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Docket No. 1324

BEFORE THE OIL CONSERVATION COMMISSION
OF NEW MEXICO

IN THE MATTER - of the application of
Graridge Corporation for an order authoriz-
ing cepacity produection for its pllot

water flood project in the Caprock-Queen
Pool, Les County, New Mexico. Applicant,
in the above~sityled cause, seeks an order
suthroizing capacity production of all its
wells in its pilot water flood project
authorized by Order H-972 in Section 31, Town-
shlp 12 Socuth, Range 32 East, Caproclk-Gueen
Pool, Lea County, Hew Mexlco.

Hearing st 01l Conservation Commission

on October 28, 29, and 30th 19 57

Ada Dearnley-Marianna Meier

Rt PORTER .
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TRANSCRIPT OF PROCoEDINGS

MR, PORTER: Gooé morning., The meeting will come to order,
please. Cese 132! wss advertised to be heard on October the 1T7th,
but due to the order of the docket, 1t dldn't come on until late
in the day on the 17th. At that time it was determined that it
would take nmore time than wes left during thet week to complete
the case, and it was felt that we should have an uninterrupted
hearing, so counsel moved for a continusnce to October 28th and
for en interim order to grant relief in the form of increased
allowables to wells in the pilot water flood; and after brief
testimony the Commlssion ennounced that the hearing would be con-
tinued to October 26th and an interim order would be entered
granting that rellef.

The order has been isgssued, so at thils time we will con-
tinue with the case, and I lnew that thils is & very important
case, & case of tremendous interest to the entire industry and
1tts going to taite some tlme for us to hear all the facts in the
case} but I know, too, that you realigs that there are other
deriends on the time of the Land Commlssioner and the Governor
which have to be met, too, so the Commission will appreciate any
effort on your part to keep the case golng and expedite it in
eny wey that you can.

kr, Campbell.

MR, CAMPBELL: If the Commission please, I'm Jack M.,

Campbell, Campbell and Russell, Roswell, New Mexico, appesring on
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behalf of the applicent, I shell not make an extensive preliminary

statement, but perheps it would clarify the matter if I would
explain briefly to the Commission our posltion and wheat we intend

to prove by the testimony that we will offer in thils hearing. I

would firast lilke to express on behalf of the spplicant sppreclatioh

for the Commisslon's indulgence in this speclal hearing date to
hear what we consider to be & very ilmportant matter in the future

Ed

of secondary recovery in New llexico.

It is our position that unless the applicetion is granted,
there will be waste of this valuable natural resource by virtue
of the facts that in the first instanes, there will be physical
waste resultant; in the second instance, there will be an sconomic
factor enter the plcture which will result in economic limits
of these venbtures belng reached before all the possible ultlmste
recovery is obtained, which obviously would result in waste.

We recognize that the Commlssion and some in the Industry
apparently are concerned sbout the posslble impact of this type of
approach on merket demand., We will face this, as I say, snd offer
testimony to show that in owr opinion there is no serious impact
end would be no serious impact on market demand with this spplica-
tion or future applications of similar nature granted; and we
certalnly feel while market demand is a factor, that the possibilit
of loslng some ultimate recovery of oil from under the lands of
Hew Mexico lg the prime consideration of this Commlission.

We alsgso realize that thwere is some concern sbout the amount

by
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of weter that might be required and that is, of course, alweys a
matter of prime importance 1n New Mexlco., We will offer some
testimony to indicate the amount of water that might be required
with regard to this particular pool to indicate to the Commission
that in our Judgment the amount of water required in the project
cf this nature, as compared to other beneficial uses of water, 1is
not partlcularly significant.

I would like to call as our flrst witness Mr., John
Buckwalter.

MR, HINKLEs If the Commission plesse, before proceeding
with the witnesses, I would like «- Clarence Hinkle, Roswell ==
I would like to enter appesrance at this time, on behalf of the
Humble 0il and Refining Compeny, by Mr, R, C. McGinnis, an attorney
of Austln, Texas, Mr. Howard Bratton, and myself.

In view of the importance of this case, I believe it's
only feir that the Humble make known to the Commlssion at this
time, and to the applicant, the position of the Humble, inasmuch
as it intends teking an activé part iIn this cass,

Humble 011 and Refining Compeny does not own an interest
in the Caprock-Queen Field. However, Humble feels that it and
all operators owning proratable wells in New Mexlico have an intareft
in the result of thils case.

Should unlimited allowable be granted in this case, the
production of this fileld may be increased substantlally beyond
the amount it would be permitted to produce were it subjected to
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the seame proration formule as ere all other prorated flelds in
the State.

The State of New Mexico has a producing capacity far in
excess of the present market demand for New Mexlco crude; and
capable wells are being limited to 37 barrels as the base proratioh
unit. Therefore, should unlimited allowables be granted in this
field, the allowable of all other proratable wells in the 3tate
must be reduced in order to make room in the market for the incraaped
production from the fleld, and the operators owning such other wells
must relinquish part of thelr share of the State's market for crudpg
to the flood propertiles.

Humble belleves that the Commission should follow the
precedent set by the order in csse 1300 involving General America

011 Company's unlt G flood, and limit the slloweble in the Caprock

T

Queen fleld to the well capabilities not to exceed the top well
alloweble gs fixed for the base proration unit in the State times
the number of injectlon and production wells on the lease, This
is necessary to prevent discrimlnation asgalnst the proratsable wellf
in the State.

Humble has a considerable number of water flood operations
snd 1t recognlzes flooding as one of the principal oill recovery
methods and is in favor of its use wherever practicable, Historic?lly,
where unlimited allowables are granted water floods, production
therefrom often increases to the point that reates exceed the

highest peak during primary production. It is reasonable to expect
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similer results should capacity flooding of New Mexico fields occu
This problem goes far beyond the effect of granting unlimited allo
ables to this pilot flood in this particular fleld. BShould such
unlimited sllowebles be grented in thls cese and a precedent set
for New Mexico in the future water flood programs, the effsct will
be far reaching and of greet magnitude.

Beceuse of the general effect thls case will have on
State-wide allowebles, Hwable desires to participate fully in
this cess and to cross examine eny witness offered in support of
the epplication. Humble ls prsepared to offer testimony based
upon ean intensive study it has made to the effect upon ultimate
recovery of the rate of production 1ln water flood opsrations.

Humble belloeves the bazaic guestlon involved in thils case
is of great importance to the Conservation Commission, to every
royalty owner, end to every operator in the State of New Mexico,
and snould therefore be glven the most careful and detalled study
posaible by the Commissicn.

R, wWoBR:Layton Webb, representing Sinclair 011 and Ges
Company from Midland. I would liks to enter an appesrance for
Yr, James icGowan from Tulsa, and xmyself,

wWe, too, fseel thet thls csse is & very lwportant case.
Sinelair 1s the operator of three leases in the Ceaprocke-lusen area
none of which &re immedlistely sffected. Uns of the leases 1s stil
e top alloweble lesse, The other two h&ave not rsachsdé their

economic limit on primary yet. However, we have operated numerous
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floocs ené we plan to offer enginsering testimony in support of
the applicent's epplication at this hearlng.

MR, ERRERO: Burns Errebo, Tulsa, Oklahoma,
representing Sunrsy-Mlidcontlnent 011 Company. We would like to
enter an appearence in thls cese. We have nc witnesses that we

plan to offer at this time. We do fesl that this matter is of

criticel importance to the 3tate of New Mexlco and to all operatorL,

and we would lllre to observe the cass snd to e¢rogs exanine whateve
witnesses may bhe offered.

MR, PORTEN: Anyons else?

IR. LaRNS: Carlos P. Kerns, representing the Sun
C11 Company. We dc not plen to put on any testlmony or cross
examinaticn; however, we would llke to make & statement of policy
later in the hearing.

Mit, SNYDLR: Ssam Snyder representing the Union 011 Company
of Californla, from Mldlend. We don't plan tc pubt on any testimon
however, we would like to state our bellefs on this thing later on

I, MOTTER: &, F. Motter with Cltles 3Service, We have a
statement we will maike latsr in the hesaring.

IR. HEATHLEY: HMarshal Keathley, Midland, Texas, for Forest
0il Corporation. We do not plan to enter any testimony at this
hegring, but we would liks to make a policy statement at a later
tine.

#AR. PCORTZZ: Uz, Cooley, wog;d you llke to swear sll the

witneassss for thls hesring that willl testify in the case st this

[‘

-

i
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time?
MR.
wltnesses.
Hile
MR,

a wltness,

testified

COOLEY: I think I had better swoar the applicantt's

CAVPEELL: Or could we swesar just & wltness at a tine?
PORTER: It wont!t take long.
(Witnesses sworn.)

JOHY BUCKWALTER

of lewful age, having been first duly sworn on oath,
as follows:

DIRECT SXAMINATION

By MR. CAMPBELL:

G

we £ b

B D

)

Will you state your name, pleaze?
John Buckwslter.

Where doc you live, Mr. Buckwalter?
Wichits Palls, Texas.

What is your profession?

I'm & consulting petroleum engineer,

And what 1s the name of the consulting firm with which

you are assoclated?

A
Q
A

Q

A partner of Ryder Scott Company.

Have you ever testifled previously before this Commissio

No, I nave not.

Have you testifled prevliously before other regulstory

agencies of other Stataas?

A

I have.

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEW MEXICO
3-669 5-9546




11

¢ Would you state where you have previocusly testified?

A In Austin before the Texas Rallrocasd Commlssion.

G. Would you give the Hew fexico Commisasion an outline of y
educational and professional background, please?

A Yes, sir., My first contact wlth the cll business was in
1929 when, st the age of 17, I was hired to run production tests
on water flood oil wells 1ln 3radford, Fennsylvania, In 1931 I
did laboratory work on fluld flow experiments under the dlrection
cf Harry Ryder. This was & summer Job, both of these were summer
Jobs. In 1935 I gradusted from Pennsylvania State College, and
my formel ecucation also includes some advanced studles in reservo
engineering under Dr. Terhune snd Dr. Stall of Penn State; and I
have alsc attended a short summer course at M,I.T. In 1939 I
sccepted & position with the Ryder Scott Company of Bradford,
Pennsylvania, as a fleld engineer,

I first worked at fleld work where I was experimentally
injecting air into water Intake wells In & water flood project.
From this fleld work I went into laborsatory work for the same
company and gradually became interested and worked in reservolr
enginsering in water flood projects. In 1943 I became a member
of the Ryder 3cott Company as a partner. At thias time I started
consultation work with clients of the flirm. In 19446 I became a
member of the A.I.M,E, andé also a registered profssalonal englneer

I heve becn chairman of dastern Distrlet A.P.I. on produc-

tion technology and recently a cltation, given a ecltetlon by the

our

i r
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A.P.I. for this kind of service to ther. I have been a wmember
of the Secondary Recovery Committes of the Interstate 011 Compact
Commission, Pennsylvanla Chalrmen, now a Texas member of that
Commissionts committee,
Ir 1949 the company opened an office in Wichita Falls,
Texas, ens I have been working on water floods in Texas since that
time; not ell of my work wes with Texas floods since 1545, because
I diéntt nove my reslidence here until 1G5
I have becn consuliant to the Forest Cll Corporation on
g contlinuous basis since 1552. iiy consulting career has been

ey

cevoted to the services of lndependent oil producers, primerily,
end I have workedl on water fiood problems almost exclusively,
I havs worized on bthe plenning phases of wabter I'loeds, svalustion

o results, resorve evaluatlions, anc various other engineering

roblems.

et

I heve written approximately fiftecn papers whilen hsave

ol

been published in the industry litsrsture. I have taught produc-

4
w

i

on wractices i1 secondary recovery ot night school eourses as

Pul o

2 part of the oxtension division of the Pennsylivenia University.
I would say in all I heve made caglneering declsions

on water flood projects on over {lve hundred different water floods

throughout this country, workeo on flood projects in Cansde and

aiso South Americs,

I would like to sey, too, that I have never owned & barrel

of oll nor eny royelty. Our coumpsny hes & polley not to enter
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$antoc production but to stay completely on e consulting basis for
a fee.

& Are you at this time empleyed by Greridge Corporation ss
8 consultant in connection with the Caprock-Queen pilot water
flood program in Lea and Cheves Countles, New Hexico?

A I am,

Q@ Have you madje & study of aress of this pool in whieh thi+'

pillot program is now working?
4 I have made studles,

(4pplicant's Exhibit No. 1
narked for identifiecstion.)

Q Yes, Mr, Buekwalter., I am handing you what has besn
identifled as Applicant's ISxhibit ¥o. 1 in Case No. 1324, and
a8l you to state what that 1is.

A This is 2 briel resport about the coopersative pllot water
flood project in the Ceprock Pool and in Lea County, New Mexino,
The cooperative project is carried on by Graridge, Gulf, and
Great Western.

Q I presume you answered my question?

A I think I did, yes.

Q@ Will you refer now to that Exhibit Fo. 1 and eommencing
with the map shown on pege 1 of that exhlbit, will you in your
own manner go through thet exhiblt snd explain to the (ommission
what it reflects with reference to the present status of the
pilot waterflood program in the Caproeck-Queen Fleld, please?
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A The first mep is a map of the entire Caproek-Queen FiolJ
in Lea and Cﬁaves Counties, New Mexico. The second msp iz an ares
map of part of the Fleld kmown as the old part of the Caprock Flelf.
Also on the second map we show the location of the pillot waterflood
project, shown in red, as well as an sres outlined on that map in
red which delineates a seventeen hundred and sixty sere area of the
Caprock Fleld. I have made more gpecific studies of that ares of
the field than other parts of the fileld.

Q Is the area you refer to there on pege 2 83 the old Caprpek
Pool the erea which 18 essentially in s stripper stage?

A Yes. HNow that aree also includes, I think in the south-
west portlon of the map, some of the srea which ia not stripper
state but prectically all of the ares shown on the map is of low
production at the present time, with the exception of the waterflopd
wells,

Q2 And 1s all the area outlined in the seventeen hundred sikty
scres with the red on page 2 in the stripper state of development?

A That 1s, except for the resulte of waterfloods,

@ And referring agasin to that partieuler page 2, what does
that reflect generally with reference ﬁo the ownership of lands,
of minersls or royalties wlthin that entire area?

4 Well, most of that area, the mlnerals are ouwned by the
State of New Mexico. For their elighth royalty, execept for
one Section, I bhelieve, which 1sg Williams, which 1s in fee. That

spperently covers about one ssction.
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¢ All right, now will you proceed with the dats on page 3,
pleasse?

A A brief summesry of the present status and some historical
date on the pilot waterflood are shown on that page. We have
given dasta by wmonths. You will notice the wster was started
injecting in 1957 on April 15th. The month of April we show the
aversage pressure at the injection wells and the daily average
injection barrels per well; the monthly injJectlon totel; the
accumuleted injection in barrels; the number of producing wells
in the pllot area which have been pumping; and the dally average
production from those wells, and the water production; the total
producing wells from the leases in the pilot ereaj and the monthly
production total from leases in the pllot area,

April, Msy, June, July, August, andé September. I think
the data there spesks for itselfl,

Then in the lower part of that sheet, we have some notes
about recent well tests. We have listed individual dally well
production tests talken the last hall of September, 1957 on the wel
effected in the ares,

Then we show in red numbers, additional tests which were
taken as of Cetober 24, 1957. This shown that some wells have
been affected by the injection of water and are now producing oil
at larger quantities than thsy haé been prior to the estsblishment
of the flood., For example, there is a Great Western State "QF No.

1 which is now at recent tests producing at about forty-four berre

]

.5
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per day and no watsr.

The Gulf Lea State "B" No. 1 is producing at the rate of
ebout ninety barrels per day. This well is pumping at a fluicd
level of 1750 feet; they are unable to completely test the well
because of, well, not sllowable today, this was prepared for the
previoué section, but because we don't have a large enough equip-
ment installed at the well at this time.

Another well which is affected, Craridge's Levermore
State "G" FHo. 6, and that's now producing about a hundred and ten
barrels per day on recent tests.

You will notlce that seversl wells are belng reworked.

We don't have tests on those becsuse of that., One is tewporarily
shut 1in.

& In connection with thet data on page 3, end based upon
your experience in waterflcod operations, do you consider this
particuler pilot waterflood is progressing in a satlsfactory
manner from the point of view of the recovery of the oil in the
reservolr?

A I would say at this stage in this partiocular waterflood,
it looks like a normel responss to waterflood, compared to other
waterfloods that I have worked with, It's normal in the sense
there are exceptions and variations in the response., It is not
a uniform response, but that is to be expected, particularly in
pilot flood work.

¢ Now will you go sheed and advise the Commission as to the
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balance of the data contained in this status report, Exhibit No. 1)
please?

A The balsnee of the informstion is composed of sheeta of
curves which are prepared to show the production history of the
various lesses in the pllot area, The production on a monthly
per well basis is plotted a3 of this time. Also listed are the
nunber of wells which were producing at the time. This is monthly
average data. You will notice a smell srrow is shown on each of
the curves indicating the time that waber was first injected into
the pilot area.

In looking through the curves, you will notice that some
of them show response on the last month in partlicular, being thse
month of September., Ociober is not yet completed, s0 we have data
through September plotte@.

Q In other words, the date contained in the balance of the
report 1s the individuel well history showing the current status
as reflected on page 3 of the report, 1s that correct, except
for the addition of the most recent procductlion tests?

A Yes, but it 1sn't individual well history, it's really the
average of the well hista?y in the various leases, |

Q In your opinion does the information contained in applicdnt!s
Bxhibit No, 1 reflect the current status of the pillot project,
Mr, Buckwalter?

A Yes, it does,

Q Wes this information prepared and compiled by you or at
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your request and under your supervision?
A Yes, sir,
MR, CAMPBELL: I would like to offer Applicant!s Exhibit
No. 1 in evidence. |
MR. PORTER: Are there any objeetions to the admiasion df
Exhibit Ko. 1, Greridge Exhiblt Ho, 1? It will be admitted,
Q@ Mr, Buckwalter, based upon your previous field axperienaL
that you have referred to in your introductory remsrks in water-
floods, do you have amy general opinion as to a rdationship
between the rats of injection and rate of production and the
ultimate recovery of oil in waterflooda?
A Yes, I do.
Q@ Would you state for the Commlssion your analyais of that

particulaer reletionship, please?

