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IN THE MATTER OF:

CASE NO. 1052: Application of the 0il Conservation Com=-
mission upon its own motion for an order
establishing the maximum efficient production rate for the
Denton {Devonian) 0il Pool, Lea County, New Mexico. Oper-
ators are requested to furnish all available production
data, reservoir data, and any other pertinent informtion
in order to determine if the present existing system of
allocation in the Denton (Devonian) 0il Pool might result
in waste and to enable the Commission to establish the
proper producing rate.
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BEFORE:
Honorable John F. Simms, dJr.,
Mr. E. S. (Johnny) Walker,
Mr. A. Le Portero

TRANSCRIPT OF HEARING

MR. PORTER: We will move on to Case No. 1052.

MR. GURLEY: Application of the 0il Conservation Commission
upon its own motion for an order establishing the maximum efficient
production rate for the Denton (Devonian) 0il Pool, Lea County, New
Mexico.

I would like to read a letter into the record of this case dat
April 5th, 1956, addressed to Mr. R. E. Howard, Atlantic Refining
Company, P.0. Box 871, Midland, Texas.

"Hear Mr, Howard: Reference is made to your letter of March

2 2, 1956, in which you request continuance of Case 1052 from April

on behalf of the operators in the Denton Pool, subsequent to a meet{
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letter further indicates that a study of the pool is being made at
t his time which would make available considerable information whicH
would be of value in the case.

"Tn consideration of the foregoing, I will recommend to the
Commission that the case be continued to a definite date in June.
In the meantime I am sending a memorandum to all operators in the
pool directing them to take gas-oil ratio tests on all wells in th¢
pool between the dates of April 10th and May 10th, 1956, and reporg
them in the usual manner to the Commission not later than May 25th,
1956. These tests will serve as the regular annual tests which werle
previously scheduled for August and September, 1956.

"We shall expect your full cooperation in the matter to insure
that disposition of the case will be made in June.

“Very truly yours, A, L. Porter, Jr., Acting Secretary-Directdr.n

MR. PORTER: Are there any statements from any interested
parties at this time concerning Case 10527?

For the record, the memorandum which was referred to in the
letter just read was sent to all of the operators in the Denton
Pool, requesting, or directing, that gas-oil ratio tests be taken
between the dates of April 10th and May 10th, and reported not later
than May 25th, which should give us time to get that information in
and for the Pool Committee to continue and complete its study.

We would like to insist, however, that all parties who are
interested in this case, in presenting testimony, be ready by June
14th, to which date the case will be continued, June li4th being the
regular hearing date for that month.

MR. GURLEY: The reports on that, Mr. Commissioner, are to

be made not later than May 25th, is that not correct?
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MR. POETER: Gas=-0il ratio tests are to be filed not later
than May 25th.

STATE OF NEW MEXICO 2
COUNTY OF BERNALILLO )

I, THURMAN J. MOODY, Notary Public in and for the County of
Bernalillo, State of New Mexico, do hereby certify that the foregoing
and attached Transcript of Proceedings before the 0il Conservation
Commission for the State of New Mexico was reported by me in steno= 7
type and reduced to typewritten transcript by me and/or under my
personal supervision, and that the same is a true and correct recond
to the best of my knowledge, skill and ability.

WITNESS my Hand and Seal, this, the 25th day of April, 1956, Hn

the City of Albuquerque, County of Bernalillo, State of New Mexico.

My Commission Expires:

April 3, 1960.
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Before the
OIL CONSERVATION COMMISSION
Santa Fe, New Mexico
June 1k, 1956
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IN THE MATTER OF:

Application of the 0il Conservation Commission
upon its own motion for an order establishing
the maximum efficient production rate for the
Denton (Devonian) 0il Pool, Lea County, New
Mexico. Operators are requested to furnish
all avalilable production data, reservoir data,
and any other pertinent information in order
to determine if the present existing system
of allocation in the Denton (Devonian) oil
pool might result in waste and to enable the
Commission to establish the proper producing
rate.

Case 1052
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BEFORE:
Honorable John F. Simms

Mr. E. S. (Johnny) Walker
Mr. A. L. Porter ‘

TRANSCRIPT OF HEARING

MR; PORTER: 'The next case Oﬁ the docket is Case No. 1052,
Mr. Gurley, will you read it briefly?

MR. GURLEY: "“Application of the 0il Conservation Commissid
upon its own motion for an order establishing the maximum efficienf
production rate for the Denton (Devonian) 0il Pool, Lea County,
New Mexico. Operators are requested to furnish all available
production data, resérvoir data, and any other pertinent informa-
tion in order to determine if the present existing system of

allocation in the Denton (Devonian) oil pool might result in waste

and to enable the Commission to establish the proper producing ratd.

If it please the Commission, at this time, on behalf of

n
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the Commission's staff, I would like to have Mr. Dan Nutter make
a statement into the record. |

MR, NUTTER: I would like to make a brief statement regard-
ing the Denton:-Pool and the reasons for which the Commission called
this hearihg.

This pool was discovered by McAlester Fuel Company Denton
#1, located SW/4% SE/4 Section 15, Township 11, Range 37, September
26, 1949.

Since that time some 121 wells have been drilled to the
Devonian in the immediate area, of which 109 are presently producifng
from the pool.

Your attention is called to the production chart on the
wall here. You will note that the pool's monthly oil production,
as indicated by the black line on the chart, started cliambing up-
ward in early '51 as the pool was developed. The pool had pretty
well reached its peak rate of production by early '55, and since
that date has rocked along at a rather uniform rate, discounting
differences in the number of days per month pipeline prorationing
and back allowable.

Water production in the Denton Pool, as indicated by the
red line, which ineidentally is on a different scale than the 0il
production, did not experience any significant increase until
early 1954%. It has increased rather sharply since that date,
however, and the pool produced 135,000 barrels of water in March,
1956, while it was producing approximately 700,000 barrels of oil.

Speaking of water production, it is interesting to note
at this point that 61 out of a total of 109 wells, or 56% of the

wells, reported water on the GOR tests concluded last month.
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23 wells, or 25.7% of the total, reported water amounting to 10%
or more of the oil production. These wells making water are not
confined to the edges of the pool or the lower barts of the structare.
Rather they are to be found on the flanks, on both ends and at the
top of the producing formation.

That in essence 1s the reason fér the call of this hearing

The Commission and the staff took a broad overall view of the pro-

“~

ducing history of this pool and decided that there is a possibility
that an undesirable situation exists whereby one of the best
pools in the state will be damaged by a rate of production which
is too high to sustain proper bottom hole pressures and avoid
undue water encroachment, fingering and/or coning. We know that
many of the wells have watered out, been plugged back and reper-
forated and restored to top allowable. I frankly feel that this
has been a source of waste -- that every time a well is plugged
back some of the oil is left behind.

We also realize that the Denton Devonian reservoir is a
complex system, and that only a thorough study can give the answer.
That is the reason for the call of the hearing.

MR. SELINGER: On behalf of Skelly 0il Company, we wish
to concur in the statement that Mr. Nutter just made.

MR. PORTER: Thank you.

MR. HINKLE: If the Commission please, Clarence Hinkle
of Hervey, Dow and Hinkle, Roswell, appearing on behalf of Atlantig
Refining Company. I would like to make a brief statement before
offering any testimony.

The notice published in connection with this case requests

the operators in the Denton Devonian Field to furnish sll the
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reservoir data, production data, and pertinent data to the Commis-
sion in order to determine if the present condition might result
in waste, and to help the Commission establish a proper producing
rate.

At the outset, I would like to point out that most of the
exhibits that the Atlantic proposes to present have been prepared
by an engineering committee representing the operators in the
Denton Devonian Field, and consequently represent factual data
and information compiled through the joint efforts of most of the
operators in the Field. In addition, Atlantic will present its
own interpretation.

With regard to the statement of Mr. Nutter, which he has
just made, I think the evidence will show,that we propose to intros
duce, that the water encroachment in this field is not unusual, it
is more or less normal for a field of this characteristic.

I would like to call Mr. Tomlinson as a witness.

¥. B. IOCMLINSQN,
called as a witness, having been first duly sworn, testified as
follows:

DIRECT EXAMINATION

By MR. HINKLE:
State your name, please.
W. P. Tomlinson.
By whom are you employed?
By.': the Atlantic Refining Company.
In what capacity?

As petroleum engineer,

O B o0 o O o O

And as a reservoir engineer?
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A Yes, sir.

2 How long have you been employed in that capacity?

A Seven years.

Q Have you previously testified before the Conservation
Commission?

A Yes.

MR. HINKLE: Are the qualifications of the witness accepted
MR. PORTER: Yes, sir, they are.

Q Mr. Tomlinson, have you made a study of the Denton Pool,
particularly the Devonian formation?

A Yes, sir, we have. Actually, the first study of the
Denton Pool began in 1951. It was a study that was projected to
furnish data for the construction of a gasoline plante-

Q@ Let me interrupt you there, was the study made by you
individually, or was it by an engineering committee for the opera-
‘tors in the field?

A It was made by an engineering committee on behalf of the
operators.

Q What was the purpose of appointing the engineering committe
the primary purpose?

A The primary purpose was to ascertain the supply of gas
available and to predict future rate of production.

Q In connection with the erection of a gasoline plant?

A 0Of the plant, yes.

Q What was the work of the committee, or what kind of work
did that committee perform at that time?

A That committee studied both the Devonian and Wolfcamp

reservoirs. At that time data was not asavailable as it is today,

?

€,

DEARNLEY-MEIER AND ASSOCIATES
STENOTYPE REPORTERS
ALBUQUERQUE, NEW MEXICO
TELEPHONE 3-66861




and it did ﬁot have the scope of this work. However, it did fore-
cast rates and available supply of gas, was actually the scope of
the work.

Q Did they establish any percentages of participation for
the purpose of erection of the gasoline plant?

4 That was an additional duty assigned to the engineering
committee, and they did calculate equities for each operator in
the field, so that they might go ahead with the plant.

Q Did that committee make a recommendation to the operators
committee, and was the plant established on the basis of their
recommendation?

A Yes, sir.

% Subsequent to that time, and the erection of the gasoline
plant, has any additional engineering committee been appointed by
the operators in the field?

A Yes, sir. I would like to enlarge a little bit. That
engineering committee that was established in 1951 continued to
function until March of 1955 at various times. Then, to answer
your question, we established another engineering committee for
the purpose of determining the optimum methods of operation of
both the Devonian and Denton Wolfcamp reservoirs aencJanuary 10,
1956,

Q Were all of the operators represented in connection with
the appointment of this committee?

A All were invited; certain operators who have very small
interests in the reservoir do not feel that they can participate.

@ Who was made chairman of that committee?

A Atlantic has acted as chairman of the committee.
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Q By reason of the fact that it was one of the largest
operators in the field?

A Yes, sir.

Q@ I believe you stated that mogt of the operators have been
represented in connection with this committee?

A Yes, sir, all operators who operate wells have been repre-
sented at one time or another.

Q Have most of them taken an active part in connection with
this committee?

A Yes, sir.

Q They have joined in the work of filing the data of the
committee?

A Yes, sir.

Q Did‘you serve on both committees that you have referred tof

A Yes, sir.

¢ I assume that several of the members of the present com-
mittee also served on the previous committee?

A Yes, sir, they have.

@ What was the scope or work of the last committee, which
you state was formed on January 10, 1956%

A It was actually, the primary purpose was ﬁo determine the
optimum method of operation of the two reservoirs. Now in March
of this year, we received notice from the Cbmmission that’they
planned a hearing to review the operating conditions in the field
to the Devonian reservoir.

Q@ The committee had already performed some work prior to youl
receiving notice of this hearing?

A Yes, sir, we had started work on both the Devonian and

DEARNLEY-MEIER AND ASSOCIATES
STENOTYPE REPORTERS
ALBUQUERQUE, NEW MEXICO
TELEPHONE 3-6691




Wolfcamp. However, at the time that we received notice of the
hearing, we suspended work on the Wolfcamp and concentrated our
efforts, all our efforts on the Devonian. At the time, or rather
shortly thereafter, we received the notice of the hearing, the
committee was responsible for coordinating the bottom hole pressure
survey in the field which was conducted during the first part of
April. We went ahead and assembled basic data which we thought
might be pertinent to our study, and also the data that we thought
might be useful to the Commission in providing background informa-
tion. After we had collected the data, we arranged it in exhibits
and some analyses héve been performed by Atlantic subsequent to
that time.
Q Did you make an analysis of the past performance of the
Devonian reservoir?
A Yes, sir.
Q Did you also make a prediction of the performance of the
reservoir projecting --
A (Interrupting) Yes, sir.
¢ For how long a period?
A We projected that for two years.
Q Did you also make an analysis of the individual well per-
formance to determine factors affecting water encroachment?
4 Yes, sir.
(Atlantic Exhibits Nos. 1 to
25 inclusive marked for identi-
fication.)
MR, HINKLE: If the Commission please, we have put on the
walls here 25 exhibits, and they have all been marked from 1 to

25. The witness will refer to them in the order in which they are
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nambered, and after he has gone through thé whole thing, I would

like to defer offering them in evidence and offer them all at once

at the conclusion of the testimony. Iithink it would save time.
MR. PORTER: I think that would be satisfactory, Mr. Hinkld.

Q Now, Mr. Tomlinson, you stated that a lot of maps and data
were prepared by this committee. Are those the maps which are or
have been referred to here as Exhibits 1 to 257

A Yes, sir.

Q Have all of the members of the engineering committee of
the Devonian Field had an opportunity to go over these maps, and
have they approved them?

A Yes, sir. They have all reviewed them.

+ Have these exhibits been presented to the operators!
committee of the Devonian Field?

A Yes, sir.

@ Have they taken any action either pro or con?

A They were viewed and since 1t was anh original directive
of the operators! committee for the engineering committee to pre-
pare such exhibits and data, we presented them and they accepted
them without objection.

2 1 would like'to make a correction there. I believe that
the first 24 of the exhibits are the work of the committee and
25 is your own, is that not right?

A Yes, sir, there is one additional exhibit which we will
point out when we get to it.

Q Which is No. 25. Mr. Tomlinson, I wish you would refer to
Exhibit No. 1 and state to the Commission what it is and what it
shows. It might be advisable for you to go to each exhibit and
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point but, in”éonnection with your testimony, anything that you
would like to.

A Exhibit No. 1 is é structure map contoured on top of the
Devonian formation. You will note that the Denton Devonian
structure is a domal feature, elongated in the north-south direc-
tions. The productive limits include an area approximately five
miles long, two miles wide at the brcadést point, and it has an
areal extent of approximately 4900 acres. The reservoir is found
at a depth of approximately 12,500 feet. The maximum closure is
found on the southern end of it where the flanks dip at an angle
of approximately 35 degrees. The structurally high area in the
north has lesser relief and dips at an angle of approximately ten
degrees.

One well in the Denton Field has penetrated &}l of the
Devonian reservoir and the siluro=Devonian interval lying immediatd
below it. It encountered rock from 1300 feet of section. Several
other wells have penetrated approximately 1000 to 1200 feet into
the interval and were bottomed in a zone which may be presumed
to be the Fusselman. A gross thickness of 1100 feet is arbitrarily
assigned to the Devonian in this locality.

Drill stem testing early in the life of the reservoir
established the water-oil contact at 8915 feet subsea. I think
that has generally been accepted since that time as being the
original contact. In this area some of the water-oil contact lies
below what may be considered to be the base of the Devonianj in
other words, there is a siluro-Devonian knob that may stick up
in the bottom of it. This reservoir did not have a gas cap and

it was considerably under-saturated originally.

ly
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Q@ Mr. Tomlinson, what are thé physical characteristics of
the reservpir rock of the Devonian Formation?

A The matrix rock of the Devonian is a dense crystaline
dolomite having numerous fractures and vugs. Good correlation of
pay intervals cannot be noted by examination of logs and core data
and consequently data presented here pertains to the gross section
of the reservoir.

Analyses have been made of 2706 feet of Denton Devonian
core taken from 9 wells. The avergge porosify of the gross sectioﬁ
was calculated to be 2.86%. An attempt to determine the average
permeability from the core analysis was not pursued extensively;
however, from pressure build-up data, it has been estimafed- that
the average permeability is in the order of 5 to 10 millidarsis.
Capillary pressure data for one group of core samples indicate
the average water saturation to be approiimately 4Y0%. It is
thought the water saturation in the fractures and vugs will be
near zero, while the less porous and permeable rock, which will
cpntribute a considerable portion of the oil ultimately produced,
has a high water saturation.

Q Now, referring again to Exhibit 1, which is the structural
map, does that reflect any faulting?

A No, sir, as this map is contoured here, you cannot find
any faulting on it. That is the conventional method of contouring,
I believe,

Q Refer to Exhibit 2 and tell the Commission what it is and
what 1t shows.

A Exhibit 2 is a cross-section index. We have prepared

several cross-sections in this field, two major north-south cross-

DEARNLEY-MEIER AND ASSOCIATES
STENOTYPE REPORTERS
ALBUQUERQUE, NEW MEXICO
TELEPHONE 3-66981




12

sections lying in the end, and three running from west to east.
Cross-section A to A-prime is this short one here. It is in the
lower end of the Field where higher relief is noted. Cross-section
B to B-prime is this one right here, going through a little wider
section of the reservoir, and is noted as less relief shows on
that one. Cross-section C to C-prime is this onej; it goes through
the wide portion of the north part of the field and shows considers-
ably less relieff These lines are connecting points between the
top of the Devonian. D to D-prime is this cross~section on the
bottom; it shows ib:dips off a little bit on the very north edge
of the field and has a high point here and then has a tendency to
have a saddle. That is a cross-section that continues on to
E to E-prime right here, and you can see that it rises up from
that point coming up to the highest portion of the field, and dips
off fairly steepiy on the south.
Those cross-sections are useful in that they do picture

the shape of the reservoir. They are drawn to eqﬁal scales both
horizontally and vertically. The scales are one inch equals 200
feet. We have put some completion data on these maps; they consist
principally of initial potentials and some use intervals are noted
on there among the various other information. The logs are either
radioactive logs or eleqtrical logs.

Q Is there any further statement you wish to make in regard
to Exhibits 3 through 7, cross~sections?

A I would say thoée exhibits do not show any faulting. We
have looked for faulting on these and have not been able to detect
it any place where we can prove there is faulting.

Q What are the characteristics of the fluid found in the
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Denton Devonian Formation?

A We have had access to four fluid analyses obtained from
the Devonian Reservoir. We have selected one fluid analysis as
being representative of all of them. They are all very similar.
This particular fluid analysis was obtained from the McAlester
Fuel Company'!s J. M. Denton A No. 1 well in 1949. That was
shortly after the fieldbwas discovered. The average gravity of
the oil is 44.7 degrees API. The average gravity of the gas is
1.031 specific gravity. The salinity of the water is 31,000 parts
per million chlorides. The reservoir, as I have stated before,
was initially undersaturated. The saturation pressure for this
fluid analysis is 2,665 psig. The solution gas-oil ratio was
1116 standard cubic feet per barrel at 2,665 psig. At 300 psig
the solution gas-o0il ratio was 255 standard cubic feet per barrel.
The formation volume factor is 1.688 at the low point pressure of
2,665 psig. It has a formation volume factor of 1.278 at 300
psig. The viscosity of the oil is 0.35 centipoise at 4800 psig
and 169 degrees Fahrenheit. It has a viscosity of 0.32 centipoise
at 2665 psig and 169 degrees Fahrenheit. It has a viscosity of
O.44% at 1100 psig and 169 degrees Fahrenheit. Viscosity is 0.56
centipoise at 300 psig and 169 degrees Fahrenheit. The compressi-
bility of the saturated oil at 169 degrees Fahrenheit from 5,000
psig to 4200 psig equals 12.75 times 10 to the minus 6 volumes per
volume per psi; from 4200 psig to 3400 psig the compressibility
is 15.13 times 10 to the minus 6 volumes per volume per psi. Froam
3400 psig to 2655 psig, is 19.46 times 10 to the minus 6 volumes
per volume per psi.

Q Mr. Tomlinson, do you have any information concerning the
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reservoir temperatures and pressures?

A The original reservoir pressure was measured in the McAlester

discovery well shortly after its discovery at 5,009 psig at 8200
feet subsea datum. The original reservoir temperature was 169
degrees Fahrenheit at 7901 feet subsea. Now in connection with
the reservoir pressures, we have included a bottom-hole pressure
map =-

Q (Interrupting) What exhibit is that?

A That is Exhibit 8. On Exhibit 8 is an Isobaric Map for the
April, 1956 bottom=hole pressure survey. The contour intervals
on here are 100 psig. The field datum is at 8200 feet subsea.
Those wells as other surveys in the past were shut in --

¢ (Interrupting) Let me interrupt you there. When was
this survey made represented by the isobaric map?

A It was made in April, 1956.

Q Was the whole survey made at substantially the same time?
A At substantially the same time.

Q@ Under the same conditions?

A Yes, sir.

@ And all the wells were tested alike?

A Well, it was the intention of all the operators to test
the wells alike, and the minimum shut-in time of 40 hours was
establishedj some may be slightly over that. These lines on here
"are connecting points of equal pressure in the reservoir. For
example, we have one well down here that had pressure of 4400
pounds. We feel that the pressure around there is 4400 pounds,
others near it were in the range of 4300, 4200, 4100 and so on.

Pressures on this slde are actually ranging from around 3700 pounds
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up to 4400 pounds.

¢ Explain to the Commission what the red area reflects.

A Well, the red area delineates a strip through the field
approximately one location wide in which we do not feel that we
had enough pressure information.  This is not through any fault of
the operators, it is simply because we are on forty-acre spacing
here. We noted a very sharp gradient between these two parts
of the field. This gradient ranges in the order of 12, 1400
pounds in most places. I have already stated that the west side
of this reservoir has the range of pressure from 3700 to approxi-
mately 4400 pounds. The pressures on this side range from approxi-
mately 2200 pounds up to around 27, 2800 pounds, except in a
small portion here, which is a little higher. We believe that that
is indication of an effective barrier to movement of fluid in the
reservoir. We have drawn this red line through here because we
do not know exactly where this barrier is. It may be very near
this side or it may be further over here. We would point out that
it can be in there. I would like to remind you that we did not see
on any of the other maps or cross-sections, but we do feel that
this is self-evident, that we have a very effective barrier across
there. It is further evident that this fluid is not migrating
from the high-pressure side to the east side where it has a low
pressure and the fact that right along hear this barrier we see
several of the lowest pressures on the east side. Now if we
had the situation of fluid migration,of replenishment of fluid
into the east side from the west, we would have this being the
highest pressure area in the east side and this grading off, but

such is not the case. It appears from this that it's very ocoi. I;
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effectively sealed off.
MR. NUTTER: Could you tell me, Mr. Tomlinson, what the

boundaries of the red interval are, do they follow pressure lines?

A No, sir, they don't. They are drawn through that gradient
area between wells that are nearest to the gradient. 1In other
words, those are the nearest pressures we have. We know the
barrier is somewhere between there. We did not try to pin it
down. There is a reason for this ignoring the pressure lines;
actually, we don®!t know exactly where thosé pressure lines fall
among these wells. There is one ﬁell in the east side which is
anomalous to the interpretation we placed on here, that is the
Magnolia Hope No. 10. That well has a pressure of 3,438 psig
field datum. On past surveys it has shown pressures of the same
order considerably above the other pressures. As these pressures
over here begin to drop, this well remains high, so that it always
appeared as an anomaly. We ignored that in contouring this map,
but because we felt that it actually did not represent a true
picture of the pressure conditions in the east side. We will
talk a little more about that well later and show how it is
anomalous in other ways.

Q Refer to Exhibits 9, 10, and 11 and show what they show.

A Exhibit No. 9 is a plot of oilgywater and gas-oil ratios,
number of wells, cumulative oil production and bottom hole pressure
versus time. Now the red line here is the monthly oil production.
The blue line is the monthly water production. I believe that
is plotted to the same scale here as the oil production. The gas-
oil ratio is the black line in the middle and shows that the ratio

has been essentially constant between 800 and 1000 cubic feet per

S
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barrel over the last three years. The number of wells is this
line here, it shows it has pretty well reached a peak. It is the
number of wells on production rather than the number that have
been drilled in the reservoir. At the present time there are
approximately 109 wells. Now this shows a fairly gradual decline
in bottom hole pressure of the reservoir as a whole. We feel that
this map, this graph may be a little bit misleading. We would
like to explain to you Exhibit 10, which is the same information
plotted for the west sector of the reservoir. The west sector of
the reservoir shows that it has monthly oil production at the
present time in the neighborhood of 325,000 barrels. Monthly
water production in the neighborhood of 90,000 barrels. The gas-
oil ratio for the west side has remainedé constant throughout 1952,
153, and *54% and *55. The bottom hole pressure, you can see, is
a little flatter here, it shows a leveling tendeney in here. We
believe that is indicative of quite a bit of water drive in the
west sector. The east sector?s data is found on Exhibit 11. It
is the same plot as we have explained on the other two. You can
see here that water production is comparatively low and we believe
most of that is coming out of one well in the east sector. The
gas-oil ratio ranges between eight to nine hundred cubic feet per
barrel. The current oil prcduction on a monthly basis is around
375 barrels. This sector was developed a little later than the
west sector, but it was essehtially developed by the middle of
1955.

