand pound, two hundred pound cases of 67 to
1. Did you recalculate that?

A Yes, sir. 1 made a very large error in that calculation.
As I recall, the assumption was similar to the one I just discussed
except that the pressures instead of béing a thousand and five hun-
dred, and with a thousand and two hundred in this case, all other
factors about the two wells were equal, the question was, what was
the felative reserves, and deliverability in the two wells under
that example.

I testified that thé‘ratic of reserve would be in proportion
to the pressure, or 5 to 1, which is correct, and that the deliver-
ability would be 67 to 1.

Now, I recalculated that, and that is in error. Aétually,
with an N-value of 1, the ratio of the deliverability would be 25
to 1, but using the 8/10th slope that I have recommended N-value
it would be 13.2 to 1.

I have then made some calculations to show the effect of that
dispropoftionately between reserves and deliverability on the allod
tion on the 75, 25 basis; the ratio of allowable would be 4.6 to 1
in favor of the thousand pound well on the 100% acreage basis, it

would be 1 to 1 and, of course, it is obvious under the hypothesis

?
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of these questions, that the 75, 25 which distributes 4.6 to 1, is
much closer than the 5 to 1 reserve distribution than is the 1 to
1 basis here;

Although, I want to be sure that I am not creating a false
impression that I'm ciaiming that the 75, 25 formula is near that
percent in the Jalmat Field. It actually works out under this
hypothetical situaticn to be a lot closer, I think, or somewhat
closer probably than is reasonably possitvle in the field itselfl,
although the formula that I have recommended is the best formula
I have been able to devise to allocate allowables as near as pos-
sible to reserves in the Jalmat Field.

Q¢ Kow, in conhection with the Jalmat Fileld, you testified on
Cross-Examination that you have concluded from your studies in the
Jalmat Fleld, that this formula would approach, at least, the pro-
tection of correlative rights, closer than the present formula, andg
you h;ve alse testified, I believe, in the Jalmat Fiéld that there
is a relationship of sorts between the deliverability and the gas
reserves.,

Would you please state generally and briefly, what studies yoy
referred to in your answer to those questions, >Wha§ type of studid

A Yes, sir. I evaluated the reserves for all of the wells in
the field for which I had pressure pr;duction trends that could be

extrapolated in order to estimate reserves,

s?
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I found 265 wells with sufficient production history that I
could estinate reserves on that basis. I had :vailable back Presg.-
sure tests on a liﬁtle over 300 wells, where I had both the slope
of the back pressure curve, and the open flow from which I could
calculate tne deliverability on the recommended basis of the flow
against 80% of the shut-in pressure for each well.

I estimated the deliverability, or calculated it on that basis
for approximately 300 wells,

Now, out of the 2065 wells that I had reserve estimates on,
and the 300 some odd wells that T had deliverability calculations
on, there were about 226 wells that I had.both deliverability resul
and reserve estimates, and I have made comparisons between reserves
and deliverability, employing that data.

Q Did you plot thoce on maps in the Jalmat Field?

A Yes, sir, I did plot that map.

Q& Would you get out those plots, please.

MR. LAYTCN WEBB: I would like the record to show which Mr.
Webb's testimony he is disagreeing with,

(Marked Texas & Pacific?s Exhibits 8
and 9, for identification.)

Q (By Mr, Campbell) ir. Keller, I would refer you to what
has been identified as Texas Pacific's bxnicit Number 8, and ask

you to state to the Commission what that is.

A I have, on Zxhibit Jumber 8, atitzmpted to represent the
[  J
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relative distribution of reserves in the Field, that I arrive =+
from the 265 wells that I was able to estimate reserves for by
extrapolating pressure production information. The Exhibit Number
8 is a map of the Jalmat Gas Field area. I have taken the data on
the 265 wells and arranged them in sequence of increésing reserves,
that is, with the lowest reserves first, going up in ascending
order of reserves to the highest.

I have then broken, or divided, those wells into four groups
having an equal number of wells in quarters, so to speak. On that
basis, I have found that the fourth of the wells having the poorest
reserves all had reserves of less than 1.l million, correction
billion cubic feet per well. I have taken that poérest fourth and
colored the acreage assigned to them on the map in dark blue;
8imilarly for the second group of wells.,

By that process, I found that the second best wells, the re-
serves vary from l.4 btillion per well, to 3.09, I have colored the
acreage to these wells in light blue. The ﬁhird group of wells
being next to the best group, which have reserves ranging from
3.09 to 5.17, I have colored them in light red. For the best welld,
which have reserves greater than 5.17 billion per well, I have
colored this dark red.