4 Well, I bslieve that there are several aspects to thils rhte

question, there is she economic aspect, and there is the physical
recovery aspect. I think we should consider those separately,
although in the field they of course work togethsr. I have found
in my experience that firat of all, in the metter of the effect
of the rate of injection on the rate of produoction, there iz &
definite relationship between the two. That is the reason we have
high or low producing retes in a waterflood, 1s because we injsct
water at a high or low rate, |
Now my experience has been thet the highest rates of water
Injectlon thet we can attain in the field, below what we consider
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a breakthrough rate, is the best for waterflooding in terms of
ultimgte 01l to be produced from any glven project. Harly in the
flood, the water injJection rates are usually considerably higher
thaen they are later in a flood, This iz due, of cowrse, to the
bulldup of reservoir pressurs as more water i3 injected into the
reservoir,

I would sey in eddition, we always experlensce problems
in the water itself, plugging some of the sand face, all that
water has to be In & sense filtered through the sands, snd so if
the water isn't absolutely pure, 1t will cause plugging of that
sand, thattls one of our problems in waterflood operations.

Stetlstically speaking, over meny weaterfloods, I would like
to state what I conslder a high and & lcw rate of water injsction,
I think it's fairly vague 1f we don't get some numbers into the
plcture, ia most floods thet we work wlth and I peraonally worked
with, we try to attain a rate of approximately one berrel per day
per acre foot of reservoir served by an injection well,

Now to bring that into numbers that we can think about
& 1little bit in this pertlicular case, we are talking here in the
pllot flood about eighty-acre five spots, and each injection well,
if you will lock at 1t on the map, really serves about eighty
scres., 3o 1f we have ten feet of sand on an average well, and
we are serving elghty acres, if we were to iInjest one barrsel per
day per acre foot, we would have to let that well inject eight

hundred barrels of water per day.
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Now I must sey that I do not believe that we can attaln
that here throughout the life of the flood operation. It 1s
attainable today, but I question it can be attained throughout the
flooding history in this particulsr area., I do believe that it
i3 possible to attasln an average rate of approximately half that
much. I believe that & half a harrel per day per aore foolt 1ls
attainable here, just bssed on my own observations of the present
results and compered to experiences in other pleces,

Now, I belleve we can have successful welerflooding, by
our terms of sucecessful waterflooding, I mean equal weterflooding
without excessive losses, at the half barrel per day per foot, but
I believe you have losses of oil because you will not be able to
attain the full berrel per day per foot injection rate., However,
I thinkt to be practical about it, in my own thinking about it,
we will have to sccept that as the attaineble injection rate,

in my opinion, on an average in this particular fleld, sog
when we get below, in my opinion, approximately a third of a
barrel per day per acre foot, we have serious trouble in weater-
flooding; and we bslieve that we can show cases where there are
losses of large magnltude when those rates are exceptionally law;
and I mean below a third of B berrel per 4dey per acre foot, I
belleve that I would like to premise my work heare on the basis
thet we can attain this half berrel per day per esere foot as &
minimum, I would like to fesel that thatl!s possible.

Q Referring firat, Mr, Buckwalter, to your statement thet
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economle factors which affect ultimate recovery or prevention of
waste, would you please refeor to the exhibits on this board here,
end particularly to Applicent's Exhlbit Ho. 2, snd state to the
Commisslon what thet 1s and explain it to them,

(Applicantts Exhibit No, 2
mérked for identification)

A VWell, in my work I'm celled upon to meke predictions as
to what type of recovery will be obtained on waterflood projects
before projects are initlated, and I have done the same thing
in the Caprock ares.

Now to do that, I have referred to a particular aréa which
is sbout seventeen hundred and sixty acres of the Caprock Field,
as shown in Exhiblt 1 outlined in red previously., I have taken
that area end I have felt that the average footege of sand there
is approximately ten feet of pay; and I have studied core analysis
date, aome In that ares, some nearby 1t; and I have coneluded that
the permeabllity characteristics of the rock are such if we inject
water at certain rates, we will obtailn certain types of charascter-
istic o0il production response.

I have arrived et a five-spot prediction, what one five~
spot would recover in oll at two different rates of water injection
into the intake wells., I have presented in thls Exhibit No. 2
the data which I arrived at. Thls iz an estimated future water-
flood oll production for one sighty scre five-spoi; and in this

work I have assumed that the same efficiency of displacement
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will hold in each case.

Now in doing this I am not bringing inte consideration
losses of oil from & physical sense, because I am assumning immed-
intely thet there 1s no dlfference in the dlsplacement efficlency

at elther rate which I am presenting. I am dolng thls in order

to bring out the point of the economle effect of rate in waterflochs.

I have shown her§ with four hundred barrels per dey lntake
rate per injection well, and there 1s the half barrel per day per
foot which I believe is attalnable and can be maintained in this
ares, I show what I expected 1n the way of barrels of oll per
year, snd primitively for a period of ten years of operation,

I then alzoc show that 1f one~fifty of thils amount of water
were Injected, now, of course, I bslieve this is a satisfactory
rate here, and I believe this would be a definitely unsatisfsectory
or very low rebe of water injection, butthis ons-fifth factor,

I thoen show what the oil production response might be by years,
based on my own calculations,

I would like to call your attention to one or twe things;
perticularly, you will notlice in the high injectlon retes that
we haeve the highest producing rate the first year of water injecti
fifty-six thousand barrels iIn that first year on this projected
stuly I have made, Now you seo if we inject water for five yesars
at the low rate of wator injection, we will have injected the mame
anount of water as 1f we Injected one year at the high rate of

water injection; so with my assumptlon of the same displecsment

Pl ,
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efficiency, I balleve that et the end of five years at low rates
we would aceunmnlate aboul fifty-sixz thousand barrels of oll at
this injection rate,

Now you wlll notice alsc that at twe yesrs I curmlatively
expect to have at high raetes ninety-nine thousand eight hundred
barrels, and thst thet amount 1s similar to what would be rasovereﬁ
in ten years at the low rate., I think this explains the way in
which I arrived &t the second rate of injection response compared
to the first ons.

& You stated in connection, I believe, with that exhibilt,
that while you have assumed the same displacement efficiency, you
are doing that far the purpose of thils celculation and do not
congider thet there is the same displacement?

4 Ko, 1 don'st. I have calculated this on the basis of our|
might sey, usual method of caleulation. I find a much different
axpected recover.

G £nd this is & besis, or part of the basls for sn ultimatsg

you

conclusion you are golng to draw with regerd to the ultimate recovery

in this reservolr?

A Yes, 23 the economlc aspectsz of thls queation I brought put.

(Applicant's Sxhibit No. 3
narkked for identificetion. ]

Q Referring now to the naxt exhibit there, which has been
identified as Apnlicantts ZIxhibit FHo. 3, will you pleese state
what it is and exnlain it to the Commission in relatlion to this
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question of economic factors as related to ultimate recovery?

A On the former exhibit I wes spessking of eighty aores onl;
In this exhibit I'm showing production rate curves which I have
estimated based on a development of the seventeen hundred snd sixt)
acre aree that I have studied. How in these two curves on the
upper part of the exhibit, you will find we have plotted & rate
curve and & cumulative produection curve. The units on that scale
range from zero on the rate to 5,000 barrels per day, and on the
cumulative scele -- no, on the horizontal, or ascross, I have
"Years from the start of flood", and on the right side I have
shown cwmulative oil production in millions of barrels, starting
from zero and reachling five million at the upper scale,

On the lower curve I have ths same scales plotted, except
the years extend beyond the first curve., XEverything else is in
the same proportlion.

How, we have in the upper part of this exhibit drown what
we estimate would be the average, would be the production response
in barrels of oll per day 1f seventeen hundred and sixty acres
were developed, and the development rate hers is all developed in
the first year, and the injection wells would teke water at four
hundred barrels per well per day on an average.

On the lower part of the exhibit I show the expected oil
production retes and cumulative production if eighty barrels of
wetter per day were injected on an average Iinto the intake wells,

&t the same rate of development, That is, all development occurs
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generally in the first year. :
Q VWhere you have lines on there indicating economic limits,
would you state whet thet is?

A Yes, Although I have calculated the production for ten
vears, I do not bellove that the production can continue that length
of time in the upper curve because of an sconomle limit, which I
arrived at on the next exhibill, which shows that the cost of operas
ting would be too high to continue the operetion beyenﬂieight years.

m the second exhlblt, or second part of this exhibit,
the lower part, that economic limit i1s shown at thirteen years,

2 And that economlc limilt is what you will make reference
to subsequently in your testimony, is that correct?

A I shall,

{Applicentts Exhibit No., L
marked for identification.)

& Referring now, Mr. Buckwalter, to what has been marked as
Applicant's Exhibit No. L, will you please state what that 3is?

A Exhibit No. j is a tabular set of data that I prepared td
show valuation of the projected reserves for thls seventeen hundred
end sixty acre area that we spoke sbout on the previous exhibit,
I have sgein shown, based on an average injection rate of four
hundred barrels per injection well per day, the economlic aspects
of this projected flood; and then I have also, in the lower part
of the exhibit, shown the economic aaspects of injecting water at a
rate of eighty barrels per injection well per day.
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Now this is a type of valuation .of these ressrves, in my
work Itm called upon to make this type of valuation regulsarly.

I rfeel that this points up particularly the economic aspects based
on my predicted waterflood regovery curves.

You will notice that this table does not include such
things as acquisition costs, depletion, income taxes, or salvage
values, Those factors are left out of both of these particular
calculations. HNow in valuation schedules of thias type, which i=a,
I believe, famillar to those working in production in the 1ndustryP
we show gross barrels each year and barrels per day Just for
reference, and then our estimated future oil produetion also shows
the net barrels to the coperator. In this caese it's spproximately
eighty-two percent of the gross barrels of oil. Then we have
the income from sales shown in the next column, that income in
this cese is based on $2.90 & barrel, current prices.

Then of course we have to deduct from these incomes cost
figures, end those cost figures I have geparated into sueh costs
as production tex, direct lesse expense and overhead, development
costs. The next column I show a totel of these coats.

The next last three columns are the net value at each year,
first to the value not discounted of these particular reserves;
then I have entered s six percent diseount factor which I think

is in line with current interest rates, to show & present worth

value, We all know thst a barrel todey is worth more than a barrell

ten years from now, beceuse of the Interest rates that ocecurred in
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the time we would have to wait to obtain the berrel ten years fron
now, 80 I have carried this valuatlon schedule through yeer by vear
for esch of these floods,

Now I found at the end of, 1f I went to the ninth yeer, on
the first sheet, I couldn't end up with & profit, so I hed to
elimlirate the years from thet time on, sc this resally defines my
economlic limit and it!'s epproximately eight years a&s shown on this
exhibit.

Now in the lower hslf of the exhibit we have exactly the
seme type of data. It's presented, however, for the case where
we have low injection rates, being eighty barrels per injection
well per day. I would like you to note that therets s difference
in the cost values on each of these projected projects. For
example, my direct lesse &né overhead is higher on the high rate
floods, simply because we 4o have to handle more water. We have
to put mors water into the flood. We have got to produce more -
water from the flood at any given time so the cost of doing that
is teken into consideratlon.

The other thing I would like to point out in the matter of
cost here 1s that the development costs are going to be higher
if an operetor injects at & higher rate, the reason being he hes
to have, for example, larger equlipment to produce his wells, so
thet amcunts to approximately $200,000.00 difference in the
projected example for the seventeen hundred and sixty acres.

& vhere do you reaoch your economic limits insofar as the
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lower rete of injection is concerned?

A Hell, I celculste that we can inject, or we can produce
for thirteen years before we reach economic limits on the second
or lower rats example.

& And those are the polnts which were shown orn the previou#
exhibits, the line reflecting the economic 1limits?

A  Thatt!s rizht.

tmat do you mean ty econcmle 1limits?

L Well, economlc 1limlt of 2 waterflood operation is resched
et the time that proflt can ne longer be obtained from continuing
the operation of the flood.

(toplicent's Txhibit No. §
marked for identification.)

. DNow, Mr. Buckwslter, refer to what hes been merked Appliﬁant'

pxhibit YNo. 5 and explain that exhibit, plessec.

4 Exnibit No. 5 1s simply s summery of velues from the

[

previous exhibit. I have entered this in order to point out diffe;
ences. You will note that we have two columns entsred in this
exhiblt, the faster flood, the four hundred barrel water injection
rete, and the slowser elghty-barrel injection rate; and I have
shown such things as cumulative production to be obtained. All
this oll has to De obtained before that economic limit, and that
shows about two million nine hundred thousand to be produced at
the faast rate, versus two million four hundred thousand at the

slow rates.

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE. NEW MEXico
3-6691 5-8546




29

& So that on your calculestions there would be & loass of
fivehundred thousend barrels of oil cumulatively 1f the slower

rate of injection were used, is that correct?

4 Yes, and this tekes into consideretion only the economic

limit aspect of this problem, and does not bring into conaideratiaL

the physical waste due to the low rates themselves.

Q@ Well, lan't there a relationship, though, between the
econonic &aspects and the losas of that oil?

A Definlitely. I believe the five hundred thousand barrels

of o0ll on this projected case la entirely due to the econonmic

aspect.
Q& Would that oil ever be recovered under thet same situati
A No, slr.
G Go shead with your testimony.

A This shows the cumulative oil production, on the next
line, 1n barrels per acre, sixteen hundred sixty versus thirteen
hundred and {1fty. The economle life we have stated in years,
elght and thirteen; the cumulative net oll production in barrels,
two million four hundred thousand versus one million nine hundred
thousand; and then we show the operating costs to show the

differences. Yearly operating costs at peak rates, $132,000 per

year for yearly operation on the first rate, and $106,000 on the s}

rate,
Total development costa are compared; in sddition, I show

the asverage cost of operatling at the two rates. Notice that sven

oW
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though our operating costs per year ere lower at the slow rates,
we have & higher sverage on & per barrel basls for the low rete

of operation. You ca&n see why thet is, because it tskes nore
years of operation in order to recover the oil. Totel development
costs run $400 versus $280 per acre.

The aversge of the total costs overall, eighty-five cents
in the first rate versus & dollar st the slow rate.

Now our cash realization at economiec limilt, and of course
thet's what the oil producer is interested in, he wants to see
what he 1s golng to end up with in the wey of a profit from his
investment; you will notice in one case st the high rate, four
million nine hundred thousand, and the slow rate, three million
‘seveﬁ hundred thousand.

How when we dlscount these figures for s present worth
value, which takes lnto consideration interest retea, four million
four hundred thousand value et faat rate versus two million six
hundred thoussnd &t the slow rate.

The average cash realization, {2.05 versus §1.90. The
average present worth, £1.84 versus $l1.3l., This shows the loss
in present worth velue if operated at the slower rates instead of
fester rate is one million eight hundred thousand dollars, or
fifty cents per net barrel.

The five hundred thousand barrels of oil would never be
obtalned, the operator would lose 1in money, by going to the slow

raete of operation.
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& Mr, Buckwalter, is this the type of caleulations or
estimates of values of these propertles that an operator uses in
order to determine whether to enter into the project in the first
instance?

A Yes, we prepars these valuation schedules tc show the
economice of his projected operation. I would like to say that in
this particular cese we haven't proved, of course, exaetly what
the waterflood oll recovery is golng to be, but we do know that
if there is any serious reduction in the recoverable oil, and
that reduction would, seay, be half of what I have shown here, we
could not recommend & waterflood in this particulsr reservoir at
the low rate, because the operator would not make sufficlent
return on his inveated dollars to recover the capital he invests.

At the faster rate, at half the recoveries, I believe he
could still meke a reasonable profit. It wouldn't be anything as
much a8 this, of course, but he could still go into the business.

I think that is e very lmportant point here, we have yet
to prove the results by waterflooding in the Caprock Fleld. The=ze
are based on my best estimates of what I think is going to be
produced from all of the factors I have taken into consideration}
so I want to polnt out that 1f the operators do not get recoverises
in this order it las serlously questioned whether they can go
into business at lower rates of water injectlon.

& And again that takes Into conslideration the loss, potent

loss, of five hundred thousand barrels of oll from the reservoir

fal
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on the slow rate?

A Thatt!s correct, it does.

& Now, Mr. Buckwalter, in connection with this matter of
cepaclty sllowebles, theret!s been conalderable comment, and the
statement of Humble Company this morning seems to indicate one of
their principal concerns is with regard to the impeact of this
secondary recovery production upon the genersl market situstion.
Have you made sny studies In connection with this particular phase
of the case?

A Yesg, I have looked into this phase of the problem here,
end I have errived at some coneclusions.

(Applicant's Exhibit No. 6
marked for identification.

“ In connection with the impact of secondery recovery oll
the genersl market sltustion, Mr. Buckwalter, I refer you to what
has been identified as Applicent's Exhibit No. 6, a&nd sak you to
explein that to the Commlsslon,

A Before I do that I would like to say something else.

& All right, go right sheead.

A I don't bellesve there is any resl problem in this connec-
tilon. I do not belleve that this development of the Caprock Field
1s golng to ceuse any serious problem on the market situation,
over and above whaet other oll productlon would cost. I base that
opinion on historical facts. Weterfloods just aren't developed

all et one time., That 1s Jjust absolutely out of the question. It

]

bn
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has never been done any place thet I know of, and I don't believe
it will be donse here,

Particularly where you hsave problems of different owner-
shlps, where you have problems of arriving at unitizstion groups
within a reservolr, you delay the complete development of a reser=-
volr, and I'm quite sure that history of oll reservoirs, States,
an¢ all figures you look at will show that same thing.

On this exhiblt here I have simply shown --

& (Interrupting) Zxhibit 62

A  Exhiblt 6. I simply have shown the relationship betwsen
primery oil production and secondary recovery oil production for
one of the states, or the state in which it has been carried on
for the longest period of time. This waterflooding has been done
in Pennsylvania longer than any place else, and it's still going
on. Profits are still being developed in Pennsylvanie by water-
flooding, and in particular, I would like to call your attention
to the Bradford Fleld.

How the Bradford Pield datse here is shown in a cross-
hatched manner and i1s shaded, which shows the primery peak was
reached at the year about 1980, and it was a peak --

& You mean 18907

A Did I say 1980¢?

& You sure did,

A 1680, The peak irn the Bradford Field in terms of million

of barrels in the year was sbout twenty-three million berrels of

8
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01l production. Now, waterflooding started In Bradford in the
early 1920's. There's a little bit of illegal well flooding that
shouldn't have taken plece esarlier than 1921, but the effect is
shown here, by 1921 it wes legalized in the State, and we reached
8 production pesk in the year 1937, and that peak is approximately,
or seventeen million barrels in thst year, 1937.

NHow, in no instance was there any restriction of producing
rstes In this particuler Bradford Fisld. The operators have just
a8 much right to develop this at high rates of development, and
they just, by the natural course of events and by their own
choices and by the problems involved of getting started, it didn't
ell develop et the same time, it didn't 21l produce at the same
times so the secondery recovery on 1t, the waterflooding pesk is
lower tren the primary pesak.