Q@ Mr. Tomlinson, do those performance charts show any abnorms
condition for a water drive field?

A I do not believe they do. It is my opinion they dont't.

1
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¢ I believe you mentioned that most of the water on the east
sector was coming from one.well?

A That is the Magnolia Hope No. 10. I understand that it hag
a water percentage of 87%.

¢ Is that normal or abnormal condition?

A VWell, that is abnormal for the east sector. Certainly it
is out, and surrounded by wells that produce little or no water.

Q@ Is that the same well you pointed out previously as being
an anomaly?

A Yes, sir, that is the one that has a high bottom hole
pressure and has had over a period of several years.

Q Now, if you refer to Exhibits 12, 13, and 1% and state to
the Commission what they show.

A These exhibits show some of the information that has been
plotted on the other three preceding exhibits. We feel that the
total field exhibit, which is this long one here, does not neces=
sarily represent the true picture of operations, since we have
explained that this field is actually behaving as if it consisted
of two reservoirs; so I believe I will pass that up and just con=-
centrate on these other two. Now, this is the west sector of the
reservoir and is plotted on the same scale as this. If it looks
a little strung out and if you plot on the cumulative basis, they
fall close together.

Q@ Let me interrupt you, they plotted against time?

& Plotted versus cumulative oil production. We have plotted
bottom hole pressure, gas=oil ratio, and water percentage in this
case. The others showed water production in barrels. This is

actually percentage here. The monthly oil production is shown as
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the red linej it has been constant for some time. The gas~oil
ratio has been constant over a large part of the producing life,
and you will note that the water production has been with us for
some time in small amounts and has shown a gradual increase. The
bottom hole pressure curve shows a very little flow to it. We
believe that indicates that a lot of water is replacing produced
0il in the west sector. The average weighted bottom hole pressure
for the west sector in April was 3,855 psig. That is a decline
of about 1150 pounds from its original. That still has approximate
1200 pounds to go before it reaches that first place. The east
sector has the same information plotted for it on Exhibit 1k4.
You will note that this oil production is essentially leveled off
here and no more development going on in the east'sector. Gas-
0il ratios have leveled off as pointed out on the other exhibit,
and water production is on the order of five to six percent, I
believe, on this one. On the west sector the water production is
around 20% at the present time.

Q What is the average bottom hole pressure for the east
sector?

A The east sector is 2,638 psig. That is approximately
30 pounds below the bubble point pressure, 2,655 psig.

Q Is the gas=o0il ratio in either the east or west sector
increasing or decreasing?

A They are remaining constant.

Q Prebtty well stabilized?

A Yes.

g Now, Mr. Tomlinson, refer to Exhibits 15, 16 and 17 and

explain to the Commission what these are and what they show.

ly
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A I believe you have those. ®xhibit 15 is a tabulation of
the same infdrmation'that we have presented on our graphs for the
total field. It contains some additional information and that
additional information, I believe, is the cumulative water pro-
duction and cumulative gas production.

Q These show essentially the oll and gas, water production
rates for the entire field and then for the east and west sectors,
is that right?

A Well, the next two exhibits show the ocil, gas, water pro-
duction rates for the east and west sectors.

Q@ That is 16 and 177

A Yes, sir. I don®t think that these tell anything that
we haven!t pointed out already.

Q Now refer to Exhibit 18 and explain to the Commission
what that shows.

4 Exhibit 18 is a summary of productive index tests in the
Denton Devonian Reservoir. There have been tests of 42 wells that
have indicated productivity indices ranging between 0.0483 and
56.0 barrels of oil per day per psi drop in bottom hole pressure.
The average of the latest productivity index test for the wells
shown here is 3.426 barrels of oil per day per psi drop. I
believe that is about all that shows. It does show a considerable
range.

Q@ Do you have any other statistical data on the field, other
than shown by the exhibits you have already referred to%

A I have some statistical data that pertains to the current
status of the reservoir. The oil production for April, 1956, was

22,557 barrels per calendar day. Now, I believe that that possibly
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may be shown on some of the closure that the Commission engineers
have as being for March. I believe that is an error and should

be shown as April. The cumulative oil production at May the 1lst,

1956 is 28,644,415 barrels. The cumulative gas production, 24,888,/015

MCF. The average weighted gas-oil ratio during April, 1956 was
880 cubic feet per barrel. The water production for April, 1956
was 1lh4.4 per cent of total liquids. Our latest information based
on the gas=o0il ratio testing that was performed during May is that
88 wells are flowing, 19 are on artificial 1ift and 2 are shut in.
The June, 1956 proration schedule shows that 88 are top allowable
and 19 are limited capacity. Two of the wells that are shut in,

I believe, don't have an allowable. The majority of the wells

in the field were completed by cementing casing at total depth and
perforating for production. Those that were not completed in that
manner were completed in open hole either by setting casing at

the top of the pay or in some cases near the middle of the Devonian
section. Most wells were,acidized upon completion. Major workover
operations have been performed on 19 wellsi principally for the
purpose of eliminating or reducing water production.

Q@ Now refer to Exhibit No. 19, I guess that is there. Explai
what Exhibit 19 shows.

A Exhibit 19 is an indexed cross=section diagram. You can
see that we have constructed several cross=section diagrams. Now
those cross-section diagrams were drawn to scale but they are not
to the same scale horizontally and vertically, since we are not
attempting to depict the general outline of the top of the
Devonian. I believe I can best explain those by using Exhibit 20

which is cross=section A4 to A-prime. That is a cross=-section runni

1
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from south to north. (Cross-section B to B=prime which will be
next will be one, two locations east of it running from, also
from south to north. Now, exhibit A to A-prime is constructed in
the manner of all of these cross-section diagrams. We have shown
producing intervals on subsea basis and we have shown them in
relation to their original water-oil content. The top of the
Devonian is connected by the black lines and the top of the
Devonian we have indicated the water production that was obtained
by testing during May on the GOR survey. Now, this well on the
south has been worked over twice, originally in that well was
producing here, and I believe it has been plugged. I think they
had water obstruction trouble, was plugged back and was eventually
plugged back to the Wolfcamp. This well here, which is also very
near the south edge of the reservoir, south end of the reservoir,
was first plugged back here and then to here. Currently, it
produces 284 water. The bottom of its producing interval is
some, it's approximately six to eight hundred feet above the water=s
0il contact. The next well north of it is the Ohio Denton No. 5

| and that is its producing interval and you will note that it is
considerably below this other well, yet it produces less water,
17%. DNow, this well here, the Ohio Denton No. 4 actually does
not make any water. There appears to be some movement of water
in this particular place in that map.

The next well north of that is only a hundred feet or so abovd
the water-oil contact. It is producing very close. It doesn't
make any water. The next one is stiil lower, doesn't make any
water. This one is zeroj you can see how close it is. The next

one here is open hole and that is total depth of it; it doesn't
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make water, either. This one right here makes 6% water, and

it is producing very near the water-oil contact. On this map

it is shown to have. a plugged back depth. However, that plug
was left in the bottom of the pipe with the pipe cemented in the
hole. There never has been a major workover on the well. This
well has had a record of water production of from around zero up
to five, possibly seven or eight percent for several years. It
is not increasing.

MR. NUTTER: Which well is that that you are referring to
now? |

A That is Atlantic State P No. 2. Water will fluctuate in
the well, but generally it remalns around 6%. The Skelly State
F No. 1 is perforated very near the water-oil contact, in fact it
looks right here as if it is perforated down to water-oil contact.
It makes 1% water. This well is somewhat higher. It makes zero
percent. We don't have any figures on this one. This one makes
5%. This one, 1%, 0.3%, and zero. All of those wells, as you
can see, are considerably below this one right here.

MR. PORTER: Mr. Hinkle, before he starts on another
exhibit, I believe our reporter has had a pretty long day. I
think this would be a good stopping point.

The hearing will recess until 9:00 in the morning.

(Recess).
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MORNING SESSION
Jane 15, 1956
MR. PORTER: The meeting will come to order. We will pro-
ceed with Case 1052. Mr. Hinkle.
DIRECT EXAMINATION (Continued)
By MR. HINKLE:

Q@ Mr. Tomlinson, when we recessed yesterday, I believe you
were explaining to the Commission Exhibit No. 20. Had you finished
your explanation of that exhibit?

A I would like to summarize what I believe this exhibit shows;
and what the others show, and that is that the water encroaching
in the field is coming frbm the edge, and in this case this is fron
the south end of the field. I point out that this losing interval
was plugged back to that point. Numerous others here, here, in hei
near the line showing the original water-oil contact, and also to
point out one additional feature, that there may be wells shown
making small percentages of water. Those wells are not considered
sighificant in our analysis because the métrix rock in the Denton »
Reservoir is relatively tight. It has permeabilities ranging from,
oh, from zero up to several hundred millidarsis. A number of these
wells have a lot of that low permeability pay in there and it is
characﬁeristic of low permeability pay to have a high water satura-
tion in the pores of that pay,'and‘there is a tendency when wells
are produced, this waﬁer will work out along with the oil and
contribute a small constant water pergentage. That water percentag
should not be regarded as water from the aquifer. Only when, in

this field we feel that only when water percentage rises up to

e

e
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values of‘lO% or higher that it is significant.

Q Turn to Exhibit No. 21 and explain to the Commission what
that says.

A This is an exhibit B to B-prime cross-section diagram, weny
along the east side or near the east side of the structure, running
dorth and it goes mbre through the middle of the structure as it
gets to the north. You'll see several of these wells here making
some water, because they are fairly close -~

Q (Interrupting) You are now referring to Exhibit 217

4 Exhibit 21, that is correct. You will see that several
wells do make water here. Here is one on the south end, McAlester
McClure No. 1-C, that mékes 24% waterj this is the bottom of the
producing interval in that well. That is fairly close to the
water-oil contact, but it is also on the edge. Here is one that ig
completed a little bit lower, originally it was a little bit lower
and has been plugged back; that well is producing from this intervgy
here and does not make any water at the present time. This well
has been plugged back.

MR. WALKER: It is going to make the record a lot better
if you would identify the well.

A That's a good point. Ohio Denton 7 has been plugged back
to a higher level and shows 19% water. The Phillips Denton No. 2.
is completed fairly low and produces 21% water. The Phillips
Denton No. 9, according to our infqrmatioﬁ, is actually perforatea
a little below the water-oil contaét; that well makes 8% water.

The next one north is Gulf State G No. 4, making 0% and I believe

from that point on there are no wells making large percentages of

1

water until we get to the Magnolia Pope No. 10. Magnolia Pope No.
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10 was drilled to approximately 50 or 60 feet 6f the water-oil
contact and was perforated down hear the bottom, as you can see,
that well makes 87% water. As we pointed out previously, the
bottom hole pressure for that well has élways remained higher than
the nearby wells, especially during recent years when the pressure
on the east side of the field began to drop. The only way we
can explain this water production here =-

Q (Interrupting) What well is that that you are referring
to?

A That is the Magnolia Pope No. iO. -- is that apparently
a crack or a fracture extends down the water from this well. We
believe that it is anomalous in that the bottom hole pressure does
not conform to that of wells nearby and probably it is not very
well connected to nearby wells. In other words, the offset wells
of Magnolia Pope No. 21 and the other well on the cross-section
next to it, Magnolia Pope No. 17; do '« 5 have low bottom hole
pressures. We feel that if that bottom hole pressure, or let's
say the water drive that the Magnélia Pope No. 10 apparently has,
if it were connected to the rest of the reservoir, you would see
evidence on nearby wells of some higher pressures. Those other
wells are completed at approximately the same total depth, yet
they make very little water.

Q What is the difference in the amount of water which they

make?

A The Magnolia Pope No. 21, which is the south offset, makes |

4% water. The Magnolia Pope No. 17, north offset, makes 2% watef.
Q As compared with what?

A 87% for the Magnolia Pope No. 10.
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Q Those are just 40-acre offsets=z~

A Yes, sir, approximately, I believe, 1320 feet apart.

Q -~ to the Magnolia No. 10%

A Yes, sir. Now this cross-section, as I pointed out, runs
near the east side of the reservoir here. We believe that accounts
for several of these wells making water. In other words, when we
talk about our west, east cross-sections, we believe that we will
see there several of the edge wells;showing more water; if they
show any at all, they will show moré than they show up in the
center.

@ Referring again to Exhibit No. 21, considering the charac-
teristics of the field and the productive history, does this graph
or chart show any abnormal condition as far as the water production
is concerned?

A In my opinion, it does not.

Q@ Mr. Tomlinson, with respect to your last answer, you said
that Exhibit No. 21 doesn't show an abnormal condition as far as
the water is concerned; do you wish to qualify that with respect
to the Magnolia No. 10 you have testified to?

A Yes, sir. I would qualify that as to the Magnolia No.
10. However, I believe I stated that I did not believe that
well was significant in our analysis.

Q That is an anomaly anyway?

A 'Yeé, sir.

Q Now refer to Exhibit No. 22 and explain to the Commission
what that shows.

A The Exhibit No. 22 shows three cross-sections, C to C-primg,

D to D~prime, and E to E-prime. They run from west to east through
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this portion, thtough here and through here. There have been some
supplementary -cross=sections prepared which we will talk about a
little later. The Ohio Denton No. 9, I believe, is currently off
production. I do not know the status of that well.

Q The wells you are now referring to are in connection with
Exhibit No. 22% _

A Yes, sir. The Ohio Denton No. l.

Q You are also referring to C = C~prime?

A Yes, sir. On cross=~section diagram C to C-prime, Ohio
Denton No. 4 shows 0% and this shows 5%. You will notice those
are completed fairly high. The Ohio Denton No. 7 is, I believe,
on the east side of the reservoir. That well is producing from
this interval here and has 19% water.

MR. PORTER: What interval, Mr. Tomlinson?

A That interval appears to be from about 8400 to 8450 subsea
depth. That is some 550 feet above the water-oil contact originall
However, it is on the edge, as we pointed out. 0n cross-section
D to D~prime, running from west to east, the Gulf Simpson No. 3-D
is producing from approximately 150 feet above the original water-
oil contact. However, it tested 97% water. It is on the edge.
These other wells across here, starting with Gulf Simpson No. D,
Shell State No. 1-A and Atlantic State No. T-3, and the Gulf State
G No. 1-D show less than 10%. Three of them show 0% and one 7%.
Next to it is the Gulf State No. G No. 3-D which also shows 3%.
Now on the east side of the reservoir, we have the Atlantic
Dickinson A=l No. 2 which is completed within approximately 100 to
150 feet above the original water-oil contact. It shows 10% water.
The Atlantic Federal Johns No. 2 on Seetion E to E-prime and on the

V.
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extreme west side of the reservoir shows 65% water. The Atlantic
Federal Johns No. 1-having a producing interval lower than that

of the Federal Johns No. 2 tested 0% water. The Atlantic Dickinsor
D No. 1 which is bottomed fairly near the top of the Devonian

and approximately 350 feet above the water-oil contact shows 0%.
Other wells on here, you can see, show lower producing intervals
than the Atlantic Federal Johns No. 1 and show, also show low
percentages of water. Now the conclusion drawn from this cross-
section is that these wells that produce low pércentages of water
yet are completed lower than other wells producing higher percent=-
ages of water indicate that water is encroaching from the edge of
the reservoir rather than from the bottom. In time it may be

that this bottom water may move up slightly, but principal water
encroachment seems to be from the edge.

Q@ Refer now to‘Exhibit No. 23 and explain to the Commission
what it shows.

A Exhibit No. 23 shows cross-section diagrams F to F-prime
and G to G-prime. These may be supplementary in that they, we
thought that perhaps we need a little bit more control between
some of the principal cross-sections, so we went back and showed
some additional data. F to F~prime starts with the Phillips Fort
No. 1 and extends eastward through the Sinclair Mann No. 2.

Q Is that shown on the index plat, Exhibit No. 197

A Yes, it is shown on Exhibit 195 G to G-prime is located
immediately north and starts with the Magnolia Maxwell No. 3 and
extends eastward through the Stanolind Fort No. 2, the Phillips
Fort No. 1 I think shows.

Q Is that on --

|
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A (Ihteérﬁptiﬂg) That is on cross-section F to F-prime and
Exhibit No. 23. The Phillips Fort No. 1 shows that it is an edge
well producing 88% water. Immediately east of it is one Phillips
Founso No.}l which is completed at approximately the same total

depth showing 0%. Other wells on the cross-section are completed

at varying depths and show either no water or a very low percentagd.

The cross-section G to G-prime on the same exhibit shows that
Magnolia Maxwell No. 3 is on the edge producing 64% water.
Immediately east of it is the Magnolia Pope No. 16 showing 32%
water. There is not much difference in the producing depth of
these wells. Other wells across the cross-section show no water,
with the exception of the Shell Buckleigh A No. 5 which shows
21%, and the extreme east well shows the Stanolind Fort No. 2
producing 55%. Now it appears here that there is some water moving
in from the east side of the reservoir. 1In this case, 1t might

be termed northeast side. I think our conclusions regarding these
two are the same as we expressed on the other exhibit.

Q Refer now to Exhibit No. 24 and explain to the Commission
what it shows.

A Exhibit No. 24 shows cross-sections H to H-prime and I to
I-prime. H to H-prime is near the south end of the field. I to
I-prime is shown on the cross-section index, Exhibit 19, as lying
between D to D-prime and G to G-prime, a little further north.

The Ohio Denton No. 13 has not been tested during a recent survey.

Q Is that on H to H-prime?

A That 1s on H to H~prime on Exhibit No. 2k. It shows it
has not been tested on a recent survey. That well is, I believe,

shut-in pending installation of artificial 1ift equipment. Now,
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this particular well lies on the edge and it has made water and I
believe probably still will make water. It made it in this pro-
ducing interval here, which was originally,the bottom of it was
approximately 600 feet above the original water-oil contact. The
plug back or the new set of perforations is around 900 feet above
the water-oil contact. ©Now, we think this will be a good example
of how water is moving in in that region from the side of the
reservoir, rather than coming in from the bottom, since that point
is very high above the original water-oil contact. The Ohio Dentor
No. 15 shows 17% water; the McAlester Denton A No. 1 shows 0%;
and the Ohio Denton No. 6 shows 0%. This well here was origizally
completed near the water-oil contact and water showed up in it
and they went ahead and plugged back,perforated considerably higher
in the Devonian section. My understanding is that it still does
hot make any water. |
MR. PORTER: What well is that?

A That is the Ohio Denton No. 6. The Atlantic Dickinson
B No. 3 shows 29% water, is completed very near the original water-
0il contact, and my recollection is that well has produced water
for several years. It is still on production and is a commercial
well. The next cross-section is I to I-prime on Exhibit No. 2u;
it shows Shell Pacific Royalty No. 1, makes 3% water. The Phillip;
Denton No. 13 is shown on here as producing from fairly near the
water-oil contact, I believe these perforations show right at
the water-oil contact; that was 13%. This one is 0%, Phillips
Denton No. 63 Phillips Denton No. 3~A shows O0%. This well was
completed originally very near, rather, most of the perforations

were below what we think is the water-oil contact in the field.
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It is possible that there is some isolation of this section right
there that would prevent the water from coming into it initially.

It has been perforated in the very top of the section and shows

0%. The Phillips Denton No. 9 on the east end of this cross=sectidgn

shows 8% water. I think our conclusiens on this would be the same
as on the other exhibits.

Q Now, Mr. Tomlinson, in regard to these cross-section plats;
Exhibits 20, 21, 22, 23, 24, by way of summary, do those show any
abnormal condition or bad condition as far as water encroachment
is concerned?

A In my opinion they show normal encrcachment in the reser-
voir.

Q@ Is that normal encroachment from the flanks or otherwise?

A It shows from the flanks in this instance. It appears

to be a water drive reservoir with water encroaching from the flany

Q@ Now, I believe that you have testified that all of these
exhibits from 1 to 24 inclusive are the result of the engineer
committee of the Denton Pool, is that right<

A Yes, sir.

Q Did you partiéipate in the preparation Qith other engineerd
of operators of the Denton Pool, in the preparation of these
exhibits?

A Yes, sir, I did.

Q Now refer to Exhibit No. 25 and tell the Commission what
it shows. | |

A Well, first,this is a structure map; as you cén see, it is
similar to our Exhibit No. 1. It is contoured on top of the
Devonian. We have plotted on this exhibit the area which we think

S.
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the barrier lies for migration between the two sectors.

Q Is that the area shown in red?

A That is the area shown in red or I believe more accurately
pink. It shows wells that produce in excess of 10% water, those
wells are designated by the pie~shaped symbol, the more red that
it has on it indicates the higher percentage of water, so that if
only one-fourth of a circle is colored in, it would mean 25% and
if half, 50%, and so on. There have been purple circles drawn
outside of wells that are on artifiecial 1ift. We see three wells
on here that are on artificial 1ift that do not make water. There
are several wells making excess of 10% water that do not have
artificial 1ift. Now this summarizes the data shown on the other
exhibits, and we believe =~ ‘

Q (Interrupting) That is Exhibits 20 to 24 you are speaking
of?

A Yes, sir; cross~section diagrams and it shows that water
is coming in on the west flank of this reservoir; it shows that
water is encroaching from the south and to a lesser extent along
the southeast flank of the reservoir. It shows some encroachment
from the northeast in this area and it also shows the Magnolia
Pope No. 10 out in the middle of it,as we have explained, making
a lot of water. We have pointed out that Magnolia Pope No. 10 is
an anomaly. )

Q Exhibit No. 25 was prepared by you?

A It was prepared by me.

Q Does that represent your inteipretation of the information
as reflected by the other exhibits which have been referred to

here?
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A Yes, sir.

MR. HINKLE: I would like to offer in evidence Exhibits
1 to 25 inelusive.

MR. PORTER: Any objection to the admittance of these
exhibits? They will be admitted. _

Q Mr. Tomlinson, Mr. Nutter yesterday made a statement to
the Commission with regard to the water encroachment in the Denton
Field and also exhibited to the Commission a plat which has been
placed on the wall but which I understand has not been offered in
evidence. I would like for you to make a comparison of that plat
with Exhibit No. 9, which is the performance chart which you have
already testified to, and tell the Commission in what way, if
any, these plats differ.

A I believe the principal difference in the two plats is
the difference in scales on which the water production is shown.
I believe that Mr. Nutter pointed out ﬁhat the water production
was shown in thousand barrels per month and was plotted on a
different scale. Now that scale is approximately one-fifth of
the scale that was used for oil. 1In other words, the top of the
scale reads 160,000 barrels, whereas the oil production scale has
a top figure of 800,000 barrels per month. Now if that scale
had been plotted the same as the o0il production,as we did on this
Exhibif No. 9.which shows the performance of the Denton Reservoir
| versus time, it would show that the water production in the field
is not as rapidly, does not increase as rapidly as you would
think when yéu-léék at the other exhibit where the water production
is plotted on five times larger scale.

Q In other words, the way the plat has been drafted magnifieg
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the water production, does it not?

A Yes, sir.

Q@ Now, Mr. Tomlinson, have you made any other studies or
calculations not shown on the exhibits which have been referred tof

A Yes, sir, we have.

Q What are they?

A We have made material balance calculations for the west
and east sectors of the reservoir:

Q@ What do you mean by material balance calculations?

A Those are calculations that are made on the principle
that material and energy is not destroyed, it is converted. It is
a physical principle that is well accepted over a considerable
period of time and has been adopted by the petroleum fndustry.

3 For what purpoée, at arriving at what calculations and so
forth? | |

A Well, in this instance, we were attempting to, or rather
we did analyze the water encroachment into the west and east
sectors of the reservoirs and we made a prediction of the future
performance in the east séctor for a period of two years.

