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BEFORB ¥HE OIL CQNSIRVATION b
COMMISSION OF T#E BTATE - »‘
OF NEW MEXICO. -

Held in the House of Representatives,
State Capitol, Santa Fe, New Mexico,
&t two o'clock, P. M., Deceuwber 6, 1939,

PRESENT:

Hon. John E. Miles, Gowernor, Chairman of Comnission

Hon. Frank Worden, Commisgioner of Public Lands, Becretary
Hon, A. Andreas, State Geologlst, Member of Commission
Hon, Carl B. Livingston, Attaorney for Commission

3. 0. SBeth Stanolind Q11 & Gas Co, Santa Fe, New Mexico
D. D. Bodie Cities Service 0il Co. Hobbs, New Mexico

J. D. Atwood Cities Service 01l Co. Roswell, New Mexico
Lloyd L. Gray Gulf 011 Corporation Tulsa, Oklahoma

P. H. Bohart Gulf Qil Corporation Tulse, Oklahoms

Russell G. Lowe
R. 8. Knaffen
8. G. Sanderson
A. D. Curtis

J. 8., Boland
W.M. Fleetwood,Jr.
E. P. Keeler
R. S. Dewey

¥. E. Hubbard
R. A. Koenig
Glenn Bish

H. L. Johnston
H. B. Hurley

D. R. McKeithan
A, E. Willig
Ire Van Tuyl
Ross H. Stuntz,Jr.
8. P. Hannifin
Delmer R. Guinn
Allen B. Gibson
D. A. Powell
Jack H. Rankin
N. B. Larsh

H. J. Summy
Frank Gray
Weston Payne

BE. J. Kemler

0. D. Crites

M, T. Smith

F. E. Heath
Harvey Hardison
Fiancis C. Wilson
Weldon Brigance
K. 8. Christie

Gulf 041l Corporation
Gulf 0il Corporation
Gulf 0il1 Corporation
Barnsdall 0il Co.
Barnsdall 011 Co.
Barnsdall 011 Co.
Continental 0il Co.
HBumble 011 & Rfg. Co.
Humble Q11 & Kfg. Co.
Onio 0il Co.

Ohio 011 Co.
Continental Q0il Co.
Continental Qi1 Co.
Phiilips Petroleum Co,
The Texas Co.

Gulf 01l Corp.

Gulf 0il Corp.
Magnolia Petreleum Co.
Cities Service 01l Co.
Cities Service 0il Co.

Drlg. & Exploration Co.

Repollo 01l Co.
Repollo 011 Co.
Repollo 0il Co.

Tulsa, Oklanoma
Tulsa, Oklahoma
Tulsa, Oklahoma
Tulsa, Oklahoma
Tulsa, Oklahoma
Pulsa, Qklahoma
Hobbs, New Mexico
Midland, Texas
Houston, Texas
Hobbs, New Mexico
Hobbs, Rew Mexico
Hebbs, New iMexico
Port ibrth, Texas
Bartlesville, Oklahoma
Fort Worth, Texas
Hobbs, New Mexico
Tulsa, Oklahona
Roswell, New Mexico
Hobbs, New Mexico
Hobbs, Hew Hexico
Hobbs, New Mexico
Midland, Texsas
#idland, Texas
Midland, Texas

Anderson-Prichard 0il Corp. Hobbs, New Mexico
Anderson-~Prichard 0il Corp. Oklahoma City, Okla.

Shell 01l Co.,
Shell 0il Co.
Shell Qil Co.
Sun Q0il Co.

S8tandard 01l Co. of Texas

¥ilson 0il Co.
Rowan Drilling Co.
Amerada Pe$roleum Co.

Midland, Texas
Houston, Texas
Midlend, Texas
Dallus, Texas
Houston, Texas

Santa Fe, New lMexico
Fort Worth, Texas
Fort Worth, Texas

Tex,.,-Pacifie Coal & Qil
Tex.-Pugifie¢ Coal & 0il
Skelly Oil & Getty 0il

Skelly 0il Ceo.

C. G. Campbell
0. F. Hedrick
G. %¥. Belinger
Colin C. Rse

Midland, Texas
Midland, Texas
Tulsa, Oklahoma
Tulsa, Oklahoue



PRESENT: (Continued)

M. Albertson Shell 0il Co., Inc. Houston, Texas

R. G. Schuehle Shell 01l Co. ¥idland, Texas

E. ¥, Childers Tidewster Assoc. 0il Co. Midland, Texas
Edgar Xraus Atlantic Rfg. Co. Carlsbad, Rew HMexico
Lig Biddick Samedan 0il Corp. Ardmore, Oklahoma
J. P. Cusack J. P. Cusack, Inc. Midland, Texas

A. M. McCorkle Stanolind Gii & Gas Co. Fort Worth, Texas
G. H. Card Stanolind 01l & Gus Co. Fort Worth, Texas
Howard P. Holmes Two States 011 Co, Dallas, Texas

Roy Yarbrough 01l Conservation Comm, Hobbs, New Mexico
Fex E. Rader Stenolind 011 & Gas Co. Hobbs, New Mexico
K. ®¥. Tesch Stanoling 04l & Gzeg Co. Fort Wortn, Texas
Guy B. Woodward Stenolind 0il & Cas Co. Tulsa, Oklahoma
G. S, Bays Stanolind 011 & Gas Co. Tulsa, QOklzhoma

The hearing was opened by Governor Miles.
Thereupon, &t the request of Mr. Worden, the Notice for
Publicetion for the hearing was read by Mr. Livingston, as follows:

®NOTICE FOK PUBLICATION
STATE OF NEW MEXICO

OIL CONSERVATION COMMISSION

"Pursuant to Chapter 74, Session Laws of 1935, Stute

of New Mexico, by which Act the 0il Conservation Commis-
gion of Hew Mexico was created, investing seld Commission
with the jurisdietion and authority over all mstters
relating to the conservation of 01l and gas in this State
and of the enforcement of all provisions of said Act,
notice 1is hereby given that & public hearing will be

held at the Capitol, Santa Fe, New Mexico, on the 6th

day of December, 1939, at two o'clock P. d., for the
purpose of considering the following:

"Case No. 1l4.

The revising, modifying and amending the existing
proration plan for Hobbs Field, Lews County, desig-
nated a3 Order No. 48 of the Commission, and the
existing proration plan for Monument Field, Lea
County, designated as Order No. 33 of the Commis-
sion.,

YAny person having any interest in the subject of the
sald hearing shall be entitled to be heard.

nGiven under the seal of saild Commission st Santa
Fe, New Mexico, on Qctober 31, 1939.

OIL CONSERVATION COMMISSION

By (Sgd.) FRANK WORDEN
Commissioner of Public Lands

By (Sgd.) 4. ANDREAS
(6=4L) State Geologist®



BY MR. WOHDEN: You have heard the reading of the Notice and we
are ready to proceed. Inasmuch as we hsve two matters
here, it would peruhaps be better to handle tnem as such.
One is known as the Hobbs Order and the other as the
Monument. It might &void aompiicaticns if we handle them
separately:

JUDGE SETH: We think that 1s the procedure to follow. First
Hobbs, I take it, then Monument? There is a2 question
here as to which company or which side of the controversy
should go on first. The Stanolind, which I represent,
wants & change in the existing regulations. I don't
know whether the other gentlemen want a change or want
to keep them as they are, and it scems to me that would
deterxuine the order in which the cases should be presented.

¥R, FORDEN: It is the impression of the Commission that the
compsenies that are for a change will be heard. I think
the other side should express as to whether they want a
change or want the existing regulstions. Now, as to
vhether the Gulf wants to xesp the exlisting regulations
or wants & chanze we dv not inmow, snd would like to have
& statement from them.

JUDGE SETH: I think it should be limited to those wno will give
evidence.

CCOL., ATWOOL': Cities 8ervice, which I represent, does not want
a change but 1s opposed to suvme of the changes that might
be made. For the purpose of the record, we would like for
those who wani a chan_ e to 80 state so we will have something
to shoot at, then those who favor the change, whether it
be one way cr snother, could offer their proof in support
of the proposals. Those interested who want to take part
in the presentation of the case have the right to cross-
examine the witnesses on the different points and have the
right to offer counter-proof against & particular change
or agiinst all changes or in favor of all chéanges.

JUDGE SETH: I take it you mean those who are going to offer proof
and participate in the nearing?

COL. ATWOOD: VYes, I do think it woul¢ be npelpful to the Commission
in order to find out whether there is general dissatisfuction
with the system or with Just a few of the regulations.

I velieve the cperabtors represented here should be per-
mitted to expresz their views &8 to whether they want the
status quo to remain or are in faver of a change.

JULDGE SETH: I believe tinat snould come toward the end of the
hearing.

COVEANOR MILES: I would sapprecisie that lnformation. I dontt
care if it comes &t the end or tone beglnning of the hearing,
but I would like to know whnai Lhe gmneral opinion is.

MR, LIVINGSTON: Gentlemen, pernit se o maxe & remerk. This is a
Judicizl hearing, The Commission is sitting in its judicial
capacity and not in its capacity as a board of executives
and this matter is & matter 10 pe heard upon testimony.

I really don't feel that inasmuch as this is a judieial
hearing the general feeling among those present should be
controlling in the matter, in that the testimony is paramount.



GOVERNOR MILESt Doesn't the Commi:ssion nave the right to csll

any witnesses to the stand it cesires, Mr. Liviagston?

MR. LIVINGSTON: Yes, sir.

dK. R.

G. LO¥E1 This, it seems to me, 1s & legislative branch of
tiie Commission's powers. They are going to prepare rules
and regulations which in itself is legislative., Now,
after those rules have been promulgated, if & eontroversy
comes up &8 to whether they are proper rules, the Coxmis-
sion could hear the matter as & judicisl matter. I suggest
that eitner these changes should be made or should not be
aude. We feel that perhaps the present rules sre not
working equitsbliy anong &ll the operators and should
probably be modified 2s to lease acreage and potentisl,

JUDGE 3ETH: Genulemen, might I read an opening statement which

R, WM.

more or less covers the early history of the Hobbs pools.
I dontt belleve all vou gentlemen sre familiar with the
history. There are a few corrections to be mede snd I
will then submit it in typewritten form.,

FLEETWOOD: Mr. Chairman, I would like to make a statement
on behalf of Barnsdall 04l Company. Barnsdall has no
production in the Hobbs fleld and probably thelr testimony
will fall under thzt belonging Bo Monument. However, in
order to be rair to everyone, we ieel very such like Gulf
doeg, snd we want to pgrticipete In this Hobbs hearing Le-
cause it will affect the Honument, '

COL., ATWOOD: As stasted a few minutes ago, Cities Eervice nas no

objection to the msintenznce of the present system. If
there is to be a change, then Cities Bervice would be in
favor of the proposals of Gulf and Barnsdall rather than
those of Stanolind.

JUDGE SETH: The following is the opening statement which covers

the early history of the Hobbs pools.

" STALTEHMERT
PRORATION SITUATION, [OBBS FITLD, NEW MIXICO

"Following the passage of an szct allowing cooperative
development of oil pools, by agrescaent smong vperators,

by tne Legislature of New Xexlco, in 1929, the operators

of the Hobbs Pool, on June 11, 1930, entered into an
agreement to prorate the amarket outlet of taat pool by
2llocating to eseh 40 acre unit its proportionate share
based upon 25% acreaze-75% potential factors, tue potential
factor being the average poitential of all wells on each
unit.

"The didwest Refining Company (later azccuired by the
8tanolind Oil and Gas Company), supported at thet time a
50% potentlal and 50% acreage plan, but finally agreed
to a 259 zcreage-75% potential plan similar to one wnich
had been in effect in the Yates, Texas, Pool for about a
year.

"During the first eight months of 1932, exhaustive efforts

were made to bring about unitization of the Hobbs Field but
agreement finally failed because the most favored plan, of 42.5%
structural pesition-4%.5% potential-l5% acreage would

redude the allowables of some compenies. 4 later plan

of 37.5% structurel position-37.5% potential-25% acreage



also falled, for the same reason.

"Although the Hobbs Operators all accepted the 75%
potential-25% acreage plan in June, 1930, by August,
1934, the majority were willing to accept Z7.5 acreage-
37.5 structural position-<5% acreage. BEut on account
of unanimous agreement being necessary for the adoption
of any new plan, no change wuas made at that tinme,

"From the beginning of production, the Midwest Refining
Company had maintained that potentiel should be given
little consideration in any proration formula for & lime
field such as Hobbs, and that structural position and
pey thickness and acreage should far outweigh it. This
policy has been maintained by the Stanolind 0il and Gas
Company since taking over the Midwest properties.

®The fallacy of using potential in any prorstion plen,
for any type of field, has become more &nd more &apparent
a8 production under proration has brought about uore

and more recognition of recoverable oil in place as a
basis for ecgulty.

"In March, 1933, acidation of the Hovbs Field was begun
and continued up until October 1, 1934, at which time
the operators agreed that potentlial tests of wells
already completed and acidized after that date would
not be recognized for use in the proration formula.

"0n Septemper <7, 1923, the proration agreement wsas
modified, giving to wells making over <% water an
allowable based upon 40% acreage-60% potential. The
modification of potentisls by the use of bottom hole
pressures was also introduced. This method of modifying
potentials later proved to be erroneous and operated

to cause great losses to 8tanolind, as well &s gains

up to over 200,000 barrels to some compenies. Stanolind
vigorously opposed continuation of the 75%-25% method,
but, due to the fact that Stanolind, as well as several
other companies, had no pipe line facilities, they

had no choice but to continue in the plan.

"On February 23, 1934, an K.I.R.A. Allocation Commitiee,
representing Lea County operators, met at Artesia. The
inequity of the use of potentlals in a proration plen in
Bew Mexico lime fields had become so ajparent at

that time that it was given no consideration, and
allocation upon straight acreage was recommended,
Representatives of Gulf and Stanolind met on April 17,
1934, and recommended straight acreage proration for
Lea éounty, on a 40 acre unitragsis, to the Allocation
Committee, which adopted it, ldaving the old Hobbs

plan as the only one using potential. This plan was
continued, as before mentioned, because unanimous
agreement of the operators was necessary for change,

and those operators having an advantage under potential
refused to accept straight acreage, which became the
rule in Lea County outside of Hobbs,

®*In February, 1935, the New Mexico Legislature passed

a conservation law forming & Conservation Committee, and
esteblishing the proration of oil on the basis of re-
coverable oll in place as mandatory, except that proration



by agreement plans then in effect could be ratified by
the Commission and continued, should the Commission so
choose.,

"When this law went into effect it was no longer neces-
sary to reach & unanimous agreement of the operators in

a pool for the acceptance by the Commission of & proration
plan., At a hearing of the Hobbs operstors, on December 11
and 1z, 1936, evidence was submitted by Stanolind to support
straignt acreage allocation for the field. The hearing
continued for two days. During the intermissions efforts
were méde by the operators to reach an agreement, Finally,
at the end of the second day, & compromise was reached on
40% potential and 60% acreage factors; Stanolind agreed
that it might not be advisable to mske too abrupt & change
in the acreage factor at that time.

vipfter this agreement was reached, all evidence previously
offered was withdrawn, and new evidence was put on both
by Stanolind and the Gulf to support the agreed plan.

"The Coumission, on December 29, 1936, promulgated Case
No. 6, Order No. 4&, Proration Order for the Hobbs Field,
Lea County, providing for proration upon the basis of 60%
acreage and 407 average unit potential. The order also
provided for the adjustment of potentials each six months
by use of & bottom hole pressure factor adopted and agreed
upon by the Hobbs operators previously.

"On May 11, 1939, the Commission issued notice for hearing
for the purpose of revising, modifying and amending the
existing proration plan of the Hobbs Field, designated as
Order No. 48, of the Commission. At this nesring no evidence
wag offered, but a Committee of engineers was appointed to
investigate the various conflieting claims of the operators.
The hearing was continued until October Z3rd, and was sub-
secuently continued from time to time.

"The Committee of Engineers was unable to agree upon any
change in the proration plan, for the obvious reason that
no change could be made in an attempt to satisfy Stanolind's
claims without lessening the a&llowable of most of the other
companles.

nStanolind is opposed to the present proration plan for
the following reasons

"Too much wéight is given to potential, which has little
or no relationship to the oil in place beneath the tract.

®Stanolind, early in the nistory of the gool, lost great
quantities of oil by water movement which swept across

the upper pays of its properties, moving 01l toward the

crest of the structure where it was produced by other
operators. The reason Stanoelind lost this oil to other
operators was that the upper pay section on seversgl of

its leases on the southwest flank was much more permesable
than other leases around the water edge of the field; as

oil was withdrawn from up structure, the water finding
casiest access through the more permeable pays of Stanolind's



leases, displaced oil therefrom rapidly. <£tanolind set
more packers than any other company in order that no

waste would occur in the field, thus giving up its oppor-
tunlty to produce this upper o0il wnich finally moved on and
was produced by other operators. If the loss of this oil
for the sake of conservation cannot be compensated for

to Stanolind, then the least that can be done is to

allow Stanolind the same opportunity given operators in
other Lea County pools, through the proper use of the
acreage factor, to recover the remaining oil.

"Not only did Stanolind give up this upper oil through
the setting of packers, but the packer wells were dis-
eriminated against in the erroneous method of correcting
thelr potentlisals, through an adjusted bottom hole pressure
factor, which cut the output from packer wells so that the
allowable was reduced to a point where equity was no
longer observed.

"Stanolind has further lost in its daily allowable over

a period of years due to an inequitable use of the bottonm
hole pressure corredtion factor. The method of correcting
potentials by this boitom hole pressure factor has resulted
in & great many wells reaching a point of no potential,
while at the same time able to produce many hundreds, and
sometimes thousands of barrels of o0il daily. On the

other hand, many wells have galned increased potentials
through the application of this bottom hole pressure
corrective factor, although their bottom hole ressure
steadily declined, & proposition impossible on the face

of it. The Gulf Produection Company has gained more than
200,000 barrels of oil due to the false correction in
potential upward of a number of their wells, by use of
this erroneous, inequitable, unengineering method of
applying bottom hole pressure factor, while Stanolind,

on the other hand, has lost.

*Practically all New Mexico fields are in a lime forma-~
tion, cavernous 1in cinaracter. The caverns are irregular
with no particular uniformity in distribution. Frequentiy
wells but one location apart will develop potentials varying
from 10 to 1, or greater. Acidation has been found to
increase the potentiasl of the low potential wells in
greater ratios than the high potential wells,

"The Jobbs field has been produced & nuamber of years

with an exceedingly high potential faetor, i.e. 75%, in
the proration formula. Gross lnequities have occurred
through these many years through the use of such & formula.
Stenolind leases will never be able to recover the oil
they lost during this period.

%It is the estimate of engineers that about half of

Hobbs o1l nas been recovered, A large portion of this
o0il has been recovered under the basis of 25% acreage

754 potential, while & much smaller amount has been
recovered under the 60%f and 40f potential factors., If

a straight acreage formuls be put into operation during
the remainder of the life of the field, it will have the
same effect of & formula of 33.6f potential 66.4% acreage,
over the whole life of the field, aszuming that the fleld

-7



be half produced now. Although this is apparently
true, 1t will not be true actually, becazuse the final
20% or 30% of production will be upon & pumping or
stripping well basis, which will not be affected by
any proration formulea. '

"For more than the past five years the State of New
Mexico's allocation among the various fields has been
upon & 40 acre unit basis. This oil has been allowed

to Hobbs on a basis of the number of 40 acre units in
Hobbs. However, when the amount of oil earned by

Hobbs in this manner is allocated among the leases

in the field, straight acreage is no longer recognized,
40% of the allowable being given to the tracts on the
basis of erronecus potentials corrected by an erroneous
method of applying bottom hole pressures, and further
modified, particularly insofar as Stanolind's leases

are concerned, by drastic penalizing of the allowable
given packer wells, which, on account of being fortunately
placed in a highly productive part of the field were not
#llowed to take advantagje of their situation and recover
the oil in place, simply because the formation was 50
permeable that it offered easiest access to the water
drive responsible for the production of the oil from

the reservoir.®

Stanolind's position is tihis. What we want is &an
opportunity during the remaining life of the field to
have the same opportunity that every producer in every
other pool in Lea County hes - to have an alliocation or
production based on stralght acresge. The Monument is
80% acreage and 20% bottom hole pressure differential.

Thereupon, the various witnesses were called and duly sworn

by Mr. Worden.,

¥r. G, H. Card testified as follows:

JUDGE SETH: Please state your name.

A.
Q.
A.

Qo
A,

G. H. Card.
What is your profession?

I am Division Engineer for the Stanolind 01l and Gas Company
in Port Worth. Petroleum Engineer.

Will you please state your training.

I graduated from Stanford University in 19<4 with a degree in
engineering and economics and got a graduate petroleum engineering
degree in 1932 from Stanford., I worked in the Hendrick Field in
West Texas in 1932 for about & year and then went to East Texas

for & yeur and then to Fort Worth as Petroleum Engineer where I

did considerable petroleum engineering work on the West Texas and
New Mexico fields. I was in our Tulsa office as & petroleum engineer
for two years and aslso did a great deal of petroleum engineering

work on West Texss and New Mexico Fields, and since March, 1937,

I have been Division Engineer in Port Worth, in charge of engineering
work in West Texas and New Mexico.



How many years has your work included the Les County Field
in New Hexico, including Hobbs?

For sbout five years.
Are you familiar with conditions in the Lea County Pools?
Yes, sir.

¥nat 1s the general nature of the Hobbs pools? By that I
mean from what kind of formation is the o0il produced?

Tae oil in the Hobbs field is produced from Dolomitic lime-
stone foramation.

And what 1s the formation in the Monument Field?
Same type.

And the Eunice Field?

Same type.

And 1s that generally true, with some minor exceptions, in
all the pools in Lea County?

It is true with the exception of the sund fields east of the
lime flelds, '

Do you know how the allowable for the whole state after it
has been determined by the Commission is sllocated to the
various pools?

It is allocated among the pools on the basis of 40-azecre units,
And is that true of all Lea County pools?

That'!s true.

And does that have the same effect as an allocation on an
acreage basis?

Same as a stralgnt acreage basis,

Bow is the production in the Eunice Field allocated among the
various wells?

On & straight acreage basis., Euch forty-acre unit getting
the same allowable,

Monument?

80% ascreage and 20% bottom nole pressure.

Hobbs?

Allocated on 60% acreage and 40f potential. That is, 40%

average unit potential with potential adjusted every six
months with bottom hole pressure.

In your opinion, is there sueh difference between the three pools as
justifies any difference in the allocation of the allowable to the

wells in esch one?

No difference.



Q.

Ao

Q.

Qo

A,
Q.

Q.

A.
Q.

A,

]

A,
Qe

Now, the New Mexico laws require this Commission to give each
operator in the pool a falr share of the recoverable oil to
the extent that 1t may be recovered without waste. Now, in
determining this matter of fair share of recoverable oii, what
factors are used in determining such matters, Mr. Card?

The factors used are acreage, pay thickness, porosity and
percent of recovery.

What does porosity mean?

Meanz the vold space in the reservoir where the oil --

Porosity is the measure of volume of oll that any particular
underground reservolr will contain? Measure of guantity of
oil?

Yes.

What is permeablility?

Permeability is the fluid conduetivity factor of the reservoir.
It is the meszsure of the flowing capacity - the ease with which
the fluid can flow out through the ressrvoir.

Permeability is the faecility with whicu oil will flow through
the ground?

Tnat's true.

Now, these factors you spoke of - acreage, pay thickness,
porosity and percentage recovery, are they subject to guentitative
determination?

Acreage is subject to quantitative determination. Pay thickness
is subject to quantitative determination in a rough way. Porosity
in limestone fields sueh as Hobbs iz not subject to quantitative
determination, because it has been impossible in the Hobbs field
to obtain any cores through the perous producing section of the
reservoir. Therefore it has been impossible to determine the
porosity in many wells.

Why has it Deen impossible to obtain satisfactory cores?
Because of the cavernous condition or nature of the reservoir.

Is there & varlation among the various wells in Hobbs in this
matter of cavernous condition of porosity?

In each individual well and contigucus and adjacent wells -~ very
wide variance.

Can any fair average per cent of porosity be estimated in the
Ho:bs fleld in your judgment?

No, it cannot be estimated.

And can this factor of porosity be used in determining the oil
in place at Hobbs with any degree of accuracy?

No, not &t &ll.

Returning to the other factor you mention -~ percent of recovery.
¥hat factors enmter into that?



A.
Ce

A.

QQ
A

Q .
A.
Qe

A.
Qe

A.
Q.

Q.

Qo

The factors of permeabllity, method of production which includes
conservation of energy in the reservoir and &lso the type of
expelling force in the reservoir.

By "expelling force" you mean water drive or gas drive, or what-
ever 1s present in & particular pool?

That'!'s true,

Mr., Card, what per cent of the oil in the Hobbs pool lias been
produced up L0 the present date, in your opinion?

About fifty per cent.
Has there been any gas cap developed?

Yes, there nas been & tremendous gas cap developed throughout
the top of the structure.

And is there & water drive?
Yes.

Anc what effect has that had on the c¢il now left in slace? By
that I mean has it naed any tendency to even up the oil remaining
in place, in your opinion?

Yes, due to this development of the gas cap throughout the top
of the structure it has leveled off so that &t present the oil
saturated section is more or less uniform.

The gus cap and the water drive have aore or less mn:zde the re-
maining oil amd gas in plaee uniform throughout the field -
sort of pancaked it and flattened it out?

That's true.

For that reason would an screage basis probably more fairly
represent the recoverable oll than it would perhaps in the
beginning of the productien? -

At the present time, yes.
As to what i3 left there?
Yes.

Mr. Card, golng back to the various factors we have Leen dis-
cussing, is there any relatlomghip in your judgment between
porosity, that is, the volume of oll in & given area, and
permeability?

The only relationship is gquantitative. 4 given rock is perumesable
by virtue of 1its porosity. Obviously, & rock with uo porosity
could have no permeability, or & rock with a high perosity could
be either slightly permeabie

Would it be possible For & rock t0 have numerous openings or

cavities in 1% and have high porosity, yet 1f those openings

or cavities were not connected, it would have no permeability
wvhatever?

That's true.

» medium permeable, or highly permeable.



Q.
A,
Q.
A.
Q.

What bearing, if &ny, does permeabllity or ths degree of per-
meability have on the amount of oil in pluce under s given area?

It has no pearing at &ll on the cil in piaee. It is uerely
the measure of the esse with which the fluld flows out from the
reservoir.

In other words, permeabillty means merely the movenent and
not the quantiiy of oil in the ground?

That's true,

Is it possible to set & definlte percentage of recovsry in
the Hobbs field?

No, I would say not. Due to the veriation in the elements
affecting this fasctor.

Is potential & factor that can be used in calculating oil in
place?.

Ko, s8ir, it cannot.
What does potential really measure?

Potential 18 a measure of the permeability, the pay thickness
and the bottom hole pressure in a particular well.

¥nat has been the relation between ultimate recovery and
potential irn prorated and unprorated flelds within your knowledge?

The relationship of these two factors in a prorated field has
given ultimate recoveries to prorsted leases entirely different
than they would have received 1f the field had been operated
under wide open conditioms or under the law of capture.

Do you know of any example of this in the limestone fields?
Yes, the Hendrick Fileld in Texas.

That field is immedlately south of the state line in Texas?

Imnediately south of the state iine, in Texas, on the same trend
of the lime fields in Hew Mexleo.

On the same trend as Hobbs &nd Monument and Eunice Flelds?
Yes.

And it 1s a lime field?

It 15 producing from & limestone horizon.

What has been the relationship in that field between potentials
and ultimate recovery and the type of flow?

In tne Hendrick field there Lag been practically no restriction
of production and ever since developament the field has been
produced under wide open conditions, There has been found no

relstionship between the potentlal of the wells and their
ultimate recovery.
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G. Has that field produced the greater part of its oil?
A, It is in its last stages of production at this time.

Q. Bave you made up an exnibit indicating the relatiomnshipy between
initial production end ultimate recovery 1in the Hendrick field?

A, Yes, sir.
Q. ¥ill you produce it, please?

(Exnibit "A" introduced into evidence.)
Q. Please explain what the scele on the left hand side of the
figure means?

A. This scale shows the ac&n initiel potential of the lesase in
barrels per day and the bottom scale is the mean or aversage
recovery per &¢re in thousands of barrels per day for the lease,

Qe Will you take some of the wells and siow whether tiae ultimate
recovery &greed or was in conformity with the original potential?

A. VFor example, here are leases 28 and 26 with practically the
same average initisl potsntial of 2200 parrels per day and the
recovery up to September 1, 1939, per acre widely varies., It is
about ten or eleven thousand barrels per acre on lease 28 and
about twenty-five or tweniy-six thousand barrels on lease 26.
You can take other numerous examples througnout this diagrem
and see how widely the average initial potentials of the
various leases vary with their average recovery per acre. There
re fuur or flve other leasss having an average initlal potential
of twlce the average initial potential of lease 26 and their
average recovery per acre is less than half that of lease 26,

Q. You gather frow that, that was a lime fleld? And could you state
that there is no relation beiween potantial and ultizste recovery
in that field?

A. Ia the Hendrieck Field, very little or no relstion tetween initisl
potential anc recovery.

Q. If that field had been prorated under restricted outlet on
potential, what would have been the effect on the wells?

A. Tne wvater would have controlled. The wells up structure would
heve drzined the oil from the wells down structure where the
water drive was coxzing from. There would have bzen regional
drainage instead of local drainage, which was the case in the
Hendricks fleld, produced in wide-open conditions.

Q. Wuat do you mean by local drainage?
A. V¥hen & fileld is produced wide open, dach well drazine its local

dreinage area, The high potentisl wells go to water first after
the oil is partially exheausted,
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A.
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C.
A,

G.
A.

Go

Q.

Q.
A.
Q.
A,

Qo

A

A,

Q.
A,

That going

to water - 1s that conducive to waste of oil?

Yees., It hes been considered waste of oil due to ovperating under
wide-open conditions leaving large quantities of oil underground.

In the Hobbs field under the various proration formulas, what
kind of drainsge h&s that resulted in?

The Hobbs field has been producing under conditions of reglonsal

drainage.

¥hat do you wmean by reglional drainage?

Due to ithe

restricted outlet under proration, the field produces

much less than &t its greetest capacity. The wells with high

potentials

produce large volumes of oil and drain oil from

neighboring wells. Wells on the upper parts of the structure
produce oil and have that oll replaced from edge wells which
are subjected to & water drive such &8s on the Scouthwest flank
of tone structure.

Have you some maps showing tils manner of regional drainage?

Yes, sir.

Are these maps of the HoLbs pool?

Yes, slr.

(Maps marxed Exhibits "B", "C® und "D" introduced into evidence.)

And Jdo cuey

Yes, sir.
Now, a3 to

Tnis is au

represent conditions in the dobbs fieid?

Expibiv "BY, State what buat 13.

idealized cross section.

Can you suow on tihe nap next 0 i¢ where Lhe cross section 1s?

Right here.

Along the north line of wells just south of the

section line betwesn townships 18 and 19 South,

Explain whut that exhibii shows?

Exhibit "B" shows the blanket encroachuent of wacver across the

upper zone.
white lime;
represents

I might explain that the top line is the top of the
the second line representis the lapervious zone which
the division between the first pay and the second

pay, &and the tuird llne represents the sandy bresx between the

second pay

and the third pay.

There are three zones thut are pays?

Yes, sir.

Are they sepsrete and distinct?

Yes, sir.

Tne water reached eath one of the wells as shown by

the vertical lines on the dutes shown on the exhiblt by those

wells.
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A.

Can you give some of the dates without xzuch trouble?

Landretn Btate C-1, l-xz-31; Stanoiind scxinley o, 10-8-322;
Sun McKinley 1, 2-47-33; Sun dckinley 3, 3-14-32; Stanolind
State 8, 1ll-22-32; Stanolind Byers &, 1-10-36.

That shows the water encroachment in the upper pay?

The rapid advance of the water across tihe southwest flank of
vhe I'ield,

Now, take the next pay.

This is the second pay. The water encroacnment is not near as

rapld because this pay 18 not nsur &3 permeable. Lhe water
encroaciment in the upper pay has besn much more rapid because

of higher permeabllity. This rapid water encroachment illustrates
what we were talking abouv & Little wnile sugo. This water encroached
across this section of the field at a very rapid rate, displaeing

0ill from the upper pay, pushing the oil on up structure and

replacing the oil produced by the up structure wells.

Now, take the next exhibit - Exhibit ¥(® - and expiain what
Taat is.

These two Exhipits "C" und "D¥ nere are practically the saume,
The various lines show the water encrcachment by years. Esch
color on Exhibit "C¥ shovs the waler encroachuwent [or that year
and the last color shows the water encroacnment to 10/1/39.

You can see how fast the water moved across Stanolind properties
from 1931 to 1933,

Now the other one -~ Exhibit ¥DM" - will you pilesase explain that?

It is the same, A water encroschuent map, only colored differently,
and the red circles are wells in which packers are set to eontrol
the water production. 7These water packers have veen set here

1n the impervious zone hetween the first and second pays and

in the sandy break between the second and third pays.

The water pacxkers are set between ithe pays, is that correct?
Yes, sir.
And what 1is the purpose of them?

To shut off the water production from the upper zone in that
well end also to conserve the reservoir ensrgy of the field,

If the packer were placed al the pbottoa of thut first pay,
would 1t nave tne effect of stopping production in that well
from the pay above where the packer is set?

Yes, and there would De 00 more Oll or water pruduced from
that particuiar pay provided the perforations in the tubing
were bpelow the packer.

How did the setting of these water packers affect the production
of o0il irus uhese wells?

Woen Lue pacKers were set below these zones, these particular

wells lost all chanece of recevering &ny xzore oil from the
particular section below which tine packers were sat,
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and thils oill moved on up structure shead of the water drive.

Q.

A.
G
A.
Q.
A,
Q.
A.
Qe

A

Q.

A.
Q.

A.

Q.
A.

That water coming ime. Is that an illustration of what is known
as water drive?

Yes, sir.

Is thet water coming in under pressure?
Yes, sir.

High pressure?

Yes, sir.

From tihe southwest flaung of the field?
Yes,

And sfter 1t comes in, winat nappens to the oil up there, if
anything?

As wauter comes in, the oll surrounding the low structiure wells
is forced up structure, replacing the oil that is produced up
struciure.

And the water coming in pushed the oll that was left there ahead
of 1t, was that true?

Ye8.

Could those wells where those peackers have peen set still have
been produced without packers?

Yes, they could have been produced wlthoul packers, but it would
have been necessary to handle large guantities of water from
these wells and this would have been injurious to the reservoir
energy of the fileld, as it would have lowered the reservoir
pressure because the malntensnce of reservoir pressure is
depencent on the watsr,

And production from that gzone after water came in would huve
resulted in many times as anuch total fluild production if packers
had not been set?

Yes, many times.
Would that have had & bad effect on the wells on up structure?

It would have reduced the pressure on the wells on the up
structure. Many of these wells up here would Le pumplng today
if packers had not been set in our wells, but they would not
nave &s much oll as they bave with the psckers.

Wiere 18 most of the water in the field being produced now?

Most of the water in the field today is Leing produced north
of this section line between setilons z4 and 25 and the cast
tier of section3z. As & matter of fact, the report of the
proratiorn office showing water production for August, 1939,
shows that 7186 barrels of water per dey 1s being oroduced
or 77% of the total water production of the field.
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A,
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A.

A.

Qe
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How much in the yellow part of the wap?

South of this vlack iine here (indiecating), in August there
rere 1329 berrels of water being produced, or 14.3% of the
totsl water produced in the field,

Have packers been set in the north end of the field¥ O:iher
than you show there by red circles?

Yue red circles are the packer wells, and in addition two or
three other wells have oeen plugged back to control water.

What nas been the effact of unot setting packers ia the north
end?

You can see from the figures I have just given the water
sroduction up here is muech greater than down here shere
packers have been set to control water,

The; are producing in many instances much more water than
oil?

Yes, sir.

Yhat effect does that have on the conservation of oil and
ultimate recovery?

It hes a very injurious effect,

¥hy werer!'t more peckers set in the north end of the field?
It would appear that due to the proretion formule thnat has
been in effect, that 1s, the correction of potentials by
bottom hole pressure, and the ussigning of the field average
pressure to packer wells, these wells would e assigned
lower pressures after packers were set than they hed before
or would have if packers were not set, and tinerefore their
potentials and allowable would he reduced.

That part of the allowable based on potentisl would be
reduced?

Yes.

Do those maps, partlieularly Exhibits ¥i¥ and "CY, show what
you nean by regionsal drainage rather than locsal drainaye?

Yes, sir.

If tnere had neern local drainaze, would tnere nave oeen
water encroachment around esch well rather tnan blanxket
encroachment?

Yes, sir.

Do you know how many water packers have been set in the field
there?

There have been 24 water peckers set in the field.
How meny hes Stenoliné set?
0f these, Stenolind has 13. This is a far greater percentage

than we have acreage in the field, as we have sbout <2% of the
acreage.,
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A.
Q.

Ao

Q.
Qe

You talked about these maps showing the regional drainsye. Is
there some local drainage in the Hobbs pool?

Yes, I DLelieve there s=re certain portions of the field operating
ungsr local drainsage.

¥hat portions of the field are there?

I would say the extreme southeast section of the field in the
ilow permeable ares.

¥hy is that section being operated under local drainage?

Becauss of the low permeabllity of tnsat ares., Trere is no
drainage elther to or from that area.

Tue lo# permeability smeaus the dirficulty of the fluld to flow
through the reservolr?

Yes, sir,

Could Stanolimd have produced from that upper pey after water
camé in for a considerable time, in vour opinion?

Y«8, sir, they could.

Bave you &ny refersnce (o any literature on petroleum engineering
wnich contains any reference to the relationship between potentisl
and other factors used irn calcuidting oil in place?

Yes, sir, 1 have one here. It 18 contained in the proceedings
of the Third Pennsylvanla ¥ineral Convention, Petroleum and
liatural Ge&s Seetlon, Bulletln Ho. 12 of the Pennsylvenis State
College, in & peper written Dy G. H. Fencher, J, A, Lewis and
K. B. Barnes.

Will you state who these mén are?

Mr. Fancher is one of the Petroleum Prolessors at tue University
of Texas. Mr. Lewls is operating a core iaboratory which analyses
cores in Dallas, Texaw, and kr. Barnes works for tiue Gulf Produe-
tion Company.

And wnat is the title?

ngéme Physical Characteristics of 0il Eauds."

¥1ill you read some of ithat?

On paxe 7¢ of tiile pulletin eppears tae FUl_o%in, Lentence:

VA map vurporting to show profilles of coustant
porosity was prepared by Rounds (129) for the Hobbs
pooli in New Mexico. Tie lines were establiciusd by
connecting wells of e.roximetely equal initliel
procuection. It would seem thal such lines are
lines of constant permeabllity rather thsrn constant
porosity and serves to illugtrave the unforiunsie
conrusion prevalent conceriing the WO properties."
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Qe
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Tney speak of "lines of constant porosity." Does that mean
lines of o0il in place?

Porosity is & measure of oil in place.
That would mean lines of equal porosity?

Lines drawn through equal porosity. However, the authors

stated that these lines were really lines of constant permeability

rather than lines of constant porosity.
And was there considerable &scldation of wells at Hobbs?
Yes, sir.

Did that begin in March, 1933, and continue up to about
October, 19347

Yes, sir.

Now, by acidation means that acid was pumped down these wells?

Yes, sir.
And the idea is it eats up the lime?

Bats up the limestone formation in the producing section
around the well.

The idea is to make the o0il come to the well wore readily?
Increases the permeablility.
Does it reach very far baek? The effects of 1t?

It depends on now much acid you put in and the condition of
the reservoir when you put it in,

And it doesn't cover large areas, like a forty-acre tract?
Ro.

Was that acid campaign pretty gemeral with Hobbs?

Yes, there was & large number of wells acidized.

A8 & result of this campaign, do you know how nmuch the
potentials were increased on the acidized wells?

They were increased approximately from one million barrels
per day to 1,900,000 barrels per day.

Almost double?

Yes. ‘

As & result of this increase in potential, due to acidation,
did the Hobbs Engineering Committee increase their estimate
of ultimate recovery from the field?

No estimate was made whatever.



Q.

A.

Q.
A,
Q.
A.
Q.

A,
Q.
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Could acidation in any amanner increase the total of recoverable
oll in place under any particular tract of land?

No, in my opinion it would not inecrease the oil in place, but it
may slightly increase the recovery factor.

It might make 1t more easy to recover the oil?
Yes, sir.

But wouldn't increase the oil under the land?
No,

You testified, Mr, Card, as to the rapid water encroachment
across the southwest flank of the Hobbs pool and across the
Stanolind leases in that area. Have you made a caleculation
of the amount of oil that Stanolind lost due to this rapid
water encroachment?

Yes, sir.

Will you please explain how these figures were calculated and
state your figures as to the total loss of Stanolind in that
area?

The manner in which the calculations were made I will read from
this page here. "The following data and assumptions were made
in calculating the effects of water flooding on Stanolind wells
in the Hobbs field, Lea County, New Mexico, to August 1, 1939

l. Wells Considered - Only those wells which now contain
water packers, or those producing an appreciable amount of
water, were used., Where the migration due to water flooding
appeared to be to other Stanolind properties, the well flooded
was not considered,

2. QOriginal Recoverable 01l gf.Placg - The original oil
in place was calculated on the ratio of the pay thickness
of the unit to the total feet of pay in the field, and an
ultimate recovery of 175 million barrels for the total field.
(Pey thickness in the above means $he intefval from the average
top of the white lime for each unit§ to the -600 datum, below
sea level.) The original oil in place was also corrected for
the time the well was drilled by assuming that its unit had
been depleted that percent which the production of the field
at that time bears to the estimated ultimate field recovery,

3. Fluid Zones, Original Recpversble 0il in Place and
Division of Produgtion -~ It was aldo assumed that e original
recoverable oil in plece and the production from the flooded
zones was in the ratic of the thickness of the flooded zones
to the total pay thickness of the unit until either a packer -
was set or until the present if n¢ psacker was set.

ate nent spd Percent of Zone Flooded -
The rate of to have been uniform from
the time water first appeared in the well up until the time
it was packed off, or up untll the present if no packer was
set, in which case the water produding zone is considered to be
flooded the percent shown on the latest Zj-hour individual well
production tests. The zones encroached were taken from the
latest revision of water encroachmant maps for each zone.

5., Other Date ~ Byers NE/, No. 33 - Only Zone 1 drilled.

New Mexico's 8tate Conservation Law became
effective June 1, 1935,%




Q.

Qe

A.
Q.

Q.

Q.

A,

According to these calculstions, Stanolind hes lost in this
area, the southwest flank of the field, up to August 1, 1939,
from the time of the development of the leases, 1,550,000
barrels and from Jume 1, 1935, up to August 1, 1939, which
first date was the date the conservation law went into effect,
Btanolind leases have lost 518,000 barrels.

That 1is the result of your celculations zm&de in the manner
you have testified?
Yes, sir.

And you believe it was & falr method of making the caleulations?
Yes, sir.

If you had vased your calculetions merely on acreage, would it
have been more or less?

The loss would probably have been more.,

And, of course, iti 1s & matter of Jjudicial knowledge that the
present proration plan for Hobbs 13 60% acreage and 40¥ potential?

Yes, sir.

And there 1s & provislon azade for adjustment of potential by
bottom hole pressure?

Yes, sir.
Will you please state that formula? How it operates?

The bottom hole pressure correction formula is the new well
potential equals the old well potential times a fraction
whose numerator 1s the new well pressure minus two-thirds
the present fleld average pressure and the denominator is
the previous field saverage pressure minus two-thirds of the
present field aversge pressure.

How often are these sdjustments made under the present formula?
Every six months.

Under this formula might a well Ind¢rease in potential even
though 1its pressure declines?

Yes, the way this bottom hole pressure formula works, as long
as the well's pressure during any perticular survey is sbove
the field average pressure, no mastter if the pressure on that
well increased or decreased from the previous survey, the
potential on the well will be inéreased; and, on the other
hand, if a well's pressure 1s below the field average, whether
or not its pressure has inersased or decreased, 1ts potential
will be declined. For example, 1f a2 well had a pressure of
925 pounds and increased from one Ssurvey to the next to 950
pounds, its potential would be declined because its pressure
is below the field average, which is now about 1180 pounds.
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And those that remain above the average of the field will get
increases in potential, although there may have been a material
drop in pressure?

Yos.
How are packer wells handled?

Packer wells are assigned the fleld average pressure. It was
thought at the time the pressure adjustment formula was put

in thet the packer wells should not be discriminated against
because the packers were set to conserve the energy of the fileld
and it was decided to assign to these wells the fleld average
pressure. Also non~packer wells on which pressures are not
taken are assigned the pressure of the closest well or the
average pressure of the closest wells.

And how long has this method of adjustment of potential by
bottom hole pressure been used?

Since November, 1933.

Up to January 1, 1937, it has operated on 75% of the allowable?
Yes, sir.

And since January 1, 1937, 1t has operated on 40f of the allowable?
Yes,

What has been the result of the application of this formula,
bottom hole pressure business, to potential?

Ags a result of this formula, there are fifteen wells in the
field which have been reduced to zero potential. Stanolind
has eight of these wells,

These fifteen wells that were reduced to Zero potential, if the
top allowable is 60 barrels, the utmost that they could allow
to be produced would be sixty per cent?

Tnat would be 36 barrels.

What do individual well tesis and over and short statements show
regarding the Stanoclind wells that have zero potentials?

Individual well tests show thet the Stanolind wells which now
nave zero potential are capable of meking their allowable greatly
in excess of their allowable, and also over and short statements
show that they are capable of making thelir allowable.

Yet under the present formuls they do not get any amore than the
00% allowed them for acreage?

Ycg.

Beve sny wells had large increases in adjusted potentisl &s a
result of using this bottom hole pressure formuls?

Yes, there are many wells which have had large inereases in

potential due to bottom hole pressure correction. There are
about five wells in the field now which have rated potentials



in excess of 26,000 barrels per day. I mention 26,000, as that
is the highest potential after acid recorded in the field.

Have these five wells had &n incres&se in their adjusted

potential since the present proration went into effect Jasnuary 1,
19377

Yes, they have had large increases in potential. This incré&gé-
has ranged from 4500 to 7800 barrels per day in potential, v

And they have had the advantage of this increase for nearly \
three ysars on 40% of their allowsble? \

Yes, sir,

Has anything happened that could have increased the oil in
place under those leases?

Absolutely nothing that I know of,

Do you believe this method of adjuating potentisls by bottom
hole pressure has been equitable?

I certainly do not. The erroneous potentials which it has
created 18 alome sufficient to condemn it,

There are fifteen wells, I believe you said, tnat do not get 40%
of the allocation based on potential at all, is that true?

That's true,

By assigning the field average pressure to packer wells instead
of deelining their potentlals by the field average decline in
potential in other wells, have Stanolind packer wells been
penalized?

Yes.

How much greater would the present gpotential now be if they

had been declined sccording to the field average decline instead
of by assigning the field average pressure?

The potential of Stanolind packer wells would now be 57,260
barrels greater than it is &t the present time.

In other words, Stanolind has suffered z considerable loss in
allowable by setting packers dus to adjustment of potential
on packer wells, =nd has also given up large gquantities of oil
to up structure leases?

Yes, sir.

¥nich company at Hobbs has benefited the most due to bottom
hole pressure adjustment?

The Gulf.

How much has their allowable been inereased by bottom nole
pressure over and above what their mllowables would have been
if the potential had not been adjusted?

Up to September 1, 1939, about 198,000 barrels, znd at the
present time it would no doubt be in excess of 200,000 barrels.

S
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A,
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That is the increase in potentisals of the Gulf wells?
That is incresse in allowable.

In allowable?

Yes.

Has that been in real oil produced during the period?
YeSe

They have been given that meny barrels by reason of tihis bottom
hole pressure formulsa?

Yes, bottom hole pressure formula.

Have you & diagram showing the relationsnhip or lack of relation-
ship between bottom hole pressure and potential?

Yes, sir.

Thereupon, Judge Seth suggested that the hearing be recessed,

which suggestion was adopted, and the hearing stood in recess

until 9100 A, M. the following morning, December 7.