I believe this same thing is true other places, and for
that reason I think this same type of thing will be true in the
Caprock Fleld and also in the 3tate of Hew Mexico.
what you antlcipate with regard to the secondary recovery produce
tion, any distinction present between that end the discovery, say,
of & new fleld, a new reservolr, say, in this State?

4 No, I think you can imsgine right here from this curve,
it's possible this never would have been a secondary recovery, but
Just e discovery of another fileld, at which it would reach & peak
on the development of that field es it did previously.

& Mr. Buckwsaslter, do you see any esaentlal difference bstwden
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& Have you made any studles or estimetes of the impact of
this secondary oil with regerd to the Caprock Queen ares?

A Yes, I did.
& What portions, particularly?
Well, I worked specifically first of all on the oléd Capr
Field.

Q What do you mean by the old Caprock Fleld?

A 1 think we have snother exhibit there we should bring in
at this time,

& All right.

{(Applicant's Exhibilt No. 7
merked for identificetion.)

Q2 I refer you, Mr., Buckwalter, to what has been identified
as Applicantts Exhlibit No. 7, and ask you if you will please state
whet thet 1s?

A This 1s & bese map of the Caprock Gueen Fleld in Lea and
Cheves Counties, New Mexlco, and on that map are shown the wells
which have been drilled at thls time; and each of the forty-acre
surrounding sach well drilled is shown & red color, or shown &
color. There ere filve different colors, those which sre so marked
in red are wells, indicate wells which are producing st less than
eight barrels per well per day, as of current time, being August,
1957.

& Do you consider those wells to be stripper wells at that

rate of production at this time?

el
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A Yes, I co.

& And do you recall the ereas indicated In red to be depleted
arees?

A Yes, I would say they are pressure depleted.

Q. A1l right, go shead.

& The green indlcates wells producing between nine and sixt
teen barrels per day, as of August, '57. The brown, seventeen
to twenty-four barrsls per day per well. The yellow, twenty-five
to thirty-two barrels per well per day; and those in blue are
producing st e rate of greater than thirty-three barrels per well
per day.

Now to summesrize the types of wells that were shown here,
first of all, we show 612 wells, and of those wells, 185 are
colored red, end thetts about thirty percent of the total. Those
thet are colcred green, 57 wells, sbout fourteen percent of the
totel; &nc those 1n brown, 72 wells, representing approximately
twelve percent; those in yellow, 52 wells, &nd sbout thirteen
percent of the Field; thoss abeve thirty-three represent about
30 percent of the field. Those wells that are producing above,
who have capacities to produce above thirty-seven barrels per
day, known as top allowable wells here, represent 96 different
wells, and thatl's eround slxteen percent of the total.

% Now, wnen you referred a while ago to the old Caprock Pogql
or oléd Caproek aresa, will you point out on Zxhibit 7 the ares

which you had reference tof?
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4 The area to which I had reference 1s the ares which is
marked generally in red on the northern part of the major Ceprock
Fleld.

Wes that erea developed earlier in the stages of developpent
then the balance of the fleld?
A Yes, it wes.

¢ And the studles which you have made and ere going to refer
to now with reference to market impact relate to that particular
ares, do they?

& Yes, end parts of it.

(Applicant'a Exhibit Ho. 8
marked for idsntificetion.)

& Mr. Buckwalter, will you please look st what haa been
identified as Applicantts Zxhibit Ho. 3 and state whaet that is,
please?

A This is an oil production rate plot as of this time in
years, aand 1t was prepered to show my estimete of the effect of
developing six thousand seven hundred and twenty acre waterflood
project which would encompass the o0ld Caprock Field as shown on
the previous sxhibit. This 1§ ==

¢ (Interrupting) Go ahesad,

A This particular exhibit shows two curves, One is shown in
red on the exhiblt, and I arrived at this particular curve by
meking the assumption that the developument rate per year would be

two thousend two hundred and forty acres until the six thousand
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seven hundred twenty acres were completely developed. That would
teke three ysars time.

2 Is that e relatively fast rate of development insofar as
that sgize project is concerned?

2 Yes, it 1z, 1In addition, I show In, that curve, by the
way, was arrived at by using my former date which I presented back
in Exhibilt 1, basicelly, and the injectlon rate was then calculate
at four hundred barrels per injection well per day; and that shows
& pesk expectancy of about elght thoussnd slx hundred barrels in
the third yeer after development starts, sight thousand six hundre
berrels of waterflood oll per day.

¥ow 1f we conslider the case of injeceting at rates of eighty
barrels per injection well per day, we find we have & lower pesk
- upon this samownt of develcpment. The semc rate of development was
uged, taking three years to develop, but developing with an
injectliorn rate one-f£ifth of the former or red curve. Anyweay, the
peslr ther in the lower rate injection is reached in the fourth
year end -- excuse ne, the fifty year, and the rate shown here
i3 Tour thousand three hundred barrels per day, or sbout hslf the
rate In the high Injection type operetion.

How you see we are Iinjecting &t & rate of only one-~fifth
but the peek reeched is one-halfl of the formsr psak. I think that
can be understood wvhen we think of the high psek curves, they
reach & peek but then they drop off more rapldly. If you recall

my Lormer exhibits, the low rate curves reach & peak but do not

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE. NEwW MEexico
3-6691 5.9546




3¢

drop off &ss fest, so these low rate curves build up one upon
snother, more in the form of buildup of & base productlon rate,

whiech adds up to be much larger than you mlght conslder when you

think of jJust one well's behaviour or one group of wella! behaviow
The high rate curves drop off rapidly and another cne comes
along on a dsvelopmsnt program sznéd it picks up its high peslk, then
it Jdrops off, 8o in & sense you heave a series, 2t the high rates,
of peaks which follow one anocther.,
That does not add up to &8 high 2 peak as you might entici-
pate unless you go Into this type of cslculation,

% 8o thet the raise of Injection of water end the rosult
in rete og_production 18 not in direct proportion insofar as
the peaks are concerncd?
s That's right.
. Cn & development program?
A Yes.
¢ HWow as I understood your Exhiblt 8, it was predicsted on
the development of 4720 amcres over & perlced of three years time,

(Applicantt's Exhibit Wo. §
marked for identification.)

Now would you lock at what'!s been identified as Applicantts
Ezhibit Mo. 2 and state whet thet 1s end explein it to the Commis-
sion?

A Well, this 1s an exhibit to szhow the effect in waterflood

0il production rate for a development which goes beyond the origindl
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6720 seres that I spoke of, and shows that as continuous develop=-
ment continues, and we are &ssuming the same rate thaet we had
previously. We reach & maxlmum psak sbove which we'll never go,
because any time that 15,680 acras 1s reached, from then on
edéitional “evelopment of the reservolr at the same rate and with
my seme assumptlons do not create & nigher peak in the overall
production from the fileld.

How of couraes that wmight slso say for the entire 3tate of
New Mexlce, if you want to leook st it that way, becauses any time
you are developinr at & rate which then exceeds 15,680 acres,
the pealzs will not be increased higher by further development.
Now at the high rete of injectlion, that amounts (o around 10,300
barrels per day. At the low rates cf injectlon, that amounts to
around &,300 berrels per day. How therels about & twenty-three
percent difference In these two pesk rates, and that is Jjust the
difference in the expected ultimste reserves, Cf course, if 1t
could be argusd, I don't think it can, but if 1t could be argued
thet the low retes end the high rates would recover the ssame
anount of c¢il, there wcoculd be ne difference in thess pesk ratea
st this particular amount of development.

I think we see here that the rate of develcpmsnt 1s an
importent consideratlion in the bshaviour of this on a market sltus
tion.

(Applicent's Exhiblt No. 10
marked for identlficetion)
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@ Mr. Buckwalter, vou have consalidered the whole Ceprock
ares a8 you referred to it, 5720 aeres, and you have eanalyzed
the ultimete effect of these rates of development on market
situation. Would you look at what hes been ldentified ss Applicand
Exhibit No. 10, which appears to refer tc the entire Caprock field
end explain thel to the Commission?

A Well, on Exnibit 1C we have first of all an oil productif
rate pletting which shows the history of production for the entire

field, stearting, thlse plat sterts in 1904, I believe. There may

g
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le production prior to that; it is not shown on

here; it would be insignificent. TYoulll nciles that the old

Caprock #i=21< area pegk productlon curve shows that the fleld
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o
]
o,
o
4]
,C}J
o
oy
@]
o
(9 d
kb

31,000 barrels of oll produetion rate per day in the
veer 1947 and then sustained itself above 2,000 barrels pern day
for most of 1948 and Y49 and then declined, Well, this shows ms
that the old arez reached a strippsr state in a normal fashion
so thet this cld Caprock ares had pretty well recoversd ita
primary oil by the end of 1952, the wells belng lower and lower
in producing rate.

New development of the area, whlch has been in more recent
vears, starting in the vear 1950 in particulsr, has lifted the
procductlon curve to considerebly higher rete, reaching a pesk
of about 15,C00 barrels per dey during a period of 1956, $ince
thet time there has been & decllne in the rats for the fileld so

that, I bellisve aAugust is plotted on here eg the last month, and

- !

b

|
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1t1s around 12,000 barvels per dey at thls time.

¥ow I heve made aa sssumption that we would develop this

Cesprocl Field at Just the fastest rate thaet I can personally

-

doe it and develop it at the fastest

B
fe]
Q
£
[
O

imerine, I mecan if we
rate, toc my mind five years wouid be the festest that that could
be ceveloped. I considered thet Tigure carefully. I considered
tnat thet would be & very repid rate, so for that very rapld rate
of development, I then investipated whet the effect would bte on
the totel prcductlon Tor the waterflcod part of the fileld by

erriving &b & celeulated eurve wihich ls shown to reseh s pesk on

-

tials ezhibit at the end of 1%42 of eround 19,000 barrels of water-
flood productlon per aay.

How we know that we have primary cil to produce st the
séme time, but we eliso believe that this primary production itself
will be declining, end as it derlines, thne same principls thet
we spoke of previously wiliil be 1in effect, as thls decllines and
tols picks up it will serve to maintain the production level.

How I'm not &ble Lo predict the actual prinmsry hilstory
nere because we haven't gone fer enough 2long Irn the history of
this particulsr reservolr to arrive at a good extrepclstion of
the dsta, Oh, 1t could be done, I could dc it, bvt I dontt
believe that I could say that I would have a good basis to
extrapolate the entire fleld production.

Wa know there ere several wells being drilled now, so it

isnt't possible to do that, but I do believe it will decline.
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e other dsshed curve shown on this exhlblt shows whet
the water flood production psak would be if this filve years of
development would carry out for the entlre fleld, and that would
reault in a littile éver 12,000 barrels psr day. The pesk would

-

core leter, 1t woule cowe st the end of 1$6i, and I show what I

would Lelieve to he the type of producticn that would be experienced

E ]

at these two refes of water injectlion, assuming the same develop-
m2nt rate, Lhe same arga, bub abt differsnt rates of water injectio

{ Xow, Based upoca your ghudliss of the market impact in
tho event eepscity sllowsbles are granted in this pool, what is

your opinlon ag bto that voasible, generel opinion as to thet possi)

L T beliove that in general 1t would bs juast & casge of
picking up tae oil produetiocn, bub 1 don't believe 1t would get
cat of hand., I belicve the production would be suchh thet the
rate of Gevelopument would Le spresa over {ive yearg of time as

e maxiamuwn rete, sad thet woulda't give us a tremendous peak.

¢« another Canroek Mleld

Itts veory siniisr to discoverir
alongside Gthe pressent one. ¥You get another oil production rate
curve which 1is not out of liaos with this.

How you'll notics we here considesred the entire Caproek
Field in this calculation, and this really was not the entire
fleld as the base curve 1s shown, so just to show, guesgsing what
it would look like 1f the sntire field under primery conditions

wera developed at about the same time, I have lisgted the 211

ble
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producticn rates for the years 1949 and '3 and placed thsm above,
in a dashed curve sbove the peal rate for the years 1956 and half
of 157, Just to show what I believe it would look like 1f thls
thing were all devasloped at one time.

.

& In doing thet (o you sss eny marked dliference botween

.

('x 3

the primery oil mrozduction and the possible secondary c¢ll produc-

tion?

[
e

I den' sgee any marked Jiffersence, no, sir. Maybe two

4.}

housand barrels per day, no, 1t lsn't avean two tnousand ~- yes,
about two thousand barecsls por day differenes,

% dow, Mr. Buckwalter, have you mede sny caleculations in
this reservolr wlith regard to the posslblie or epproximste anount
ol water that nmight be required to accomplish & waterflood, say
in the 1760 acres Laat you nave referrved to?

1

A Yea, I have.
G Would you state to the Commigslon what your epproxzimate
result was of your anelysis of thet situetion?

A Yes. I considered this development in the 17(C ccres by

the use of re-cycling of produced water. That is & custcusry methed

of nendling waterficod operations where produced water is reduced.

I think it is & good conservation practice.

e

believe thet the operators would want to use it and
would use 1t in thiu partleular field, Now when you consider then
how much weter 1s required to displace the cil that we are talking

about under waterflooding, sinee we are reusing weter year after
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yoar we 4o nct have to have as much water as might be first
congidered.

To errive at some calculation of this guantity in this
case, I have arrived at my answer in this way. I have sald thst,
well, the reservolr has produced its primary oll, certsinly we
are golng to have to put back into the reaservoir that amount
of water that was produced in the form of oll. We also know that
the oil in place under primary conditions occuplied more space
then it did at the surface, so we have the shrinkage of the oil.
I have allowed for that fector. Then I have considered that we
are golng to produce secondary oil and we are certainly going
to have to leave water bshind for the secondary oll we produce.

We are slso gpolng to have losses, we get leaks in lines
and things like that occesionally, and we have evaporstion losses,
depending on how it is hendled,

I arrive at a calculation of gix million six hundred
thousgand barrels of oll required --

Q (Interrupting) Barrels of water required?

A I am sorry, to recover the oll by waterflooding 1760
acres at the high injection rates.

Q& Have you made any effort to convert that to scre feet?
A Yes, I belleve that would calculete to be about eight

hundred fifty acre fect.

% Assuming three acre feet per annum 1s required for irriggt-

ing lands, how many acres of irrigeted lands would that involve?
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A About two hundred eighty acrea.

@ Now, Mr, Buckwalter, first let me do this. Did you prepare
or have prepared under your supervision Exhibits 2 through 10
that you have referred to and identified?

A Yes,

MR, CAMPBELL: I would like to offer those exhibits in
evidence.

HR. PORTER: Any objections to the admission of the Exhipits
2 through 10? They will be admitted,

& Now, Mr. Buckwalter, you have testified as %o certain
economle factors in this picture as related to ultimate recovery
of o1l from this project and the effeet of ocapmcity allowsbles
upon the market. Do you have sn opinion as to whether physical
waste would result If well production were restrieted in this
waterflood project?

A Yes, I do have an opinion.

& Will you state to the Commission first what the besis of
your copinion 1s, What have you used as a basiz of arriving &t
an opinion?

A Well, my basis 1s-my life's work in waterfleoding. I haye
operated in waterflood projects for clients; I have exzamined the
results on the field; I have looked at many, many waterfloods
that were not operated by us or where we made engineering decisions,
but my sum total opinion in the whole work that I have done is
that if you are restricting retes in waterflood operations, you
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are losing ultimate oll and causing physical waste of the natural

regourace,

& Have you made any studies or have you seen any studies
relating to possible examinetion of the situation following an
initisl waterflood, ssy in the Bradford area?

A Yes. Part of my experience oconsista of working in Bredford,

a good part of it does, as a matter of fact, in Bradford, end we
did core snalysis work in the Bradford sarea.

The Bradford field, by the way, 1z about 100,000 acres
in area. We cored and analyzed the cores of aepproximstely 6,000
different wells in that fleld. We feel that we have got a pretty
good insight into the reservoir chareacteristics where we were
preparing to flood and subsequent to flooding.

The reason ls, subsequent to flooding, 1s this: Bradford
Field was operated for & long enough period of tims that we have

found out there have been mistakes made by the originsl development

in that fleld. Many of the mistakes that were made had to do
with low injJection rates, poor well completions on there, impure
waters were used resulting in low injection rates, Many errcrs
were made In the original development plens, but we discovered
that we could go back into the Bradford Pleld and redrill the
fleld all over again on the same spacing and recover a third crop
of o1l economieally by redeveleoping in the areas where we prior
had poor results.

Now, in this process of redevelopment, we cored many wells,
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many different positions in five spots in old w&terfloadﬁé':ré&a.
Zxaminations of those corea led us to some conclusions es to the
losses of oil in various parta of the sand layers in that reservolr.

We found that there was a difference in the aasturation
conditions in cores thst were drilled, for exsmple, near old
injection wells., We found variations which we believe help suppor

LS

the baslc conclusion thet theve are loases because of low rates,

Then in addition, beslides the operations themselves being
fellures, we know that plsces where redrilling has not taken place
thet we have by comparative data showing ths results in one property
as against another, in what we consider to be similar eonditions,
and there are meny varisbles in these reservolrs snd it 1z very
hard to arrive &t aversgs valuss whiech will properly delineate
a8ll the variables, but to the beat of our abllity we found that
low rate flooding did not recover as mush oll for the operstor
a# high rate flooding.

anw that baslcelly Bradford experisnce, moving ocut hers
into the Midwest and the Southwest, we at first didn't know
whether we were going to find the same conditions out here ss we
found in Bradford or not. We of course were wondering and watching,
but we hadn't made up our minds., It isn't until recent year or
two et the most that I%ve ocome to the conslusion, based on looking
at comperative results in the Permian Basin floods, that a similer
condition exlsts, that the low rates are not recovsring the ultimate

recovery &8 the high rates; and so I have, out of my experiense
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end working wlith flooda, have firmly decided that the rate is =
very critical question. Low rates are harmful and fast rates sare
beneficial in flooding.

(Applicantts Exhibit No. 11
marked for identification.)

& HNow you stated that you had made asome studlies in the Permian
area with regard to the sffeet of rates upon the ultimate recoveryl
I would like to refer you to your last exhibit here, which is
Applicantts Lxhibilt Ho. 11, and ask you if you will refer to that,
state what 1t i=, and explain to the Commission how it sffects
your declsion with regard to the relationship of rete of injection
and rate of production to the ultimate rscovery of oil in the
Permian Basin area?

A Well, I have made & study in the South Ward Fleld, Ward
County, Texes. The resaon that fieid was chossn is because it
is one of the fields that has been in operstion for waterflooding
the longest in Texas, and more date was avallable there, and I
wanted to see if I could satlsfy myselfl ms to whether the rate
of production in that field had eny reletionship to the ultimete
recovery, sc I made a study.