Q Can you tell the Commission what that shows, what your
study shows? ‘

A The east sector has a very active water drive. It is not
complete. It has allowed the pressure to decline, but not nearly
so much as 1t would have had there been no water drive at all,

I think we would have found that the pressure would drop much
faster in the east sector. The analysis that we made showed that
during the next two ®ears the pressure on the east sector can be

expected to drop 200 pounds or at the rate of 100 pounds per year.
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Now thatvpressureiéééline-is a lot less than was noted before the

low point was reached. 1In other words, we were calculating perfor#-

ance slightly below the low point. Prior to that time, we found

that the pressure was dropping on the order of 600 pounds per year|

Q Did your material balance study give you a check on the
barrier shown on'the isobaric map which has been introduced as
Exhibit No. 8%

A Yes, it did. We found that by assuming no migration into
the east sector from the west sector, we were able to c¢heck our
volumetric oil in place, calculated within three percent. We
believe that is a fairly close check. We, of course, in this we
first have to go through and calculate oil in place before the
remainder of the analysis, and we found that fthe two figures gave
a very close check.

¢ You pointed out in connection with Exhibits 13 and 1k,

I believe, that the pressures were tending to level off. Did
your material balance study tend to corroborate this information?

A Yes, it did. Now on the west sector, or rather I would
like to continue on the east sector, we find that the pressures
are tending to level out and that an increasing amount of water
is coming into tﬁe reservoir as pressure is lowered in that

sector, so that more and more drive is derived from the water.

As I pointed out previously, our prediction calculations show that

we will level out the pressure a good deal more in the future.

Q@ What in your opinion has been fesponsible for the pressure

drop? _
A Well, the pressure drop in the past has been controlled
by two faectors; that is, the expansibility of the oil, water and
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rock within the reservoir and by the encroachment of water into
the sector. We feel that these expansion qualities in the reservoi
are not so great as the expansibility of the free gas that will be
liberated when you operate below the saturation pressure. Conse-
quently, the free gas will provide a great deal more drive. That
is responsible for the leveling off as well as the other factor
that we mentioned, the increasing water encroachment that occurs
with lowered pressure.

Q Now in your opinion will the predicted pressure drop cause
any avoidable waste? |

A In amy opinion, it will not. The operation of the reservoinp
at a point slightly below bubble point pressure shouldzenhancéﬁehe

recovery of oil from that portion of the reservoir. This is becaus

for moderate pressure drops there is some free gas liberated withig

the matrix of the rock that will drive some oil out. In other
words, it will occupy some space that would,be occupied by oil
that would be left behind when the water sweeps through it. So
actually, for moderate decreases in pressure drop, you can be
expected to recover more oil than you would if you remained above
reservolir pressure..

Q In conﬂection with your haterial balance study, did that
apply to both the east and west sectors of the field?

A Yes, sir, it did. We made two sepérate studies for the
field; actually, we analyzed the east sector as it appears to be,
that is, as a separate reservoir, and then we did the same for the
west sector. Essentially all of the oil and wéter’and gas being
produced from the west sector is being replaced by encroaching

water. It appears that that reservoir will never reach bubble

r

e
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point pressure,rané”of course it foliows that in that respect
the recoverfes will be somewhat retarded over what they would
be if it ﬁere operating a little belew the bubble point pressure.

Q From your overall study and calculations and analysis
in connection with the Denton Devonian Field, is any waste being
committed by the present rate of production?

A In my opinion, no waste is ocecurring. I believe that the
field is being operated very well at the present time and that
any features that we see in the production are normal.

Q In your opinion is the field being produced above or below
the maximum efficient rate at the preéent time?

4 The field is being produced below the maximum efficient raf

R In other words, in your opinion you could produce at a
higher rate aﬁd still not commit waste or injure the field in any
way, in your opinion?

L Yes, the field could be produced more at a higher rate.

Q@ What if any are your recomméndations to the Commission witﬂ
regard to this matter?

A My recommendations are that no change be made in the
allowables of the field and that bottom hole pressures continue to
be run at six-months inter?als so that adequate evaluation can
be continued.

Q This applies to all the wells in the field?

A Yes, sir. '

MR. HINKLE: I believe that is all at this time.
MR. PORTER: Cross examination now. Anyone have a gquestion

of Mr. Tomlinson? Mr. Nutter, did you have a question?

MR. NUTTER: Yes, sir, I do have a couple of questions I
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might ask him.
CROSS EXAMINATION
By MR. NUTTER: ‘

Q First of all, Mr. Tomlinson, on cross section A-prime to
A, what ié the water percentage shown on the Magnolia Fope 12,
sir?

A We show 34%.

Q Now turning to the exhibit which shows cross section G
to G~prime -~

A (Interrupting) I believe I see what you are referring to
there. This cross=section shows 0% for that well. I wonder if
you know just which figure is correct? We appear to have made an
error in one of our figures there.

MR, MONTGOMERY: According to my information, the well
doesn't produce any water at all.
(Discussion off the record).

A The information that we put on these was obtained by one
of our clerks in your Hobbs office and .I believe I have that
information here. I%11 be glad to go over any of them that you
like.

Q@ I believe I can find some information on that. That well
did not show any water being produced on the gas-oil ratio test
April 15th, so the 0% is correct. Since we have so many exhibits
and there is so much to go through and study, I wonder if it is
correct procadure, actually, but before I could really go into
any questions or cross examination, I would like to have a chance
to study these.

A We®d be glad to do that. The question, of course, how
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long woald it:take to get your Quesﬁions? I don't know what
the limits are on the hearing.

MR. PORTER: Mr. Hinkle.

MR. HINKLE: That would mean, as I take it, that we would
have to continue the case and cd&e back at a later date and give
you an opportunity to study it. We would rather go ahead and
finish it today if possible to do sqc

MR. NUTTER: Mr. Hinkle, there is an awful lot of informa=-
tion here. I don®t know as anyone could digest all of this materig
in a matter of just a few hours and be in a position where they
could really dig into it and ask just what it all means.

MR. GURIEY: If the Commission please, in view of the fact
that the staff of the Commission has not in its opinion had an
opportunity to'amply study the exhibits, in view of the fact it is
one of the most important guestions that has appeared before us
for some time, I would like as Commission's attorney to continue
the case for one month and ask that it be heard at the next
regular hearing.

MR. COUCH: Terrell Couch with Ohio 0il Company. If it
please the Commission, in connection with the motion of Mr. Gurley
for continuance of the case, I think we all recognize that both
the Commissionts sta}f as well as the operators have been conduct-
ing investigations and attempting to assimilate information on
this subject. If the case is to be continued, I think that the
operators are entitled to the same privilege of going over such
information and evidence or testimony és the Commission staff may

have available at this time, so that if the case is to be continueg

1

Ly

I would like'tc{suggest and request that such evidence and testimol
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as the Commission étaff has available berpresented before this
hearing is concluded today, in order that we might also be able
to look over that information and be prepared to proceed at a
later date. I prefer to see the hearing conclude today, but if
it is going to be continued, I would liké_to see the other evidencé¢
in the record.

MR. HINKLE: I concur in‘that request. I think if we are
going to cohtinuerit and the Commission has evidence, it ought to
be introduced before we do continue it. That would be fair to both
sides. |

MR. GURLEY: If the Commission please, we feel after
consulting with the engineering staff there that we have no
testimony or evidence to present at this time and would like to
reiterate the importance of being able to study what we have
before us, which industry itself has made. We have placed before
the Commission in Mr. Nutter'!s statement that which we wish to be
entered into the record and that is all that we have to offer at
this time. 3

MR, NUTTER: 1 stated yesterday, Mr. Hinkle, that we felt
‘after a broad overall view of the thing, that is, without actually
making a study of it, but just taking a wide-range view of it, we
came to the conclusion that there might be a problem existing.

I think I stated that yesterday. I think I stated that it was a
very complex situation and that the opefators fhemselves were

the ones that should delve. into the problem and come up with an
answer. After a cursory examination of the exhibits, I found the
one percentage of water and there was an error there. I don't

say I would like to check the exhibits for the accuracy, but I
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would like to look them over.

MR. HINKLE: We have no objection to your checking them.
If it is continued, we think it ought to be limited to cross
examination with respect to these exhibits. If you have any
evidence, it ought to be presented now.

MR, NUTTER: There won'®t be any testimony.

MR. HINKLE: Then also if there are any operators who
wish to produce any testimony at the present time, that they
should be given an opportunity to do so before the continuance.

MR. GURLEY: We would go along with that.

MR. NUTTER: I think we have enough evidence here. I dont{
“think any more evidence is necessary. I feel they have been
.sincere and done a good job in analyzing the job. I donft think
any testimony on my part could add anything one way or the other.

MR. MALONE: May it please the Commission, Ross Malone
for Gulf. We would like to express this view: We are a little
bit concerned about the aspect that this thing has suddenly taken
of the Commission staff against the industry. That isn'™t the way
we started out, I don®t think that is the Way anybody wants té
end up. The Commission very properly said to the operators that
"we think, from the overall look, there is a problem here. We want
you to go to work and come up with the information and with
recommendations based on the information." So the industry turned
to and did a pretty darn thorough job of it. They have had an
engineering committee working on this thing a very substantial
amount of time, for the past several months. We have brought to
the Commission, im accordance with its request, the information

we acquired and the recommendations-based on it. We certaihly
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expect that the Commissionts staff is‘going to have as much time
as it may need to go over, to examine it and to reach their own
conclusions, but it doesn't seem to me that that is particularly
related with the cross examination of this particular witness.
Now to postpone the conclusion of this hearing,on the
theory that maybe after these exhibits have been gone over there
might be a few questions that would occur to somebody that dont't
occur now, doesn®t seem to us to be within the spirit in which
the hearing was started or within the scope of what either the
staff or industry intended. I am sure, as Mr. Nutter said, he feel
that industry has hrought'forth all the information indastry could
get together. The conclusions that we are presenting and that
we expect to present are conclusions based on this study, and we
are telling the Commission why we have reached those conclusions.
It seems to me very little could be served by postponing the
examination of the witness in the sense that sometimes occurs in
a rate hearing orrsomething‘like that. This just isn'™t that kind
of a proposition. We would like to express a feeling that the
purpose of the hearing can be accomplished by continuing through
to_a conclusion today and the staff and everybody else having a
chance to examine the testimony later. If they want to move for
a reopening, they would have the opportunity to do that; unless
there is something here other than 0% and 3% and to indicate this
should be postponed thirty days and asking everybody to come
back for further session.
MR. GURLEY: 1In all due respect to Mr. Malone, the Commis=
sion is not placing itself in a position where,the Commission staff]

is not placing itself in a position where the staff is trying to
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go against the industry, that isn't the idea at all. The call
I of the hearing is for bringing forth all the information available|
25 exhibits, a day®8s testimony on those exhibits have proved that
it is a tremeﬁdeus problem and all fﬁe staff is interested in
being able to examine them so they can delve into the problem more
deeply and thoroughly. Mr. Nuttert's suggestion there was not so
that we could bring up evidence against what you gentlemen have
introduced here, but so that we could study and cross examine,
because after all, it is the Commission®s staff that recommends

to the Commission as to the engineering factors,and so forth, of
the problem. We are interested in an opportunity to look carefully
into it. We do not have this information at our disposal, as

is obvious froﬁ what we introduced,ih.the.statement yesterday.

In all fairness to the importance of the problem, we feel thdt we
should be able to take ample time to study it because the decision
will be of greatest importance to the industry as well as to the
State.

MR. LEONARD: B. M. Leonard, Magnolia Petroleum Company.
Magnolia cannot say waste is occurring at the present time. How-
ever, we believe the reservoir performance should be watched closely
and strongly urge the Commission to céll another meeting some time
in November, 1956, after the October pressure survey is taken.

MR. WALKER: Are you advocating that we do continue this?

MR. LEONARD: Go ahead and make up your minds, but I
think we ought to review it again, reopen it and call another
hearing of this type again, because I think the reservoir perform-
ance warrants it.

MR. WALKER: Any other comments?
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MR. HQ?KRD: Paxton Howard with ghell 0il Company. I
want to stéte that our conclusions on this thing, I could offer
testimony to the same effect that has been expréssed;with regard
to the result, we do not feel that waste is occurring in the field,
We agree with the recommendgtion that these tests be continued to
be made so that the reservoir may be watched, because we all have
a big stake in the reservoir. We do not think at this time there
is any evidence brought out at all which would indicate that waste
is occurring. BSince New Mexico has a formula method of operation
on a depth factor and this field is operated on the begular factor
in New Mexico, in the absence of showing of waste, we'feel that
it should be continued on its present operation basis but subject
to this review and continuation of tests. My recommendation would
be that on the basis of the testimony here‘today and there is no
testimony as to waste, that the present allowable be continued,
subject to these'reviews which we are all interested in having.

MR. PORTER: Any other comments?

MR. HURD: J. H. Hurd, representing Midland.

We afé:igﬁﬁpéndent operators. We have working interest
in the north part of the field operatéd by Magnolia, Shell,
Phillips and Sinclair, and it is our desire that the allowable
be reduced. |

MR. PORTER: Any other comments as far as Mr. Gurley}s
motion is concerned?

MR. MONTGOMERY: I have some questions of the witness.

MR, WALKER: We haven't dismissed him yet, pending the
decision on Mr. Gurley's motion.

The Commission has decided to reserve their decision on
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| words, we did not recommend to theoperators that the field be

Mr. Garley®s motlon for the time being and allow anyone at this
meeting to continue to examine the witness, and before the witness
is dismissed, why, we will have a short recess and then give you
our ruling on the motion, if that is agreeable. I am going %o

try to work this out so that it will be agreeable to everyone
concerned. Does amyone have any further questions to ask the
witness? Mr. Mon&gomery.

By MR. MONTGOMERY :

Q Mr. Tomlinson, you made a very thorough study here and -

I want to eomplﬁment you on your work and the engineering committeq's
work. -

What I want to know, was it the 100% opinion of everyone
working on the committee that the reservoir was producing at a
maximum efficiency?

A At a 1004, that is Atlantic®s comeclusion there.

Q That is Atlantic®s -- |

A (Interrupting) State that question again.

Q Did all the members of the engineering'committee, did they
concuf with the recommendation you are making here today and all
your findings?

A Well, I think yoa have heard from some of them. For
example, Mr. Hurd did not. Thoée_are actually Atlantict!s con-
clusions. We did not try to reach our conclusions in the committeg
session at all. By that, the original scope of the committee work
was to prepare data and analyses for such analyses as we deemed
proper for presentation to the operators so they might be aided

in making their recommendations to the Commission. In other
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continued atvité §résent rate or anyﬁhing like that. It was not
actually in the scope of the ofiginal charge to the engineering
committee.

Q Did this engineering committee, were there some engineers
that were on the committee that did not particulérly agree with sog
of the conclusions that were arrived at, such as the barriers or
maybe the water drives or some of the other factors that you used
in your analysis here? |

A Well, as I have stated, all the exhibits were reviewed
after we all prepared them. They were all reviewed, talked over,
and actually at that time Atlantic had got gone into all of its
analyses and conelusions brought out by all of these. We did say
to several members, I believe, of the engineering committee that
we felt the reservoir was performing properly. Now I believe
that possibly there may be actually two operators, I am not
sure, because we haven!t heard from everyone'&ere, but I believe
there are possibly, Skelly and Mr. Hurd certainly dissented in
that. |

Q In other words, there are some men who have excellent
training and background who do not agree with the conclusions‘that
possibly you have reached in this matter?

A I would say that as far as Mr. Hurd 1s concerned, he was
not present at all our meetings. I canft say about his background
in relation to the Denton Field. Skelly had an engineer present
on several work sessions and I have learned that they do not
believe that the present rate is proper. However, they have not
stated to me their engineering reasons why. In other words, I

do not know why except I just know that is a fact and I heard it

e
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| that it had sufficient time to equalize throughout the reservoir

from them on oecasion, too.

Q I just want to ask these few questions because I dontt
want all the operators producing all my oil ouit of this field with
the danger of ruining it. I know that I have made some rather
rapid studies and ofher members in our office, and we arrived at
certain very miner conclusions, or ilight_differences based on
interpretation, whieh doesn't really affect the overali problem.
I notice that you have one water-oil contact minus 8415,

A Yes.

Q Do you feel that this is one common reservoir?

A Actually, in terms of geologic time, probably it was

connected; in other words, when this reservoir was formed there,

and the water was fairly level in it. Now, most of the water
tests, if not all of them, were taken in the south portion of the
field or what probably we would be terming the west sector. It
is not certain, or rather, we do not have as good a control over
where the water is on the east sector. However, the operators havd
generally relied on the water-oil contact in the neighborhood of
minus 8915 feet.

¢ In other words, you don't have all the information that
you-would like to ﬁave?

A That is correct.

Q You are still lacking some information on this analysis
that you have made as of today? |

A I don®t believe we will ever have any information as to
the original water-oil contact, other than what we have already,

because drilling is about completed in the field.
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Q The'poiatll am making is that you never have enough
information, that you are always working with a bunch of unknowns
and some educated assumptions?

A I would say in this particular instance the assumpt ions
and unknowns are about as minor as any case I have ever encountered

'Q Then you start talking about the west sector and the east
sector, do you think that during the producing life of this
reservoir, itsleconomic life actually, it is pérforming as two
separate reservoirs? |

A I do.

Q Possibly they do not both have the same efficient rate of
production?

A I think that is true, that they will not have the same
maximum efficient rate of production.

Q@ What is the maximum efficient rate of production?

4 In which sector?

@ In the east sector.

A I would saj that the maximum efficient rate of production
is very near what it is at the present time. That would be the
conclusion that we have drawn. We have stated that we prefer that
the reservoir be operated at a moderate decline in pressure below
the bubble point. I believe we will reach it under present con-
ditions.

Q Why do you say that you believe it is producing at about
the maximum efficiency rate? I believe you testified to the fact
that only 65% of the void space was being filled up with the water.
Does that sound like a maximum -efficiency rate?

A I don®t reeall saying 65%.
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Q Maybe I heard that over the coffee tables.

A Here is the reason why the reservoir has shown an increasifg
water encroachment. As the pressure dropped, water came in more
and more. Of course, originally the water encroachment was very
little, until we got a substantial pressure decline in the
reservoir. As it declines further, we expect that it will show up
larger than has been planned. In addition, our belief is that
if free gas can be liberated in a reservoir that has matrix
porosity, the matrix actually contains oil which is part of the
movable oil in the reservoir, that that gas that is liberated
will occupy space that would be occupied by oil when the water is
swept through there. So actually, the recovery factor is increased
by the occupation of some gas. Now, that concept is, I believe,
recent, within the past two or three years. I believe that it!s
generally coming to be accepted, I think.

Q You testified that the east sector was not below the
bubble point? |

A It is approximately 30 pounds below.

R It is below the bubble point, there is more gas, so you
expect the wells to produce more gas?

A Actually, the exact point in which gas production will
increase is not known as to this reservoir. However, generally
speaking, you must have a gas saturation of around 10% or sometimes
even higher to note an increase. In other words, as soon as you
go through your bubble point pressure,;there is not an increase
in pressures. Normally it will be some period of time that you

get low bubble point; it depends on the reservoir for some of the

pressure difference between bubble point and whatever it is, to
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get the gas pfb&uction‘ihcrease.

Q But the gas production is not increased in this pool as

yet?
A No.
Q At least according to your exhibits?
4 According to what we found out, it has not.
Q You testified that this barrier that exists through the

area, what type of barrier is that separating these two reservoirsyg
A As I stated, we attempted to find 1t on our structure map

work and on examinations of cross-sections and ldgs, and I believe

we consulted with some geologists, I believe we had at least one

geologist to attend one of our work sessions of the engineering

committee, and in addition I consulted with my own company geologiLt

They were unable to help us in finding that barrier where it should
be. We have made some conjectures. I guess that is about all
anyone can do unde: the circumstances. It is probably due to some
kind of a fault that we canft detect.

¢ Although you did not put faults on your map?

A We did not. Well, as pointed out, we didn't because we
just couldn®t show them with the information we had.

Q@ I just want to point out to the Commissioners there that
there are a lot of facts that we can® qguite put our fingér on.

A That is one of them. I think that actually the fault could
lie anywhere within that red area on our bottom hole pressure map
up there. Now, if there is a fault presgnt, certainly it is not
displaced to the extent of , does not have enough displacement equal
to the thickness éf the pay, or otherwise we would_noticé;it

B E
Possibly what may have been, there has been some shr;nkage\thsre
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and some depésitiéﬁihf wéﬁer in timeé pést that deposited an
impermeable layer. That is only conjecture, we do not know.

Q Even though your line meanders throughout the field and
crosses numerous wells, you are not able to find it in any one
of the wells?

A We were not.

Q Now we have got it down to two reservoirs, the west sector

| and the east seetor. Why is there such a very great difference

in the interval of perforations, which in some cases were five
or six hundred feet?

A Eetween operators?

Q Between operators and sometimes the same operator.

A I cantt tell you that. I think --

MR. FOSTER: (Interrupting) What is that last question?

Q Why is there such a great variance in the zones that were
perforated in the different parts of the two pools? One well may
have 700 foot of perforations, another well may have 50 feét, or
one well may be 70 feet higher to the perforations on the offset
well.

A I assume'you are referring to the fact that wells that
have nearly the same structural position, of course, wells that
are low on structure don't have a whole lot of choice in that
matter. Actually, earlier in the life of the reservoir, there may
have been operatqrs in there that didnﬁijncw much about Lt and
thought perhaps they might better gbkdbwn near the water-oil con-
tact to perforate. You'll notice on some of the recent cempletiong
there has been quiteﬁa bit of difference in, say, I don't see one

here, but some are perforated very lew, and instead of perforating
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higher, théyfwéﬁfréiearrééck to therfdp in some of the instances.
So perhaps a lot more is known about the reservoir now than was
known originally.

Q Did they perforate because that happened to be the only
porosity or only production they might have in that well?

4 I dontt bélieve they did because porosity is noted up and
down the section, generally. '

Q It is throughout, it is not erratic to this extent of
several hundred feet?

A No, not to that extent. :

Q Referring to Exhibit No. 9, if yoﬁ have a copy, I would
like for the Commissioners toc be able to look at this. Do you have
an extra copy?

A Yes.

Q@ I would like for you to point.ocut for the Commissioners
there the pressure line,that is, -dd yoﬁ notice that it declines
and also look at the line which indlcates o0il production, which is
npAr, and during the month of October when we had -the pipeline pro-
ration, of course, the oil production fell off very drastically;

and shortly after that, there was a pressure survey, there was

essentially no de'_ine. Following that period, there was a back
allowable and the152ak on the oil production goes up considerably,
and then we take another pressure survey and it has dropped off
considerably more than from the normal decline, possibly.

A I think there are two factors influencing that. As we
stated, that the water drive is not complete now but it is sub-

stantial, and éf course, if you vary the proaucing rate in the

reservoir, you can vary the bottom hole pressure. Now, the
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prihcipal,f§é§n£7én_fho§é last ﬁWd'f%i;AS'on that graph is that
the survey ﬁakéﬁ:in'éctobér of l95§%é§§,not‘include a lot of wells
1t isn't a complete survey. I think'ﬁhat there are several
leases in the field that did not even héVe a bemb  on the lease
at all. We actually feel that that point is not representative;
however, we did include the point for reasons of gétting all
points on there. We feel that that particular point, thatfs a
little higher,ltchés to push the cu¥¥e up in October of 1955, is
not derived from a representative éﬁrVey. I can show you the
leases involved., It is this lease here, I believe, 320 acres,
this one, and this lease right in here.
MR. HINKLE: What exhibit are you referring to?
A That is on Exhibit 25 I am pointing it out.
MR. HINKLE: What sections?
A Actually the south half of Section 26, east half of
Section 35, and the majority of the morth half of Section 2.
Q Also I want to point out to the Commission, notice that
the watef that is indicated by "B" how it also jumps up rather
rapidly whenever the back allowable and the greater withdrawals

were made from the pool. Then going to Exhibit 10, which is just

oh the west sector, I believe you stated that'part of your reasoniﬂg

for stating %shat this was not possibly indicative,as it would be
otherwise, is that you didn't have a full water drive situation.
Is that one of the reasons that you gave for that?

A Run that by agailn.

Q I will ask you the original question again. What was the

reason for the pressures leveling off during the curtailment and

then dropping during the greater production when we were allowing
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the back allowable?
A You mean in the field?

Q In the field. |

A My reasoms there, actually, here, this part represents
the total field bottom hole pressure eurves, of course that
represents the performance of the entire field. Th reflects a
reservoir with a fgirly complete water drive and one iniwhich
virtually all the ﬁithdrawal fluid is being replaced by water.

In other words, there are two degrees there. However, when you
obtain these average pressures here, you will find that the east
sector influences that.