The result is that the better than average reserve wells, the

acreage assigned to them, is colored in red on the map. The best
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half of the better half is in dark red, and the next tc the Lest
in light red. Conversely, with the less than average reserve wells
are in blue, the poorest fourth of the wells being in dark blue,
and the next to the poorest in light blue.

Q Will you refer to what has been identified as Texas Pacifig
Exhibit Number 9, and state what that is, please, and explain it.

A Yes, sir. I have for each of the groups of wells, or each
quarter, arranged in sequence of reserves, I have -- correction
Exhibit Number 9 has been prepared by taking the 300 some odd welld

that I have deliverabilities taken on, and arranging them in sequen

of deliverability, starting with the lowest deliverability and goin

to the highest deliverability.
I have then divided those wells in fourths on a deliverability
basis, and colored in the map on a deliverability map basis, in a

similar fashion as I did on a reserve basis on Exhibit Number 8.

The result i3 that of those 300 wells, the wells that have lesgs

than averége deliverability for the 300 are colored in blue; for
the ones that have greater than average deliverability are in red.
I have further broken down just as with reserves, the better wells
into the dark red and light red quarters and the poor wells from a
deliverability standpoint in & light blue and dark blue.

Q- Now, based upon that study, what is your conclusion?

A Well, sir, as I tried to explain from Exhibit 7, it seemed

‘s
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apparent to me that deliverability and reserves must be relatsld in
some fashion; that is, in general, the better the deliverébility,
the better the reserves, so I was attempting to testify that as
applied to actual conditions in the Jalmat‘Field, and this was whagy
I thought a reasonable method of analyzing to see if there was a
correlation between the deliverability and reserves in general
throughout the Field.

I found that there was a general correlation, and I believe
it shows up in a comparison of the reserve distribution and the
deliverabiiity distribution illustrated in the manner I have just
described on Exhibit Number &, and 9.

For example, it will be noted that on Exhibit Number 8, in theg
vicinity of Township 23 South, Range 36 East, there is a large red
area of high reserves which correlates roughly with a large red
area on Exhibit Number 9 in the approximate same location, showing
the area of high deliverability. Similarly, we will notice that tH
is a high reserve and deliverability area indicated by the red in
the north end of the Field, that there is a fringe around the edge
of this red area, designating the high reserve area; of blue col-
ored welis showing lower than average reserves, which roughly cor-
responds to a fringe of lower deliverability wells on Exhibit Num-
ber 9.

There is also a rough correlatlion between the reserve distribu

ere

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEW MEgXICO
3-6691 5.9546




tion in the south 30 or 40 percent of the field. ﬁost of the ellj
down there are poorer than average reservewise with a few scatcerad
better than average wells designated by red.

The same thing is true from a deliverability standpoint in
the south enrnd; most of them are lower in deliverability? with =2
few scattered wells of high deliverability. To my mind, this just
illustrates that if you will take the actual data in the Jalmat
Field, it is still true that good wells are usually good deliver-
ability-wise, and reserve-wise, and conversely. |

Q You can come on back down here now, please, You have statdd
numerous times that that relationship ié not an exact relationship,
have you not?

A Yes, sir.

Q First, will you state what your study reflected with regard
to the ranges of difference in reserves and in deliverability in
this field?

A Yes, sir. Let me say this, that as I previously testified)
there were 226 wells that I had both deliverability and reserve datla
on the same wells, sé the comparisons that I am about to give you
are confired to those 226,

I find that the reserves per acre varied 90-fold among those
226 wells, for my minimum of 8/10ths to a maximum of 91 million pen

acre., Now, that reserve per acre figure is arrived at by taking
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the estimated well reserves from the pressure prcduction extrzhola
tion and divided by the assigned acreage. The deliverability Zor
those same wells varied frem less than a hundred thousand per day
to as much as about 19,4 million per day. That's a variation of
194.

Now, if we eliminate the extremes, both from a reserve and
deliverability standpoint, and take - eliminate the lower 10% and
the upper 10%, and just consider the 80% of ths wells representing
the bulk of them in the middle, then the reserves per acre vary frd
5.6 to 48.1, or a variance of about 8.6-fold. The deliverabilities
on that same basis of comparisons vary from 360 thousand cubic feed
per day, to 6.4 million per day, or & variation of 18-fold.