How in that study, I found, like in other places where I
have made atudles, that immedistely you hit e multitude of vari-
ables in the reservoir itself. We know that i3 trus, properties
vary from one property to another; they are not all elike. I
don't think there are any twe wells elike, not & lot, nor any
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properties alike.

In our business we would like to be able to take 1t all
back and do it & second time a different way, but that isntt
possible, 80 we're not in a positlon to dlrectly say that these
figures are absolute proof of my contention. They're simply my
wey of finding out for myself what I think the relationship ia.

Now I have prepared othsr data, some has been published
in the literature from this same South Ward Fleld, and I have
been criticized by people for presenting it and I suppose thatt's
to be undsrstood. I don't think any two of us engineers agree
a bundred percent on anything. I know that 1t's not likely that
operstors will agres on many important matters, but at least this
is wy approach to it.

In former exhlbits I presented the data to show the sffect
of the rate of production in berrela per acre foot versus the
cunulative water flood production in barrels per scre foot. I'm
used to tainking in terms of barrsls per acre foot. Thet's the
reeson that 1 go to those terms in partieulesr. I think of rates
in terms of barrels per acre foot., I think of cumulative recoveripe
in the same terms, That is the reason I chose that method.

Then having been criticegzed, my own admigsion that there
ere thess varlables in the reservoeir, I deciﬁéé te look at it
a 1lttle different way end so I prepared ancther plot end this
time I referred the production to the primary production from the

same property; now these curves, each one repreasnts & different
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waterflood operation in the South Ward Field, and you will notice
on the vertical sceale 1is water flood oll preoduction rate. That
is what it ia, it's the rate of produetion of this property, and
each point represents & rate of production for a year, saverage
rates for a year, so we have & lot of data here.

We have & whole lot of data when we consider thet each
of these represents & year's dats and there sre ten different
projectionas so shown on this chart.

Well, I referred the rate to the cumulative es & fraction
or ratio to the total primsry produced. You see my barrels per
barrel of totel primery is slmply the percent of weterflood that
18 obtained in relation to the total amount of primary that was
obtained; so if we have a property that obtains a million barrels
of primary oill on my curve, 1f we show & point st point one, or
one point gerc on the horizontal scale, it means that the water
flood has equelled the primary and some of these curves will
show that the cumulative hes resched even greater than twice pri-
mary production.

Well, prior to my prior study on this, I had used barrels
per acre foot as & rete versus cumulative barrels per aere foot,
80 I chose to use the same type of relationship here where I show
barrel psr primary produetion, sc this is the fraction of the
part produced in the year of the total primary produced in the
seme property, The resason for choosing this relationship is

because one seriocus criticiem I received in prior work wes that
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the quality of the pay varied from property to property, &nd so
I figured, well, if we can somehow get over the problem of quality)
maybe we can show this relationship a different way, sc I figured
that if we had & good primary producing property, we had some
measure of the quality of pay on that property.

So I thought, I'll relste this to the primary production,
then if we have a property you see that hss good primery end gocd
secondary both, we would have & case that the quality of the pay
would be taiten care of, so I'm presenting this and showing these
points here.

This yesr, taking Flood ¢ for example, I have one, two,
three, four, four years of data presented here, and you will
notice that the rate of production on this basis is the highest
in flood C of e&ny of the flcods that I studied. You will notice
that at the present time the ocumulative recovery as percent of
primary 1s the greatest, and I show a dashed line on hers which
is my extrepolation of the data production rate data, to show
what I think will happen in the future,

I dont't think my srgument changes whethsr you consider
this particulsr dsshed portion of the curve or not. I still
think my same conclusion would be sarrived at,

Now 1f we drop down to some of these other floods which
show low rates of produetion, we find that et four pars, for
example, in the case of Flood G, that it hasn't produced more
than about seven-tenths of the primsry produstion and thst was
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alsoc a low rate of production property by water flooding.

Well, now, this %is not worked out to be a perfect axample,
this 18 not one of thess that polnts out absolutely that this
curve, for exampls, on I, at low rate falls direetly, cumulatively,
to where it does under the rate messurement, that ia, these dontt

all fall in the, exectly in the same order, but the genersl tendsnpy

is here, snd that general tendeney of thoae with high rete to show
better resultsz is the only thing I'm trying to 1llustrate.

I helleve this is e realistlie approach. I believe that I
satisfied myself that this means something. I'm presenting it for
that purpose, to help substantiate my reasons in the Permisn
Basin aeres, in Permian send production by water flood.

Q Now, Mr. Buckwalter, it ia true, iz it not, that there ape

certaln of the wells thet are reflected, or properties reflected
on that Exhibit 1l where there may be more than one produeing
formetion involved, 1s that correct?

A That's correct. In the South Ward the Yates formetion
there is divided into two members, basically, the Grand Falls
and the Penn Bennett. Basically the Penn Bennett has been better

producing formation than the Grend Palls., The production here is taken

for the properties under primiry snd secondery from both formationg.

Q Are s8ll of the fermations showing the lowest ultimate
recovery ones that are completed in both, or ars there asoms
completed only in the one that is apperently better for water
flood?
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A Well, ws have property G, thatta the Forest 011 Corpora-
tion Johnson, that shows & pretty low relative rate hers on
this plot, and that is in the Femnn Bennett formation,
developed in the Pemnn Bennett formation; and J and K, however
I'm sure, have both formations exposed to water flooding, and
there's not too much difference between G, K and J as far g&s
their rate or their predietions are concerned.

@ Now, based upon your sgtetements and your opinlons and
your analyses that you have given here, is 1t your opinion that
if the application here is not grented, that it wlll result in
waste of oil?

A Yes, 1t 1s.

MR, CAMPBELL: I belleve thatt'!s ell st this time. May
the record show that I offered Exhiblt 11 in evidence?

MR. PORTER: Any objectlion to the sdmission of Exhibit
117 It will be admitted. We'll take a short recess.

(Recess.)

MR, PORTER: The meeting will come to order, please,
Does anyone have sny questions of Mr. Buckwalter?

MR. MeGINNIS: Robert MeGinnisz from Austin, Texas. I
would like to ask some questions, if I may.

MR. FORTER: You may proteed.

CROSS EXAMINATION

By MR. MeGINNIS:

Q@ Mr, Buckwalter, I understood you to say that you had :ona

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE. NEW MEXiCco
3-6691 5-9546




in your experlence in water flooding that an injection rate of
one barrel of water per acre foot toc be flooded is desirable, 1s
that correct?

A That is correct.

Q& I understood slso thet you said that the optimum rate
for floeding wes the highest rate possible wlthout ecausing break-
through or fracturing the ssnd, is that correct?

A That's correct.

& 4nd that it 1s undesirsble to flood at & rete less than
onne-third barrel per day per acre foot to bs flooded?

A That's correct.

Q What physical factors csaused you to reach the conclusion
that the optimum rate or best rate for water flooding to recover
the most oll 18 the nighest rete possible without causing fractur-~
ing and breakthrought

A You asked for the physical factors involved?

& Yes, sir,

A I don't know. I wisn I did.

& Whet physical factora, if any, csuse there to be loss or
severe loss, as I belleve poasibly you put it, whers the rate is
less than one-third a barprel per day? What physicel factors cause
that to be true?

A I'm sorry. I again don't know. I wiah I did.

& As I understand 1%, you base your opinlon that flooding

at the rate you mentioned is more desirable than flooding at lower
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rates, based on the grest amount of experience that you have had
in precticing water flooding throughout the years, both in
Pennsylvania &nd elsewhere, is that corrsci?

A Thatls correct.

Q Now during this esxperience that you had over the last
twenty, twenty-five years cr so, have you glven thought to the
question from 2 point of view of physicel principles aa to why,
in your opinion, high rate water flooding results in greater
recovery? Have you delved inte that question and glven considera-~

tion to it?

A I have thought about it, but I cen't come to any conelusion,

Q@ Do I understand, then, that from the study that you have
made in this long period of time that you heave been unsabls to reae*
any physical explenstion for why it is necesssry to flood at fast
rates, rather then at normal rates or asomewhat redused rates?

A In s physicel recovery sense, yes.

Q@ You have no explanstiont?

A T hevs no explanstion.

Q@ Whsn you suggestsd as & rate for water flooding the rate
of one barrel injection for esch acre foet to be flooded per day,
does that rate hold, regardless of the reservoir conditions, or

does thet rate vary with the reservoir conditions?

A Well, the reservolrs themselves very and they vary in pro-

portion quite & bit; therefore I believe that that one barrel,
thet is my thinking about 1t, varlies, too. I don't bellieve that
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is a fixed number by eny means. That!s just the realm of velues
that I think about in this conneetion. You heve rules of thumb,
you know, that develop through the years, you are bound to have
them, I think that the one barrel is just about where it cones
out in most of the reservelirs in ceses that I have worked with.

1 believe thet there are procbably some that mey have been
different from a barrel per day per foot, if I really wanted to
go into it.

Q What would you say, the reservolrs that you have experie
would be the range of proper flooding rates?

A I would say the range would run in the order of a half
barrel to a barrel. That'!s the general range,

Q In other words, jau have not seen a field where you t
i1t would be desirable from a point of view of recovering grester
amounts of o0il to injeet in excess of & barrel per scre foot per
day?

A Well, I certainly think we should slear up & point here
vwhich has been maybe confusing me a little. That is this injec-
tion rate verles over the 1life of ths flood. To answer your
question specifiecally, you know that during fiil¥up periocd after
& flood operation, I am sure you know that you injeect more than
@ barrel, considerably more than a barrel per day per foot.

When I talk about a barrel per day injeetion rate per
acre foot, I'ﬁ thinking of the settled-down rate, after the
reservolr 1s pressured up. During the flood life, that ¢can vary

ficed,
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many times, We can't aeccomplish what we would like to do, we do
the best we can. When you start a flood your injection may be

in the order of two barrels per foot per day; then as the flood
progressss, you find the injeetion rates decressing with comnstant
pressure, so the operations are ususlly conducted by increasing
the pressure at the well bore in order to maintain the injection
rates at as high & level as possible without fracturing the
formation, but the history of most water flocds will show thet
same condltion,

Now we don't every minute and every hour, we saren't capable
of keeping thet injection rate at & fixed number in satiafsctory
flooding the way I know it.

Q If I underatsnd you sorrectly, the range that you have
mentioned here from half a barrel to & barrel a day --

A (Interrupting) Yes.

Q =--might be chosen in one reservolr, that is, the half
barrel might be chosen in one reservoir and a barrel & &ty'in
enother reservolr. Waet particular reservoir conditions in the
regervolir would ceuse you to choose & barrel rste in one and s
half-barrel rate in enother?

A I don't choose these rates,

€& In your opinion are there any physiocal conditions in the
reservolr which would make it more desireble to flood at fast rate
in one reservéir and slow rate in another?

A I don't know of any instances in that case, no.

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEwW MEgXIico
3-6691 5-9546




59

Q@ Do I understand, then, that in naming your range of helf
& barrel to a barrel a day, it would be fmmaterisl to you what the
permeebilities were Iin the reservoir, or how thick the reservoir
wes, or how continuous it was, whether it was heterogeneous or
homogeneous, those things woeuld be immaterial to you in choosing
that rate? |

A I don't ohoose the rates, I told you that previously, so
I can't answer your question, I'm afraid.

Q Let me use the word "recommend®™, "select" the rate whieh
would be moat desirable to ultimately get the best recovery,

A I don't select a rate on thet basig,

Q Do you recommend a rate when you are serving as a consul-
tant to people who are going into the water flooding business?
Do you recommend that they injest @ half-barrel or barrel, ‘or
do you have anything to say sbout that matter, when they consult
you about that matter?

A No, I do not reeommend it on that basis, I do not recommend
it on the basis of a half-barrel or a barrel., T don't use those
numbers in a csase., What I do, I recommend what vressures would
be required to operate the fleod to get the best results.

I do not like to regulate the Infection of water into
injection wells. I like to maintein the regulation on the pressure
of the water whieh is injeeted into those wells so I do not
Fegulate those rstes or recommend that they be regulated in
lthat senss,
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Q Then with regerd to the pressures at which you bslieve it
is desirsble to inject in a waterflood to get the optimum recovery,
what 48 the range of pressure that you feel it is desirable to
inject at?

A Well, that's a large range. There is & place where the
permeability and the reservoir charscteristics come into play
very definitely, There are reservolrs that you can inject water
at what I would call high retes at low pressure, and there are
reservoirs that you can injeet high rates st higher pressures.

Meny of the reservoirs, it turns out that after the reser-
volr is pressured up, thet the highest rate that we e¢an put in
those wells still does not reech my completely desired rate that
I would like to have, but I do not put it on the basis of control
of the rate but control of the pressure,

Kow I also know that there sre times in the operation of
a water flood t&at you ¢an inject et higher rates without break-
through, than other times, so you ean't be tled down specifically
on that partieular type of questiom. It just dossntt work out
thet way.

Q@ Now, in selecting or recommending & pressure at vhich a
porticuler resarvoir iz to be flooded, do you take Into sonsidera-
tion the reserveoir conditions and recommend one pressure for one
flood and anocther pressure for another flood?

A Whset I do is I consider first of all the economies of
the situation, whiech I think is very important., If I find that
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we have & very high permeabilisy type reservoir, first of 11 I
think of spacing, I think of sueh things as how much water might
be injected into that reserveir, and I certainly don't recommend
starting & flood with s pressure which will be one whichwould
overtalkte the capacity of pumping equipment that might be installed
in thet particular operatiocn. So I keep the economies and the
reservoir itself in mind when I meke thet deeisioen,

@ ¥ow with respect to this COraridge spplication pending
here now, &nd with reference to your cpinion that the optimum
rate to flocd a resgervolr 1z the highest rate, fasteat rate short
of fracturing the reservoir sc as to esuse breakthrough, in your
opinion wouldn't injection rate here of & barrel per day per agre
foot result in breakthrough in this reservolr?

A I don't have date to sanswer that question st this time.

Q Youtve made no determination, then, as to what rate woulgd

be the besat rate for this particular reserveir?

A I believe that based on my general background sxpsrience
that 1t would fall in the ssme range as other water floods where
I have worked,

Q ¥Which would be around & barrel a day?

A T would say & half to a barrel, which 1s the range I have
been talking about. |

QC VWell, now, do I understand that 1t im your opinion that
in any weter flood, that that point at which the greateat ultimate
recovery will be obtained is the highest irate that san be flooded
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short of breakthrough? New in this partioular case that we have
here, why would you recommend a half-barrel injection, insteed
of & barrel, unless you have soms reason tc belleve that a barrel
would cause breakthrough in tha reservolr?

A I didn't recommend & half-barrel here.

@ Did you recommend certain injeestion pressures which woulgd

result in & four hundred barrel & day injection rate, whiceh
figures out to be half a barrel?

A ¥o, I didn't do 1t that wey. In this case my opinion is
that 1t is going to be very diffiecult to maintain a high injection
rate at this psarticular spsesing in this particulsr reaservoir

under the eonditions that I belleve are present here.

Q@ What ere those conditions that are present in this resen-

voir that eause you to have that opinion?
A Well, I have examined core analysis data from wells
drilled in this reservoir, and ocur company has snslysed some core

material from this reservoir. That, steacked alongslde of experience

in other reservoirs where I have sesn whet I consider to be similsr

type eonditions.

Q What does this core anamlysis that you have examinsd or
mede, as the case may be, show £0 you with reapect to this reser-
voir, whieh ceuses you to think thet the particular rate that's
been chosen is the proper rate?

A I haven't chosen & ratse, Can I clear that up onece? You

see, it seems to me 1f I answer your questlon I'm assuming that
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I have chosen that rate, the way you ask it, Can you ask it in
a way that it wouldn't assums that?

Q Yes, slr, I'm sorry. You have told me that you have not
chosen & rete, but as I understand 1t, you told me that you have
examined certain core anslyses in this field which made you feel
that this fleld should not be flooded st s higher rate than a
helf-barrel. What I'm asking you, what did you see in this core
analysis that caused you to reasch that conclusion?

A Well, I belleve it will be difficult %o maintain the
injection rate of 8 half-barrel per day per sere foot in this
reservolr because I have examined the core snalysls date at a
number of wells, and 1%t showa conditions simller to dher ressr-
voirs where it has been difficult to maintain a high rate of in-
Jection on an average basis,

Q What are those conditions that are asimilar to other rese
volirs?

4 Baesicelly, the type of rock, porosity, permeability,
saturation conditions. '

Q What permeabilities did you find from en exsminstion of
these cores in thls Caprock GQueen?

A Well, ir the entire cipraok area, which is the full rese
voir and not just the old Ceproeck eres which I have so deaignsted,
I found a very wide range of permeability. I would say from
impermeable or zero, which 1a prectieally impermeable, to over

twenty-five hundred millidarcies.
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Q Now, in the ares which ig included in this epplication, the

sixty seven hundred twenty acres, lmmediate area arcund this parti
uler pillot floed, what was the range of permeabilities which you
found?

A In this old area we are hampered by the lack of core inf
mation relative to the other sreas, but what I have seen shows tha]
the permeability is not quite as high & range as the figures I
Just mentioned.

Q@ Whsat did you find the range to be 1n this flood area?

A Oh, in the order of impermesble to over five hundred mil]
darcles,

Q XYow, what relstionship is there between those permesbill
which you found in these cores and your flooding rate, or your
pressure rate?

A The more permeeble send will take water at & higher rate
than the leas permeable mend for the same pressure impossd upo#
it.

Q KXow, you sald, I belleve, thet because this field had
similar permesbilities and ssturations to other fields in which
you had experience, thet you did not belleve that this field could
be flooded or should be or could be flooded at a faster rate. Wha
1s there sbout these par ticular permeabilities you found in this
field that would prevent it from being flooded at & feater rate?

A Permesbility 1s one factor and I belisve that spacing

enters into this consideration, too. Therefore I belleve theat

;—
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at the eighty-sere five-spot size chomen that it will be more
difficult to maintain the rate over and above a permeability
relation similer to another reservoir where the five-spot size is
smallexr,

Q Is there any opinion onyour pert with respect to whethen
a8 reservoir with high permeability should be flooded at a faster
rate than & reservolir with low permeebility, or do you think that
makes any difference?

A I don't know thst 1t does. I believe that the rate, in
the sense of rate itself, through high permeability 1s important
Just the same 83 I think rate through low permeability i1s impor-
tant.