I, Irene Kershner, hereby certify that the above and

foregoing twenty~three and & fraction pages of typewritten
matter constitute a true, correet and complete transcript of the
shorthand notes taken by me at the hearing before the 0il
Conservation Commission held in the Hause of Hepresentatives,
Stg;e Capitol, Santa Fe, New Hexico, on Wednesday, December 6,
1939,
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CASE No. 14

To consider revising the Hobbs Proration Order, and the
Monument Proration Order.

MORNING SESSION, DECEMBER 7, 1939

Pursuasnt to recess, the hearing in Case No. 14 was resumed at
9:00 o'clock, A. M. on December 7, 1939, all members of the
Commission being present, the Honorable John E. Miles pre-

siding, whereupon the following proceedings were had, to-wit:

BY MR. HUBBARD: Mr. Chairmen: I am W. E. Hubbard, of the Humble

0il Company. I do not know whether our appearance has been
entered here, but at this time we desire to enter such appear-
ance .

I would also like to say that we have no specific formula
to offer for whatever may be worked out. However, Mr. R. S.
Dewey, who since the inception of the Hobbs oil field, has been
in charge of our engineering force in New Mexico, has prepared
some data, of an economic nature, which is rather germane to
this whole matter, I have asked the plaintiffs if it would
sulit them 1If we would inject this data at this time, and they
have agreed. I would like to ask Mr. Dewey to give this matter

in his own manner,

R. S. DEWEY,

being first duly sworn to tell the truth, the whole truth and
nothing but the truth, was examined by Mr. Hubbard, and testifiled
as follows:

DIRECT EXAMINATION

BY MR. HUBBARD: We have a number of exhibits here --

BY MR. WORDEN: For the sake of the record, I think Mr. Dewey should
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be qualified -- I take i1t he is offering this data as an expert.
Your name is R. S. Dewey?

Yese.

You are an employee of the Humble 011 Company?

Yes, sir.

BY KR. SETH: We admit his qualifications,

Q

Exhibit No. 1 1s presented to show the distribution of the higher
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gas-oil ratioc of wells, as represented in the exhibit, in
December, 1938. I understand corrective measures have been
taken in two cases =-- I think both are on the Gulf lands,

This will be offered in evidence as an exhibit. (Map is
displayed on frame, and marked "Humble Exhibit No. 1).

I will ask Mr. Dewey to explain this map.

The red color indicates the gas oil ratios in excess of 5,000
cu., ft. per barrel; the green color those gas 0il ratios between
4,000 and 5,000 cu. ft.,; and the blue color those gas oil ratios
between 3,000 and 4,000 cu. ft. per barrel. The upper black
figures in ink indicate the monthly oil allowable, The mlddle
black figure indicates the gas oll ratios, and the lower black
figures indicate the monthly production of water.

Exhibit No. 2 consists of tabulated oil and water production
by years for the period 1934 to 1938, inclusive., This data was
compiled from the Hobbs Engineering Committee'!s annual reports.
It consists of columms of figures giving the oil production,
barrels of water, total barrels of oil, total fluid and water
percentage.

On the map ldentified as Humble Exhibit 2-A, this informa-
tion shows the year 1938. The upper figures in black ink is the
total barrels of oil for the year. The little figures in red
ink, the total barrels of water for the year 1938; and the
lower figures in red ink 1s the water percentage of the total
fluid,

Exhibit Nos. 3 1s a tabuletion of the various potentials
adjustments which have occurred to bottom hole pressure ad-
justments under Plan 2A. In the first column the potentials
have been shown. This column represents the potentials just
prior to the adoption of Plan 2A. This columm is not the last
tested potential, as it contains some potentials which were
modified under plan lA. Plan 1A was in effect for only a short
period of time., The last columns indicate the amount and the
percentage that each potential has been lncreased or decreased
by virtue of bottom hole pressure adjustments under Plan 2A.

The summary sheet gives the amount of potential incresse or
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decrease, by companies.

On the map ldentified as Exhibit 3-A the distribution of
potential increase and correction, as the result of Plan 24
has been depicted. The green color shows wells that lost their
entire potential., The yellow shows wells modified by field
average pressure. The red shows units with assigned pressures,
rather then actually taken on the February, 1939 survey. The
white color shows units on which pressure was taken 1in the
February, 1939 survey. The black figures show shut-in bottom
hole pressures prior to the adoption of Plan 2A and on the
February, 1939 survey. The percentage figures indicate the
percentage of pressure decline over the period since the ad-
option of Plan 2A.

On the map identified as Exhibit 3-B, the yellow color
depicts units with potential increase due to the operation of
Plan 2A, The black figures indicate the amount of potential
increase; and the percentage figures, the percenta ge increase
of potentials due to Plan 2A, The white color shows units that
lost potential due to the operation of Plan 2A. The red‘figures
indicate the loss of potential; and the red percentage figures,
the percentage of loss attributable to Plan 2A. The packer
units have lost about 36% of their potential.

Exhibit Noe. 4 is a table in which the results of the various
shut-in pressures have been compiled.

Exhiblt No. 5 is a table entitled "Complete Report Acid
Tests, Hobbs Pool, to December 31, 1934", which appears on the
Hobbs Engineering Report for the year 1934, at pages 534, 544,
554, 56A and 57A.

Exhibit No. 6 1s a tabulatlon prepared by the Lea County
Engineering Committee office at my request to supplement and
continue the table identified as Exhibit No., 5 In the table
in Exhibit No. 6 company tests are shown prior to ascid treat-
ment. As 1t 1s not known how these company tests were made,
it 1s distinguished from the data in the columm "Prior to acid
treatment" in the table in Bxhibit No. 5.

Exhibit No. 7 1s a table compiled from the information
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contained in Exhibits Nos. 5 and 6., It may be noted that of
the 263 wells in the Hobbs Field, three are very small wells
which are permitted to produce four, five and six barrels, re-
spectively., Of the 260 wells, seventy were never effectively
acid treated to increase potential., Some of these wells were
producing water wells or high gas-oill wells which the operators
deemed it hazardous to acid treat. Some of them were packer
wells; others were wells adjacent to water wells., In any event,
aclid treatment in the Hobbs field arrived at too late & date to
permit these seventy wells being effectively acid treated to
increase their potentials,

Seventy-five wells were acid treated with 1,000 gallons
to increase their average potentlal 95%.

Twenty-five wells were acid treated with 2,000 gallons to
increase thelr average potential 104%.

Fourteen wells were acld treated with 3,000 gallons to
obtain an increase in potential of 241%.

And eleven wells were acid treated with 4,000 gallons,
which resulted in a potential increase of 398%.

By platting the potential prior to acld treatment, against
potential subsequent to acid treating, for 1,000 gallons, 2,000
gallons, 3,000 and 4,000 gallons treatment, a series of curves
were obtained as shown on Exhibit 7-A,

For instance, for 1,000 gallons, 98 wells were used to de-
termine the average curve shown. From this study it appears
that up to an initial potential of about 4,500 barrels, there
was a straight line relationship between the potential prior
and subsequent to the acld treatment. Beyond this point a curve
relationship existed whlich limited the percentage of increase
progressively as the natural potential became larger, until a
point was reached, at about a natural potential of 23,500, at
which there would be no increase in potential due to the use of
acid.

In similar manner, the curve for 2,000 gallons shows a
straight line relationshlp there, similar or almost identical
with the 1,000 gallon treatment, in the lower part of the curve.
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This line broke into a curve a little farther to the right
than that for the 1,000 gallon treatment. Seemingly, the up
curvature of the line indicates diminishing returns from acid
treatment of the larger wells, The 3,000 gallon straight line
relationship then curved sharply upward and with the line pro-
jected, this curve passed relatively close to the 1,000 gallon
curve through a polint at about 23,500, and the 23,500 indicating
the casing size limitation factor beyond which sacid treatment
would be ineffective in increasing potential, As the size of
the well potentisl increases, the limitation of 7-inch casing
and 3=-inch tubing results in a limited potential,

The curve for the 4,000 gallons formed to coincide with the
straight line, in the lower part of the curve, of the 3,000
gallon, but to extend farther to the right, With sufficient
data, this curve might have shown an upward curvature present.,

Three other curves from the test data, which is admittedly
inferior to the official potentisl test date referred to pre-
viously -- a straight line or curve is drawn for the 12,000
gallon treatment. As to both the 4,000 gallon and the 12,000
gallon curve, the stralght line relationship, the percentage
increases within the limlts of the data were 398 and 650%,
respectively.

By platting the percentage increase against the number of
gallons used, the curve identified as Exhibit 7-B was constructed,
using zero-zero as one point. To do curves for 1,000, 2,000 and
5,000 gallons, there was no average percentage relationship that
can be applied to thls curve, and consequently the curve from
zero-zero to 398 is indicated as a dotted line,

While the curves for the acld treatment are far from ideal,
there does appear to be a relationship on the average between the
acld treatment potential and the amount of acid used. Individual
cases will show a wide variation from the curves as constructed.
Several wide variations exist in individual wells and the various
potential tests. These varlations led to numerous potential
tests In the area lying in the Hobbs Pool., This series of curves
does afford a method of comparison of potentials with natural
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flow prior to acid treatment, or with 1,000 gallon acid treatment,
or with 3,000 or 4,000 gallon acid treatment. By such adjustment
of potentials to some common basis, it would be possible to
compensate, to some extent, for the wide range of potentials
which exist between the seventy wells never acld treated for
potentials of the wells acld treated with 4,000 gallons or

more to obtain a potential increase of 398% or more.

Should such a potential adjustment be attempted, it is
suggested that the resulting potentlals be fixed by averaging,
by the method proposed by lr. Albertson, of Shell, and described
on page 99 of the Hobbs Annual Report for the year 1933, That
part of the Hobbs Report 1is identified as Exhibit No. 8.

Exhibit Noe. 9 is the November Proration schedule for the
Hobbs field, with particular reference to that part of the
schedule which refers to the Landreth Production Corporation,
State C Lease No. 1, which is believed to have a special allow-
ance due to water at the present time.

From the study you have made, Mr. Dewey, would you say that

the potential in the Hobbs Pool, subsequent to the acid treating
you have described, would be more or less in relationship to

the olil in place, than it would before acid treating?

I think the oil in place was there long prior to anybody trying
the acid treatment.

I don't think you quite get the point. For instance, you have
certain relationship potentials in the edge of the pool, in the
middle of the pool before acld treatment, and it so happens you
have this relationship after acid treatment. I would like to
Imow which relationship would more nearly represent the relation-
ship between the oil in place?

I just can't answer thate

Let me put it another waye Do you think the potentials taken
before acid treatment more nearly represent olil in place than
those taken after acid treating, in the Hobbs Pool?

Under the current statute governing New Mexico oil in place, my
conception of potential 1s merely a very poor co-factor, which
might be applied with other factors to estimate roughly the oil
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in place. I believe that the natural potential prior to acid
treating shows the natural permeability adjacent to the well
bore better than the potential subsequent to acid treating.
Then,1f you were to prorate on the basls of using potentisl

as a factor, you would prefer, in the case of the Hobbs Pool,
those potentials taken prior to acid treatment, rather than
those taken subsequent to acld treating?

I believe they should be adjusted.

Would you also state -- or could you also state that the use of
potentials, if potentials were used which were taken before the
adjusted potentials secured under Plan 24, that a more equitable
allocation would have resulted?

I am convinced of that fact.

CROSS ELAMINATION By lMr. 3eth:

You referred to Plan A2, By that do you mean the plan in effect
at the present time?

Yes, sir.

And what was Plan Al? Was that the plan in effect immediately
preceding --

The plan immediately preceding plan A2, and &lso based on bottom
hole pressure.

Prior to January 1, 1937%?

I think Plan 1A was in effect the latter part of 1934.

Did T understand you to say that the potentials of the seventy
wells, had they been treated with acld, their potentials might

have been increased?

The expectation would be, from all of the results obtained on wells

which were treated, their potentials, on the average, might have
been increased somewhere in the neighborhood of 95%,

I understood you to say the potential indicated the permeability
immediately around the bore hole of the well?

It is a co-factor, depending on several other factors, one of
which is permeability. Permeabllity enters into the potential.
If it indicates the permeability immedistely around the bore
hole, it does not necesserily indicate the oil in place?

No, sir.
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BY GOVERICR VILES:

Under whose supervision was this acid treating done?

As I remember the history, the Atlantic had one well whose
potential was apparently out of line with the potentials of the
surrounding wells, and they asked the Operating Committee for
permission to acid treat this well in order to see if they
could not bring their potential up to the potentials of the
surrounding units. The potential apparently was so much out

of line at the time, and that permission was granted then.

What was granted one operator became available to all operators,
and started an acid treating campaign in the Hobbs Fool. It was
expensive to all operators, and of course, resulted in a re-
allocation of potentials among the operators. Prior to the
Atlantic asking permission to acid treat this well, there had
been a genersal agreement that no wells would be shot. Of course
when one operator did it, it was done by all operators, and it

has been the custom for everybody to acid treat their wells.

BY MR. BODIE:

Q

I believe you stated a while ago you were of the opinion the
potentials established previous to acldation represent more
nearly the oil in place =-- was nearer. Personally I would
rather use it. Then you say ln the case of the Atlantic well
which was very much out of line, they were sllowed to acidize,
and in that case that brought it in line with the surrounding
wells.

On that point, I feel when potentlals are so erratic, the
natural and acid potentials are so erratic, some means should
be employed, 1f they are to be used, whereby they could be
smoothed out. That is why I suggest some method, similar to
that proposed by lr. Albertson and referred to as Exhibit No. 8,
should be used. I think, if the operators, at the time the
Atlantlc seemed to be out of line, had averaged potentials
throughout the field, it would never have been necessary to

acldize that well. It could have been done by averages.

BY ¥R. HUEBARD:

Q

Assuming that the potentials were to play a part in & proration
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formla as one of the functions, would more equity occur if

these potentials were based on all wells being given an acild
treatment of 4,000 gallons, or if some were given a treatment
of 5,000, some 1,000, some 14,000 =-- would more equlty occur
if potentials were based con approximately the same size shot?

A I think that is the case -~ if all were on & common basis of
1,000 or 4,000 gallons, more squity in potentisals would result,

BY JUDGE LOWE: So much data has been introduced, it will be im-
possible to cross examine this witness -~ we would like to have
his cross examination deferred until a little later in the
proceeding. To cross examine him now would consume & lot of
time and would be shooting in the dark ~-

BY MR. HUBBARD: I tried to make myself clear that we do not have any
specific formula to offer as to the method of proration -- that
we would give the history of proration, as we saw it, for use
of the Commission, and for any recommendation either side of
the controversy, or anyone else, might wish to make.

BY MR. WCODWARD:

Q Mr. Dewey, 1is it true that wells having the smaller potentials
before acidation get a larger percentage of increase than the
wells having a large natural potential?

A No, that is not true on the smaller wells acid treated up to
5,000 gallons. On the acld treatments above 3,000 gallons the
limitations of the date are apt to cloud the issue somewhsat.

On those treated with 4,000 gallons or better, it seems they
got the same percentage of increase,

Q Then the scidation, as used -- or if used on some uniform plan,
would have resulted in evening out potentials in the field, or
brought wells up to some uniform potentials?

A Yes, I belleve that 1f everybody had the same oprortunity to
acldize with the same amount, the potentials would have been
more uniform. Some operators have been prevented from treating
their wells; other operators have used as much as 12,000 gallons,

BY GOVERNOR HILES:

Q Were they all on a uniform basls before that time?

A Well, no wells had been acid treated. All were on natural flow
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at that time,

That would vary?

Yes.

Did this acldizing assist in bringing about more flow, or a
uniform flow?

The only idea I know of was to increase potentlals by the
operators who could increase their potentials in order to in-
crease their sllocations at the expense of opersators whose wells

were not available to be acid treated.

BY ¥R. WOODWARD:

FORN
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Some wells in the field had very large potentials naturally?
Naturally, yes. |
Those wells are in a very perrmeable section?

Yes, sir.

And some wells had very low potentials?

Yes, sir,

And those wells are in a very low permeable section?

That 1s right.

When aclidation was used, is it true it brought about more or less
uniformity in permeabillity underground?

The low potential wells had their permeability increased relative-
ly more than the larger potential wells could.

The high potential wells had been lucky enough to hit a cavernous
spot, whereas the low potential wells hit a tight spot?

That is right.

When you acidized in a tight spot, you went down in the well and
hand-maede a cavern, like nature had done in the other?

Attempted to.

That was the tendency?

That was the tendency.

The low potential well, having incressed its flow by acidation,
does that indicate to you it may have had as much o0il in place

as the well that happened to hit a cavernous spot naturally?

No, that would not be conclusive proof of any same amount.

Of course not, but would it indicate the possibility of having
it, having as much there as occumed possibly over here? (Indi-

cating:. ~-10-
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It would tend in that direction, but not conclusively prove, %o
my mind, that thils tract (indicating) would have the same amount
of oil.

0f course not. It does 1lndicate the possibility to be as great
in one as in the other, in certain cases?

In certain cases.

BY MR. BOHART:

Q

O o b

One or two questions. Oil in place and recoverable oil in place

are not necessarily the same, are they?

Noe I don't think I have testified to that, that they are the

same.

I am leading up to getting your opinion on a certain point.

Now, isn't 1t a fact that recoverable o0il in place is the im=-

portant thing?

From the operator's standpoint.

From anyone -- 1f you can't get it, it remains in place?

That 1s right.

Isn't it your opinion, to a certain extent, in numerous cases

at any rate, that acidation has aided in indicating the amount

of recoverable oil in place?

In some cases an acldation has been very helpful.

lLet me give an example: I have in mind a well completed as a

dry hole -- it did not produce. It was acidized and did produce.

Without acldation there would have been no recoveresble oil in

place, With 1it, there was recoversble oil in place, so that

the well produced for the benefit of the operator, the royalty

owner and the state. There are such cases -- there are actual

cases where acldation did assist in recovering recoverable oil

in place?

That is right.

Are you familiar with acidation in Michigan? I believe the con-

sensus of opinion among operators is that acidation in Michigan,

where the production is in the dolomite limestone ==

I am not competent to testify about Michigan at all,

Then I understand it is your ldea, in numerous cases, acidation

has been helpful in indicating the amount of recoverable oil in
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place?

A That is right. ZLots of operators have been fooled by it, too.
Acidation is not wholly wasted effort?
It is not an unmixed blessing.

RE-DIRECT EXAMINATION By Mr. Hubbard:

Q I don't believe you are attempting to say that acidizing has
no place in the oll industry?

A Oh, no, it has 1ts place; like any other tool, 1t can be mis~
applied.

BY COL. ATWOOD:

Q The fact that this dry hole was acidized and was then capable
of producing oil, would indicate there was some recoverable oil
around that hole?

A Undoubtedly there was recoverable oil around the hole. ‘ithout
knowing the history of how the well was completed, we don't know
what happened before acidation, It may be that another method
of completion of the well might have made it a producer. You

would have to know the circumstances.

Q I am assuming thls well was completed in the ordinary way.
A You would have to know the spacing, for one thing.
BY }¥R. RAE:

Q On this matter of the seventy packer wells - I think you indicated
that in your opinion they were not being fairly treated because
they were not acldized. Was that your thought?

A That was my thought. Those wells could not be acidized, whereas
the balance of the 260 wells in the field could be acldized, so
those wells that were acidized naturally obtained some advantage
over wells that could not be.

Q Is it true that those wells that run packers, that in most of
them the upper zones have gone to water, and the reason for
running the packer is to shut off the water in the upper zones?

A That is true, The operators had a general agreement that nobody
should be penalized in potentials due to setting packers to shut
off water or gas. That 1s the assumption I have gone on, that
this gentleman's agreement is still in forcse.
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Suppose we assume those wells did not have packers on the upper
zones., 1s it your oplinion that with the upper zZones almost
entirely flooded, they could have gotten good results?

There is no means of determining --

It may be true that packers being run will not allow those well s
to carry thelr potentials, and that consequently the packer wells
are injurbusly treated?

I disagree ~- my contentlion is that potentials that differ, there
1s a quality factor that can be used with oil in place to indicate
to some extent -=- perhaps to a minor extent -- the quallty acre fed
underlying it. What happens to the well subsequent to its having
the packer 1is getting a potential on the basis of the law of
capture, which I don't believe we want to consider.

I am not trying to have an argument. I am trying to have you
point out why you claim, in packer wells, the lower zones having
gone to water, and in spite of that the engineer allowed those
wells to carry a potentlal which was made prior to the tlme the
well went to water or gas, still you are trying to argue that
when 1t has gone to water, and acid treatment would not do any
good, that well 1s given lack of equity. I don't see any

reason at all for packer wells to cleim that they are inguriously
treated. I think you distinctly stated the acid treatment would
not help if you tock the packer out -=-

Where the well has gone to water, the chances are it would
greatly incresse the amount of water.

And probably the amount of o1l would not be greatly increased?
No, I think we are together, but not expressing ourselves the
same way, Mr. Rae. If it 1s necessary to use potential in

an sallocation formula, I would prefer to see the potential frozen
on the particular well, and carry on with that potential through-
out the 1life of the well, and if acid treatment had been avail-
able at the time these seventy wells were drilled, before they
had gone to water, and they could have had acld treatment and
increased their potential, that potential could have been frozen
and carried on. And that would have given more equity than we
have at the present time, in my estimation. I don't know whether
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I make myself plain =--

I think you do. But still that does not explain why those wells
have been injuriously treated.

Wells that have not been acld treated, that had the ability to
earn a greater potential ==

(Interrupting) Wouldn't it be your opinion that wells in a
field where there were less permeable areas than other parts of
the field, the wells that greatly increased their potential were
in that less permesable area, rather than those on top of the
structure where there is a gas cap?

I think the time factor would help those in the gas zone. They
have a longer life in which to recover the oll than the edge

wells do.

BY COL. ATWOOD:

A

If T follow you clearly, you are not giving it as your opinion
that potential should be disregarded entirely in the Hobbs
Pool?

No, I have no brief for or against potentials.,

Your contention is that if potentisl is to be used, there are
other factors that should be consldered?

I think there are certain inequities in the present use of
potentials.

So your testimony is directed more at the method of computing
potentials than the right to use potentials?

That is right. I am not attempting to present testimony for
or against potentials. Just trying to polnt out some things
that seem to me to have become inequitable in the present use
of potentials.

Then the present ratio of 60 on acreage and 40 on potential could
still be followed, but so that the 40 on potential -- that is
allowed for potential, it should be computed on the basis of the
potential of the well when first drilled in?

I prefer that.

Would you say that regardless of changes in the pressure in
various parts of the pool, that that potential should be frozen
clear on through?
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I prefer that way to what it 1is now.

Isn't it a fact that if any changes in bottom hole pressure come
into existence in a pool, the result is a migration of oil which
takes place from the high pressure areas to the low pressure
areas?-

I have been unable to apply bottom hole pressure adjustments to
potentials in the Hobbs Fool, I should say, in my own mind.

If migration takes place in a pool, what causes it?

Pressure. Differences in pressure.

Higher pressure in one place and lower pressure in another, up
or dom the incline, it would drive the oil from the high pres-
sure area to the low pressure area?

As a general thing, I think that 1ls right.

Is it a falr statement to say that any program for steadily
developing a pool is to prevent migration of oil -- to hold it
in place so that the owner of that deposit may recover the o0il?
I think that is the function of the Commission to determine.
Under the state law they are charged with the duty of conserving
the oll, and second, to allocate the oil. I think that is their
function, and I would hate to try to allocate the oll in the
Hobbs Pool.

I said, 1s it not the objective of any order to prevent the
migration of oil and hold the oil in place to prevent migration?
Theoretically, 1f you could build a fence around each well's
property, to prevent any migration of oil across property lines,

we would not have any proration.

BY GOVERNOR MILES:

Q

A

If a company could prevent that, they would be interested in
doing 1t?
I don't know how they could do it.

BY MR. ATWOOD:

Q

I am speaking sbout the objective. Is not that the objective, to

hold the oil in place and prevent migration, so that each men

takes the oil in place under his property?

The state law, I think, covers that point.

Then it is a fair statement to say that any plan which is devised
~15-



for proration, should be so devised to prevent migration of o01l?

A I think conservation is a factor that comes in there too, be-
sides allocation of oil among the operators.

Q Under our law it is recognized that every operator, royalty
owner, owner of o0ll in place underlying their land, they have
the right to recover the recoverable part of it. If that oil
which 1s recoverable is permitted to migrate, the State of New
Mexico 1s prevented from recovering a fair share of the oil
underlying its land.

A I think it i1s the duty of any operator, who figures he 1is being
drained by some operator, to present his case to the Commissione.

BY ¥R. HUBBARD: Some of the questions are not quite in line. We
have Mr, Dewey present, but he has not qualified on all of these
points.

BY MR. ATWOOD: Somebody admitted his qualifications generally.

BY IMR. HUEBBARD: The only point I want to make, he introduced certain
exhibits. These questions are somewhat afield from those ex-
hibits. I admit they are good questions, but I don't think he
has quite prepared himself especially well, except on the
questions we presented.

Witness dismissed.

BY GOVERNOR MILES: The Commission will be in recess a few minutes,
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MR. GEQORGE H. CARD,

being recalled for further
DIRECT EXAMINATION By Mr. Seth,

testified as follows:

Mr. Card, this map at the extreme right (indicating map stand)
Exhibit 3-A, you testiflied was the southern part of the field;
that the present proration formula has deprived several wells,
including Nos. 8 and 9, Stanolind, of all potential?

Yes, sir.

Is that the area in green on that map?

Yes, sir.

Are those wells, the msjority of them, still producing o0il?

Yes sire.

But have no potential under the present proration plan?

Have no allowable under potential.

They get the acreage allowable of 60%, and nothing more?
That is true.

On that map the yellow indicates packer wells?

Yes, sir.

Both wells, under the present proration forrmula, always had
climbing potentials?

Their potentials have declined. Packer wells have had steadily
declining potentials, according to the way the pressure -- the
field average pressure of the packer wells.,

The field average pressure has always declined?

#ell, I believe there are a couple of surveys where the pressure
increased, but the reason the packer wells declined more than
the field average decline in potential, many wells in the field

have increased in potential due to pressure adjustments.

The yellow wells, throughout the period, have lost potential?

Yes, sir.

The areas in red represent areas where no pressure was taken,
and they are assigned the pressure on the adjoining areas?

That is true.

Anc the white indicates wells where the pressure was taken?

Non-packer wells where the pressure was taken.
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The white and red represent wells that have gained under the
present system of adjusted potentials by bottom hole pressure?
Not necessarily. 7You might have some low pressure wells down
here (indicating on map) thet have decreased in potential.

The ones gaining in potential largely are located in the white
and red areaé?

There &re also wells that have decreased in potential in the
white and red, too.

But the yellow have lost -- they have lost steadlly, being
packer wells?

They have suffered decline in potentials, yes, sir.

You spoke yesterday of some wells in the northern part of the
field producing large quantities of water. #Will you turn next
to the one that shows water production. What number is that?
(Witness turns to another map).

2=4.

Can yoﬁ point to some wells in the northern part of the field
producing large quantities of water along with the o0il?

This exhibit shows oil production for 1928 and water production
for 1928, and the water percentage.

Take these wells here (indicating on map), Gulf, the one in the
NW: NELZ of Sec. 24; what was the water production?

011, 18122 barrels; water, 83,522; water, 82%.

Does that mean that during the year 1938 the well produced four
times as much water as o1l?

Approximately, yes, sir.

Come over here. (Witness goes over to map). Cities Service, what
would that oll and water production be -- in the NW: of Sec. 197
0il, 20,808; water, 78,774.

Approximetely four to one?

Yes, sir.

And the well, the offset?

0il, 24,564; water, 67,980; 73%.

Immediately north, in the SWi of Sec. 18, there are two wells in

the S SW%: of 18; will you state their production?

011, 20,539; water, 303,820 barrels; percentage, 93%.
-18-
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Was that about fifteen times as much water as o0il?

About seven barrels of oil to 83 barrels of water,

The next one immediately east of that?

0il, 24,082; water, 461,258; percentage, 95%.

In those wells, Mr. Card, if that water were not proluced, would
it go on up the structure?

Yes, sire.

What is the general effect of producing that large gquantity of
water, along with the o0ll, in the field on the pressure?

It helps to decline the pressure.

If that water were packed off, would it improve the pressure in
the field?

It would help to maintain the pressure in the reservoir.

With that water they are producing oil and water together; is
that correct?

Part of the oll probably is coming from a zone that does not
have water in it; the other part, the o0il and water are coming
together.,

Suppose the Stanolind, down in the southwest flank of the field,
had followed the practice of producing large quantities of water
with the o01l, instead of setting packers; would that have had
the effect of holding the o0il in place?

If they had produced the water -« you would have had the effect --

that Stanolind could have produced the o0il at that point by setting

packers?

If they had produced twenty barrels of water for one barrel of
oll, would that have had the tendency to have held back the oil
in place under their leases?

Held back the oil in place under the Stanolind leases?

Yes.

Yes.

Would it have stopped the water from moving the oil up structure?
Yes.

that effect would it have had on the pressure up structure?

It would have lessened the reservolr pressure up structure.
Would 1t have lessened the production of oil up structure?
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By lowering the reservoir pressure you allow gas to come out of
solution, making the oil heavier and more difficult to flow
into the well bore and towards the well bore.

Now, will you state again, please, how the potentials of

packer wells are adjusted by bottom hole pressure, under the
present proration plan?

Packer wells are assigned field average pressure for the purpose
of adjusting potentials.

And are pressures taken in the wells?

Pressures are taken in as many packer wells as possible, but
the pressures taken are merely to calculate the field average
pressure.

But they have no effect to assign pressures in the packer wells?
Ho, none at all.

#hat has been the effect of the assignment of field average
pressure on packer wells and on their potentials?

It has had the effect of declining the potential greater than
the decline of the average potential of other wells in the field,
because of the fact that some wells increase theilr potential
all of the time.

Why has this had the effect of always decreasing it, lMr. Card?
Because of the fact that the pressure, in nearly every survey,
has gone down, so if you assign the field average pressure to
packer wells, 1t goes down, whereas wells in the field above
the field average, their pressure increases; because the field
average, when all wells decrease, the potential of the packer
wells decrease because of the decrease in pressure on all wells
in the field.,

Is it the effect of the present proration scheme that a well
that keeps above the rield average in pressure gets an increase,
generally, although its pressure may have declined?

Yes, sir, as long as it is above the field average it gets an
increase, whether or not the pressure goes down or not.

Has the potential of these packer wells, under this formula,

been declined greater than the field average decline in potential
throughout the field?

Yes, sir. -20-
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Basing it on the field average'hasvcaused a greater loss in
potential to them than the average loss throughout the field?
The packer wells have suffered out of proportion to the other
wells.

How many packers has Stanolind set?

They have set a total of nineteen packers, gas and water packers.
How maeny packers altogether have been set?

Has Stanolind set?

YNo, the number in the field. How meny have been set in the
field?

I don't recall,

Was 1t fifty-eight or nine?

Yes, sir. We have set packers in 33% of our wells, the Stanolind
wellse I think we have fifty-eight wells -- our percentage of
units in the field is 22.6, so we have set packers in the larger
percentage'of our wells than we have units in the field, which
shows we have suffered more from packers in proportion to our
acreage.

Did you give, yesterday, the amount of potential that Stanolind
would have now -- 1 mean, how much larger potential Stanolind
would have now than it has if the packer wells had been declined
on average potential rather than average field pressure?

We would have approximately 57,000 barrels more than we have at
the present time.

When Stanolind set thelr packers, was it a low or high pressure
area where they were set?

High pressure aresd,

If packers had not been set in these high pressure areas in which
they were set, what would have been the effect on Stanolind's
potentials in those wells?

Due to the faet of the high pressure area, the potentials, and,
therefore, our allowables, would have been increased on every
pressure adjustment period.

Mr. Card, the gentleman representing Skelly seems to think the
setting of packers beneficial. What effect has the setting of

peckers had on Stenolind allowablés?
-21-



A It has been very detrimental to allowables.
Will you state in what way?
We have not the opportunity, the same opportunity of producing
oil in those packers; we also gave up the opportunity of having
potential increases by being in a high pressure area; as a
result, potentlials have declined.

Q Have you a diagram showing the comparison between the bottom
hole pressure and potential in the Hobbs field?

A Yes, sir.

Q Will you produce it, please.
(Witness produces diagram, marked "Stanolind Exhibit No. E).

BY GOVERNOR MILES:

Q These three maps represent the same area?
A Yes, sir.
Q These all represent the Hobbs field? (Referring to three maps

put in evidence by this witness on the preceding day).

A Yes, sir.

Q You were talking ebout up structure. ‘Where 1s that on this map?

A Here 1s the low structure, and here the high.

BY Il. SETH:

Q I hand you Exhibit D, from yesterday.

BY GOVERKNOR KILES:

Q Will you please state again where the low and high structures
are located?

A This would be the low structure (indicating on map). The high
structure for the field is through the center. The low structure
would be around the edges of the field.

BY MR. SETH:

Q Will you state, for the record, approximastely what sections are
the high structure?

A It would be Sections 29, 30, 32 and 33.

BY GOVERHOR MILES:

Q ‘What represents the packer wells?

A The water packer wells are colored red. The gas packer wells,
in the center of the field, are not shown on that map.

Q In setting these packers in the wells, that had a tendency to

push the oil up structure?
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A They kept the water from being produced in those wells, and that

pushed the o0il on up structure.

al These are not packer wells? (Referring to other wells indicated
on the map).
A No.

BY COL. ATWOOD:
Generally speaking, where are the Stanolind leases?
This section on the southeast side of the field, the yellow
acreage (referring to map). These leases up here (indicating
on map) are in a fairly good structural position.

BY MR. SETH:

Q This exhiblt, Stanolind Exhibit E, 1s designated "Chart Showing
Effect of Bottom Hole FPressure Correction Factor on Fotential®.

On the left side are ten wells showing the largest gain in
potential, is that correct?

A Yes, sir.

Q And on the right side are ten wells showing the largest loss in
potential?

A Yes, sir.

Q Let us take this part first -- cut the chart in two in the middle
I guess. (Chart is cut in two parts, and both parts displayed on
map frame).

Now, Mr. Card, take the first well up there, Gulf Craham No. 1,
Sec. 24, Over on the left is the scale., Explain what that means.

A The upper curves are bottom hole pressure. The scale 1s appro-
ximately 50 pounds to the inch. The lower lines are the potentials
in thousands of barrels. The scale 1s approximately 5,000 barrles
to the inch.

Q That is the bottom hole pressure scale (indicating on chart). 1Is

that correct?

Yes, pounds per square inch.

And at the bottom the potential in thousands of barrels?

Yes, sir,

OH P O >

And at the bottom of the diagram those figures represent the
years?
A Yes, each square is a year,

=23






OH O O P O -

O Pk O > L O P O

O 2 O P O F

O > O > O =

The Gulf No. 1 started at a bottom hole pressure of about 1375
in 1933. Is that correct?

Yes,sir.

It has various ups and downs =- it 1s down to about 1235 in 1939%?
In March, 1959, yes, sir.

Falling off about 150 pounds?

Yes, sir.

Take the potential of the well -- it started at about 3500 in
19337

Yes, sir.

What was that in March of 19397

The potential was aboﬁt ~-= between 32,000 and 33,000.

It increased its potential eight or nine times?

Yes, sir.

Along about the end of 1934 there is a straight up and down
potential jump, from 7,500 to about 22,000?

Yes, sir.

What was that due to?

Due to acidatlon.

But since acidation the potential has increased about 10,000 a day
has 1t not?

Yes, about 10,000 barrels.

Although the pressure has fallen off?

The pressure has fallen off,

Probably 150 pounds per square inch?

Yes, sir. |

In other words, that well, over a period of about six years, has
had its potential increased eight or nine times?

That is true.

Through acidation and through operation of the bottom hole pressure?
Yes, sir.

Although the bottom hole pressure has fallen off fully 100%%

150 pounds.

The next one is Shell State D-2. That has had now much falling
off in bottom hole pressure?

About 165 pounds.
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And how much potential increase?

A potential increase from about 9,000 barrels to 23,000 barrels.

Q And the next, Grimes No. 2, there i1s a falling off in bottom
hole pressure?

A Yes, about 125 pounds.

Q And how much potential increase?

A | From about 16,000 barrels to 28,000 bharrels.

Q Without golng through all of these,-- this map was prepared under
your direction?

A Yss, sir.

Q And they represent correctly the official data from the Hobbs
field?

A Taken from the Hobbs operators report.

O

It looks like the Stanolind No. 33, and every one of these, the
bottom hole pressure has fallen off?

About 160 pounds on the Stanolind Ho. 33.

And the potential increased how much?

From about 23,000 up to about 32,000, the highest.

OQ p» O >

Take one of the lower ones there (Indlcating the lower half of the
chart, as it was placed on the map form).

Take the first one, the Amarsda State B~4, in Sec. 29. How much
has the bottom hole pressure fallen off?

A About 150 pounds.

Q Has 1t lost any potential?

Lost about 18,000 to 16,000 thousand barrels. This was probably
aciddtion. From the time of acidation, 23,000 to 16,000,

The acidation covered the period from the end of 1334 and the first

O

part of 1935,
BY GOVERNOR KILES:
How is a well's bottom hole pressure brought about?
Production, by fluid.
What do you mean by fluld?

0il, water, gas.

OH B O P O

In acidation, by acidation of the pool, does the well take less
pressure? What makes the increase if the bottom hole pressure
has decreased -- what makes the increase?

25
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You mean, the potential increase?

Yes.

Because of the fact that any well with pressure sbove the field
average pressure gets an inerease in potentisl. If the well has
a pressure below the field average, its potentials are decreased.
The formula works that way.

That one over there (indicating the chart) shows there had been
an increase?

All the upper ones (right hand end of chart) show increased

potentials. All below show decreased potentials.

Q

Oy O b
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Teke the Amerada State in Sec. 29, it has had a decline in
bottom hole pressure?

Yes, sir.

And yet the Gulf potentials have increased eight or nine times?
Yes, sir.

And the Amerada State has gone off two or three thousand barrels
potential?

Yes, sir.

Is that one reason why the Gulf, under the operation of that

formula, under the inequitable operation, got two or three

thousand barrels increase, and the Amerada got a decrease?

Yes, sir.

BY GOVERWOR MILES:

Q
A

Based on what?
Based on the fact that the proration formula is based on the

bottom hole pressure of the field, the pool relationship.

BY MR. SETH:

Take Stanolind No. -- Stanolind State A-1.

This well has been a packer well, and of course, received the
field average pressure.

It has decliﬁed in bottom hole pressure about the same as the
Amerada State, has it not?

Yes, about the same.
And logt in potentials, or probably gained at the beginning, but

from the high point of potential, it has lost a great deal more?
-26~



A Yes.

Q Take the Humble Bower over here,- that has had a falling off in
bottmm hole pressure substantially like the Gulf's?

A Yes, sir, about 170 pounds.

o) And how much has it lost in potential?

A About 12,000 barrels.

Q Nr. Card, during all the years up to 1937, January first, 759
of the field allowable was allocated on potential, was it not?
A That is true.

And since 1237 thils inequitable operation of the potential

£

geprlied to three-fourths of that area?

A About 75% of it.

2 And reduced that to two-fifths of the oil produced?
A Yes, sir.
Q Do you know of any principles of engineering, geology, or any-

thing else that would justify any such operation of a formula
of this kind, in the way it has operated?

A No, I do not,.

0

Take the Gulf Graham, in Sec. 24, the first one, do you know of
anything operating to increase the recoverable oil in place to
justify an increase in 1ts potential eight or nine times?

o, I do not.

:I‘)

&

fias anything haprened to increase the recoverable oil in place?

A Lo

Q All have had a drop in bottom hole pressure?

A That is right.

»] And ten have had a decresse in potential?

A Yes,

Q And ten have had an increase in potential?

A Yes, sir.

Al That is just a group taken at random?

A These are ten wells showing the largest gain and ten wells

skowing the largest loss.
BY GOVERLCR LILIS:
s Where would they ve located in the pool?
A They are scattered all over the pool. These up here (indicating on
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the chart) are in the north end of the pool; these down here

towards the south.

BY kR. SETH:
Q

&

lr. Card, I don't know whether you have already testified to this
or not: what will be the effect, in your judgment, on the ultimate
recovery of oil from the Hobbs Pool, from these large withdrawals
of water up in the north end?

I believe it will lessen the ultimate recovery of the field.

It will weaken the water drive?

It will weaken the water drive'and allow the pressure to go

down faster, thereby allowing the gas to come out of solution,

making the oil thicker and hard to come out of the bore hole.

CRO:E EXAKINATICN By Mr. Dohart:

Ir. Card, I understood, in your testimony yesterday, that you
stated that the encroaclment of water constituted waste. Now,
perhaps I am not quoting you literally or exactly. If not,

would you please state that again?

BY IH. SETH: I think he said the production of water.

&3 QO O
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I belleve you were asked the question, "if a property was going
to water" if that constituted waste, and you said yes.

I meant by that statement, the production of large quantities of
water constituted waste.

T-is was made in a different place. Do you believe the encroach-
ment of water itself, on a property constitutes waste?

The movement of water from the edge of the structure up to the
top?

Yes.,

No.

The mere encroachment of water does not constitute waste?

0.

Er. Card, then it is perfeetly normal, as oil is withdrawn from
a structure which, before discovery, in a static condition, no

movement from one part to another,-- it is perfectly normal for

water to encroach and occupy the space evacuated by the 0il; is

that correct?

Yes, sir. ~-28- |
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I perhaps misunderstood your answer to the question yesterday,
and I wanted to bé sure of your opinion on that point.

l Yéaterday you made the stateﬁent that certain properties of
Stanolind, that fofmerly prodgced from the so-calied urper pay,
and Iin which packers had beén set, had had the 0il removed from
them by water, and thereby‘you lost some of the oil =-- either
lost 1t or abandoned it, and were thereby deprived of it. Could
you tell just what properties you referred to thefe?

You mean properties where weAcaicﬁlated our 1ésses?

Yes, have you got a map jou can put up? _

We can put up the_ﬁater encrdachment mép. Witness puts up map}.’
One of these wells is the Byers No. 8, in the NEL of Sec. 4 -- this
well here (indicatingvon mep). Another well is the Byers No. 11
in the NE} of Sec. 4. The Byers 26, in the NEZ of Sec. 4. The
Byers No. 33, in the WE; of Sec. 4. The NcKinley No. 1, McKinley
No. 6 énd MeKinley 26. State No. 8, in the NWi of Sec. 4.

State No. 11 in the NW: of Sec. 4. State No. 26, in the Nk

of Sec. 4. State No. 33 in the NW: of Sec. 4. State No. 3 in
the SW} of Sec. 4. State No, 11 in the SW% of Sec. 5. Terry

No. 8, in the NW: of Sec. S,

Now, for example, in which direction do you conteﬁd you lost oil
from the lcKinley property?

On the McKinley property the oil passed up in this direction (in-
dicating).

In what direction?

North and east.

¥r. Card, what causes a liquid or gas in a reservoir to move from
one place to another?

Differential in pressure.

Generally speaking, a liquid or gas will move in the direction

from the higher to the lower pressure?

Depending on the permeability.

It would not move from low to high?

Koe |

Then it would move from a higher to a lower. I do not have all
of your figures avallable, but in making & spot check I find in
December, 1931, the bottom hole pressure in your well in here,
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Noe 5 West Grimes, was 1470 pounds. If you wouldn't mind, would
you point out about where that is. (Witness points to well on
map.) 1470 pounds, on the same date, or approximately the same
date, that the Stanolind No. 6 had --

BY ¥R. SETH: Have you been sworn so that we can cross examine you?
You are giving testimony.

B7 liR. EOEART: I need this in order to ask a question.

B’ IR. SETH: We might want to examine you on that.

BY ¥R. BOHART: I can ask if that is the pressure.

Q Do you have the statement, or would you tell what the pressure was
in December, 19317

A I don't have those pressures with me.
(Mr. Bohart hands witness a book).

BY KR. SETH: What are you reading from?

A This is the Hobbs Pool General Report.
(To lir. Bohart): What wells do you want?

BY KR. BOHART:

The Gulf Fo. 5 West Grimes, the December, 1931 survey?

A

A 1470 I believe, as well as I can see it.

Q What was the prédssure for the Stanolind No. 6 McKinley, at the
same time?

L 1453,

Q Is that an offset, the south offset to the Gulf No. 5%

A Yes, sir.

Q And that 1s one of the properties you contend you have suffered

a loss?

BY MR. SETH: In order that the record may be clear, is that the shut-
in pressure or flowing pressure?

A Shut-in.

BY 1R. BOHART:

And that is a difference of about 17 pounds?

Seven pounds, shut-in; that does not mean that much in flow.

Seventeen, 1isn't it?%

That does not necessarily mean that much in flow pressure.

That relationship is static bottom hole pressure?

O P O B O

Shut-in pressure, when not producing in the well.
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Q What was the pressure in the No. 6 West Grimes on the same date
of survey?

A It looks like about 1436 -- the figures are hard to read.

Q What was the pressure of the Stanolind ¥o. 1 on the same date?

A 1458.

Q Well, at that time thern, in the case of one pair of wells, there
was a slight differential toward the south, the Stanolind?

A lieasured by shut-in pressure test.

Q And on the other psair, there was a slight differential towards
the north, the Gulf's?

A Yes, sir.

Q Yhat was the pressure of the Gulf No. 5 West Grimes on Cctober

23rd --

BY MR. SETH: We would like to have it shown that is shut-in pressure.

BY GOVEREKOR ILLES:

Q May I ask what is shut-in pressure and flowing pressure?

A When the pressures are taken, the wells are shut in for from
24 to 36 hours previous to the time the pressure is taken.
That does not necessarily mean that is what the pressure is when
the well is flowing. One well may have a much lower flowing
pressure. The pressure test 1s when the wells are shut in.

BY IR. EOHART:

Q Mr. Card, isn't closed-in, static bottom hole pressure the
pressure of the formation?

Adjacent to the bore hole.

ja2s

. That 1s the pressure under which the fluid exists in the Tormation?

Right adjacent to the bore hole.

L o O

wnen you take static bottom hole pressure the purpose is to

close the hole a sufficient length of time to permit the pressure

to build up to the maximum -- as much as it will build up?

A It takes some wells a good deal longer than others.

Q That 1s true, but isn't that the general purpose of taking a
static bottom hole pressure?
In a general way, it 1is, yes.

q After that has reached a meximum, generally speaking, that re-

presents the pressure of the formation surrounding the well?
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You don't know how far sourrounding it.

for some distance back?

There is no way of knowing how far bacl:,

It will not build up any more, 8o that it has reached equilibrium?
Some wells will build up for a while -- leave them shut in and then
they will build up.

‘then they have reached the meximu, the well has reached equilib-
rium, and that represents the average pressure of the field?
Directly surrounding the well. I don't know how far,

And that indicates the pressure,- represents the force acting

in the formation.

It indicates the shut-in pressure, but not under flowing conditions.
The flowing pressure, or pressure differential while flowing

is the drop in pressure from the bottom of the hole to the top

of the hole?

State that again.

The differential while flowing -- after oil gets into the bottom
of the hole there is a certain differential of the pressure wnich
must act to bring it to the top?

Naturally the pressure is less on top than at the bottomn.

If this well has a bottom hole flowing pressure of 600 pounds,

and it is flowing on choke ~- that is, flowing restrictedly, so
that there is a pressure on the gauge at the top, the difference
in the pressure is the pressure differentiaesl between the bottom
and the top of the well?

As far as the flow is concerned. That is not the differential

in the reservoir.

What was the pressure in Gulf Wo. 5 West Grimes on October 23rd?
1380.

. S3ETH: Shut-in pressure?

Yes, shut-in pressure, yes, sir.

. BOHART:

You are giving them all on the same basis?

Yes, sir.

What was the pressure of Stanolind Yo. 6 lcKinley on the same
date?
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1363.

what is the south offset to iest Grimes HNo. 5%

Which wells, 5 and 67

What is the pressure of Gulf ¥o. 6 West Grimes as of the same
date?

1383.

What was the pressure of Stanolind Fo. 1 HMcKinley, as of the
same date?

1364.

That i1is the south offset to Gulf No. 67

Yes sir.