Q Does that wide variation indicate further to you that the
allocation of allowables on the basis of 100% acreage does not sery
to protect correlative rights? |

A Yes, sir, it very definitely does, because regardless, undd
the present allocation formula, the acreage that has a reserve of
73 million per acre‘gets the same allé;able a8 the one that has led
than one million per acre, so you have got a 73-fold variation,
extreme variation, correction, 91 extreme variation in reserves,
but the allowables are 1 to 1 per acre.

(Marked Texas Pacific's Exhibit Number
10, for identification.)

< (By Mr. Cappbell) Kow, Mr. Keller, you nave constantly
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stated here that your testimony as to the relationship between

deliverability and reserve is not as toc an exact ratio or portion,
I refer you to what has been identified as Texas Pacificts Exhibit
Number 10, and ask you to state what tha; is, and what it illustrat

A Exhibit Number 10 1is a graph on which I have plotted the
deliverability in serms "of M.C.F. per day, against reserves, in
terms of millions éf cubic feet per acre, calculated as I have
previously explained for the data from the 226 wellé on which I
have both reserve and deliverability estimates.

Q What does that reflect?

A Well, sir, it reflects that there is a general trend or
statistical trend relationship between reserves and deliverability.,
It reflects what I have attempted several times to explain today
thét they are not in direct proportion to each other, but there is
a very definite statistical trend, which says in general that in-
creased reserves are accompanied by increased deliverabilities,
and conversely. Not that one 1is the cause 6f the other, it is not
a cause and effect relationship; it is just a general trend relatid
ship, and it's illustrated by this trend in the grouping of the
points.

To illustrate that trend a little more definitely, I have
drawn a heavy dashed black line at this position on Exhibit Number

1C6, which is the Median of the data shown on this graph. It was

e3.
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arrived at in this fashion: You will recall I arranged ths daua
in reserve order sequence, starting with the lowest to the higher,
and divided them into four groups of equal number of wells. I havg
plotted the average deliveragility against the average reserves
per acre, resulting from that arrangement, aﬁd division into quar-
ters, intc red triangles, and have drawn, as vou see, and it is a
very definite straight line trend of that average data.

I have then taken the same group of wells, arranged them in
an increasing deliverability sequénce! spaces, taken average re-
serves and average deliverability after breaking ﬁp into those foul
groups, and pleotted that average data that is, deliverability and
reserves in general.

You will see that they both show a relationship, the average
data does run in a little different direction; it!s on that basis
that I have attenpted to average the trend of all of the data with
the dark btlue line shown at this position on Exhibit 10,

Q Did this further substantiate your position that deliver-
ability entering into the allocaticen formula in some manner will.
serve to prctect correlative righ;s mpre'than the present formula?

A Yes, sir, because it tends to distribute allowables in cond
formance with a general relationship between reserves and deliver-
ability. The present formula assumes that the reserves per acre

v

throughout the Field are constant. My data shows that the variatic
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in reserves per acre is up as much as 90-fold, so it seems quite

obvious to me that the inclusion of the deliverability formula

would tend to protect correlative rights rmeore than straight acreagﬁ,

(Marked Texas Pacific's Exhibit Number
11, for identification.)

@ (By Mr. Campbell) ©Now, Mr, Keller, you have referred in
your answer on cross-examination Lo the situation as to the Jalmat
Field, particularly bearing out your proposal as to that Field.
Have you made any comparison between these wells in the Field
divided into fourtis, as to reserves and the allowable under the
present and the proposed formula?

A Yes, sir.

Qd I refer you to what has been identified as Texas‘Pacific's
Exhibit Number 11, and ask you to state what that is, and explain
it, pleass.

A Yes, sir. I took the 226 wells on which I had toth reservd
and deliverability data, and as I previously explained, arranged
them in sequence of increasing reserves and divided them inte four
groups, with an equal number of wells, and which I have designated
as 1, 2, 3, and 4 on Exhibit Number l1.

The number of wells in each group is also shown on Exhibit
Number 4, under each of the bars on the Lar-graph. There were 57

in the number 1 group, 56, 57 and 56 which is as rnear as you can

divide 226 into four equal groups,
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Then I have taken and calculated the average reserves per aors
for each group, which I have designated by a red bar on Exhibi:
Number 11, which ties into the scale on the left hand side of
Exhibit Number 1, for example, considering group number 1, the red
bar reaching up to this portion cerrelating over-to the scale,
shows that the average reserve per acre for that first group of
wells i3 approximately 6.4 nillion cubic feet per acre.