Q The east sector influences it in what manner?

A Well, in that when we constructed a bottom hole pressure
map, Exhibit 8, I believe is the number of it, we used the entire
field in obtalning the weighted pressure, even though we realigzed
that a number of wells were left out and probably it was not as
representative as we would like to have it. Now, actually the
production rate that you show or that we have shown.there repre=
sents that of the entire field, the east half as well as the west
sector. Now in a situation like that, if you are analyzing the
entire field together, you can find that the pressure can be
influenced; I think a more zccurate way of reviewing that would
be to look at the two sectors separately, rather than the total
field, since you have a conglomeration of factors there.

@ Let's look at the performance versus time on the west
sector. It reflects the same problem, does it not?.

A Yes.

Q The water; during the back allowable when the production
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wés high,_§§é w§%éf;increa§es rapidly during curta;lment, it was
relatively stable,then, too, the pressure dropped off more rapidlyj
A Wéll,'theré were some of thé leases that were not tested
that wére also in the west sector. We originally had thought
along that line, that we thought this was a significant point.
After we realized the incompleteness of the pressure survey, we
thought that it should be disregarded. Now, as to the water,
there have been several recent workovers in the field, and while
I do not have the dates of those workovers in memory, I do know

that they have occurred within the past year, and possibly the

first part of this year. I think that will accpunt for a reductiof

of the rate of water increase in the field.

Q But actually the wells that were not surveyed are some
of the more lower pressure wells in the field and if we did have
those wells in the graph, the thing would probably be even more
accentuated, would that not be true? The Magnolia lease, the
south half of Section 26 and in the east half of 35.

A And this lease here. You see, you have one, two, three,
four, five wells on the west sector that were not tested and have
high pressures. I think if you turn to the exhibit showing the
performance veraus time for the east sector, you will find that
that is even more accentuated becauséjof'this bottom hole pressuie
factor that we have mentioned. p |

Q You think it is adequately explained a;d it*s not due to
greater withdrawals?

A I think that greater withdrawals in the east sector and
actually in the west sector, since we see ¥virtually all the.fluid

being withdrawn from the west sec#@iéigjbeing replaced. However,
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there is stiii s §§§i1 effect that can be gained from changing
the rate in the west sector. A greater effect can be obtained in
the east séc%ﬁr,i I think that would be an influence on the curve.
I believe that aetnélly there are two factdrs affecting the in-

completeness of the survey, and as you have pointed out, there has

been a change, but even taking these changes into account, we
still believe that the east sector is performing satisfactorily.

R Have you ﬁlctted barrel per pound drop by survey periods,
by any chance?

A No, we have not done that. That was one of the things
that we were thinking about in regard to the east and west, or.
rather, yes, both—sectors, in determining performance of the
reservoir, However, since we were approaching the bubble point
and we should see a marked change there,that actually such points
would be relatively misleading, since it is expected that the

pressure will level off.

want to tell the Commission that I have looked at

r

ry hurriedly, and during the period when the oil

some figuraséﬂ
production wa;,eurtailed, the barrels per pound drop produced
was somewhat over one hundred thousand barrels, and during the
period they were back making up the back alliowable, the barrel
per pound drop is only 13,000. I am talking about 100,000 and
13,000, which is quite a bit of difference. I think a study
of this matter might be very enlightening. I am sorry I have
noﬁ gone into it more fully myself. CFf

A Of course; you know that when you say barrels of oil per

pound drop for a point high on the curve, you will show actually

a very large amoumt of barrels produced per pound drop and then
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T you take the point immedlately after, which we think is on
the correct resé?ﬁ%irlpressure tréﬁﬁ?égé is normal, you will show
an accentuated, rather, a very 1ow barrels of oil per. pound drop.
I think that is just a trick of the curve if you derive it in
that mannerj sin¢e one point is high already and that would tend

to make the next point, I mean the baffels per oil of pound drop

for the next caleulation, be very low and actually that is probably

not the case..

Q I wanted to ask one question agaln that I have already
asked you. You say in the east sector that there is not 100%
water taking over the areas?

A No, there 1s not. o

Q What 1is taking over that spaee, just oil or vacuum?

A Actually, 1imn the past water has encroached in the reservoiy
and replaced some of the oil that has been produced. Now the
remaining oil and connate water that 1is in the reservoir has
expanded, it has an expansibility. 1In other words, when you
lower the pressure a given amount, oh, say a barrel of oil in the
reservoir, it is going to expand some and take up some more space,
and that has turnéd;part of the driving mechanism in the reservoir,
Actually, expansibility of crude oil is relatively low compared
to that of the gas in the reservoir. Gas has a greater expansibill
when the pressure is reduced, so the replacement of that void
space not occupied by water is occupied by expanding-0il and
connate water in the reservoir, and also to some extent by rock.

Q If you were trying to be very theoretical about the
situation and wanted to produce at the best point, would it be
better to have water replacing 100% or 1%7 Which would be the

ty
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better resefveir?

A Well, %o answer that qdestlen we would like for the
water to replace thé oil; howeJer, Ve want to have it replace it
under particular conditions. ﬁow 1 might like to amend that
statement just a little bit. Actually, we have stated that this
part of the oil in the matrix éhoulﬁ Be replaced by gas. Then
when that gas has expanded 1ntq the pore space that would other-
wise be occupied by oil, we beﬁieve then water should come in and
replace the remaining amount. iThat is under primary operation.
That would be a desirable feature.

Q The better reservoir w#uld be the one where water replaced
100% and not 1%, is that true?%

A I think if you carried it to that extreme, it would, yes.

R What extremes are we t%lking about in this particular
situation, the east sector? j

A Well, I imagine that i%aﬂ@uﬁé'be desirable to have the
water to replace some 85%, wouid be probably around optimum.
That point is not definitely tied down at this: time at what percent
age we should have, but we ougﬁt to have a falr percentage of gas
present in the reservoir when @ater comes in.

Q You think we shouldAha$e 85% in a reservoir of this type,
in this reservolr,the east sec#or?

A I would say that that ﬁould be in the range, possibly
maybe as low as 75%.

From 75 to 85%2
I would think in that range.

!

Q2
A
Q What percent is coming in at this time?
A

Actually, we calculate| it appradmately 65% over the last
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six months!® iﬁtéf#él,

Q In other w§¥ds, the field om the east sector is producing
at a too rapid rate, is that correct?

A No. Now, the east sector, as I have stated before, will
have increased water encroachmernt as the reservoir pressure is
lower, the aquifer pressure, of course, 1is somewhat higher than
the reservoir pressure. As you lower the reservoir pressure, more
water comes in. That is actually & funetion of differential
pressure between the reservoir and the aquifer. Now we saild
65% is coming in now and we feel that that 65% possibly may be
low, because we used a pressure point that you pointed out on the
exhibit as being high, unlike last fall. We feel that some error
was introduced by use of that. Had we used some other point,
it might have been that we would have seen even more water coming
in.

Q But even though your figures show 65%, you feel that the
well should produce somewhere around 85%%
| A 75 to 85. Now, in our prediction calculati@n, we found
that the differential, increase in differential between the aqui~
fer and the reservoilr would increase water encroachment to around -
75%. We feel that additional pressure surveys will serve to
enlighten us on those points and we made our prediction actually
for a two-year period, but we feel that even within the two years,
of course, almost constantly we are going to be analyzing the
reservoir to ascertain what is happening there.

Q In other words, you don't have all the information you
want yet, you still need more?

A That is correct. We are asking for the survey so that we
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éan get ifiér' , )

) Going back to another situation, this is the last one.
We have stated there are essentialléfjast two reservoirs, and yet
the perforations exist from some ¥0O foot intervalé, some wells
way high on the strﬁCture producing water, and yet wells consider=-
ably lower not producing water. We say this is all on the west
sector, we say that is all one reservoir. If that is true and
you also testified to the fact that probably the entire column
| was saturated with varying situstioms in the area, if the water
is high on the structure or pfoduding water, and wells low on
the structure are nct; we must be, apparently be bypassing an
awful lot of oil.

A I do not believe that is true. Now, the cross=section
F to P-prime on Bxhibit 23 is an example of this. This well is
producing 88% water now, actually that is in the comparable
interval to this up here.

Q To what?

4 That is on the Phillips Fort No. 1 that is producing -
88% water, and it is the comparable interval in Phillips Founso
No. 1, actually is not producing water. I can®t say there that
we have bypassed'water or oil in the lower portion of fhe reservoil
In other words, this appears to be an average water encroachment;
it may possibly be slanted at some 45 degrees, most likely it is
somewhat uneven, but for practical purposes, it is uniform.

Q You say it is uniform?

A I would say for practical purposes the encroachment should
be fairly uniform. To my knowledge, there have been no tests

made in the wells in the field that,showed water coming in an

{.
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upper set ef peffbritians and no wa;§

7iééﬁing in a lower set.
All the werkévefs that I have been &equainted with, which have
been quite a féﬁ,’fhﬁ water appeared_ia bottom sets of perfora-
tions first, Sometimes almost simultamecusly.

Q I believe I have just found a: few exceptions to what you
have said in there on it. I will point them out.

MR. PORTER: Let®s point them out after 11:00 o®clock.
(Recess:)
MR. PORTER: The meeting will come to order, please.
Mr. Montgomery, were you through with your questions?
MR, MONTGOMERY: I have just oné other question and then
I want to restate some things. B
MR. PORTER: Go ahead.

Q I asked Mr. Tomlinson about wells that were higher
structurally producing more water,or water,where wells lower}were
not producing any water or less quantities of water. I believe
according to his exhibit, I found four or five instances where
that did exist. Would you like for me to enumerate them?

A Yes, if you will, and point out which ones.

Q Actually, this is just percent; it doesn't mean that the
water -- this is all water?

A Yes.

Q On the cross-section B - B-prime in the vieinity of the
Magnolia Pope No. 21, that well whieh 1is structurally higher
produces 4%, and then the well which is, then an anomaly, the
Magnolia Pope 10, prbduding 874 water, and then a structurally
lower well, Mﬁgﬁ@lia Pope No. 17, p?eéﬁéing 24. Of course, I

realize there are anomalles, but these anomalies indicate far
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more than 95§:0f*f§§1éthsr infermatieﬁ fhat a person has when
you analyze it. That well has not %één taken into any of the
studies in this case here?

A Actually, now what is your question on that particular
one?

Q Well, I believe you stated that there were no wells
structurally higher that were produ¢ing more water than wells
that were structurally lower?

A Well, I mean that to apply, this to apply in all except

Magnolia Pope 10.

@ What about the Magnolia Pope 21, it is one of the highest
wells in the fieldj it produces 4% whereas the wells around it
produce 2%. ‘

A Well, if you will recall, in our testimony we stated that
actually water percentages in percentages less than 10% actaally‘
are not significant, since many wells have produced water in
small quantities for several years. Actually, when you have
water encroaching either from the bottom or from the sides, and
especially from the sides, you will notice that the water percent-
ages on those wells increased very rapidly. Those wells that are
high on Struéturg and very low percentages of water, I am talking
about low, I mean in the general range of 10% or less, we believe
that water is contributed by the matrix. In other words, reservoi
rock has a peculiar characteristic when the permeability is low,
and when you reduce pressure to some extent or flow oil by the

water in the pore space, if the permeability is low that @il will

pick up some water and carry it along with it, sa that will account

for various amounts of water. Actually, such wells tend to slug
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water a littléf§i£?iéincé the watergiili come in and work its

way in to the bottom of the well bore, and then come &long a

day maybe when the well is not flowing like it should, probably
open up a little bit and it will slug out some water. That kind
of water is connate water. There is a tendency generally to try
to.catch, if you are going to have to take a water shakeout on a
well, to, since you can™t take a shak®out of practically no water
at all, you have to take such a large volume of fluid there would
be a general tendency to catch some of the water when it is
slugging. 8o actually the percentgge; méy be a little lower
because of thét.

Q But also dueé to the characteristics inherent in the field,
operation in the field, lands of ten times the low producers of
water, the percentages are considerably off, are they not?

A They would be high. The field hands would probably report
them as being actually higher than they actually are, to take a
shakeout you have to have a volume of water, you have to catech a
large sample. 1In other words, catch a dmall sample and under horm:
operations, you may not see any water in it at all. If you are
trying to show water production there would be a tendency, I
believe, to actually, through the method of obtaining the sample,
actually have a 1little more water than actually normal production.

Q Well, oftentimes, possibly in the field there would be
water in the tanks and the operators =-

A (Interrupting) Yes.

Q (Continuing) -- on the lease will probably drain the
water out of the bottom of the tanks?

A Yes.

11
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Q Tach one of the instances that I point out, if you think
it is connate water, you might mentien it. On E - E-prime,
Sinclair Pope No. 1, 2% water, which is higher than Pope No. 9,
producing 1% water.- It is also perforated in the same strati-
graphic interval?®

A That is correct, and I also attribute it to the same
factors. |

Q Also the well, the Magnolia Pope No. 3, which offsets the
well which produces 2%, shows 0% water. It is structurally a
higher well, but it. is perforated strafigraphically lower and
closer to the water table9

A Yes.

Q On cross-section F - F-prime, the Magnolia Pope No. 21
shows 4% water where the structurally lower wells throughout the
cross-section show 0%.

A That is correct, and in all of those cases, I believe that
those percentages do not represent aquifer contribution.

Q Then on cross-section G - G-prime, the Magnolia Pope No. 17
and the Magnolia Pope No. 6, two highest structural wells producing
2% and offset by wells which produce no water?

A That is correct. Now, if you referred back to some of
the New Mexico 0il and Gas Engineering Committee reports in years
past, you will see that numerous wells have produced small amounts
of water over considerable periods of time.

MR. HDNTGGEERY I am sure there are a lot of awful
small points that I could bring out that really have no meaning
and would not change the overall problem. The four things that

I thoughtiwere more pertinent than anything else were that: one,
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Q Vﬁéégiiifggﬁiéate the barréis,as it flows out?

A That is & method of doing it. The disadvantage in that
method, of ceurse, is that you do not know precisely which wells
are contributing water. Then agaln, over a périod of several

weeks or months, this water may accumulate and you may have been

a little off on your water production, or as I say, one of the well

may kick out a little water that is accumulated in the bottom of
the hole. So even in that instance, you don®t obtain as accurate
information as yeu like.

Q Water information as such is not as accurate as on our
0il production or our gas measurements?

A That is true, now especially on low water producing wells.
Now on wells that produce a considerable amount of water, it is
much easier to obtain a sample that is representative as you get
up in thelhigher range.

Q I want to ask you one other question. A well that
happens to be on here for 4% today or 9.9 less than, then maybe
20 or 30 percent next month, that is another possibility there?

A It is a possibility, but not likely, since 20 or 30 perceni
would be in the range where you can obtain a more accurate shake-
out.

R On cross-section C - C-prime, the Ohio Denton No. 4 well

shows O water. The Ohio Denton No. 3, which is structurally

higher and apparently perforated in the same stratigraphic interval

is produeing 5%_ﬁater,
A Yes. Well, I think that is one of the instances that I
mentioned where it is connate water contributing to the water

production.

L2
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he #zritrieié;jégi%; [ify to the fact that it would be best to
produce the well, that the east sector is prodacing at about
85%, Phillips «« ygit a minute -- will you state that for me?
I will get it corfect here, I have been missing it all the time.

A Well, actually we anticipate that for the next two years
that the water emcrfoachment will be on the order of 75 or 80
percent, that is, the waﬁer moving into the reservoir will replace
75 to 85 percent of the oil, water, gas production taken out.

Q But presently it is only 65%?

A That is right.

Q2 And 65% would be the optimum rate for producing that
particular area we are talking about today?

A Well, I don®t believe that we dan, you say 65% would
be the optimum rate to produce?

@ The east sector.

A Well, that ~-

Q (Interiupting) Produce it at a rate that would be 65 --

A That is occurring at the present time, we think it is
right. waever, it is not going to remain at that point. It
will change.

O As I understood that,you saig that only 65% of the void
space is being replaced by water at this time?

A That is correct.

Q But yet you are voiding 85% of the void space?

A No, I believe you misunderstood me.

Q I understsné ity but I am not getting it in words.

A Actually, I believe you are, .what you mean to say is
that we would like for the gas sat¢ration to be on the order of
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in the reée:%yir‘ ‘Phose are optimum conditions, actually, or I
say they,miééx %e:éﬁ%imum:conditions, but that is just a belief
that we have right now. Actually water encroachment being 65%,
it could have a comdition where you could not reach that desired
gas saturation, even with that rate of encroachment. In other
words, the 65% is one percentage, the 15 to 25 percent gas
saturation is aﬁother percentages In other words, the critical
peint there is that you must have a pressure condition in the
resexrvoir that will enable you to achieve those conditions.
Now you can®t say that since you are wahting 65, or rather you are
wanting, say, 25% gas saturation in a reservoir, that you would
expect that the rate of encroachment of water should be 75%.
In other words, you may be starting off at a particular reservoir
pressure where you have to have a different rate of encroachment
to reach the desired conditions, that is what I am point out.
The saturation conditions have to be achieved by a pressure, and
it may take varying rates of encroachment to dd it.

Q But you did testify that probably the eastern sector was
producing at a too high rate, according to this 65% encroachment?

A No, I don®t recall saying that.

@ I think it is in the record.

A I don't recall saying it was producing at too fast a rate.

Q You sald at one time it was producing at the optimum or
about at the present time, but later the record will speak for
itself, but later said that 65% of the void space was being
filled. |

MR, WALKER: Let®s let the fecord speak for itself.
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MR. MONTGOMERY: ALl right, we have belabored that ome.
The seconﬁiﬁéint;—ﬁhereiare higher wells on the structure that are
producing Waﬁér, whereas the lower wells, whereas some lowér wells
were not producing water, therefore imdicating there is a possibi-
1lity thaf water is bypassing an amount of oil. When there was a
drop in production, this is the third point, that the pressure
tended to level offj; then whever the back allowables were granted
and there was a ‘greater amount of production, the pressures tended
to take a steeper dive in their drop. There was some explanation
of that that some of the wells were not surveyed, but on the
western secter,ﬁhsrerwere only some three wells out of fifty
that would be inveiVed percentage-wise. It probably would not
affect the curve appreciably.

The fourth point which I indicated was the barrels'per
pound drop that during the curtailment era théy produced some
100,000 barrels of oil per pound drop, but during the high pro=-

ducing months when back allowable was being produced, the pressure,
barrels per pound drop was some 13,000.

That is 81l I have.

MR. PORTER: Anyone else have a question?

MR. GURLEY: Before Istart eross examining the witness,

I would like to withdraw my mdt&bm;%é continue for one month.

MR. HINKLE: I wonder if it wouldn®t be better, to keep
the record straighter, if'you would'alléw me to ask some questions
on redirect that‘pertain to the questions on cross examination

of Mr. Montgomery, before you proceed with your cross examination.

ORTER: I think that is all right.
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REDLRECT. EXAMLEATTON
By MR. HINKLE: | |

Q Mr. Temliﬁson, on the cross examination of Mr. Montgomery,
he referred to the work of the engineering committee. I believe
you have previousiy testified that Exhibits 1 to 24 are the work
of the committee? |

A Yes, sir,

Q Do these exhibits portray or reflect all of the factual
data which was gathered by the engineering committee?

A They do. |

Q Was there any disagreement among any members of the
committee as to the factual data which these exhibits reflect?

A There was not.

Q How many operators in the field are there?

A I iﬁagiﬁe there are around 15.

Q To refresh your memory, I believe it is 1k, but it may |
be 15. I believe that you previocusly testified that practically
all the operators were represented or had an opportunity to be
represented on this committee?

A They did.

Q And‘that there had been no objectidns presented to the
committee by any operator with respeet to the factual data which
these exhibits 1 through ol reflect, is that rlght?

A Will you state that again?: '

Q9 There have been no objections by any of the operators to

the factual data which these exhibits reflect?

A That 1is correct.

Q With rasgect to your other testimony and with respect to
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Y

Exhibit 25,1:;?55@ ‘are interpretations of the Atlantic and your
own, 1is that,éarregt? | =

A That is'figﬁt. 'ﬁe did not.ask the other members to concur
in those. In‘fééﬁ;rthey may not have had access to all our con=-
clusions.

g In the cross examination of Mr. Montgomery, reference
was made to Bxhibit No. 9. Would you like to comment further with
respect to that?

A I would. I would like to point out some features of that.
First of all, the Exhibit No. 9 shows water production in thousand

ﬂi

of barrels per month. Now that is not water percentage. Now
you will note that actually when the dfwut-in period occurred, I
believe that was during September, that there was a small rise
in water production that month. The next month, when we got back
on production, there was still another rise, but in November
there was a drapiin water prodquction. Then in December there was
an increase in water prdduetion and in January there was a drop;
in February there was an increase. Well, actually those are very
small changes, and in addition, they are in barrels, so that when
you increase oil production, even if you held your percentage
constant, you would normally see a graph plotted like this that
has an inecreased water production along with it, because the water
if it is constant in wells, will come out in greater quantities.
A better way ofAlooking at that would be to look at the exhibit,
I ddn*tvhave the number, but itapo:trays the west sector performanc
vérsus cuﬁulativéf§il production.

MR. HINKLE: ¥xhibit 13, was it not?

e

A I believe it is Exhibit 13. It is the exhibit that shows
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performangéfiii%éﬁfé%ﬁ&lgtive'oilrpfeéugfion. Actually,'yeu
will note that durisg

December,we marked it on the graph December
of 1955 and Janual'y of 1956, show when considerable allowable was
' being made up in the field, they actually show a lower percentage
of water on this graph; we have actually plotted water percentage
instead of barrels, so that actually there has been a decline
during those months over a period there showing less water per-
centage, probably not less water production, as we have showed on
Exhibit 9, but that was due to the faet that we increased the oil
production during those months. Now, I would like to state in
connection with ene'of Mr. Montgomery's points that we were able
to change the bottom hole pressure slightly by changing the pro-
duction rates. We believe that is due to two factors: One 1s
that we had an imcomplete survey and the other is,as we pointed
out, these:réservoirs, and especially the east reservoir is more
sensitive to the rate of withdrawal than the west sector insofar
as bottom hole pressure is concerned. We do not believe that is
detrimental to our analysis, since we believe that we should reach
a point several hundred pounds below the bubble polnt pressure
before wé level it out, so any changes in the slope of the line
above that point means only that we possibly did achieve some
changes in ratej and possibly some of the changes are noted,
as we have noted, are due to incomplete survey, but it does not
mean that thevreservoir is being damaged, since it has not yet
reached the optimum point as far as the reservoir pressure is
concerned. | |

MR. HINKLE: That is all we have.

R, PORYRR: ~Mr. Mankin,
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RECROSS EXAMINAEION
By MR. MANKIN: | o

Q Mr. Temlinson, referring agéin to Exhibit 13, which we werg
jast talking about, which is the west sector performance versus
cumulative oil production --

A Yes.

Q =< you mentioned the December and January water production,
that is,percent of water, of total fluids going down slightly
during that period'where they were making up some back allowable.
I am wondering, the very sharp increases that have been reflected
at the 15,000,000 cumulative mark, and then the drop off of oil
versus performance, what caused that? Is that due to these --

i (Interrupting) I would say that is possibly due to some
workovers being obtained. Personally, I do not believe in in-

creasing the rate of withdrawal will reduce the rate of water pro=-

duction. I think that it is due to other factors, but I was.making

the point that actually you should look at the water production on
a percentage}basis rather than on a number of barrels basis.

Q Doesn't this curve indicate that percentage of water of
the total fluids?

A Yes, sir.

Q Getting baek to this plug-back and remedial work, isnt't
this an indication that water was inereasing rapidly and there
was considerable plug-backs and therefore the oil column was in-
creased considerably, and therefore you had a drop in the curve
after this period of plug-backs?

A Wéll, in certain wells. You are talking about in particu-

lar wells that the oil column was decreased.
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A That é@ssﬂif reflect that the @il column in the field as
a whole was—éecreased, as we have seen on these cross=-section
diagrams that we have shown, that the 'oll column in many places
is still very near what it was origimally, or probably is the same
0il column we had originally.

Q In the west sector?

A In plaees‘on the west sector. Now, actually immediately
before this time, this 15,000,000 cumulative mark on Exhibit 13,
youtll see we had a constant rate Qf»eil production there and
actually theré was no change in rate, yet the water percentage
did increase. In other words, thaﬁ indicates a factor that we
attributed more to eumulative withdrawal of the oil froﬁ the
reservoir than rate. 1In other words, the rate was not changéd
in that period, yet the percentage did go up.

Q What caused this to take a very drastic drop, then?