One of the things that we must think about, I think, in
this connectlion, if I msy say so, i when we talk sbout reates we'y
talking about average rates, really. The wéll bore we find, we
have permeshblilities of various sizes, thersfore we know thet ths
difference in permeability in the well bore is a factor in the
average rate at which we inject., I think thet should be taken
into consideration in this type of diacussion.

Q Xow, in connection with the core analysis deta that you
saild you hed studied on this Caproek fleld, you mentioned that in
addition to permesbility, you mantioned oll saturetion, or satura-
tion, I believe you saild you were referring to?

A Yes.

Q You were referring to saturetlon of oil and water in the
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reservolir, I assume. What relationship is thers,.if any, between
the oll and water seturatiocns that you find in a particular reser-
volr with respect to the rate at whieh that reservoir should be
flooded or the pressure at whieh it should be flooded? |

A Well, there are verious oll satwrations and water saturar
tion condlitions as related to permesbllity in reservoirs that
vary from foot to foot on & vertical basgis, and from acre to
ecre on an sresl basis. These variations in 8ll of these factors
seem to enter into the rate,

I can't myself keep all of these independently, apparently
independent variables separated one from another, and arrive at any
conclusion as to which of the varisbles are the most and gresatest
importance in all cases,

Q@ Do you heve an opinion &8 to whether or not, for instancp
in & reservolr where you had forty percent oil seaturation, you
should have & faster or alower rate than in a reservoir where you
had fifteen pereent oil saturation?

A I think there are octher fsetors that come into that that
separate that particuler one out, just as I have saild, and depend
on it alone 1n this maetter of rate.

Q@ Now, if you are unable to sepsarate out the fesctor of
permeabllity in the mservoir and unable to separate out the factor
of saturations in the reservolr, what other factors eare there in
the reservoir which in your opinion would meke 1t desgirsble to

flood the reservoir st a fast or slow rate, other then permaabilit?
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and saturation?
A Well, rocks have different porosities, different texture,

we say. Some roeks are clean rocks, other are dirty, that's

general terms. I think those are the principal ones other than

the ones mentioned.

Q All right, Now, where you find the ¢lean rocks as distin-

guished from dirty rocks, does the finding of clean roecks indlecate
to you the desirability of injecting, rather, iInjecting or pro-
dueing at a rapid rate or slow rate?
A I don't think I could make & distinetion on that basils.
¢ In other words, you find ¢lean roeks in some reservoirs
and dirty rocks in others, but you can't make aﬁy diatinetion
as to whether it should be flooded fast or slow?

A I haven't found & cese in my experlence where I feel that

the slow rate would be beneficial in the production of the oll or
in the ultimste recovery obtainabls thereby.

& In other words, the slow rate wouldn't be beneflcilsal
regardless of whether you have elean or dirty rocka?

4 In my opinioen, no,

Q It wouldn't be beneflclal whether you had high or low
permeebllity?

A I dontt think on that buig slone, no.

Q@ It wouldn't be benefisial whether you had veriations in
saturation, different percentages of oll in satursation in the

reservoir?
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A I think that when you come to the oll saturation you are
into something there that is a dlstinet difference. On the basis
of 8 low oll ssturation in s reservolr, we know that you ecould
interpret a poor result at s higher rate of injectlion if you had
2 low oil saturation to stsrt with, and that might lead you to
the eonclusion that it's been & bad flood beesuse of the high rate
of injection. I don't believe that slowing the rate of injection
would cure the problem of low oll saturation in that particular
reservolr,

Q Is there anything about the saturation itself which would
meke it desirable to flood at a high or low rsate?

A I can't think of anything speeifieally to snawer that, ng.

Q@ Is it a feir statement, then, Mr, Busckwslter, that your
opinion that one barrel per aere per day 1s & good rate at whieh
to flood and that anything less than a third of a barrel per day
i3 8 bad rate to flood, is sort of & rule of thumd besed on your
experience, and not based on information known to you aebout the
physical properties of the particular raaervéir, is that correct?
Is that & fair ststement, that 1t 1s besed on a rule of thumb
and not on physical facts?

A It is besed on my experience in flooding, working with
| many different operations in meny different places. I realize
I haven'!t had all the experience by a long shot, and it wouldntt
surprise me tremendously to find out there are some places where

the rete might not make too much difference, but it seems that
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if it were 80, I would have been sble to detest that somewhere
by this time, but I haven't been able to really do that, if that
answers your question.

Q Now, Mr, Buckwalter, referring to your Exhibit No, 2 -=-

A Exhiblt No, 2. |

Q -=- a8 I understsnd that exinibit in the case, on the left-
hand side of the exhibit you were injecting at the rate of four
hundred barrels per day per injection well, whereas on the righte
hand zide, you were injecting at the rate of eighty barrels per
day per injection well, 1s that correct? Do I interpret that
correctly?

A I wes assuming those injection rates, yes.

Q@ XHow, in this particular reserveoir, since this is related
to the present application in the Caprock Queen Fleld, what were
your eatimated injection pressures at the four hundred barrel rete)
wellhead injection pressures?

A I estimate thet 1t will be approximately s thousand pounfis
at the wellhead for an injection rate of four hundred barrels per
well on an average after thls reservolir ls pressured up.

Q Now, st your elghty barrel rete, what would your wellheaf
injection pressure be?

A T would estimete thet 1t would be, for ﬂtftsaiithi"lifn Lr
the flood, and that's what I'm speaking abgut in the first case,
spproximately three hundred pounds surface pressure.

Q Have you calculated approximstely what the bottom hole
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injection preasure would be at the depth in this reservoir in
the two cases?

A Yo, I heven't got that calculation but I think we can
arrive at it.

Q Have you calculated what the production rate would be in
terms of barrels per well per day in the first instance, and in
the second instance?

A Approximately, yes.
whet would it be?

Speeking of the production rate at the peak of the -~
(Interrupting) Take it, if you will, year by year.
Five-spot?

O = O P O

Yes, s8lr, for your center well.

A VWell, you ean arrive at that answer by dividing barrels
per year by the number of days in the yesar.

§¢ What would that be, if you lmow, 1f you have already dong
that, what would it be for the first year in your four hundred
barrel rate?

A VWell, I'll have to calculste 1t now. I dontt rescszll.
That'!s sbout one hundred fifty-three barrels per day.

Q@ One hundred fifty-three barrels a day?

A Yesn.,

Q Az I understand 1t, thet 1is jfust oll, not o0il plus water}

Thetts oil.

- 23

& 011 alone?
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A Yes.
Q& Now, on the mep sttached to your Exhibit No. 1 you show
a number of wells, which I presume are proposed Injection wells,

some forty~five of them around thls area?

A Thet's right. I think it works out, yes, those are injsc-

tion wells shown ss & double circle.
Q@ Do you propose or is 1t proposed in the overall here, tdg
inject in all forty-five of these wells at & rate of some four
hundred barrels s day?
A I don't believe that that's possible., I dontt believe
that thatts possible. I belleve that the average will be the

four hundred barrels per day.

Q It will vary s 1little bit from well to well, is that rig%t?

I think that 1t certainly will vary from well to well.
What 1s it that will c¢ause it_tc vary from well to well?
I beg your pardon?
What is it that will cause it to vary from wsll to well?

> 0 P O b

Well, the thickness of the pay, the permeablility con-
ditions, possibly saturation conditions, different reservoir
condltions that we have previocusly mentioned.

Q In other words, do you expect to use uniform wellhead
Injection pressure at all of thess injection wells, or do you
expect to very that also?

A Insofar as that is possible, I would like 50 use a consthnt

wellhead pressure at all the wells.
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G It would be possible, would it not, to get a uniform
injection rate if you varied the wellhead pressure?

A TI'm sorry, I didntt quite get that.

@ It would be posaible, would it not, to injeet appveximnté
four hundred barrels per well for eash of the injection wells if
you varled the wellhesd injection pressure st the wells so as to
cause each of the wells to take four hundred barrels per day?

That would be possible, would it not?

A No, I don't think it would be possible because I believe
thet asome of these wells wili not teke four hundred barrels a
day at a constant pressure relative to other wells,

Q@ Then your four hundred bsrrel figure is an average figure
for all of the forty-five wells?

A That's right,

@ And you would expeet the average producing rate for the
producing wells to be & hundred fifty-three barrels?

A Average,

Q@ Do you have eny estimate of what the range would be in
production from those preducing wells at the peak period of the
flood?

A Well, the one hundred rilfty-three barrels is not at the
peek period, It's at the peak year,

Q A11 right, excuse me, &t the pesk ysar.

A At the pesk year, I would sey that the range would bde
in the order of twenty barrels to the order of two hundred fifty

ly
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barrels.,

Q Have you caloulated the water-oll ratio which would be
produced; in other words, the amount of weter plus oil which
would be produced in each of the yearas for each of the two caleu~
lations thst you heve mede there, each of the two exsmples you
have given?

A No, I d1dntt caleculate that.

Q& You mede no determination on water-oil ratio st 8ll?

A Well, I know how the water-cil ratio will behave accordi
to the wey that I have calculated 1it.

g

Q How will it behave mccording to the way you calculated 1t?

A When you resch a peak In the water floed operation, the
peak is prineipelly oil, we speak of the peak producing rate, and
then es the pesk, from the peak rate the o0ll production declines,
the water productlon inereases, but in general it iz usuelly
found that the total produecing rate from the peak rate does not
change very much} so¢ that the spproximate peak oll producing rate
that you would obtain 1s indicative of the totel producing rate
that you would have for the remaining 1ife of the operation.

Q For instancs, in the tenth year aftsr the start of the
flood, on your exhibit, whers you are Injecting four hundred
barrels a day, how much water would you be producing along with
the nineteen hundred barrels of oll recovered?

A Well, on the basis of working with the yearly aversges
gs shown on this exhibit, the difference betwesn fifty-six thousan
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one hundred, and nineteen hundred would be the amount of water
that you would expeet to produce.

Q In other words, you would expect to produce fifty-four
thousand two hundred barrels of water along with that nineteen
hundred barrels of oil, is that correct?

A Thet sounds c¢orrect, yes.

Q@ Now, in the case of your eighty barrel per day 1njeetiod

rate, where you show a production in the fifteenth yesr after the
start of the flood of twelve hundred barrels, what would your
water production be in that year?

A Well, subtrsascting the pesk year oil production rate of
twenty thousand eight hundred, subtracting twelve hundred from
that figure, that would be nineteen thouszand six hundred.

Q This would mean, would it not, thet you would have & sub
stantlelly lower water-olil ratio from the producing well in the
fifteenth yesar after the astart of the flood in the eighty barrel
case, than you would in the tenth year in the four hundred barrsl
cage?

That 1s correct.

Have you caleculated what those water-oll ratios are?

> o

No, I haven't,

Q Iant't the water-oil ratlio one of the important factora
whieh causes an operator to ebandon or not to abandon a partioular
water flood project?

A In some ceases.
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Q Why is water-oll retioc lmportant?

A 'The coat of produeing the water is & factor in the opera
tion of the fbody therefore, if you have to produce large quanti-
ties of water your costs are higher,

Q So that it might be entirely possible to produce twelve
hundred barrels of oil at & given water-oll ratic, whereas you
could not produce twelve hundred barrela of oll if the water-cil
ratio were much higher than that?

A Thatts correct.

4 HNow, heve you taken that fiotor into consideration in
establishing the economie limlt periocds which you have used in
your presentation here?

A Yes, I have.

Q@ In what masnner 414 you take that water-oil ratio into
consideration?

A If I may refer to Exhibit L, in direct testimony I state
that I arrived at the economie limit by this method of evaluation,
so that I conslder one hundred thirty-two thousand dollers the
cost of operating to obtain the one hundred seventy-two barrel
per day production at the elghth year in the csse of the fast
reate.

Now, as agsinast thet, I arrived at the economie limit
in the low rstes by teking one hundred five thousand dollsars as
the operating costs to produce & hundred forty-eight harrels per
day, in the thirteenth year of the operation,

R

e
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In this manner, I have taken Into consideration the cost of
1irfting the water at the different water-oil ratiocs which are
current at these economic periods.

Q Have you taken into econsideration the effeet of incrsasi
your water injection rate in the eipghty barrel csase so as to
maintain production at the twelve hundred barrel figure which you
showad on your Exhibit 2, or have you assumed that the injection
rats will be held throughout the life of the projeet to eighty
barrels? |

YA For the purposes of this example, I assumed that the
injection rate would be held constant throughout the life of the
operetion.

Q@ In your opinion, in this reservoir, would it be possaible
to increass the injeetion rate in exceas of elighty barrels after
you had reached the twelve hundred barrel yearly oil production
rate?

A After you reached the twelve hundred barrel -~ I'm sorry
I don't know which barrels you are referring to.

¢ Twelve hundred barrels of oll yearly production rate tha
you showed on Exhlbit 2,

A I never reached that point in this partieular flood, Mr.
MeGinnis.

Q@ You cut that off at the thirteenth year, did you?

A Yes, 3ir. At thst time it is one hundred forty-sight
barrels per dsy average for the year,

23
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Q What ia that on & yearly bsails, ascording to yowxr exhibl

27
A PFifty-three thousand nine hundred barrels of oil.

Q Now, if you are producing, in other words, when you abanfioned

your eighty scre project, how much oll were you producing out of ah

eighty ecre five-spot, according to your previous Exhiblt No. 27

A Number 2 Zxhibilt showed the production rates as though
you could go beyond the econcmic limit of operation. T did not
teke into conalderation the economlc limit. I brought that in
lster on the next exhibii,

Q@ I underatand that. What I wss easkling was, what was the

production rate in barrels of oll when you resched egonomic

limit, pursuant to Exhibit 2? I realize theat you dontt show economio

limit on there, but based on the economic limit that you have
chosen for that project, how much oil was being produced in that
last year, at the time of sbandonment, on the eighty barrel takes?

A One hundred forty-eight barrels a dey for the twenty-two
five-spots, I think will probably get that figure the best,

& You have the exact figure on your other exhibit, do you
not?

A Would you like to refer to that?

¢ On Exhibit 2.

A In the thirteenth year under the single five-spot case,
I show twenty-two hundred barrels per year of oll produection for

& single five-apot,
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Q And it was your assumptlon that sabandonment would ocecur
when there was twenty~-two hundred barrels being prodused, is that
correct?

A No, thst is not the case, I took the date from this
exhibit and then progressively developed &n operation, of which I
then applied operating costs. So you lose this comparison thst
you are talking sbout on the basis of this partieculer single flve-
spot. I did not work sconcmies on this particular exhibit 2, so
I dont't think that I can answer that question on an economic baais

MR, PORTER: At this time we will recess the hesaring until
1130, |

(Recess. )

AFPTERNOON SESSION
Cetober 28, 1957

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

Mr. McGinnis, would you proceed with your questioning?
CROSS EXAMINATION (Continued)
By Mr. MeGINNIS: '

Q Mr. Buckwelter, this morning I understood you to say thai
after £ill-up thet you produced fifty-six thousand one hundred
barrels of fluld eaech year at the four hundred barrel case you
have here, that was correet, was 1t not?

4 Yo, I don't believe that's guite right, not each year. |
sald that in the first year of the flooding at the four hundred
barrel rete, the sverage oil production was fifty-six thousend

one hundred berrels.
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Q Then I believe you saild that, in the tenth year down
there, when I asked you how mueh water was produced along with
the nintesn hundred barrels, you sald that would be arrived at
by deducting the nineteen hundred barrels from the fifty-six
thousand one hundred barrels? |

A That is correct.

Q Wwhich would result in fifty-four thousand eight hundred
some odd barrels, 1s that right?

4 That's right,

Q@ 30 that would mesn, then, that the totsl fluid produetioh

in the tenth year would be fifty-six thouasnd cne hundred barrels?

A That's correct.

Q@ I understood you to say alsoc that the totsl fluid produc
tion each year would be that amount; for instsnee, in the ninth
year you would deduet twenty-three hundred barrels of oil from
the total of fifty-six thoussand one hundred, end you would get the
amount of water produced in that partieular year?

A That's correct, yes, sir.

Q So after filll-up, esach yesr, you would havs productlon ok

fluid in the amount of rfifty-six thousand one hundred barrels in
your four hundred berrel rate?

4 That 1s correect.

@ Now In your eighty barrel rate case, similarly, I bel
you sald that there the top figure was twenty thousand eight
hundred barrels, so that your total produetion of fluid, both
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and water each year after fill-up would be twenty thousand eight
hundred barrels at the eighty barrel rate?

A Thsat 1s approximstely correct.

& Now, your annuel injection rate at your four hundred
barrel case would be obtalned by multiplying four hundred barrels
times three hundred sixty-five days, would it not?

A Times the number of wells,

& Well, 1in this case here, you have one elghty-acre five-
spot, do you not?

A Yes,

& That would give you en injection of one hundred forty-sij
thouaend barrels per year?

A Thet sounds approximately correct.

€ By multiplying four hundred by three hundred sixty-five,
would give you cne hundred forty-six thousand?

A That sounds appreiimately eorrect, yes.

@ In your four hundred barrel injectlion rate case, you are
withdrawlng each year fifty-six thousand one hundred barrels;
you are injecting one hundred forty-six thousand barrels. You
are injecting one hundred forty-six thousend barrels of water
and you are withdrawing fifty-six thousend one hundred barrels of
total fluild?

A Theatt!s correct.

¢ That would give you a ratic of production to injection

after rfill-up of 38.5 pereent?

it
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A I think your fill-up is the problem here, in this wey
that you are presenting this, because this fifty-six thousand one
hundred is in the first year and gulte & bit of the filleup, I
believe, would occur in thet first year, but I dont't hailnk it would
necessarily all occur in the first year, so when you -- the way
I understand it, when you bring in after fill-up, then I think
that doesan!t quite work out that way.

Q Well, now, talke your eighth year, for inastence., In your
eighth year, according to your table there you have one hundred
forty-eix thousand barrels of water put into the reservoir that
year, and you have taken oud fifty-slx thousand one hundred barrels
of totel water and oll that year, so that in the eighty year then,
we'll say for instence, whieh 18 long after fill-up, you would
have & ratlo of production to injeetion of 38.5 percent., 1In
other words, you are taking out of the reservoir 38.5 percent
of the volume that went into it, epproximately?

& Thatts approximetely co¥rect in that ealculation, yes.

Q That same thing would be true, based on your exhibit,
in the ninth year, the tenth, the seventh, the sixth, and the
fifth end so forth?

A Essentislly, deducting this fill-up that we arse not
discussing in this case.

Q Of course, fill-upts cccurred long before your fifth yes

e

therse, hadntt it?

A Well, I don't know for sure whether 1t has or not.
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Q@ Do you have an opinion as to when in this illustration
hers your fill-up would occur?