Going on up to the best group of wells, the highest group of
wells, the average reserves per acre for that group is 46.8 million
cubic feet per acre. How, for each of ﬁhe groups, I have also cal4
culated the average deliverability which I have illustrated by the
green bar. The lowest group, the average deliverability is 1.027
million cubic feet per day; for the best group is abqut 4 million

577 cubic feet per day.

It will te ncticed that when we divide the wells in this fashion,

that it is just as one would expect, that in general the average,

the fourth of the wells with the loweast reserves also have the lowdast

average deliverability, and that the two increase in the same direg
tion, although not at the same rate,to where the highest reserve

wells also have the highest deliverability, and as you recall, we

also found out that they were distributed areally in that same typé

of relationship. Then I have, in addition, I have shown the relati

allowable that sach of these groups would receive under the recom-

ve

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEw MEXICO
3-6691 5.0546




A%

mended formula, and under the present allocation formula.

Q What is the result of that?

L The result of that is shown for the 100% acreage formula
row in effect is shown by the heav& dashed line running horizontall
across Exhibit Number 1ll.

Now, I might explain that this relative allowable as between
groups, is relative on an acreage basis, te the average allowable

for all four groups, sc since 100% acreage treats each acre unifory

and the relative allowable in terms of allowable vper acre, the reld-

tive allowable for each group is the same. It's constant, that is,
depicted by this horizontal line that the distributicnal allowable
on the average to these groups would be constant on the present
formula,

I have calculated the rela;ive allowakle per acre by the way
that is tied about the scale on the right hand side of the Exhibit
11 for the recommended formula. As shown, that formula results in
assigning the group with the lowest reserves, and the lowest cdelivd
ability, the lowest alilowable, which on the relastive allowable scal
is approxirately £.56% of the average per acre allowable for all
four grours.

It also results in assigning the best wells reserve-wise and
also which happen to be the best wells deliverability-wise, a highdg

thar average allowable. In other words, the allowable distribution

Y
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as ililustrated or Exhitbit Number 11, more nearly follows the dis-

tribution of reserves under the 75,25 formula, than it does the

t

distribution ¢f reserves under 100% acreage, using all the data,
data I have available to me cn the actual reserves and deliver-

ab

b—lo

lity in the Jalmat Field,

Te my mind, it very definitelvy showe that the recommended
formula will tend to distribute on the average the allowables more
nearly in provortion tce the reserves than does the 1C(% acreage
formula, Actually, it might be criticised in that it doesntt go
far enough in that directicn., For example, considering the lowest
reserve group with the highest reserve group, we find that the rati
cf average reserves per acre, that is from 4L6.8 to 6.4, is about
7.3 to 1.

The ratio of the deliverabilities is less than that on the

average. It's from L577 to 1027, or 4.5 to 1. The allowable variés

from the best group of wells from a relative allowable of 1.59 to
about 504, or a variation of 2.8 to 1.

So in summary, the reserves, the asverage reserves for these
groups varies about 7.3 to 1. The deliverability about 4.5 to 1,
and the alloweble under the recommended formula abtout 2.8 to 1,
while on the 100% acreage, it weuld vary as 1 to 1, the allowable
would.

MR. CAMPFBELL: I would like to offer Texas Pacific's

C
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Exhibits £, 9, 10, and 11 into svidance.

MR, PCRTER: Without obiection, thev will be admibted,

M., CAPPRRLL: That's all of the guestionz T have of this
witness on Re-direct examination,

MR, PORTER: At this time, the hearing will recess until
1:30.

ATTERNOON SESSIOYM -~ FRIDAY, MNMOVEMBER 15, 1957, 1:30 p.m.

MP. PCRTER: The meeting will come to order, please. Mr

Caﬂpbell 1 believe you have one more question?

RE-DIRECT EXANI¥ATION
Continued

BY MR, CAMPBELL:

§ The question has arisen, lir. Keller, as to the point, if
the Ccommissicn snould see {it to include deliverability in the
allocation {formula for the Jalmat Field, what present basis would
you use in arriving at the deliverability in tae formula?

A Well, sir, I would recommend that each well in the Field
be tested in accordance with the testing regulations included in
the directive of the Commission dated March 15, 1954, and that the
deliveratility obtained from that text be corrected to the flow

against 80% of each well's shut-in pressure, taken in conjunction
with that test in accordancs with the equations included in that

March 15, 1954 directive.

MR, CaMPBBLL: That's all
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Yir. Utz.

MR, FORTER:

”

Dees anyone have a questiorn of the witness?
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