A Well, I would think that would be caused by some workovers,

Qg But you don't feel it was a question of not having the
oil column because you did have the fairly constant oil productlon
during that period?

A Well; I don'™ know if I follow you there. Will you stéte
that again?

Q Your oil production remained essentially the same during
this period you had a decrease of your curve there, after the
15,000,000 mark? | |

A Yes. ‘

@ I cantt ﬁﬁ&erstahd why it would drastically drop,unless

for one thingﬁgéﬁrget rid of consideréble water as a result of the
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plug-back for one thing.

A I think that is probably the principal reason.

Q Seeeaély, I wonder if possi?éy there is no reflection that
the oil column was decreased then, ‘Because you had a constant oil
productign? |

A Well, decrease of oil column would appear, then you would
have an increase. |

Q It would follow that you would have an increase in water
column, is that right?

A Well, if anything you would think that would make the
water percentage go up. However, I éssﬁme'that in the course of
remedial wogk that a good many of the workovers were affected.

Now as welve shown these things on.cnr cross=~section diagram, we
have shown the percentages and produetion intervals.

Q I think that it would follow from looking at those that
you would have an increased water percentage as the water comes
in on the edges of the reservoir?

A It should be normal to have that.

Q. I take it froﬁiyour answer to the question, then, that you
feel there isrneﬁhiaé?unusual about thaf;that was primarily just
decreasing the Water;production as a result of the workovers and
plug-backs?

A I would think so.

Q On Exhibit 1%, the east sector, the last bottom hole
pressure, which is curve C, indicated about 37 pounds, the bottom
hole pressafevhﬁleg the bubble point?

A Yes. | '

§ Is it mot true as shown by seme of the other exhibits that
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“thore 1s a mambeF OF wells, particularly Magnolia wells, that
are'some'evérséégzgéundsblower than the bubble point.

A That is corfect. ’

Q DGAféﬁ'fééiﬁﬁhat there is any danger there?

A I feel that is within our predetermined range of desirable
reservoir pressure‘for the east sector.

Q@ Although your average is considerably higher for the east
sector, these scattered wells, particularly the Magnolia Pope
lease, you:denﬂt feel there is too great a danger in dropping
the pressures in the last six months or so?

A I do not, I feel that is entirely safe.

Q In regard to the exhibit, I don't know what the exhibit
number is, it is the one that has the barrier in red.

A That is Bxhibit 8.

@ Is that barrier something that was determined by the
engineering committee?

A The barrier, I believe, was agreed on to exist. Now, the
| range at which we have shown that it may lie there, that range

is approximately one location wide, that is simply a red color

that we have placed on there after we started preparing the exhibigs

for presentation here, so the people could see it more readily.

Q Is it not true in a lot of Devonian Reservoirs that you
do have some faulting conditions?

A That is correct.

Q But none has been found in this particular zone that is
within the elosure herein represented?

A A1l I cand say there is,in comnection with our committee

work we could no% find any.
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Hﬁ%jif?rzsfgiand'there are égépanies who have, they have,
their geo&egiétsiﬁgieaprepared fault maps. However, we have
questioned geologists of one or two éémpanies in addition to our
own in connection with this committee .work, and this barrier could
not be established by a fault. They were not able to help us on
that matter. |

MR, MANKIN: That is all.

MR. PORTER: Any other questions of the witness?
By MR. NUTTER:

Q In the case where you have indicated that water production

of certain wells is probably connate water, I was ﬁondering, would'

the connate water percentage change from time to time or is that
pretty uniform as a rule?

A It should be fairly uniform, uniform to low percentage;
actually, as explaiped a short time ago, there is a problem of
testing wells at low percentages of water. 1In other words, the
connate water could be coming into the well at fairly constant
rate, but because it tends to accumulate in the bottom of the
well bore, it may not come out at a constant rate, it may not be
discharged at the surface at the constant rate, so that when you
test the wells you can test them for months and months; one time
it may test 14 and other times 7 or 8 percent. We have had that
experience on our wells that I have noted 1t; on other wells in
the field, they ére hot constant within low percentages. They do
remain fairly low, however.

Q@ Another quéstion: When you have water encroachment from

the side of a reservoir, does it uswally come in at an angle rathej

than perpeséigu;%??;r
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A T would &
~ it. There is gemerally,the bottom %ill be a little bit ahead of
the top. Ihét'ié aBot necessarily trﬁe, though; if you have streaks

of a little higher permeability at the top, it might be essentiall]

e ]

straight up. We have not attempted to define the angle that the
oil-water interface has in the Denton Pool. I would imagine that
1t varies some from place to place.

Q I think ?ﬁﬁzﬁentioned at one time it was probably maybe
in the range of maybe somewhere around 45% between the Fort and
Fonso wells? That would appear to be a very likely figure in
ay way of thinking. Do you think that originally the water-oil
contact in this reservoir was a flat plane?

A I didn®t catch all your question. State that again.

Q@ WVas thé_eriginal water-oil comtaet in the Denton probably
a a flat plane at 8519 or 89157 |

A I believe 1t was essentially flat. As I stated before,
we had no control, or very little control on the east sector of
the reservoir. Most of the water tests were taken on the west
sector, and some time ago in connection with the engineering
committee work forathe Denton Gasoiine Plant, we established
water-oil contact at 8915, and at that time we had not noted
: any tilted condition, at least to the degree that it would be
significant.

R Is the water-oil contact still recognized to be approxi-
mately the same depth that it originally occurred?

A As far as I know, most placés it is. From these cross-

section diagrams we can®t determine that this original water-oil

contact has moved up. Actually, we did not make an analysis for
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that‘poin$5%f§§§é 'ééétérmined that ﬁostV5f the encroéchment
was comingifﬁ€f§§ﬁlﬁﬁe edges of the reservoir. It appears that
way, and we Have Tiot tried to pin down the water-oil contact
since it appeared that many wells are still producing very near thg
original water«ocil ¢ontact.

Q I think in some of your cross-sections some of the wells
were completeﬂ or perforated right down at the water-oil contact;
I believe in one case there was one below it?

A There is, and the only way that can be explained is
possibly a tight streak right at the bottom of the perforations,
and that possibly may be boring at the well bore so the water does
not enter there. That would be the most logical explanation to
give you.

Q The water-oil contact below this anomaly well, the Magnoliag
Pope 10, whichever one it is, is probably the same level as the
water~-oil cchtact in the rest of the pool?

A We believe it is.

Q There is probably a geyser or something connecting the
well with the aquifer down below?

A That would be one way of putting it. There appears there
is a crack or fracture right at that particular well, and it is
localized at that well leading down into the aquifer to the
extent it has a very active water drive.

G Did the water production inerease very sharply when that
well started making water, or was it a gradual increase?

A I can®t answer that question. I do not know how it came

about.

¢ Another thiﬁg with respect to the production decline curves
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hilbits 9, 10, and 11, there was considerable

discussion abeut 4¥e botlom hole pressure line. Do you know
offhand whetkies the wells that had bottom hole pressures taken

in them, I thimk there are only 50 of the total 80 that are normall
taken, do you know whether there are ény correlations attempted or
made between the wells that were shut in as a result of Stanolind?s
pipeline prerétieniﬂg and the wells that the bottom hole pressures

were taken on? Is there any tie-in there at all?®
| A I dontt know.
Qg If the wells that you had pressure on were wells that had
been shut down, not Shut down but curtailed there for a month?
A I don®t know if there was any connection. We didn't make
a correlation. |
Q You didntt attempt to?
A DNo. )
Q That would probably, possibly, I should say, change the
bottom hole pressure picture overall, if you knew whether the
wells were producing? I don't think all the wells in the pool
were_curtailed during September, Gulf and Magnolia and some
other pipelines are in there, Stanolind?
A Well, I do not have a map showing what pipelines are
connected between the leases in there, so I couldn?t answer that
question. _
MR. NUTTER: I believe that is all I have.
MR. GURLEY: I have a question.
MB§ ?§ﬁTEE§:'Mr. Gurley.

By MR. GQEIS;: ’

Q@ You have stated, as I remember, that 15, or there are 14

y

DEARNLEY-MEIER AND ASSOCIATES
STENOTYPE REPQRTEWRE
ALBUQUERQUE, NEW BEXICQ
TRLEPHONE 3-8681




81

or.iS opefa’é@géi ia ﬂie field, is th&ﬁ'gicérrect?

A T believe ¥Hat is right. I ¢an count them.

MR. ?é?fgaf"'fhere are 10 o?ﬁratcrs in the Devonian, Mr.
Gurley,,I believe.

A There are some working interest partners that will not
appear on the preraﬁioh schedule.

Q You stated that they all had the opportunity to be
represented on this committee, is that correct?

A They have all had the opportunity. Now, some of the
active operaters'were all invited.

Q How many of the ones invited took advantage of the oppor-
tunity and became part of the committee?

A I didn®t count them. I believe Mr. Hurd was represented,
Magnolia Petioieum Company, Forrest ©il Corporation, Gulf 0il
Corporation, Ohio 0il Company, Phillips Petroleum Company, Mr.
Johnson, Judge Redfern, Shell 0il Company, Sinclair, Skelly,
McAlester, and I believe Atlantic.

MR, PORTER: You didn'®t mention Stanolind.

A Stanolind was in this, too. |

Q Now, of the comm%ttee members of the companies that were
representad, how many acgaally participated in drawing these
exhibits?

A In drawing}the exhibits, well, of course, you realize
that we can®t have everybody doing the same thing in the study.
If you are*éeing to get anywhere, you have to divide the work up.
Now I believé all éempaﬁies in times past helped participate in

the drawigg of the -structure map.

MR. HINKLE: That is Exhibit No. 1.
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A Tﬁgéﬁf§%§:;%§§%{§éd 1. 'fﬁa%?iiﬁ has been used to deter-

mine equitiesgiﬁﬁfﬁé penton GasblinePlant at pegvious meetings
of the committee. A possible exception to that is Stanolind

since they aré not a member of the Denton Gasoline Plant. However|

“they had accéssﬁto.this map and have reviewed it. Now the cross-
section diagrams, I believe, was prepared by Atlantic, that 1s

Exhibit No. 2. The other operators have reviewed that, that is

a relatively unimportant exhibit. The cross-sections which comprige

Exhibits No. 3, M,VS, 6, and 7 were prepared by Shell and by
Atlantic. Now other operators have had the opportunity of looking
at those.

7 Have they taken advantage of that opportunity?

A We have certainly furnished them with copies of our report
and if they haven®t it®s their own fault.

Q You sent them copies of your exhibits and your report?

A Yes.

Q Tpat 1s fine. My point i1s this in asking the question:
Did all the participating or all the members on the committee
actually participate in preparing the exhibits?

A Not all of them. We invited them in initially when we
formed the committee. I believe Mr. Hurd and Mr. Redfern were
represented at that time and again later when we reviewed the work
that we had done.

Q2 Now on the review, did you review these exhibits and
disecuss them in,gs_cpen meeting of your committee with all the
members preséﬁ%;aaﬁ"diSGESSed all the exhibits to be présented here

A Yes, we d1d not exclude anyone in that.

Q My,peiét isrnbt,for the exélﬁSion angle, but did everybody

?
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see them'&ﬁé?é%ééﬁgg them at the committee meeting?

A Yés,jgﬁ§?@§¥tain&y at the operators? meeting, too. Every-

one was iawit€d°§ofthat;i They had an additional opportunity.
MR, GURLEY: That is all. |
MR, MALONEt Ross Malone for Gulf.

By MR. MALONE:

Q I would like to return just a minute, to turn to Exhibit
9 and the preésure barrier that Mr. Mankin mentioned in his cross
examinations. That was prepared on the basis of bottom hole
pressure figures furnished in April, was it not?

A Yes. |

Q Are you familiar with the fact that similar isobarie
maps have been-prepared on prior bottom hole pressure tests?

A Yes, sir, we did prepare prior maps.

Q Hcﬁ many sueh prior maps were prepared?

4 I believe four additidnal.

Q That was over a period of how long a time?

A T believe the first map was prepared for April, 1954
survey. Probably in October of 1954 survey would be on there,
the other was the first one and then they were continuous from
that time up to the present.

Q At six months? intervals?

A Yes. |

Q Did each of those studies demonstrate the existence of
the pressure barrier just as this study has?

A Yes, sir, although not in suéﬁ,a degree as this one. Other
maps since the'p?éésures were nearer %ﬁa same pressure, the

reservoir was neal’

the same pressure when they started production,

. -~
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‘You understand this last survey is probably the most complete one

& appear to be as- eff etive on the earlier maps.

the barfié: ﬁé o

g BY ﬁ&at yé&«mean that the differéntlal between the two
segments was #ot as great on the earlier maps as it was on this
one?
| That is right.

But the differential did exist, did it not?

That is correct.

It has increased, that is why such a study was made?
That is correct.

So the gradlent is greater now than it has ever been befor¢?

O B O p O B

.That is right.
Q And the existence of the preséure barrier was more
disﬁinctly.demcnstrated?
A Yes. '
MR. NUTTER: Does the differential always follow the same
lines?
A I believe it has. On some surveys there were some wells

possibly that were not tested that were situated along the barrier|

we ever had., I believe that this has generally had this shape,
of course, you realize if you missia pressure on any of these
wells it is going to change the shape of the barrier. Examination
of the other pressure maps might show some slight Variation, but
I believe it would, had we had pressures, it would have shown that
it would have takem the same course.

MR. WALKER: Any further questions of the witness?
Anybody care to make any statements regarding this?

MR. HINKLE: We have another witness that we would like to
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pat on. ,§§¥$§7§§3%§gineér from'Dalléé; he might not be able to

be here if'tﬁé‘éaéﬁﬂis,céntinued or-het concluded today.

ERE We will recess the‘hearing antil 1:30.

(Recess). - |

MR. PORTER: The meeting will come to order, please.

Mr. Hinkle. . '

MR. HINKLE: We have one additional witness we would like
tfo have sworn. .

MR. WALKER: As I remember, Mr. Tomlinson was still on
the witness stand. If there are no further questions, the witness
may be exaﬁseﬁ and you may call your next witness.

(Witness excused).

MR. HINKLE: 8Stand and be sworn.

I. W. STADE

called as a witness, having been first duly sworn, testified as
follows:

DIRECT EXAMINATION
By MR. HINKLE: |

Q sState your name, please.

T. W. Stade.
By whom are you employed?
Atlantic Refining Company.
In what capacity?

O b O =

A I®™m a senlor reservoir engineer in charge of primary
recovery. .

'Q At what office?

A In the Dallas office.
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Q
A T have bes#t with Atlantic nime years.
Q Ai§;§éﬁf32§§édua%e petroleuﬁ'éngineer?

A Yes, §$?€7 2'graduated with the civil engineering degree
and I have'a:masth§ of seience degree in petroleum engineering.

Q What- school? |

A TUniversity of Tulsa.

Q Are you familiar with the New Mexico area, and particularly
the Denton Field?

A Yes, sir.

@ Have you followed the engineering studies that have been
made of the Denton Field since the inception of the field?
| A I have followed, closely followed the work of the reservoiﬂ,
Denton Reservoir engineering committee for the past three years,
and in particular Ifve followed the work that they have done gince
January of this yeaf, and a man under my supervision has worked
at various times directly with the committee to understand the
‘work they are doing; and together, he, myself, have assisted Mr.
‘Pomlinson in the analysis that our coﬁpany has made of the factual
'data that the committee developed.

MR. HINKLE: Are the qualifications of the witness acceptaljle
MR. PORTER: They are.

Q Mr. Stade, would you like to make a statement to the
Commission régarding this casejbefore doing so, I would like to
ask you whether or not you have been present during all the testi-
mony in conn'egtioa'with this case and heard all the testimony?

A I have been present during all the testimony.

fke to make a statement to the Commission in
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| of 0il recovery in any part of the reservoir volume contacted by

case? j : _
A Yes, sir. In genéral, I would like to comment on the
testimony that was given this morning by discussing Some of the
principles of the material balance study thit we have made aﬁd
the concepts that we used to determine what the best rate of pro-
duction for this pool was, or whether waste was occurring in this
pool.
First of all, we want to operate the Denton Devonian Pool by
a water drive mechanism. It's generally recognized that it is
one of the most efficient methods of operating an oil pool or
depleting an Qil pool, and in this case it happens to be the most
efficient pr;mary method that we know of at this time. To do
this naturally yourhave to flood out the reservoir with water
in the process of displaeing oil to the wells, and in answer to
one of the questions that was brought up this morhing, this
naturally decreases the o0il column in that part of the field where
water enters the reservoir. What we want to do in this pool is to
eventuzlly have water flood out the maximum amount of reservoir

volume and we waat Yo do this so we can obtain the maximum amount

water. This means that we conduct this flood at the correct
pressure level. XNow the purpose of ouwr material balance study was
to find out what the correct pressure level was, or to put our-
selves in a position to determine as we continue to operate this
pool what the,right-pressure level will be and not let it get out
of hand. 1In particular, I will talk about the east half of the
Denton Devomlan Poel which has been thoroughly discussed up to this
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at that our aiaiysisféonsidered the Denton

#i- actuality two pools not connected, separated

by a barri&fif—fff;* of all, to obtain the meximum recovery from
the water é§§%§%§§§1 such as our analysis indicated, we have here,
vwe desired tefcréiéé'somé gas saturatfon in the pool. To do

this requireséthatfthe reservoir pressure of the pool drop below
the bubble poimt preéssure, otherwisé.no gas would be created.

The reason for this is that quite a bit of work has been done by
the industry over the past two or three years indicating that for
some moderate 4rop below the saturation pressure, increased
recoveries will result due to the evolution of gas from the oil,
and as stated previously, this gas will oceupy space that other-
wise would be occupied by residual oil. Now, discussing a few
other principles here, in answer to some of the discussion that
was brought up this morning, in any water driven pool, you have

to have a pressure decline for the water to encroach into the
pool, and this presS&re decline is going to vary, among other
things, with the rate of production of the pool. For instahce,

if ﬁhe field rate were decreased the pressure would tend to go

up and if the péel were completely shut~in would tend to approach
the original pressure again. The fact that the pressure goes back
up doesn®t necessarily mean in any way that the pool is being
operated more efficiently. As a matter of fact, the contrary is
true. The recovery would actually be decreased at a higher
pressure, nct'eglj,éue to the creation of the gas as I Just mention
- but other cﬁéag;gii§5praperty of the resérVOir,oil formation,
volume fsetor im particular. For imstance, in the eastern half

of the Dentom Devonian Pool originaiiy;there was very little water

led ,
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influx witﬁ{%%#éﬂ :tflféﬁiﬁarrelé'sgiéiivthat was produced. For

practicalrpﬁr§0§§%;?it'was zero &n£%§2, As the pressure declined,
the water 13?1&5 1§;gradaa1ly increaécd from zero to somewhere

. between 65 &5& 78“psrcent according to our previous testimony on
our material balance results.

On the west side of the pool the same thing has occurred
and we found By thls analysis that we have a much more prolific
source of water supply and it has enerocached to a greater degree
with pressure drop, to where it is now replacing a very high
percentage of the withdrawals and mailntaining the pressure, as is
rather obviou§ from previous exhibits, at a rather constant level
at current rates ¢f production.

.Following through on this performance and my previous
statements, it actually indicates that the western half of this
 pool could be operated at a considerably greater allowable than
is currently given it and not cause waste and in all probability
would increase reeovery from the western half of the pool due to
the previously mentioned cdncept.

On the eastern half of the pool, as I stated, our material

balance analysis lmdicated that the water influx which originally
was essentialiy,zero has now increased to a point where it is
now replaeingAagpreximately 65 to 70 percent of the current
withdrawals £rom that portionnof the field. As the pressure

continues to drop there will be a greater pressure differential

available toffdrée'water into the pool, and the amount of replace~|.

ment of voldage should increase. Our material balance indicated
further that with production over the mext two-year period,which

was as far;as;ﬁgfﬁffﬁiedfthe analysis;ithgt the pressure would
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from that determine whether a satisfactory rate of production

éontinue’ﬁé.éié%iiﬁf}at a greatly réﬂﬁééd rate due to two reasons.

One was the imefease in influx that will occur with further pressufe

drop, that is,!i§§feése in water in%lux; and as the pressure drops
below the;bﬁbble point pressure, which according to the p.v.t.
data which was presented in testimony, the best data available,

on the average that part of the field has fallen below the}bubbie
point already slightly. These two facts will tend to create a much
reduced rate of pressure decline. We carried this out for two
yeérs to detefmine whe ther the declime that would occur in that
period of time would in any way cause waste, and our analysis
indicated that the pressure drop that would occur would not cause

waste.

Now one of the reasons we made our second recommendation this

morning was == this recommendation being that pressure data should
be taken in all the wells at six months® intervals, as in general
they have been im the past ~- was that we want to continue making

these material balance analyses on each pressure period and

and operation of the pool is still taking place.

I believe that ends my testimony.

MR. HINKLE: That is all.

MR._POETER:, Does anyone have a question of the witness?
Mr. Mankin. |

CROSS EXAMINATION
By MR. MANKLN: |
Q Mr% gtade, referring again to the mechanism which we have

here of a water drive, which is coming in, is becoming more

effective, partiewlarly in the west sector, might I ask, the
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water has:ﬁé§§155;§eésihg, of course; as it should be with the

pressure deelig%ﬁsféﬁﬁe, getting fugther below, approaching the
bubble poiét én'fﬁs west section, of ceurse below the bubble point
on the east sectiom. There have been a number of completions -and
plug~-backs in which, going up higher up in the hole, in an-attempt
to keep the Qellsrflowing instead of pumping. Do you feel that
sometime in the future,in order to get the best utilization of the
energy that is being supplied there and the oil to be recovered,
that you could éo back in the wells again to a deeper portion of
the reservelr and by pumping with the high fluid levels that we
will very likely still obtain great amounts of oil that is now
below the plug~backs?

A I thimk that an operator might be able to deepen some of
his wells or go back to where he has plugged back from and obtain
0il productioem ffom certain of those intervals. However, if he
does not do that; it does not mean that the oil production is
necessarily lest, because if they are connected with the remaining
part of the pool that is not flooding out,bypassing, flooding out
that area, it should push the oil ahead of it and displace up-
structure to wells. ' Another operator may get it, but it is just
a matter of what is the best operation for the particular operator
is concerned. | '

Q Somebody might get the oil; I am speaking of a particular
operator in a particular well. |

A He might do it. It gets to be a sort of low chance propo-
sition becaﬁ;%'efftﬁé great amounts of water that might be had
with smalliqﬁantities of oil. I think it could be done.

Q To further substantiate that, the water is very effective
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‘on the we§£;§ _ ffi?kncw some study;ﬁas been given by the opera-

tors to taking the water produced from Denton and Devonian and

possibly fléééffféﬁ'the'ﬁblféamp. I think some thoughts have
been given té;té&%; '

A My understanding of the function of the engineering commitgee
that was fcrmed hetfe in January was that we would study both pools
for the best method of operation,and with only a cursory look at
the past perfeormance, the Wolfcamp is a very much better prospect
for some sort of secondary recovery or pressure maintenance type
of operation. Whether water is the best or even possible there,

I don't think we even got into it more than we should look at it.

Q I merely mentioned that as a possible source of water that
is being greduced; because many of the operators have been plugging
back to get water. My particular thought is the water is ﬁeing
produced and there is a number of abandoned wells on the west
flank that were dry. Has there been any thought to, instead of
trying to get the water, of attempting to put it over there to
further help the dry ones?

A None that I know of. I think it would be premature at
this time to gehsider that, other than‘to recognize it as a source
) and then you would get into the question of whether it was the ‘
best source and the best water and other qﬁestions that would
come a little later than a study that has been made at this time
in the Wolfcamp. We haven't really determined,as far as I know,
any conclasi?§ 2e§ﬁ1ts,about the primary performance,which would
KIHY  That is all.

~

have to be

Mr. Nutter.
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Q M?;féiéﬁé;}ﬁhen—you have a migration of oil up to the
structure like you have on the west side out there coming from
the aquifer elaér;@f the pool, and that 0oil moves up into the
structureicfjﬁha Devonian, is that water-oil interspace more or
less a straight line? Does that oil move in a flat plane? We
established this morning it was moving in an angle, but now, is
it a flat plane?

A I believe thepretically speaking and practically speaking
from field observation, that it never moves in exactly a flat
plane; There is quite a few factors affecting the movement of
it, such as any degree of stratification or variation of the pay
from top to bottom. Actually, you get into considerations of the
mobility of the oil compared to the mobility of the water, and
the pressure differential acting over different distances, dependiy

on whether you are talking about the strata that is at the top or

ereates a tilted condition if the water in the first place wasn't
level and that it could actually not be exactly flat in the

first place; but gemerally speaking, you try to analyzénthe data
to determine whether it is flat or not, and this case, it turned
out that for all practical purposes it looked like it was.