A Well, I belleve that in some of the tight parts of this
reservolr it may teke, itmey teke five years to cbtaln some
fill-up.

Q@ By your elghth year you sertainly would have fill-up,
though, wouldn't you? |

A I would think a goed, the best percentage of it would
sure be filled up in eight wars, I would think so.

Q Let's go to your eighty barrel case over here, In that
cagse you are injeeting into the reservoir elighty barrels times
three hundred sixty-five, or approximetely twenty-nine thousand
one hundred barrels per year, &re you not?

A That sounds right, yes.

Q And you've slready established that your withdrawals of
oll and water sach year after fill-up 1s twenty thousand eight
hundred barrels?

A That's right.

Q@ S8So in thet case you have & ratio of withdrawels to injee

tions of the fraection of twenty thousand eight hundred over twenty:

nine thoussnd one hundred, do you not?
A That sounds correct.
Q@ That would be a ratic in that case of 71.5 percent, woulT
it not, spproximately?
A T think your celeulatlon is right.

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LLaw REPORTERS

ALBUQUERQUE, NEw Mexico
3.6691 5.9546




83

Q in other words, you &re withdrawing from the reservoir,
aceording to your tebulation end figures, 71.5 percent as much
volume as you put into it in your eighty bharrel case, whereas
in your four hundred barrel cese you are withdrawing 38.5 percent?

A Yes,

Q@ Thers is & substantial difference between 71.5 percent
and 38,5 percent, is there not?

A There 1is, yes, sir.

Q@ If these floods are assumed to be of equal displacement;
efficliency, which is part of the hesding of your exhibit up there,
"assuning same displacement efficisncy in each case®, can you
explain, please, why there 13 such & drastie difference 1n ratio
of produétion to injection in the two ceses?

4 Well, I belleve that what I have taken here is an analogy
to a practical case, and I think that in a practicel case that youl
have that sort of thing where you have low rates and where you
have high rates.

' Q In other words, in & high rate case, where you sre injeck-
ing water at high rates, you esetually recover ocut of the well
bores drastically smaller percentages of the fluld injeeted than
in a low rate case? PFrom a practical standpoint, that i1s the
way 1t would seem to be?

A Thet is what 1t seems to be.

Q That is the way it works?

A Yen.
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Q@ In each year during the ten years shown on your chart
there, you inject one hundred forty-six thousand barrels of water
and produce fifty-six thousand one hundred barrels of oll and
water each of thoses years. Wwhere doessa that some ninety thousand,
eipghty-nine thousand difference go?

A Vell, in the case of an Individual fivewspot, it can go
into ciher areas around the five-spot. It doesn't necessarily
heve to go into the five-spot itselfl.

Q@ You mesn it migrates off the flve-gpot, is that right?

A It can do that, yss.

€& Well, now in your high rate case you were losing a nmuch
larger percentage‘cf your injection than in your low rate case?

; A Yes.

Q Do you mean to say that much more of it migrates off the
lease in the high rate cese than the low rate case?

A I would say it depends on wheat is happening in other ar
around the particular five~spc£ that you sare speaking of, or the
lease,

Q@ On the particular asaumption that you have made here in
your exhibit which you have presented here as Exhibit 2, what

asswnptions did you make in regard to that, in comnection with thip

particuley exhibit?
‘ 4 I didn't mske any aasumptions in regerd to that in this

particular exhibit.
Q@ In other words, it'ts your opinicn that as a practical

Pas
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matter, that under high rate flooding a much greater percentage
of what you inject in the ground goes on off of the tract, than
cecurs in the low rate case, ia that what this shows, 1s that
your opinion?

A If you dontt have other wells in an srrsy which wlll chal
that cendition.

Q@ That is what is dhown by your exhiblt at eny rate, is it
not? |

A Thet's right.

Q@ If your greater percentage of the injected water gcoes of
the lease, does it carry any oil wilth 1t when it goes off the
lease?

A Oh, I think if you had an individual five-apot, it certa
can carry oll wilth it as 1t goes awsy from the five-gspot that 1l1s
set Into production, that's eorrect. _

& Now 1f you have a bigger percentage of the injected wate]
moving off of the lease in the high rete case than you do in the
low rate case, does it also féllew that you have a greater per-
centage of the o0ll being moved off the tract in the high rate
cass than the low rate case? |

A Can we clear up & little case, when you ssy "tract", jus
what do you mean there?
| Q Your eighty sacre,.

A I'm speaking of elghty aere, one unit of the five-spot.

Are we clear on that?

hge

P',

inly
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Q@ I am talking about the tract that you considered in connpe-
tion with this particular exhiblt,

A Yes, thatts right.

G Sco that you would have more oll migrating and moving off
of the lease at the high rate flooding in the four hundred barrel
csse than you would in the eighty bharrel case, 1z that correct?

A As long as the lease is an esighty scre five-spot, yes.

@ Do you think that if that be true, that you are golng to
have a greater disruption of correlative rights where you have
fast rate, high rate flocodling than flooding at normal rates?

A No, I don't think necesserily, in & water flood where yo

3

have an array of injection and produeing wells as compared to the
case where you have a single unit,

Q@ HNow if you just had the single unit there, you think there
would be a dilaruptlon of correlstive rights?

A I think that iz possible, yes.

Q The disruption would be greater at the high rate than the
low?

A Because you are moving larger volumes of water into the
reservolr. There are other factors that come in there, and we
haven'!t talked about those specifleally., We're talking about
injection rates, basically, but I ﬁhink that the rate of production
would have a bearing on 1%, too.

Q Now, in your Exhibit L, you used this information obtaingd
from your Exhibit 2, did you not, in ealeulsating the economics for
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& number of five-spots together?
A Yes, I di4d.
& Do you think thet you can properly do that if you asay th#
you aren't actually operating at fleld conditions on one eighty
acre flve-spot, and then transfer the same data over to Exhibit 4?

A Well, I believe that as far as the oll production is con
cerned, I think that is falrly repressntative,

& Do you have any explanation from a scilentific point of
view, or based on ths laws of physics and the laws of reservoir
operation, to explain why it 1s that you get so much grester
percentage of the injJected water moving off of the lesse and
carrying oll with it in the high rate case than you do in the
low rate case? Why it was 71.5 percent in one instance as against
38.5 in the other?

A Well, I think I stated previously this morning that I
couldn't explain why some of these things take plsce., I think
that is one of the sixty-four dollar questions, I really do.

& Now in connection with the tabulation, Exhibit 2 there,
do you have any proof or any field experlence that shows you, of
any sort, any informetion of any sort which shows you that you are
going to have a greater percentage of your injected fluids, both
oil and water, moving off the lease at the high rate case than
&t the low rate case? Do you have any proof, other than just a
feeling besed on experience?

A Well, in that esse I would heve to go back to the pilot
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flood experlence, because that ls what we are speaking of here,
where you inject water into a single element of a reservoilr,
usually consisting of four injection wells and one produeing well,
with surrounding producing wells. I believe that I do have
experience which shows that you do produce more fluids at surround
ing wells on high injection rates than you do at low injeetion
rates, yes.

Q& In this particular field have you run such experiments?

L Yo, I have not run sueh experiments here.

& Have you run such experiments in any other fileld?

T

4 Well, I don't know that I have, any sxperimentas that I have

run thet I can particularly point to, but I have thet genersal

information.

¢ Is it correct, then, that what you are saying, HMr, Buekwklter

is that you simply can't verify and prove water flooding rate
matters by means of engineering principles, that engineering
principles just simply cen't be epplied to this matter of water
flooding and rate of water flooding?

A It pretty much depends on what you mesn by engineering
princliples. I would say that I know that many experimen%s have
been done in lsborestories and many fleld cases have been examined,
and rmy particular opinion on that matter is this, that I have
distinet diffioculty in recconeciling what might be considered the
classical engineering approach, which comes out of laboratory
date, to apply that in my field of practice, sure do. 1 have not
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besn able to do mueh with that.

Q@ I hate to trouble you with this Exhibit 2 again., I wondpr

if we could turn back to that for Jjust 2 moment. Now at your
peak rete of production in your eighty scre amse, you would have
an individusl well production of 57.2 barrels, would you not?

A They are both eighty acre ceses, I think you meent to se

Q@ I meant to say the eighty barrel case.

A You mean in the eighty barrel per day case?

Q& Yes, that'!s the one that I mesan.

A Now I'm sorry, I forgot the rest of your question.

Q In connection with that particular illustration, you wou
have a 57.2 barrel maximum ?raducing rate &t peak, would you not?

A For the peak yesar, yes, average.

Q Por the pesk year. Have you calculated or attempted to
calculate what water iInjection rate would be required to maintain
the production rate at or near 57.2 barrels per well and when
ebendonment would be reached, if you injJeected snough water to keep
the wells produeing st 57.2 barrels?

A No, I haven't made that kind of & caleulstion.

Q There would be no reason why, would there, the injeetion
rate could not be increased over eighty barrels per dey?

A It eculd be lnereased over eighty barrsls per day, yes.

-~

Q And after the oll produetion began to decrease, oll prodygc~

tion ecould be maintained by inereasing the rate of injection of
water, could 1t not?
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A It couldn't be maintalned very long.

& But for instance, suppose at the point on your chert
when oll production had fallen to forty barrels per well per day,
could you not at that time inecresse that injeection? You eould,
couldntt you?

A TItts possible, if you had the equipment 1n place to do 1
ané 1f you hed sufficlient remaining pressure available that wasn't
used in the form of capaclties and sc on.

€ If you increased your injection rate from eighty barrels
to some higher figure, that would tend toc hold your oil production
rate up, would it not?

A For a short period of time 1t would inereasse the oil
production rate, but only for a short period of tims.

Q@ That injection of water could be increased above eighty
barrels s day at any time during ‘he course of the flood, could
it not?

A I'm not sure of that completely, and I know you want my
ressoning on this, so I'll go ashead and telk about it.

It seems that my experience shows that as you go along
and operate floods, that 1f you Injset at low rates that you ere
limited on how muen additionsl pressure you can put on thet reser-
voir late in the operation to increase the rates to any subatantis
degree. Therefore, 1t just seems to me that it 1s some quesatlion
as to whether you can, upon slow flocding rates, increase your

injectionmtes later on to accompllash what you are talking about,
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I think you could do it to a degree, but I don't think
you could de it in proportion to your pressure inerease, that's
the problen.

¢ Do you mean to say thet you might not have the physlecal
feacllities at the surfacs to Inject this additionel water, that 1s
the reason you might not be able to do 1t?

A That 1s one faetor. The other factor scems to be inhere
in the reservolr 1ltsgelf.

Q@ We could take care of the injectlon at the surfsce?

A If you put in the equipment to do 1%, I think it could
be done, up Lo a breakthrough pressure, we're always assuming that
In our discussions, I think.

¢ What 1s the condlition in the reservolr which might preve

or prohibit you from inereasing injection rates from eighty barrelk

to two hundred barrels?

A It seems to be part of the question I cantt enswer. I
don't know what it 1s, and I wish I Jmew., It may be associated
with some of the losses that we spoke sbout, but I am not sure.

& If the reservoir is taking the water at eighty barrsl
it ecould certalnly teke 1t at & aomewhet incresased pressure and
increased rate, could it not?

A To some degree, but not -- it couldn't make it up,
the point, to where you would have a comparable esse here, that is

the whole problem.

Q@ You have assumed the seme reservoir in theas two axample%,

nt

ht
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have you not?
A Yes,
¢ You have egssumed that the reservolr would take the water

at a four hundred barrel injeetion rate in the four hundred barrel

case, heve you not?

A I sure have.

Q Is there anything ebout the reservoir -- assuming that y
started out at the four hundred barrel rate, thaet it would have
taken it, which i1s your assumption?

A Yes,

@ Is there anything sbout the ressrvolr that would keep yoi
from inereasing the injection rate from eighty barrels up to four
hundred barrels at some point during rhe course of the flood?

A Yes, there is something about the reservolr, and thet is
the part I don't understand. |

@ Do you have any examples whers tﬁat has been tried, not
exactly with those sams flgures, but & psrallel situation where it
has been tried and the reservolr wouldn't take the additionsl in-
Joction?

A I have exsmples, I didn't bring enything like that with
me. I do have gome examples that I cen show that, yes.

Q VWhere the reservoir simply wouldn't take the additionsl
water?

A It does not take the additional water in proportion to

your inerease in pressure. In other words, you have & point here

bu

1]
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thet, for o given bottem hole pressure, scecording to Darcyls
law, wo ell kneow thaet the Injesction reote should be in proportion
to that particuler pressure impcsed upon it, but I heve cases
vhere 1t dcean't do that in s weter flood cperation, where you

try to inerease injection retes later 1n the operstion,

¢ 2Are there any published examples of thet type of phenomeha

in the literature that has been written in connection with the
various comuitiees that you have served on?

A I don't know that that hes sver heen presented in Jjust
that way., I think it car be derived from materisl that has been
published. I &m not »rspared to go inte that without doing some
work ocn 1t or thinking sbout 1t,

& You dontt offhend «e

>

(Interrupting) I can't offhend point you tc a place whel
that ecegrn te ghewn, no.

% Mr, Inckwalter, in your tostlimomy thls moralng I believe
you stated that there were ocsrtain conditions under whieh you could
not recommend or would not recommend that an operator snter into
a water flood project at a low rate, and that was based on the
economies of the plcture, sconomlcs of the situstion?

A It was.

& Could you nlease, -~ and I belleve you further saild that
it was & question of just not an adequate rate of retirn, 18 what
it would amocunt to?

A Thattls ri-nat,

3
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Q Just would not get enocugh return on the investment?

4 That's rignt.

@& Could you tell us, plesse, what criterls you would use f
determining whet the rate of return 1s at whiech an operator, you
coulédn't recommend or would not recommend that he go into a projec

wWhat is that point end how do you determine it?

A My various mesasures of profitably, I think is the term uped,

and I know that each case 1t may be & little different consideratioh,

depending upon the individual operator end his finaneliel structure
tax structure, sltuation of the individusl opersator, but I would
say the rate of return on a cesh flow basis, I think has been
referred to in the literature ss one measure; there is a pay-out
time 1s another measure; there are other methodz whiech have been
used, and I have loocked at a number of propositions of water flood
on various yardsticks for measuring profitably.

Q Do you have a percentege figure to give, or one which, y
sey you would not recommend that they go into it under certsain
conditions -~ whet 1s your c¢riteria of that?

A T would certainly ssay 1f you were in a poasition where yo
can no more than return the esmount that you havs invested without
loss, it would certainly be foollish to go into the investment.

We &11 know that there zre vearlous types of investments open to
various opsrators. Some of them have good openings they :a&n
malkte, they are golng to choose between two investments, Others

nay have a naerrow range of inveatments.

fa
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I dontt think you can nerrow 1t on thet point et gll.
It depends on the situation et hand., I felt in this cese here
that 1f you got half as mueh oll, that certainly on my ealculationf
at the slow rete that I don't belleve anybody would like to venturh
into the water flood in thils particulsr case.

¢ In your Exhibit.& you show pay oubt in one year on the
fast rate flood, and 1n two years on the nermal rete of flood.

That 1s correct, ig 1t not?

A& Approximstely so, yes.

& You moan to indiests, or would you set 1t up as your
eriterion, that unlsss & wster flood project would pay out in two
years that 1t should not e sntered into?

A Yo, slr, I wouldn'i take that as & erlterion, not that
alone, I'm certein. It may be of éilsgtinct importance to certein
people et certain times ss to how fagt thelr capital is returned.
That wouldnt't ba true of all our clients or all the o1l producers.

G Do you have any pereentage rate of reburn or fizure on PRy
out whiech you think would be reagonable or reasonably accepted
by the industry?

4 Rate of rsturn on pay out?

Q@ There were two questions, elgher nhrased in tsrms of a
rete of return percentape or in terms of pay out in years, any
way you would like to pressnt 1t?

A I bellsve that on the basls -- by Georgs, that varies

from operators to opsrators. that is good for one might bs bad
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for another. I would say generally on rste of return a ten percent

rate of return ian't bad. I wouldn't like to have my fest held

to the fire by everybody for that figure.

Q@ Mr. Buckwalter, have you caleulsted what the rate of rethrn

on this partiecular project at the four hundred barrel rste would

be, and what it would be at the sighty barrel rate?

A No, I didn't calculaste that specificeally.
& You have not calculated it?
A Hot spoeifically, no.

¢ In your opinion, In connection with this psrtiecular projLat

under consideration here, whaet would be an acceptable rate of
return on this project, in order for you to be zble to recommend
it?

A In this perticuler cese, i1f I had to choose a rate of
return, well, for whom, you mean for Graridge Corporetion?

Q@ Well, es e consultant advising Greridge Corporsation, yes)
end one which you think would be reasonable in the industry.

A Well, I don't think that ten per cent is too bad in this
case.

@ I recognize that you testifled a moment ago that it was
your belief that in certsin cases, at lesase, ‘hat ths injection
rate could not be increased from eighty up to four hundred
barrels to one hundred sixty barrels as the cil production began
to fall off, that there wes something in the regervelr, you didntt

kmow aetuelly what i1t wag but there was something in the resorvoir
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that prevented you from dolng that in certain casea; but now,
meke the assumptlon for me for a moment that you could imcrease
the injection rate after the projeet was sterted snd after you
ran along in & year or two at eighty barrels, you declded that
you wanted to increase 1t so &8 to malntaln your ocil preduction
somewhere around the fifty-seven barrel level, If you did thsat,
it would follow, would 1t not, from your own exhibits hers, that
the same amount of o0il would be recovered, assuming that you were

able to inerezse the injecticn rate --

A (Interrupting) No.

& =~ as would be recovered In ths four hundred barrel cosel
A Yo, I don't believe so,

¢ From en economic standpolnt, I'sm talking ebout, leaving

out your bellef sbout the wests.
A T belleve you woulé stlll have this problem, because you
would not be Injecting through the entire life of the operation
at the high rete. 7You are losing the benefit cf your injeetion
and production in the early part of the operation before you have
increased your pressurs on your rate, and eccording to your hypo-
thetical exemple, so I don't believe that you would ecome out
wilth the same recovery on an economic basis,
@ What you sre saying lg that you simply mske a greater
rete of return and meke more money at the high rate of injection,
high rate of production, but assuming the same displacement

efficlency which you have aasumed In your exhibit and assuming
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further that you could incresse your injection rate from eighty
barrels on up az the cese required, then while you might make
more money in tne four hundred barrel injection ease, you would
still recover the ssme amount of oil, whether you injected at
four hundéred barrels per day all along, or whether you started
at eighty and then incressed it, would you not?