As that is south of Sec. 32, along that part of the pool the
formation pressure, the static bottom hole pressure, was less
to the south, on the Stanolind side, then?

The shut-in bottom hole pressure was, yes, sir.

That is the pressure in the formation which is tending to expel
the 01l towards the bore hole?

No, I would not say it was, exactly. You don't know what the
gradient is out to the drainage area.

Even while a well is closed in -- assume the bottom hole pressure,
which is not usually the case -~ assume it 1s empty. You close
the well in, and there is some forcex tending to push the oil
from the formaetion into the evacuated area?

Yes, sir.

In the last analysis, it is the pressure in the formation that
tends to do that work?

Yes, sir.

At this time there was not a pressure differential toward the
north, at least in this area, as reflected by the Hobbs Engineering
Report of bottom hole pressures?

As reflected by conditions surrdunding the bore hole. I don't
know what they were a short ways away from the bore hole.

Well, the pressure could not have been less away from the bore
hole than at the bore hole?

No, probably higher,
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BY DR. KNAPFEN:

Q If that is the case in December, 1931, the formation pressure
around the wells, giving that 17 pounds difference in pressure,
would tend to move the oill from the Gulf No..5 to Stanolind
McKinley?

A Yes, sir, in this tabulation here it shows that lcKinley No. 6
gained in oil during that year. These tabulations show gains and
locsses too.

Q And at the same time, according to your figures, there was a

'differential tending to move the oil from Stanolind lo. 1 north

to Gulf UHo. 67

A That is, the pressure.

Q Do your tabulations show a loss for the Stanolind Ho. 172

A In 1930 and '31 1t shows a slight gain.

Q 30 thet your calculations cannot be entirely correct, when you
had a differential tending to take pressure away from you, when
you show a gain?

A It was very small in those years.

2 In October, 1933, there was a pressure differentlial southward
tending to move o0il to Stanolind licKinley?

A 16 pounds. That is a pretty small difference for statin pressure.

BY GCVERCR IILES: The Commission will be 1n recess until 2:30 7. M.

Pursuant to recess taken, the Commission resumed the hearing

Mr. George H. Card on the witness stand for further cross
Examination.

BY DR. KNAPPEN:

Q You are the same Mr. George H. Card who was on the witness stand
this morning?

A Yese.

Q We were discussing bottom hole pressure -- I think you were

making a distinction between closed-in bottom hole pressure and
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flowing?

Yes, sir.

Can you explain to the Commission why closed-in bottom hole
pressure has been taken throughout the last seven years, the
life of the Hobbs field?

The only reason I know, 1t was just the way we started.
Engineers generally agreed at the start that it was desirable?
They have taken flow pressure on some wells, I believe.

But the bottom hole surveys report by the engineering committee
are on closed in pressure?

They are closed in pressure, yes, sir.

ihy do they not report on flow pressure?

I don't know.

You don't know why flowing pressure is of little significance?
I think it is of significance,

But the engineering committee do not think it sufficiently so
to ask for flowing pressure, nor do tkey think it sufficiently
so to publish?

They have published all that have been taken.

They have published all that have been taken?

I believe s0.

Do you know how many have been taken?

No, not exactly.

Do you know how many closed in pressures have been taken?

i don't know.

Wwould it be as much as 25 times, do you know?

I don't know.

You have not paid much attention to flowing pressures in the
Hobbs pool?

Yes, to what was taken.

You have not urged it to be used?

I don't think bottom hole pressure of any kind should be used
alone.

That is a different attitude than that Stanolind had in 1932
when bottom hole pressure was introduced?

It probably is.

Wasn't the bottom hole pressure introduced by Stanolind because
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they had high pressure areas in the field that were being
drained?

I don't know. I was not with the Stanolind at that time.

You have not studied your files enough to know whether that is
correct?

I don't know who urged it.

You don't know whether any Stanolind engineer urged that bottom
hole pressure be used for adjustment of allowables in the Hobbs
Pool?

He msy have done so.

You don't know whether he did?

So far as I know, I think he was in favor of it.

Who was that engineer?

Are you referring to VWahlstrom?

I am asking you. ihat was his connection with Stanolind at that
time?

I belleve he was field engineer at Hobbs,

And he urged bottom hole adjustments in the proration plan for
Hobbs?

I believe he did, yes. At that time engineers knew very little
about bottom hole pressure, and still know very little.

Do you know how the bottom hole pressures In the Stanolind wells
along the north boundary of your properties compared with the
bottom hole pressures taken on equivalent wells immediately north
of the township line?

For the most part, I think they have been as high or higher.
The 3Stanolind have been as high or higher?

Generally speaking, they have been pretty close together.

If I were to tell you that in December, 1931, the north offsets
of the Stanolind wells were two pounds higher than in the
Stanolind wells, would you know that is correct?

I would have to look at the maps.

You don't know what the relationship was?

On most of the maps and surveys, especially recent surveys, our
pressures have been as high or higher than those,

In recent years, yours are all packer wells, aren't they?
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No.

Your wells along the north line are not all packer wells?

No.

I am talking now about Iecember, 1931, the several surveys made
by the engineering committee -~

I cannot remember individual wells.

And especially that pressure differentials increased to the
survey of October, 1933 -- the pressure differentlals at that
time were ten pounds -- that is, the Stanolind wells were ten
pounds less, on the average, than the north offset wells, taking
the wells where actual measurements were made, not taking any
assigned pressures or packer wells. Is that the true situation
in 19337

I would have to loéok at the record of the two surveys.

Assume for the purpose of the question, that in the first survey
the Stanolind wells were two pounds less in pressure than the
north offsets, and two years later, ten pounds less. %Would that
indicate the o0il was moving northward?

I don't think it would indicate anything definite. In the first
place, you cannot read bottom hole pressure charts within ten or
fifteen pounds. In that case, you could have a variance of
forty pounds, up or down =-- that is, static pressure, you are
talking about. You have got to know the pressure under flowing
conditions.

Granted there may be an error in the reading of the charts in-
volved -- there could be some error in the reading of any chart --
but if they were consistently lower, and another set of measure=
ments, under static conditions, still showed they were lower,
could an engineer say he could not tell with definiteness that
those pressures were lower?

One engineer can read a chart and get ten or fifteen pounds
difference, higher or lower,

If the same group of wells were measured, if they constantly

ran higher on the north, would that mean the engineer could not
read the chart?

I did not say he could not read the chart -- he might make a
mistake.,
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If they constantly ran lower, would that mean the Stanolind wells
had lower pressure than on the north?

You are talking of static pressure?

Static, closed in. ZIf the same group of engineers, reading the
charts, constantly found the pressures higher in the wells north
of the township line than south of it, would that indicate the
closed in, static pressure in the Stanolind wells was less

than in the wells to the north?

It might be a general indicatidn. It would be hard to say.
There are many cases where you see the static, shut-in pressure
running higher. That does not mean anything.

Would it be a coincidence if the error were always against the
Stanolind on a whole series of surveys? I am not asking about
those tests on wells where pressures taken --

(Interrupting) ‘%hat surveys are you talking about?

December, 1931 and October, 1933,

I don't believe I have those.

It would take too much time to check up. I am asking if that
situation 1s presumed to be correct, whether it would indicate
the Stanolind wells had lower static pressure than those to the
north?

Any survey, or group of surveys, could make the same mistake, you
mean?

Alright, I see you don't want to answer the question, so I will
ask you another,

¥R. HUBEARD: I don't believe that is called for.

IR, SETH: The witness is trying to get the data to answer the
gquestion of the gentleman. Evidently he does not want him to
produce 1it.

DR. KNAPPEN: I am asking if that proposition were shown to be
true --

!R. SETH: I think we ought to have the evidence. Let him produce
the evidence that they are lower.

You can look at just as many surveys and maps as you want,
and see that the 3tanolind wells on the north line were a few

pounds higher, and then lower =--
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BY GOVERNOR KILES: You may produce the record.

BY DR. KNAPPEN: MNr. Chairman, I think we can get together and tabulate
this data. It 1is scattered over a large chart. I think it might
be best to pass that question for the present. With your per-
mission I should like to consult with the witness and tabulate
that data.

Q You introduced an exhibit, I believe Stanolind Exhibit D, was
it not, which showed packer wells, the wells in which patkers
had been set in the Hobbs Fool?

A Yes, sir.

That exhibit showed only wells in which packers had been set to

&£

shut off water?

A That is true.

Q Many were set to conserve gas, were they not?

A That 1s true.

2 Do you know how many gas packer wells there are?

A I have a map here that shows it. (Witness produces map).

There are approximately 43 gas packer wells,

Q And how many water packer wells?

A 55

Q So there are more gas packer wells than water packer wells?

A Eight more -- I believe that 43 is correct.

Q I think it is very close to accurate. You did not show the gas
packer wells on that map?

A No, that was a water encroachment map.

Q There are something like eight more gas packers set than water?

A That is true.

2 When a gas packer is set, the operator abandons the production
from the formation above, in exactly the same way as with a
water packer?

A It depends on whether there is any more water left in the area
packed off.

Q My question was, does he abandon the formation in the same way
he does with a water packer?

A Yes, there is less likelihood of any oll -- more that situation

with a gas packer,
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They abandon production in the same way as with a water packer?
Yes.

When gas packers have been set, has every bit of produclible oil
been taken from that formation?

Not necessarily. I believe under the conditions in the Hobbs
Pool, there is more likelihood of the oil being depleted than
with water packers.

There is some oil left behind, probably, or above the packer
when a gas packer 1s set?

It is hard to say =-- maybe a small amount.

What 1s the reason for setting a gas packer?

To reduce the gas-o0il ratio.

The setting of a gas packer is a real conservation factor, is
it not? The operator setting the packer is attempting to con-
serve gas for use of other parts of the pool, 1s that correct?
well, yes, the wells adjacent to the one he sets,

Certainly, on his own lease as well as others, but he is en-
deavoring to conserve the gas, for the benefit of production
of other wells, his own as well as others?

That is true.

When water packers are set, are they set to shut off water, or
are they set because the operator can no longer produce his
well unless he sets the packer?

I don't think that is the case in the Hobbs Pool. There is no
reason why he could not produce that water.

Have wells in which water packers have been set continued to
produce their allowable up to the time of the setting?

It probably has been necessary to pump some wells,

Any wells gone dead and had to be swabbed?

Naturally, a well producing a lot of water would go dead occasion-
ally. That is no reason it could not produce.,

Many wells did go dead before water packers were set?

I imagine they did.

Would it be safer for an operator to produce his allowable oil
after setting a water packer than previously?

You have got to take into consideration how much oil you are
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going to get. I think the operators on many leases would have been
ahead 1f they had set packers.

In terms of actual data on operation costs, would an operator's
costs go up or down after he sets packers?

It costs more money to operate a well pumping than a flowing
well., You have got to consider the ultimate profit.

Forget the ultimate profit -- we are talking about operating
costs. ‘The setting of packers does result in saving operating
costs?

It should. If it does I don't understand why all operators in
the north end have not set packers,.

Any operator successfully setting a water packer does save in
operation expenses?

There should be a savinge.

I agree. What determines the time when a water packer is set --
when an operator decides it is time to set a packer?

Well, a lot of the wells make a small amount of water -- some a
large amount of water -=-

ithat is the basis that you, as a Steanolind engineer, use to de-
cide it is desirable to set a packer?

Prokably when they are having trouble treating the oil.

Take as an example Stanolind lcKinley lio. 26; do you remember
the water percentage before setting the packer, was it 87%
water?

I don't recall exactly.

If it had been 87% would it have resulted in a saving to set
the packer, in, after setting the packer, of having no water

to produce from that well?

We would not have to handle the water -~ probably a small saving.
Do you know whether that well was making its allowable when you
set the packer?

I don't know,

Do you know whether that well was making its allowable, or
making its allowable without swabbing?

I could not say definitely. I know with the last two packers
set, it was necessary to swab before setting the packer.
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What does it cost to set a packer and pump at a depth of around
4,000 feet?

That depends on the type of equipment used to set the unit --
probably $3,500.00.

Would that well, producing 50 barrels of oil and 17 times as
much water -- if your well was making 87% water and producing

50 barrels of oil per day, how many barrels of fluid would that
be?

Nine barrels of water for every barrel of oil would be 450,
approximately.

3o you don't know the Lasis upon which you decided to set water
packers on those packer Stanolind wells? Was 1t just a gambdle,
or when did they decide to do it?

The last two wells, they were having trouble operating the wells,
At the same time they started out to set packers others did too--
I think the Texas Company was the first one to set a packer, it
was recommended by the Engineering Commlttee that a packer should
be set there, and the Stanolind and other operators followed

the same recommendation.

When did you decide, when a well was making 23, 259%, 509, or when
the operating costs became excessive?

A lot of packers have been set when I have been out of touch with
the Hobbs field. I don't know exactly every one.

Water packers are set in order to reduce operating expenses,
aren't they?

And conservé the energy in the pool, yes.

Does the setting of a gas packer reduce the operating expense?
Sometimes you set a zas packer in a well because it is making

so much gas 1t is not making very much oil.

Does that involve operating expense?

It involves revenue.,

But does not involve operating expense?

Ko

Whenever a gas packer is set it is purely a conservation propo-
sition, but a water packer ls set purely to reduce expenses?

I think it is just as important to conserve water energy in the
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Zobbs Fool as gas energy.

This is an exhibit ir. Dewey introduced (showing exhibit to
witness) marked "H. Exhibit 2-A". That shows the daily o1l rro-
duction in barrels, by units, in 1938, and the unit water pro-
duction in barrels?

Yes, sir.

And the water percentage?

Yes, sir.

There was some testimony this morning about some units where a
rather high percentage of water was being produced. I notice
Stanolind YNo. 8 Terry, in the NELX SEZ of Sec. 9, Twp. 19 S.,

R. 38 E., that shows 50% water production. Would you think it
desireble to set water packers there to conserve the energy in
the field?

Which well is that? (Exhibit is shown to witness). If a
water packer would be set to do any good. There are two wells
in this area where we have set water packers without any effect.
Stanolind ¥o. 29 State, in the SWZ SWE of Sec. 10, 7. 19 S., R.
38 E., making 64% water, what about that?

le set a water packer in that well, asnd then removed it.

Why did you rerove it?

We didn't get a good shut-off. We are going to do some more
work on it. We set a packer in lcKinley Ho. 26 three different
times before we got an effective shut-off.

Is it possible there are wells in the pool where you could not
set =2 water packer and not get good results?

Where it gets into thick "pay". It depends on the pay.

What about No. 33 Byers, in the SE: NE: of Sec. 4? That shows
32.5% water. Could you set a packer in that well and shut off
the water?

The well would have to be deeper. It is only producing from the

first horizon.

So that you could not set a packer in that and shut off the water?

At the present depths, no. You could by going deeper.
If the water and oll are coming together, you cannot set a

packer to shut off the water?
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You can set a packer to shut off the water in most cases if you
have o0il in other "pays"?

If the water and the oil are coming together in the same pay?
If 811 of the oil and water are coming in the same pay, you cannot.
S0 in the case of No. 33 Byers, all of the o0ll and all of the
water coming in the same "pay", you cannot set a packer to shut
off the water?

Not until we have the well deepened.

Until you go deeper to get production in another horizon?

Yes, sir.

What about some wells in the northwest end? Is not water and
0il coming in the same "pay"?

¥y understanding is that most of the water is coming in the
second "pay".

Do you know that some companies have set packers repeatedly
without shutting off the water?

There have been packers set in the north end of the field that
did not get a shut-off., I don't know how many times they were
set. The thing is, the north end of the field is much thicker
in section than down on this fringe here,

If you have sét a packer and tried to produce from above, and
have gotten water and oil, and below, and have gotten water and
0oil, when you tried to produce from ablve and below and still
get water and o0il, would you conclude that a water packer would
not help?

There are some wells they have not helped, and some wells they
have plugged backs

Would you conclude, if you could not successfully shut off water
in one well, that you could not in any well in that area?

Not necessarily. It would look like the possibility was preggy
good.

You would conclude, in the southeast end where you have set
packers that have not shut off the water, that you could not
set them in any well there, and yet you have criticized other
operators for not setting them?

I did not say that. I said we were going back in and try to
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successfully set them. What I was pointing out that in this
section where these Stanolind wells are msking a high percentage
of water, the section is much thinner than in the north end of
the field, and for that reason there should be a better chance
of success. |

Stanolind Exhibit B, which 1s a cross section of the Hobbs FPool
along the township line between Townships 18 and 19 South -- I
am not clear as to what the testimony weas yesterday. The ares
in blue indicates =--

The blue section indicates water encroachment.

Does that cross section indicate the direction of the encroach-
ment?

Kot necessarily. That is an east-west secticn.

So the water did not encroach from the left hand section across,
but the water encrcached at right angles?

It probably came in from the southwest.

Would you infer that water appeared in this well (indicating on
exhibit) before it did in this one? Is that the idea, that it
gradually moved in this direction, but that the water appeared
farther eastward?

Not necessarily. I think one well farther east here 1is marked
"1932" and the rest are marked "1933",

So the water appeared in this well marked "November, 1932" about
three months btefore it appeared in the wells marked "‘ebruary,
19334"?

That is just an item. An east-west section of the field showed
a blanket encroachment of water. It does not necessarily mean
it came from the west to the east.

I got the wrong impression. Sorry. You have wells marked "larch,
1932", and to the west, on the section, is a well marked "October,
1932"., It means the water appeared in these wells some seven
months earlier than in these (indicating on exhibit)?

Yes, sir. The contours appearing on the water map shows that
this well is in 9-32 and this one in 10-32,

Would you explain to the Commission how the water encroached?
vell, from the record, these contours, the water encroached from
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that direction --

BY GOVER.OR KILES: (Interrupting) VWhat direction is that?

A

Northeast to southwest,

BY DR. KMNAPPEN:

Q

OH O O o o P
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What do these contour lines along here indicate -~ for the pur-
pose of the record,~-~ in the western part of Sections 4 end 9,
what are those contour lines indicated in the section?

Section 4 appears to be moving this way (indicating).
Northwestward?

Horthwestward.

In the southern part of Sections 4 and 9%

East.

It appears to be moving eastward. In the N5 S% of Sec. 4, do
those contour lines indicate the direction of the encroachment?
There has not been any encroachment in Sec. 35. 7The reason those
at the top are there, the wells to the north flow faster than
on the south.

In the N3 of Sec. 4, the movement has been -~

(Interrupting) I think the water encroachment in that area has
been to the northeast,

Then as the water has encroached in Sections 4 and 9, there has
been a driving of the oil into the heart of the Stanolind block,
and in the N3 of Sec. 4, part of the drive has been into the
Stanolind block and part moving northeastward?

I think you can say the water éncroachment here has been across
our part, and from the reports on wells, some of these show that
some of this o0il had gone to our own wells, we did not include

thate.

BY GOVERHKOR XILES: We will bhe in recess for ten minutes.

= w00 —-
Pursuant to recess taken, hearings were resumed in
ten minutes, with Mr. Card still on the witness stand

- for further cross examinatione.
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CROSs EXANINATION By Mr. Sanderson:

Mr. Cerd, I would like to ask & few questions about the loss
which you estimate Stanolind suffered over the past years by
reason of the proration plan that has been in effect, and the
water drive you talk about. Will you state again how much oil
you estimate Stanolind has lost?

Since the beginning of the development, 1,850,000 barrels.
Since June first, 1935, 518,000 barrels.

Have you computed those losses by units or leases?

By units, yes.

Will you refer there, please, to Stanolind Buyers lease, in the
NEY¥ of Sec. 4, and the NWZ of Sec. 4.

Yes.

Will you state there how much you estimate you have lost off of
that lease?

The list here is by unitse.

You don't have the total?

Buyers No. 8, in the NE} of Sec. 4, 17,600.

What 1s the next?

Buyers No. 11, in the IE; of Sec. 4, 13,4C0.

Buyers No. 2§,in the NEz of Seec. 4, 7,400.

Buyers No. 33, in the NEf of Sec. 4, shows a gain of 98,600,
That is a high potential.

Take your Buyers No. 8 -~ strike that. Teke your Buyers No. 11,
will you state what the allowable is on that unit now?

I would have to have the proration schedule. (Witness is handed

proration schedule).

BY GOVERNCR NILES: These losses stated, 1s that total loss?

A

> o B O

That 1s the total, yes.

Which well did you want, Mr. Sanderson?

No. 11

These columms must be mixed up -- under November Daily Allowable
it does not show any figures at all., (Witness examines schedule).
53 barrels.

No. 26¢%

67 barrels.

Nos 352

75 barrels. -4 -
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Do you know how much oil would be allocated to those units on a
100% acreage basis?

In November the sllowable was 46 barrels.

That would not be the allowable that would go to those wells

if you were on a 100% acreage basis, would it?

Forty-six.

What is the allowable for the pool, the Hobbs Pool?

The total fleld allowable is 10,8539.

How many units?

A total of 250 units, but four of those have special allowables,
248 potential units.

Can you calculate quickly what that would be per well?

#ell, if Hobbs were on a straight acreage allowable, like other
fields, it would be practically the same in the field.

What would that be, approximately, on the acreage basis?
Approximately 46,

No. 11 is getting 53 barrels, and would get 46; 26 now has

67 barrels, it would bet 46 under your plen; No. 33 now has an
allowable of 75 barrels. Under your plan it would get 46, on

a 100% acreage basis?

That is it.

Then, as I understand, you are proposing a 100% acreage basis
to correct the situation which has existed in the past, which
has caused you to lose amounts of o0il, and every one of these
units would get a smaller allowable?

You have got to consider the whole plcture. Some wells would
be increased and some decreased,

Would you point out where those wells, or that lease is on the
map?

This is it (pointing).

Under the acreage plan, which Stanolind is championing, these
wells which he has named would get 46 barrels of oil per unit,
or per well., At the present time those wells have allowables
of 53, 67 and 75 barrels, respectively, therefore, I am asking
how the lower allowable of these wells would correct the situation

under which Stanolind claims they have lost various amounts.

You have to consider all of our leases.

=48 -



> O P O

O

> O P D o O

> P 8 e O

O >

Where would this oil go that you are going to get?

It would be distributed among wells not getting as high as that.
Where are those wells? Just point to them.

A1l the wells with allowables less than 46 barrels at the
present time would be down in this sectlon (pointing on map).
Under this plan you would actually lose on some leases, but you
would gain enough more on other leases to more than offset the
losses on those you say you have suffered losses?

I think the balance on the NEZ of Sec., 4 show gains, on the
NEZ of Sec. 4.

That would be true, but of the individual units?

You have to consider this thing more or less as a whole,

Take State A lease, how much have you lost there, according to
your estimate?

There are quite a few along there -~ which section?

Tract No. 1%

What section?

Section 4, the NWE of Sec. 47

The NWi of Sec. 4, well No. 8, 5,400 barrels.

And the others?

No. 11, the NWi of Sec. 4, 16,200 barrels. No. 26, Nil of Sec.
4, 12,800 barrels. No. 33, NWi of Sec. 4, 27,300 barrels.

That is the total -=- over half a million barrels of oil which
you claim to have lost off that lease. Will you state from
the proration records here what the allowable is on that lease
at the present time?

No. 8, 51 barrels. Noe. 11, 43 barrels., No. 26, 56 barrels,
Hos 33, 34 barrels.

That is a total of 184 barrels, or an average of how much per well?

184, that is 46 barrels per well,

on a 100% acreage basis, what would you get?

Approximately 46 barrels.

The same amount of 0il?

Yes, sir.

This 61,700 barrels you calculate you have lost off of this
lease, on the 100% acreage basis you would not be compensated
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for that?
A On that particular state lease we might not get anything. On
other leases we would.
2 How much would 1t increase the allowable in the Hobbs Fool if
the Commission adopted the 100% acreage plan, over what it is
at the present time?
It would increase about 3% over the total field allowable.
How many barrels would that be a day?

About three hundred barrels.

H = O >

So that the Stanolind, under this plan, would get 300 barrels
more oil, It would go to the south end leases, would it not?
A Not necessarily. A lot of the leases on the southwest flank

have allowables less than the top allowable,

&£

You think this 100% acreage plan should have been in effect at
the beginning?

A I think at the beginning of the field, some consideration should
have been given to pay thickness.

If you adopted a 100% pay thickness --

(Interrupting) I did not say 100%, I said some consideration.
But not 100%%

No -- you mean at the beginning of the field?

L P O P O

I am just trying to find out when you think the 100% acreage
would be good? Good now, but not previously -~ when would the
100% acreage begin to be proper?

A I think at the beginning of the field, I think some considera-
tion should have been given to pay thickness and some con-
sideration to acreage.

But not 100% acreage?

A In the beginning of the field, no. I think the 100% acreage is
the right thing at the present time, with possibly some
modification.

BY }MR. BOHART:

Q Is there any other operator that would benefit to that same

extent by the adoption of the 100% acreage plan -- benefit to

the same extent, -- 300 barrels?



A No, I don't believe soe. I don't think any other operator has
lost as much o0il as we have.

BY MR. FLEETWOOD: I would like to ask the witness a few questions.

BY R. WOODWARD: I want to let the record show that we object to
the Barnsdall 0il Company taking part in this hearing; they
have no acreage in this pool, and I would like the record to
show that we object to their cross examining this witness.

BY ¥R. FLEETWOOD: Mr. Chalrman, I am planning to ask some questions
that apply to the konument field., This is important to us.
The notice of this hearing and the hearing in the lonument
field were combined, these two fields, and Mr. Card testified
that the Hobbs and the lMonument fields were so similar that
there was no reason for any difference in the proration plan.
I think this is competent.

BY R. WOODWARD: I understood they were taking them up separately.

BY KFR. FLEETWO0D: We did too, but there has been testimony as to voth.
BY MR, VOODWARD: There has been no evidence here that would have

any bearing on the record in the Lionument field.
BY GOVERNOR ITILES: Has there been testimony here in regard to the
Lionument field%

BY 1

H

. SETH: Merely that it was similar to the Hobbs field.

BY I’ FLEETWO0O0D: He proceeded further and said there was no reason
for any difference to exist in any proration plans between the
Konument and the iobbs filelds. Under the circumstances, when
he has bound us in this way, I think we should be allowed to
cross examine the witness.

BY MR. SETH: VWhen the Monument hearing comes on there will be ample
time to go into that matter.

BY MR. CUSACK: As I understood kr. Fleetwood, he did not think
there was any difference between the Hobbs and the konument
fields,

BY ¥R. FLEETWOOD: No, Mr. Card testified to that.,

BY GOVERHOR MILES: The Monument case is coming up, so that no

reference should be made to the lMonument field in the testimony

in this case, if he did testify to that -- make statements

concerning the two fields, it should be stricken from this
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record. MNr. Flestwood wiil be overruled at this time, and we
will bar any testimony, comparing the two fields, from this
record, and bring that up when the MNonument field 1s being
considered.

BY iR. FLEET.00D: Did you rule that would be considered improper
at this time?

BY GOVERNOR IILES: Yes.

BY MR. FLEETWOOD: Will you direct that Mr. Card be available for the
Konument hearing?

BY GOVERHOR XMILES: Yes,

2E-DIRECT BXAWMINATION By Mr. Seth:

Q How much o0ll would the Gulf lose, under straight acreage, as
compared to the present plan?

I can't say for sure, I knew those figures several months ago.
You know it would be a considerable amount, would it not?

It would be a considerable amount.,

Two hundred barrels a day, probably?

Somewhere in that neighborhood, I believe,

O P O P O

Now, you talked about the element of "pay™ thickness. I be-

lieve you testified your own engineering committee estimated

that Hobbs had produced about half of its total, is that right?

A Several years ago the engineering -- the IHobbs engineering
committee estimated the ultimate recovery from the Hobbs field
would be 150,000,000 barrels.

Q 0f that figure, about half has been produced up to this time?
There has been between eighty-seven and eighty-eight million
barrels produced.

Q In working out an equitable formula for the protection of what
is left, would the taking of the original pay thickness into
consideration permit a lot of wells again to produce, or pro-
duce more than they are already producing?

A It would give them an allowable out of proportion to what the
present pay thiclkness is.

Q The original pay thiclkness, as half of the field production, would

give a decided advantage over what is left in the field?
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That is true.

Some of the gentlemen that have examined you have assumed, or
tried to assume that Stanolind pressures were two pounds, or
seventeen pounds -~ something of that kind -- less than the
Gulf's, Have not many surveys showed that Stanolind's, in the
wells right along that township line, to be higher than the
Gulf's?

Higher than the wells immediately north, static, shut-in pressure.
That 1s, on these pressures, static, shut-in pressure?

The earlier actual pressure.

Some of the surveys show the actual pressure in Stanolind wells
higher than those immediately north?

Yes, sir.

They vary back and forth?

Yes, sir,.

I belie;e you testified the pressures perhaps are not accurate?
I would say fifteen pounds ~- probably now ten pounds.

Better now than at first?

Yes.

At first they were notoriocusly inaccurate?

About ten pounds, potentials, in reservoir pressure.

In early surveys, the possible error was greater?

Yes, sSir.

Now, what do you call the pressure when a well is flowing?
Flowing pressure? Yes.

What 1s that pressure when a well is flowing, higher or lower
than shut-in?

Lower than shut-in.

At the bottom of the hole?

Yes, sir.

It has to be lower or there could not be production unless it
was lower?

The pressure in the bore hole has to be lower than the surround-
ing formation.

The drop 1s considered between the shut-in pressure and the

flowing pressure?
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Not necessarily. In some wells it is considered. Depends on
the rate of flow.

How much lower would you say, roughly?

That would be hard to say. You weuwld have to know the well,
you would have to know the conditions.

Vary fifteen pounds, up or down?

Depending on the rate of flow, yes, sir.

Are the wells usually flowing the greater part of the time?
Yes, sir.

The shut-in pressure is a bullt-up pressure, with the well not
producing from 24 to 36 hours, isn't it?

Yes, sir.

And that does not represent conditions while the wells are
operating at all?

Not adjacent to the well, or the boundary line between the wells,
Does shut-in or flowing pressure indicate conditions at the
boundary lines?

No, sir.

Merely indicates the condition immediately adjacent to the bore
hole of the well?

That is true.

Any drainage -- to determine whether drainage exists, you would
have to know the conditlons at the poundery line of the unit?
Yes, sir.

Now, these gas packers, state whether or not they are usually
set after the oil is almost entirely gone in that particular
"pay" that is packed off?

As a general thing, I would say the oil is pretty nearly de-
pleted.

So much gas that in certain ones, the well would not produce the
allowable in twenty-four hours?

Not all cases. There have been cases like that,

In the case of the waler packers, the oll is there with the water
and could be produced?

Yes, sir.

You spoke of an englneering report recommending the setting of

water packers., Have you that available?
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Yes, sir.

Will you please state what it is, and read it into the record?
This is the Ilobbs Pool General Report, on page 57. The sentence
is as follows: M"The production of water reduces reservoir
pressure the same as o0ll or gas production. For this reason,
the Engineering Committee recommends the setting of packers

as a means of maintaining reservolr pressures.” This is the
recommencdation of the Yngineering Commlttee.

This is the officilal report of the Hobbs Engineering Cormittee?
Yes, sir.

Would you give the date of 1t?

It was published in 1933.

And is there anything further in there when wells go on pump,
in that same report, immediately following, isn't there some-
thing about that?

No, sir.

CROSS EXAMINATION By Mr. Woodward:

The effect of setting packers, in the south end, reduces the
total flow of fluid from the wells?

Yes, sir.

You said a while ago that the difference in the bottom hole
pressure when shut-in and flowing depends on rate of flow,
permesbility, and other factorsy Is that correct?

Yes, sir.

Does the pressure drop faster in these southern wells or in

the northern wells?

It would in particular wells,

Wthen 1t drops, as a usual thing, there 1s drainage from the high
pressure areas to the low pressure areas, isn't that the usual
rule?

The pressure is lower during flowing stages at the boundary line
between units.

Where a well 1s producing great quantities of fluid, as those
wells in the north, and in the south they are not producing so

much fluid, the pressure would drop to the north because of the
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fact that the tendency would be a movement from the south to
the north on account of the greater production of fluld there
during the times the wells were flowing?

we would have to know the flowing pressure of the wells to say

whether that is true or not.

The greater the fluld production, the greater the drop in pressure?

That is only true in individual wells.

There would be drainage to that well that had the low pressure?
If they have a variation in pressure.

The greater pressure drop, the greater drainage possibility if
the well pressures varied?

Yes, sir.

In respect to setting gas packers, the accumulation of gas is

due to the production of oil, isn't it?

Yes, sir.

The setting of a water packer is due to the fact that the oil

is pushed out and water comes in?

Yes, sir.

That o1l has been pushed on to some other place, and produced in
some other well?

In large percentage, yes.

The setting of a gas packer is to preserve and keep the oil there
so that it may be produced in that well; the setting of a water
packer is for the production of a well where water has pushed out
the majority of the o0il?

The setting of a gas packer, as a general thing, there is very
little o0il above the packer -- very little oil left in the gas
horizon. Usually quite a 1ittle oll can Dbe produced from the
well producing water where it 1s packed off,

With ©respect to this point, a great deal of time has been con-
sumed asking you gquestions in regard to closed-in pressure. Ir.
Bohart questioned you at length about the difference in pressures
between the bottom of the hole and the top of the hole. Has that
got anything to do with the production of oil in the field?

laturally, you have to have ==
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(Interrupting) Has it got anything to do with proration?

No.

Have any bearing on the operation pressure, and the flow of the
fluid through the sands? Some people belleve one thing, snd some
believe something else, is that true?

Yes sir.

Would you prefer theory to fact, where they have no fact?

I would prefer fact.

Is it a fact that you know the water encroachment is from the
southeast and towards the center of the field in a northeasterly
direction?

That is a fact.

#ould that water, as a fact, push the o0il shead of it?

Yes, s8ir.

Do you know of any way to keep the water flow from pushing the
oil away?

I don't know of any.

You know the water d4id push the oil up structure?

Yes, sir,

BY COL. ATWOOD:

O

O

A

&0

%11l you state that this intrusion of water has pushed the oil
to the northeast? Do you mean to say all the oll has heen
pushed out by thé water?

Noe

As a matter of fact, the production of water --

(Interrupting) It hes been produced in the upper zones. We did
not make any claim we had lost all of the oil.

As a matter of fact, you have no way of computing how much oil
has been pushed away?

Yes, you can celculate,

How can you if the oil has been pushed awa y by water encroachment,
how can you tell how much?

It is set out in the report I read yesterday.

Can you compute how much has been produced?

You know the production, yes.

You don't know how much has been pushed away?
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You can make a very ==

That is theory, not fact?

You know the water has gone up over the fileld,

Did it go to take the place of oil removed at the surface, or
did it go to take the place of oil that went some place else?
Both, but mostly that had been taken out.

How much?

It is easlly calculated.

You know how much has been taken out?

Yes, sir.

But you do not know with the same degree of certainty how rmch
has been pushed away, if any has?

You have got a pretty good idea.

CROSS EZAMINATION By Mr. Rae:

You made a statement that the setting of water packers was
detriﬁéntal to the interests of the operator. Is that correct?

I said that the operators on the southwest flank feel they have
lost oll by setting packers.

I thought you made the statement, in answer to Kr..Seth’s question,
that the setting of a water packer was detrimental and not bene-
ficial.

I said the operators on the southwest flank feel they have lost
oil.

I would like to ask you three gquestions: One is, would you, as
an operator, desire to produce ten barrels of water for one of
0il?

If we could get more ultimate recovery.

Then what potential is assigned to that well,~ what adjusted
potential? Is that based on the production of the lower zone

you are producing from, or based on the production of the upper
and lower together, and the upper has’been flooded out by water -
is it based on the productivity of that particular pay, the
production pay, or 1s it based on the productivity of the upper
pay, now flooded out, plus the lower pay?

Like all potentials in the field, it is based on the well's
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after acidation. It is true, you have packed off part of the

pay. The operators in the north end there have probably found
lots of water, it makes no difference whether it is north or
south.

If your potential is based on the upper and lower "pays", your

allowable must be; the present rules really allow you to produce
both zones from that one particular zone?

The engineers recommended that when water first appeared, to
conserve energy.

The engineers were very generous to those operators and gave

them allowailes based on present fluid production, didn't they?
The operators at the north end of the field, based on fluid pro-

duction, their potentials are going up and ours are going down.

Do you think you could get a larger potential on those water

packers than with fluid?

The pressure would be higher,

Do you think it a reasonable statement to make that the water

packer wells have not been given a lot of real consideration in

allocation of 0il?

Due to the proration formula, they have had higher allowables

than they have at the present time,

Most all wells took new potentials as water packers were set
after acid treatment, didn't they?

They would have had higher pressure and they would have had

potentials increased by bottom hole pressure adjustments.

You say the water packers would have had higher --

That 1is high pressure area.

A well making 95% water today, that was making clean oil a few

years ago --

(Interrupting) I am talking sbout adjusted potentials, not
actual potentials. Probably not a well in the field 1s producing

its potential.

BY MR. WOODWARD:

Q

You read a reference from a report in the record. I telieve I
understood you to say you had operated in accordance with those
recomreendations?
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A I believe we have.

Q You do believe 1in the maintenance of reservoir pressure where
possible?

A I velieve it is a good thing for the reservoir,

Q I infer from that, the engineers did not have in mind maintaining

the pressure in any particular part of the reservoir, but the
reservoir generally. Isn't that your understanding?

A That is 1it.

BY DR. KNAPPEN:

Q Referring, lr. Card, to the water encroachment map, your Exhibit
E, it is a fact that water has encroached across the area in which
the red squares have been mapped showing the location of packers
in wells, is it not?

YA Yes.

Suppose 1t were physically possible to build a concrete wall

&

along the township line, extending clear down from the surface,
to say, 614 feet below sea level, so that all of Twpe. 19 South
would be completely shut off from Twp. 18, from the north, and
the Hobbs FPool operated as two entirely separate pools; would
water have encroached to within 313 feet of the concrete wall
at any time during the productive life of that pool?

You mean, half of the distance from the wells to the line?
That is right.

I think there are wells 330 feet from it.

o » - >

wWwould water have encroached to those wells, assuming this con-

crete wall could be built?

A Vater would eventually get to those wells,

Q We thoroughly agree on that. Mr. Woodward asked you a series of
questions which he stated as facts. It 1s a fact that there was
water in every one of the wells where packers were set?

Yes, sir.

Q It is a fact that a large volume of o0il has been withdrawn south
of this concrete wall I am talking about?

A Yese

Q It is also & fact, if that wall had been there, water would

have encroached in the wells nearest to that wall?
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It would have taken a rnuch longer time.

Water would have come in to replace the oil, wouldn't it?

It would have taken a very much longer period of time.

Is that fact or theory, the longer time required?

I thoroughly believe it, whatever you call it.

You know that where there is water in the wells, you know the
water came in to replace the oil, but you don't lmow whether the
water pushed any oil across the township line?

Any way you want to calculate shows a &oss of oil.,

The facts are that the water would have encroached in those same
wells, merely replacing the oil, if there had been no possibility
of pushing the oil out?

The higher withdrawals up in the center of the field, it 1s very
reasongsble to assume 1t pushed the oil out.

It is an assumption that the water pushed the oll across the
township line -~ you have made a statement based on assumption?
You could make two or three different types of assumptions to
show losses, varying degrees of losses.,

I can set up a theory that no oil has moved across the well's
boundary -~ I don't believe that is correct. What I am getting
at is the difference between facts and theory. The fact is that
water has come in to replace the oil, and it is theory that

the 0il has been pushed shead of the water --

BY KR. SETH: (Interrupting) I insist that Dr. Knappen be sworn if

he is going to testifye.

How fast this water moved from -- during the years 1931, 1932
and 1933,-- how fast that water moved in those years, the pro-
duction of oil could not possibly account for it.

Is that fact or theory?

The procuction of oil south of the township line could not account
for it.

You told the Commission you did not know the porosity -- you did
not know what the porosity was, and therefore did not know how
much oil there was. Perhaps it was limited and water simply
replaced the oil as it came across.

based on calculastions =--
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You assume average conditions throughout the field, and you have
divided the 175,000,000 barrels by sacre feet, and you found 110

barrels production per acre foot. You assume one acre foot has

as much oil under it in Twp. 18 as in Twp. 19. That is theory.

That is a pretty wide area, that water encroachment. It should

average out as well as the rest of the field.

The average of the field, whether the flank or the top?

No, I say that area covered.

Is the average porosity the same on top as on the flank?

Hobody knows.

Has that always been the theory of the Stanolind and the }Nidwest?

BY I'R. 400DWARD: If you had the concrete wall, you know the oil

would not move up structure.

Q
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You mentioned some gas packer wells had been ungble to make their
allowable prior to the time the packers were set?

That is often the case. They are making so much gas they did
not make thelr allowable,

Was that the case in any well in the Hobbs Pool?

Right offhand I could not say definitely.

You do not know that some wells did not make their allowable?
Not definitely. I would have to refer to the records. That is
very often the case in any field, and probably true of some of
the wells in the Hobbs field.

I don't want to prolong this cross examination, but I wish you
would refresh your memory on that point. Stanolind State lo.
11, in the SWj of Sec. 5, in 1932 didn't you start to plug back
that well to shut off water?

I could not say definitely. I have heard there is one well they
started to plug back.

Did they finally plug it back to the point where the well would
produce no oil or water?

I do not know.

Witness dismissed,
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ROEERT W. TESCH,

being called as a witness on behalf of the plaintiff, and being
first duly sworn to tell the truth, the whole truth and nothing
but the truth, was examined by Mr. Seth, and testified as
follows:

DIRECT EXAMINATION

Please state your name.

Robert W. Tesche

What is your profession?

Petroleum engineer,

By whom are you employed?

The Stanolind 01l & Gas Company.

Please state your qualifications.

I received the degree of Fetroleum ingineer from the Colorado
School of iiines in 1933. Shortly after graduation I was em-
ployed by the Stanolind Qil & Cas Company in the Permian Zasin,
where I have worked for i{wo years. Since that time I have an
office in Fort Vorth, where I do sub-surface worke.

You are about to conduet an experiment here. Will you state, in
a general way, what you intend to do.

I have two purposes: I wish to show with this experiment -- I
have kept the experiment as simple as possible to save time and
so that it can be readily understood. ‘'he first thing I want
to show with the experiment is to show you can have two wells
of the same "pay" thickness, and yet may have a variance in
rated potential,. and yet still have the same amount of oil

in place. 1In other words, under certain conditions, potential
i8 not any indication of oll in place.

Second, I wish to show that where you have two wells, one
in a formation of high permeability and one well in a formation
of low permeabillty, it is8 necessary for you to have a greater
variation in flowing pressure in order for that well to have an
opportunity to recover its oil. In other words, if you don't
have that, that well will never recover its oil in place.

I have two tubes here (Here the witness sets up a frame

holding two test tubes of glass fillsd with sand). We will
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say this is an oil well, and this is an oil well (indicating
the two tubes) of relative porosity. That well happens to be
drilled into a part of the formation that is very permeable,

As a result, it has high potential. This well (indicating the
other tube) 1s drilled into a part of the formation relatively
impermeable as compared to the other, yet these two wells --
the two tubes ~- hold the seme amount of fluld. Both oil wells
have the same amount of o1l in place, but one well produces a
greater amount in the same time. I am going to fill the tubes
to show they hold the same amount. (Here the witness produces
two other glass tubes, apparently of the same size, both filled
with water. DBy the use of rubber tubes he attaches a water
filled tube to each of the tubes filled with sand).

Is there a difference in the sand in the two tubes?

A Yes, there has to be a difference in the diameter of the sand
grains to have a difference in permeability. You have fine
grains of sand in this tube (indicating one tube) and large in
this tube (indicating other tube),

BY 1IR. HUBDARD: You mean, one is tight and one is loose?

A Relatively speaking, that is correct.

B/ 1R, LUCDARD: When you say they have the same porosity, you mean one
holds the same amount of oil in place, or water, as the other?

BY GOVERIOR HILES: Let me see if I understand. The two tubes are
the same porosity?

A Yes, sir,

EY GOVERECR ILES: DBut one is more permeable?

BY IR, SETH: RBigger grains of sand,.

BY GOVERNOR KILZS: And you claim both hold the same amount of fluid?

A Yes, sir. I am going to show that water runs through this tube
(indicating one tube) much faster than through this one (indicating
the other tube).

BY IR. SETH: Proceed.

A In the one case where the sand grains are larger, the openings
between the sand grains are necessarily larger. In the other,
the sand grains are finer and the openings smaller but many more
of them, and the vold places between the grains total up the
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same.,

GCVERNOR KILES: Where the sand 1s finer, the grains are set
closer together?

BY IMR. SETH: Smaller openings, but more of them?

A Yes. That is a common source of misunderstanding, even among
engineers -- that 1s the primary reason for this demonstration.

BY GOVERWOR MILES: Does it take more pressure in the one that has the
finer sand to make the oil go through?

A Yes, sir. I am going to give both the same pressure, and as a
result, this well will not flow as fast. You have to have a
greater differential in pressure in order to get the oil, If
you don't ==

BY iR. HUBBARD: (Interrupting) What would determine the amount of
cil in the tight one?

A Have a bigger potential. This is my source water (indicating
the water £111-d tubes). It has 224 cubic centimeters of water.
I am going to put the water into this tube first (indicating
one sand filled tube). In a minute you can see the change as
it comes up, and it will take a few wminutes for it to fill.

The water is going down here (indicating a water filled tube)
as 1t fills. ‘Yhen it gets up to the top I will shut it off
to show how much water has been displaced.

BY I'R. HUBBARD: Is that the permeable one?

A That is the less permeable one. At the conclusion of the experi-
rient I will take some of the sand out of each tube so that the
difference in the grein size can be seen.

BY iR, HUZBARD: The area is the same?

A Yes. This one 18 now full. The reading is 176 (reading on
water filled tube).

BY KX, SETH:

Q How many cubic centimeters does that make in the tube?

A 48, Now, we will £1i11 this one (indicating the other sand filled
tube)e. You will notice this is filling up much faster.

(Tube is now filled). This tube here holds slightly less, about

46 cubic centimeters. They both hold practically the same. Both
of these tubes are now full. I want to connect the two reservoirs
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and let the water run out and show you the relative production
of both tubes. I am going to displace this area so that it
will be even. I will fill this to the top. (Fills tube with
water). I am going to run the water through into these tubes
here, and will put in a 1little dye so that you can see (puts
red dye in one tube and gree in other tube which will receive
the water drained from the sand tubes). Now this tube here

is low permeability, and this tube here is high permeability.
I am going to remove the stoppers and let the water run (does
so). Notice the production out of this tube -- they both

started at the same mark.

2 Fame pressure?

A The same pressure.

BY GOVERICOR MILES: In that calculation, the size of the grains of
sand is taken for granted in each one?

A You would have to determine the effective diameter of the sand.
You do that by screening.

May I call your attention to the fact that this one (in
dicating) is allowing the water to drip through almost twice as
fast as this one, but these both hold the same amount of water.

BY IH. ANDREAS: Is that the same procedure in botn lime and sand?
A liore true of lime than sand.

See, this tube here has produced about 21 cc. of water,

while this tube has produced less than 10 c.c. This tube

(indicating the first one) is twice as permesble,

9 While this experiment is going on, I would like to aslz kr.
Tesch some questions. 1Is there any book or published authority
on this matter of potential, what elements go to make up
potential?

A Yes, probably one of the latest and best books that has been
written is by Mr. Muscat, "Flow of Homogeneous ! luids Through
Porous Nediums".

Q Is that Mr. Muscat sitting over there (indicating a man in the

room)?
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They tell me that is who it is.

Have you that book?

Yes, sir. Let me get ite.

Would you read from lr. ¥uscat's book and explain oh the dia-
gram that you have?

On page 153 of his book, he has included a formula which shows
the total fluid from sand to the well, I have taken that formla
out of his book (indicating a chart which the witness has pro-
duced). (Marked Stanolind Exhibit F).

Is this Exhibit taken out of Nuscat's book?

Yes, sir, it is taken out almost exactly the same.

While we are doing this, this permeable tube has already
recovered its oil in place (indicating tubes on the table).
Does this beaker hold the 50 c.c. originally put in?

Yes, which is all this tube held.