Q I know we don't have an ideal situation. The ideal
situation is éng of the big long glass test tubes in laboratories
filled with sand, put the water in the bottom and it moves up in
a flat plame. I Wohder if water in & place like this might be
moving up_ﬁﬁéﬁﬁéffist plane?

g

A I'waul&iéényhat_one of the first thoughts about this type
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of pool, Bevaﬂi&a=g€els similar to Denton, other types that are
somewhat anaLEgeas ‘1ike the Ellenbakger Field of West Texas and

- New Mexico with the water lying,as far as they were able to deter~
m ine, essent;ally under the entire p@el, that the first thought
would be that a bottom water movemeﬁi,'that is, it would move
vertically upward in all parts of the pool as you deplete it.
However, that depends on whether there is vertical permeability
and whether tﬁere'is #ertical connectiqn as opposed to connection

and continuous permeability, say parallel to the bedding planes,

and you are not able to determine that exactly in most cases until

you have had some degree of production and are able to analyze the
ﬁerformance of theiindividual wells and observe where the water
is coming im. It is well known that this pool is a low porosity
fracture vugular, generally, in nature, and that there is varia-
tions in permeability throughout the reservoir as evidenced, for
instance, by the rather wide difference in productivity indices
and core data, I think indicates the same thing. So you dontt
have the ideal situation, if it were ideal I think that type of
mechanism wguld occur here.

Q The speed with which that water-oil interface was moving
| would also affect the shape of it, too, wouldn't it? I‘mean if-
the thing came to rest and stopped moving, it would equalize and
establish more or less a straight line, woild it not?

A Theoretically, yes, sir. It might take some --

Q (Interrupting) In fact, the faster the interface is moving
the more tendéngy‘thére is for an indication in a straight line?

A HQtfﬁsaQiﬁg?ily s0. The speed with which it moves basic=-

ally depeﬁﬁgigﬁ;_.rggﬁpérisog of ﬁﬁg[gross withdrawals to the gros:
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with which it moves through various strata

, lﬁflux, aﬁ&’§§§ P
probably de?eﬁésvﬁﬁxe on the variatians in permeability than any

- other facter.x,ﬁﬁw ‘1 don®t know if that answered your question or
not. |

Q Well, I guess so. In answer to Mr. Mankin®s questiomn, you
remember talking about these wells which are plugged back and re-
stored to top allowable production,in that event, later on, I
think you stated that the oil that was left behind when that was
plugged back, if the well weren't deepened again when put on pump,
if it weren@t deepened, that the 0il left behimd would migrate up
the structure or up into the top of the Devonian, anyway, and be
produced from the upper perforations?

A Not all the oil left behind is going to be pushed up to
upper Perforatioms. That oll may, might be produced if an operatoy
deepened his well,iand that being the oil that is flowable, not
residual in the term, that is, being the oil that is bypasséd by
the water.is unrecovered, that flowable oil may well be pushed up
to the up-structure wells and would be if there is a continuous
pay zone beﬁwéén,that point and the up-structure wells.

Q What length of time would it take for that oil to migrate
three feet amd be producable if the well was plugged back, say,v
300 feet? 4 |

A Wéll,‘geﬁefally speaking, the length of the =-- instead of
length, say the distance between the point of water encroachment
whereby you can produce oil and the point of water encroachment
where oil can n9rl9ager be produced or can no longer flow, is

generally a rather sharp front, unless you have a very unusual

system of a high:.viscosity oil; for instance, in some cases.
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k ‘;f;%front of water might be
;fﬁe-falrly, mignt ta%éra fairly long time to be
pushed any- éist&ﬂee. However, by the time y@u ultimately deplete
your well, you usually produce it up to a rather high water per-
cent, and it*s,for all practical purposes, had enough water
flushed through théfareas flooded out to g%t to that minimuam
residual point.. Iﬁ depends a little bit on your ability to handle
-water to dete#miaérthe exact abandonment point. That has to be
taken intcrcqnsiée;ation to study, you get to the phgsic;l
capacity of ygu:réééipment and your ability to produce wells.

The specific answer to your question, I don't think it would be
a period of time that would be so long that you would lose that
0il recovery.

MR. NUTTER: I believe that is all I have.

MR. PORTER: Anyone else have a question of the witness?
The witness méy be excused.

(Witness excused).
MR, PORTER: Anyone have a further statement?
MR. RAINEY: Joe Rainey. It is Skelly!s recommendation

that allowables be reduced for a period of six months, and during {:

that time in»orde: to gather additional pressuteinfetiatign we

recommend that bottom hole pressure be takenrevgr‘90 days. |
We feel that since there appears to bé'a water drive on

the low pressure east sector that a reduction in allowables could

allow water encroachment to be in balance with withdrawals which

would tend to‘af3ff§in bottom hole pressure and increase recovery.

4 reduction in allowables, we feel, will not harm the

reservoir but ¢ould furnish additional information which could be
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ecoveries from the reservoir.

"Bose Nalone, Gelf. Gulf would like the
:_ﬁiiiacorporated in the redord of this case:

It iS'apgafent that the aperators in the Denton Devonian -
Pool are genﬁiﬁiiy interested in predueimg this reservoir at an
efficient rate,las.ev1ﬁeaced by the fact that they have inauguratec
a cooperative‘study group to analyze the reservoir before thé
Commission takes any action in this hearing.

Gulf, being the operator of 9 of the 11C Devonian wells,
has studied this réservoir not only within the company, but also
by assisting éﬁénreviewing the cooperative efforts of the Denton
Engineering Committee. These studies indicate that, although the
eastern and western segments of the reservoir appear to be
producing indepéndehtly, the energy in eéch is being supplemented
by water encroachment. At the current producing rate, the western
segment undeu@tedly will be depleted at pressures well abﬁve the
bubble point. - To date, water encroachment in the eastern segment
has not been és,active aé?in the western segment and the pressure
decline haé'beenmore prahounced. |

The'aVerage pressure in the eastern segment is now near
the bubble point. 1In a depletion drive reservoir, the pressure
decline flattens Eélow the bubble pqint¢ In a reservoir such as
this where the fluidrexpansion is being supplemented by water
encroachment, the pressure flattening becomes much more pronounced
Calculatiéﬁs—i&dié&%e that at the current withdrawal rate, two
years would be !?gaired to lower the average pressure in the
eastern segmeﬁt

reservoir aﬁﬁ,f%ﬁ fﬁﬁ,'ﬁased on laﬁeratcry studies of cores, the

300 psi. This should not be detrimental to the
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Atlantic. -

‘data available to date would indicate no water

d. because of this producing rate. There are

coning haS%éée;,ér
cases of Welisf}:ftieted structurally high which have small oil
cunulatives eﬁ&f!a%ﬁbroduce appreciable water. Conversely, there
are cases pfficszstfuctural wells with large oil cumulatives which
produce clean; ‘Water production in this reservoir, in our opinionj
is typical of fractured water drive reservoirs and is an individual
well problém,,

In view of the above, Gulf bellieves that the prudent cours¢
of action would be to continue the present producing rate and
periodically_révi%ﬁ'performance. Thus, no avoidable waste of
reservoir energies would be allowed to occur should subsequent
performance dictate another course of action. bn this basis,
Gulf, therefore, strongly recommends that the Commission maintain
the present producisg rate in the Denton Devonian Pool.

MR. ROGERS: W. J. Rogers, Sinclair 0il and Gas. Sinclair
operates 18 wells all of which are in the east sector of the

Denton Devonlan Pool. We concur in the recommendation made by

MR. COUCH: Terrell Couch. It is my opinion that an
order of this,eoﬁmission reducing the rate of production in the
Denton Devpnian,Pbel would be valid only if the reduction of rate
would prevent waste.r This record, in my judgment, will not
support a finding ﬁhat reduction of the rate of production will
prevent waste. Ia fact, it seems to me that the contrary is

established by this record, that a reduction in the rate could

possibly causé ¥
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Vasts.

the pressures an

therefore recomisds that the preseﬁgirates be continued and that

L;ﬁae ratios and preéuetion performance of the

reserv01rs be k;gi ‘Before us all as we continue in the production

of the presezt syﬁﬁem

7 - Anyone else?

MR, EiﬂEEﬁ:r Mr. Vernon Turner, who is assistant productiof
superintendent bf’tﬁe McAlester Fueld Company, handed me a state-~
ment, inasmuch as he had to leave, which he would like to intro-
duce in the record on behalf of the McAlester Fuelw Company.

"Mr. Chailrman and Members of the Commission:

We shéuld like to concur generally with the engineering
téstimony preseated by The Atlantic Réfining Company in this éase,
and to recem§53dztﬁat no reduction im allowable be made for the
Denton Devonian Reservoir at this time.

From information presently available to us we do not
believe that,éhy déaage to ultimafe'recovery from this reservoir
will result from the present allowable allocation to the pool.

We further feel that the future performance of this
reservoir asrit is followed by the Opsratorts Joint Reservoir
Engineering Gommittee, which has been set up specifically to study
this pool, will point out any possible harm which might result
from excessive allowables in ample time to permit proper adjust-
ments to be made.™

In substance it simply agrees with the agreements and
recommendations of the Atlantlc and recommends that there be no

decrease im tﬁe &llewable.

ffsct to the posiﬁion of the Atlantic, you
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already have in the.record their conclusions and recommendations.
I would like to bring to the attention of the Commission that the
engineering committee which has been set up is going to be a
continuing thing. Itfé going to be a group that is going to
continue to study the reservoir. I think that I can assure you
that .. the 6peratoré on that committee are just as interested or
more interested than angbody else in seeing that this field is
operated at the most efficient rate, so that the greatest ultimate
recovery will be had. I think, too, that when that committee or
the majority of them find that any condition is beginning to
prevail where it is not being operated at the best rate, that they
will be quick to come to the Commission and ask for a reduction in
allowables. That has not been the case up to date. I think the
great majdrity on the committee now feel that there should not be
any reduction in allowables and that the field is being operated
satisfactorily and without waste. I also want to point out again,
as already has been pointed out by the representative of the Chio,
there is no evidence been introduced so far into the record here
which in my opinion would justify any reduction in the present
allowable or indicating that there is any waste of any nature
being had.

MR. PORTER: J. Foster.

MR. FOSTER: J. Foster, representing Phillips. We concur
in the recommendations made by the Atlantic.

MR. GURLEY: If it please.,the Commission, in view of the
fact that as I said once before, this is a great problem in the
industry at this time and concerns us all, the Commission staff

feels that it would certainly do no harm, in fact, it might be of
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great help to coﬁﬁiﬁue the case until after the October bottom
hole pressures have been taken in the field and the report turned
in thereon, and will give the industry as well as the Commission
’additional time to further study this situation.

I therefore would like to move at this time that the
Commission continue the case until the December regular hearing,
during which time both the Denton Engineering Committee and the
0il Conservation Commission staff will be able to give this questig
ﬁuﬂmrshﬁy.

MR. HINKLE: If the Commission please, this is the first
case of this kind which has ever been before the Commission. I
don't think that a policy ought to be adopted by the Commission,
on their own motion, having a hearing of this kind on the most
efficient rate of production, and continuing the matter from time
to time, maybe throughout the life of the field.

I think these things ought to be drawn to a conclusion.
0f course, it is in the interest of having all the information
available, and there has only been one test, that in april, which
has been a full and complete test. It would probably be desirable
to have another complete test and take a look at the situation,
and we have no particular objection to continuing the case so that
that may be had. That test would be taken in October, and your
motion is that the case be continued until December. The work
and the additional evidence showing the result of this test will
have to be gotten up by this engineering committee. With so
many operators involved, it will take a little time to do that,
and then, too, you have a holiday coming in at Christmas, the

hearing would be just before Christmas, which is a bad time, and

b1
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- I would suggest7éﬁét you change your motion to have the hearing
continued until January, rather than December.

MR. GURLEY: We agree to that.

MR. PORTER: Mr. Mankin.

MR. MANKIN: I have a statement I want to make in regard
to that. Do you want to rule on that first?

MR. WALKER: Any other comments regarding the motion, any
discussion?

MR. PORTER: Your statement is in regard to this motion?

MR. MANKIN: They tie into it and the test that will be
taken, it is very pertinent. |

MR. WALKER: Does anyone have any objection to Mr. Mankin
making his statement before we rule on the motion?

MR. MANKIN: On behalf of the engineering staff of the
Commission, I want to make two or three points clear: First, that
this is not the maximum efficient rate, that was a rather misnomer
in itself. It should be the most efficient rate. I want to point
out that it is the Commission staffts feeling that this shouid not
set a precedent for MER hearings, which have been unsuccessful
in the larger oil States, such as Texas. We do not anticipate
that there will be any such hearings as this on other fields.

It will be strictly when we feel there is a problem that should

be brought to the attention of the industry. The other thing

I have is that the regular bottom hole pressure survey is scheduled
for QOctober, to be taken by the operators, which will be reported
by November 25 to the Commission. I think that should go on ahead|
as evidenced by information submitted here today.

In addition, a directive went out to the operators prior
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to the hééring:féétvthe gas-0il ratio survey should be taken
in April, which would take the place of the August-September
survey, the annual survey. It is my recommendation to the
Commission that that not be done away with, but be slipped
slightly and be taken during the same time that the bottom hole

pressure is taken, or in the month ofroctober, and to be reported

by November 15, which would mean that it is as it should be, the

bottom hole pressures and gas-oil ratios should be taken at the
same time to get better material balance calculations and
properly study the reservoir, rather than have two months as
originally scheduled, August and September.

I recommend that the gas-o0il ratio should be taken
for the Denton Devonian Pool during the month of Octéber, at
which time I recommend that an additional directive go‘put to
the industry in that respect, and that we then, of course, have
a progress report during the month of January,not rehash this
whole information, but it would be a waste of everyone's time,
but strictly‘a progress report to see if there are any danger
areas, see if anything that should be done at that time, and if
not, to consummate the whole affair.

MR. PORTER: Any comments or objections to Mr. Mankin's
recommendation?

The Commission will continue the case until the regular

January hearing of 1957. In the meantime, we will direct that

another gas-oil ratio survey be taken as Mr. Mankin has recommended

during the month of October.
If nothing further to come before the Commission, the

hearing is adjourned.
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STATE OF NEW MEXICO )
COUNTY OF BERNALILLO ; o |

I, ADA DEARNLEY, Notary Public in and for the County of
Bernalillo, State of New Mexico, do hereby certify that the fore-
going and attached Transcript of Proceedings before the 0il Conser
vatioh Commission for the State of New Mexico was reported by me
in stenotype and reduced to typewritten transcript by me and/or
under my personal supervision, and that the same is a true and
correct record to the best of my knowledge, skill and ability.

WITNESS my Hand and Seal, this, the 27th day of June,
1956, in the City of Albuguerque, County of Bernalillo, State of

New Mexico.

My commission expires:

1 Tune™1v,21959.

ENTITISY
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BEFORE THE
QIL CONSERVATION COMMISSION
Santa Fe, New Mexico
" January 16, 1957

)
: )
Application of the Oil Conservation Commission:
upon its own motion for an order establishing )
the maximum efficient production rate for the :
Denton (Devonian) Oil Pool, Lea County, New

Mexico. Operators are requested to furnish all: Case No, 1052
available production data,s reservoir data, and)
any other pertinent information in order to :
determine if the present existing system of )
allocation in the Denton (Devonian)Oil Pool :
might result in waste and to enable the Comm~ )
ission to establish the proper producing rate.:

IN THE MATTER OF:

BEFORE :
Honorable Edwin L. Mechem
Mr o AQ Lo Por‘ter
Mr. Murray Morgan
TRANSCRIPT OF HEARING

o MR. PORTER: The meeting will come to order, please, We

vl

Wiii take up the next case, Number 1052,
MR. GURLEY: Application of the Oil Conservation Commission
upon its own motion for an order establishing the maximum efficient
production pate for the Denton (Devonian) 0il Pool, Lea County,

New Mexico.
MR, PORTER: Will the witnesses in this case that propose

to testify == Do you want to make your statement prior to swearing

the witnesses?

MR. HINKLE: We have one witness, probably two. Do you
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want to swear them?

MR, PORTER: Suppose we have them sworn at this time,

(Witnesses' mworn.)

MR, HINKLE: If the Commission please, Clarence Hinkle of
Hervey, Dow & Hinkle, Roswell, repréesenting the Atlantic Refining
Company. The docket in this case shows it is a continued case,

the original hearing hawing been held before the Commission on June

19, 1954, Due to the fact that Edwin Mechem and our Land Commissi
er were not members of the Commission at that time, I think it wou
be proper to make a short statement relative to the original heari
and then you can get the continuity of this hearing.

At the opening of the June the 14th hearing, Mr. Dan Nutter,

Engineer for the Commission stated it had been called to the
attention of the Commission that there had been a rather sharp
increase in the amount of water being produced from the Denton
Devonian Field since 1954, and that the object of the hearing was
to determine whether the present rate of production might be
constituting waste. The Atlantic Refining Company put on the case
in behalf of the most of the operators in the field at the original]
hearing, due to the fact it was one of the largest of the operators
in the field, and chairman of the engineering Committeé. Mr. W,
P. Tomlinson of the Atlantic, a reservoir engineer, from Midland,
was the principal witness at the original hearing on behalf of the
Denton=Devonian Field Engineering Committee and on behalf of the
Atlantic, |

At the other hearing there were 25 exhibits introduced,

numbers from 1 to 25, inclusive, all except one of which were pre~=
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pared as a result of the study of the Denton=Devonian Field up to
the time of the hearing on June 1l4th. I have available, copies of
the exhibits that were introduced at the original hearing in a foldTr,
which I will present to the Commission, and which they may refer
to during the course of the hearing, if they so desire, At the
conclusion of the June the l4th hearing Atlantic recommended that
the current rate of production, based on the current allowable from
month to month be continued, as the evidence we believe éhowed cop~-
clusively that waste was not being committed by the present rate of
production, and, in fact, that it would likely cause waste by cutting
the rate of production.

The Commission determined to centinue the hearing until this
January with the understanding that a bottom hole pressure and gase~
0il survey would be made as described by the Commission in October,

1956; and the Commission be advised of any changes that may have

Ty

taken place since the June l4th hearing; also showing the results o
the further study of the Denton Field Engineering Committee. Also
at the conclusion of the original hearing,'Mr. Warren Mankin of the
Commission Engineer Staff pointed out that the hearing this January
should not consist of a re~=hash of the evidence introduced at the
June hearing, but should be strictly a progress report to see if
there are any danger areas, this is quoted from him, and if not to
consummate the whole affair. That last is also quoted.

A new survey was made in October, 1956, of the bottom hole
pressures and gas~o0il ratios, as directed by the Commission, and
there has been a continued study of the entire situation by the

Denton Field Engineering Committee. As a result of the work of the
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Engineering Committee, some 16 additional exhibits have been pree
pared, most -of which have been arranged on the wall or board here,
and have been marked from Exhibits A to P, inclusive. The reason
for using the letters is not to.confuse them with the original
exhibits which were marked from 1 to 25 inclusive,

It is,the purpose of these exhibits, for the most part, to
bring the exhibits introduced at the original hearing up to date,
We want to shorten this hearing as much as possible, and Mr,
Tomlinson, the witness, will cut his explanation of the exhibits to
a minimum, However, we want to give the Commission a clear and
concise picture of the facts as they now exist,

We believe that the ewidence which will be introduced will
conclusively show that waste is not being committed by continuing
the present rate of production.

In the interest of saving time, I would like to question Mr.
Tomlinson concerning the exhibits and then offer them all in evi=-
dence at the conclusion of his testimony rather than offering each
one individually, I believe it will save time. Mr. Tomlinson,
=~ 1 might say this, we have prepared a folder which we will give
to each member of the Commission and the Staff, which contains all
the exhibits A to P, inclusive, which will be referred to by Mr,
Tomlinson, and will be offered in evidence. Some of these exhibits
are small, but they are a reproduction from the larger maps and are
identical except they are on a smaller scale,

W. P. TOMLINSON,
CALLED AS A WITNESS, HAVING BEEM FIRST DULY SWORN, TESTIFIED AS
FOLLOWS :
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DIRECT EXAMINATION

By MR, HINKLE:

Q State your name, please.

W, P. Tomlinson.

By whom are you'employed, Mr, Tomlinson?
Atlantic Refining Company.

In what capacity?

> O O O >

As a reservoir engineer,
Q Are you the same W, P, Tomlinson who testified at the origin
hear ing on June l4th in this case?
A Yes; sir.
Q I believe at the original hearing you testified that the
exhibits which were introduced at that time Exhibits 1 to 25, inm=
tlugive, were prepared as a result of a study made by the Denton
Engineering Committee?

A Yes, sir,

Q And that you worked with that Committee and that they were
prepared by the Committee and by you, personally? ‘
A Yes.
Q Has the work of that Committee been continued?
A Yes, sir, The Committee has expressed approval of all
these exhibits that we have prepared here for presentation.
Q You are referring to the Exhibits which have already been
fdentified as Exhibits A to P, inclusive?
A Yes, sir,
Q All of those exhibits were prepared as a result of the work

bf the Engineering Committee?

al
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A Yes, sir.

Q Did you work with the Committee and wére they prepared at
the directiomm of the Committee and by you, personally?

A Yes, sir,

Q All of the exhibits which will be referred to by you?

A Yes, sir, they were prepared by me, or under my supervision)
or under the supervision of the Committee.

Q Are these exhibits based upon the work which has been con~
tinuec by the Committee since the time of the hearing on June 14th?

A Yes, sir.

Q Are they also based upon the results of the survey which
was made in October, 1956, at the direction of the QOil Conserva-
tion Commission?

A Yes, sir.

Q Now, Mr., Tomlinson, if you will refer first to Exhibit A
and explain to the Commission what that is, and then without
interruption, in the interest of saving time, if you will continue
to take the Exhibits in the way that they are lettered and refer
to them and explain briefly each exhibit.

A In the June, 1956 hearing, onithis cése;we presented.a map
contoured on lines of equal pressure in the Denton~Devonian Field,
It indicated &n area of very high differential pressure down through
the middle of the field as if there were a barrier at that poiﬁ?.
It suggested that two reservoirs might be acting independently.ﬁefe.
We have prepared tﬁis map this Octoberw~ This is Exhibit A == to
show that this differential still exists, and is, in fact, larger

than it was before, For example, here we have between two off~
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setting wells, one of them above 4100 pounds bottom hole pressure,
and the other one to the east is below 2500 pounds. Those wells
are Magnolia Maxwell Number 1, and the Magnolia Hope Number 8 ==

I beg your pardon, 1 believe that is Well Number 4 instead of
Number 8. The purpose of this map is to simply show such .a differm
ential still exists in the field., It does not represent the way
that we think the pressure map should be presented to you, or shoul
be used by the industry for studying the performance of the field,

Q Is thét Exhibit A based upon the information which was
obtained from the October, 1956 survey?

A Yes, sir.

Q That is the bottom hole pressure and gas=oil ratio pressure

A Yes, sir, those pressures were taken in October at‘a datum
of minus 8200 feet, and the contour interval on the map is 100
pounds,

Now, Exhibit B is a map based on the same information,that is
contoured in the way that we believe will show an accurate picture
of the pressures in these two reservoirs. We have placed in-a
barrier here, down through the middle of the field, it is based
on one of the contours submitted, one of the contours on the April
1956 bottom hole pressure maps that was submitted at the June
hearing, We still think that is a pretty good place to divide this
field into two parts., The effect of this is to eliminate any rise
in pressure along the west sectbr, the west side of the east sector
of the field., As you can see on the other map here you have a

pressure on the west side of the east sector that came up. It had
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to be contoured that way if you assume that it was all one reservoi
Since we believe that it is not because of the high differential
through there, it is more ldgical to separate the two fields and
place the pressure contours on them independently. We have done
this, and what it does for the east sector is to lower the pressure
a little bit over there from what it would be if you interpreted it
otherwise, as we had done before,

Q Do you think that that Exhibit B is a more realistic inter=
pretation than that shown by Exhibit A?

A Yes, sir, I do. As I explained, on Exhibit A there is 3
differential along the west side of the east sector of the field
that actually is an artificial rise in pressure., It is contoured
in there because that is the way you have to contour if you use tha
concept. This way you have no such limitation placed on you, you
canccontour it the way it looks like it should be, It will also
effect the pressure on the west sector, since on Exhibit A and on
our previous bottom hole pressure maps that we submitted in the
June hearing there was a dropping off of pressure indicated along
the east side of the west seétor. Exhibit B doesn't show anything
like that.