A4 Ho, I don't think so. Aeg long as we talk sbout economic
1imit, I think economie limit comes into this plcture here, and
therefore I dont't believe that that case would held. ,

& ven if you inereased your injection rate to four hundre*
barrels of water per day, you will would not reech the same
amount of production at the same weter-oil ratio that you d4id
in the four hundred barrel case, is that what you are seying?

A I think 1t is the same water-oil ratio. I dontt want to
be misunderstocd in that conneetion, but I do believe that is not
the same as the economiec limit.

Q HNow then, Mr. Buckwelter, in conneetion with your Exhibit
No. 6, which is your Eredford Pileld exhibit, ian't it true, Mr.
Buckwalter, that voluntary proretion of the Bradford weter flood
was instituted sometime around 1935 or 13467

A PFor a ghort peried of time.

@ How long did that prorstion continue?

A T think s mater of months, & few months,

¢ There has been no proration, voluntery or otherwise, of

the Bradford Fleld flood since thet time, 13 that true?
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~ dot toc my knowledge.

perliod in ths Tleld, nes served to furnish soms roughly ninety
percent of the market demsnd for oll In Pennsylvenia, hag it not?

4 I think thet Txhibit é will show that during e specific
period of times, Fes.

¢ 1f the Eradford Field had been permitted to produce
unrestricted end, s you say, perhaps 1t wes for & period of a
few months, 17 that is the situation and 1f you had had & substant
amount of eddltlionsl production in Pennsylvania other then the
Bradford Field productlon, bthen your peak or wheat would heve besn
required vy way of merket demand in Pemmsylvanls would have been
substantially higher in the 1945 period than is shown by your

chart, wouic it not?

iy How the Bradford Pleld, at least during this water floodhng

gal

4 Certainly the peai for Pennsylvania would h&ve been higher,

but I have shown the Bradford pesk here under water Ilooding related

to Bradford peal nere under the primsry. I certelnly egree with
you taat il water flcod had been practiced in other perts of the
State at the same time ez in the Bradford Field, that this tobael
Penmsylvenian curve cculd have been substantially higher.

& Ur 1f there had been substentisl quéntities of primery
production in Pennsylvanie at thet time, you would hsve 8 much
higner peak, would you nobt?

A Sure, that 1s true,

¥ hws, in orcer for the Bradford Field to produce without
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proration on its weter flood, tnd in ordsr for additional Penngyld
vanla production, 1f there had been any, to reach ths market,

it would have besn necsssery tc have & substantially grester market
demand in Pennsylvanie than actuslly exlisted at thet time?

& Gee, I don't know., I think from 1937 to 1948, in thst
particular pericd, why, we had & goocd demend for Penngylvenia
grade crude, and that we couldn't supply what we could really use,

& Now the situstion in Pennsylvenle et that periocd andé
the situstion in New Mexleco todey are quite different, are they
not?

A T would say in that connectior they sure aren't,

Q@ In other words, st present, water flood production repre

sents a very small production of the State's production in this
State?

A I beliave it does, yes.

& There is & very substential quantity of flush or primary
productlion in New Mexico todsy, 1s there not?

A I think there is nice production in ¥ew Mexico, yes.

¢ FKew filelds are being dlscovered from time to time in New
Mexico, bringing in new end additionsl primary production, too?

A Thatts true.

@ In that regard, the situastion is vastly different in New
Hexico today from what 1t was in Pemnsylvania during the periocd

portrayed by your chart thers?

A In percentage-wlse, ves, althourh T would like +o say that
S P. [ » y
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8 new fleld was discovered in Pennsylvanie there sround 1937.

& In the perlod from 1915 to 1925, your Bredford Fleld
production eccounter for perheps & third tc a helf of your total
State production, did it not?

A Yes, thett's correct.

3 And then when the wster flcoed went Iinto effect, that
Bradford Fleld nroduction lncreased some three or four fold, per-
heps four or five fold?

A That!s correct, with time and development.

Q If vnroducticn from the Caprock Queen Fleld were to incregse

some four or five or six fold e% this tims, and considering that
there is a substantiel amount of prorated primary production in
New Mexico, would that not heve an effect on that primary prorated
production 1f the Caprock Q{Queen Field acted like the Bredford
Mleld?

A I don't think -- I think that would be up to others to
decide, than mysell, ss to what effset that would heve on the
picture, I do helleve that your flgure there of five or aix timeJ
increase for the Csprock Fleld 1s too high a figure for me to
imasgine, but if I take your premise that 1f 1t would heppen, that
it be four or five or six times in ths Csprock Field, that it
would have & very definlte effeat on the State's production. No

questicr about thet in my mind,
| Q@ I believe 1t was Rxhlblt 7 that wss your colored msp

that shows the varlous stasgss of devlotion of the trects of this
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field, 1is thet 77 I belleve 1t wes.

4 Yes.

G On one of your exhiblts you assumed 1t would take three
yeers to develop the northern third of the fleld by water flood,
six thousaend seven hundrad twenty acres, I belleve?

A I calculated develonment at that rate, yes.

$ There's s substantlal amount of red sersage or gtripper
acreage in other psrts of the fleld, too, 13z there not?

A There ars some spotty arseas, ves, throughout the field
of atripper production.

Q The agsumptlon on thet graph desling with the six thousand
goven hundred twenty scrss, I suppose, was that you would not
get eny water flood development anywhere except in that portion
of the fleld?

A Ch, I don't think I zssumed that. I just chose the six
thousand scven hundrsed twenty scres es an example of what would
happen, which I telled about in the northern part of the field.

I didnt't meen to mske any further assumptions thet would have
any bearing on the rest of it.

Q It 1g perfactly reascnable that the water flooding msy not
be restricted In the next three years Lo the Lop one-third of
the fleld, but may extend to some of the red tracts seattered
throughout the rest of the fiasld, and to other tracts thau may
beconie red within the next three yeers?

A I think thet is right, but my calculation was based on &
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eonstant development rate up to the mix thousand seven hundred
twenty ecres, and I don't think it matters for this partieulier
guestion Just where thet six thousand seven hundred twenty acres
might be located.

& HNow then, If capeclty weter flooding, unlimited allowables
were grented to water floods In thie field, 1t would be ressonablej
would it not, to grant that privilege or that alloweble to other
traets 1n the fleld, other than just to the northern one~third of
the field? In obther words, if it were to he adopted for the
northern one-third of the fleld, it would be ressocnadle for it
to be adopted elsewhsere in the field?

A T think that is entirely up to others thmmyself to
decide. I think that would be up to the Conservetion Commission
to deelds,

Q There's no resson, is there, for making e distinction
between a rod trsct in the north end of the field snd a red tract
in the éouth end or the center part of the field?

& No, they're all red, that's right.

Q You wouldn't recommend that the tracts be treated different-
ly from a prorastion peoint of view; would you, just bsocause zome
fall In the top part of the fleld and zome in the center and some
in the south?

A Fo, I domtt think I would male thet recommendetion.

o Now, if cepmcity or unlimited water floods were started

on sowe of the rad leases which offset leases of another wolor,
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that 1s to say, where you have some substantial primary produetion
left, would you recommond to the fommlssion that it prorate the
woells on the offsetiing leases, the lseses offsetting those in
vhiech the flocds were being conducted?

A I think each case would have to be worked out on its own
merits at the time that thest particuler cese woulé eome up. I
think thet 1f water flcooding is granted in a situetion where
you have this stripper areas and higher productivity ereas adjacent
to it, that thet problem would have Lo be faced and solved, I
don't think thet we could genesrslize on thet et this pdint of the

situation.

&

Well, 1f you granted wvour unlimited water flood allowablp
to those areans cdown In the central part of the field where water
floods were sterted, but prorated the ereas adjacent to them which

were stlll in primery steze of depletion, you would heve a certain

[&:]
}-
<t

etiv

o
+

smount of disruption of corr: *ights, would vou not?
A I belleve you could have, yez, air. I believe you sould

have,

Q Isa't that & serlous problem to be econsidersd 4in conﬂeetken

with this cversll protem of wetsr flood rates?

A& I thinl: it 13 a problsm to be faced in & situstion like
the Ceprocl: Fisld, yes, sir, I sure do.

Q@ Lctuelly, in effsct, 1t 1s heing faced sny timo unlimitefl
water floods ars adopted in any psrt of & fleld, you are virtually

faclng that problam slsewhere in the £leld immediately, arentt you,
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as a practical matter?

A It depends somewhat what you mean by "immediately". I
think there is a time there until you would face it in certain
areas, and you must also, I think, recall with me that you would
have declining production in some parts of the field while you
would be in the process of developing other parts, so I don't
think that you could come to an definite conclusion aboutvhat that
picture would look like at some time in the future without a lot
of decline curve work and other studies thatmight be made.

Q Your Exhibit 9, where you showed a prospective peak for
production from the Caprock Queen Field, is based on an assumption
of what length of time for development?

A Well, about eight years in the cas of the high rate, and
about thirteen years in the case of the low injection rate.

Q If you had used, instead of using the eight years, if you
had used thé five-year figure which you used in connection with
your other exhibits, you would have shown a substantially higher
peak rate of production under your high rate water flooding, would
you not?

A I think maybe I must have misunderstood your former ques=-
tion. I think that actually the assumption that I have made here
is that we would have twenty-two hundred forty acres per year
developed at a constant rate in each case. Now twenty-two hundred
forty acres per year for three years would be sixty-seven hundred

and twenty: for twenty-two hundred and forty, that is not what I
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stated. The development rate there is considerably slower than
1 stated in my former question. I misunderstood it.

Q Now, on one of your exhibits you stated that you felt that
five years was a fast perlod of time for this entire field to be
placed under water flood?

A I sure did.

Q HNow, if that rate of time were used instqad of the rate
of time that you used here of twenty-two hundred forty acres, or
some eight years, you would have had a substantially higher peak
for the Caprock Queen production, wouldn't you?

A Yes, I believe you would,

0 In other words, the unlimited allowables from the Caprock
Queen Field, based on water flooding, would be taking up the large]
proportion of the "tate's market demand, if you assumed a five~yea
development for the field instead of an eight year development
for the field?

A 1 think my other exhibit worked it out for five years, and
so I think that speaks for itself.

Q On your Exhibit 10 you showed the estimated peak of water
flood production for the Caprock Queen Field. I believe you gave
a figure of a little over eightsen thousand barrels ~--

A Nineteen thousand.

Q Nineteen thousand barrels?

A Yes.

Q That is water flood production alone, 1s it not?

9

3
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unitized?

A No, that is true.

Q4 %o once it is unitized the flooding would commence simul-
taneously, so that instead of spreading out your rate of developmer
over some eight years, you might condense it into one ygar?

A 1 don't believe that that could be done. That's too fast,

Q Now, referring to your last exhibit, Mr. Buckwalter, which
was the exhibit relating to the Zouth Ward Flield, the ten floods
that you havweconsidered there, were there differences in sand
thickness between the flooded preperties?

A Yes, sir,

Q Wwhat is the range of differences in sand thicknesses
.botwcen the flooded properties, if you know?

A Viell, I don't remember exactly.

Q Well, just approximately.

A I'll make a guess. I would say somewhere in the order of
say, eighteen to twenty-seven feet, something like that, I mean
Just from memory.

Q@ %ould there be, is it reasonable in your opinion to campatﬁ
the recoveries from a tract having eighteen feet of sand with
one having twenty-seven feet of sand?

A Unless you take other things intc consideration, 1 think
it would be reasonable.

Q Have you taken that into consideration in connection with

this exhihit?
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A In connection with this exhibit, 1 did not take it into
consideration except in this way, I have made & comparison between
what these tracts have actually produced, regardless of the faotagﬁ
under primary was and what they produced under secondary.

Q Now, it is true, is it not, that there is a gas cap in
connection with some of the properties that you considered here ang
no gas cap in others?

A Well, the more I look into the gas cap and have looked intg
it, I would say that the more I see of gas cap conditions in this
field; I wouldn't say that you could completely eliminate it in
any one spot or any one property.

G In your opinion, do you have the same amount of gas cap
on esch one of these tracts?

A No.

QG The same amount of gas saturated acre foot?

A HNo, I don't think you do,

Q@ You wouldn't expect to get oll recovery on either primary
or water flood on acreage saturated with gas, would you?

A No, I wouldn't,

Q Have you considered in making thic exhibit the dates at
which primary production waes commenced on various tracts in the
field?

A No, I took the primary production for the total life of
the primary in that particular property, regardless of when the

property was developed.
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G 1f primary had started on one of your tracts a substantial
length of time before it start‘d from other tracts, that would makq
a2 considerable difference, would it notv

A Ch, I think there could be some difference there. I'm
not tooc sure it would be tremendous or be even too significant.

Q You have not taken that factor into considereation?

A No, I have not taken that factor into consideration.

Q Have you made a study to determine whether or not there's
been any migration from one of these flooded tracts to another,
either during the primary stage or during the stage of water
flooding?

A 1 did look into that under particularly the water flooding
stage of the operations. I did conclude that there ls movement
of fluides from some of these properties to other properties, and
I did conclude, however, that for the most part that movement {s
through this gas sand and the movement 1s water rather than oil.

 MNow, if you have had movement from one tract to another,
that would make a difference in your expected recoveries from
that tract and your actual recoveries from it under water flooding,
irregardless of ratev

A It could make a difference if that were a large volume,
it sure could.

Q Mr. Buckwalter, you mentioned earlier that part of your

belief that high rate water flooding prevented physical waste
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that were taken in the Eradford Field after flooding operations
had been completed, is that correct?

A Yes, though I don't think I ever sald that the water floodd
ing at any rate would completely prevent some waste. 1 believe
that there 2re losses, some losses, at any rate that we achieved
in the field.

3 But I believe you used these cores as part of your basis
for believing that high rates were more effective than low rates,
is that correct?

A Yes, 1 did say that.

@& Do you have the data or any tabulation in connection with
these cores or hags any information been published with respect to
them, to show why you concluded from your study of these cores
that a high rate water flooding is more desirable than low rate
water flooding?

A 1 think that some material has been published in that
connection, yes. As 1 recall, in spproximately 19%0, 1 believe
a paper was published by Mr. Harry Ryder in which he presented
data on the results of core wells subsequent to water flooding
in the Bradford Fleld.

@ w#hat did that data show which indicates to you that high
rate flooding is moredesirable than low rate flooding?

A Vvell, as I recall, the reduction in oll saturation was
the principal paiht made, that where you have higher rates of

water movement through Bradford sands in that area, the lower
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residual saturation resulting from those high rates, 1 thought
was evident from the core materlal.

Q Now, if you reached the conclusion that high rate flooding

will yield a greater ultimate recovery than would low rate flaodin#.

can you explain how you isolate the rate effect, how you isolate
the factors by which you determine that that is true?

A I'm sorry, we are going to have to go over that one again.

3 As I understand it, you reached the conclusion that by
flooding through fast injection and fast production, you get
more oil out of the sand than you do by low injection and low
production. What I am asking you is how do you isolate the factors
from which you reach that conclusion, and what are the factors
from which you reach that coenclusion?

A ¥Well, I have a tough problem there, and I think I stated
previcusly that I am in trouble on that particular problem. There
are 3o many different factore that it is difficult to isclate
them, and the saturation relationship we talked about just a2
minute ago is an indication, and I think it has to be taken
that way.

MR. MCGINNIS: Thamk you. I believe that's all the
questions 1 have, thank you.

MR. PORTER: Mr. McGowan,

MR. McGOWAN: I have just a few questions I would like to

ask.
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By MB. McGOWAN!

Q Mr. Buckwalter, when you were talking about the peak of
water flood production in connection with your exhibit 10, you
need not turn to it, your peak was reached, I believe, at the time
that the entire field was developed, is that correct’

A In == oh, I'm sorry, 1 am thinking about 1ll.

) Ve were talking about your peak, the top peak is around
1961, 1962, that is when the entire fleld would be developed on
that exhibit?

A That is correct.

@ There would be no primary oil production at that time,
would there, except insofar as it might be a part of the water
flood oil, because if your whole field is developed as a secondary
recovery project, there would be no primary production left?

A Of course, the way 1 have arrived at the secondary rccovur*
peak there, I have not considered the remaining primary that
might be above stripper stages.

Q If the entire field is under water flood, all the oil
would be water flood?

A 1 thinkltschnically you are right, it would be water
floed. I suppose you would have te call it that.

% 1In connection with Exhibit 9, we were talking about corrolT-
tive rights, that is,the problem that it -~ I think you stated
that the Commission always has, the Commission has to approve

particular acreage for water flood operation before it can be
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water flooded, does it not?

A That's correct, yes, 1 think it does,

& 1 do wish you would turn to Exhibit No. 2 for just a
moment. Now in your response to questions by Mr, HecGinnis con~
cerning the amount of fluld injected and the amount of fluid pro-
duced at any glven time on either of those rates, with particular
attention to tha four hundred barrel per day rate, you said that
the peak production was fifty-eix thousand sne hundred barrels.
Now, that was on a yearly average, as 1 understood you7

A That;s correct,

@ That is one hundred fifty-three barrels per day?

A Cn that average.

Por a year's average7

L2

A Yes.

G Would not your particular peak on the highest day in that
year be much higher than the one hundred fifty-three barrels a
day?

A 1t certainly would,

Q Would not your produced fluid level be the peak of the
highest day's production, rather than the yearly average of fifty-
six thousand one hundred?

A 1t certainly would.

¢ Then that would reduce considerably, if not almost elimina
the water for which you made no accounting in response to Hr.

HeGinnis's question, is that not correct?

Le,
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A That's correct.

o Now, in connection with the economics that you have on
your Exhibits 4 and 5, you need not turn to them, they essentially
express the same things in different manner, Now 1 gathered
from your testimony that you are of the opinlon that a high rate
of injection as opposed to a low rate of injection, using the
terms relatively, will recover a greater amount of oil from the
same reservoir space than will the low rate?

A Yes, sir.

Q However, in making your comparisens of recoveries against |
your four hundred barrel a cday injection to your elghty barrel
injection, for the purpose of that example alone, I understand
that you assumed that the efficiency per injected well of water
would be the same in recovery, is that correct?

A That's correct. That's correct.

Q And even under that assumption, as 1 read your exhibit,
you ﬁculd leave about five hundred thousand barrels of o¢il in
the ground on the eighty barrel injection rate that would be
recovered on the four hundred barrel injection rate?

A That's correct.

G That would mean, then, some sixty-one thousand dellars less
money paid the State of New Mexico on gross production tax, wouldnlt
1t?

A 1 hadn't calculated that.

2 That is the difference in the two figures on your Exhibit
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4. It would also mean approximetely three times less that was
peid the State of New Mexico in royalties, since they are the
proper royalty owners?

&4 I suppose so.