(Turning attention to Stanolind Exhibit F): "Q" represents the
well bore per unit of time; "K", which is permesbility; "H"
which is sand thickness; "P-1", pressure at edge of well; "pP-2"
the pressure of the well at flowing -- "P-2" has to e lower
than "P-1" in order for the well to flow. Below the line we
have "V", which represents viscosity of fluid; "R-1" represents
drainage areas; "R-2" represents the radius of the well bore,.
In that formula -~ it will be noticed that there is no schedule
in that formula that has anything to do with oil in place,

It is measured by the rate it will flow through that formation.

I have stated in the beginning, we have to assume that where
you have two wells of equal thickness -- two wells of equal
drainage radius, the tension at the well bore in that well 1s
dependent upon the permeability of that sectione.

Getting back to the experiment again, everything is constant
here except permeability. DBoth tubes hild the same amount of
water, yet one you get twice as fast as the other.

What does that mean in respect to potentials?

well, it simply means this to me; The potential is no measure
of o0il in place.

In other words, this more permeable tube produces its oil in
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place more than twice as rapidly as the other?

Yes, sir.

So that rate of flow represents potential?

That is right.

This well, by having higher potential, would have gotten rid

of its 0il in less than half the time the other one would have?
That 1s correct.

If it continued to produce oil, this well would have to get its
cil from some other place?

That is the only way it could.

It takes more pressure to get oll out of the less permeable well?
It takes more pressure to get it out at the same rate.

If you produce the o0il in the same elapsed time, it would take --
Twice as much differential in pressure.

For this well to produce its oil in the same time, it would
require a pressure drop of twice what this well of low perm-
eabillity requires?

Approximately.

Do you have anything further from Mr. Muscat's book?

No, I think that is enough.

You can see this has gone down almost twice as fast (referring
to the experiment).

This tube of low permeability is still laboring along -- it

takes a while longer.

BY GCVERNOR IIILES: This diagram you speak of, has that been con-

sidered at all in the production in this field?
No. In other words, it has always been taken in the past that
potential is the measure of o0il in place, which, to my way of
thinking, under the conditions you have in the Hobbs Fool, is
entirely wrong. If you will notice, this formula (Exhibit F)
is taken from this book (Hands the Governor the book the witness
has been using).

This tube has already recovered twice the amount of oil
in place, This tube has only recovered slightly less than
80%. I would like to add this for the record: In a field
like Hobobs, where you have such variances in permeabllity, that
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that what I have shown here is more true than ever - even more
reason why you should not use potential as a measure of o0il in
place.

BY IR. SANDERSON: Why don't you use two lime cores, rather than sand?
A I used this for the purpose of illustration. This is an experiment
to show what can happen. We couldn't get cores from limestone.

BY kR. CHRISTIE:
Q If these two tubes were connected, as if on® one reservoir,

would you get oil from the lower permeability tube into the

higher?

A You mean 1f they were connected up as one tube from the same
reservoir?

Q Perhaps down the center of the tube somewhere, and had higher

pressure in the higher permeability tube, would oil flow from
the lower one into the higher one?

A I still don't get what you mean.

Q I think I can put it this way -- that would not be true if the
pressure was higher in the higher permeability tube -- we have

areas of low pressure and high pressure --

A I get what you mean ~=- rather that would drain that one?

) Yes.

A It is possible, very.

Q Drain from the lower into the higher if the pressure was higher?
A You would probably, in genersl, you would have had the time

element -- your potential is only taken over a two hour period.

BY DR. KNAPPEL:

Q I notice the level in the two graduates, or tubes, is very
different at the present time.

A That is right.
The level is lower 1in this one because of excessive production.
In a reservolr that would be the same, it would have greater
differential, and -=-

Q (Interrupting) Let me continue. The fluid is lower in the
graduate connected to the high permeability tube, is it not?

A That 1s right.

Q And the fluid level i1s lower because of the greater production
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through that tube?

That is right.

The lower the fluid level, the higher the pressure on top of the
high permeability tube than on top of the low one?

Thet is correct.

If bottom hole pressure were introduced to pinch back the flow,
you would get production on the two at thes ame time, if you
pinch that back?

The chances are it would be approximately the same in the re-
servoir.

The reason we want bottom hole pressure factor 1s to correct
certain inaccuracies. Is that not what lMr. Wood has said,

that potential is a good first measure of oil in place, but
that potentials need to be rapidly corrected by bottom hole
pressure., He has stated that if a well is allowed to produce

at too excessive a rate, it drains the oil from adjoining lands --

BY KZ. SETH: 1Is the Doctor testlfying again?

BY DR. KNAPPEN: = = - = = then there would be no drainage. Is not

that what lr. Wood, Chief Engineer for the 3tandard 0il Company
of Indiana, has written?
I don't Ymow.

This well has now recovered all of the water back -~ 48 c.c,.

back; but in the meantime this tube has produced 136 c.c. In

other words, this tube has produced twice as much. Obviously

this water, or oll, has come from some place else, as it only

had this muche.

BY iR. SETH:

Q

If you had bottom hole pressure on the two even, what would
happen? The same thing?
Approximately. As a matter of fact, if you keep the same

pressure on this tube, you would have had greater production.

BY L. SETH: That is all,

Q

A

CROSS EXAMINATION By Dr. Knappen:

It is true the more permeable tube produced sbout two and a
half times as much?

Yese
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Q If bottom hole adjustments had been made on the potentials
rapidly during the process of the experiment, so as to keep
the bottom hole pressure equal, make adjustments to do that,
the effect would have been to get just the amouﬁt of water
in place in each tube at the same time,

A Wo, it could not, at the same time.

Q You made no bottom hole pressure adjustments. If you made them

frequently enough, 1t would have been possible to produce the

same amount of water from each tube.

You mean by pinching back, that will be the result?

Yes., |

How would that change the head?

O P O >

So that the pressure remained the same in the two tubes, then

you would have kept exactly the same pressure.

>

I don't see how that would happen at all in a reservoir,

Q If you had adjusted the fluid flow so as to keep the levels in
the tube on top the same, you would have had identical production.

BY LiR. LIVINGSTON: If the Commission may suggest, will the gentleman
put his examination in the form of questions for answers, be-
cause this form would tend to confusion, making statements in
the nature of testimonye.

BY DR. KNWAPFEN: I am sorry. I understood on cross examination that
type of question was permissible.

BY NH. LIVIEGSTON: If you put it in the form of an interrogation,
something that the witness can answer.

Q Would it be possible to make fluid adjustments at the rate of
flow from the high permeability sand so that the water level in
the two graduates would have been kept the same?

A Yes, 1f you had increased the head on the other, and decreased

it in this one, it probably would.

4] Would it have been possible to change the Tlow through the more
permeable one to keep exactly the same head in the two graduates?

A It would.

Q Is not that exactly analogous to the bottom hole pressure -- to

pinch back the production in the one which is producing at such

a rate so that bottom hole pressure drops below the field average?
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No, sir.

wWhy?

If you get a well of low permeability, you have got to have a
differential in pressure.

Are you speaking of differential in flow pressure or static?
Flow pressure.

Bottom hole pressure is made at static?®

Yes, that is why it 1s higher,

They are made at static?

They have been in the Hobbs field, yes.

Is it your theory that a well producing at an excessive rate
will produce a low pressure area around the well, so that the
low pressure area will be compensated for by bottom hole pressure?
On the other hand --

(Interrupting) Is that the theory of bottom hole pressure ad-
justments?

I don't think so.

Will you explain to the Conmission what it is?

I am familiar with the scheme down in the Yates field. That
bottom hole pressure adjustment there was to keep oil potential,
as the bottom hole pressure of the well declined. It does not
mean anything, but that is one of the purposes it has been used
for.

What is the theory of bottom hole pressure in the Hobbs field?
You have got me -- I could not tell, Iiany don't think there is
one.

If you are familiar with the vackground and reasons for intro-
ducing it, you could not say what that theory is?

I don't kmow what the reason was. I know it has not worked out
at all.

I thoroughly agree with that. The bottom hole pressure has not
been sufficiently severe.

The whole theory is wrong.

1. HCOLVAED:

If you kept the level in the top of the graduates level, amd
gave the low permeability well an opportunity to produce its
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01l relatively in the same time as the other one, that would
have been straight acreage, wouldn't it?

A I don't follow.

6y

That would have been tantamount to straight acreage, equalization
to get the same production?
A ihat is true.

BY I'R. LIVINGSTCON:

2 And would you have had the bottom hole pressure maintained the
same?

A Lo,

Q Perhaps I should have said the differential pressure the same.

A Those are entirely distinct characteristics,

The bottom pressure in the reservoir would have been the same
if you had equalized the potentials from the two sands?
A Yes, sire.

5Y DE. KUSCAT:

2 Do you consider this field gas drive or largely water?
A - Largely water.
Al That in spite of the large amount of gas there?

A You have produced the field slightly too faste.

9 At least, the water drive is not sufficient to maintain the
pressure?
A It is not now. The rate is greatly reduced the last few years.

Wl

The pressure 1s still declining?

Slightly.

OH P

So at least the water drive is not completely effective?

A Not 100%.

O

Isn't that true that the pressure in & field declires as oil is

recovered?

A Not necessarily.

2 How many exceptions are there?

A I know in the Yates field there is no appreciable change in the
pressure.

Q Do you know of any others? What about the Hendricks?

A The Hendricks was produced under the rule of capture.

Q The East Texas field?
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It was produced too fast.

In such a fleld where the pressure declined, would not a field
be considered to be completely exhausted when the pressure

falls practically to zero, or of very little value?

You mean water drive?

Those having sufficient gas drive do decline.

And have no water drive?

Those Which are not completely water drive, because, if you cannot
say, when such fields where the pressures do decline, when they
decline to the approximation of zero, are they then not con-
sidered to be completely éxhausted?

Not unless the reservoir were exhaﬁsted -- that would be true in
a field like Iobbs.

iihen the pressures have declined slightly?

Slightly.

Wnen the pressures have declined to low value, you will consider
the o0il has been recovered -=-

No, sir.

The recoverable oil has not been recovered?

I say it will not decline to zero. If it was you would be ==
(Interrupting) At any stage does not the average value of the
reservoir pressure give a measure of the o0il content?

The oil and gas content, yes.

Why does the pressure decline?

The water is not keeping up quite as fast ss the 0il is recovered
and the gas comes out of solution.

That gas comes out of solution only by virtue of pressure decline?
That is right.

The more free gas space present in the reservolr, the more oil
has been recovered?

You mean the free gas formed after the reservoir begins production?
Yes,

surely, provided the pressure has not been declined tooc fast.
What else could that be due to?

It may come out of oil still in the reservoir.

All free gas space was formerly occupled by oil. ihen you have
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BY IR. LIVINGSTON: It seems to me Mr. Muscat makes statements, whereas
an examination should be questions, rather than statements.

BY JUDGE LOYWE: It seems to me they are progressing pretty well,

BY XK., WCRDEN: Let him ask questions.

Q Is it not true that decline in reservoir pressure 1is the measure
of the oi1l that has been recovered?

A To some extent, yes.

2 In those regions of & field where the pressure has declined, is
that not an indication that greater amounts, or maximum amounts

or greater relative amounts of oil has been recovered?

A dhat do you mean, what regions?

o] Those regions that have lost pressure?

A ¥o, sir.

Q If all pressures were uniform at one time, and still one hsas
dropped =--

A (Interrupting) What pressure?

) The reservoir pressure.

A How do you know what it is?

Q I anm not talking about that -~ assume, for the moment, you do

know what the reservoir pressure 1ls, then those regions which
have declined by the maximum aount have recovered the gsreater
proportion of the recoverable oil.

T don't get what you mean. State it again,.

Well, sir --

Ask a direct question. You make it so long.

o o e

Is it not true that those parts of the field which have declined
the most in reservoir pressure have been depleted of most of the
original recoverable o0il?

A If you knew what it was,

Q I am not talking about the reservolr pressure -- I am not re-
ferring right now to reservoir pressure =--
A If you knew 1it.

It is true that -~ isn't it true that the bottom hole pressures,

O

as they have been measured, are lowest in the southeastern end

of the field?
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As they have been measured, yes.

Isn't it also true, on average potentials, they have been lower
than elsewhere?

Yes, it is more impermeable,

They have recovered less oll than in the rest of the field?

Yes, they have had lower potentials than the rest.

In spite of that, isn't it true that prescures have declined more
than the rest of the field?

I don't know.

Isn't it true that the measured static, bottom hole pressures
have declined more than the rest of the field, in spite of the
fact that withdrawals -- recovery has been lower?

Yes.

If those measured bottom hole pressures do represent reservoir
pressure, would that not be an indication thet that region has
had less recoverable o0il in place?

o, sir.

Why not?

Because you can't measure, in a limestone like the Hobbs field,
you can't measure reservoir pressure by bottom hole pressure --
(Interrupting) »I said if the statlic, bottom hole pressure were
to represent reservoir pressure, would it not be true that origin-
ally they had less?

I said in the beginning you had to have greater differential
pressure in these low permeability wells in order for them to
recover the oil.

If you did know the actual reservolr pressure, and if that shoulld
have turned out to be lower in the southeastern end of the pool,
in spite of the ract that withdrawals or recovery had been lower,
would that not be an indicatlion that originally they had less
oil in place?

Hoa

Why not?

Because it is going to take them longer to get it out.

Wouldn't you say that reservoir pressure, if you knew exactly
what it 1s, would (could not hear rest of question).
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If you had free gas formed, yes.

Didn't you have free gas formed?

Not down there.

What is taking the place of the oil coming out?

Down there?

Yes, in the southeastern end of the field?

It has probably been, to a slight degree, water.

You have not drilled out to the edge of the field -- you

have dry wells?

Not every side of it.

In those wells that are still dry, that do not contain water,
isn't it true in those cases, that ges must have come out of
solution?

To some extent.

Is there a vacuum left there?

I don't think so, no.

For every barrel of oil taken out, there must be that much free
gas left, if water has not come in?

I am predicating my theory on the fact that the reservoir pressure
away from the wells 1s much higher than at the well bore. I
don't think what you measure at the well bore means nuch.

If you aid know the reservoir pressure in the southeastern area,
and if you found those to be lower than elsewhere, in spite of
the fact that less oil had been recovered, and considering the
fact that water had not come 1ln to displace the oll recovered,
wouldn't that be evidence of the fact that originally they had
less oil in place?

Go through that again. (Question is read to wiiness).

I belleve that is right.

BY DR. KNAFPEN:

I
«

Is the formula you have shown on this chart the proper formule
for calculating the oll through permeability?

‘hrough the well btore, yes.

You believe the formula is satisfactory?

For what?

liovement of o0ile. You have introduced it.



A Not entirely so.

) You have introduced the formula.
Not entirely so, because you do not know what the pressure is on

the drainsage ares.

2] The formula assumes you know. If you do not know --
A I think your own man said so.
8] You think he is a competent petroleum engineer?

BY GOVERNOR KILES: We will be in recess until eight o'clock this
evening.,

-y ey W om

Pursuant to recess taken, the Commission resumed the
hea rings at eight o'clock, P. Ili., December 7, 1939, with

Governor Kiles, NMr. Worden and Mr. Andreas attending.

BY KR. SETH: We rest.

LA T X X}

L. L. GRAY’

being called as a witness by the Gulf 0il Company, and being
first duly sworn to tell the truth, the whole truth, and nothing
but the truth, was examined by Jjudge owe, and testified as
follows:

DIRECT EXAVINATION

State your nanme.
L. L. Gray.

Where do you live?
Tulsa, Oklahoma.

Who do you work for?

O P O P> O

The Gulf 0il Corporation.

How long have you been working for the Gulf 0il Corporation?

&

Since 1928.

=8

&

You are an engineer, are you not, Mr., Gray?

=

Yes, sir.
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I wish you would state your qualifications to the Commission.

= @O

I am a Eachelor of Science ==~

EY MR. SETH: (Interrupting) Ve admilt he is a qualified engineer.
Q Have you been associated much with the development of o0il in
the Lea County field?

Yes.

For how long a time?

Since 1931,

O B O r

Have you been familiar with the proration plans in force since
that time?

A I have.

&

Wiere you a member of the operators committee at the time of the

cormittee's adoption of rules and regulations?

jad

Yes, sir.

) Have you prepared a statement showing the history of that?
A Yes, sir.
] I wish you would read it to the Commission.

A (Reading) The first well in the Hobbs Pool was drilled by kid-
west Refining Company on the State lease in the northeast quarter
of Section 9, township 19S, Range 38E. The top of the Hobbs
lime was encountered at 4065! and at total depth of 4220' the
well flowed 700 barrels per day. Subsequent development was
first southward where several relatively small potential oil
wells and two dry holes were completed. The initial well was
completed in December, 1028,

Rapid development of the pool did not begin until after
the completion of Humble Bowers Wo. 1 located in the southeast
quarter of Section 30, township 183, Range 38 E, approximately
three miles northwest of the "Hidwest" discovery well. This
well was completed in January, 1930, and encountered the top
of the Hobbs Lime approximately 100' higher than the discovery
well., It produced 7,275 barrels of oil per day based on a 23
day average.

Early during the year 1930 1t became apparent from the
falling crude oil market, the approaching chaotic condition
of business generally, the rapid development in the Hobbs pool
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and the limited expected pipe line outlet, that i
soon be arpliled. ) must

Discussions which lead to the adoption of the H
ration Plan were begun during lay, 1930, about the tix
Humble Pipe Line was completed. The Atlantic Fipe Line
under construction and construction of the Shell Pipe Li.
which was to connect to the Texas Pipe Line was about to L
started.

At that time four general types of proration plans hsad bggh\
operative in other stetes; (1) Deferred drilling plan, (2) The
Potential Plan, (3) The Hendricks Pool Plan, and (4) The Yates
Pool Plan,

The deferred drilling plan although attacking the problem
of over~production at its source had the disadvantage of con-
flicting with the requirements of lease contracts. The plan
usually provided for open production after the wells were com-
pleted so that it did not satisfactorily fulfill the reqguire-
ments for control of the vast amount of over production as
threatened the Hobbs rYool. 1In addition most operators believed
that restricted flow would effect greater conservation than
open flow from a lesser number of wells. Since the problem
was to equitably distribute the available limited market and
the conservation of reservoir energy, the deferred drilling
plan was not given further consideration.

The potential plan which provided for districution of the
market outlet in proportion to the potential of each well was
favored by a number of operators. It was oppaed by other
operators on the ground that short time potential tests would
not reflect the well's relative ability to produce as accurately
a8 open production so that a modifying factor should =e intro~
duced. It was also recognized that if the bool became a major
procducer and the apparent market 4id not increase there was
danger of the smaller wells bLeing prorated velow the anount
necessary to profitably ccntinue their operations.

The Hendricks Pool Plan (Winkler County, Texas) provided
for allocation of allowable to square 40 acre units; the

-80=



and the limited expected pipe line outlet, that proration must
soon be applied.

Discussions which lead to the adoption of the Hobbs Pro=-
ration Plan were begun during Kay, 1930, about the time the
Humble Pipe Line was completed. The Atlantic Fipe Line was
under construction and cunstruction of the Shell Pipe Line
which was to connect to the Texas Pipe Line was about to be
started.

At that time four general types of proration plans had been
operative in other states; (1) Deferred drilling plan, (2) The
Potential Plan, (3) The Hendricks Pool Plan, and (4) The Yates
Pool Plan. |

The deferred drilling plan although attacking the problem
of over-production at its source had the disadvantage of con-
flicting with the requirements of lease contracts. The plan
usually provided for open production after the wells were com-
pleted so that it did not satisfactorily fulfill the require-
ments for control of the vast amount of over production as
threatened the Hobbs Ffool. In addition most operators believed
that restricted flow would effect greater conservation than
open flow from a lesser number of wells. Since the problem
was to equitably distribute the available limited market and
the conservation of reservolr energy, the deferred drilling
plan was not given further considerstion.

The potential plan which provided for districution of the
market outlet in proportion to the potential of each well was
favored by a number of operators. It was opp@d by other
operators on the ground that short time potential tests would
not reflect the well's relative ability to produce as accurately
as open production so that a modifying factor should Le intro-
duced. It was also recognized that if the bool became a major
procucer and the apparent market did not increase there was
danger of the smaller wells being prorated below the amount
necessary to profitably continue their operations.

The Hendricks Pool Plan (Winkler County, Texas) provided
for allocation of allowable to square 40 acre units; the
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allowable being distributed 50% equally t

in proportion to the total unit potential
(Cormment }: This means 1f there are
tract, it would be the total potential on
(Reading): "The total unit potentisa
potentials of all wells on the unit. In

operators too much oil was allocated on a
called acreage" basis and not enough
Also, although a number of operators beli
forty =scres was adequate for efficient dr
potential®™ clause resulted in many unnece
drilled merely to increase the total unit

The Yates Pool Plan provided for all

units; the allocation being distributed 2%

75% in proportion to average unit potential,

tial was the total potential of all wells

by the number of wells on the unit.

eliminated the bad feature of the Fendricl

to over-develop the unit but it did tend 1

and density of wells,

high potential the operator was naturally

on tl

The &

If the first well q

o the units and 50%

"

»

four wells on a 40-gacre
all four wells,

1 was the sum of the
the opinion of most

per unit or "so

ne ability to produce.
eved that one well per
ninage the "total

scary wells being
potentiale.

opcation to 100 acres

5% equally to units and
The average poten-
on the unit divided
bverage unit potential
<s plan which tended
coward unequal spacing
pn a4 unlt had a very

hesitant about drilling

more wells since if they had smaller potentials the unit's allow-

able would be decreased,

If the Tirst wel

1ls on a unit were

low potential more wells were usually drilled in the hope that

a very high potential well might be obtailr

increase in the unit potential,

ranged from less than 10 acres to 100 acreg

The Hobbs Pool operators then selects

of several plans,

visions:

(1) Allocation on the basis of 25% equally

units (so called acreagel and 75% in propo

potential.

(2)

with regular subdivisions of sectlons by g

this being the largest area most operators
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1ed with a resulting

The resultant well density

s per well.

:d the best festures

n the following pro-
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overnment surveys,

believed could be




efficiently drained by one well in any portion of the pool.

(3) A policy of drilling only one well per unit, but more
than one well was not prohibifted since i might conflict with
contracts and lease provisions.

(4) A policy of conserving reservoir energye.

(5) The organization of a representative General fperator's
Cormi€tee an Executbtive Advisory Committeeg and an Engineesr Ad-

visory committee.

(6) The employment of a Proration Umpire and staff.

(7) Miscellaneous minor operating features.

The initial Hobbs Proration agreement was signed by all
operators, approved by the Commbsioner of Fublic Lands and

The State Geologlst and became effective July 10, 1930,

The plan was extended and revised from time to time but

the basic factors remained in force until| December 31, 1936,

Initially all potentials were obtained by producing the

well open through the casing, only a few of the wells being tubed.

It was realized that a better gas-o0il ratio could be obtained

when producing the normal allowable production by tubing the

wells. It was also the opinion of some that opening the wells

for potential tests might encourage encroachment of water.

For this reason it was decided to tube all wells with 3" tubing

and obtain potential tests through 3" tubing. It was a practice
at that time to take potential tests for each proration period

of 15 days.

After further study i1t was found thal the potentlals taken

through 3" tubing were not in proportion to the potentials taken
through the casing such that the wells having potentials of
over 6,000 or 7,000 barrels received a proportionately small

potential as compared to open flow. In order to correct this

situation tests were made of all wells through tubing alone and

also through both tubing and casing., This| information was

plotted on cross section paper using the production through 3"

tublng as the abscissa and the production through both tubing
and casing as the ordinate. In general these points fell along
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a curve and a line drawn through average points were termed

the experience curve and denoted the relationship between
tubing and open flows. There were a number of points, however,
that did not fall near the curve, but it|was generally found
that such wells were producing at higher | than average gas-oil
ratios., After further study it was found that a gas-oil ratio
correction factor could be applied to the production through
tubing so that the point would fall upon |the curve. DBoth the
tubing-casing experience curve and the gas-oll ration correction
factor curve were then embodied in the proration agreement.
The frequency of taking potentlals was ai first 15 days, was
extended to three months, later to six months and finally ex-
tended to an indefinite period.
water was encountered in six wells at the time of their
completion but these were either edge wells or were drilled
to a depth below the initial water table which was 600! to
615! below sea level., The Iirst well to which water encroached
was Stanolind State No. 11 in the southwest gquarter of Section
5. This well began producing water in June, 1931l. 'The water
encroached rather rapidly. It did not, however, encroach evenly

around the field. The water encroached most rapidly progressively

4

olind State No. 11

up structure in the areas adjacent to Sta

in the southwest of Section & and apparently followed the lines

!

of leasg resistance, which was areas having high permeability
and porosity.
A gas cap quickly developed in the higher portions of the
structure =-=-
BY GOVERIOR MILES: What do you mean by "gas cap"?
A Gas cap 1s a term applied to the top area of the structure where
gas has accumulated because it is the highest part of the pool.
wWhere pressure 1s low, gas comes out of sollution.
(Reading): “Initially t ere was either no gas cap or it covered
a very small area., By August, 1931, it covered an area of
approximately 500 acres and was still spreading.
The operators became alarmed by the rapid movement of

1

water and spread of the gas cap and charged the ingineering

|
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Committee with the responsibility of determining a solution
for the problem. After several meetings|and a concentrated
study the Engineering Committee concluded that the only remedy
would be unit operation. This conclusion was reached in August,
1931s From that time until early in 1933, the operators held
a serles of meetings in an attempt to reach an agreement on a
basis for unitizing the Hobbs Fool. The Engineering Committee
worked up innumerable plans which embodied acreage, potential,
structural position, and attempts were made to modify these
plans to take care of water encroachment jand spread of the gas
cap. A general potential survey was made of the pool in Iay,
1932, in order to have current information on the relative pro-
ductivity of the basic units and in order to determine the rate
of potential decline for these units. On| several occasions it
appeared that success was imminent in that the operators owning
95% of the properties agreed in principley It was not possible

however, to reach an agreement on dertain details of the plans

and the negotiations were discontinued in early 193%. <The Flan
which most nearly reached an agreement wal one based on 42-3%%
potential, 42%% structural position (Thic%ness of producing for-

mation) and 15% acreage.

Immediately following attempts to unitize the pool, one
company proposed that the vasic factors off the Iobbs Proration
Plan be changed, suggesting that since water was encroaching up
structure replacing the oil on edge properties a factor should
be incorporated into the plan which would be essentially the
inverse of structural position or thickness of producing for-
mation. That is, the factor would allow an edge property to
produce at a higher rate so that such properties would be more
nearly afforded an opportunity to recover their oil in place
before the water reached the properties., Uhis company likewise
objected to the apparent slightly lower pressures on offset
properties then existed under their own properties. Another
operator obiected to the very low pressures in the southern
portion of the pool. A few other operators proposed increasing

the acreage factor., After a great deal of discussion, agreement
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was finally reached to allow, at the option of the operator,
units that were producing water to be prorated on the basis of
607 average unit potential and 40% acreage. Units not producing
water continued on the 75% potentisl and 25% acreage basis. In
addition it was agreed to apply a bottom hole pressure correction
factor to the potential.

The first bottom hole pressure adjustment plan was termed
Plan 1A and was pattermed after the plan which had been applied
to the Yates Fool. It was to serve a twofold purpose; to adjust
the potentials in order to eliminate periodic physical tests
which was belleved wasteful of reservolr energy and to reduce or
eliminate differences in bottom hole pressure thus minimizing the
underground movement of oil from one unit to another.
The bottom hole pressure adjustment in the Yates Fool
changed the potential of each unit by a fraction: Present
bottom hole pressure as the numerator and | the previous bottom
hole pressure of that unit as the denominator. It was provided
the pressure would be obtained by taking regular bottom hole
pressure surveys of the pool. The plan did not fit the Fobbs
condition because it was generally agreed it was not drastic
enough to materially change the pressure differentials in the
reservoir. It was proposed that 1000 be subtracted from both
numerator and denominator of the fraction in order to make it
more effective. That is the fraction 300/400 would be less than
the fraction 1300/1400,

One company objected to the plan because the 1000 sub-
traction was arbitrary and had no basis on experience and that
when all bottom hole pressures had dropped |to 1000 lbs., all
potentials would be eliminated. It was pointed out, however,
that from January, 1931, to May, 1932, there was a potential
decline of 14% and the application of Plan 1A with the 1000
subtraction to pool average bottom hole pressures would have
resulted in a deeline of 16% which was within reason. #ith the
understanding that the bottom hole pressure situation would
recelve the lmmediate attention of the ZEngineering Committee
and the plan revised later, Plan 1A was accepted and incorporated
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into the Proration Plan effective Hovember, 19335.

The Engineering Committee prepared a number of bottom
nhole pressure adjustment plens and after a thorough study re-
commended plan 2A. Zince the bottom hole pressure adjustment
had a twofold purpose, to decline potentials and to minimize
bottom hole pressure differentials, the adjustment was made by
applying two fractions as follows:

Present adjusted potential = Previous potential x

(Present pool average BHP -~ 1000) x
(Previous Pool average BHP - 1000)

(Present Individual Unit B.H.P. = 1000)
(Present Pool Average B.H.P. - 1000)

The first fraction was for the purpose of declining the po-
tential. The second fraction was to effect increases or de-
creases in allowable depending upon whether the unit was main-
taining its pressure higher than or depleting its pressure re-
serve faster than the pool average.

Plan 24, bottom hole pressure adjustment was adopted and
substituted for Plan 1A in the proration agreement. The plan
still utilized the 1000 subtraction factor, but since it apparent-
ly was equitable when used with current existing bottom hole
pressures in the pool and since no agreement could be reached on
some other subtraction factor the operators believed it ad-
visable to adopt the plan immediately in order that necessary
and desirable adjustments could be made. Plan 24 is still in
force except that in 1935 the subtraction factor was changed
from 1000 to 2.3 of the previous pool average bottom hole
pressure. In the beginning of the bottom hole pressure adjustment
plan, surveys were made very three months in order that necessary
adjustments could be made as quickly as possible, Only two
bottom hole pressure surveys per year, however, have been made
since 1936, |

The first proration agreement provided that wells would not
be shot except afbedirecedving spacisl permisaien Srewm the
general committee since it was the opinion of the operators

that there was already too great a potential production in the
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pool. 1In 1933 acld treatment of llme and dolomite wells be-
came a production practice for the purpose of increasing pro-
duction. Special permission to treat one small potential well
was granted the Atlantic Production Company in karch, 1933, The
treatment resulted in a potential increase from 2,981 to 6,350
barrels a day and later to 14,580 barrels. The success of this
acid “reatment changed the views of the operators and treatments
were permitted on all wells, It was soon found, however, that
large increases could be obtained on large as well as small
potential wells. It quickly became a practice to treat wells not
once but several times in order to compete with offset operatlions.
The frequent acid treatments resulted in frequent potential
tests and the operators frequently exercised thelr option of
taking open flow potential tests rather than through the tubing
alone. In addition operators generally made one or two tests
before the official test in order to determine the manner in
which they could obtaln the highest potential. 'he frequent
taking of potentials was believed not in keeping with true con-
servation and since most of the wells had been treated, in
general, the relative potentials remained essentially the same
although the actual potential of both large and small wells
increased. <“he operators, therefore, agreed that effective
January 1, 1935, the taklng of new potentials would not be
allowed except on newly completed wells or wells that had been
drilled deeper. <This agreement was reached in October, 1934,
which left a period of three months for all operators to com-
plete their acidizing program,

As mentioned previously gas began to accumulate in the
higher portions of the structure soon after the pool was pro-
duced and the gas cap spread rather rapidly. Also water was
rapldly encroacning in certain areas and some wells were thregt-
ened with early abandonment. 1In the interest of conservation
efforts were made to reduce the production of gas and water by
various means such as bottom hole chokes, positive chokes and
the restriction of production to less than the normal allowable.
Some of these effected temporary improvement but was not a
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lasting solution to the problem. In November, 1952, the Texas
Company set a packer in kicKinley Ho. 2 which shut off the upper
producing zone. Although the well had previously produced more
than 90% water, after the packer was set water free oil was
again obtained. Thils definitely proved that the pay zones could
be separated and offered a possibllity of reducing gas-oil
ratios. All of the operators favored conservation of reservoir
energy but were reluctant to set packers because it would
necessarily reduce the potential of the well, also large quantities
of oil still remain in the zone it was necessary to pack off and
the spread of the gas cap would eventually move this oil off the
property. In order to promote voluntary conservation of reservoir
energy and to afford the operator an opportunity to more nearly
recover the initial oil in place under the property it was agreed
that the existing potential at the time the packer was set would
remaln in effect except that in case there was a general potential
survey the potential of packer wells would be declined in accord-
ance with the average of tested wells,

when the bottom hole pressure factor was put in force it
was agreed that packer wells potentials should be adjusted in
accordance with pool average tottom hole pressure, that is, the
packer well potential would be declined by the fraction having
as a numerator the present average pool pressure minus 1000 and
the previous average pool pressure minus 1000 as the denominator.
Thils provision of the plan is still in effect.

In Octover, 1934, a specilal allowable which was “reater
than the normal allowable was granted to one well. Thi. special
allowable was granted because the well had produced for a long
period of time at less than its normal allowable rate and because
the well was on the edge of the pool two locations away from any
other production and, therefore, could probably not drain othsr
producing properties.

In the souther portion of the pool there were six wells
on t ree units which had been drilled prior to the beginning

of proration. Since these wells had been drilled prior to the



+ime it was known there would be 40 acres square units and since
there was 80 acres in the lease on which each unit was located
it was agreed that these units would be divided along the long
axis of the &0 acres instead of into the regular square 40 acre
units. These wells were Tepollo Crump Ilfos. 1 and 2, Walter Terry
Lose 1 and 2 and Stanolind State in Sections 15 Nos. 1 and 13.
The change gave these companles one additional unit each and be-
came effective October, 1934,

Shortly after the liew I':xico {11 Conservation Cormlssion
was created a hearing was held in Ssnta “e to consider Hobus
Pool Froration and essentially all features of the prevailling
Fobbs Proration Plan were embodled in the Commlssion's subsequent
order. There was still some dissension amcng the operators with
reference to participation factors. Two companies favored an
ircrease in the acreage factor, however, the majority ol the
operators opposed changing the plan.

A hearing was held in Santa FFe in Decenper, 1956, and
after a great deal of evidence had been presented the ¢il Con-
servation Cormission requested that all operators again attempt
to reach an agreement on a plan. No agreement was reached and
upon being so informed the Commission agalin requested that the
operators agein attempt to reach an agreement. At that time the
75% potential and 25% acreage plan of allocation had been in
effect from the beginning of proration except for bottom hole
pressure adjustment and the 60% potential and 40% acreage optional
plan for wells producing water. In the opinion of the majorit
of the operators the plan in effect was most equitable, but since
other methods of allocating production had not been used there
was no supporting data to definitely prove thelr contention and
since two companies insisted on a change, agreement was finally
reached with the understanding that after it had been applied
for a period of time information to support the various conten-
tions would be available. ‘The new plan eliminated the special
allowable for water wells and changed the allocation fachtors to
40% for potential and 60% for acreage."
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BY I’R. EUZBARD: You didn't read the last three sentences (referring
to copy which llr, Hubvard has). Don't you have "Present in-
formation indicates -=-

A (Interrupting) I think you have an old copy.

BY l.R. HULEARD: Will you pardon me, please if I read that intoc the
record? (Reading) "Present information indicates that certain
features of the FProration Plan should be changed. In the be-
ginning packer wells pohentials were to be declined in accord-
ance with the average potential decline of all the wells
tested in the regular potential survey. No general surveys
were made, however. ‘7hen the bottom hole pressure method of
adjusting potentials--" The sentence stops there.

BY JUDGE LOWE:

Q What was the packer adjustments the committee was in favor of?
A At the present time?

Q Yes,

A I believe packer wells should be adjusted in a different manner

than they are at the present time. As stated, 1t was the in-
tention of the operators to decline the potémtials of packer
wells in accordance with the average potential decline of all
wells tested. when bottom hole pressure came along it was
decided to use bottom hole pressure in order to decline potentials.
The fraction used was the came as that used for the field average,
that is, the first half of the fraction used for normal wells,
The second half of the fraction was not applied. That feature
has caused packer wells to decline more rapidly -- I belleve
packer wells have declined between thirty, thirty-five or thirty-
six, and normel wells between five and ten. ©Since it was the

1 intent of the operators, in the beglnning, to decline packers
in accordance with the field average decline in potential, I
belleve you can, in fact, adjust packer wells, from the time the
packer is set, and decline these potentlals with the pool average
potential decline in that well, giving packers quite a little
increase in potential.

BY JUDGE LO7E: Any cross examination?

CROSS EXALINATICON By lir. Seths

Q Are you also in favor of wiping out fictitious potential?
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We no longer have potential in the Hobbs Pool.

What do you have?

O P

wWe have what should be termed a pressure potential factor. DTottom

>

hole pressure had no reference to potential -- it merely attempted

to ==

D

(Interrupting) Do you recall the first well shown on Zxhibit
E, introduced by iir. Card? This was one of your wells which
after acidation, its potential increased eight or nine times.

A Not from bottom hole pressure.

&L

Bottom hole pressure declined a hundred and fifty or sixty pounds
during that period, yet potential increased eight or nine times.
A No, not due to bottom hole pressure.

Q What justification is there for that increase?

With the view that oll, or recoverable liquids, cannot flow
against pressure, a well with high bottom hole pressure cannot

drain another area,

4D

You think that eight or nine times increase is justified?

A There has been no well in the field increased eight or nine times
due to bottom hole pressure.

Q It was due to that and acidation?
As shown, that well increased from 3,000 barrels to the present
of about 32,000, The acidation increased it from 3,000 to
26,000 barrels.

Q And bottom hole pressure declined 150 pounds or more?

A Yes sir.

BY I, HUBBARD:

Q Do you be’ieve, Mr. Gray, that every operator in the pool should

currently or ultimately have the opportunity to recover the oil

in place?
A I believe he should ultimately be allowed to recover the oil.
Q Would you say the west edge operator in the Hobbs Fool would

ultimately have a shorter life than on top of the pool,- the wells
operated there?
A Yes, sir, but due to water drive from the west being stronger

than on the top.

O

That being true, would you say the inclusion of rotential in
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the formula, would give the operator on the edge more or less
chance ~-- opportunity to ultimately recover his oll in place,
than the formula in which potential was not included?

Are you speaking about all of the edge, or just the west edge?
Just the west edge now.

I believe potential will help the operator in oktaining the oil
in place ultimately.

I don't want to change the trend of thought too much, but there
are one or two things I would like to find out. Would you say,
in general, a pool which is flooded out by water has a more
efficient oil recovery than one produced by the expansion of gas?
I thin, in general, a water drive pool will recover a somewhat
hnigher percentage than a gas drive pool.

#ould you say materially or slightly?

I believe as much as 100% higher in some cases. A ratio of 25
for a gas drive pool as against 50 for a water drive pool.

In that case it would appear we would have more efficient pro-
duction of oil in the structure in Lea County, including Hobbs,
if as much of the formation as possible were flooded out by
water instead of having an expanding gas cap come down to meet it?
I believe a field should be so operated to keep the pressure high
and to keep as much gas from coming out as possible,

In the case of Hobbs, would we get a more efficient recovery if
at the time the oll is depleted the original gas cap covered
about the same ares it did at the start of operations?

I believe so.

It would be reservoir pressure operating a field. In that case
if you attempt to keep the gas cap in the same area throughout
the operation, and neither decrease pnor increase it, it would
be inpossible to deplete the pool, and production would only
dissolve the gas?

Yes, I belleve it would be 1f the pressure were maintained at
original pressure, that would reduce the allowable to so operate
it.

Assuming we are allowed an allowable that will allow us to
produce at a profit?
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A Yes.

BY NR. CUSACK: In your opinion, Mr. Gray, with the present formula
that has operated in the Hobbs Pool, as to bottom hole pressure =~-
in your opinion is that a field formula that does do equity to
all producers?

A I question whether it 1s perfect in that way.

Witness dismissed.

DR. R. S. KNAPPEN,

being called as a witness by the Gulf <¢il Company, and being
first duly sworn to tell the truth, the whole truth and nothing
but the truth, was examined by Judge Lowe, and testified as
follows:

DIRECT EXANINATION.

) State your name.

A R. S. Knappen.

Q By whom are you employed?

& I am employed by the Gulf $1l Corporation,

Q Since when?

A Since 1926,

Q I wish you would go ahead and tell what educational and practical
gqualifications you have to testlify as an expert,

A I have the degree of Bachelor of Science from Southern Wesleyan;

Master of Science from the University of Wisconsin --

BY 'R. SETH; We admit his qualifications.

BY JUDGE LOWE: I want him to go ahead and state them anyway.

A Doctor of Philosophy from Columbia University; honorary Doctor of
Science from Wesleyan University. In the course of that collegisate
training I specialized 1in geology, aithough I took & good many
courses in civil and mining engineering at the University of
Wisconsin, some at Columbia., I was employed by the United States

Geological 3urvey during the summers from 1913 to 1916, inclusive;
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served overscas as Colonel of Engineers; at the close of the
war I served as geologist with the Second Army, A.E.F.; re-
turned to the United States and was employed by the Illinois
Geological Survey in the summer time of 1919 and 1920, and
then was re-employed by the United States Geological Survey,
summer and part time employment during the next years from
1921 to 1926, inclusive. I resigned from the United States
Geological Survey in 1926, and entered the employment of the
Gulf 0il Corporation, and I have been employed by various

Gulf companies since that time.

Have you taught in any schools or colleges?

Yes, I was instructor in geology at the University of Chicago
for a year; I taught in the Universlty of Kansas from 1920 to
1925, in various grades from assistant professor to full pro-
fessor. I taught at Stanford University as visiting professor
the summer of 1923. I was visiting professor of geology at
Harvard in 1925 and 1926,

You were teaching at Harvard when you entered the employment
of the Gulf company?

Yes, sir.

Since you have been with the Gulf, what has been the nature of
your work?

I was first a member of the Board of Directors at Pittsburg,
paying special attention to engineering phases and geology;

in 1928 I transferred to Tulsa, where 1 am Assistant to the
Vice-President, and work on various problems of geology, pro-
duction and engineeringe.

Have your duties included work in connection with the proration
of oil in various pools?

T have had a good deal to do with proration rules and regulations,
and the application of rules and regulations.

In the course of your duties have you had occasion to examine
production and proration of oil in the State of Kew liexico?
Yes, I have.

For how long a period of time?

I was interested in the purchase of leases ~- I was not in
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charge of lease purchases, but when we bought the first leases

in southeastern New Mexico I sat in on all conferences; when the
first leases were purchased I was consulted on design and other
features of well drilling in New Mexico, and I have been familiar
with the drilling of every well since that time.

BY JUDGE LOWE: I might ask the reporter to mark all the exhibits
straight through. (Meps handed to reporter are marked Ixhibit
0 to 12, inclusive.

a] Dr. Xnappen, the first map is marked "Gulf Exhibit O", you may
state what that purports to represent.

A That is simply a map of the Hobbs field showing productive
acreage within the pool, and 1s simply introduced as a con-
venient means of showing the locatlion of the pool in Zownships
18 and 19 South, Ranges 37 and 38 East. All of the yellow
colored acreage is covered by the Proration Plan at the present
time. All of the units colored yellow have production restrictions
under the Proration Plan - the formula Nr. Gray described. The
one pink unit, on the west side, has a special allowable. As
I understand, the special allowable was granted when it was first
drilled. It appeared unlikely it would produce enough oil to
pay costs unless it were given a special allowable., <ihe three
units in green were unable to make their allowable, given to
them under the Proration Plan, so those units were given per-
mission to operate at full capacity. The other units all come
under the provisions of allotting to units 60% allowable for
pool distribution equally between the units, and 40% distribu-
tion‘on what is miscalled "potential basis" - actually it is
a distribution on potential as adjusted by the bottom hole
pressure - the 40% pool allowable is distributed among the
yellow units adjusted by the bottom hole pressure.

BY JUDGE LOWE: I desire to introduce that in evidence.,

Q Turning next to Exhibit - that is Exhibit -

A (Interrupting) ‘fhat is Gulf Exhibit No. 1.

Q That map wes prepared under your supervision?

A Yes, all of the maps were prepared under my supervision.

Q Go ahead and explain to the Commission what theat map purports to
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represent.

This map, like all the other maps we shall present, with one
exception -- I am not certain of that exception -- are all on
the same scale, four miles to the inch. This shows all of the
wells drilled in the Hobbs Pool. This 1s simply the same map
shown previously, but here we colored the acreage of the various
operators in distinctive colors. I believe there are twenty-
five operators and we ran out of colors -- one or twe leases
that have no colors. Ve have colored all of the leases belonging
to an operator, where one operator has more than one lease, we
have colored all of their leases the same., The Gulf leases are
s own in green, scattered through the central and northern por-
tion. The Stanolind are bright blue, concentrated largely in
the southeastern part of the pool ~ this 160 acres in the W& of
Sec. 5. The bulk of their leases are in Twp. 19 S., extending
up into 18 S. I can readily point out the properties of any
other operator in the pool, and this map is introduced for
convenience in locating leases.

Is that data as to ownership on record in Lea County?

It was prepared from the Proration Report of the Conservation

Commission.

BY JULGE L0OWE: I desirs to introduce that exhibit in evidence.

O

You may explain Hxhibit No. 2, that it is intended to represent
and the information it is intended to convey.

Gulf Exhivit Hoe. 2 is the same map -- same scale. In this case
we have drawn contour lines on the map as they have Deen drawn
by the Engineering Jommittee. Contour lines, to an engineer

or anyone accustomed to using them, indicate structural conditions.
To make it perfectly clear, in this case we have a contour line
on top of the white lime, the principal producing formation in
the Hobbs Pool. It practically all comes in the white lime -
less than one per cent comes in any other, A contour line is

a line drawn through equal elevations -- the same distance
above or below sea level; as it goes around, that contour is
very easily followed. This line can be called the shore line
(indicating a line on map). If everything above the pay at
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Hobbs were torn away and the white lime exposed, this line (in-
dicating) would be the ocean level, and this line (again indica-
ting) would be 450 feet lower than the ocean level. Stand on the
side of the Hobbs Pool, on the contour line of =450 feet, along
the contour line which is most easily seen, witih the green
below and yellow above, and the ocean level lay beyond this

line (indicating).

These contour lines are drawn 25 feet apart. Every contour
line goes through a line of equal elevation. ihere the contour
lines are far apart, as they are along the southwest flank,
through the center of the field, one must go down slope a con-
siderable distance to reach the next one, which 1s another way
of saying that one goes a long ways to go down 25 feet. here
they are bunched together it means oredrops 25 feet in a very
short distance -- the spacing of the contour lines in there (in-
dicating an area on the map) is something like seven lines to
a quarter of a mile, which means the slope is 175 feet to 1000
feet, about a 9% slope. 7The highest contour lines on the map
are the producing area in Sections 32 and 33, 325 feet below
sealevel. A number of wells inslde that contour line reached
the top of the white lime at that elevation, and has unquestion-
ably identified the contour ap slope and down slope. I'or
instance, Cities Service No. 4, in the center of this area (in-
dicating), that lies above the -400 foot contour line, and lies
below the -375, so from the map you know it must be more than
375 feet below sea level, and less than 400 feet. This same
contour appears between these lines in the same space.

I have taken some time to explain this contour mapr. This
is a map on top of the white lime, shows the structure on top
of the pay at Hobbs. From the center of the structure, the
crest, to the northwest, the fartherest well would be 243 feet
lower than the highest well on the structure, which lies at -312
feet., The drop from the highest well -=- from the center of the
structure to the southeast the slope is gradual, dropping down
to the lowest, No. 1 Selman, which 1is found at -550, which is
238 feet lower than the highest well in the pool. To the north-
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east the slope 1s much steeper than either to the northwest or
southeast, to the center of the pool. The lowest well for which
we have any data 1s the Two Ettates 011 Company Hoe 1, in Sec.
21, which is =-583 feet, or 271 feet lower than the highest well
in the pool. It is possible the Samedan have one still lower

in Sec. 34, but we have no elevation on the top of that well,
but the exact elevation is immaterial,

To make it easier we printed the flanks of the structure
in green. The area printed in green is where the thickness
of the pay is less than 150 feet. The yellow 1s where the pay is
more than 150 feet thick. 7The two breaks in the zreen printing
is where no well has been drilled in the section of less than
150 feet, WNot having a control, we did not carry the contour
lines through that part. Similarly, in the northwest, there
are no wells drilled in this part of Sec. 18, (indicating) of
Sec. 18, T. 38 E.,, or these parts of Sections 13, 14, 23 and
54,

o wells in the less than 150 feet area does not mean the
structure stops, but nobody has drilled out in that section
where the pay has thinned, and we do not have anything to show
the contour on production around the northwest end of the pool.
what do te colors indicate?