Q You might, Mr. Tomlinson, for the benefit of the Commission
identify the dividing line between the two sectors which you have
testified to.

A Well, on Exhibit B that line is drawn generally in a north,
northwest, south, southeast direction through the field. It splits

it fairly nearly in half, 1It's a black line. It somewhat resemble

F
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a fault on the structure map, except that it is a little more rounded.

Q Is it your interpretation that that reflects two separate
reservoirs, or two separate sectors of the Devonian Field?

A Yes, sir, two reservoirs that aré behaving independently.

Q Is that a different interpretation than that which you gave
to the Commission at the original hearing?

A It isn®t any different interpretation; however, we presentes

the pressures in a different way. The pressures have been inter=

preted differently, but at that hearing we did state that we thought

we had two reservoirs here,

Q Has the information contained on Exhibit B been used for
any purpose other than to show that two separate reservoirs do exis]

A We have used these pressures here, or these maps, to obtain
volumetric weighted pressures for the east and west sectors of the
reservoir, Those pressures during October were 3,972 pounds for
the west sector and for the east sector was 2,405 pounds, Now,
those pressures are referred to a datum of 8,200 feet sub~sea.

Q There is a pressure differential then between the two
sectors?

A Yes, sir, Now, we have used these pressures here and some
of our work that I will explain later on, in some of our calcula=
tions,

Exhibit C is a bottom hole pressure map showing the informa=
tion that was obtained during the April, 1956 bottom hole pressure
survey. We are presenting this map to show how that information mig

have looked had it been interpreted as we are doing now. We place

4 = =
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this map in here so that you will have one map for the April survey
that you can compare with a similar map presented for the October
survey, We used this map also in obtaining new volumetrically
weighted average pressures for the east and west sector of the
reservoir, and the effect on those pressures was, as I have
mentioned before, it's a slight lowering of the pressure on the
east side, and a small increase in pressure on the west side,

Q Mr, Tomlinson, have you made any calculations with respect
to the production rates for the Denton~Devonian reservoir and any
tabulations with respect to them?

A Yes, sir,

Q I hand you an instrument identified as Exhibit D, Please
state to the Commission what it is, and what it shows,

A This is a tabulation of the production rates of oil and
water and gas~oil ratios, bottom hole pressures in percent, water
in total fluid, for the entire Denton Field, We have brought this
up to date through October, to take into account the information
that we felt was pertinent at that time.

Q Which was given in the original hearing here?

A Yes, This, as I stated before,rapplies to the whole field,)
but probably shouldn't betaHalwi&ﬁmUdleigmh because the statisticy
that mean more apply to the east and west sectors of the reservoir,

Q Have you made a separate tabulation as to the west and east
sectors?

A Yes, sir, we have.

Q I hand you Atlantic's Exhibit E and ask you to staté what

it is,
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A Exhibit E shows the same information noted for Exhibit D,
We have brought that information ==

Q (Interrupting) That is only, though,lassto the west sector?

A Only as it applies to the west sector of the field., We haw
brought it up to date and made a few corrections in some of the
production data that we found after it was retébalated, before the
production information of the west sector was tabulated manually,
and, at this time,we have access to IBM tabulations prepared by
Shell 0il Company. We feel that they're more accurate. The botton
hole pressures noted on this Exhibit E have increased for the last
four or five points, a small amount, because we obtained new
volumetrically weighted average reservoir pressures for the west
sector. What we did was to recontour our pressure maps, taking into
account the fact we have two reservoirs there and because of that
we came out with a slightly higher pressure for the west sector,

Q By increase, you mean they were increased over the originall
figures introduced at the original hearing?

A Yes, sir, there has been between the last four and five
points shown on this tabulation, you'll find that there is a small
increase,

'Q I1'll hand you Atlantic's Exhibit F and ask you to state wha
it is, and what it shows? \
IA Exhibit F contains the same information noted for Exhibits

D and E. It was prepared in the same way and bottom hole pressures

on that tabulation are a little lower for the reasons that we stated

previously, and that is why we do not have the differential pressur

t
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existing along the west side of the sector.

Q Now, Mr, Tomlinsan, if you will referi:do Atlantic's Exhibit
G and explain to the Commission what it shows?

A Exhibit G is the Denton~Devonian Field performance versus
time, On there we have oil production barrels per month, water
production in barrels per month, actually they are thousand barrels
multiplied, number of wellclcaverage bottom hole pressures at minus
8200 feet, gas=oil ratios and cumulative o0il production, all plotte
versus timé. This graph shouldn't be given a great deal of weight
in that we believe graphs, applying to the east and west sectors ar
more significant. We present it here simply to yilve a composite
picture of the field,

Q What is the source of the information from which this graph
is compiled?

A The majority of the information, production information, ha
come from the New Mexico Oil and Gas Engineering Committee tabu~
lations, ultimately, or in the beginning; however, as I stated
before; Shell has furnished us with an IBM tabulation and that is
shown on Exhibits D, E, and F. You will find the same information
for this one graph on Exhibit D.

Q Mr, Tomlinson, refer to Exhibit F and explain to the
Commission what it shows?

A Exhibit H is a graph showing the west sector performance
plotted versus time, and has the same information plotted as was on
Exhibit G. The scales are the same and the source of the informaw~

tion is the same,
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Q Is that a continuation of the information which was origi~
nally shown on Exhibit Number 10 at the original hearing? o

A Yes, sir,

Q Refer to Exhibit I and explain to the Commission what that
shows .

A Exhibit I is similar to the two previous exhibits, except
that it applies to the east sector. The same comments that I made
regarding the first, regarding the two previous exhibits also apply
to this one,

Q Is that a continuation of the information of bringing it up
to date as shown by original Exhibit Number 11 at the original
hearing?

A Yes, sir,

Q Now refer to Exhibit J and explain what that shoWs.

A Exhibit J is a graph on which the perfarmancesof the Denton Field
has been plotted, versus cumulative olil production. We feel that
possibly this graph may be a little more accurate as to reflecting
field performance, but still should not apply to the east and west
sectors. We think that we have graphs that do reflect their per=~
formance more accurately. The source of the information on this
graph is the same as were on the three preceding exhibits,

Q Now, would the reduction in the rate of production make any
difference in the performance curve as shown on that exhibit?

A Yes, sir, I think it might make some difference. However,
I don't believe that this is the best place to point out that

difference, I think one of the other graphs will be better.

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE - SANTE FE
3-6691 2-2211




15

Q Refer to Exhibit K and see what that shows,

A Exhibit K corresponds to the west sector reservoir performe
ance,that is plotted performance versus the cﬁmulative oil
production, ’ gas~o0il percent ratios,monthly o0il production.
The source of this information is all the same as that for the othe]

exhibits,

Q Would the reduction in the rate of production make any differ

ence in the performance curve shown on this Exhibit K?

A Yes, sir, I believe it would,

Q In what way?

A Reduction in the well production in the west sector would
raise the bottom hole pressures there. That would cause an unfavor
able change in formation volume factor on the west side. In doing
so would cause more stock tank barrels of oil to be left in the
ground when the field is depleted.

Q Now, Mr, Tomlinson, refer to Exhibit L and explain to the
Commission what that shows.

A Exhibit L is the performance for the east sector plotted
versus cumulative oil production and has the same curve described
for the previous ExhibitiK.c On~this graph we see that the bottom
hole pressure is still declining some, but has shown a tendency to
level out. The gas«o0il ratio performance is somewhat erratic, as
has been shown in the past. At the present time it appears to be
headed on a downward trend.

Q The information shown on the Exhibit L is the continuance

of the information shown on the Exhibit 14 at the original hearing?

X
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A Yes, sir, that comment also would apply to the two previous
exhibits, in that they are a continuation of similar exhibits
presented at the original hearing, |

Q In other werds, all these exhibits that you hgve referred
to simply brings down to date the information that was shown on the

original exhibits introduced at the original hearing?

A Yes, sir, I will point out one thing that we have rearrang¢

some of the scales, but in no case have we changed a scale for the
east and west sector of the reservoir., They're all the same as
they were before. By re~arrangement we have made them a little bit
easier to interpret, but the same scales have been used, There

has been a change in the scale for Exhibit J, which applies to the
field performance, Jhe effect of that was to reduce a scale for
cunulative oil production to make a shorter graph. We think it
makes it easier to interpret, too.

Q Now, refer to Exhibit M and explain to the Commission what
that shows.

A Exhibit M is a map of the Denton Field indicating movement
of water into the east and west sectors of the reservoir, It is
contoured on feet of water above the original water=o0il contact and
on contour intervals of 100 feet. 1In June we discussed how we
thought it was coming into these sectors, and we are presenting
this to show a more accurate picture of where we think the water
is at this time. It is based on water information reported for
our individual wells during the October GOR survey. These points

here are high points along in that area of the reservoir, This
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inside line here on the west sector is a zero feet contour line,
That's a point in which it looks like there has been no water enter-
ing beyond that point. This line here on the east sector, the
inside contour line is the zero line and that is a point which we
Whave picked as the maximum advance of water. Now, you can see that
we have colored part of this.

Q Before you go to that, how are the points for the contours
determined?

A We use threé methods of picking these points, First, to
use an illustration, suppose a well had 100 feet of perforations,
Let®s say tﬁose perforations were down to the original water-oil
contact. Now, if on the October GOR survey the :well is reported
as making 50 percent water, we-assumed that the water~oil contact
at that well was 50 feet up in the perforations. That method of
picking a point may have limitations when applied in an individual
well, in that you could have a dense stireak in the bottom of the
well and the water could be coming in a little higher, and there
could be a dense streak in the top, and most of your production is
coming out of the bottom of your perforations.

When it is applied to the large group of wells, those errors
will tend to cancel each other out and you should get a reasonably
accurate picture of water entry into the reservoir by using that
point by that method.

There's another method that we used, and that was to observe
work—overs in several of the wells around thg edge_of the field

where they had been plugged down to let them make water production,

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE - SANTE FE
3-6691 2-2211




18

or where one or two wells had been éompletely watered out. Now, in
those cases we assume that the water had moved in to the top of the
perforations of the original set of perforations in the well,

The third methed that we used for picking points on this map
was to note the bottom of the producing intervals in various wells
in the east and west sectors. Now, not all of these wells that are
closed by these Eontour lines make water. Some of them are com~
pleted, say, for example, may be twovhundred feet above the originafl
water~o0il contact., If that is true then say, for example, this
particular well, I don't know the precise interval for that well,
but let us say that e«=

Q (Interrupting) What well are you speaking of?

A Well, let us say, it happened to be the Atlantic Inson D,
Number 3, shown on this exhibit M, If that well was not making
water that would mean that the water had to.be below those perforaw

tions. So that is another method that you can use to locate a plac

[

where the water isn't; instead of locating where it is, you can
find out where it isn®'t, and say,we know that it can®t be there, so
those three methods'were used, Now, they are subject to some errorp
when applied to individual wells, but when applied to the reser-
voir as a whole, it gives pretty good results, and I believe they
are accepted by the industry, that method is accepted by the ine
dustry most of the time.

Q What does the part that is colored in blue represent?

A Now, when we contoured this map we found that there were
portions of the reservoir that were completely flooded out by the

water moving in the reservoir, We colored those in blue. Now, that's
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a general area where that exists.

Q You mean by that that they are 100 percent flooded out?

A Yes.

Q That part of the area shown in blue?

A Yes, sir, The water comes up the flange of the reservoir
and follows along the top of the structure until it gets to a
particular well where we find that it does not make 100 percent wat
Of course, we can®t say it is all flooded out,there; but somewhere
west of that it is all flooded out, |

Q That is based on an engineering interpretation?

A Yes, sir.

Q Before you move on from that, does the information shown
on Exhibit M tend to prove or disprove that there are two separate
reservoirs or sectors to the Denton~Devonian Field?

A I think it shows that there are two sectors here,

Q In what way?

A If you will notice we have got our zero water level line
coming around and meeting the barrier here at this point. Again,
here and other places in between those two points have been touched
by the water moving into the reservoir from here on up to here
(indicating), a larger segment of that barrier has been touched by
the water moving into the reservoir. At this point, for example,
this is 300 feet of water in there, and the wells on the east of..
this aren't making =~

Q (Interrupting) You mean east of the barrier?

A East of the barrier.

Q Drawn on the map?

er' o
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A Yes, sir, east of the barrier drawn on the map arernot
making water. There is not a Devonian well that I krow of offsetti
this barrier that makes as much as ten percent water. Now, quite
a few of the wells at varying places in the field make small
percentages of water, but these wells have a tendency to do that
throughout their life, and when you get real water movement into th
well, it will usually be indicated by a water percentage higher tha
ten percent., None of these wells have that water percentage.

Q Now you are talking ==

A (Intérrupting) None of the wells east of the barrier have
that water percentage.

Q In other words, this exhibit M shows that wells along the
barrier in the west sector are making water, and immediately across
the barrier in the east sector, they are not making\water?

A That is correct.

Q Which would tend ==

A (Interrupting) Or such a small amounta

Q Which would further substantiate that the barrier does

A Yes, sir,

Q One other question before you leave this Exhibit M. Does the

water influx as shown by fhis exhibit indicate any abnormal condi=
tion, or any unusual condition to take into consideration in the
life of the Denton=Devonian Pool?

A No, sir, it doesn't. This is very satisfacdory water

encroachment for a reservoir that has water movement.

11
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Q Would you consider it ndrmal or abnormal?

To help give to further illustration to the way the water is moving
into the reservoir, we have prepared three cross sections. These
cross :ctions are marked on Exhibit M at this point, this ig ==

Q (Ihterrupting) Now wait. Is that the most southerly point

A Well, thatfs the most southerly cross section that we
have,

Q That's a cross section =~

(Interrupting) 'rAA to ~rAA Prime, and it runs through the

south half of the Section 1l of the field., We prepared that
cross section to illustrate conditions at that particulsr point,
We prepared a second cross section in the north half of the
Sections 2 and 3. It goes across the west sector of the reservoir.

Q That is in appfoximately the centeruof the Denton~Devonian
Field? , |

A Yes, center of the wes{ sector., It illustrates conditions
at that particular place. About one~half mile north of that we pla
a third cross section, CC to CC Prime, noted on here on Exhibit M,
to illustrate conditions at that point, We can turn back this
map later if anyone wants to refer to it. This is Exhibit N shown
on Exhibit M as cross section AA to AA Prime. On this map we have
marked sub=sea intervals shown by horizontal lines; we have shown
five wells completed in the Devonian; we have outlined by a line
“béginning on the west into this cross section and continuing up=

ward to a peak sbout the middlegoing down to the bottom on the east

A It is normal and from what I can see, it is pretty efficienit,

“J
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end is the top of the Devonian formation. At the bottom line here
is the original wates=o0il contact. It is not taken to mean the
bottom of the Devonian formation, since the Devonian formation
may be somewhat uneven in places in the field, and, of course, in
other places it dips below the water-oil contact.

Q Does this cross section show the water influx in relation
to the original water=~oil contact?

A Yes, sir, it does, This line drawn diagonally through the
west half of this cross section indicates the water influx in that
part of the west sector, That is actually the water=oil contact at
that point. Then, beginning from the east sector the same line
starts at about the original water-oil contact and increases in
height and then comes down to a lower point in the middle. Now,

I would like to point out some features of this cross section., One
of them is an illustration, aﬁd one of the methods we used in
picking out where the water is in the reservoir,., That is shown on
the Ohio Dentdn Number 13. It shows perforations at the top of the
Devonian and these perforations making 100 percent water. We
assume that since no oil is coming out there that the water=oil
contact is at least that high. Incidentally, the information shown
on here is fairly recent. the perforations were making 100 percent
in November or were capable of doing so.

One more fhing that could be added about that well is that
it has been mprkéd on from time to time and in each case, as it was
plugged back, water was found in the next set of perforations

immediately above. the next one to the east illustrates how we
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selected a water~oil contact. That well isn't a well that has
perforations on that, in a well producing less than 100 percent
water, That is the QOhio's Denton Number 5. Here is one well
drilled a little bit into the top of the reservoir that isn't
making any water, that is the McAllister Denton A Number l. Points
through that area were taken from our contour, contour map, or

our water influx map and are shown by stars along these points.
The Ohio Denton Number 6 is the next one to the east and it has
been worked over, plugged back to a higher set of perforations and
not making any water at this time, This one here on the east is
the Atlantic Dickerson B Number 3, which is making a small amount
of 0il and a small amount?of water. As you might expect, that
doesn't have much section}on that, like that one.

Q Before you leave &hat Exhibit, does that Exhibit show the
thickness of the Devoniangformation with relation to the water
influx?

A Yes, sir, you caﬂ see you have a lot of oil left in here.
You can see that althougﬂ quite a bit of water has come in, there
is still a great volume df the reservoir.
| Q The top line repﬂesents the top line of the Devonian
lformation?

A The top of the D%vsnian formation.

Q The bottom line?%

A The supposedly w%ter-oil contact at this time. The reason
that is higher is that y#u have a lot of pay here, and yet the

surface development, or ﬂhe number of wells per section in this
‘ :
|
)
1
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area is the same as in part of the reservoir where the reservoir
is thinner, consequently here the water hasn't had to come in over
as much of the reservoir. I would like to turn back to the previous
exhibit, Exhibit M again, and simply summérize what we show here

on Exhibit N, On cross section AA to AA Prime, you see that along
the west flange the water has come up to a peak, as we show it here
on Exhibit M == I mean on Exhibit N. Then it dfops off, it drops
off to a point that is not zero by our contouring, and continues

on eastward and then rises again until it gets to the point between
the Atlantic Dickinson B Number 3, and the Ohio Denton Number 0,
then it starts dropping off again. Now, that shows how water comes
in from the southeast side éf the west sector, and from the west
flange of the west sector, as well as from the south end of the
west sector.

The next cross section is BB to BB Prime, labeled Exhibit o,
constructed in the same manner as Exhibit N, Here you see that the
reservoir is a lot thinner as indicated by this line beginning on
the west side of the cross section and cohtinuing diagonally to the
middle and going across approximately level, It's bounded on the
east side by this barrier that we have discussed previously. A
line that joins the line showing the top of the Devonian formation
and starting west of the well labeled Shell Argo Number 1 is the
line that shows the water=o0il contact during October. That point
for that well was selected by noting a percentage of water that the
well is making and applying that percentage to the producing inter~

val and seleéting the water~o0il contactin the interval. Fere is
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an ipstance where a well did not go all the way into the reservoir
and consequently didn't get any water., That well is the Skelly~
New Mexico F Number 4. You see we have zero contour at that well,
or possibly a little east of it, The Skelly New Mexico F Number 1
is the well on the east end of this cross section. That shows that
the well was perforated down to the original water~oil contact at 4§
minus 8915, Now, Skelly has assured us that this well is not mak~
ing water or at least if it is, it is a very small perﬁentage of
water. It has always been that way, so that's a point that we
think indicates that water is not moving in from the bottom of the
reservoir right there., It'!'s a poinE‘that I think == It is a condi-
tion that is common to most of the Denton Field, water does not
move in from the bottom, It tends tovcome in from the west side
of the west sector and the southeast side of the west sector, and
from the south end of the west sector, and the east side of the easd
sector.

The last cross section that we have is labeled CC to CC Prime,ﬂ
and is Exhibit P. lhis shows what can happen, or does happen in
this reservoir and you have a pretty good permability., You have a
thin section with normal surface development and one well per
40 acres., Water has to come in to replace the oil that has been
taken out and here it shows that it is pretty well all the way
across at that point to the barrier, sepafating the west sector
from the east sector. Very likely this water movement started
very much as the water movement indicated on Exhibit O, but at this
point it has progressed all the way across and some of the wells

are still producing water from the top of the Devonian, and in that
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small area, or, in my opinion, would indicate a bottom water drive
at those points. However, the original source of water was a move=
ment from the west side of the field.

Q Now, Mr., Tomlinson,have all of these exhibits which you have
referred to, fvom A to P, inclusive, been approved by the Denton
Engineering Committee?

A Yes, sir.

Q Are they all in accordjr+ with respect to the information
shown by these exhibits?

A Yes, sir,

Q Are they all in accord-that proper concept is that there aré
two definite sectors or differentureservoirs torthe Dénton Field?

A Yes, sir,

Q And that should be taken into consideration in any study
that is made of the field?

A Yes, sir, That point was covered specifically before the
June, 1956 hearing, and before that hearing we all agreed that we -
would present separate sets of data for the east and west sectors u
of the reservoir.

Q Has the Engineering Committee reviewed all these exhibits
at a recent meeting?

A Yes, sir,

Q Were practically all of the operators in the field repre=~
sented on that Committee?

A All except two. One of those has not taken an active

interest, since they have a small interest in the field; the other

DEARNLEY . MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE - SANTE FE
3-6691 2.-2211




27

expressed their agreement in a telephone conversation with us. All
others, I believe, havekagreed to the presentation of these exhibit

Q In the study macde by the Denton Engineering Committee and y
independent study of the entire situation, did you find anything
which would indicate that the present rate of production is causing
or tending to cause waste in any respect?

A No, sir, I didn't..

MR. HINKLE: I would like to offer in evidence at this time
Exhibits A to P, inclusive,

MR. PORTER: Any objection to the admission of these exhibi
They will be admitted.

Q Now, Mr. Tomlinson, as a result of the study made by the
Engineering Committee and your independeht study of this whole
situation, have you arrived at any conclusions that you desire to
make to the Commission in connection with this matter?

A I have several conclusiong,,‘and I would like to give them,
All of the evidence conclusively confirms that there are two sege
ments in the Devonian Fieid, or two separate reservoirs that act
independently. I believe that this should be taken into considera~

tion when compiling information concerning field performance, other

wise the results wouldn't mean anything. All evidence at the presept

time indicates that preventable waste is not occurring., Pressures
in the east sector of the reservoir have shown the tendency to
level out when compared to past trends. Howe&er, this levelling
didn't occur at quite as high pressure as we had expected last
spring. Possibly that may be due to a small inaccuracy in our

fluid data in the field. We have fluid analysis and that we have

»
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used, They may not be quite accurate as to the saturation pressure
Trat would be a likely source of explanation for the lag in the
levelling out tendency we have observed. However, it is levelling
out now., From the first stages of development in the east sector,
material balance calculations have shown that the water influx has
increased with lower pressures in that area. Whether or not future
water influx rates will be enough to prevent significant pressure
declines in this sector can not be positively identified with the
information == I say identified, I mean predicted with the informa-
tion that has been obtained between the April and October, 1956
surveys., At the present time, however, weithink that the east
sector is performing satisfacterily and without waste, The west
sector also continues to perform satisfactorily at the present rate
of procduction. The prinéipal drive “mechanism continues to be water
influx with a small amount of propelling energy supplied by expan=~
sions of fluid in the reservoir. The pressure in the west sector
has almost levelled out at 3,972 pounds. Based on the information
we have now, the present rate of production will never cause the
reservoir pressure in that sector to reach the saturation pressure.
Water continues to enter the west sector on all sides exéept the si
next to the east sector. It's entering in a normal effective and
efficient manner, In our opinion the continuation of the present
rate of production will result in good efficient recovery. Any
reduction in the present rate of production, in our opinion, will
result in less recovery, and would constitute waste.

Q Mr. Tomlinson, based upon those conclusions, do you have
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any recommendations to make to the Commission with respect to this
matter?

A Yes, sir, I recommend that the same top allowable be contin
for the east and west sectors in the Denton Field, '

MR, HINKLE: That is all at this time.
MR, PORTER: By the same top allowable, Mr., Tomlinson,
do you mean the depth factor as applied to the normal unit allowabl
A Yes, sir, that?s what I mean by saying top allowable,
MR. PORTER: Does anyone have a question?
CROSS EXAMINATION
By MR. MANKIN:

Q Mr, Tomlinson, I believe that you indicated that you felt
the mechanism on the west half was progressing satisfactorily and
that there was very little water entering near the eastern edge of
the west sector, in other words, toward the barrier, is that correc;

A Along the barrier, there isn't here, well, a considerable

area that there is no.water production in, and then we have some, ok

course, where water has moved in in the past from the west and is
now being produced from wells next to the barrier, but our feeling
is that is coming in from the west side principally, although some
is entered from the southeast side of the field, Mr. Mankin,

Q How do you account for in your exhibit where the two west
wells on that cross section show about the same water in the
October survey as was shown in the exhibit which you presented in
June, which was Atlantic®'s Exhibit Number 257

A Yes,

Q And the water stayed about the same in those two wells, but

hed
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in the third well, Atlantic Dickerson D Number 6 it has increased
from less than ten percent to better than 75 percent, how do you
account for that if there is no water influx toward the east edge
of the west sector?