The colors indicate the area where we know the pay is less than
150 feet thick, if it is green; or more than 150 feet thick if
it is yellow.

a) What importance is attached to the position on the structure in
the initial development of a field? |

A If one knows where the top of the structure is, naturally he
wishes to buy leases on top, which has the thickest pay and the
longest time vefore water reaches it, and should have the
largest volume of oil under the lease which he purchases,
Accordingly every operator hopes his lease will be on top of

the structure -- but many are disappointed in those hopes.

BY JUDGE LOWE: We desire to in roduce this exhibit in evidence,

Q Exnhibit Ho. 3 is the next?

A Yes, sir,
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You may explain that map.

Exhibit Hoe. 3 is a duplicate of Exhibit No. 2, except we have
not colored, on this map, the productive part of the pool. The
contour lines are here, On this mep are indicated a series of
wells extending from near the northwest end of the Tfield down
to the southeastern end of the field. [he wells have been
selected so that we might, in the next exhibit, present a cross
section of this field. If some gremendous giant, armed with a
great meat cleaver, could sweep away the overlying formation
from on top of the white lime on all of the territory south-
west of the irregular red line, he would then sbtand off to the
southwest, and looking northeast, see the white lime as it shows
on the cross section in the next exhibit. We would like to have
taken wells in a straight line, but lack of geologic information
on some wells, and lack of other information on other wells, we
had to select wells where we had avallable geologic and engineering
data. ‘The section shown on the next exhibit is not a straight
section from northwest to southeast, but 1s a tolerably regular
cross section which will, we hope, give a good idea of the
character of the structure in the Hobbs Pool, in, of course,
that direction. Other sections might have been drawn, but we
felt this was all we could do with the geologic and other data

avallable.

JUDGE LOVE: We wish to introduce the exhibit in evidence.

Now explain ZIZxhibit No. 4.

Gulf Exhibit ic. 4 1s, below the structure map shown on the
previous exhibit, and here (indicating) it is repeated here but
turned out at an angle so as to place the red line directly be-
neath the cross section.

The top of the lime, made with the gilant cleaver?

That is what is left after all above has been torn away on the
southwest side -~ 1f one stands on the southwest side of the field
looking northeastward, he sees the top of the lime, following
this irregular line, rising from the northwestern well -- not
the highest well nor the most northwestern in the pool -~ it
rises from Samedan o, 3 -- rises from there to the top of the
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top of the structure, to & State A33, then drops off more rapid-
ly to the southeast, to 3tanolind No. 6, a dry hole at the
southeast end of the pool. All of this section, shown on this
exhibit, is supposed to have been filled with oil - the field as
it is supposed to exist when the first well was drilled in the
field., Certainly the higher portion was filled with oil, unless
there was a very small gas cap right on top of the structure. A
gas cap is a region in which gas has collected. All petroleum
geology and all petroleum engineering is based on a very simple,
well known fact, that oil is lighter than water, and gas is
lighter than oil. If one would take oil and gas and water and
put them in a bottle, or any other container, the gzas would
accumulate on top, unless it were all dissolved in the oil,

and the oil would accumulate on top of the water. Over the
period of geologic time in which oil and gas has been accumulat-
ing in the Hobbs Pool, the oil has separated from the water

and flowed on the water field top on the Hobus structure. 7The
structure is very much larger than indicated on the map. Ve
have simply indicated the o0ll production zone on the area.

The northwest slope was toward the northeast, and somewhat less
sharply to the southwest. The bottom of the oil zone is some-
what indefinite. Naturally no operator wants to drill a well
until he encounters water. So far as we know, only one well
inside the production area has been drilled down into the

water underlying the oil. That well is Stanolind Ho. 1 State,
in the NE% of 9, Twp. 18 5., Re 38 E.

Indicate that.

Tt is shown at this point (indicating on map). Being the first
well in the pool, the operator had no way of =-=-

(Interrupting) Twp. 18 or 19°%

19 -- I am sorry. Since it was the first, there was no way of
knowing. The operator was dissatisfied with the oil production
at shallower depths, and found water at 618 feet below sea level.
The same operator drilled No. 6, right in Sec. 14, same township.
That location was supposed to be outside the oil zone. It was
drilled in very tight composition and at -614 they encountered
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water -- 614 feet below sea level. OCne or two wells along the
southwest flank, between 600 and 614 feet below sea level, and
it has been generally accepted and published in the reports on
the Ilobbs field that the bottom of the oil pay is at -614 feet -~
614 feet below sea level. That 614 feet below sea level marked
the top of the original water, and the bottom of the oil in the
structure. In so far as the upper space is concerned, perhaps
0il is almost entirely up to the top -- there is some uncertainty
as to whether there was a little free gas on top of the structure,
I am in no position to express an opinion as to whether practic-
ally all of the gas in the Hobbs pool was dissolved in the oil,
and the oil filling the upper space from the top of the structure,
at 312 feet down to somewhere in the neighborhood of 614 feet
below sea level, almost exactly 300 feet of o0il pay in the
central portion, with the thickness of the pay diminishing in
all directions from the northeast corner of Sec. 2, Twpe. 13 3.,
R. 38 Eo. While I have described that as being filled with oil,
I certainly do not intend to leave the impression that there is
oil in every cublec inch of rock -~ much of the rock is too tight --
too dense to have liquid of any sort in it. ‘The descriptions
by various geologists of the Hobbs Pool, the reports of  the
company geologists, all I can learn from others about the pool,
indicate there is at the top of the structure from 15 to 30
feet of very tight, impervious rock, in which little or no oil
exists, then comes the first pay, then the prolific pay. It
is exceedingly porous on top, and diminishes in porosity from
the top, and becomes much less porous towards the southeast,
northwest and down the northeast flank and the west side. The
porosity of that pay diminishes outward from the highest point
on the structure.

Probably the best article that has been written on this
pool was written by two Mldwest -~ Stanclind engineers =--
(Interrupting) Have you that article with you?
Yes, I have., MNMr. Ronald K. DeFord and Edwin A. Wahlstrom. Nr.
DeFord was division geologist for the Midwest Refining Company
at the time of writing the articlee.
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Before proceeding, give the volume, the year, the name of the
magazine, and the date of it.

The magazine I have is the Bulletin of the American Association
of Petroleum Geologists, Vol. 16, No. 1, of January, 1932. fihe
article was written by Honald K. DeFord, Division Geologist

of Midwest, which, at that time, was 99% owned subsidiary of
the Stanolind of Indiana, and Geologist and Engineer Edwin

A. Wahlstrom, of the same company, the Midwest. The article

is entitled "Hobbs Field, Lea County, New Mexico." MNuch of

the geological data I am presenting here in their article

have been checked by our company geologists and others. I
might, at this time, make it perfectly clear that I have never
been stationed in Lea County -- I have been there, but I am not
so familisr with the details of operations as if I had bsen
located at Hobbse. I have ganeral informetion which I am
trying to present of the general situation relative to oil and
gas geology and production and engineering in the Lobis Yool.
Are there any particular parts of that article you desire to read
to the Commission?

I think the Commission might be interested in a statement in
this article as to the porosity of the white lime at Hobbs,

page 76 (reading) "That the porosity of the 'Wwhite lime!' at
“obbs is related to its structure is obvious. In general, the
limestone 1s most porous on the crest of the anticline, less
porous on the flanks, least porous beyond the limits of the

0il pool.

Determinations of the ectual porosities of limestone reser-
voirs are not practicable because the really productive openings
are so large (ranging in size from 'mouse holes'! to caverns)
that core recovery 1s almost impossible. As previously stated,
core loss 1s better indication of a limestone 'pay! than the
recovery of porous material that bleeds oil.e The only index of
porosity in the Hobbs field is initial production of oil."

Then on page 70 and part of page 71, is a statement that
there is a cavernous conditicn on top of the structure evidenced
by loss of returns =-=- when mud 1s pumped down through the
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drill stem, if the formation is so porous as to take up all of
the mud pumped down, the returns to the surface are lost. Then
they speak of rotary tools suddenly drill downward in some wells
without any apparent resistance, or cable tools drop as into an
open space. That happened, they cite, at Midwest No. 33 Eyers,
in the NEi of Sec. 4, Twp. 19 S., R, 38 E. -~ this well about
which Mr. Card talked today. This well was never drlilled below
the top of the pay, because when the Midwest was drilling the
well, "the tools suddenly dropped the full length of the stroke
and swung free, The drillers, suspecting the truth, ran from
the derrick floor, and a few moments later the top of the
control head was blown off by a great rush of oil that shot
over the crown block. ihen the well was again under control,
hourly gauges indicated & daily rate of flow of 21,249 barrels.”
On page 77: (Reading) "The top productive member of the
'White lime' i1s cavernous on the creat of the structure, fairly
porous on the flanks, and off structure 1s in places only very
slightly porous, in other places somewhat porous.”

BY MR. SETH: Did you leave out part of the sentence?

A In what I just read? I certainly 4id not. I read the entire
sentence, beginning at the bottom of page 77, that paragraph.

Then again, on the development of porosity: (Reading)

"One not yet committed to any theory may reserve his judg-
ment concerning the origin of the porosity in the lowsr part
of the 'White lime!', but the condition of the top porous member
seems to significantly related to structure to be thus passed
by. It is cavernous on the top, porous on the flanks, and off
structure almost dense, and these remarks apply as well to the
pre-Brown lime structure of the 'White lime'! as to the present
structure of thet formation,"

Q That article used the word "anticline", Explain the use of that
term in application to this strueture.

A An anticline is an elongated dome -- the dome on the ceiling here
(indicating the dome in the room used for this hearing), if it
were stretched out in one direction, would be an excellent
11lustration of an anticline -- a structure longer that it is



:r)

wide, and sloping down in all directions from the crest. The
crest is normally roughly horizontal for some distance, with

the ends of the crest pinching off, in just the same way the

dome in the ceiling might be stretched out tec form a typical
anticline structure, longer in one direction than in the other.
So that Hovbbs 1s a typical anticlinal structure. It is almost

a text book structure. I suprose in years to come maybe the
Hobbs Pool will be included in text books as an excellent
illustration of such an accumulation of oil,

In your e xperience, is high porosity on the top usual or unusual?
It is more usually the case. "There are exceptions to the rule,
but I should say that eight or nine times out of ten the highest
porosity comes on the top of the structure, and, of course, the
thickest pay is almost invariably on top. The only exceptions
are where the pay is of uniform thickness and in impervious
material. HKost of the porous pay, and therefore, most prolific,
normally comes on the crest of the anticline,

Is that the reason an operator tries to get on top of a structure?
An operator, of course, desires to get the most oil for his money.
Naturally, until the structure is well defined he does not know
how far down the flank the oil and gas occurs. He tries to play
safe and get clear on top. He has practical certainty of oil

or gas if ne 1is on top of the structure.

BZ JUDGE ILC.sE: I desire to introduce the exhibit in evidence (Re-

Y T=

A

ferring to Gulf Exhibit Ho., 4).

I notice it is five minutes of ten o'clock,.

I GOVERIICR: Proceed.

One item I did not point out on this cross section -- that is the
depths of the wells are indlcated by msking these lines, which
go down to the proper elevation below sea level, The depth to
which this well (indicating a well on the map) is drill 4 is
indicated by drawing a line on the section down the proper
distance telow sea level. You will see these wells were com-
pleted at varying depths telow sea level. “hese wells were
completed, in general, 550 to 600 feet. An operator naturally
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desires to drill his well as deeply as he can without encounter-
ing water. He does not wish to drill into water production.

What is that middle line through the red section?

That line marks the top orf the sand break, a geological marker
recognized by most of the wells in the section. The big pay

lies above that big sand break; the second pay, on the soutwest
flank, also lies above i1it. The Capps, sometimes referred to as
the lower pay, lies a short distance below the sand break. The
various pays being separated, most probably all by tight, im-
pervious material, there is gas, but no oil. Gas there which
cannot make o0il except by following some well drilled through.

Is the pay below the middle line available to all operators?

o, not available tc all operators. You will notice the sand
break drops velow =614 at this point (indicating on map), which
is Stanolind No. 26, in the Wiy of Sec. 10. I'rom that point
southeastward there can be no production below the blg sand
break. The original water line lies above the place where the
lower pay exists. No doubt the low pay is out in here (indicating)
which contains water, as indicated by the discovery well and by
the drilling of Ohio No. 1 State, in the 5Wy of Sec. 9, all of
which portray the lower pay, lower than -614.

Would you expect more oil or less than normal conditions where
you have two pays?

You have just twice as many chances if you have two pays instead
of one., The chances are with two pays, the operators have two
cnances for pay production. Iowever, a foot of pay in one horizon
is a very different thing than & foot of pay in another. I would
rather have a foot of pay in 35 feet of porosity than to have

ten feet of pay in ten feet of porosity.

Will you turn back to Hoe. 1 and indicate the section or area in
which there is only one pay?

Roughly the area in which there 1s only one pay is very narrow
zone along the southwest side and a much wider zone at the south-
east end, a narrow zone up around the flanks in the northwest end
of the field. The highest wells drilled have been drilled where
there are three pays. Probably wells might be drilled out
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here (indicating) that would encounter only one pay, but no
such wells have been drilled. |

BY Iil. CUSACK: ihile we are on that northwestern edge, wasn't there
a dry hole drilled in Sec. 14 -=- didn't the Tidewater drill a
dry hole up there?

A The Humble drilled a dry hole -- the Landreth in 3Sec. 7, the
8hell in Sec. 1l4.

£Y IR. S5ETH: On your lxhibit No. & -- or No., 2, my recollection
is you saild the reason you didn't draw the green area around
that part of the field was because nobody had seen fit to drill
out here (indicating). I just want to call your attention to
this well (indicating a well on the map).

A We used this well down here (indicating).

Y kR. SETH: You did not show the thickness here?

A No, we used that well (indicating).

BY GCVERNOR KILESs Will you go back to Hoe 2 just a moment, bvecause
I am going to ask -- maybe you stated this Lefore -~ but how
many companies are represented by those different colors? IZow
many companies are represented in the field?

A There are twenty-five different operators in the pool. iie ran
out of colors, so we did not color this lease of the Getty 0il
Company and the Two States Cil Compeny -- we left them in white
as we ran out of colors,

BY GOVERIOR MILES: 1In acreage, that represented by the green figures
what percentage of the total acreage?

A This tract down here, the Repollo -- there are four -- six
out of 248 -- I mliscounted -- there are two wells drilled in
one forty that have been listed as one well -~ another well in
this forty (indicating on map) -- there are seven -- three
units in here -- three units in Sec. 15, Twpe. 19 S., R. 38 E.;
four units in Sec. 28 of 18 S., Z« 38 L. == seven =-= 2.48% ==
just under 2% -- 1.97%. Loes that answer your question?

BY GOVERLOR MILES: Yess

A This is Gulf Zxhibit No. 5 (turning to next map on stand), the
contour map we have used in two or three of the other exhibitse.

This contour map has colored bands representing fifty-foot thick-
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nesses. On this thin cclor the upper contour line is at 300
feet -~ 325 feet, and the lower at 375 below sea level. The
thin color is spread over an areg fifty feet in depth below sea
level. The green is fifty feet, from 375 to 425, fifty feet.
The lavender is from 425 to 475, The brown is all the distance
from 475 down to 600 ~- 575 1s the lowest contour down there.
The depths of penetration of wells have been calculated within
these zones. On the very top, where 1t would be level, the
yellow is from 312 to 325. ‘“he wells are drilled at 217 feet
below the top of the white lime. In the next zone, the geo-
logists of the various operators recognized they would not have
guite so much possible pay and the wells average 182 feet below
the top of the structure. The zone &f 375 to 425, the average
is only 156 feet; 425 to 475, the average is 11l2. On the brown
zone, the fringe of the field, the average is 60 feet, but that
brown zone covers a full hundred feet, and that has been
calculated, the two figures with 72 feet of penetration toward
the top and 44 feet for the deepest penetration in the lowest
and thinnest possible pay in the field. In other words, the
operator who did not have the lucky wells, found out in the
center, recognized there was no chance of getting oil at such
depths, therefore drilled successively shallower depths in the
southeastern portions of the field, the northeastern flank. In
the northeastern and southwestern areas the average penetration
is only 60 feet. The penetration increased to the top from
112 on up to 217 feet. The operator in the brown area had one
foot of pay for every 3.5 feet of pay possible to the operator
on top of the structure. 1In addition to having much greater
thickness on top, you will remember DeFord and Wahlstrom said
the pay is much more porous on top, 8o having the 3.5 to 1 ad-
vantage, I should say they had many-fold advantage on account of
greater porisoty, which means, the more porosity, the more space
to be filled with oil, which would mean more oil in place on
top of the structure, and far more o0il in place there than in
the brown zone where the pay 1s thin and comparatively tight.
BY JUDGE LOWE: I desire to introduce Gulf Exhibit lo., 5 in evidence.
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What exhibit have you there?

Gulf Exhibit No. 6 (turning to next map).

You may explain that exhibit to the Cormission.

This exhibit, map Ho. 6, 1s = bottom hole pressure survey made
in the Hobbs Pool., It is a rmap of the pressure shown in the
wells when the wells have been shut in from 24 to 36 hours, all
pressure measurenents veing made at 400 feet below sea level,
if that is possible, or 1f made at different depths, t-e cor-
rection formula was applied to ascertain the actual pressure

at that level. I am sure you understand that before the first
well was drilled, the oil, gas and water stands there under
pressure. The water on the sides of the pool, and water coming
up through the porous zones.on the flanks would tend to push
the 0il to the top of the structure. There was impervious
structure through walch the oll and gas could not escape, and
the 01l was held there, and there being non~porous beds above,
and flooded with water below, the pressure of the water balanced
the pressure of the o0il and the pressure would be uniform through-
out the field. ‘e have no pressure survey vefore the {irst
well was drilled, but the oil had accumulated over a period of
some hundreds or millions of years. If there were differentials
in pressure in the varilous portions of the pool, those pressure
differentials would have forced the oil to flow from the areas
of high pressure to aresas of low pressure, and the pressure
differentials would have been equalized. 'Then the first well
was drilled into the pool, from the best evidence of pressure
at a depth of 400 feet below sea level, which is the depth of
the survey made by the ingineering (ommittee, that pressure was
somewhere between 1500 and 1525 pounds per sgquare inch. That
pressure existed on all o0il in the structure, and existed on
the water around the flanks. dhen the [irst well was drilled,
that pressure was available to push the o1l into the hole, up
the casing, up the tubing in the well, on up to the surface.

As soon as some oil was produced from the first well, an area

of lower pressure developed around that well. That is inherent

ct

in the production of oil from = structure. Tiemoval of oil from
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the pay necessarily makes a place of lower pressure, to which
the oil tends to travel from other parts of the field. A4s soon
as the second well is drilled in the area, that is slightly
reduced. If the permeabllity of the pay was high, then the
pressure drop at a well would te very slight and oil would
readily move into take the place of o0il taken out and the
pressure would be re-established. If the permeability was low,
the removal of oil would require a greater time for the equal-
ization of the pressure. but any time a low pressure aresa
exists in a pool, there is a tendency for oil to move from the
area of high pressure to this low pressure area. liovement of
0il and water in any geoclogic structure is across -- over or
across an area of low pressure. The same rule applies to the
movement of water in a water distribution system -- 1t moves
from the place where the pressure is exerted. In water supply
mains, with a standpipe or reservolr, the water in the reservoir
exerts the pressure, but if the water in the reservoir and stand-
pipe is at the same level, the water pressure in the mains be-
comes constant =--

BY ill. SETH: (Interrupting) ULike this exhibit we had here this
afternoon.

Tike the exnhibit we had this afternoon. As long as he kept the
water at the same elevation In the two Tubes, he had the sam
pressure,

The ZIobbs Pool was discovered in December, 1928, the
official completion date. I believe the discovery of the [irst
0il occurred in June or July of 1928, but the first well was
officially completed in ZLecember, 1928, Stanolind ¥No. 1 3tate,
in the ¥E= of Sec. 9, Te 19 8., @. 38 E. Stanolind owned most
of the acreage in the southeastern portion of the field., I
should say the Ilidwest Company -~ the lldwest Company was opera-
ting at that time and the Stanolind succeeded it -~ they drilled
wells in the soubtheastern area and productlion was found in a
number of wells, A dry hole was drilled in Sec. 14, No. 6
wright., It was not of any importance -- and on the map we did

not use it. WNo great excltement until I'umble drillecd in ilo. 1

-
e

Bowers sometimes in 1930, in Sec. 30, T. 18 5., T. 38
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B GOVERLCR iII1=S: What was the date of the iirst well?

A December, 1928, then the next well was January, 1930. The
first big well was the Zumble lo. 1 Bowers.

BY GOVIRLCR VILES: This first well drilled, was that considered a
bilg well?

A No, it was not a big well. I do not remember the exact initial
production.

BY ix. SETH: 700 barrels,

A Approximately 700 barrels was the figure I had in mind also.

Other wells were drilled after the first one, also of limited

initial production because they were drilled in an area where the
possible pay was thin. As it developed, Ir. LeFord and Ir.
vehlstrom pointed out, the porosity was poor as compared to the
top of the structure. .hen the Humble ilo. 1 Dowars came in, it
was immediately offset, and the Hobos Fool developed at a rapid
rate; in the course of the next fourteen months 140 wells were
completed in the Hobis Pool and the pool was fairly well out=-
lined, aithough there has been subsequent development in the
northeast and northwest sides of the field. The production out-
let was poor =~ in fact, the flrst pipe line was completed into
the field in Kay, 1930, and the pipe line prorated the oil
until July of 1930, when the operators united in a proration
plan -- the Engineering Committee was established which Ir.
Gray Has described, and the first bottom hole survey was made
by the Engineering Committee about December, 1931l. The Iobbs
survey was made of a number of different wells, and naturally,
as there was only one gauge at the pool, it had to be made on
different days, and the making of the survey spread over a
numver of days, in December of 1931, and the date was all
published in the January report of the HZobbs Engineering Com-
mittee., Ve produced that data on this map, platting equal
pressure lines through those egual pressure wells, the same as
making a contour map of equal elevations. All points along this
line here were points where the shut-in pressure was 1425 pounds;
all points along this irregular line No. 2 shows a pressure of
1425 pounds. The white areas which are enclosed by the pressure
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line of 1450 pounds =-=- that is to say, all points along the

line enclosing the white areas had 1450 pounds per square

inch; points inside the line had higher. The green area applied
to areas having 1350 to 1400 pounds pressure. There are two
sections of green in the northern portion and a rather broad
band in the southeastern portion. The blue marks the zone of
from 1300 to 1350 pounds pressure, and the muddy part is 12560

to 1300 pounds.

On that map of pressure differentials the lowest pressure well

is the Stanolind No. 24 in the NW: of Sec., 15, the lowest pressure
of 1275 pounds. The highest pressure is the Shell No. 1B kec=-
Kinley in the SW: of Sec. 20, where the pressure is 1483 pounds.
There is a pressure differential of 208 pounds. 4 pressure of
208 pounds will practically run a small locomotlve boiler under
low steam, and will tend to push the oil from the shell well
into the Stanolind well. The high pressure wells 1in Sections

33 and 34 and 4 and 3 to the south, the high pressure areas
where the pressure is in eixcess of 1450 pounds -~ 1 Dbelieve

1479 1s the highest pressure within that area, so that from

the Stanolind No. 8 State in the NWy of Sec. 4, there was a
pressure differential of 204 pounds operating over a distance

of roughly two miles, which would tend to push the oill down

into the southeastern part of the field. Those pressure
differentials were the result of the operations before the
adoption of the proration plan. DBefore the adoption of the
proration plan, every operator produced as the market permitted,
as the pipe line could take it. The 25-75 plan was adopted in
July, 18930, Unfortunately we have no survey as of that date,
We do not know whether pressure differentials in the pool at the
time the proration plan was adopted were greater or less than

at the time of the irst survey. This is the first time they
knew how the pressure existed n the field and at that time there
was a difference of 208 pounds, too much for a really satis-
factory operation of the pool,
vhat does the yellow sections indicate, in general terms?

The yellow sections indicate an area ranging from 1400 to 1450
pounds,
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Yhat are the ideal conditions under which o0il could be produced
in a field, in regard to bottom hole pressure?

The ideal condition would be to have no variations in pressure
across the field. Under those conditions there could Te no
movement across border lines from one lesse to another.

What is the effect ol the variance in pressure?

The effect of the variance 1in pressure 1is to force the oil from
areas of high pressure to those of low.

Have you any literature with you in regard to the ideal methods
just stated?

Yes, sir, I havee.

Will you produce it?

(Witness produces book) This is a report of the Cormittee of
the American Fetroleum Institute on the allocation of production.
This was a committee appointed about 1929 and consisted of ten
or twelve petroleum engineers who were instructed by the American
Petroleum Institute to develop and recommend the most satisfactory
method of alloceting oil within a prorated pool, taking into
consideration the best engineering information available. Tis
is a revised progress report of that committee as published by
the American Petroleum Institute on October 26, 1933.

what bulletin?

It is a re-print from the production bulletin lic. 212 of the
American Fetroleum Institute entitled "Essential Engineering
Factors in the Allocation of Production.”

Wno wrote the report?

The bulletin consists of a report by the Chairman of the Com-
mittee, Fred E. Wood, and a series of supporting papers in

which various features are discussed of the recommendations

of Ir. Wood in the general report.

Who is Kr. Wood?

He 1s production engineer of the Standard 0il Company of Indiana,

Just read from his reporte.

BY GOVERICR LKIEES: We will be in recess until tomorrow morning at

nine o'clock,
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DECELBER 8, 1939
9:00 o'clock A. I

Pursuant to recess taken on December 7th, the Commission
resumed the hearing in the foregoing matter at nine o'clock A. Il
of December 8th, all members of the Commission belng present,

whereupon the following proceedings were had, to-wit:

BY IR. SETH: The reporter calls my attention to the fact that I did
not offer in evidence Stanolind Exhibit E.
BY ¢UDGE LOWE: I think if either Judge Seth or I fail to introduce

an exhibit in evidence, they can be considered as introduced.

DR. R. £, KNAFPEW

resumed the witness stand for further ILirect Examination by
Judge Lowe:

a Mr. Knappen, when we adjourned last evening you were about to
present an article prepared by lir. Woode WiJl you please pro-
ceed.

A I think I had given the title and date of the publication,
stating it was a publication of the American Petroleum Institute
and was a report of a committee appointed by the American
Petroleum Institute to study the difficult and puzzling problem
of the best method by which to allocate the o0il within a pool.
Thie committee was not attempting to determine how to allocate
0oil between operators, but simply over the pool. TUnder the
0ld law of capture, each operator was permitted to produce
0il as fast as he could. It depended upon the operator --

BY k2. SETH: What is the date of that last one (referring to book
which the witness had).

A This is simply another copy. The date is October 26, 1933 -- I
beg your pardon, this was originally prepared in October, the 26th,
and revised lovember 14, 1934,

The introduction of proration made it impossible for an
operator to produce except under definite restrictions «=-

) (Interrupting)  Are you reading from the paper?

Ko, I am still explaining the background of the committee.
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The restrictions naturally should be such as to give each
operator the right to produce the oll under his land. That

is the state law in New Mexlco, I understand, but I do not mean
to go into the law. The committee was appointed to study the
proper type, and to recommend the proper methods by which the
production in pools should be controlled so as to do equity
between the various operators. The committee =-- strike that --
the committee was composed of a large number of men, ten or
twelve petroleum engineers., With no exception, I believe, they
were all employed by major oil companies. Since the committee
was to write a general report, not applicable to any one
particulzr pool or to any one particular area, but just intended
as a general report on the country as a whole, the report is
couched in genersal terms, general rules which seemed fair to
the various members of the committee, The Chairman of the
cormmittee, Mr. Fred E. Wood, is production engineer of the
Standard 0il Company of Indiana, located in the home office of
the company.

At a series of meetings we arrived at a general agreement
on principles. Ilir. Wood, as chairmen, was asked to state the
principles in definite terms, and present the report to the
cormittee, which is the report I have in my hand. We t ought
the report certainly was not to question rules, but to elaborate
upon them, and accordingly asked various experts to discuss
various factors considered in the report of the committee. This
pamphlet contains both the report of the committee and the series
of papers written by different men at the request of the the com~
mittee, and indicate in the reports the different factors to be
included in the proration order.

For instance, lir. Albertson wrote a paper on "Acreage and
~and Thiclmess as Factors in Proration®. Ir. R. E. Kelly, of
the Pure 01l Company, wrote a paper on "ihe Potential or
Froductivity Factor in Allocation Formulas®". Nr. R. . Myckoff
wrote on "The Relation of Well Potentials, Sand Permeability,
and Well Pressures to Allocation of Production™. Mr. T. V.
Hoore, of the “umble Cil, wrote on "Application of the Principle
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of Volumetric Withdrawal to the Allocation of Froduction". Kr.
T. R. Knowlton, of the Fhillips Petroleum Company, wrote a
paper showing the effect of the application of this plan to
Oklahoma City; his paper being entitled "Effect of “olumetric
Withdrawal on Fhysical wWaste in the Oklahoma City Field". Ir,
lioore, of Humble, wrote another paper on "The Effect of Curtail-
ment on Ultimate Recovery". I believe each of those gentlemen
were members of this committee, as well as others.

At the present time 1 wish to read particularly from :r,.
vood'!s report, written for the committee and adopted by the
committee as its recommendation. Of course, he discussges
many things besides bottom hole pressure ~-- that is only one of
the factors in prorating a pcol, but since we are talking
particularly about bottom hole pressure, I should like to invite
the attentlon of the Commission to this part of his report,
reading from the top of page 5, he writes:

"The total allowance of each well should be modified so as
to favor substantially wvells having low gas-o0il ratios, in order
to discourage inefficlent production practices and mininize
drainage toward inefricient wells, In pools with gas cap (where
there is a market for the gas) the contents of the reservoir
should be apportioned between the o0il and gas areas so that
relative volumetric withdrawals will not cause movement of oil
into the gas sand, hereinafter discussed under 'volumetric witn-
drawal'., The principles of volumetric withdrawal may be applied
where necessary 5o encourage low water-oil ratios™.

FPeading the fourth paragraph down, still on page 3:

"The committee recormends that an allowable computed under
any formula should be suvject to correction periodically, in
order toc decrease subsequent allowables previously found to be
excess ive, or increase subsequent allowatles previcusly found
to Le deficient.m

Then reading the last para graph on the same page:

"Where there is more than one well to each proration unit,
it is recormended that the productivity factors of all wells
on that unit should be sultably averaged, and the result be used
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as the well productivity factor for that proration unit. Pro-
ductivity is properly regarded as an indication of the producing
quality of the strata within the drainage area of the well."

Reading still further, the paragraph headed in heavy black,
bold faced type, entitled "Pressure’:

"In most cases a formula for allocatins productiocn may
well include the static bottom-hole pressure as a corrective
factor. If, Bor any reason, the allowable assigned to a well
or proration unit is larger than 1t sphould be, then the pressure
in the well or unit should decline more rapidly than in the rest

of the field; and at the next allocation period the inclusion

of lower pressure in the formula will lower the allowable, and
tend to correct the situation. Conversely, if the allowable
assigned 1s smaller than it should be, pressure should decline
less rapidly; and at the next allocation period the allowable
will be increased as a result of the unit having a higher
rressure than the rest of the field. Thus, by including the
static pressure as a separate term in the formula, it will have
no effect if the other factors in the proration schedule are
properly balanced; whereas i1ts inclusion will tend to correct
the schedule 1if the other factors are out of balance."
I think perhaps, if the Cormission warnts me to read --

Z¥ 13=. 3EYH: I suppose you wish to introduce thaet as an exhibit?

& Kot at present, a yway. I might note the revised report, the
addition veing dated July 15, 1936, printed on a blue sheet.

The acditions to the former paper have been printed in italies,

and are additions which the committee felt should be made to

the original report, and I call particular attention to the

addition which the committee felt, after two years of study,

should be added -- that is to say, after two years experience
with the provisions of the paper, the committee felt should be
added:

"If a well cannot produce its minimum allowable without
waste 1t is highly desirable that the production of such well

be subject to the principles of volumetric withdrawal as come

puted for the remeining wells in the field. The computation of
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volumetric withdrawl will reduce the oil production velow the
minimum allowable, but this is considered desirable as a con-
servation measure."

Has the proration plan in the fobbs field been in accordance

with the recormendations of the committee?

The plan as written has been in accordance with the recormmencdations

of the committee. The numbers that have been used in the plan
have not been in accordance with the recommendations of the
conmlittee, because changes in the plan have been made which
nave increased vottom hole pressure, where the recornendations
of the committee were that any changes should decrease bottom
hole pressure., Dut the plan does follow the general terms of
the recoxmendations of the committee. It provides the acreage
e uniformally treated, and the allowable based on a forty-
acre unit. It provided for the inclusion of potential in the
formula, and it provided for the correction of that potential,
because it was recognized that even though potential is the
first yardstick you have of the amount of o0il in a pool -- it
is the first yardstick =-- the first indication of whether you
have prolific pay or poor pay, but that yardstick should be
corrected by tne bottom hole pressure. If an allowable is

too large, the bottom hole pressure will show it is below the
field average, and if it is too small, it will be above the
field average. 5o that if the allowable is too large, the
allowable of that unit will be decreased in the future. On

the other hand, if the allowable had been too small, the bottom
nhole pressure will be too low, and it will be increased, and
five that unit a chance to catch up with the average. It

tends to drop the pressure at the top of the pool,to maintain
uniform pressure conditions, because the o0il, gas and water

all observe the s ame rule, to move from an area of high pressure
to an area of low pressure, and if the pressure ig uniform, there
is no movement,

I wish at this time you would explain to the cormission what

you mean by bottom hole pressure,

-118-



To begin with, pressure is simply a force acting on any sub-
stance tending to push that substance in some direction. If

I push down on this stick, I dxert pressure on the floor. The
floor pushes back, and there is no movement. OCn the ofher hand,
If I apply the stick to the water glass, and the pressure ex=-
erted is sufficient to overcome the friction, the glass has to
move along the desk. Tne pressure tending to move it ex-
ceeded, or is greater than the pressure holding it stationary.

In the case of a liquid, if I fill the glass with liquid,
and move a spoon in it, there would be pressure against the
water tending to move the liquld to one side -~ the movement
of the spoon in the water would increase the pressure on one
side and decrease it on the other, and the water would apparently
run around behind the spoon and fill in behind 1it, because the
liquid would move from the area where the pressure was aprlied
to an area of low pressure. As I push the spoon, there is
higher pressure on the side of the spoon moving ahead, and the
water runs around from the area of high pressure to the one
of low pressure.

In the Hobbs Pool, o0il and gas have accumulated in the
porous zone, the white lime, on top and the prressure from the
water below would, before the first well was drilled, keep the
pressure uniform throughout the pool, the top the same as the
rest of the pool. If it had not been the same, the ligquid would
have moved from the area of high pressure to one of low, and
down to a balance. ihen I say pressure at the top of the pool,
I am now, and throvghout the discussion, assuming the pressure
was the same in the same level.

So, referring to Gulf Hinibit Wo. 4, the cross section of
the structure, all the pressures in the Hobbs Pool have been
measured at a level of 400 feet below sea level, If they were
not measured, then they were corrected to determine what it would
have been if the pressure had been taken at that level., If we
ass me the pressure was 1500 pounds at the level of 400 feet

below sea level, that means a drop of oil standing at that level

would be under a pressure of 1500 pounds per square inch, upward,
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downward and sldeways. The pressure would be the same in all
directions. A hollow contalner of any sort would be under
crushing pressure and 1500 pounds per square inch would tend
to collapse it. If we had a hollow box that had a capacity =--
a cubic capacity of one inch, an inch® on every side, and would
put 1500 pounds of pressure on top of the box pushimg down,
1500 pounds of pressure on the bottom pushing up, and on all
sides, 1t would be an identical proposition. It follows if
that bos were lowered from the =400 foot to the =500 foot level,
the pressure would increase; it would be not only under the 1500
pounds at 400 feet, it would also be under the pressure of the
liquid between 400 and 500 feet. For that reason, because
pressures, even during absolutely static conditions in the pool ==
because the pressure varies with the change in elevation, there
has to be some horizon at which all pressures are measured.
Otherwise, you might compare a pressure in this well at =580
feet and a pressure in this well at -400 feet, and you would
see a higher pressure 1n the decper well, The pressures would
have to be measured at thes ame level. Aind that may be corrected
if there is some obstacle in the hole, so that the pressure is
taken at 300 feet, and to that pressure would be added as well
an estimate from the pressure at 300 feet down to 400 feet, in
order to determine the actual pressure at the 400 foot level.,
That is what is meant by bottom hole pressure. It is a
force exerted on the rock and on all ligquid contained in the
rock. The same force that acts on the liquid acts on the material
containi:-g the liquid, and tends to move the liquid from an area
of high pressure to one of low. That is pressure measured by
engineers as required by the report -- static pressure.
Static is the only measure of pressure existing in the forme-
ation. ©Static means standing still, and means when everything
in the well is standing still you measure the pressure. At the
instant when a well is shut in, the pressure in the well 400
feet velow sea level will not be the same as the pressure in the
formation 500 feet away. The well has been flowing and the
pressure has been reduced in the well, because the liquild has

been moving out of the well =- because there is a decrease in
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pressure inside the well as compared to the pressure existing
in the rock outside. S0 at the instant the well is closed,
the pressure in the well 1s less than the pressure in the
surrounding rock. Closed in, the pressure at 400 feet rises,
Liquid continues to move from the areas of high pressure, either
side, above and below, the 1liguid continues to move to the point
of low pressure. The movement then tends to equalize the pressure
and when the prescure is equal, the movement stops. iith a record --
I am getting a bit ahead.

The pressure in a well is measured with a gauge. A gauge
i1s simply a device which determines the amount of pressure,
Steam gauges attached to boilers are well kmown. The first
bottom hole pressure gauge I know of was made by W. V. V. Eddy,
of the Texas Company, and he used only the essential element out
of a steam pressure gauge. He simply lowered into the well the
inside workings of a steam pressure gauge to find out what was
the pressure in the bottom of the hole. Ir principle, all
bottom hole pressure gauges are the same as a steam pressure
gauge. They differ in the method of measuring the pressure, but
the principle is the same, to find out what is the pressure =--
the force in the formation, the pressure in the formation. 3o
the bottom hole pressure gauge is lowered into the well, and it
indicates the pressure at the point where the gaugze stops. The
first pressure gauges manufactured showed only the maximum --
were what are called maximum indicating gauges. 7They had
some type of device that showed the highest pressure to which
the gauge was subjected. That was not entirely satisfactory.
Cne thing we wanted to know was how the pressure was changing.
Accordingly, a number of the oil companies developed gauges on
which there was a chart of some sortk which had a record made on
it by clock-works, the clock-works turning the chart to the point
where it stood still, or the chart stood still while the automatic
marker turned around, and the pressure could be read when the
gauge was withdrawn from the well. The pressure the gauge exerted
could be determined from the chart every minute the cauge had
been in the hole. So looking at one of these records, which
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makes a record, not only of the pressure, the bottom hole pressure
in the well which has just been shut in, the pressure immediately
after shutting in, and leaving it in for a period of seventy-

two hours, which is the common limit of many of the gauges, we
will see that the pressure rises rapidly at first, then more
slowly, making a characteristic curve which is known to all
petroleum engineers working with bottom hole gauges -- the
pressure rises rapidly at first which indicates there is con=-
siderable bottom hole pressure; then more slowly as the pressure
begins to equalize, and finally reaches the maximum point, above
which pressure does not rise because the pressure in the well

and the surrounding ground has been brought to the same level,

An engineer looking at the curve, can tell whether the gauge
stayed in the well long enough to get the maxlmum pressure.

It is possible, by mathematics, to calculate how much more
pressure would have been added if the gauge had been left in
the hole for a longer time. In the Hobbs field there 1s high
permeability so that practically in every case the gauge will
come up to maximum pressure within a 24-hour period. There are
a few places where the permeability is so slight it takes more
time.

Under lir. Staley's direction there have been more wells
measured to determine what pressure will result over a period
of time., ‘he Engineering Committee, working with ir. Staley,
has rapidly checked that data. To the best of my knowledge,
no engineer has objected that 36 hours is too short a time to
take static pressure in a well,

I have said "static pressure" several times. I believe
there has been some testimony as to the Plowing pressure. The
flowing pressure shown by gauge and record as set in the well
while the well is producing. There is no proration plan in
effect in any pool where the flowing pressure determines the

amount of oil thet may e produced from a well. The reason

is, the flowing pressure means nothing except the resistance

of the well to the movement of fluid cutside.
o . 3 et b
When a well is flowing, “he Pressure inside the well de=-
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pends upon the weight of the columm of oil and gas, and perhaps
water also, above the gauge, plus the friction of the tube
through which tnre liquid is moving, plus resistance of the
surface equipment, which commonly includes a choke and valve
to restrict the Tlow, and the pressure in the tank into which
the oil is flowing. The flowing pressure 1s entirely within
the control of the operator, within limitations. You cannot
reduce the flowing pressure to zero -- there will always be
some pressure in the well -- you can take off the valve -- if
it is flowing through a choke, 1t can be increased or restricted --
by maintaining a high pressure on the ( ) he can increase
the flowing pressure in the bottom of the hole. L using
different sizes of tubing he could increase or decrease the
flowing pressure. The flowing pressure of a well varies from
time to time, and may vary sharply within five minutes time
as a result of a change in some condition. Ilowing pressure
means nothing except resistance of the well to the fluid out
of the well. TYou cannot use pressure under control of the
operator, that can be so easily changed, as a measure of the
pressure existing in the formation, but by shutting in the well
and letting the pressure equalize between the rock and the well,
you can determine the pressure surrounding it. And if you
mgintain the pressure equally on adjoining leases, there will
be no movement, and if the pressure is uniform, every lease
will produce the oll underneath that tract, no more, no less,
up to the limit of the recovery of the oil on the leases.

Does that cover the guestion on bottom hole pressure?
I think so., Have you a list of some fields in which the bottom
hole pressure was considered by the various state boards alloca-
ting oil?
I have a list which, I have no idea, is complete, Tecause I
¥now of no place I can look for a report of the proration methods
at various pools. The varlous states of the nation simply
write general information and announce it t£to the petroleum
industrye.

I lmow that in Hew llexico, bottom hole pressure has been
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used in proration aft Hobbs and lonument. That 1s why we are

here today. In Texas it has been used in the Goldsmith FPool.

It was first used in Texas in the Harts Fool; 1t was used at
Rodessa Pool, over on the east side, and used in the Van Fool.

I have no doubt there are many other places in Texas where pottom
hole pressure is used in proration.

In Arkansas bottom hole pressure is used in five pools,
Atlanta, Buckner, liagnolia, Schuler and Village,

In Oklahoma they use bottom hole pressure in prorating the
South Burbank Fool, licore Pool.

In Louisiana it is used in Cotton Valley, Lisbon and Sligo.

In the most important pool in California, Kettleman Eills,
the basis of their formula is bottom hole pressure.

Bottom hole pressure is used to determine the potential in
nost of the wells in Kansas, under the reguirements of the Cor-
poration Commission for determining the potentials of wells in
Kansas on which proration is based. We determine static bottom
hole pressure, witn rate of production of o0il from the well., Ais
far as I know, no operator has ever objected that static bottom
hole pressure in a well in Kansas did not accurately measure the
pressure in the surrounding field.

I have no doubt there are other fields, but those are the
only ones with which I am familiar,

Are many of the major companies operating in the fields where
pressure is used as indicated by you?

Oh, yes, in iHarts Pool we have the Standard of {alifornia -- of
Texas, as it is now called, the Gulf Production Company, and a
considerable number of other operators.

In the Van Pool, the Gulf, Humble and Pure. In Hast Texas I
suppose every operator in the mid-continent area is interested,
including every operator represented here this morning, as far as
I recognize them =-- I am not sure of Ir. Cusack, whether he has a
well over in Zast Yexas, but I think all of the rest have.
Certainly Zast Texas has all the major operators in the mid-

continent area, in addition to & vast numper of small indevendents.

Vhat Information do you have that the bottom hole pressure taken
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by the umpire in the Hobbs Pool represents the formation pressure?
By the fact that when the well is shut in it builds up -~ the
pressure curve rises rapidly, then more slowly, and finally reaches
maximun, which indicates the bottom hole pressure in the well is
the pressure in the formation. If the pressure in the well is
less than the pressure in the formation, the pressure would
gradually continue to rise in the well until the pressures were
equalized.

Does the completion of new wells to offset old producers have

any bearing on the formation pressure?

Yes. One can determine pressure in a newly completed well mid-
way bvetween two old producers. If the pressure in the formation
is greatly different from the pressure ~- the static pressure in
the wells which have been producing for some time, in a new well
midway between two old wells you would find a much higher closed-
in pressure than we find in the old wells. A good illustration
of formation pressure and static pressure, as compared to pressure
in adjoining wells is Continental Noe. Grimes, which was com-
pleted June, 1935, in the Wi SE: of Sec. 28, iwp. 18 3., 3. 38
Ee. Prior to its completion the nortn offset, Samedan o. 1
Grimes and the south offset, Continental No. 1 Grimes had both
been completed., The pressure at that time in the Samedan well

to the north was 1268 pounds. The pressure in Continental No. 1
Grimes, to the south, was 1295 pounds. There was a difference

in pressure then between the two wells of 25 pounds. There was

a pressure differential tending to move o0il northward to the
Samedan Noe. 1, a pressure of 25 pounds over half a miles of
distance; that is, estimated from the static pressure in the
wells, If the static pressure actually represented the formation
pressure around there, when Continental Yo. 3 Grimes was drilled,
midway between the other two wells, they should have found a
pressure just midway between the pressure of the wells to the
north and south. On the other hand, 17 static pressure does not
represent formation pressure, then Continental Ho. 3 Grimes
should have had a very high pressure, because drilling on the
boundary tetween the two wells provided an exit. The average

pressure of the wells to the north and south would have been
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1281.5., That is the pre:sure to be predicted in Continental Yo
S Grimes. The actual pressure, measured by the combined pressure
of the other two wells. In August, 1935, after the Continental
Grimes Lo. & came in, 1t was 1285 pounds, a difference of 3.5
pounds from the pressure that would be predicted, a pressure
difference that is within the accuracy of the gauge, and I

think all engineers agree perfectly to the fact that the static
pressure of the wells north and south were accurate pressures

in the formation. Continental ho. 3 Grimes, at the time the
pressure was taken, had produced less than cne-half per day of
its potential, so that the production from the well, prior to
the taking of its pressure, could not have seriously affected
the pressure in that well.

I think that is as good an example as I could find of the
relationship of pressure between the boundary drainage areas of
wells and static pressure measured in the wells themselves,

Do you know of any fields where it is known the length of time

it requires to build up tne pressure after a well has been
flowing?

It is very difficult to state a time for a field, because if
perneability is high, the build~up time may be very short. Hor
example, in some wells where you have high permeability, we

cannct find a difference between the flowing pressure and

static, the drop in pressure is too slight to make any difference,
if it is less than two pounds. In other wells in this pool, we
have found it took as much as 36 hours to build up the pressure
if it was during static conditions, and so, in any pool you might
ask for, there will e some wells where the bulld-up 1s rapid,

and others where the build-up is slow, but the rate of build-up
depends on the permeability of the surrounding rock.

Return to Exhibit Ho. 7, I think is the next one. You may
explain that map, what 1t is intended to represent.

The last exhibit, No. 6, showed the first tottom hole survey that
had been made in the Hobbs Pool. This exhibit shows the bottom
hole pressure made under the umpire's direction in October, 1936 --
I beg your pardon -~ Cctober, 1933. The reason for selecting
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that date is

plan at Iobbs was changed.

that is the last survey made tefore the proration

Up until Octover, 1933, proration

was on the pasis of 25% allowable, allocated as a flat allow-

able for every unit in the pool.

on the basis

-1 -

Octoper,

GOVERLOR KILLESS
A unit is forty acres.

forty acre unit,

On this
One 1is along
Te
Te 13 Sey Do
one of small
three offset
southeastern

On this
1385 pounds,
and

Sece 32,

Noe. 2 in the

The remaining 75% was allocated

of potentials of the wells -~

Jhat date is that?
1933,

What determines a unit?

If more than one well 1is drilled on a
he potential of the wells 1s averaged.

map there are two high pressure areas indicated.
the township line between Sfections 31 and 32, in
38 E., and the other between sections 19 and 30, in
38 E, ~=- the only two low pressure areas indicated,
extent in the northeast part of Sec. 36, and the
wells, and the other of considerable extent in the
portion of the pool.

map -- on this survey, the highest pressure is

al =
L L CEITT 5
o3 e R by of

in the Culf Ho. 6 #est Grimes in the

the lowest pressure 1s 1245 pounds in the Repollo

Wiy Why of Sec. 15, fThere is a difference in

pressure of 138 pounds between those wells -- I regret I must

change my testimony -- I had overlooked a high pressure well

in the extreme -~ I said two areas =-- there is a third high

pressure area in the southwest end of the field as developed at

that time --

three high pressure areas. TIhe highest pressure well

on this map is the Amarada io. 3 Hardin in the ¥ SWy of Sec.

18, T. 18 S.,

northwest end of the field,

Re 38 Eo The pressure in this well is 1395 in the

and B45 pounds in the southeast

makes the pressure difference across the field 150 pounds.

The field, up to this time, had been operated on a basils

of 25-75. I

to discuss that phase.

think this is so easy to understand there is no need

It had so operated since proration went

into effect in July, 1930, a litctle over three years under the

25-75 plan.

there was a decrease in pressure differentials.

From the first survey to the survey of October, 1933
There was a
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pressure differential of 200 pounds; now it 1is 150 pounds.
Operation under the 25-75 plan acted beneficially on bottom
hole pressure adjustments; the pool had approached uniform
bottom hole conditions. There was less tendency at the time
of the October, 1933 survey for oil to migrate from one lease
to another than on any previous survey made by the umpire. The
25-75 plan apparently did do equity between the leases. It was
tending to iron out inequities, to slow down the rate of pressure
decline at the low points. .here there were five hich pressure
areas in October, 1931, as shown on that map, there are only
three now, Where there were three low pressure areas in the
1931 map -- and the pressure differences had Leen reduced Dy
one-quarter under the operation of the 25-75 plan.

BEY JUDGE LQWE: We desire to introduce that exhibit in evidence,
Start the next exhibit.

A I might at this time, if I may volunteer, call attention to
the high pressure area shown -- this area at the bottom part
of Sections 31 and 32 lies imediately north of Stanolind
¥eKinley wells, from which, the testimony yesterday indicated,
a considerable amount of o0il had moved northward. ith high
pressure surrounding the well on the township line, to me, as
an engineer, 1t 1s incomprehensible that oil can move from this
low pressure area to this low pressure area (indicating on nmap).
The high pressure area is an effective bvarrier against the mi-
gration of oil in that particular case,

The survey of 1931 shows a high pressure area around Gulf lo.

5 Grimes. The position 1is reversed here in Gulf No. 6 Grimes and
the south offset; shows a pressure differential of 17 pounds, in
one case and 18 pounds in the other, in the opposite direction, so
you will see, 1f you can say the pressure is in balance, the oil
does not move under balanced conditions, one must have a difference
in pressure to move 1t. we had a balanced pressure in 1931, and
three and a half years later we find an increase in the pressure

immediately north of the township line, as compared to wells to

the south. Such movement as occurred had to g0 from the wells
in the north to the south. That change, difference in pressure,
is a suitable subject for Lottom hole pressure correction.
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following the survey of Cctober, 1933, there was introduced

into the Hobbs plan for the first time a Lottom hole pressure
correction plan, which was a desirgble addition to the plan.

The correction allowed the continuation of the 25-75 plan, ovut
at that time a feature was introduced that was unfortuvnate --
There was an allowance for water wells bLased on 403 for acreage
and a 60y allowance for potential, as determined by the water
coming in. That allowance was apparently excessive, because
(turning to next exhibit)}, as shown by Exhibit Lo. 8, a bottom
hole pressure survey made under the direction of the umpire, the
survey of August, 1936, we Tind the bottom hole pressures no-

where near as uniform as they had been three years earlier. .t

ct

his time the highest pressure is still in the northwestern part,

~

shell Yo. 2 State, in the WEL of the Ny of sec. 24, 7. 18 3.,

£

Re 87 E. The lowest pressure well was Xepollo No. 1 with a
pressure of 1000 pounds; the 3hell well has a pressure of 1320
pounds, a pressure differential of 320 pounds, where it had
been only 150 pouncs three years earlier., Frobably the 1000
pounde pressure, indicated in the Kepollo well, is not the
lowest pressure, because there are three wells south of it in
which the pressures were not taken., Those wells have nhad lower
pressures than the -epollo well, so the pressure differentials
were probably greater --

t. JOCDJARD (Interrupting): ‘“hat is the date of that nap?

August, 1936,

Fow, referring to Exulibit o. 8, 1t 1s colored. xplain that,
This map has been colored as the other map was colored, using
yellow for the most common pressure zZone., The yellow represents
pressures tetween 1300 and 1250 pounds -- 1250 %o 1200 pounds;
the ©lue, 1150 to 1200 pounds; the bluer from 1100 to 1150 pounds,
and so on cown until you get down to the pink, which represents
pressures below 1000 poundss

After this survey the Commission changed the prorasion

plan at Hobbs to allow 60% on production of the pool to be

distributed on the basis of acreage -- 60% of the pool's
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allowable distributed on units, acreage, amounts to only 40%

i

of the allowable on the basis of potential. The bottom hole
pressure adjustment Tactor to ve applied tc only 407. According-
ly, a well might have a very low Dottorm hole pressure, and micht
be procucing much nore oll than the reserves Justified. 3Bottom

1.

nole pressure might reduce the potential to zero, and the well
rmight still produce more oll on the acreage allowance, so that
e amount of oil produced on an acreage allowance night Dbe more
than the reserves justified. A test of a well producing more

a
than the reserves justified was well statec by lir. Jood in hi

1

{2

report, that if prescures decline more raridly than pool average,
the well will produce toc nwuch, and in the amended cormittee

report, made in 1936, it was thelr judgment the minimum allowable

o

nhould ve subject to botftom hole pressure edjustments, because

it is unfair to everyone to draw scross lesse boundaries {rom
other propertieso.

30 I do not Intend to criticize the Commission for its
order of January 1, 1937, but the next map, Gullf Lxhibit Fo. 9,
shows the effect of the order of January 1, 1937, as well as the
efiect of the previous orders. The Commission had representations
made to it that the 60-40 plan would bLe nore reasonsble, more
equitable than the existing plan, and as there waes no testimony
to the contrary, the Commisslion accepted those representations,
s0 that what I have to say 1s not a reflection upon the Com-
mission, but the effect of that order, changing the acreage
allowable from 25 to 60 -~ pernaps I should say, or call it the
unit allowable from 25 to 60, and reducing the effect of
potential and bottom hole pressure from 70% to only 40% of
the pool's allowable, is shown by the existance of a bottocm hole
pressure drop in the southeastern part of the field, and a
somewhat less, but nevertheless = low pressure area Ceveloped
on the northeast side of the field, :nd we have on this map
the highest pressure of 1245 pounds in the Samedan Nos. 2 and
3 3tate, in Sec. 24, and the same pressure in the Continental
oe 2 State in Sec. 13, 1245 pounds pressure, and the lowest

pressure, 871 pounds in the Texas No. 1 Selman, in the most
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southeastern end of the pool. We have now a pressure differentisal
of 374 pounds --

E7 3. WCOLWARD: (Interrupting) Onwhat date?

b
A

In September, 1959.

we have now a pressure differential of 374 pounds, and that

pressure differential is a quarter larger than it was belore

the order of January, 1937 =-=-

B. GOVERKCR LILES: I don't understand =--

A The pressure differential is now 374 pounds across the field.

2Y GOVEInQE UILES: Dicd that pressure differential decrease on an
even percentage basis?

& It decrcased more rapidly in the south than in the north. It

has remained very nearly constant in the north. “he result of

the sharp pressure differential is a drop of 319 pounds in the

space of three and a half miles in the southeastern part of the

field, anc the effect of the pressure differentials in noving

0il, which varies with the distance, 1is that a 300 pound differen-

tial over two miles would cause the o0il to move much faster than

over six miles.

Y JULCT LO:E:

tu

-

I notice on the map, Zxhivit -- the one ycu had ve’ore, therec

&>

are a great many more colors on this map than on the others.
what does that indicate?

A It means there is a much greater pressure differential. The
pressure is declining, extending up into the first area, and
becoming more accentuated -- there was a pressure differential
of only about 125 pounds before 1933, With the change in the
proration from the 25-75 principles to the principles we now have,
the differential is 319 pounds across the same ares,

] Does that indicate excessive withdrawasls in the southeastern part
of the pool?

A Yes, sir, the withdrawals have been greater than the reserves

justified for the southeastern part, as compared to withdrawals

in the rest of the pool.

hat on the nigration of oil?

&0
t

dhat is the effect of

The effect of that is that it causes the oil to nove from the

;-:.
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yellow area in the northwest to the southeastern part of the
pool, in Sec. 4, T. 19 3., X. 38 X., the 01l is moving from
the yellow area into the area of low pressure.

Q lThat is the area that will always drain when there is increased

acreage in the allocation?

N

If there were an increase of the acreage in the allocation at
this time, and the pressure differentials would be sharply in-
creased under the conditions here, there would still be a
greater tendency for drainage Irom the northwest into tie

southeastern area,.

oY JULGE LO:k: Ye desire to introduce the ex:ibit in evidence.
Q You may explain Exhibit No. 10.
A Gull Zxhibit lo. 10 is a repetition of the cross section which

was shown on Xxhibit Lio. 4. “he cross section is repezsted ex-
actly, but this time, instead of repeating the map underneath the
cross section, we have introcuced a chart showing the bottom
hole pressure surveys cn those four maps -- the bottom hole
pressure maps we have just been discussing. The highest line

on the chart shows the bottom hole pressure in the holes shown
up above on the cross section. The highest line shows the De-
cember, 1931 survey, the Iirst survey made. The line has certain
irregularities, but in general it follows across at an average
pressure of 1432 pounds. There are irregularities whicnh,
theoretically shoul have been flattened out, and I think could
have been flattened out, but, in general, it indicates a satis-
factory development, a satisfactory production from the pool,

and because the pressure differentiasls are smsll, there is little
drainage from one lease to another. Unfortunately pressures

were not taken in the southeastern wells for the 1931 survey.

I wish we had projected this line to show the estimated value,
but we discussed the matter and decided to show actual measured
values as shown by the umpire, and not inject any personal element.
If that line had been shown, it would have shown low pressure,
and this pressure line would drop down in some such fashion as
indicated by this pencil -~ pressures do drop cdown.

The second line presents the survey of October, 183&. It
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is more uniform than the 1931 survey, indicating that the

25-75 plan kept the pressures more uniform -- st any rate, there
appears less variation than there was in the 1931 survey. &nd
wnile there 1s a low pressure area in the southeastern part of
the field, it is not so marked as in the 1331 survey. Conditions
were getting better while operating under the 25-75 plan.

The third line shows the pressure in those wells as they
were in September, 1936, after the large allowables had been
given to water wells in the southeastern psrt of the pool, as
well as water wells in the rest of the pcol. Tiie allowable was
made to all wells producing water. It is, I thinl;, apparent
that the water allowables were excessive, because we find a
sharp drop in pressure in the southeastern part, as compared to
the slope of the line as it was in 19395,

The last line shows the survey of ZeptemJser, 1939. Through
much of the pool there is & lairly uniform pressure, average
bottom hole pressure now of about llo4 pounds. A& correction, if
I may -~ this chart was prepared for the nearing in lay, and it
shows the Iebruary, 1939, rather than the September, 1939 survey.
If the chart had been re-drawn to show the :september, 1939
survey, which is the survey we showed on the map, 1t would have
shown the same condition, exXcept a zZreater drop which has re-
sulted between February and September. Accordingly, tre high
rate of withdrawals in the southeastern area, compared to the
reserves, nas resulted in a steadlly steepened pressure curve
toward the southeast, and oil and gas flow down that course
exactly as water comes down a gully. This difference in
pressure, in two miles across the pool, has resulted in a steady
migration of oll and gas into the southeastern area. If the
straight acreage plan were adopted, that curve there would be
still greater, with a greater loss of oil from the northeastern
part of the pool. In general the slope across the pool is
southeasterly, the gensral slope 1s in that direction, then
breaks off guite sharply into the area of very excessive pro=-
duction.

TULGE LOwE: We introduce that exhibit in evidence.
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Exhibit Yo. 11 -~ explain Exhi
This is a map which shows the units which gained 20 barrels

or more per day under the order of January 1, 1937, and the

units which lost more than 20 barrels per day under tha®t order.
ihat order, dated sometime in December -- I refer to the order

of January 1, 1937, that executive order. Under that order,
which changed the 25-75 plan to 605 for acreage and 40, for
potential, with bottom hole pressure adiustments, the red

units are those which gained more than 20 barrels a day. The
increase is largely concentrated in the southeastern part, with

a few scattered units arounc the margins., The green units are
those that suffered losses of 20 barrels or more a cay, scattered
through the central and northwesterr parts of the field. OF
course, there were changes on practically every unit in the
field. e thought it would be interesting to see where the

gains were concentrated under the60-40 plan of January 1,

1937, and we found it gave a sharp increase in allowable where
the bvottom hole pressure was already low and drainage already
existed.

Supplementing that exhibit, we have prepared mxhibit 1l.,
whiech is simply a repeating of parts of the previous exhibit.,.

At the left we have a bottom hole pressure map, still of the
southeastern part of the field as it was in October, 1333,
showing a pressure differential not greater probably, not

more excessive perhaps -- not more than would be cxpected in the
operation of any pool.

Here in the center we have showed the location of the units
which received large increases in production under the order of
January 1, 1937.

Over at the right we show a bottom hole pressure map in
September, 1939. This is not the February mep I showed, but is,
as you can see, a few sections of the map - the bottom hole
pressure map of the same area. ~“he increases of allowables In
the southeastern part of the field have changed the rressure
differencial across the southeastern area from 150 pounds in
1933 to 329 pounds in 1959, the present time. The order of
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January 1, 1937 was not entirely, but largely, responsivle for
the large drop in pressure in the southeastern area. If we were
to zo to straight acreage, as has been recommended, there would
be a large increase in this area. That is in the very units
where potentials have been wiped out,

It is truve, the wells in here can make several hundred
barrels of oil per day, and L do not -- I am sure the Cormmission
does not understand that vecause the umpire's books siiow no
potential, no one would contend the wells have gone dry. It
simply means the potentlals have been absorbed by bottom hole
pressure, or due to some other cause. But on only 405 of the
pool's allowable, even though all that potential allowable
is wiped out, there is too ruch oil being given for acreage,
and the pressure differentials have increased and the wells are
producing, in large part, producing oil not under the land
originally, but under this 300 pound differential, they are

draining part of the leases to tie northwest.

JULGE TORE:s  Je introduce the exhibit in evidence.

The next exhibit, please explain the next, XZxhibit Ho. 12,

50 far we nave been talking about bottom hole pressure, and have
been theorizing from those as to the movemzsnt of oil. I have
been drawing conclusions -- 1 bLelieve that 1s competent -- that
0il moves from an area of high pressure Lo an area of low
pressure, and there must be some movement of oil into the low
pressure area. Lhe question is raised whether Gchat could be
quantatively determined.

That has been calculated on tnis exhibit. Three wells,
extending in a northeast-southwest line, their location being
in the SEL SWd: of sec. 3, the Ny NWy of 3ec. 10, and the SE,
iy of Sec., 9, on which wells we have potential tests, low

pressure tests, and from which --

L2, WOOLWARD: %Will vyou repeat the location of those wells?

il ompees

The SEL $7d of Sec. 3, Stanolind lo. 26 Caprs; the IWg NWE of
Sec. 10, Stanolind ¥o. 8 State; and the SEg Wk of 3Sec. 9,
3tanolind Ho. 26 State. On those wells we had long time records
of production, and productivity could be determined Irom the
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chart given in the hobbs Inglneering Cormittee's January report.
e had pressures declining rapidly on the three north offset
wells and the three south offset wells, To determine the rate
of flow through porcus formation, one has to use the formula
introduced yesterday afternocon by kr. -- Tisch =-- Tasch, show-
ing the drainage of oll, the amount of o¢il which will move
through porous formation, known permesbility, thiclmess and
cifferences in pressures. The pressure differences are known
every six months across that line., From those pressure differ=-
ences the amount of o0il moving from the northwest tc the south-
east, across the line, can be calculated. ‘he volume of oil
that has crossed the red line to the three 40-acre units, by
that calculation, is 551,000 barrels of oil., That formula
calculation does not include ancother rnroducticn unit to the
northeast, tecause we did not have the pressure measurements;
it does not include two units to the scuthwest, because, again
we did not have the pressure measurements, so to the north and
south it would not be accurate mathematically to extend it.

It is not correct to say, because we have taken only half
the line across which migration has occurred -- 1% is not correct
to say that because the line across which there has teen drain-
age is twice as long as the one studied, thet the movement is
twice as great, but certainly the movement rmust be greater than
that calculated, vecause we have two units to the southwest
and one to the northwest, but the exact migratory values are
not xnown --
rou mentlion the percentage of
recovery there?

I have not, but 1 will.

80 across the red line the migration, based on information
as good as we could get, has been 551,000 barrels and a somewhat
greater amount because of the three units, in an equal lenzth of
line, wnich were not taken into the calcuvlation.

During the time this portion of the pool has been under
developuent, up te September, 1939, the production west of the
red line has been £,432,000 barrels; the migration of 551,000
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barrels across that line constitutes 15.87 of the total amount
of 0il produced in that area.

The pressure differentlials, which increase with the passage
of time, with changes in the proration orders, migraticn across
the red line, Including the known extentions to the northeast
anc southwest, calculated under that formula, is 362 bvarrels
every daye.

BY GOVIENCR IILES: %Yhat 1s that township ané range?
A Te 19 5., He 58 E., the southeastern portion of the ilobbs Fool.

-

™y T, - AT
BY JULDGE Z04I:

-

Tnat 1s the area that would Te allowed more oll 1f we get the

&

straight acreage basis?

A Yes, sir.

) And the drainage would be greatly increased?

A “he drainage woull be greatly increased. hat is the area in
which potentials have been wiped out by the Dottom hole pressure
factor.

=y I TOTT AT
I:J_i_ Seite ..ﬁ‘:"..;:.;"._L:

Jr. ¥nappen, 1f we were not concerned with drainage as a matter

&

of equity or ovbligation, which we are, we would be compelled to

-

be concerned with it by law, would we not?

AT

=0 M. LOCDIARD: We object to that -~ he didn't qualify as a lawyer =
nearly everything else, but not a lawyer.

P

) If it is generally agreed that the Iactor influencing the nove-

<

ment of oil is pressure, then, as I understand it, from the
testimony that has been offered, there has been some objectlion --
or &t least, some distrust expressed of the instrument with which
bottom hole pressure is measured -- the pressure itself was not,
as I understand, challenged, but it was the accuracy with which
pressure could bLe measured with an instrument, and slso whether
or not bottorm hole pressures talten by the umplre represent Torm-
etion pressure. Is there any reason that you know of, Irom your

experience and xnowledge of instruments, why instruments of this

t—t

kind could not be bullt that would measure the pressure at the

bottom of a well, as well as at the top?

A No, it is purely a matter of care in the design as you make the
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instrument.

Are we dependent on only one instrument, or are there more than
ocne on the market?

o, there are at least four. The “umble makes an excellent
bottom hole pressure gauge; the Indian Territory 2il Company
makes a bottom hole pressure gauge that is widely used at

ilobbs because it is smaller in diameter and will go into the
small tubes; the Geophysical Hesearch rakes an excellent one,
and Amarada bullds an excellent one,and modesty prevents me
from saying how good is the Gulf gauge.

“here are a number of gauges manufactured by different concerns?
“here are at least those mentioned, and there may be obhers.

Are all field instruments extremely accurate?

Is it necessary for all field instruments to be extremely accurate?

Yo. i'requently you sacrifice extreme accuracy in order to
secure greater ruggedness, the same as a watch. Sometimes it

is desirable to have an instrument that will stand all sorts of
apuse.,

If the accuracy 1s in prorortion to the work to be done with

the instrument, 1is that sulficlent?

Thaet 1s sufiicient, 1 one remembers there is that degree of
inaacuracy. The pressure gauges used in locomotives need not

be nearly so accurate as bottom hole pressure gauges -- an error
of ten pounds in a steam boiler gauge is not important.

Dottom hole pressure gauges are more accurete than some field
instruments?

Very much more accurate.

Zicbbs is not the only place, [ would understand, that bottom
nole pressure gauges nave been relied upon?

Ves, there are listed some fourteen or fifteen places where they
are used to correct the allowable, in various states. And of
course, in addition to that, bottom hole pressure jauges are
used by the engineers of the various comparies to control their
own operations, used to obtain information they nced.

Is there any difference in the design and manufacture of gav

by}
r'r:;

es
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made for one set of conditions?

ot in the essential principles. There 1s a difTference in the
gauges used under 100-pound pressure, as compared to 200-pound
pressure, and again for 400-pound pressure the gauge 1s different.
Does that mean the manulacturer has attespted to obulld for the
specific purpose rfor which it is to be used?

That is it. He modifies the instrument to get the most satis-
factory results for the pressure under wnich it is to be used.
fiave you any information in regarc to the gas-o0lil ratios?

Yes, sir, I have,

You may state what 1t is.

A table nas veen prepared from the reports of the vroration
office in Xobbs showing the gas-oll ratlos in the scutheastern
portion of this pool, approximately the area coclored in red on
this map (indicating), covering thirty wells southeast of a
general line fcllowing the red line shown in Gulf Exhibit Fo.
12, In December, 1956, according to the records of the umpire,
the gas-o0ll ratio was 1520 cubic feet per varrel of oll. By
July, 1939, the gas-o0il ratio had increased to 2742 cubic feet,
an increase of 1222 cubic feet of gas for every barrel of oil
produced in that aresa,

To see whether that was a reasonable increase, we took the
records of all the rest of the pool, clear up including the
northwest end, making no deductions for the water lifted by
the gas in many places, and the gas-o0il ratio in the central and
northwestern part of the pool -- all the rest, except the thirty
wells already mentioned. In December, 1938, the gas-oil ratio
was 1629 cubic feet per bvarrel. In July, 1939, the gas-oil
ratio in that same area, on the rest of the pool, was 1&72 cubic
feet. In the south=zastern end of the field the increase in the
gas-0ll ratio was 1222 cubic feet; in the rest of the field the
increase in the gas-o0il ratio was only 243 cuvic feet. The in-
crease in the southeast end is five times the increase in the
rest of the pool, over the identical period, from _ecem:er, 1936,
the month before the start of operations under the 60-40 plan,
up to July, 1939 -- in thet period the gas-oil ratio in the south-
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eastern part of the field was 5 to 1 as compared to all the

rest of the field,

JUDGE LCLE: The information given was obtained from the umpire's

office?

Yes, sir.

GOVLEELCR IIILES: We will be in recess for five minutes,.

Fursuant to recess, hearing was resuned, with or.

Enapren on the witness stand:

Tr. Knappen, will you refer, please, to the xhibit 1ios E ==
Stanolind zxhibit B, showing the increase in so-called potential
for the Gulf Graham No. l. #Will you explain what caused the
increase in the first part of the curve?

Gulf Graham ¥oe 1 == or Gulf State Ho. 1, in Sec. 24, according
to the exhibit -- and I have no reason to think the figures in-
accurate, although I do not want to testify to their accuracy
until I have had an opportunity to check them, was completed with
an initial production of 3,000 barrels -- my recollection is it
should be about 3,500 barrels -- that is immaterial. The potential
increased, to February, 1934, to 7,000 barrels. That may have
been bottom hole pressure adjustments, or it may have been the
first acidation of the well., 1I‘he potential increased azain in
September or October of 1934 from 7,000 barrels to 25,000 barrels
as a result of acidation. A new potential test was made after
the well was acidized and the new test showed a capacity to
produce 23,000 barrels of oil daily. After that time there was

a series of adjustments up and down, nmostly up, which, I assume,
were all made as the result of bottom hole pressure correction
factor. I am confident that 1s the reason for the adjustments

up and down from 23,000 barrels to about 52,300, That is a

high pressure well in danger of being drained by low pressure
units in the rest of the pool, and the bottom hole correction
factor required the upward adjustment of the potential in an
effort to have the allowable overtake the increase in pressure

in that well to the relative pressure in the pool as a whole.
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Pernaps I should say, in this connection, the pressure in
that well has declined from the original shown at 1375 pounds,
to the present pressure of abort 1225 pounds, but the pressure
in that well is higher than the average pressure in the pool, and
according to my recollection, has been higher on eacn pressure
test; and so long as it is higher, there must be drainage from
that well, The potential has been adjusted by the bottom hole
pressure factor to give the present potential. o ons would
contend this is a 52,000 barrel production well. You night just
as well have left the potential at the last figure, and added a
certain percentage to allowable because of the high pressure.
That might have elininated some confusion if it had been handled
in that way. 7The umpire's report shows the adjusted potential.
I am certain no one thinks that 1s the actual potential. I
think all recognize it is the potential with adjustments made
to that number so that the allowable will be increased because
the pressure in this well is higher than the average, and con-
sequently in danger of being drained.

That large decline in bottom hole pressure, that does not in-
dicate a relative decline -~ or rather, other wells in the pool
were also declining abt the same time that decline occurred?
‘That is trve. e pressure decline was about 150 pounds, where
the decline in the pool, or correction, was 200 to 250 pounds.
It did not decline as much as the average of the pool?

It did not decline as much as tne average of the pool.

That large increase in potential was brought about by acidation?
corrects.

ind every other operator in the pool had the same opportunity
to acidize thelr wells?

That 1is true.

And had the opportunity to drill more wells?

o legal restriction.

ihatever was done there, it was not done out of disregard ror
any other well -- tey had the same opportunity?

On the contrary, we were forced to acidize a lot of wells to

keep up with the other operators who were also acidizing their
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wells; 1if not, we would have suffered very serious losses in

potential and closed-in pressure.

3 Gulf did not start it?
A It did not.
) This quite large increase in potential due to bHoitom hole ad-

Justments, do you know how many barrels of oil per day that
adjustment has increased the allowable of wells at this time?
In other words, how much more oil is Gulf getting today than
it would have gotien had there not been any bottom hole pressure
adjustments?

A I am not certain whether the adjustment from 235,000 to 25,000
is due to the second acidation or bottom hole pressure adjust-
ments -~ if 25,000 -~ the last three potential tests, it has
been increased spproximately 8,000 barrels in that well; the
adjustment result from the last proration allowable is about
2.2 barrels per thousand for that well, increasing it about
17 bvarrels,

At tlie present time?

!c_ N

A At the present time.

Q Do you know whether some of the Gulf's wells were reduced in
allowable by that adjustment?

A I cannot testify as to that;iI have not checked it up.

B2 JULGE LOLE:S

) Tart of the article introduced yesterday purports to have been
written by Iir. Barnes, an employee of the Gul:f ¢il Corporation.
Was lr. Barnes an employee of that company at the time the
article was written?

A iie was not at that time, no, sir.

Q What 1is he commenting upon in the part introduced?

A He was commenting upon an article in the Cil and Cas _ulletin
written by i, A. Kouncs.

2 Do you have that quotation?

A Fage 7¢, Pennsylvania State vollege tSulletin, Fo. 123

"A map purporting to show profiles of consistency of porosity
was prepared by Ir. —ounds for the Hobos Pool in iew liexico.
he limes were established by connecting wells of approximate
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equal initial production. It would seem that such lines are
lines of consistent permeability, rather than consistent porosity,
and serves to illustrate the unfortunate confusion which prevails
concerning the two properties". Then he gives the quotation
from Vol. 29, 0il and Gas Journal, page 70 and 110 of Lecemnber
18, 1930.

~r. Knarpen, there has been consideravle evidence introduced in
regaerd to the installation of packers, and the numbter of packers
installed by Stanolind, but no information as to packers in-
stalled by other companies. Is Stanolind the only company that
has installed packers?

o, sir, packers have been installed by most, if not all, of

the major operators.

Do you know how many Gulf has installed?

.€ have set twelve packers. ‘e have twenty-two wells, and have
set packers in about 5035 of our wells.

You testified at some length. As a result of your investigations
ana the evidence you have gilven, have you any definite plan to
propose for the future?

It would be my recommendation to go right back to the 255 sacreage;
that is to say, 2555 of the pool's allowable to be distributed
equally vetween the units, which would give eacl» vunit enough to

pay operating expenses; and distribute 75% on potential with

ac justment for bottom hole pressure, to be made every six months,
in an earnest effort to equalize pressure throughout the pool
and to prevent drainage of the oil from one lease to another.
Veou do believe some adjustment of packer wells should be made?
L Telieve some adjustment should De made as outlined by I'r. Cray
last night. It was the intention of the operators that the
~perator who set a packer would not De penalized, as setting a
packer to siut o7 gas was making a very real contribution to
the pool. The pool would then give them tre right to produce
the well's former allowable from a pay which represented only
part of the original Zormetion. The arithretical adiustments

1

has been worked out that a man who sets a racker is renalized. The

packer wells were not intended to be penalized. I think She



plan should be changed so as to zive the packer wells the beneflfit
originally intended to be given to them. The change in the packer
well plan will cost the Gulf Cil Corporation some twenty barrels
of o0il daily, but it is the falr thing and the carrying out of

the original intention, and I think the change shoulld be made,

-

T8 GOVEINIOR:  In packer wells, what is the object in setting

packer? That is to be accomplished by that?

If all production, Governor, 1s coming through the same part cf

Iy~

jo]]

the formation, olil and gas and water are coming into the well

at the same place, there 1s no way a packer will do any ool

.

i -

ir that case. >Hut 1T we have two productlon horizons, as in-

o

dicated by the chart and the pamphlet which I hold here, and if
gas 1s present in the urper horizone and cil in the lower, a

packer may e set around the tube vetween the upper anc the

[

lower formations, then 1T there are hcles in the bottem part of
the packer, below. the pmeker, or the tube is open below the

packer, cil will come in frem tle lower formaticn and pass up

through the tube. The gas tries to come 1in, and the casing head

<

4

closed in so that the gas cannolt escape, and¢ the gas saved
venefits the pool as a whole.

It is precisely *the same condition i1f there is water in the
upper formation and oil in *the lower,

I think without exception every operator produced nls well
until the time came he was producing so nuch water the operating
costs were wxcessive, the operating costs equaled the velue of

the o0il recovered, and in most cases the well went dead, and

Hy

the operator was then faced with the problem of pluzg;ing and

abandoning the well or setiing a packer, If tlie water was
confined to the upper horizon he could sebt a packer in the upper
and produce from the lower, anc the water would be simt off -=-
not come out at the top. If the water was in the lower horizon,
he could plug off the lower part. If the undesirable fluid was
coming from below he could set the packer in the impervious zone
and the fluid would =2e shut off.

50 setting a zas packer is a real conservabion measure, and
conservation of gas is needed for the pool, and the operator is
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looking out for his own Interests, as well as the interest of
the pool. He will get the benefit as well as some other well --
some other lease. Lhe operator who shuts off water coes nothing
but make 1t possible for him To operate that well.

If oil and water are both coming in the same horizon, the
setting of a packer will not shut off the water., If they come
together, they must be taken out together.

EY 9ZE GCVHRIOR: Bottom hole pressure adjustment, when do you mean
by that? Do you have some method of making that acjustment?

£ An adjustment is a calculation made in the umpire's office. If
2 well has a pressure higher tian the average of the pool during
a previous survey -~ and surveys are made every six months --
then the potential of a well is increased by a percentage corres-
ponding to the amount the pressure is above the pressure in the

Ea]

previous survey. II tiie pressure is welow the averace in the
pool, thnen the potential is reduced below that, with the result
that the potential, by a series of successive subtracticns, may
be reduced and finally may be completely eliminated. “he
calculation 1s made by algebra and is complicated, as I think
ILr. Staley understands =~ it is a calculation made in his office,

the correction is made in his oiffice, and if a well has too high

a pressure, it is decreased, and if it was too low, it is increased.

BY L., BCRaRT:
e There has been a great deal of evidence as to whether potential

is an indication of 01l in place. Technicglly -- I would be
interested to know, and I am sure the lomrission would, as to
whether there 1s any practical recognition of potential ss an
indication of oil in place, and 1t occurs to me the evaluation
reports, might give us sorme information on that point. Have
you ever made up evaluation reports, and studied then?

A I have made a great many evaluation reports in connection with
the purchase and sale of property and the excinange of interests.

Q Is it a common practice, in making up an evaluation report, to
study the report anc zive weight to the potential of wells?

£ The potential of the well is about the third item considered.

The first item is the description; the second, the number of
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the wells; the third item is potential; the fourth is the present
daily producticn; and the fifth is the reserves.

People, in buying and selling, actually study and consider a
well's potential?

I never knew of any sale of producing property where potential

is not given very serious consideration. Fotential is not the
only yardstick, the only thing considered, but one of the very

first items looked into.

.

101, WOODWARD: You say potential is the second item?

"1e second item 1s the number of the wells, in our evaluation
report,

"hen the purchaser of a producing property is primarily interested
in the o0il under the property he may recover?

Trom the potential and other data, he calculates the reserves under
the property which can be recovered.

JULGE TQWE: You may cross examine.

GOVEEYOR LILES: We will be in recess until 1:30 tls afternoon.

Pursuant to recess, the Commission resumed the hearing
at 1:30 in the afterncon, with Dr..Knappen on the witness

stand.

JULGE LOWE: T have one additional question L would like to ask.
“r. Knappen, you reviewed the history of production in iew Iexico.
what are your views as to the efficiency with which t~is pool
has been operated?
This pool has been operated more efficiently than any pcol in
Wew Mexico, and more efficiently than any pool in the United
States. There are minor inequities abainst which we are pro-
testins, but on the average, i1t has been especially well operated.
There was one correctlon you wanted to make in your testimony
this morning?
Yes, in the number of packers the Gulf has set. Ly memory failed
and I used the wrong figures. The Gulf has set ten packers and
has twenty-three wells, so the number of wells in which packers
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were set is 42% or 43% of its wells. That was a mis-statement
when I said twelve,

There was also another mis-statement on my part, or a mis-
understanding as to one other statement, and L would like to
correct that. I am told I sald all of the wells in the Lobbs Fool
would come up to maximum pressure in a thirty-six hour period. A
great majority came up to maximum in a 36-hour period, and all of
the wells, in thirty-six hours came up to the point where the maxi-
mum could be calculated -- not all came up to 9937 in thirty-six
hours, for a few of the wells did not reach maximum pressure

within the thirty-six hour period.

CHOSS BXAUTWATICH by L. H. Rankin (Repollo)

I believe it has been stated there is & gas cap on the Hobbs

Fool at this time?

Could you roughly outline where it is?

In a general way, 1t lies in here (indicating on map); that

is to say, in fections 32, 33, a portion of 29 and I belleve a
part of 28,

would you explain to the Commission agein the cause of a gas cap?
A gas cap has been formed by the release of gas from solution in
the oil. The o0il contained all the gas it could hold in solution
at a pressure of 1500 pounds per square inch. Now thai the
average pressure has dropped 2 %, the amount of gas 1s released --
necessarily a certain part of that gas has come out of solution

in exactly the same way gas dissolved in ginger ale or soda pop
comes out when the cap is tden off.

The drop in pressure, I understand, 1s caused by excessive with-
drawals?

It is caused by the removal of 0il faster than the water keeprs up.
There are a number of Gulf leases in this area under this gas cap?
Ch, yes, the (rimes.

Is there a gas cap down here (indicating on map)?

I don't know. There is a great deal of free gas in the pay. I
don't know that there is any separation in the gas above the

oil in the southeastern part of the pool. 'There is free gas in
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that area. It may ve present filling some cavatlies, or it may

be present as a gas cap in that area (indicating on map).

™rn to Exhibit ¥Yo. 12, _r. Knappen. Avout four years ago contour
maps of the Hobbs field were terminated at about this point, Sec.
24, T. 18 S., were they not?

I don't krnow that they were,

Isn't it true that the development of 3ections 13 and 24 was a
subsequent development?

That 1s true.

At that time, sometime about the year 1934, the contours in Sece
24 and Sec. 18 were terminated -- that is, T. 18 ., 37 and 38

E., were terminated in much the same manner as in :tections 6, 8
and 9, Te 19 Sey, e 38 E?

T don't know that that is true of four years ajzo, but certainly
that is true that the contours could not have been drawn for the
north end of the field until it wsas developede.

e have a production slope of -583 sub-sea?

Yes, that is true. The Ohil well in Sec. 9, Te 18 8., Z. 37 E.,
and the “wo States Company well in Secs 21 -~ I beg your pardon --
The Ohio well in Sec. 9, Te 19 Se, 2. 38 H., and the Two States
well in Zec. 9, Te 18 S., e 38 E. had the white lime at -583.

As a geologist, wouldn't it have Dbeen reasonavle to suppose that
development would be contiguous, and project a line mrallel

with the last lknown contour?

It would have been reasonable to draw a contour roughly prallel.
It xmaxkad was not done because there was no development in there and
on account of the irregular slope immediately north of 3Sectlons 5

and 4., VWhere you have an irregular slope it is dangerous to

would 1t deface your map toc muc:h to parallel the -425 foot con-
tour which has been established, with the -575 foot contour?

o, I am perfectly willing to do that.

sould you make a light line?

(#itness makes a line with pencil).

Irom such a line as that 1{ would be reasonable to estimate Lhe
position of that line?
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Can you tell -- first, Lhere are a numver of dry holes between
the -475 and the -525 fcot contours the way you have projected
the lines?

In the area of Sections 5, 6, 8 and 9 of T. 19 3.

S50 that area is not god production?

I wouldn't care to drill in it.

According to your formula, the average Lea County well is 45
barrels per well?

I thought it was 46 or 47.

According to your formula, one-~fourth of that would be allocated
only on properties falling within your average thickness map,
not 60%9?

o, one-fourth of the allowable of the Fobbs Pool would be divided
equally between the production units.

But if a well had no allowsble, it would ve one-fourth of 45, or
11.5 barrels?

That is apprroximately correct.

You would not drill a well for 1l.5 barrels?

I don't believe you could crill a well in that area and get that.
According to your map, which you have referred to in your testi-
mony, you have wells lower sub-sea than thet?

Certainly. I don't belie#e there is commercial oil in that area,
at the present time. If I had known the field in 1929 I would
have been willing to recommend a well there at that time, but
certainly not teday.

%o, L would not today. On the basis of that formula?

No, on the basis of water encroachment.

You know the water is coming from this direction, through t is
area (indicating on mep).

I believe =--

(Interrupting) And not through here, from the southwest to the
southeast?

I thirk from the southeast To the northeast in that particular
area, as i.r. Card said,

How many undeveloped units in the blank space, as oublined here?
(Indicating on map)e.
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About twenty.

what percentage are state units?

I am not certain, bvut I recognize four -- there may be more.
2052

Four out of twenty, -- yes, 205.

You just definitely condemned that area?

Yes, I certainly would not drill in that area.

-

Trhere is the area that ir. Cusack drilled, you donderm that, in
Sec. d4, Te 18 8., .. 38 HE., 1is thaﬁ capable of making its
allowable -- the average Lea County allowable?

I don't know that you would condemn that. That coes not have
the same producing cconditions. The Samedan Turner lease does
not have the same producing conditions as 5 and 6. There is
no water encroachment approaching from the east side of the
field -- if one had knowledge Ir. Cusack's well was hilgh enough
on the structure.

If it was a low well?

If it was 2 low well there would be no reason to expect water
encroachment, as there is on the southwest side.

Assume someone came along that does not know that ares as we
do -~ what would it cosgt tc Crill a well?

A well or a dry hole?

A well,

330,000,400 to $35,000400,

And gravity is 34 to 367

Ves.

The average price cof pipe is 37£%

That is right.

And we assume the 1ift will cost 3749

That is far too high for flow.

It may make a little water? Could he make a net of

o
(&)
ke
)

That is not unreasonable.

And of that eighty cents, ten cents, or one-eighth goes to the
royalty owners?

Yes, provably eleven cents.

dell, eleven cents. &0 can you figure with a nes nrofit of
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seventy cents a barrel, and an allowable which would be estab-

lished by your formula of eleven barrels a day, how long it

ng
would take to pay out $55,000,00 before he would get a cent of
revenue back?

BYOJULGE LOwE: I don't like to object, but I don't know what this
has to do with the program we have before us, how long 1t woul
take to pay out at a certain price.

EY COVSRICH LILZE: I don't know what he 1s going to showe. I don't
know enough abo t it to follow the lead as to what his thousht
is.

Sl RANKIN: I oam trying To show whether there is g possibility, in
Jr. X¥nappen's estimation, or whether there 1s no chance to get
production in this area; and I am trying to show the effect
the proposed formula would have on development and possible future

.

investigation in that area; and I am trying to also show how long

C o

it would take to vay out on & well under that Iormula, the

o

drilling of which would result in sonservation measures, as far
as 01l is concerned.

A You want to assume Lottom hole pressure wouvld be so low that
there would be no potential?

% e would naturally assume vottom hole pressure would be sc low
that no credit would ve given a well for potential.

) That might be your assumption. Certainly it would not e mine,
because bottorm hole pressure was originally 1500 pounds; there

a

is no reason %o exrect a lcwer pressure unless there Ls Jdralnagce
from the area. If that is an o0il producing area, the pressure
should be at least as high as the averaze, peri:apgs higher. IT,
on the other hand, if this sihioul Dbe an area in which no potential
were allowed Decause the pressure was so low, and it was draining
0oil from the rest of the pool, then the well would take between
ten and eleven years to pay. But such a well has no business to
be drill ¢ if it is devendent on draining oil from other parts
of the field,
) Zow many places in the United States -- or in Isxas, or in ilew
ileziico, that 1f the acreage was so low as you set out, wouvld

pay t e cost of operation? You say 25 on acreage will pay
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the cost of operating a well?

o

I didn't say pay the cost -=- I sald that JTigure was set u n

Y3
pe

o

1930 to pay the cost of drilling and operating a well,

i think this morning you set out a formula of 259 on acreage and

Vi

75% potential, corrected by bottom hole pressure every six months?
That 1s correct.

I think you went further and said the 25% on acreage would pay
for the operation of the well,

I did not say that. I sald that was the thought when the plan

was put into effect at lobuse. If conditions change, 1t may or

I thought that was included in your formula?

It was not intended Lo Dbe.

axhibit To. 8, nowve In your opinion, do wells in an area of
low permeabllity have as rapid a build-up as wells in an area
of nigh permeabllity?

Lo, they do not.

anc pottom hole pressure measurements are made on the vasis of
the record in the bore hole in a gilven length of time?

“hat is true.

in an area of low permeability it would *“ale much longer for
fluid to build up to a iven point?

That is correct. Don't overlook the high permeablility over
here (indicating on map). It will build up in half an hour in
many wells. Where they are down in lower porssity, it will

take thirty-six hours.

&
[of]
s
ot
£

aight take longer?

And 1t might take longer. ilobbs, in a 15-day shut-down, made a
series of tests. I took the bottom hole pressure in seven wells
in the southeastern area., The wells had been shut in for from
six to nine days =-- the average was seven days. Juring the seven
days the wells built up to within an average of three pounds in
each well. That indicates that at the end of thirty-six hours
those wells had practically come --

(Interrupting) that is a reflection of permeability?

4hat 1s a reflection of permeability?
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‘he faet that it took them so long to builld up?

No, it will build up -- they were within three pounds of maximum
in thirty-six hours. The remainder of the three pound build-up
probably was the result of drainage of more than 360 barrels

per day, the condition in the northwestern and southeastern part
of the field.

Where is the exhibit with the red line across it? (Witness
turns to Exhibit No. 1l2). ihere did you derive the information
on the 367 barrels?

A calculation of the productivity of the three wells along the
line and the difference in the pressure in the three north off-
sets and the three south offsets, the pressures peing determined
by the six months surveys.

How did you arrive at the figure of 360 barrels?

The result of the formula introduced yesterday by Kr. Tasch,
applying the differences in pressure between the southern line of
wells and the northern line of wells and their production.

And Mr. Tasch derived that from Dr. Muscat?

From Dr. Muscat's book.

Have you ever been interested in pipe lines - the pressure in pipe
lines - those laid In a straight course as compared to lines
with a considerable number of angles per mile?

Yes, sir,

My understanding is that in a linemr mile, that if there were
sixteen angles, turned in the manner pointed out here (indicating),
one angle -- two angles ~~- three angles -- sixteen of them to a
linear mile, it amounts to a plugged line.

I don't know gbout that --

I have talked to pipe liners, and they have sald that in a field
of that sort it would break the line before they got anything
through.

Those sixteen angles will greatly reduce the possibility of a
line. Every time you put an angle in a pipe line, you reduce
the capacity of the pipe line. The pressure is reduced every
time the oll goes around an angle, and at the next angle it is
reduced again -~ it seems to me quite practical, as the oil
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moves up to the angle, it will be slowed down to go around =-=-
(Interrupting) But a much less rate?

At a slowver rate. Every time you throw an angle into a line,
you decrease the amount of o0il that will go through it.

That number would not plug it, but tends to move it so slow it
is the same thing?

You can't get any through with the line plugged.

I believe you quoted two pressures =-- I believe you said there
was a large differential in pressure between the north part of
the field and the southeast part (pointing to map). Which
were those two wells you mentioned?

The highest pressure shown was in the December, 1331, survey,
at the Shell No. 1 McKinley, 1483 pounds. That is the highest
well on that map, and the only well that had that pressure.
What is the lowest?

The lowest was 1275 in the Stanolind No. 24 State, I believe
is the name of the lease. At any rate it is lio. 24 in the NV
of Sec. 15.

That was a difference of 208 pounds?

That was a difference of 208 pounds.

In what distance?

Approximately five miles.

Let us assume you have a pipe line running right straight from
the Shell well down to the Stanolind, with a head up strean
side of 208 pounds, with delivery pressure zero., What influence
would the pressure have on resistance to flow ==

There is less oil movement through a two-inch line over five
miles than one mile.

Would it be asking too much to ask Dr. HMuscat to figure that?
I don't have the tables for a five-~inch line under 208 pounds
pressure. I should think the delivery scale would be in the
neighborhood of 800 barrels a day.

And a two-inch line under that pressure?

That is aimost ==

(Interrupting) It would be very little through a two-inch line
under 208 pounds?
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That is true.

Isn't that a far rore 1ldeal condition? You would have o0il
migrating through an area of very low permeability and porosity,
would you sill have a transfer of oil over a distance of five
miles, from this point, the Shell well, down to this Ztanolind?
Wouldn't the resistance to flow be far greater in the formation
than in a pipe?l Could you have a transfer of 800 barrels?

I am not certain how much greater. You will have a band a mile
wide, two mil s wide in places, and of unimown width in places.
I have not said there was a transfer of 800 barrels from the
northwest to the southeast end of the field. Our calculations
along the red line do not indicate any such figure. Your two-
inch line under that pressure would probably bring more oil down
than came, in '3l under these conditlons.

You would not get much?

Depend on whether you think 200 barrels is much or little.

A two-inch, five mile line -~ I don't mow. iie estimated any
such movement as 600 barrels across the red line at that time.
At that time you will notice you have a pressure differential

of 200 pounds in two miles, from the Stanolind ¥o. 8 State, in
the S#% of Sec. 4, you have 200 pounds pressure, which is almost
equivalent to 208 poundse

You have 208 pounds from thils point down to the Stanolind well -
208 pounds?

That is correct.

Hight in the center of the flield you only have a differential of
200 poundés?

Correct.

I fail to see how there could be drainage of o0il down to the
Stanolind area.

There is probably no drainage from the northwest end of the
field -~ pernaps from the high pressure area in 31, 3Such drainage
as occurred in the southwest end of the field undouuvtedly was
coming from this area (indicating on map).