A By that statement I don't mean that water canft effect the
wells on the east side of the west sector. As a matter of fact,
the fact that this well has increased in water percentage ==

MR, HINKLE: (Interrupting) What well?

A Atlantic's Dickerson D Number 6, shown on Exhibit P, the
fact it-has increased in water percentage after these other wells
had been making considerable quantities of water, indicates that
water moved in from these other two wells over to that well on the
east side there. That is the D 6.

Q Then you don®ft think that indicates that there is some
bottom water concerned here rather than edge water?

A Well, as I explained when I went over this Exhibit P before
this is acting very similar to a bottoﬁ water drive when the water
enters all the way across the bottom from the west sector, goes all
the way across the bottom and meets the barrier on the other side,
on the east end of this cross section, then if there is any o0il
left in there, the only way for it to go is up. So, it has to act
as a bottom water drive in that particular instance., But originall
we believe the water did move in from the west.

Q Then you would state that in addition to the edge water
movement, that you likely might have some bottom water movement?

A I think the source of the water is still the edge. However

the source of the water as this, well, as these, I say, of course,
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would be coming from the bottom, but the source of the water at that
particular point I believe would still be the west edge.

Q Fow do you account for the two wells not having changed on
vour Exhibit P, essentially, so as to the percentagewise of water
from last June until the October exhibit, and yet it has increased
from practically nothing to 75 percent, =-o0 your third well on the
right of Exhibit P?

A Exhibit P shows that there is some waten that is trapped on
the Devonian formation. When you have a large section of the
reservoir like this, as shown on, say, Exhibit N, water can move in
from the side there and sweep all before it. Here on Exhibit P the
top of the Devonian is a barrier to the upward migration of oil or
water. That oil has to be produced before the water can move up
there and it is taking a longer time. Horizontal movement of
water, as I have explained before, is governed by the thickness of
the reservoir, the number of wells completed in relation to the
thickness and withdrawal. In the thin section of the reservoir,
that horizontal movement would be fairly rapid until it gets as far
as it can go, and then it has to produce the rest of the oil out.
In other words, referring to Exhibit P, the movement of the water
between the edge of the reservoir and the Dickerson A=34 Number 2
was influenced not only by the production of 34 —-= 2, but by the
production of all the wells to the east of it that are in the west
sector, and a number of wells in the reservoir also. That makes a
more rapid horizontal movement than when it starts coming up from

the bottom .and then you don't get as nearly as rapid vertical movene

nt.
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Q Isn't the west sector greatly sensitive, that is, sensitive
as to the amount of oil production and the rate of water production]
It1ll refer you back to your exhibit showing the rapid increase of
water in the west sector as shown in your exhibit E., It jumped in
September from 23 and a half percent to 34 and three~tenths percent
which is, by far, the greatest increase that you have experienced 1
the west sector, How do you account for that?

A Well, I don*t see very much oil production increase there
between September and October.

Q Well, there isn't. I was wondering why the increase, is it
just the normal influx of water? |

A I think that is one of the principal reasons. I would also
imagine it was due to the bottom hole pressure survey, pressure
testing that was performed during October. Now, field production
practices are such that water percentages are taken at fairly
regular intervals by most of the operators, but there may have been

some lag in taking water shake=outs, or water measurements on

individual wells. When you have a survey coming along that requireg

every well to be tested, I believe that you will get up to date
water percentages, very likely the water percentages immediately
before that 34 percent noted in October should have been a little
higher.

Q That's just what I was going to bring up. Actually, possiblly

the September water production had been higher had you tested it
earlier?

A Yes, had we performed the GOR survey in Qctober.
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Q The next question is this, Mr. Tomlinson. At the June

hearing the east sector showed a pressure at that time of 2628
| pounds which was about 30 pounds below the bubble point., Is it not
true that now there has been an additional of about 258 pounds
drop below the bubble point at this time?

A What did you say the pressure was in the other survey?

Q 2628 pounds, which I believe was about 30 pounds below the
bubble point.

A Are you réferring to Exhibit F or are you referring m=

Q (Interrﬁpting) I was referring back to Exhibit 14 of the
June hearing, as related to the present bottom hole pressure.

A I don't believe that we should compare those two pressures
for this reason, that the east sector pressures were obtained by
using a map that shows the differential along the west side of the
east sector. In other words, an upper differential as it approache
a pressure of the west sector. When you co. that you artifically -
contour in some pressures that really don't belong in the east
sector., When you weigh those volumetrically they give an erroneous
pressure., What you should do is contour them separately and weight
them volumetrically to find out what you mean, To compare  ur
those pressures, I think the figure that you would be interested in
would. be the one shown on Exhibit E, which is labeled ~= which is o
the tabulation, labeled oil and water production rates for the
Denton~Devonian Reservoir, east sector. That pressure is 2,535 po
and that compares with the one that we obtained in the same manner
in October, of 2,405 pounds. Well, we believe that's a much better

way of looking at the pressures.
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Q Do you know if there has been any wells abandoned since Jung
of 1956, due to going completely to 100 percent water production?
A There have been none abandoned that I know of, However,
there's one that probably will be fairly soon. It is shown here on
Exhibit N. That well was in about the same shape during June, and
there has been very little change in the condition of the well,
however, for all practical purposes it 1is depleted.

Q Is the well to which you refer the Atlantic Denton Number
137

A Ohio Denton Number 13.

@ 1 mean Ohio Denton Number 13,

A Yes,
Q Is it not true that in June it shows less than 10 percent
water production, and is now 100 percent, or not?
If we showed it like that it is erroneous.
Atlantic®s 25, of June, '56 indicated less than 20 percent,
For this one?

Yes,

oo B Pr

A Now, that well was shut in at that time, I believe. It posjg
ibly wouldntt. have been shown as a well making ahything. If you ax
speaking of the map that we had colored in, the pie shaped graphs
by each well, the reason for leaving that one off was because it
was shut in. I don't think it was producing. It really had no
status.

Q So it had no status at that time?

A No.

MR. MANKIN: That is all I have,
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MR. PORTER: ‘Anyone else have a question of Mr. Tomlinson?
« Nutter? |
By MR. NUTTER:

Q Mr . Tomlinson, you were Jjust mentioning that Exhibit MNumber
25, and the June hearing in whigh you had the little pie shaped
drawings by the well. In this hearing, did you prepare a similar
exhibit? |
A No, sir, we didn't, We felt that that did not show the
movement of water in the reservoir as well as what we presented
here today. In the interest of keeping down the number of exhibits
we left that out and substituted the Exhibits M through P.
Q If you had prepared such an exhibit, would it have shown
material change in the way the pies were sliced?
A I expect it would. It should have because this is water
drive reservoir, and we expect water to keep coming in. Some wells
that started to make water didn't make them before, and the water
percentage should increase and from time to time we will lose a
well,
Q You were also referring to Exhibit F a minute ago. Do you
|mean that on your Exhibit F, which illustrates o0il anc water pro~
duction rates for the east sector, are the bottom hole pressures
for April and October comparable, they are weighted the same way?
A Yes, sir, they are weighted the same way. The last, 1
believe the last five or six points on that tabulation shown on
Exhibit F have been obtained by recontouring pressure maps with a
concept of two reservoirs,

Q Those are all the pressures that are shown with the stars
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beside them?

A Yes, sir, they are volumetrically weighted.

Q I note that there %s a decline of 148 pounds in the bottom
hole pressure and the GOR is still the same. The bottom hole
pressure in April was below the bubble point for the reservoir,
wasn't it? _

A I think that's due to two factors, or possibly three
factors that I could mention. One is that there is always a lag in
increasing bottom hole pressures because when free gas comes.>ut
of solution in a reservoir, as it passes through the bubble point
or saturation pressure, the gas tends to stay in the reservoir
until a certain gas saturation is reached, and a certain amount of
it comes out of solution. Until that time occurs, you wouldn't see
much free gas movement, and wouldn't expect them to go up. It
varies for various reservoirs, but I'm told by people that I know
have investigated that aspect of reservoir performance,not in re-
lation to this field, but others, it can be as high as 15 to 10
percent saturation before that occurs,

Q There is a possibility that the reservoir has not been
saturated with the free gas, resulting.in a higher GOR at this time

A That is one thing that could have happened, Another thing
is that we might be a few pounds off, I say as much as a hundred
pounds off in out saturation pressure from the data that we have
gotten from our fluid analysis. We have four fluid analyses in
the field, the operators have them. We think they are pretiy good,
but there could be a small error there. A third thing could be,

and I think has significant bearing,hére, i% that all pressures we
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have been reporting are at a common datum in the £igkd at minus 8200
feet, and that datum works very well for a mean datum for the west
sector, but as you have noted from structure maps, the examination
of those, the east sector is a lot lower than the field average.
There is a possibility that we should have a different field datum
for that area. It's possible that it could be, the field datum
could be moved down by, say, as much as two or three hundred feet,
and if it were 300 feet and that would add approximately 100 pounds
to the pressures that we have reported here. Consequently it
wouldn®t be as far below saturation pressure as it would seem by
looking at the tabulations and graphs that we show,

Q Mr. Tomlinson, your Exhibit I for the east sector has a
running GOR that is, it shows a GOR for each month, and not necessaxg-
ily just the months that you have taken tests. What is that GOR
based on production?

A Just a second now, that's the graph labeled east sector
performance versus time, I think.

Q Yes, I was referring to line Number F on there,

A All right., This data 1s obtained from Form C~115 reported
to the Commission rather than from GOR surveys. I think that is whsft
you were getting at, that we don't take GOR surveys every month,
but gas is metered in the field and the operators report gas~oil
ratios to the Commission, and those ratios have been used through-
out all of our work, rather than the survey ratios. Now, we think
that ratios that are obtained from day to day and account for all

the gas produced have a lot more chance of being accurate than, say
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an instantaneous test taken on a survey.

Q Well, in a production GOR like that, what would account for
the drop in the GOR such as the east sector experienced from August
to October?

A The only thing that I can suggest there is that there have
been several changes similar to that in the past. a lot of them due
to seasonal variations., There are temperature correction charts,

I understand, used in measurement of gas, that are corrected for a
mean average pressure, and I think that is part of a seasonal trend}

You'll notice a somewhat, a kind of a seasonal trend through the cu

p =~ =3

summer. months of 1955 and a seasonal trend in 1954, where it droppes
off at the latter part of the year. Why the drop is quite that
much, I couldn't tell you.

Q Still on the same Exhibit_I, I note that oil production

Sl

as illustrated by Curve Number A and water production as illustrate
by Curve Number B, both showed a marked change in September and ..
October of 1955. Do you think there Qas any connection between
those two? That was the month in which your oil production dropped
way down, and the following month your water production went way
up-.

A I don't think there's any connection between the water percpnt=
age curve., I thinkosprobably at that point there would, say, be mom
wells making water, or a normal increase, I doubt if the east
sector could be affected, the rate would effect water production
much there, under any circumstances, .

Q The reason I asked you that question was because you have
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a marked increase in water production that month and it has been
up high ever since,

A Here is a point to consider there, if I am not mistaken, we
had a GOR survey that fall, or at least =~ maybe you can correct me,
maybe we didn®t, but one thing might be considered, that some of
the operators had tested their wells at that time., Of course, the
oil production changed, on line A of the Exhibit I it shows a de~
crease during the time of the refinery fire, That was in September|
I believe, Right after that production started up at just about
what it was before,

Q Shortly thereafter we had increased production to make up
back allowable, too. I was wondering if that might not have effecte
it?

In my opinion it wouldn't,

You don®t think so?

O P>

No,
Q Mr, Tomlinson, in yeur opinion, is the Denton-=Devonian
reservoir a homogenhous reservoir, with the same permeability and
porosity throughout?

A No, sir,

Q Are there bands or layers of porosity and permeability that
may not be interconnected with each other?

A Well, of course, I suppose that you are referring to some=
thing else besides the.barrier we have shown down through the middlﬁ
of the field,

Q Yes, I was referring to each separate reservoir, and asking

d
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whether there might not be some layers of porosity?

A I think there will be layers of porosity, or small segment$

of the reservoir that might not be very effectively connected to the

.Qther partsof the reservoir. I don't think those are anything to
be alarmed about in this particular instance, because I think every
reservoir has something of that nature in it, Very rarely in this
part of the country do you see a reservoir that is homogenous.

Q I was wondering if it would be possible, if you had two
of these bands or layers of permeability stretching down below
the oil~water contact, both going up the structure, now, I was
wondering if it would be possible for water to migrate up one of
the layers of porosity and not another, which might account for
high water=o0il ratios in ohe well and low water~oil ratios possibly
in an offsetting well?

A I think that that possibly would occur, or could occur,
but I don't think that the information that we have here shows thaf
it did. I would like to show you one thing on Exhibit M. This is
a reasonable contour of those points that we have selected for the
water~oil contact, and we found, you would think that if such a thi
as you were saying had occurred, you would find a number of places
here where the well over in here (indicating) was not making much
water, and the one here making a lot. Say it is completed in a
different interval. The only anamoly we have on this that we
were able to find in the west sector and that is the only one
important in this respect is on Gulf's Chamberlain D Number 2, I

believe that well is, Wait a moment == No, that would be, I beg

ng
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your pardon; that would be D Number 1., That well is just drilled
into the top of the reservoir right at the very top of it, and
makes water, It doesn't fit the inner scheme of contours, but that
is the only anemaly that we had that we couldn't account for. We
thought we saw anomalies when we were making the map; in the process
of making it it looks like every once in awhile we can see an
anomaly, but after we considered, fixed the water=o0il contact by th
three methods that I have explained, you could account for each
water entry, each point that we have. So, for that reason, I donf't
believe that that is occurring to any significant degree,

Q What is the status of that anomaly well up there in Section
262 1 believe it was Magnolia's Pope Number 10,

A Yes., Well, that is in the east sector, What I was saying
just then; I meant to apply to the west sector only, but on Exhibit
M, when you speak of the east sector, I believe there's =~=~ This
is still an anomaly, the well has been worked over. Do you remembe]
last year, or last June it was we talked about it and it was making
a large volume of water, quite a bit of o0il, too. I think it was
a top allowable well at that time. I understand now that they have
worked on the well to eliminate some of the fluid production, or
eliminate water production, and now it still makes water, It's
not quite a top allowable well. I understand that they haventt
completed their work on it yet. It still is an anomaly in my opini
We left it out, didn't consider it because we knew there was some=
thing that was wrong from the first there, and, for example, it had

a higher bottom hole pressure. It had a bottom hole pressure that

[{Y)
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was equivalent to many wells in the west sector, and surrounded by
the offset wells that were many hundreds of pounds lower,

On this east sector we don't have nearly as many control point
to depict water entry as we have on the west side, We think that
this is a general picture of the way water is coming in, but we
show it here to make the map complete, and not for the same purpose
we showed the water contours on the west sector. That is, we
intendéd for the west sector to show a pretty accurate picture of
where the water is, Here you have to use some imagination,

Q I would like to ask one more question, Mr. Tomlinson. I
think a moment ago during your testimony you stated that if the
rate of production were lowered on the west sector, that it would
cause more stock tank oil to be left in the ground in the long
run., Would you elaborate on that a little bit, please?

A Yes, sir, What would happen would be that the formation
volume factor would change so that in those areas that were flooded
by water coming into the reservoir, that oil that's left there,
and there's going to be some 0il left there, even if you get a
pretfy good sweep efficiency there 1is going to be some oil left as
residual oil, Now that residual o0il will have a less favorable
formation volume factor, but by the fact it has been compressed and
not allowed to expand as it would have if it had been taken to
a_lower pressure before the water swept by it, you see. Another
way would be;to illustrate that would be to say that if you can
imagine a small segment of the reservoir, even as small as,-say a
person's hand, that contains a little bit of o0il at, say four to

five hundred pounds, when water sweeps through that, letfs assume
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that it takes 50 percent of the oil out. Leils say it sweeps throug

and takes 50 percent of the oil out and leaves half of it. If you
left that oil in the little segment of reservoir Q~'expand and push
out of the pores more of the oil, you would have less left in there
when the water went by it, you see.

Q I don't see it.

A Does that make it clear?

MR, NUTTER: I will accept that. That is all of the
questions I have, I would like to compliment Mr, Tomlinson on his
exhibits. I like the cross section. You have done some good work,

A Thank you very much, I think the Engineering Committee
should also share your compliments.

MR. PORTER: We will take a short recess,

(Recess.)

MR. PORTER: The meeting will come to order., Does anyone
else have a question of Mr. Tomlinson? Mr. Mankin?

MR. MANKIN: I have another question, Mr. Tomlinson,

By MR, MANKIN: ouv- o oo

Q Your production curves and all of your data that you have
presented here today indicated produétion through October, is that
correct?

A Yes, sir,

Q Do you feel that with the production increases that have
been affected by increases of allowable for the Denton, as well as
the other pools, beginning with December and increasing in January

and increasing again as anticipated for February, that the west
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sector withva_ very~sénsitive rate of production will be hurt, or
there will be any 0il by~passed by the greater increase of oil
production during these three months that I have mentioned?

A I dont't believe it will hurt. I think it will be helped,
because it will tend to lower bottom hole pressures in that sector
and we feel that lower bottom hole pressures in the west sector
are necessary to obtain a more favorable formation of volume facton
in that side of the reservoir. In referring to sensitivity of the
reservoir, we don®t feel that it is sensitive. At least not very
sensitive, probably to a very small degree, if any.

Q You don't feel then that the west sectorvis any more sensi-
tive, ratewise, than the east sector?

A It is sensitive from the pressure standpoint. I think the
higher rate will obtain a higher bottom hole pressure there,

Q Then you feel that the increased production will not lower
the pressure, the bottom hole pressure enough to either by-pass
any oil, or it certainly will still be above the bubble point?

A It will certainly be above the bubble point, and I don't
think it will effect the by-passing of oil.

Q You don't feel there will be any wells prematurely tempora~
rily abandoned because of increased rates?

A No, sir.

MR, HINKLE: I would like to ask one additional question.
RE~DIRECT EXAMINATION
By MR. FINKLE:

Q Will you refer again to Exhikit I?
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A Yes, Exhibit I is the plot of east sector performance versu
time.

Q On your cross examination it was pointed out that there
had been a rather rapid increase in the rate of water production
occurring in October, 1955,

A Yes, sir,

Q Duringuthe recess, did you check into that matter and have
any further explanation?

A Yes, sir, there was an interesting point brought up and we
thought we would like to look into it. It has been found that at
that time I think some 21,000 barrels of water was produced in the
east sector during the month, I believe it's November the first
month that is significant. Now, 20,995 barrels produced, we found
that one well produced all that water, or nearly all of it, 18,390
barrels water came out of the Magnolia Pope Number 10, and that's
the month it started making water, We have pointed out before that
that is an anomalous well, and was particularly so at that time,
and up until the time that they worked on it recently and it had
a much higher bottom hole pressure than other wells around it,
indications were that it had a crack that extended down into the
water-oil contact, or something like that connected into the per=
forations. When it started making water, it started making a large
amount of water. I doubt very much that you could draw any con=
clusions from that increase in water production from the east
sector and apply it to the east sector, because it all came out of

the Magnolia Pope Number 10, or nearly all of it,
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Q Had the water production from that well been disregarded in
connection with this particular graph, it would still have been
continuing in a level curve?

A I think it would have been very near the bottom, at approxi
mately the point shown for August and September of 355 of around
2,000 barrels.

MR, HINKLE: That's all.

MR. PORTER: Anyone else have a question? You may be
excused, (Witness excused.)
| MR, HINKLE: That was all the witnesses we have,

MR, PORTER: Any other witnesses in this case? Anyone de=
sire to put on further testimony? Does anyone have a statement to
make?

MR. QOQUCH: Terrell Couch, for the Ohio Qil. The Ohio
joins with the Atlantic in the recommendation that the allowables
not be reduced in the Denton~Devonian Pool at this time,

MR. PORTER: Thank you, Mr, Couch. Anyone else?

MR. MALONE: Ross Malone, for Gulf Q0il Corporation, Gulf
has participated on the Engineering Committee and is in general agr
ment with the conclusions that have been presented by Atlantic,
Gulf would like to join in the recommendation of Atlantic that ther
be no reduction in allowables in either sector of the DentonmDevoni
Pool.

MR. HENDERSON: R. Henderson, Sinclair Qil and Gas Company,
Sinclair has had occasion and opportunity to examine the exhibits

as presented here bykAtlantic today. We wish to concur with

¥
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Atlantic in the recommendation the allowable not be reduced in the
Denton~Devonian Pool.
MR. PORTER: Anyone else?

A MR, EVANS: C., T. Evans, with Magnolia. We would like to
go along with Gulf's recommendations that the allowable not be cut,.
We would like to further recommend that Denton~Devonian be reviewed
in six months, at the end of the bottom hole pressure survey, and
that all wells be included in the survey.

MR, SETH: Oliver Seth on behalf of Skell 0il Company.
Shell has made an independent examination of the characteristics
of the Denton Field and has also followed and considered the
material presented at this hearing. Shell has a direct interest
in this particular field as well as its general interest in matters
of this character. The conclusion arrived at by Shell was that
from its own data that there was no, should be no change in the
present method of allocation, that no change can be justified at
the present time., It is believed that the field behavior should
be watched as much as any other field, and Shell intends, regardles
éf the action of the Commission, to continue its study of the
field. And further, to participate in the Field Engineering
Committee's work from here on out. The results of the work as
indicated by Shell, is similar to those indicated by Atlantic and
we would like the record to show that Shell concurs in the recommend
tions as made by Atlantic,

MR, PORTER: Mr. Hinkle?

MR. HINKLE: If the Commission please, I think the evidence

[(4]
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which has been introduced in this case conclusively shows that the
present rate of production is not causing waste of any character
whatsoever, and that the recpmmendation of the Atlantic and the
other operators in the field should be followed and there should
be no change in the current rate of production, and that the top
allowable with the deep well factor should be considered.

I think,too, that the recommendation made by your own staff
member , Warren Mankin, at the conclusion of the last hearing should
be followed in that this case should be concluded at this time and
not carried over and be hanging fire, continuously waiting on six
months periods for new surveys.

I think that you can safely rely upon the Denton Engineering
Committee in connection with this matter. They are going to con-
tinue their study from now on, and I think they will be the first 4
call the attention of the Commission to anything that dbes develop
which might in their opinion, cause waste, because they are all
vitally interested in obtaining the greatest ultimate recovery
from this field, and I think they want to operate it with that in
view,

So, we believe that the case should be terminated at this time
because the Commission, or any operatof would have the right in the
future, to come in and request a review of the matter. There's no
need to hold it open another six months for another survey., We
urge the Gbmmission to Wismise 3t and continue the present rate of

allowable,

MR. GURLEY: The “ommission Staff would like to concur in

o
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the motion of Atlantic to dismiss the case.

MR, MORGAN: Mr, Chairman, I move that the rules of the
formal Commission be adopted and made thé rules of this Commission.

MR . MECHEM: Second the motion.

MR. PORTER: With reference to case 1052, it is the de~
cision of the Commission to dismiss the case. As you know, we
brought this case on for hearing in June of 1956. We recognize tha
the Denton Pool is one of the most important pools in the state;
it produced up to this time, about 32,000,000 barrels of oil, and
presently producing about 90 percent of the stateh total output.
So, it is important though that it does bear watching, When this
matter came to our attention concerning the Water production, which
we thought should bear watching, we called on the operators to
come in for a show--cause hearing, or to show why the allowable
should not be reduced., Of course, upon the evidence that we haa
at that time, in June, it was the decision of the Commission that
weccould not make a reduction at that time, and it's the feeling
of the Commission that that condition still prevails,

Now, of course, as we have in the past, we intend to keep this
pool under very close observation, and if it is felt that it is nec
essary, if it is felt that the pool is being injured by higher
allowables, the matter will be the subject of a future hearing.

Case 1052, therefore, will be dismissed.

)
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STATE OF NEW MEXICO )
COUNTY OF BERNALILLO )

I, ADA DEARNLEY, Court Reporter, do hereby certify that the
foregoing mnd attached transcript of proceedings before the New
Mexico Oil Conservation Commission at Santa Fe, New Mexico, is a
true and correct record to the best of my knowledge, skill and
ability.

IN WITNESS WHEREOF I have affixed my hand and notarial seal
this 3lst day of January, 1957, |
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