Take the Stanolind wells in the SW; of Sec. 10, T. 19 3., R.
38 B, Those are in an area of remarkably low pressure?
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Yes, sir.

cut it is also in an area of rather low pcrmeabllity?
You are spealiing of the southwest of ten?

Yes.

Yes, that is an area ol low permeability.

As you get away from the well bore to the center of the property,
the pressure must necessarily go up?

lot more than two or three pounds two or three pounds higher
than the static in the well after a 36-hour period.

Wasn't there testimony this morning about some well up in the
northeast part of the field?

Continental llo. 3, completed vetween three producers; in the

Wi SE: of Sec. 28 ~- was completed between two producers a
quarter of a mlle to the north and a quarter of a mile to the
south. The producers had already been on production for some
time., There was something like 26 pounds difference in pressure
between the northern and the southern well., Jhe Continental
well was midway between, and should have given a good measure

of the pressure at the boundary. One would anticipate the
pressure to be between the two, which, as I remember, would be
1381.5. It measured 1385, a difference of three pounds.

Do you have a later bottom hole pressure map than that (indicat-
ing the exhibilt)?

Yes, turns to Exhibit No. 7). This is a bottom hole pressure

map nearly two years later,

The only thing I want is the permea®ility in this area (indicating).

ilave you compared this well, No. 3 Grimes, in Sec. 28, T. 18 o.,
R. 38 E., with the pressure and permeability in the southeast
part of the field?

It could be done. I have not made such comparison.

Fy

However, 1

(Interrupting) Bottom hole pressure is no measure of permeability.

In other words, in your opinion, the pressure would build up

just as quickly there as in a permeable area?

No, you asked if bottom hole pressure was a measure of permeability.

Are they a reflection of permeability?
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Bottom hole pressure in a well is no reflection of permeability.
The ouild-up in a well is a reflection of permeability.

What causes the well to build up?

“he difference in pressure between the formation -- the equali-
zation of the pressure between the well and the formation.

If that oil can run through birger holes, rather than through
small holes, it would reach the well bore mucli sooner?

Certainly.

And big holes are in areas of high permeability, and small holes
are in areas of low permeability?

Yes, sir.

S0 the build-up in quicker In the well in an area of high perm-
eability? Is that not true?

mut the wells, in areas of low permeabllity, the bulld-up is

just as high in time, and as I say, in areas of high permeablility
in all pools, you could get a complete build-up sooner; if a well
has low permeability, you would have to wait 24 to 36 hours. “he
rate of increase of the Dottom hole pressure is the measure of
vermeability, but actual static bottom hole pressure is not

the measure of permeability. Do I =make the distinction clear?

o ==

Cottom hole pressure in an area represents the pressure under

which fluids exist, the static bottom hole pressure in the well,

e

dhen the pressure hes reacned its maximam, 1t is the same prescure
in the well and in the surrounding area, hecause 1f the surrounding
area had a higher pressure, then the pressure would continue to
vuild up in the well,

You mean to say there is only -- in this grea down in here (in-
dicating on exhibit), there is only'possibly three pounds
difference in the bottom hole pressure in the center of the

lease and the edge of the lease?

After the well had been shut in and had built up to the maxirmum,

I would not expect more than a three-pound difference between

the margin of the lease and the well.

From the center of the lease is approximately 800 feet. Do you
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think you could construct a tube 3800 feet long, having perfect
porosity, of say 33%, and very effective permeability, or
effective porosity, and have a three pound pressure up stream
side, and still, going up stream side, have oil come out of that
tube 800 feet away?

Certainly.

L AT T e

H. RAKKIN: That is all.

S o

I, RAE: T believe you made thestatement that bottom hole pres-
sure was used in the sllocation plans in other pools, did you
not?

I dig.

You have property in the South burbank Fool, a nd are familiar
with the plan there?

No, I am not familiar with that plan. I know that bottom hole
pressures are used in adjusting pressures in the pool every
six months.

You probably know the plan was designed by the Zngineering
Committee of the pool?

L assume it was. I do not know,

You are probably familiar with it enough to know that the plan
designed by the Engineering Committee had certain penalties,
and that those penaltles were cut one~fourth of their original
effect by the fecretary of the Interior, after due hea ring?
%o, I am not familiar with that., I don't deny it, but I do not
know it as a facte.

The only polnt I was making, as an engineer, the number of
corrections to be applied, and how olten, and the type of cor-
rections -- thet you have no hard and fast way to compute the
time of the correction, the armount of it, and other factors as
applied to an allocation plan to be put into use?

As an engineer, I would say the more often the correction is
applied, the more equitable -- the more closely you correct, the
more equitable =-=-

(Interrupting) If I were to tell you the Secretary of the
Interior changed the number of times the South Zurbank made
corrections, that he saild they made them too often, that pro-

oA
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bably the engineers were too entimsiastic, would you say the
Secretary of the Interior was wrong?

He and I have differed on engineering matters frequently.

Of course, you realize the Secretary of the Interior's decisions
were made by technical men with hom you are probably acquainted,
anc¢ he simply acquiesced in the declision?

It is not becoming in me to attack or defend the decisions of
the Secretary of the Interior. I do not know the situation ~-
I do not know why he made the decision. I am in no position

to attack or defend the Secretary.

You think bottom hole pressure can quickly be recognized in the
field, so they might bLe nullified?

Hight be gradually reduced. Viith tremendous bottom hwole
pressure as set up in the Jobos Fool, that 1s not goinz to ve
wiped out in sixty cdays or six nonths.

Jould 1t be more important to wipe out bottcem hole pressure,

or allow every property to produce the oil in place?

L think you should allow the property to produce if there wes
not movement of o0ll from other leases,

I velieve the maps show, under the present Hobbhs plan, that the
pressure decline is slightly faster around the edge of the pool?
They are declining much faster in the southeastern end of the
pool, and declining less rapicdly in the northwestern end.

hat would e the 1life of the pool at the edge, compared to the
life at the highest point?

It would depend on the part of the edge.

Do you have any way of knowing at this time from which side of
the pool, and the amount, the water encroachment will come?

Not with great precilsion. Je do know there 1s water iIn the
central southwest side, ancd the northwest end, and to a less
extent around the souvtheast end. There are certain areas on
the northeast side where water has not come in at all,

Suppose the northwest end would only have a life of eight years,

and the top would be fifteen years, knew that was a reasonable

estimate, Would you still say you wanted to go along and have
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such adjustments as would tend to equalize every one over the
pool?

Yes, I would, vecause you cannot in any other way prevent drain-
aze at the east boundary.

How can you glive a man the oll under his property unless you
allow him to produce over a term of years that will allow him

to recover the oil under his property? o put 1t in another

way, suppose you had a property on the northwest side that had

a lower bottom hole pressure, and only had a life of eight years,
compared with properties on top of the structure which had a

life of fifteen years. Would you think 1t reasonable to cormence
to decline the low pressure property and not allow it to produce
its o0il before it is wiped out?

ifot at all. It would not have a lower pressure today -- it has

a lower pressure only because of over-production.

You would not give that property the oil under it? You would

not allow each property toc produce at a rate that will allow it
to recover the oil under 1t?

Certainly, vecause there 1s no nigration across the boundery 1if
pressures are equal.

You might have low pressure and have water?

You are saying low pressure, and I am saying they start at equal
pressure.

That is right, start at egual pressure.

Both properties would produce in proportion to the reserve if

you keep the pressure equal, there will be no pressure -- dif-
ferential pressure,

I would say that property on the edge of the pool, the advance

of water is caused by the oil field in general, not that pro-
perty, but with water sweeping across that property, the 1ife may
be seven or eight years as compared to twenty-five years on top.
iie are overlooking the fact that water sweeping scross a property,
that water build up a higher pressure. A man might be entitled
to produce more and keep the pressure down level withh his neighbor.
There are certain parts of the field where the water builds up
pressure?
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No, I know of no evidence that water builds up any pressure any-
where in the pool. Let me explain -- the water comes into the
pool only as oil is removed. The water comes in and talzes the
place of the oil. If water comes as rapidly as the oll 1s taken

out, the pressure is high, and the well should be allowed to

produce more rapidly. We are learning a lesson from hydrostatics;

fluid moves only under different pressures; if you keep the
pressure the same, there can be no movement across the property
lines, then the lease which is against water may produce at a
much higher rate than the lease that is removed, but if you do
keep the pressures the same, then there is no differential in
pressure.

We will assume the pressure on the edge lease is the same as the
rest of the pool -- we are assuming the water encroachment is
not caused by the production of that lease alone, but on the
structure the water continues to replace the 0il taken out --
No, I have not said -=-

(Interrupting) If you have a water drive it will move along and
gradually move up structure, and the water tends to advance
according to the differential in pressure?

Certainlye.

It displaces the o0il higher in the structure and the effect is
felt on the edge leases?

Certainlye.

Assume the pressure 1s even -~ take, for example, the Cusack
lease; suppose water goes over that lease and wipes out the
property after eight years of production life, as compared with
fifteen years up structure. How are you going to give a man his
0il unless you give him a reasonable allowable compared to the
other leases?

The man on the edge will be allowed to produce at a higher rate.
He will get his oil out in eight years, where the man farther

up will not get his out so quickly.

I thought your map showed lower pressures around the edge of the
pool?

No, I specifically pointed out places where excessive production
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and water had caused higher pressures. The highest pressure is
in the northwest end of the pool, right up against the water,

in most of the maps.

jouldn't you say that the large operator would be able to average
up his edge wells, the loss of oil recovery, that his high wells
would give him his recovery, but the small operator, with wells
only on the edge of the pool, he would consider that short life
a much more serious factor than the large opersastor?

I would take care of the operator on the edge of the pool,
whether large or small -- as has been said, every lease must
stand on its own feet. There is no reason that you shoculdé be
allowed an advantage if by producing that lease you have to

take oil from your neighbor. Every lease should be handled as

a separate unit. Everyone should make bottom hole pressure
tests frequently, and you do produce your edge leases in shorter
time, at a faster rate, and you get all off the edge lease through
the wells on that lease.

Suppose, or assume you are able to have uniform pressure over
the pool, and uniform pressure on all leases, the production --
allowed production to be equalized; what is there in your
formula to allow for the fact that the wells have a shorter
time, or life on the edge leases?

Nothinge.

Wouldn't you think the higher wells, using the same pressure,
would produce a much greater volume of the oil underground than
the edge lease would in eight years?

I don't think because of the accident of location, any lease

is entitled to take from other leases; you recognize a man's

0il is under his own lease,

Anything in your plan to protect the edge wells, which have a
shorter 1life? Assume they are going to be produced to keep an
equal pressure? Is there anything to compensate for a shorter
production?

They wouldn't need any compensation,

Are they allowed to produce three times as fast?
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They would be if bottom hole pressure were properly applied;

they would be allowed to produce three times as fast if that
were necessary to maintain equal pressure.

I suppose you know that in East Texas some of them got together
and gave the edge of that field additional pressure so that they
produced, in the lifetime of the wells the oil under the lease?
Yes,

I still can't see, in your formula, how every lease would be
allowed to produce the oil under 1it.

It will figure out if you make the bottom hole pressure equal,
and maintain it; if the pool has no differential in pressure

there can be no drainage across boundaries.

BY MR. LIVIEGSTCK:

Q

5

would that be true of adjoining properties if the permeability
were different on each property?

Yes, sir, the high permeability property would have high potential,
would be allowed to produce more oil on the potential basis, than
the low permeability. If the potentials do not properly adjust
them, then the bottom hole pressure will adjust it, so that if one
is allowed too much on the basis of potential, the next time a
survey 1s made, you will find it low, and it will be cut. If

one is not allowed enough, the pressure will be high, and the

next time it will be increased, permitting that well to produce
faster.

But does not adjusted pressure, with different permeabilities,
involve a larger element of time?

I am not certain I understand the question.

Stating it in different words, in the experiment we witnessed
yesterday, from one tube the liquid, under apparently equal
pressure, flowed faster than it did from the other, said to be
tighter. 1 understood you to say the pressure will equaligze
notwithstanding the variability of permeability. But now, what

I have in mind, does not that equalization take into consideration
the element of time? 1In other words, down to twenty-four hours,
or perhaps thirty-six hours, in the course of time, would the
matter not be taken care of with sufficient time?
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Perhaps I can answer in this way: 1In the experiment yesterday,
he started with equal pressure on the two tubes. Had the fluid
level in the two graduates up on top,-- had the water level been
kept the same; if that had produced what corresponds to six
months in a well, and the fluid level lowered every time to

the level of the f1luid in the tube for the high permeability,
that would correspond to a going well -- where you find the
bottom hole pressure low, then lir. Staley would say this well

is producing too fast, and he would apply a pinch-off on it to
slow it down, the rate of production for that well, until the
fluid level in the two graduates were the same. That would have
brought about what corresponds to equal bottom hole pressure.
And then he would operate those two wells so as to keep the fluid
level the same level, which would correspond to the same bottonm
hole pressure. If he had done that, and the porosity was the
same, they were entitled to the same volume of o0il production.
So by the repeated making of corrections, when you find the
bottom hole pressure too high, increase the rate; when you find
it too low, decrease the rate, and in that way keep tre bottom
hole pressures allke, then the o0il cannot migrate Irom one
property to the other. You must shut in each well occasionally
to find out what the pressure is, and long enough to let the
well reach the maximum. In some wells, two or three hours is
sufficient -- in some wells, he¥f an hour is sufficient. Other
wells, thirty-six hours might not be sufficient to give the
maximum, but sufficient so that the engineer can calculate it.
If you do leave the well shut in a sufficient length of time,
with a good engineer, you will find his calculations within a

few pounds of what it would reach.

BY R. DEVEY:

()

Is it safe to infer from your testimony on pressures, that out
in a field where the wells are drilled in the center of each
forty acres, and all completed at approximately the same tine,
that you would only need one factor to prorate that field,
shut-in bottom hole pressure?

Let me repeat that to be sure: You are assuming equal spacing
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of wells, simultaneously completed, within reasonable limits,
and you are asking whether, with those conditions, if bottom
hoie pressure alone is sufficlent for prorstion in a pool?
To obtain recovery of the oll in place.
Yes, that is true. Perhaps I might elaborate on that answer
and read a statement by W. S. Farish, of the Standard ¢il Company
of Yew Jersey, as presented to the Temporary National Economic
Cormittee, commonly known as the T.N.E.C, I am reading from the
statement es published in the 0il & Gas Journal of Octover 26,
1939, Mr. Farish's statement so accurately explains this point
to petroleum engineers and petroleum executives that 1t has been
widely circulated. Mr. Farish says: (Readiné}

Moptimum production may be defined roughly as 'the most
o1l at a reasonable cost,'! that is, the most o¢il that can be
obtailned without spending more on the addition to the suprly
than that addition is worth. The concept therefore embraces
economic aspects as well as considerations of physical waste.
The idea of optimum production involves several things: (1)
The most economical recovery for a pool as a whole should be
established at a rate that will maintain the bottom-hole pres-
sures. (2) There should be proper well spacing to avoid un-
necessary drilling costs. (3) Withdrawals of o0il should be
made ratably from each property owner's holdings, protecting
correlative property rights and maintaining equilibrium within
the reservoir. Under a condition of optimum production
as thus defined, 1t will be possible to avoid almost entirely
the injurious consequences of the rule of capture. This is the

job of proration.”

2. WOODLARD: What was that first one?

(Reading) "The most economical recovery for a pool as a whole

should be established at a rate that will maintain the bottom-

hole pressures.”

You mean to say maintaining the pressure and equalizing the

pressure are the same thing?

It is possible to maintain pressures in part of a pool and

not equalize the pressures -- going shead with No. 3 (Reading)
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"7ithdrawals of oil should te made ratably from each property
owner's holdings, protecting correlative property rights and
maintaining equilibrium within the reservoir,"

You mean to tell me the maintenance of the reservoir pressure

is equalization?

Exactly, equilibrium means equal balance,

You would not suspect he means acreage?

Perhaps if field pressures are identical throughout the pool when
you drill the first well,

With respect to the gas in solution --

(Interrupting) Certainly, he wants equilibrium -- he has stated
that far better than I could.

BY R. CRAUSE:

Q

O

oo oo o

e

Dr. Knappen, getting back to the allocation to individuals with-
in the Hobbs Pool, you think the Hobbs Pool has been operated
and regulated to obtain conservation?

As a whole, yves, sir. There are exceptions to that rule, but
as a whole it has.

You think the operation and regulation is better than the average
pool in the United States?

I think it is better than the average.

Have you any recent information to indicate the pool has been
over-produced?

I don't know what your definition of over-production is.

At such a rate that water encroachments are not keeping up with
wlthdrawals?

Certainly water is not encroaching as fast as o0ll is withdrawn.
Is that serious?

I think note.

Have you any information that 1t is serious?

I have no information indicating it is serious. .

There is some positive information that is available, that is,
the bottom hole pressure tests that were made?

I know a number of tests were made.

Do you know what they show?

Yes,
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Will you tell us?

They showed the pressures in the various parts of the pool were
different, exactly as they were different on the surveys shown
there (indicating map).

Any great difference at the beginning of the shut~down and the
end of it?

An increase in pressures in the southeastern end, as a result
of drainage from the northwest,

Take an average.

I don't know that there was.

Any great change?

No great change that I know of.

Wwould that indicate that the water was keeping up, before the
shut-down, at some reasonable rate, for the pool as a whole?

I don't see that you can draw any conclusion from a seven-day
test. The pressure did show a slight increase, but they were
small. Certainly you would not expect, in seven days, to have
water come in to make up for all the o0il production of eight
or nine years,

If the pool was currently over produced, as a whole, would
there not have been a great increase in bottom hole pressure
during that seven days?

If there were serious over-production I would have expected

pressures to increase considerably,

BY KMR. RANKIN:

Q

L& B> O >

You told us that during the seven days, in this area, the
pressures had increased three pounds?

I told you the average was some three pounds,

As it ran, you mean?

It may have been more in some places.

And you just got through telling us the seven day shut-down
showed drainage from the northwest to the southeast?

Yes.

You would not say the water, during the seven days, tended to
increase, rather than the migration of oil from the northeast to
the southeast?

-167-



&

O

A

I don't believe the water drive in the southeastern area is
very effective., The water encroachment map Ir. Card submitted
showed it was slow.

Would you not think oil with gas in solution, coming from the
northwest to the southeast, would encounter far greater friction,
going through porosity, than the water in adjacent properties
would have coming into the property itself?

There 1s greater friction resistance with gas -~
(Interrupting) You would say water is the prime mover?

I don't think I said that, but it is true that water holds the
0il in the pool to begin with -- water provides the original,
If you were going to drill an oil well, you would get as close
to an oil well as possible?

I would want to.

If you had a property with a well producing on it, and you wanted
to drill another well, you would get just as close to the oil
well itself as possible?

No, I would move a reasonable spacing distanceaway.

That is the policy here. We have water abutting our property, and
it is natural to suppose that water, as you say, traveling far
more easily than oil, is going to travel down here, so that --
(Interrupting) If you had the same pressure, if you equalize
the pressure to the average?

The formation pressure would depend upon the water drive.

No, because the water drlve is not keeping up with the removal
of oil.

Is that the reason the average field pressures have dropped?
That 1s the reason the average field pressures have dropped.
In order to keep the pressures up, the water drive is to be
considered the force that keeps the pressures up?

I don't know to what extent, due to the policy at the present
time, 1t 1s maintaining it, or whether it is simply residual
pressures; both are factors,

I think we understand each other pretty well., Will you refer
to this mep (Exhibit No. 4). Will you please identify in this
cross section wells Nos. 16 and 179
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¥o. 16 is Repollo No. 1 Crump, and No. 17 is Yepollo Ho. 2

Crump, in the NWi NE; of Sec. 15, T. 19 3., R. 38 E.

Now, we will take each well going up structure from Repollo Nos,

1l and 2 Crump. I believe practically all of the wells have

allowables greater than either Ho. 1 or No. 2%

I don't remember the allowable of each well. I doubt if the

Stanolind, in the S8W% of Sec. 10, has any greater allowable.

I think most of the other wells have a greater allowable,

Before I testify I will consult the record (Witness consults

records). Your question was whether all the wells northwest

of the two Repollo wells had more than the minimum allowable.

The answer is that three wells have the minimum allowable,

Stanolind ¥o. 24 State, in the SW% of 3Sec. 10; 3tanolind Yo.

26 B. L. Thorp, and Stanolind No. 8 in the S%W: of 3eec. 10.

All the wells southeast of where I hold this pencil (indicating

on map), all the wells southeast of the southeast corner of

Sec. 4, on that section, have the minimum allowable. The wells

northwest of that poilnt have greater than minimum allowables,

so far as I remember, and as I remember all do have more than

minimum allowables.

The two Repollo wells produce from one zone?

I believe that is true.

The rest of the wells to the northwest are higher on the

structure, and also participate in that structure?

That is true.

Every barrel taken out to the northwest, going up structure, it

mist necessarlly, in a perfect water drive field, be renlaced

by a barrel of water coming in on the “epollo property?

Not necessarily. The water may be coming in over other property

to replace the oil.

You think the bottom hole water coming up when a number of wells

have been completed, the water would not come into these wells?

None of the water in the lower horizons, but in all of the wells

farther northwest drilled in the lower horizon -- the water has

not yet reached the bottom of the wells in the lower pay.

But you can say that wherever the thirty barrels the Repollo 01l
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Company takes from their property alone, there must necessarily
be thirty barrels of water to replace it, as they are on the

edge?

GCVERNOR MILES: The point has been repeated, and the witness

has answered. You should interrogate the witness and not argue

with him.

iR. RAVKIN: The only point I was trying to bring out, that every

well along this profile is participating in the oll underneath
the "epollo lease, and for every varrel of oil taken out, a
barrel of water must come in to replace the oil, and that water
comes on the Repollo lease, and therefore those wells should have
a greater allowable than the wells higher up the structure.

Do you agree?

I certainly do not, because 0il does not move from areas of low
pressure to high pressure areas. You do not have oil moving
from a lease which has 900 pounds pressure up on to a lease with
a pressure of 1100 pounds.

I am not trying to argue, but I fail to understand, if there is
migration ~- there was some testimony to the effect that there
was high bottom hole pressure in thls area, and I cannot under-
stand why they continue to decline as they are, if they are
replaced by migration.

The answer is that migration is too slow through this area. You
are taking oil out, 900 barrels per day. Well, calculate that
the movement into this area is 360 barrels per day, and in
addition to taking out more oll than you calculate is moving into
the area, you are also taking out far more gas, and the pressures
continue to drop, even if the oll comes in as fast as you take

it out.

I will admit there is slow migration, even of water, into the
prop.rty, due to the fact it is so impervious, which accounts

for the fact the bottom hole pressures do not dbuild up any

faster than they do.

BY GOVERNCR MITES: We will be in recess for five minutes.
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. CUSACK: We have a lease owned by J. P. Cusack, Inc., which
is carried on the proration sheet under the 3Samedan 0il Cor-
poration. It is carried that way for the reason that the
Samedan 1s operating the property, but have no vested rights.

My purpose now is to make clear my reason for making any
statement, which reason is that on the NE}: of Sec. 28, T. 18 5.,
R. 38 E., when the potentials were originally talten, we had
potentials there as the yéardstick of 3500 barrels. Under the
present formula, as used by and at the instructions and insti-
gation of the Committee, it 1s now 1500 barrels. J. P. Cusack,
the individual, is not here to complain about the present set-
upe. It simply comes to my attention at this time how unfair we
have been treated by the present set-up. I will plead guilty
to my share in that.

After listening to this testimony, which, in itself, is
confusing -- you can take one side or the other, and =-- and
disadjust any fact. I am not a Harvard graduate or an engineer
who can disadjust any fact -- it is just a question of belief in
the testimony, but one thing I know, the bottom hole pressure
has been unfair ~- I think that has been admitted by everyone
here, with the possible exception of the Gulf, I think Xr,
Gray's testimony said it was questionable. That, in itself,
means he doubts the formula. If you will take bottom hole
pressures out, and put potential back, the 1954 formula, which
was Iin effect at the time bo-tom hole pressure was brought in,
so far as J. P. Cusack, Inc., 1s concerned, we are agreeable.

We are not contentious in the matter, but if there is an
error, we certainly do not want to freeze that error. There
are some here who seem to like to freeze things that are unfair.

The second problem, as I see it, is this:; Vith the majority
of the testimony and the fact that you can take these things
and wind them around and do what you want through the engineering
factor and more glib terms, and that is not very helpful -- is
to place all on an equal basis. This may not be admissible. I

am not testifying, but I velieve at some place, at some time,
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these various companies that are here today, have glven all of
these matters consideration, and have agreed to a flat allowable,
On that basis, the leases on the edge of the pool, when they
have gotten their allowable, and have been wiped out, it will show
that the water pressure will drive the o0il up to the top of the
structure, and when the leases are wiped out, those companies who
have been fortunate enough to get leases on top will still have
0il in place after we have been wiped out on the edge. On the
other pools they may agree to that, but if their testimony in
prior meetings -~ 1f thelr testimony was right then, it must be
wrong now, or if it was wrong then, and right now, we should try
to find out what should be done.
I thank you.

BY JUDGE LOWE: ‘We think the principles we are advocating are sound

and practicel, and we are willing that they should be initiated

in every pool in the state.

DR. KNAPPEIN,

on the witness stand for further Cross Zxamination:
BY R, VWOODWARD:

Dr. Knappen, when did you say you went to work for the Gulf?

A In 1926.

Q And prior to that time you had been teaching school?

A I had taught at various universities from 1919 to 1926.

a) Prior to 1926 you had had no experience in the petroleum industry?

A If I might state ~- I had been employed by various universities
and by the United 3tates Geological Survey and in the petroleum
section of the Illinols Geological Survey, in the economic
geological section, which includes oil and gas operations.

Q Since you came with the Gulf, what has been your experience with
respect to production?

A I have been in the geological department at the home office in

Pittsburgh for a period of slightly less than two years, and I
was occupied particularly with the relationship of engineering

and geological problems. 1In 1928 I was transferred to the executive
department at Tulsa, and I have been occupied with the scientifie
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aspects with respect to production and pipe line operations.

Have you, during any of that time, Dbeen in the field?

I have visited the field for conferences about problems. I have
not been stationed in the field.

The principles you have announced here today, with respect to
drainage, are principles well established by the text books and
experts have given them a great deal of study?

Including petroleum engineers who have worked in the field.

The soundness of the theory respecting drainage from high pressure
areas to low pressure areas are generally admitted?

That is correct.

Then, if there are any conditions in the Hobobs field which do

not make that true, all the testimony you have given here is

for naught?

Why for naught?

Let me repeat the guestion: If there are any conditions in the
Hobbs field that would prevent drainage from high to low pressure
areas, then all the testimony you have given is for naught?

That is not true.

What va"ue is it in respect to the Hobbs field?

Facts are facts; sclence 1s science, and truth is truth. You may
have conditions in one particular place that is not taken into

conslideration,.

BY I/R. WOODWARD: Will you read the question to the witness?

(Reporter reads question).

The answer is, that is not true.

You think the Cormmission should accept it and use it?

I think the Commission should accept it and use it until some
evidence -~ until evidence is introduced to show conditions are
not as I have said, are not true.

If it is established that there are conditions in the Hobbs field
which would prevent drainage from high to low pressure areas, will

you agree to the Commission that you are wrong about it?

BY JUDGE LOWE: I object to the manner of the gquestion, what his testi-

mony is worth -- he is asking him to pass on his own testimony.

BY 1'R. VWOODWARD: I am asking a hypothetical question.
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GOVERNCR MILES: It would seem to me that the testimony is the
sworn statement of the witness, the testimony to the Commission,
and it would be up to the Commission to determine whether it was
of any value to them or not.

IR. ViOQDWARD: That is true. The point I want to make is that if
facts are shown which make the application of the principles
practically impossible of application, then I wanted to know if
the witness would agres that the formula is wrong.

GOVEI'NOR I'ILES: If you prove that to the Commission, then this is
not necessary.

I‘R. WOODWARD: ‘Whatever the witness might say would not have any-
thing to do with it.

Dr. Knaprpen, I want to draw your attention to your Exhibit ¥o. 6,
(Witness turns to map, Exhibit No. 6)e

Now, Dr. Knappen, you drew a comparison between the Shell
well in 3Sec. 20 and with the Stanolind in Sec. 15. Is that
correct?
Yes, sir,.
The pressures you have assigned on your Exhibit No. 6 to the two
wells in question is 1483 pounds pressure for the Shell well, and
1275 for the Stanolind well., Ithere did you secure those figures?
From the reports of the Engineering Office at Fob s.
For what period?
For the survey shown there, I believe is December, 1931,
Will you produce that report? (Witness produces report). Will
you point out for me the Shell well, MNcKinley B-1,
I have it here. It shows a pressure on December 10, 1931, of
1483 pounds.
Will you point out the Stanolind well?
Would you give me the name and number of the well?
The Stanolind Leach No. 24,
The pressure was 1275 on November 19, 1931,
Is that =-- will you check that sheet again, Dr. Knappen? Is that
in the '30 colurm or the '31 column?
Is which?
The Shell well first.
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The Shell well was taken December 10, 1931,

What column appears at the top -- what number?

Columm l-A, dated 12-11-31.

Check the top of the column in which the Stanolind well appears.
The column reads 11—16-50. The date "11-16-30" is apparently a
mistake, because there are three prior surveys in 19831, and
opposite the Stanolind is the date "11-19-31", twenty-one days
earlier than the Shell KcKinley.

Then you attribute that to an error in the column?

Yes, sir,

I am inclined to agree with you. I believe you testified last
night that there was drainage from this well to the Stanolind?

I do not believe I made that statement. I sgid there was drain-
age from the area in the northwest to the low pressure area,

but I doubt very much if the drainage from the northwestern end
of the pool, say Sections 29 and 30 and 19, I doubt very

much if drainage from Sections 19 and 20 passed the high pressure
area in Sections 33 mnd 4. There was only eight pounds difference
in pressure bvetween that high pressure area (indicating) and the
high pressure area in Sections 35 and 4, so that at that time

I do not believe there was dralinage from that area.

Do yoﬁ want now to chan e your testimony and say there was not
drainage from that area?

o, I am not changing my testimony. I previously testified T
did not believe there was drainage from the northwestern end of
the pool to the southeastern end at that time,

Do you think there is drainage now from the Shell well to the
Stanolind?®

Yes, in this way. I am not sure that any identical berrel of
01l has drained from fec. 19 to the southezstern part cf the
field, but oil has come from Sec. 4 to the southeast, and the
oil from ZSec. 4 has been replaced by oil from Sec. 33. I am
not certain that any barrel of oll has drained from that point
to this point (indicating on map), from the northwestern end

to the southeastern end, but ¢il has drained from 3ec. 4, and
replacing the oll from Sec. 4 has been oil from Sec. 33, and
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and the oil going out of Sec. 33 has been replaced with oil from
Sections 29 and 32, and the oil moving from Sectlons 29 and 32
has been replaced by oil from Sections 19 and 20.

Q You do not claim any direct drainage?
Not direct drainage, not by directly moving a barrel of oil clear
to the southeastern end. The 0il coming from Sections 19 and 20
may not have gotten past the south line of Sec. 30, It has
moved into that territory to replace the o0il goingfarther south-
ward, and in that way the southeastern area has drained the

northwestern territory.

Q Dr. Knappen, I will ask you if you know what pressure is reflected
by the last survey of the wells along the south line of Sections
32 and 337

A There is only one pressure shown along the south line of Sections

32 and 33, the Gulf No. & West Grimes -- 1242 pounds.

BY JUDGE LOWE: What date?

A In September, 1939.

BY 1. WOODWARD:

Q I will ask you what the bottom hole pressure of Continental
State No. 3 1s?

A The Continental State 3-B, in Sec. 33 had a rressure of 1210
pounds at that time.

Q Drop half a mile south and tell what the pressure was in Stano-
lind State No, 267

A 1220 in Stanolind State No. 26 in the NW: of Sec. 4.

&

I will ask you what the pressure was in Stanolind Byers llo. 8°9

o

The pressure is not shown -- I beg your pardon, I was loolting at

the wrong well -~ Stanolind Byers HNo. 8 is 1210 pounds.

] It hes the same pressure as the Continental well?

A It did.

Q And the Stanolind state lease is ten pounds higher?

A It wase

2 How could o0il jump over or under that?

A Because of the lower pressure -- Byers lo. 8 and Stanolind ¥o.

26 had 1200 pounds pressure, in Sec. 29, to the SV NWE of
Sec. 3, there is a ten pound pressure across there,
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That is south of this well?

Alright °

This pressure - higher pressure here is also -~ what did you say,

1210 pounds pressure. Certainly on your theory the oil would not

move past the low pressure against the high pressure?

HOoe

It would not move against the high pressure?

No, it would not move against the high pressure. It moved in the

direction of this pencil (indicating on map) from the northwest

to the southeast. At the same time the oil was moving straight

south from the Eyers Fo. 8, and at the same time oill was moving

eastward from Stanolind No. 26, and you would have a low pressure

area draining from the higher pressure leases.

Dr. Knarpen, according to your theory, the o0il just drained

around the high pressure wells?

011l never moves from low to high pressure, naturally.

I'oving from this high pressure down to the low pressure, with

these high pressure wells in between, would you have it moving

around the Stanolind Lo. 26 well some way to get dovn there?

In moving from the Continental No. 3-B it would not pass through or

close to that area (indicating).

Who owns those wells?®

Stanolind, Texas, Repollo, the successor of Shell,

And if there is any drainage, it was from Starnolind leases on to

those you have mentioned?

So far as the movement south from Stanolind it was to Stanolind

or the others, and there was also drainage ~=-

(Interrupting) I don't understand how it drained around that

welle

There is a general differential pressure between Continental 3-B

and Stanolind YNo. 29 Byers; that passed here, this mark between

here (indicating) some 1800 feet away from the Stanolind well,

which is shown by the high pressure here (indicating).

T.et's look at the 1935 pressure map.

T have 1936 and 1933 -- (looking)
=177~
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2 ltay we put the 1935 pressures on the 1939 map in pencil?

Y

. CARD: Reading: Continental 3State lNo. 6, Sec. 33, 1270 pounds.

Q Continental State No. 5, in Sec., 337

A 1280 pounds, putting it in in pencil.

) Gulf Grimes Hast No. 1, in Sec. 33.

A 1258 pounds.

Q Stanolind Turner ¥o. 29, in the SWL of Sec. 34.
A 1308 pounds.

e Stanolind Byers No. 8, in the NEg of Sec. 4.
A 1283 pounds.

Q Stanclind Byers No. 8 in the NWi of Sec. 3.
A 1280 pounds.

2 Stanolind Byers NWo. 26 in the NE} of Sec. 47

A 1282 pounds.

BY Ki. WOODWARD: addressing Dr. Knappen:

g Drawing your attention to the map, do you find that Continental
State No. 6 is 1270 pounds, and State Nos 5 1s what?

A 1280 pounds.

Q The Gulf No. 1 East Grimes 1s 1258. Let us drop below the north
line of Sec. 4, and we find Stanolind Byers lio. 8 1is what?

A 1283,

Is that higher or lower than any above the line?

Lower than any of the wells ==~

You mean 1283 is -=-

It is higher.

L P O P O

State No. 26 Stanolind, 1282, is that higher or lower than the
wells above?

A It is higher than any of the wells you have indicated in Sec. 33,
Q Take Stanolind Byers No. 8 in the Wy of Sec. 3, 1280 pounds.

Is that higher or lower than any of those wells?

28 pounds more than the SViz of dec. 34.

Take Stanolind Turner No. 297

1308 pounds.

Is that higher or lower?

Higher than the south offset by 28 pounds.

OH Pk L > O b

Dr. Knappen, why didn't you prepare an exhibit of the pressures
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in 193567
Q e prepared four exhibits, showing the time when the proration

plan was changed, and we were afraid more would tire the Com-

mission.

2 You did leave out the 1935 survey?

A We left oub many surveys. There was a survey made every six
months.

g Explain how the oll gets down to the southeast end of the field,
does it go over or under this high pressure area?

A From over here in this high pressure area (indicéting).

2 You mean to say the oil comes way around here (indicating)?

A No, I don't mean the oil travels through this, to the low pressure
area down in here. There is a high pressure area on the north
line of Sec. 4, the northwest corner of Sec. 3, at the time.

It does not come right across that?

A It does not come in a straight line. It always moves from high
pressure to low.

Q Let us turn back to the map with the husp (Vitness turns to
Exhibit No. 10).

You are familiar with the wells that have set gas packers?

A In a general way. L have prepared a map showing the gas packers,
if you would like to have 1it.

Q Could you approximately outline where the gas cap comes to by
the gas packers?

A No, I couldn't without the data. I will have the gas packer map
in a minute., (Produces map). There is a map which shows the
gas packers and the water packers.

Q Let us go to this big hump, now, from your map =-=-

BY GOVERNOR IILES: (Interrupting) Is this map which you are reading
from now been introduced as an exhibit?

A No, it has not. I did not intend to show that. It may be
material and we may enter it as an exhibit.

BY IR. OCODVARD: It may become very material,

A We are perfectly willing to introduce it as an exhibit,

BY JUDCE LOWE: We have no objection,

Q rrom your packer map, will you indlcate in the record what kind
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Y R. CARD: I have a‘map showing 1t, if you want to accept it.

A

of a map you call 1t?

A verticle section.

will you indicate on that vertical section the 3hell NcKinley
Hoe. 4 in the Wi of Sec. 197

It is not on that section.

You have the wrong cross section. (Witness turns to Exhiiit lo.4).
Now can you locate the approximate location of the licKinley No0.47?
The Shell McKinley XNo. 2 1is the offset to Shell lMcKinley No. 4.
Will you make a dot trere?

Whatever you say.

Now, at what sub-sea depth is the packer set in that well?

We don't possess that data. I don't know.

.Do you have that data with you, Dr. Knappen?

I am not certain whether we have it or not. It is in the report

of the Hobbs Engineering Cormittee.

I am not sure ==

BY IR. YWOCDWARD: We will leave it subject to your inspection,

)

> D B O > O PO P

For the purpose of thils examination I am not asking you to
agree or disagree with facts.
As scon as I am satisfied they are facts, I will readily agree.
I never disagree with facts,
Have you got McKinley lo. 4%
The dépth of the first setting or the recent setting?

The last?

The last was set at =~474,

Will you put a dot on that map approximately where that falls?
(Making dot) Approximately there.

Take MNcKinley No. 3.

McKinley No._5 1s the diagonal offset to this same lcKinley Ho. 2.
476 sub-sea depth?

Only two feet different than the other numbers., The packer,
according toc our record, is -533.

Let us turn to Humble Bowers A-1l, in the SEL of Sec. 30, is that
No. 1 or A-1%?

It is Afl and B-1l.
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The NEZ of 30 -=- the SE: of Sec. 30, that should be lo. 5 -~
A-5. The Eowers A-3 in the SWg of Sec. 29, the sub-sea depth
is 4617

461,

This one was 471 (indicating on map). Now, Stanolind State o,
26, in the SE: of 3ec. 33%

459 feet.

Correct. Now, Ir. Xnappen, we will lay a straight-edge across
this cross section of yours where the packers have been set.
Does that mean everything above here is gas? Is that all gas
up above there?

In the particular wells where packers have been set it has been
abandoned for oll production, yes, sir.

This gas cap, standing up here at the top, has pretty well cut

this off?

n

No, I would not say that, because you have this here (indicatinz).

I asked if the gas cap had not pretty well leveled this formation
off? Here the gas will cut off everything above the gas?

Not the adjoining wells,

Where there is gas, everything above that in adjoining wells

has been cut off?

Not the neighboring wells.

‘Where the packers have been set, everjthing above the gas, then?
3till not in the neighboring wellse.

Everything above in that well the gas has cut off?

Not in the neighboring wells, that one yes,

In the production section, down here, past the center, toward
the south, are the production sections toward the north in these
wells, it is approximately the same, isn't it?

I am not sure I know what you mean. ‘“That the production section
is approximately the same on the south and north?

Yesoe

The total thiclkmess of that pay is approximately the same, yes.
That is better., wWhat is the matter with straight acreage then?
If you mean to say that because the thickness of the producing
pay 1is the same, you are ignoring the quality of the pay. The
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guality of the pay is very different in different wells. The
only way to determine that is -=-

(Interrupting) Just answer my question.

As an expert witness [ have a right to explain an answer. To
say the same thickness of pay will produce the same amnount of
0il is to make a mis-statement, and I will not do that.

The production section is approximately the same?

I told you it was, but the quality is different.

I thought you said it was, but the quality was not.

The production section is approximately the same thickness, but
not the same quallty.

You have extended this section out here to the Stanolind dry
hole., What was the closest producing well to that inside of
your cross section?

The first producing well is the Repollo Ho. 2. The closest
producing well is the Texas No. 1, south.

That should have been cut off right élong there (indicating

on map) to stay within the production area?

Yes, that is quite true. It is entirely possible the bottom of
the section should have been drawn to 595, producing a cross
section at this'level (indicating on map). That was drilled in
tight, impervious section. At that time, at the same level, it
is entirely pocssible there was oll production. ‘Je have veen
generous and drawn the line here (indicating).

This map would be an inch and a half too long, taking this

dry hole?

Noe As I tried to explain, when you would not listen, the exact
position of the water line is not known. In No. 1 State they
found o0il at 610 -- I don't mean that is the highest where oil
was found ==

(Interrupting) Wait a minute. This is a cross section?

From the northwest to the southeast.

This is the length -- this represents the length (indicating)?
That is lying vertically.

You kept on going until you hit a dry hole?

Surely.
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Wwhat 1s the scale of this cross section in length?

e horizontal scale, measured sideways, 1s one inch to 1500 feet.
What is the scale, the perpendicular scale?

One inch to 25 feet.

If you put the horizontal scale on the same basis as you did the
perpendicular, how long would this be (indicating cross section)?
It would be sixty times as long as it is nowe.

Are you sure of that?

Sure.
Would it really be that long? How long 1s it here?
Roughly, two feet -~ two feet -~ 26 inches,

Sixty times that would be 120 feet long?

That is right, if the vertical were the same as the horizontal,
If these bumps were stretched out sixty times this long, would
thet be reduced (indicating cross section?%?
No, the difference would be there,

This difference that you have, that would not be the true con-
dition?

It will be the true condition as a geologist would draw a cross
section. I said last night that the slope 1is only four and a
half feet in two miles and a half, it is so flat the slope is
only one degree to the southeast, a slope so gentle it is barely
discernable,

In the field?

I made no point of trese particular dbumps.,

In the field there is a very, very regular thickness of the pay
section?
No, sir, not at all. That is what I pointed out.
You testified this -=-

(Interrupting) They pay section only occuples a portion of this,
You keep going back to the bumps. There is a very uniform slope
to the southeast, very gentle -~ this is greatly exaggerated in
this section. The slope down from the crest to the southeast
end is one per cent, barely perceptible. TI'rom the northwest it
is one third of one per cent, only a man with his eyes trained

could see it.
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If you have uniformity in the production section, would you say
that acreage would be entirely wrong in allocation?

No; if you have uniformity in quality you would have uniformity
in bottom hole pressure.

What makes the variation in uniformity?

Variation in porosity in the pay -- variation in the porosity and
permeabllity.

Is there varying porosity in this field?

Iremendous.,

How do you measure the porosity in a lime field?

By taking cores of rock.

Did you ever see a core from the Lobbs field?

I have not.

Did you ever take a core here (indicating)?

I have not.

Did you ever take a core here (indicating)?

I am inclined to think there were g few cores taken in the
northwestern part, and no cores taken here (indicating).

Don't you know, as a ~eologist and a scientist, that you can't
take cores in a lime field?

No, sir, we can.

That represent porosity?

We average an 80% recovery in a limestone core. It has been said
you can't tdte cores in limestone, but the Gulf does. 'Te do.

You are better than most then.

Pernaps you would like to have me make an explanation.

If you cane.

You cannot get a core from a cavity. Vhen you have a cavity four
feet across, you get no core. Accordingly there are sections
where you get no core; but with an area of this kind, we will

get two cores out --

(Interrupting) Then you say there are cavaties fthrough the field?
I said there were cavaties on top, not the flanks.

How do you go about taking a core in one of the caverns?

I just explained you could not. I said where you have caverns,
you get no core.
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How do you know there 1s uniformity in porosity throughout the

top of the structure?

I don't know there is. I have testified repeatedly there are

variations in porosity and variations in permeability in the top

of the structure.

The more cavernous a formation is, the more permeable?

Yes, assuming the caverns are connected, and they almost always

are.

Would you say permeability has anything to do with porosity?

Not necessarily. Permeablility 1s the measure of the composition

of the rock to permit fluids to move up through it. Porosity is

the measure of the open spaces. It is possible to have high

porosity and low permeability. Pumice may have so much porosity

it will float on water, but have no permeability. Nor is high

permeability associated with high porositye.

I take it from what you say it is possible to have just as much

0ll in the tight sections as in the porous sections up here (in

dicating on map)?

As a theoretlcal proposition, it might occur. Bottom hole

pressure shows ==

(Interrupting) What do you say bottom hole pressure is?

The pressure of the fluid in the reservoir.

What causes bottom hole pressure in the Hobbs field?

Originally 1t was caused by the water on which the oil floated.

The pressure at present 1s caused by the pressure of water from

the flanks and pressure of gas escaping from solution.

Then we have a zas cap pressing down from the top and water

pressing in from the edges acting to maintain the pressure in

the field?

That is true.

We find on this section there are different parts of the field

where you find differmnt bottom hole pressures?

Correct,

ithat does the bottom hole pressure represent, any portion of

the original pressure?

If that has not been destpoyed by the removal of oil - they
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have been restored by the movement of oil and gas.

What causes pressure to be greater in spots than in bdthers?

As a general rule, if you have wells of equal depths, near one
another, the well with the higher pressure -- the well with the
high pressure has re-oved a smaller percentage of the olil around
the well.

#douldn't you say the water coming in from the edges and the gas
pressure would cause that?

They are things that maintain the pressure. That, and alsoc a
great deal of residual pressure that has been there since the
field was opened upe.

You do not have an intrusion of water or an expansion of the gas
cap until the o0il has been removed?

Noe

Isn't it reasonable to suprose that the well that has removed the
most 0il would have the higher pressure?

No more reason to suppose that than to suppose the opposite -=-
the one removing the most o0il; other things being equal.

Let me call your attention to this, in applying a2 pincher to a
bottle, as in the experiment here, the bottle does not have out-
side pressure, and that is where your theory falls down?

That is not where the theory falls down -- you have distribution
of pressure through the field. That is the reason you have
migration of oil. The pressure is all the time attempting to
move the o0il from the areas of high pressure to those of low.
Down in this area (indicating) you are taking the oil out faster
than the oll and water will come in, and they are making an area
of very low pressure.

Permeablility 1s the measure by which a fluid will move through a
porous medium?

That is correct,

Then the more permeable a well 1s, the more readily water will
come in?

The more readily any fluid will move through it.

We are talking about water.

That is only one factor affecting water encroachment.
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The more fluld that moves in, the greater the pressure build-up?

No, water is not coming in fast enough to build up the pressure.

I call your attention to the southwest flank?

You are overlooking the distinction between maintenance and

build-up. Water is not coming in fast enough -- the encroach-

ment has maintained the pressure to some extent.

The fact that water comes In more easily, the pressure will be

maintained, and you sald it came into the more permeable well

easier?

Yes.

Then 1t must be so that wells with high permeability have the

highest bottom hole pressure?

Not necessarily.

What is the supposition?

The bottom hole pressure in the well 1s a question of what per-

centage of o0il has beeh removed and how much drainage there has

been to or from it.

Therefore, the more oil you take out, the more water will come

in, and the easier it comes in, the more pressure you have got

in the bottom of the hole?

If you have an adequate supply of water to come in there. As

T tried to explain, the operator being flooded must take the oil

promptly. fTherefore, the bottom hole pressure is high, and he is

entitled to take the oil faster, but he is not entitled to take

the 0il from below his neighbor and he should not be permitted

to take o0il from his neighbors. He is entitled to get the oil

before water encroachment floods his property.

You said the permeability is no measure of the oil in place?

That is true.

If it is no measure of the oil in place, why should a high

potential well, a high bottom hole pressure well have any greater

allowance than a low one?

Because the oil moves to the area of low pressure from the high,

to equalize the pressure. The high pressure property is entitled

to produce the oil and reduce the bottom hole pressure to an

equality with the rest of the field. That is true whether it is
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permeable or slightly permeable.

You have admitted a high pressure well would not have any more
0il in place?

No, I didn't admit that. I said theoretically it was true if you
have high permeability. I don't know what the facts are. The
only measure of bottom hole pressure, if you take oil out, the
pressure must go down. If you take more than your share, if my
bottom hole pressure is greater than that of my neighbor, the

01l goes there,

Someone gquestioned you about the intrusion of water from the

edge, and I think you said there was no intrusion there of water?
No, I saild it was slow, I did not say there was not any inbtrusion.
All of these wells in the scutheastern part of the field produce
large volumes of water. To correct that, to hold your well's
equilibrium, it 1s necessary to set packers, therefore it is
possible to produce water as fast as it intrudes, anrd that is

the reason the water is not moving across the field., That often
haprens.

or. Knappen, which will move through the formation more easily,
oil or water?

If you are trying to start an oil well, and if the oll occurs
with the water, it will move through more easily.

Je do have some water intrusion down here? (Indicating on map).
Certainlye.

iWiny dosen't the water come into the field from the southeast flank?
It may be you are procducing water just as fast as it comes in.
e have a number of pcols where it 1s produced just as fast as
it comes in, and the water has not advanced across the pools.
Do you have high or low permeability?

Low permeabilitye.

As s matter of fact, isn't it true that with low permeability,
that the water will not come through as fast as the oil?

No, I will not say that. It will not come through much faster,
If the water will no% flood this area (indicating on map) until
this oil comes down here (indicating) you have one type of per-
meablility --
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I do not say you have the same sort of permeability on Sec. 10
The permeability is higher on the north, therefore you have a
better chance for the oil tc come in than for the water.

I don't quite understand. 1If this is so low in permeability that
the water will not come through ==

(Interrupting) We are assuming it 1s the same permeability all
across there (indicating on map).

I am talking about the southeast end.

That is not true.

Is there any great distinction in permeability in the southeast
area?

Yes, sir,

How far up?

There are very high potential wells on the south line of Sec. 4,
and the south line of fec. 3. I don't mean 20,000 barrel wells,
but you do have ten and fifteen thousand barrel potentials, while
g mile south you have one to five thousand.

Weren't these wells acidized?

Yes, I presume they were.

Do you know what the potentials were before acildation?

I don't know as to the particular wells. I know the acidation
campalgn was very unsatisfactory because the permeability is so
low.

It is a fact we did not get as large potentials by the use of
acidation as the more permeable wells?

Certainly.

There was a greater percentage of increase in the low permeability
well than the high?

Oh, yes, when you add a thousand barrels to a thousand barrels you
have a greater percentage of increase than if you have 20,000

to start with.

Bv gecldizing these wells, you made from your three to five
thousand barrel wells, twenty to some, approximately, 23,000
barrel wells?

You say three to five thousand barrels?

Yes, and by acidizing they were from three to five times as good?

You say three to five times as good as the best wells. You see
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you have different permeability along the south line, low permea-
bility, as compared to the high permeability along the north line.
Dr. Knappen, I want to ask you this question: If the oil had not
been in place when you used the acid, how could you increase the
potential? If the oil had not been down in the ground, how was
it possible to increase the potential?

You couldn't.

The oil was there?

Certainly.

When you used acid you increased the permeability?

Increased the permeability immediately around the hole,

The potential is a measure of permeability?

Potentiel is a measure of permeability, yes.

Then when you prorate that field on potential, you are pro-
rating 1t on permeability?

Surely.

And permeability is no measure of the oil in place?

Noe. Let me explain that. If the well potential 1s not satis-
factory as a yardstick, and needs to be corrected by bottom hole
adjustments, you may get too high a potential, that is the reason
you do not prorate any pool on potential alone.

Do you say, Dr. Knappen that permeability is not a measure of
vottom hole pressure, or bottom hole pressure is not a measure

of permeability?

Noe

Tell me why, then, when this pool is shut in, all the pressures
do not equalize?

They will if it is shut in long enough.

If permeability has nothing to do with bottom hole pressure?

Give it time and you will have the same pressure. In twenty years
you will have very fair bottom hole pressure, High permeability
simply gives an opportunity for bottom hole pressure fto equalize,
Do you get the distinction?

I get the idea, as in this room, the more windows you open, you
get more wind blowing through?

Yes, sir.
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And the more pressure you will have in the room?

That depends on what windows you have on the other side.

And in this case, the more permeabvility, the more pressure?

Noe

If that 1s not true, and permeability has got nothing to do with
pressure, why isn't =--

(Interrupting) Nay I say, permeability provides the opportunity
for the pressure to equalize. ‘then a well is producing, and you
reduce the pressure in and around the well, if the permeability
is high, the pressure will equalize at the intake quickly; if it
is low, it may take twenty-four, thirty-six, forty-eight hours for
the pressure to equalize. Ais between two areas a mile apart,

it takes the maximum to equalize across a distance. .here the
permeability is high, the pressure equalizes more rapidly.
Because the pressure will work more easily?

It will drain off from high to low.

It will --

(Interrupting) The wind will never blow into a room where there
is a pressure trying to force the air out.

Dosen't that presuppose permeability is a measure of bottom hole
pressure?

No, you are confused. Permeabllity is a measure of the rock the
fluid can travel through, if the fluid traves through easily,

it has high permeability. You could drain every drop of fluid
out of a structure, and your permeability would remain exactly
the same, but bottom hole pressure would be tremendously different.
You are familiar with the 15-day shut-in they had at Hobbs?

I have heard of it.

Are you familiar with the bottom hole pressure measurements made
at Hobbs?

I know a number were made.

You know it to be a fact that a great deal of difference was found
in those pressures?

Surely.

jhy didn't they equalize?

Because fifteen days is far too short a time for the bottom hole
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pressure to drain the oil from the northeast down to the south-
east. Doing the best it could, 360 barrels a day is no% enough
to make up for the 900,000 barrels produced over the past five years.
You have an average of a three-pound build-up?

On some seven or eight wells.

What was the equalization up on the higher permeability?

No difference after the first twenty-four hours.

They built up much faster in the permeable area?

Yes, on the west line lease, high permeability, we have had wells
we cannot discern the difference by the bottom hole pressure in
a shut-in. There must have been one pound difference to bring
the o0il into the well, but this was so slight when it was pro-
ducing it was not discernible.

You did have high pressure?

Yes, s8ir, and we had an awful lot of cil.

You did have a high permeability section?

Yes, s8ir.

You still say permeability is not & measure of oil In place?

You covld have a tight section and have as much oil as you had

in this section?

Noe

The porosity then?

You cannot have as much o0il in porous rock as you can in a cavern,
if you have 100% floor space, you would have more space to be
filled in than if the room were fllled with furniture. We may
have had more than you could have had in any rock of low perm-
eability.

You have calculated this drainage down into the Stanolind area,
you calculated that as 518,000 barrels?

551,000 barrels.

Oon what basis did you calculate that?

On the basis of the differentials in pressure of the wells north
of, and the wells south of the red line through the wells pre-
viously described. The differences in pressure which show con-
sistently on every pressure survey that has been made, showing
the tendency of the oll to move from the north to the south across
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the line, using the formula NMr. Tasch explained to the Commission.
You used the formula in ¥r. Muscat's book?

That is right.

Isn't it a fact that formula is confined to homogeneous fluids?
Yo, I don't know it is.

Isn't it a fact that the same book of I'r. Luscat's says the
problem 1s determined the same way to determine the flow of
hetrogeneous fluids --

(Interrupting) We have used the formula on the basis of flow
through rock, on the assumption that the oil did not carry a
large volume of gas. We reduced it from 1.8% to 1.25% so as

to take care of possible gas coming out of solution.

Your figures are on the basis that that oil coming down structure
had no gas in it?

I did not say how much o0il -- I said the drop in pressure would
move the oil.

As an engineer, wouldn't you say that gas had come out of
solution?

Yes, it probably was coming out.

Some gas in the solution?

Certainly.

Would you say there were any other properties mixed with the oil?
You can't mix properties.

Wiould you say any other fluid was coming down structure with the
0il?

There was no indication there was any water in that.

Then what you did was apply the formula which is designed to
determine the flow of homogeneous fluid?

That is right.

I want to ask this: We determined all the upper part, in certain
wells is gas?

That 1s true.

That is, in the upper formation?

Perhaps I should qualify that and say that primarily the gas
operates as a shut-off§

This shut-off operates so there is no possibility of the oil ever
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passing to the lower formation and being produced through that?
A That 1s true.

If this upper formation is primarily gas, how could you drein

O

the o0ll down to the southeast part of the field?

A This upper formation is continuous. The 0il is contained in the
formation on the northwest side, around *the northeast flank and
on down the southeast part of the pool.

You don't claim the fluid moves through *the cas cap?

&2

o

The movement is around it?

LD

The movement 1is around it, and part travels through the wells from
the upper to the lower, and moves over into the low pressure area,
Unfortunately we do not have a map that shows that exactly.

BY GOVERKOR LILES: We will be in recess for Tive minutes.

(Dr. Knappen continues on witness stand for cross examination)

BY LR. WCOLVAED:

2 Dr. Knappen, did I understand you to say a moment ago that in
calculating the amount of drainage you claim from the north to
the south, to the Stanolind leases, you had made some adjustments
in permeability because of gas in solution?

A Yes, sir.

WWhat adjustments did you make?

A Ve reduced the productivity féctor from le8 to 1le25 -~ approxi-
mately a 33% decrease.,

Q How did you calculate that reduction?

A Experimental curves, in laboratory work, which showed there would
be a 75% decrease at the maximum decrease for such conditlons,
as compared to the initial condition in the pool. The pro-
ductivity was determined after a drop in pressure of 20%.
Normally, a 20% drop in pressure should correspond to such a
decrease, We thought we should make a 37% adjustment. We made
a 65% to be sure.

Has there been any published or accepted formula?

A Or. Muscat published a paper on the change in permeability of

gas and o0il sands saturated with gas and oil, after the préssure
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is reduced and the gas comes out of solution.

These calculations you made from laboratory experiments represent

conditions as they exist at Hobbs?

As closely as we could, yes.

Now, if you were positive those conditions were accurate in the

laboretory, why did you put in this additional factor?

Because, as I said, we wished to be generous and set the figure

plenty low.

You were not sure of the figures obtained from the experiment?

Hot precisely, no, we did not know, we had no way of knowing what

percentage of the originaloil in place had been produced from

the formation.

Then the figures you obtained must be more or less guess-work?

Yo, not guess-work, engineering calculations.

You have given an additional factor, over and above the laboratory

work, to make sure of being generous. If you were sure of your

figures, it was not necessary to give that additional factor so

generously?

Every capable engineer puts a factor of safety into their work

to take care of any possible flaw,

Dr. Knappen, when you multiply two by two, do you put in any

safety factor?

No. Do you?

Now, Ir. Knappen, with respect to drainage that we were tdlking

about a moment ago, from nortk to south, which you said could

have gone around the northeast edge -=-

(Interrupting) If I might interrupt right there -- I was not

entirely fair. I said it had gone around the northeast side.

It could also have gone over the top, because you will see the

0il in this area, the northwest part of the field, it is higher

than the top of the sand break in the central part of the field.

This section (referring tc map) is not drawn to the highest part

of the field., If 1t had been drawn so, we would have shown the

northwest end of this section at a point indicated by my finger

(pointing on map), and we would then have had our oil shown some

80 feet higher than the top of the sand oreak in the highest part
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of the pool, although there has been sc many wells set with
packers, there is nothing to prevent the oil migrating through
the lower portion of that,

It d4id not migrate through the gas cap?

It could very easily, while a packer has been set at such a point
as this, 450 feet, it does not mean that area is barren of oil,
As a conservation measure, if it was abandoned, shut off from
production, as shown, it may still have had 509 of the original
0il when it was abandoned.,

Isn't 1t a fact that packers have been set, either for water or
for gas, along the center of the field, from east to west,
directly north of the north line of Sections 4 and 37

What is that?

Isn't it a fact that packers, for either oil or water, have been
set in wells, from east to west, along the north line of sSec. 47
Yes, that is true, and along the north line of 5ec. 5 there are
packers in every well,

And part of Sec. 37

¥o, there are no packers in the three offsets, according to ny
information.

The Samedan well out on the edge, Terry Nos. 1 and 2, I should
say are high pressure wells, aren't they?

There is a 1little too much detall to remember (looks at records).
In one the pressure is 1225 pounds, and the other the pressure is
1185 pounds, on the last surveye.

It isn't likely there has been very much drainage through those
packer wells, or around to the extreme northeast edge of the
field, is there?

Not through the packers. There will be drainage through all of
the fortye.

Does the fact that packers have been set indicate a gas cap?

Gas or water,

Lnd there is very little oil to be drained?

o, we have set packers when we were producing 10,000 cubic feet
of gas with one barrel of oil. We may have agandoned a formation

when we have less than 50% recovery of oil. i{le do not want to
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waste the gas in the pool; 1t 1s for the benefit of all. Ve

may have left large amounts of oll in the gas cap. The north-
wewt end of the pool is higher than the sand break in the center,
and under the influence of the higher pressure, there may be a
large migration of oil ebove the packer, through the lower portion
of the gas cap.

You agree with me that the o0il did not move from here clear down
to here (indicating on map)?

I said no single barrel of oil had moved from ithe northwest to
the extreme soutihweste.

Now you say it will?

I have not said that. I sald if oil moves a mile, and that oil
is replaced by oil that has moved from there, and that has gone
on consecutively, you have talken oil away from the extreme north-
west to the extreme southeast.

The only migration of oll that may have gone out of the gas cap is
01l abandoned by the operators?

It has been in that particular well. In the West Grimes lease

we have set a gas packer, and we are producing from that sane

pay horizon. It has been abandoned because of too high gas-oil
ratios, and we are still down on the flank recovering the oil.
Therefore, there was no drainage from your wells up structure?

In that particular case they were taking vart. The well pressures
were still too high, and there is still drainage to the low
pressure arease.

Going back to pressure, I call your attention to the exhibit

of Stanolind. There are twenty wells represented there on

the exhibit. I believe the testimony showed ten wells had

an increase of potentials, and ten wells had decreases, although
all twenty wells had decreases in bottom hole pressure.
(Referring to Stanolind ZExhibit E).

Oh, yes, the average pressure in the pool has declined and I

1mow of no wells that have maintained their original pressure.
You testified that bottom hole pressure was used in some 12 to

15 pools you were familiar with?
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A I happen to know those, possibly there are many more.
2 Do you know of any pool where potentials are increased in the

face of dropring bottom hole pressure?

A Yes, sir.
) ‘Where?
A The South Burbank Pool, and it was done on a few leases in the

lMoore FPool,.

Q Don't you mow the present plan is that bottom hole pressure in
the South Burbank and Yopre will be discontinued?

A I *mow they will discontinue it and that your company is in
favor of the plan and 1t was of great benefit to the Gulf in
the koore Fool,

Q As to the proration formula you suggest, 757 potential and 259
acreage, would that not increase the allowables of the high
potential wells at the north end of the {ield where large
quantities of water are bteing produced?

I presume it would.

Q@ wouldn't that lead to waste?

A No, it is the only means of operating the high pressure wells
so the operators could recover the oil under the property.

There is no place those operators are draining oil, and the

only way they can recover the oil is to take it before the water
comes in. The only fair thing to do with a high pressure property
wherever you have one, is to give 1t an Increased allowable so
that the operator can secure the oil before another operator
drains it away.

Q The more water you produce, the more reservolr pressure you lose,
isn't that a fact?

A Noe.

BPY 1=, WOODWARD: I believe that is all for the present. I would like
to have the opportunity to ask Dr. Knappen some more questions
tomorrow if we find it necessary.

BY GOVERNCR I'ILES: In view of the fact that we have another nearing
on the oil and gas ratios set for tomorrow at ten o'clock, whihe
it is necessary to hear -- 1 know MNr. Andreas has to leave, and

some of the others here -- I doubt whether we are going to be
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able to finish all the testimony. How much longer do you

hink it is going to tale in this particular case?

IR, WOODHARD: I have two or three other guestions to ask after
consulting with the engineers here, and if anyone else has any
questions to ask, I would suggest that we go ahead.

GOVERNOR INILES: You would be able to finish from nine until ten
otclock in the morning?

IR, WCODWARD: I can finish tonight.

You read from an exhibit last night in which, I believe Iir.

Wahlstrom and Mr. DeFord were discussing the physical charatter-

istics of the Hobbs Pool. Do you have that?

I believe I have, or a copy of 1it.

%ill you turn to page 77%? You will find a paragraph which has

this statement, "It may be said it was the most productive member

of the White lime"™, Dr. Knappen, will vou read to the Cormission
the paragraph on page 77 which cormences "The top productive
member of the White lime -=-"%

I am reading from page 77 of the article by rFonald K. DeFord and
Fdwin A. Wahlstrom, published in the January, 1932 Bulletin of
the American Association of Petroleum Geologists, the article
being entitled simply "Hobbs Field, Lea County, New Nexico",
on -page 77 you will find the paragraph I am reading:

"The top productive member of the 'White lime'! is cavern-
ous on the crest of the structure, fairly porous on the flanks,
and off structure is in places only very slightly porous, in
other places somewhat porous. On the flanks, the lower pprous
member, particularly the 'Caps pay{((all relatively unim-
portant on the crest), generally yield much more oil than the
top member."
¥ow, Dr. Knappen, you read the same paragraph yesterday, didn'st

you?

I am not sure I read it. I may have. I read a number of paragraphs.

The record will show. Uihy didn't you read the last sentence of
that paragraph?
I said I don't remember whether I read that paragraph or not.
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Tet's see -- I introduced the exnhibit for the benefit of the
Commission. I had no intention of omitting the last sentence,
"On the flanks, the lower porous members, particularly the
1Caps pay! (all relatively unimportant on the crest), generally
yield much more oil than the top member."™ The Capps pay was
unimportant. The acidatlion of the Capps pay on top of the
structure has tremendously increased the pay on the top zZone. I
had no thought of misleading the Commission. If I did, I am
SOrTry. |

I believe you claim, Dr. Knappen, that bottom hole pressures
are not indicative of oil in place. Do you claim that?

Bottom hole pressures are not indicative of oil in place, except

if you have high bottom hole pressure, as compared to a neighboring

area, that indicates that the area has not produced its falr
share of o0il. A low bottom hole pressure would indicate it had
produced more than its share., Obviously that refers only to
paye. One might drill a water well off sSructure and have a very
high bottom hole pressure, but if you have very high bottom hole
pressure with all water, he would never get an allowable.

You do not contend that because a well has high bottom hole
pressure, it does not have any more cil than the low?

It is not a measure of the amount of oll, but the percentage of
the 0il one will produce in comparison to what another will pro-
duce.,

Is it not a fact that instead of being a measure of the oil pro-
duced, it has been a measure of the oil and water and gas that
has come out of solution?

lio, it is not a measure of those things. TRemember, bottom hole
pressure simply indicates the oil being drained underground and
from high to low areas.

What compensating factor do you have for the water produced?

I don't think any compensating factor is necessary. When the
operator produces all the oil under his land, he will plug in
the hole.,

viells are still producing oil and have produced = large amount
of water; how have they been compensated?
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In part by the bottom hole pressure adjustments, but it has been
applied to only a small part -- if it were applied to 75% of the
a’lowable -- we do not have the pressure map of Hobvs survey as
made in 1939.

Tt is true the relationship -- rather say, there is no relation-
ship between the oil in place and the shaft pressure adjustments?
At the present time -- when you say "shaft pressure", you mean
bottom hole pressure?

Yes.

At the present time bottom hole pressure is negated, and we have
developed low pressure areas with drainage of oil from the rest
of the pool. I am not sure I have answered the question.

The think I am trying to bring out is the fact that you are con-
tending for bottom hole pressure adjustments?

Exzactlye.

But you make no compensation for the great amount of fluid pro-
duced previously?

I see no reason. It is the present bottom hole pressure as con-
pared to other areas. If the pressure is too high, o0il is being
drained.

Do you want to give every property the opportunity to recover the
01l under it?

Just as far as we can, and the only way we can -- the oil is
never going to come from low pressure areas and move azainst
high pressure,

You seem to be In the minority among engineers I have talked to.
Perhaps they would like to testify.

You testifled this morning respecting factors used in determining
the value of properties for purchase?

I named a few, not all by any means.

Do you, as a purchaser of property, do you consider and inguire
into what the shut-in pressure may be of a lease or property?
Most certainly.

How much weight do you give that?

It depends on the property and the pool., Shut-in pressure
frequently gives the best measure of the recovery reservoir under
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The same thing is true of

the property. I don't mean I apply that to every property --
there is a wide difference between pools. 7e do certainly in-
vestigate the shut-in pressure,
You know the west side leases, in East 7Texas, have the highest
pressure?
I think --
And you know the western, or west side leases have the least oil
in place?
Certainly.
It would not work in that case?
I 4id not say --
You would not work with that alone?
I would use shut-in pressure as one factor,
You would work wisk bottom hole pressure either way?
No, not either way. The west side leases in the Fast exas Pool
are entitled to produce at a higher rate; the oll is leaving the
west side properties, and they are entitled to a igher rate of
productioﬁ a day. If they don't get it now, the o0il will et
away.

f the edge of ithe Hobbs pool?
If a lease's history is one in which the pressures are high,
those leases must get the oll shortly, or they will lose ite.
I tried to say to Mr. Ray that some properties may be depleted
in eight years, some in twenty-five, and the man whose property
willl be depleted in eight years should be allowed to keep down
to the pool average. lobody should be allowed bto put pressures
below the pool average.
That was not the case with the Itanolind, on the southwest flank,
they were not given such pressure adjustments?
I don't know the apprlication of the proration rule. They should
have Leen given a pressure adjustment factor if the pressures
were higher than the pressure in other leases in the pool.
You know by setting packers, we did not have the advantage of
the pressure adjustments you have been talking about?
I testified, or lir. Cray testified the pecker adjustment has not
been sufficient to take care of the packer wells. I testified
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adjustments should be made, though it will lose the Gudf money.
You don't know how nuch?

The Engineering Comnittee has a definite formula. It will cost
the Gulf some oll, but it is the fair thing to do and should be

done.

Fe JQ00DAED: I Dbelieve thsat is all,

CCL.. ATZ0OCU: Cities Service does not desire Lo availl itself of

the opportunity to cross examine this witness, or to recall the
witnesses who have gone before. e are anxious to save time

and get the matter tc a close. After hearing the testimony sub-
mitted here by the proponents of the different plans, I am
authorized to state that Clties Service nhas receded from its
position of wanting the status quo maintained, and now favors

the plan proposed by Gulf, of 75-25%.

o FPLIETWOOD: I would like, for reasons of exrediency, to ask

if I could be permitted to state one guestion -- I will guarantee
that it will be only one question, because of the objections
here, I would like to state the guestion and have the Jormission

pass on whether Dr. Knappen way answer.

GOVERITOR XILws:  We will allow you to state your question.

or. Enappen, eliminsting all reference to the testimony hereto-~
fore given at this hearing as to this particular field and the
characteristics of the Hobbs Pool, and asking you to keep in
mind only the general characteristics of o0il in place, bottom
hole pressure differentials, drainage, migration, thickness of
pay, porosity, permeability and desirability of the proration
formula, we wish to ask if the general geological, engineering
and production facts to which you have testified here, are they

applicaeble to other pools to the same, or similar degree as they

[

are to Fobbs, and if so, would they apply to a pool such as th
Yonument Pool in New Mexico?

Certainly the general principles that I have been dilscussing
apprly to Lonument, Eunice, or any other. Some of the factors
present at Ilobbs are not present in some of the other pools.
There are geological variations, and variations of various

types which, to the best of my lknowledge, are present in all
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pools. However, the potentlal, ownership of the oil and the
geolosical principles involved in proration are just as
applicable to NMonument, or any other pool, and I think they
should ve applied.

BY JUODGE LOVWE: If applied to Nonument, would it be necessary to take
open flow potentials before thinking of a plan?

A No, sir, it would be entirely satisfactory at Fonument to malke
tests to determine the productivity factor; that is, the number
of barrels of oil which a well will produce for every pound of
pressure in the ground. They would give the same information,
and such tests would be recommended for a pool like l'onument.

E TS S

= ATITT T w
BY R. RAXEIE:

a0

Do you know of any fileld 1in Lea County that 1s of the same
structural shape as the Hob:s Pool?
A io, I do not.

It is the only one in Lea County of that type, to your knowledge?

&

A That 1s true.

2

) In the Hobbs Fool, in the awest of the structure, one zone is

G

gas drive, and another zone is water?
A Yes, the northeast side, you have no water encroachment because
the formations are tight. You do have water encroachment in the

southwest. <£o that is surely gas at the northeast end.

3
L

e T belleve you saild the vater level around the anticline sometime
was level, just like, or something like a dome with the rim of
the dome being water?
A So far as water in the pay, but on the northeast side the dolomite
changes to anhydrite. The pool, especially in the dolomite on
the northeast side of the field, the anhydrite and clay are found
to such an extent there 1s no water drive on the northeast side.
There may Le some places where the water is coming in.
There probably is water around the structure?
T am not at all sure. Such evidence as we have indicate there

probably is no water along much of that northeast side,

4

; ‘We will assume this is the apex of the structure right down
through the middle (indicating on map). This side of the apex
(indicating) you wouldn't have a very effective gas drive, where-
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as to the other sicde of the apex you do have an effective water
drive?

A Yo, sir, you have an effective gas drive, but on the northeast
side it is not driving it up toward the crest, but down toward
the flank. The gas cap formed on top there pushes the oil down
into the low pressure areas.

Q As & geologist, would you say there is any relationship in the
structural conditions between a text book anticline and this

Hobh:s reservoir to the other pools in this ares?

A There are many similarities,

Q The structural conditions are not the same in any way whatscever?
A I would not say they are not the same in any way whatsoever.

2 You could not compare the production characteristics of both

types of reservoir as being identical?

A To, s8sir.

< You could not use the conditions at Hobbs as a --

2 (Interrupting) ©No, your statement is too sweeping. Iliany of the
conditions and many of the suggestlons L have made 2bout Hobbs
could be used elsewhere,

2 Anywhere else where oll and water and gas are in it?

3 Exactly.

2 The structural conditions are not at all identical?

A They are not ildentical; there is some similarity.

BY I'R. #FOOLWARD:

a Do you know of any field where bvottom hole pressure is used,
where you have ascending potentials and descending potentials,
although you have decreasing bottom hole pressure?

A T think in most places, instead of increasing the potentials,
they increase the allowable., e have, in the Hobbs Pool, in-
creased the potential by adjustments for bottom hole pressure
in order to increase the allowable. 1lost pools have not changed
the potential numbers, they have changed the allowable.

- You know of no place where bottom hole pressure is declining and
some wells get an incresase and some a decresse?

A Yes, that is what bottom hole pressure adjustments are for.

You don't get the question. Do you kno. of any pool where you

O
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have both a declining bottom hole pressure and one well gets an
increase and another a decrease?

Yes.

ihere?

Kettleman iills and Yates. 7You said where you had a declining
rressure., You didn't say declining at the same rate. I know of
no place where it is declining at the same rate, where both
started from the samec level, but I do now many where they are
not declining at the same rate. That is what bottom hole pressure
adjustments are for. Both will start at a different level, and
one will decline and one will persist above the average of the
pool, --

HJait a minute -~

You wait a minute. 7You keep talking abcut potentials. The
umpire does not say "potentials™, he sayd "adjusted potentials".
It is the old original potential after sdjustments for bottom
hole pressure have been made. Nobody claims -- in a well with

10,000 potential, nobody claims that 1s actual potential.

Adjusted potentials is what you want to base allowables on?

BY GOVERNOR LILES: Is this testimony pertinent to Hobbs?

A

-~
4t
S

Yes, sir.

Don't you now, as a matter of fact at the Yates pool, that any
time there is an increase in bottom hole pressure, they get an
increase in sllowable?

Ixactly.

And decreased in the same way?

Thet may be because the pressure is maintained very uniformally.
Just as soon as Yates pressure begins to drop, you will find
the same thingd

They are both decreasing at Yates?

I don't know,

What is the pressure formula at Yates?

I don't know. I testified that bottom hole pressure is used at
Yates,

You testified it operates like this onee.

T don't think [ testified to that exactly. I testified the
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the allowable 1s changed as the pressure went up and went cdown.
Q Wnat is the formula at ‘ettleman Hills?
BY GOVERNOCX IIILES: It does not seem to me this is necessary.
BY ¥H. WCODwARD: I want to make this statement. He has been testify-

ing positively about these things -=-

&)
K

GOVZRIOR MILES: He has been testifying sbout the conditions in the
Hobbs Fool.
BT X, WCODWARD: He sald Fettleman Hills had bottom hole pressure,
and I want to show he does not know what the formula is.
That is all.
o)

T TITTT AT
IX. HFUZDLARD:

Q

1

I would like to ask one question. Dr. Knappen, you are acquainted

with what I presume is the rather erratic distribution of adjusted

potentials in the Hobbs Pool?

A I am familiar with adjusted potentials, yes.

QA Would you, or would you not call the distribution of potential
extrenely irregular, not to say erratic?

A jefa

Same pay thickness on the same contour?

&8

A It may easily be that some people would call it errstic. I would
say that adjusted potentials have not been adjusted fine enough
to take care of the wide differences in bottom hole pressure; that
means there must be an erratic potential. e know we hed erratic
porosity to start with.

2 Would you or would you not say that to achieve your stated end,
of equalizing pressures over the Hobbs Pool, that the goal could
be reached much more quickly if your true potential were used

entirely, and start adjustments based upon bottom hole pressure?

A If you make sufficiently large bottom hole pressure corrections,
yes.
Q “hen, as a matter of fact, to achieve your end, you would prefer

using potential with the same weight as bottom hole pressure,
and thus throw out potentials?

A No, not with the same weight.

luy)

* :Zl. HUZBARD: That 1s all.
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BY GOVIERIOR MILES: I want to be sure -- is there someone who wants

to bring out any other points? I don't want to close off any

testimony.
B IT. HARIS (Two States 0il Company):
Q I would like to ask a series of questions leading in the direction

of the practical operation of a plan, thinking primerily of the
problem of water. ‘je are in the northeast section of the pocol.
You testified you thought it probable that was sealed off. On
the other hand, [ think the water must be encroaching across the
north end of the field?

A It is coming from the ﬁorthwest and moving southeast.

e have very real interests in that direction. As I understood,

O

you said you did not arprove of a flat allowable plan, or
the same allowable for all wells?

A o, certainly not.

o>

In a water drive Tield, would you consider it advisable or
practical to let the water drive work, to use the water drive
as a source of energy?

A Certainly.

&

Under your theory of production, is 1t desirable to keep the
bottom hole pressure as high as possible?
A As high as possible wilthout having any inequalities between dif-

ferent leases.

)

Under your theory of operation, is it desirable to keep all

leases with constant equal bottom hole pressure?

A 2o nearly as that is possible, yes.

& This stops o0ll moving across boundery lines?

A this stops 0il moving across boundary lines.

Q would you attempt to do this actually if permitted to use your
theory?

A Certainly.

Q vhy?

A Because under operation as it is at present, a great many in-

equalities have developed, and vast guantities of o0il have teen
moving from one lease to another. The only way an operator can
securgémthe oil that remains under his land is by bringing his
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pressures to an equality, to a substantial equality, a 50 or 75
difference over the pool 1s probably as close as one could hope
for.

I would like to make this thing specific, and my remarks are
directed to the northeast and northwest corners of the field,
where, I understand, we do have water drive, and still have high
bottom hole pressure; have we any reason to belleve water is
moving into the structure from the southeast?

Yes, that is truve.

Jhich leases are first exposed to that water?

The west side of the pool, the northwest side of the pool.

We are said to have normal high bottom hole pressure -- or high
bottom hole pressure, is that a normal condition?

T am not sure of what you mean by "a normal condition.

iould you expect that to be so?

I would not expect to have so high a pressure as they have 1f they
had “een adjusted by bottom hole pressure,

“here will this arrangement be able to reduce the bottom hole
pressure, to bring the pressure down to an equel basis?

5y giving a greater allowable,

Of o0il or water?

Allowable in terms of oil.

And how much fluid will have to be produced to hold, or to reduce
the bottom hole pressure?

T don't know; that would depend on each individual well,

Instead of using a well, let us use it as an area. In other
words, to make it a line of wells, or a section in which the
wells have water, would you be able to answer that question?

No, I could not tell,

“ould it be reasonable to suppose they would have to rroduce as
much water as had encroached for that day, plus their allowable
0il?

They would have to produce as much water as had encrcached that
day in order to keep the pressure constant. They must, there-
fore, produce more fluid than the volume of water coming on to
the lease, to reduce the pressure.

-209-



&£

e

&2

e

O

O

%e have two factors, as I understand, working in our favor; we
have the factor of the gas cap, which 1s released gas due to
reduced pressure; that is a displacement item, is it not, takes
up some room?

It takes up room. L don't know that you would call it displace-
ment.

I am trying to remove that from the question. The other ltem,
in order to maintain anywhere near equel pressure, 1is the amount
of water encroacnment?

If you are going to maintain the pressure constant, yes.

That means, therefore, that subject to this gas displacement, if
any, we must have water encroachment of some kind?

I don't see why 1t is necessary. DNecessary to what?

You must have water displacement when you remove the fluid, to
take up the space and hold that pressure, you must have some-
thing to maintain 1it?

Oh, yes.

And that source of maintenance is encroachment of water, is it
not?

Tes.

Now, to get bacl to your theory, we have assumed that thst well,
to reduce its pressure, must produce more water than encroached
on the lease that day?

That is correct.

Then as to a line of wells ~- whatever it may be, they must, in
effect, replace the o0il which has been -- it must produce the

oil -- if they must produce as much o0il as would encroach on

that lease every day, that goes vack to the previous statement of
yours -~ if the water were produced, what would the encroachment
or displacement factor be?

I don't know what you mean.

what I am trying to do is to fill a void, a void created by

withdrawals.

p

“hen you take out a bsrrel of oil, you must fill the space with
gas or water, or seal it off.
The only way to f£ill it by gas 1s to reduce the bottom hole
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pressure?

You do reduce the bottom hole pressure when you take out a barrel
of oil.

Getting back to the perfect working of your theory, we arrive at
the point where this line of wells must produce all of that water
to maintain their relative position with the rest of the pool,
and if we produce all of the water we have taken away at least one
of our sources?

All of the water? You mean during that day?

Yes.

You wouldn't have to produce the water. TYou can produce an equal
volume of oil.

That is correct. The factor then works to the effect that these -=
we have to come to another assumption -- the water encroaching
would displace production to certain portions of the field, and
probably in several parts there is an encroachment or increase of
water?

Several places water 1s coming in to replace the oil taken out.
However, 1f one produces the fluld, whether it be oil or water,
the withdrawal of that fluid for those leases would equal the
total production of all the rest of the field, would it not?

Hoe

Illodified by the space taken by the released gas?

I think I see what you are meaning. Yes, every barrel of oil
taken out of the field must be -- the space must be filled by
water or expanding gas, or gas coming out of solution. Zvery
barrel of oil taken out must be replaced by water coming in or
gas coming out of solution.

Then to make -- we are the edge lease owners -- to make my point
clear, you have stated that bottom hole pressure factor is not
adequate, 1f you are goling to work upon that basis. On the

other hand, that would mean certain wells were being flooded,

and certain wells are being currently flooded, and as the

factor comes across here, those wells, under your theory, must

e allowed to produce an egual amount of o0il with the lease ==

with the rest of the field?
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Yo, not an equal arount.

Of fluid?

Yo.

Jould that be aprroximately so?

o, nowhere near that.

What would e the condition?

You have a vast zas cap that can and will expand to replace that.
Then we run into the offsetting disadvantage, that by these
tremendous withdrawals, if we gave half of that oil to that areasa,
we have a pool allowable, and the middle section immediately zets
penalties to make up for these washed over leases?

That is right.

Then if we do anything less than that, the bottom hole pressure,
on the average 1n the pool, will drop?

Yes, they have been dropping right along.

If I actually attempt to handle the water in the northeast corner

of the pool, in which, as I understand -- celieve your own
testimony said that -- the oil and water are coming in together.
I believe that is true in the northwest.

S0 that we will have to handle o0il and water. de are handling
fluid instead of oil, whatever that may e, and if we do not
adjust the big pressures daily, at the rate the IJluld is with-
drawn, which means the water taken out and the oil taken out,
then we will have a resultant general loss of energy for the pool?
vell, the energy used to raise water and oll to the surface.
You have assumed the gas cap would expand. “e have to protect
the washed over leases. That is what we are attempting to do,
and when the lease has bveen washed over ~-

(Interrupting) It has produced the oill there.

As long as the water is from that Cirection and is washing the
oil with it?
I would not say that as long as a lease 1s producing oil, it has

not produced all the oil.

wWe cet to this point: This lease gets where 1t must necessarily
produce a lot of fluid, whether oil or water, to keep 1its relstive
position; if it be water, and if we attempt to maintain an equal
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rate of flow per well, in the middle of the pcol, we are going
to be withdrawing fluid more rapidly than now?

That is what I have been urging from the Migh pressure rroperty.

“hat you are trying to do now is keep a balanced pressure?

“ith the result that the gas cap builds up and the bottom hole
pressure goes down and the field 1is injured by all this water
before it gets into the Tield. I question whether that be con-
servation. lay I ask this question: the water drive 1s here;
shouldn't we use it in the interest of conservation, and if we do,
wouldn't we get into an impossible situation in the ultimate
working of the theory, from the standpoint of conservation, and
if so, why rvick on the specific point, 25-75, or 40-60, or 50-507%
‘hy that particular one, 25-757%

There is no magic in that number. It is the percentage that
worked satisfactorily belore. VYou could use 2 different set of
percentages, if you would make the bottom hole pressurc take care

OP\

=i

the difference. BDut the smaller you make that Ifigure, purely
on the unit basls, the larger you make the adjustment fisure,

the more guickly you stop migration of oil from hich tc low
pressures.

You would not assume, under the propesed plan, you would level
out pressures?

0h, no.

I’y question here 1is, you would make no such assumption, if there
is a certain amount of slippage in it, then why name a percentage?
YWinat do you mean?

In other words, it gets down to a question of what is practical,
and there are lots of factors involved in what is practical,
among them being the economic factor, the production of the
lease. Can we logically assume, that is -- have we any absolute
control on the percentage as picked out?

In order to apply the principle the Commission rust use certain
numbers. As I said, there 1s no magic in my numbers, 25-75. It
might be 10-90, 20-80 or 70-30. The smaller t ey make the amount
of o0il on a flat unit basis, the more guickly t ey will stop in-~
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equities., OSome numpter must be written. I would not presume to
dictate, and couldn't if I would, and would not if I could.
Practically, my cuestions all derive from protection for the edge
wells against the big middle, with equity to them, in that they
are allowed to produce thelr oil; if you don't go % e whole way,
there is an amount of slippage, and those wells or property is
being damaged.

Amount of slippage? I am not sure =-

I mean the difference Dbetween being theoretically perfect and
positive operation, or practical operation.

I don't want to ve unfriendly, but I don't understand.

What T am trying to say is this, the theory perfectly worked,
whatever its ultimate result with regard to what the leases
produce, the oil, would maintain positive pressure as among

all units?

Positive?

Constant, equal pressure between all units?

That 1s true.

.hen we commence to get Into the question of practical application

of the plan, we must vary from the perfect theory in some regpects?

Certainly.

And when we get away from this perfect theory, in operation, we
immediately get away from perfeetion, in operation, as soon as
we depart from perfection?

YJje are no longer -~

(Interrupting) The difference between perfection and operation --
as shown by actual operation under any plan which may be used,
that is what I call slippage.

How [ understand, Perfect, theoretical perfection would mean no
allowable in the pool on the basis of acreage, and all allowable
would be distributed on bottom hole pressure. I would not re-
commend any such plan. Theoretically the weld there would have
absolutely no protectlion. Things might be set up, theoretically
desirable things to most quickly achieve a uniform pressure
throughout the field which would be agbsurd in rractice. 25-75

was the ratio or percentage under which the rool operated for
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a period of six years ané gave quitfe satisfactory results.

wWe thin, if we would go back to that, we would again move

closer to the thought of eguity. It would not give absoclute
equity; there would still continue unfair drainage to lower areas.
As Ttetweer wells, or properties, even with this system, we would
not attain absolute equity, but we woulcd, in your opinion, approach
it?

e will approach absolute theoretical equity. Absolute equity
would require the shutting of all the low pressure areas until

the high pressure drops down to their level, and of course, it at

is impossible,

TR
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i R. «COD.ARD: ‘“iould you recomrend pulling the packers from those

wells to get equity?

1 would not recommend it -=

(Interrupting) They would still have high pressure? The only
hing a man can do that has set packers is to pull them out and

get a big potential on his well?

Speaking about the value of potentials, does the amount of gas
available near a well have anything to do with the amount of o0il
that the well flows?

Certainly.

llay it not be true that the Gulf's high potentials are due to
the fact that they are near the gas cap and had enough available
0il to make an abnormal flow?

I think not. If they are in the gas cap, they have so much zas
coming out of solution that the oil will not come.

I suppose you understand that with 20 or 30 feet of gas, and if
the well is drilled two or three hundred feet lower, the

natural consequences might be that it would add to the flow,
enough to give a better flow?

It would assist in giving a larger flow,

Those big wells do have a great porosity in the upper zone?

Both in the upper and lower zone.

I think all statements indicate the upprer zone is more porous?
liore porouse.
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You think,in this area, the gas is forcing the oil down toward
the flanks, and that it is possible the Gulf leases are really
somewhat depleted?

It is unguestionably true that a lot of o0il has been taken out

of the upper pay in all wells where packers have been set,

In reference to the part of the packer pays, suppose you require the
Gulf to produce from the zone in which the packer has veen set,
from the gas zone. Isn't it true that the high gas ratios would
cause the Gulf pressure to decline very fast, and the reason the
pressure is high 1s simply cdue to the fact that the Engineering
Committee allowed the Gulf to shut in the gas, which kept them
from knocking the pressure down, and at the same time, take oill
from the lower zocne, and not being penalized, but using the field
average; that you consentrated on the second zone -- isn't it
possible that some of the wells have really lower pressure than
the Tield average, and are getting oll from other leases?

If you were to open up production above the zas packers, we could
produce oll from above the gas packer.

And your pressure would decline?

1

surely, but we would waste a terriffic amount of gas and decrease

C

the field pressure.

Wwouldn't you assume the gas-olil ratio would prevent waste, ab-
normal waste?

I hope there would be a control.

If that would happen, you would not be able to waste that gas,
and it might not be possible for the Gulf to produce enouzgh gas
to make its allowable?

o, because we have low gas-cil ratio.

Wwith packers set in the wells, which are keeping you from pro-
ducing your allowables in the depleted zones from which you have
established potentials?

True,

wouldn't you think it fair to force operators to produce from the
zone they are supposed to come from, and not from another zone?
If bottom hole pressure 1s so important, we would make each lease
ride on’ its own feet.
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You wouldn't want to try to set packers?

I certainly don't want to go boitom hole pressure entirely.

The point I am making, the Engineering Committee have done a
great deal for the operators in allowing them to produce from
the lower zone, and if the pressure goes down, they are not
penalized. Then if you are going to use bottom hole pressure
to build up potential and the field is put on a bhasis of 75
potential to 25, I would say you should corpel the operators to
produce the oil from the particular zone on which pontentials
were extablished. e lmow that with high gas-oil ratios, t e
pressure would decline., I think if the operators were compelled
to do that, the high pressures would quickly disappear. If you
are setting bottom hole pressure as the measure, the oil should
come from the zone where the potentials have been set up.
Suppose you have a zas-o0ll ratio of 2,000 feet per barrel, and

the Gulf would try to make its allowable ==

JUDZE LOGE: Are you questioning the witness or making a statement?

“men the condition set up in the various parts where you have
built up potential, that would be insufficient. I have agreat
deal of doubt whether there is oll left in the upper zone. The
Stanolind wells have largely gone to water in the upper zone.
That has pushed the oil up. Your statement wss those that have
gone to gas have pushed the oil down, and I thin, if we are
going to bottom hole pressure, probably, Zr. Knappen, you might
say, or gilve your opinion as to whether you are getting undue
credit for potential, or getting credit for the higher pressure,
that you should be compellec to produce oll from the zone in
which the pressure is set up.

L don't think that would be fair. If I were to speak for the
company, I would be glad to eliminate the advantage given by

gas packers, 'Je have only four or five gas packers, and if I
were to speak solely from a company point of view, we could
pick up 25 to 50 barrels a day allowable 1f we were to elinminate
that advantage given to packer wells., If that were done, we
would find people operating wells without packers, we would find
a terrible waste of gas. I think the program tle Ensineering
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Comrittee has followed, of giving some advantage to the well for
setting packers, 1is conservation engineesring, and conserves the
energy and the gas in the field. I think the program is a

-

reasonable program. I don't know 1f we can balance out on
every well and say how many barrels -- but sebting packers is
the same situation as trading anything -- it may De a zood trade
for us. The operators have made a trade amons: themselves. 7o
have said we want to conserve in this fleld, and we will, there-
fore, give an advantage to any man who sets a packer, ~—ive him
an advantage for setting a packer.,

2 That is the very point I was making, the reward for setting the
packer has been ziven the owner of the well, in letting the
operator produce oil from the lower zone. Then after that
operator has been duly rewarded, then he comes in again and
wants additional advantages --

3 (Interrupting) The pressures are not taken in the packer wells,

2 You wouldn't want them taken there, if reserves are drawn on
severely and thme pressures are lower,

A I frankly don't see, if prescures are not talen --

Q (Interrupting) You are producing oil from an entirely different

zone from which it is supposed to come from, and have besn re-

warded for that.

A And that is the trade made,
Q what you are asking for is a reward for setting a packer, which

is given to you, and an acdifionsl reward ss you were nroducing
01l in the zone from which 1t shouvld come from, you would have
lower pressure.

A I am afraid I don't follow you.

BY 7., RAE: I wish to offer in evidence, in view of the articles
which were put in evicence Dby Lr. Wahlstrom, the testirony given
by Ir. Tehlstrom at a hearing on lecember 12, 1936, in case 0.
6 -~ I think that i1s on Tile with the Commission, and let that
record ve subriitted as part of this case.

=Y . VJOODVARD: I the Commission please, in view of the nature of
the testimony offered here, I know it will take the Cormission

some time to consider it and digest the matter, and I would like
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to ask the Commission for a substantial time to file a statement
with the Commission before they decide the matter,

BY 'R. DEWEY: 1Is it proper to have all reference to Nonument stricken
from this record?

BY GOVERNCR 1nILES: Yes, if that is agreeable to all operators.

B7 MR. SETH: Could we have fifteen days after the transcript is
prepared?

BY (Reporter could not get the name): There are a number of companies
whose representatives are not here now, and in view of the re-
presentations made, they would like to be heard. Could we recess
until nine o'clock in the morning, at which time a full quorum
of the operators in the Hobbs Pool would be here?

BY COVERNOR IILES: Any other statements to be made? If not, the
Cormission will take the matter under advisement until tomorrow
morning, and the onument case will be heard at nine otclock, and
then the oil-gas ratio hearing will be at ten o'clock, and the

Commission will take this matter under advisement until then.

DECENDER 9, 1939

Pursuant to recess the Commission reconvened at nine o'clock,
A. . on December 9, 1939, whereupon the following proceedings
were had:

BY GOVERNOR IILES: The Commission has decided that this matter is
closed. If anybody has any objections, they can write to the
Commission. I don't think we want to consider further testimony;
they can make their statement in writing, and the testimony that
hes been put In In this case will be all that will be considered

in this case,

= 00m -
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CERTIFICATE

I hereby certify that the foregoing and attached two
hundred and twenty pages of typewritten matter are a true,
correct and complete transcript of the shorthand notes taken
by me on the 7th and 8th days of December, 1939, in the
hearing before the 011 Conservation Commlission, in Case No.
14, to consider revising the Hobbs Proration Order.

Witness my hand this 3rd day of January, 1940.
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