Q If we drop the esssumption that you made for the purpose

-

of this exhibit and went to your steted opinion that the efficisncy
of recovery per barrel of injeoeted water 1s not as great on the
low rate &g the high rate, then the amount of oll wasted would be
incrsased, would it not?

A Yes, sir.

Q@ The amount of money in taxes to the State and royalty
to the State, in money to the operator, and 2ll other phases of th?
operation would be increased proportionstely, would it not?

A Yes, sir.

MR, McGOWAN: Thank you. That'!s ell I have.
MR. PORTER: Anyone else have a queation? Mr, Cooley.
By MR. COOLEY:

@ In response to & questlion a short while ego concerning the
problem of correlative rights with respeet to one area in Csaprock
Queen Pool veing watar flooded while an adjacent ares 1s not belng
water flooded, I bellsve you answersd there was a possibility of
violatlion of correlstive rights. I would like to ask you whose
correlatlive rights? Is there a possibility, even the remotest
possibllilty, assuming that you have & tract of land adjacent to

mine, that you &re injecting water on yours and I'm not on mine,
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that you could withdraw any oil from my land through your pxaducin4
well?
A 1 don't think you could, no.
MR, COOLEY: Thank you very much., That's all I have.
MR. PORTER: Anyone else have a question of Mr. Buckwalter?
The witness may be excused.
| (¥itness excused.)
M. PORTER: Call your next witness.
MR. CAMPBELL: Call Mr. Stiles. If the Commission please,
this witness hasn't been sworn.
(witness sworn.)
a witness, of lawful age, having been first duly sworn on oath,
testified as follows:!
DIRECT EXAMINATION
By M3. CAMPBELL:
¢ Wwill you state your name, please?
A W, E. Stiles.
MR. PORTER: How do you spell that Stiles, please?
Set=i=l-g=s,
where do you live, Mr. Stiles?
Tulsa, Oklahoma.

By‘wham are you employed?

> 0 9 » B0 0w

Buffalo 01l Company.
Q—Ia-what capacity?
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A Vice president in charge of production and engineering.

Q How long have you been with the Buffale 0il Company?

A Six years.

Q 1s Buffalo 01l Company engaged in any water flood projects,
Mr. Stiles?

A Yes, we have interest in ten water flood projects in four
States, and we operate seven of those projects.

Q Would you give the Commission a brief statement of your
educational and professional background, Mr. Stiles?

A 1 am a petroleum engineering graduate, Texas A, & M., and
during about the first four years of my business experience after
college, I engaged in well testing work. The next eight years 1
was with Core Laboratories, Inc., in various capacities, most
of which dealt with reservoir engineering, and principally with
secondary recovery engineering; and for the last six years I have

been with Buffalo il Company.

Q uring the time that you have been with Buffale Cil Ccmpan*

have you had occasion to observe the operation of a waterflood
which your company was interested in?

A Yes, sir, directly.

&4 And have you had occasion to observe the operations and
histories of water floods in which other companies were engaged in
the areas in which you have worked?

A Yes, yes, in many of them.

Q _Now, based upon your experience both in the work you did
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with Core Laboratories and your experience in the field with
Buffalo Cil Company, in the field of secondary recovery, have
you formed an opinion as to the relationship between the rate
of injection or rate of production in water flood projects and
the ultimate recovery of oil from those projects?

A Yes, I believe all the data I have seen of successful
floods were floods in which the water was injected at a high rate.
Many of the unsuccessful floods that I have examined have been
floods in which the injection rate was low for one or more reasons,

% Does your company, in the areas in which you operate water
floods, follow that procedure in their operations?

A Yes, we inject as fast as possible in all of our floods
in order to gain more recovery.

Q4 And is it your opinion that that results in a greater
ultimate recovery of oil?

A Very definitely.

QG In connection with your operation of water floods in the
State of Oklahoma, Mr. Stiles, have you had occasion to examine
any records with regard to the possible effect of unrestricted
water flood allowables in that State upon the general market
picture in Oklahoma?

A Yes. In the “tate of Cklahoma, each water flood operator
{s required monthly to submit an affidavit type of report on each
of his water flood projects, which report sets forth the number
of injection wells, the number of producing wells, and the average
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daily rate of oil production, the average dally rate of water
production, and average dalily rate éf water injection.

Early this year’we asked the Cklahoma Corporation Commissior
to make a tabulation of one month's reporting of such information,
and ! have here a tabulation made by the (klahoma Corporation
Commission of all, I presume all of the flood projects in the
State.

There are four hundred forty-nine projects reported in
this tabulation by two hundred and nine differsnt operators. There
are fifteen thousand four hundred and fifty-six oil welles, and
ten thousand and ninety-five input wells recorded in this tabulation.

Furthermore, the tabulation shows the amount of secondary
oil production by months in the State, for the months of July,
19%6, through January, 1957. The average monthly water flood
production for that seven months period of time is a hundred and
thirteen thousand two hundred and ninety-one barrels of water
flood oil. During this seven months period, the “tate's allowable
varied somewhat each month, but gensrally it was in the range of
about six hundred twenty-five thousand barrels per day, so that
the water flood production in the State averaged, over the seven
months period of time,represented about eighteen percent of the
State's total daily preduction.

The total amount of water flood oll produced per month,
or per day, excuse me, when divided by the total number of producing

wells shown in this tabulaticn, gives an average daily production
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rate per producing well of only 8.26 barrels. Now if we add

into the number of producing wells the number of input wells, then
the water flood production in the State averages only five barrels
per day per well, counting both producing and input wells.

Now, of all these projects tabulated, there's quite a
number of them that show no input wells, so that obviously some-
thing is wrong with those projects. There are also projects
which show only one input well on the entire project. I surmise
that that one input well project is truly 2 salt water dlsposal
project and not a water flood project, because some of the opera-
tors in Oklahoma are prone to obtain a water flooding permit when
really they want to dispose of salt water.

I have knocked ocut all the projects, which have less than
two input wells. On the remalining projects, there are thirty-six
in which the o0il wells are averaging more than twenty-five barrels
per day per well, I use the twenty-five barrels because that
usually is the minimum allowable for any well in the State of
Oklahoma, and I'm trying to show here that there are, that in
these thirty-six projects in which the producing wells are averagij
more than twenty-five barrels per well per day, there is a total

production from these projects in excess of twenty-five barrels

allowable of only twelve thousand one hundred and sixty-one barrelp

per day.
In effect, what I am saying, if you regulated a water

flood in the State of Oklahoma to only twenty~five barrels per

ng
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day per producing well, you would knock off only twelve thousand
one hundred and sixty-one barrels a day of water flood production
in the entire State, and that represents about 1.9 percent of

the total “tate's production.

Now the highest producing water flood reported in this
tabulation is one owned by Gulf Cil Company, in which they have
nine input wells and fifteen producing wells, That water flood
was producing during April of 1957 78.9 barrels per day per pro-
ducing well. That is the highest producing water flood reported
in this on a per well basis, reported in thiz tabulation, Now
if you add in the nine inputs along with the fifteen producers,
then per well you are producing fifty-four barrels per day, so
in my opinion this tabulation indicates first, in the State of
Cklahoma there is no need for proration, and that if you prorated
wells that you still wouldn't reduce the amoumt of waterflood
production in the State.

Q@ In other words, is it your opinion that the impact of
secondary oil or water flood cil in the State of Oklahoma is
negligible insofar as the “tate's market picture is concerned?

A Right.

Q Has Cklazhoma been engaged in water flood operations,
secondary recovery operations, for a number of years?

A Many years.

) You consider in Oklahoma there are a substantial number

of water flood projects in operation as compared to other States?
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A I would say more than any other State.

(; Now, have you had any experience with regard to any
particular field in Oklahoma which has, or pool which has reached
a decline stage in water flood production, which would indicate
the relationship of the impact of water flood production as
related to primary production?

A Yes. Buffalo 0il Company owns and operates the CGlympic
Pool in Oklahoma, and the primary and the secondary production
peaks of the Cklahoma Pool is shown on this exhibit.

(Applicant's Exhibit No. 12
marked for identification.)

Q I will refer you, for the record here, to what has been
{dentified as Applicant's Exhibit No. 12, and ask you to go ahead
and state what that i¢ and explain it, please.

A There are about thirty-two hundred acres, thirty-twe
hundred acres developed for water flooding in the pool. The
paol was discovered about nineteen -- early 1935, and 1t reached
its peak of primary production in 1937, and what I have plotted
here is the average daily rate of production during the peak
year of 1937, and that average daily rate is about eleven thousand
four hundred fifty barrels, roughly. Ouring that year, the
average number of producing welle in the field, and this is during
the time we had no curtailment of production at all, the average
number of producing wells during the 1937 year period was two

hundred and ten wells, so that we have an average production per
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well per day of fifty-seven barrels, during the peak primary year.

The fleld was started under a pilot water flood in late
1548, and we expanded out of that pilot flood on about the first
of 1950, Olympic was developed about as fast as any water flood
has ever or will ever be developed. The field was originally
drilled for ten-acre spacing, and two-thirds of the field was
developed on water flooding on ten-acre five~spot basis which
required that we drill all new input welle in field-type wells,
and most of the time we had about three rigs busy drilling the
input wells, and each rig completed a well in six or seven days,
so that is pretty fast development.

Also, in Clympic we set our injection at one well per day
per acre foot, and tried to hold it as close to that as possible,
and the fleld has always been operated as close to one barrel per
day per foot as natural factors would let us operate.

The secondary peak of production was reached in 1953, and
we have produced about eleven thousand two hundred barrels a day
on the average, during that year. That's strictly water flood oll,
During that time we had under development an average of two hundred
and sixteen producing wells that were within the developed area,
and being subjected to water injection. Those two hundred and
sixteen producers averaged during the vear fifty-two barrels per
day per well, which is about five barrels per day per well less
than primary peak. Now if we add in, into the two hundred sixteen

producing wells, the two hundred and sixteen input wells that we
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had also drilled and had in operation, then the average production
per well including both input and producers was only twenty-six
barrels per day per well., This in 3 water flood which was developed
as fast as almost humanly possible, and in which the injection was
maintained at a high rate, what we consider in this hearing as

a high rate.

o MNow, what conclusion does that lead you to, with regard
to the impact of that particular water flood project on the market
situation in the State of Uklahoma?

A I don't think it had much of an impact on the total State'd
production., At least, when you look at it from a per well per
day basis.,

¢ During the time the Clympic Pool was at its depth there
in 1950, 1 assume there were other water flood projects in the
State of (Oklahoma that were perhaps at their peak, is that correct]

A ‘Gh, yes, no doubt,

G ¥Yould that tend to level cut the impact of any psrticular
water flood effort at a particular timev

A Yesg, sir, yas, sir,

2 Now, your cempany does not operate any secondary recovery
projects in the “tate of New Mexico, does ity

A Not at the moment, no. We have a vital interest in it,
in that we are owners of many leasesz in the Maljamar and other
flelds, too.

S—You cor
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A Very definitely. This Commission has recently given to
us and other operators in New HMexico a pilot water flood permit.

) Based upon your operations in New Mexico and your knowled97
of the potential water flood areas in the State of New Mexico, do
you anticipate there w»ill be any marked difference between the
effect of a secondary or water flood production in New Mexico than
you experienced in the “tate of Cklahoma as secondary recovery
developed there?

A No, I don't think so. I think secondary development in

the State of New Mexico will probably go along about the same

-

pace it is in Oklahoma, for instance, wherein it hasn't drastically

affected the State's allowable, State's market.
MR. CAMPBELL: I believe that's all,
MR. PORTER: Mr. McGinnis,

CRUTS EXAMINAT ION

By Mi. McGINNIT:

G Mr. Stiles, I believe you said you thought the progress of
water flood in New Mexico would be sinilar to that in Oklahoma,
and there are a good many more water floods in Cklahoma at the
present time than there are in New Mexico, are there not?

A Correct, definitely.

G 1 believe you said the biggest producing flood in Cklahoma
today, from the point of view of production per well, per producing
well, wae a Gulf project in which there were nine producing wells,

making an average of 78.9 barrels per producing well?
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A That's right. I said according to this tabulation.

Q Yes, according to this tabulation you have there. Now,
Mr. “tiles, you heard, I presume, the testimony of and the exhibitﬁ
of Mr. Buckwalter here today?

A Yes, sir,

3 He's presented, and you heard him state, I believe, that he
would have, in this project out here, an average of a hundred and
fifty~three barrels per well per day at the peak?v

A Yes.

Q And then on some cross examination by the attorney with
Sinclalr, it was developed the production rate might even go higher
at the peak day than 3 hundred fifty~three barrels, which was the
average for the peak yeary

A Right.

il ¥ell, now, do you agree with the calculations that Mr.
Buckwalter has made here, that a hundred fifty-three barrels will
probably ba the producing rate in this New Hexico flood?

A Mr. McGinnis, I don't recall that he made any actual calcue
lations. I did not testify to that to start with, and I don't
know I am qualified to answer that question.

& Well, you saw the exhibit?

A Yes, sir.

% That he had made or he was testifying from, and it was
his statement that those were his estimates of what would happen

at a four hundred barrel rate which he was recommending for this
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field, that it would reach a hundred fifty-three barrels as an
average for a peak year, and substantially over a hundred fifty-
three at the peak rate?

A 1 have seeﬁ no data on the same conditions in the Caprock
Field. There's no calculations of my own,

@ ©On this same point, if Mr. Buckwalter's esztimates of pro-
duction for thls particular Caprock Queen flood be correct, then
right out of the box, the very first thing, New Mexice is going
to have a flood that's producing substantially more than, and in
fact just about double what the biggest flood in Cklahoma is
producing per well, isn't that true from these figures, 78.9
barrels for your biggest Oklahoma flood, one hundred fifty-three
barrels for New Mexico floods?

A Yes.

Q What ie the basiz, then, in view of thi: evidence, that
you think the condition is going to be the same here in New Mexico
that they are in OCklahoma?y

A Conditions, you mean the effect upon State's allowable?

< Yes, sir.

A How many barrels per day is this flood you are talking
about going to produce, total barrels? Cne well at & hundred

ifty-three barrels per day is not going to hurt anyone.

& Mr. Stlles, I believe there's testimony there's six hundred

excuse me, six thousand some
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That would mean about 18,000 acres in the fileld as a whole, and
1 believe some six hundred seventeen wells in the field.

A Yes.,

2 Now, I can't answer you that question. He estimated five
years, but he said if it was unitized it might be faster than thaty

A As I recall, he was talking about a typical eighty~acre
five-spot, wherein we would hit a hundred fifty~three barrels per

day maybe, maybe get up to three hundred on some of them. All of
these five-spots under development don't hit that peak estimate
because you can't develop all these five-spots at the same time;
so these peaks are going to be staggered out over a seversl years
period of time, not all cumulative.

2 Now, you have had considersble experience in water flooding
have you not, sir?y

A well, I have had some, yves, sir,

3 Now, you have heard Mr. Buckwalter testify that he thought
there were certain conditions in some reservoirs, at least, which
would prevent increasing an injection rate from eighty barrels up
to four hundred barrels, even though in that same reserveir you
might have started out at four hundred barrels injection rate.

Do you agree with his spinion on that?
A Yes, to 2 degree I will have to agree with that.
Q4 What is your reason for believing that from a scientific

point of view, that that is true?
A I can't tall you from a scientific point of view, Mr.
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McGinnis, 1 can tell you from experience, though, it does happen.

G Do you know of fields which you could have flooded, for
instance, at a four hundred barrel injection rate to begin with,
but you could not start out at a lower rate and increase it to
the higher rate”

MR. ERREBU: If it please the Commiscion, it seems to me
this line of testimony is going far beyond the direct testimony
offered by this witness, and we'll object to it.

MA. MINKLE: T would like to ask if Mr, Campbell i: objectq
ing?

MR. CAMPBELL: Sure, 1 join in the objection.

MR, HINKLE: If the Commiszion please, in order to save
time, we are willing to withdraw the guestion,

M. CAMFBELL: I believe the question was answered anyway.

& Mr., %“tlles, on your direct examination, dld you express an
opinion as to whether the low rate flooding would not recover as
much 01l as the high rate flooding? Did you express an opinion on
that in your testimony?

A I think I expressed an opinion; high rate flood would
produce more oil than low rate, yes.

3 Would you please state why this is true, in your opinien?

A Again based upon experience -- excuse me for interrupting 4
based on experlence.

¢ Is there anything other than experience that causes you to

have this belief?

v
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A No, sir, I'll have to say it's almost entirely experience,
because all the laboratory and theoretical data I see iz sometimes
in conflict; I can't always add them together and come up with the
right answer.

G What has your experience been that led you to believe that
high rate flooding will recover more oil, what specific experience
have you had that leads you to that belief?

A Within our own company, we have had no experience with low
rate floods becauss we have never operated a low rate flood. The
experience I have with the low recoveries in the low rate flood
is based upon other people's results, data that 1 have seen over

the years.

©» You had nothing to do with the operation of those particulfr

floods?

A Mo, eir. No, sir.

¢; when you use the term "high rate" as compared with Ylow
rate*, what do you mean by high rate and what do you mean by low
rate?

A well, I think I'1l have to go along with Mr. Buckwalter
this morning, that a high rate injection is somewhere between a
half barrel per acre foot and a barrel per acre foot per day.
Anything under that I would consider low rate injection.

7 Have you had any experience which indicates to you that
the property cannot be flooded at less than a half barrel per

well per acre foot, be flooded?
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A ©h, definitely can be flooded, yes, but I think with
poor result: and poor economics at the low rates.

Q3 Are there any specific floods that you know of that lead
you to that belief?

A Oh, I can't call them ofThand, Mr. McGinnis, but 1 hawve
seen quite a number of them in the past.

. MR. MCGINNIS: 1 have no further questions.
MR. PCRTER: Anyone else have a question?
MR, McGOWAN: 1 have one question.
By Mi. McQUWAN:

G Mr. Stiles, when you were giving the total water flood
oil in Oklahoma for the period, I belleve, July, '%6, to January,
*57, you gave an average of a hundred thirteen thousand two hundred
ninety-one barrels per day. HNow that included, did it not, the
0il that would have been produced as stripper primary oil from
those properties had they not been under water flood order?

A Yes, ves.

~

s

that would not have been produced if it weren't water flood?
A That's right.
4 So the impact on the market demand was actually less than
a hundred thirteen thousand as a result of water flood?
A Right.
MR. PORTER: Anyone else have a question?

MR. CAMPRELL: 1 have one, please.

& So actually that entire 113,291 barrels was rnot ofl, not all oil
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RERIRECT EXAMINATION

By MR. CAMPRBELL:

Q In connection with Mr. McGinnis's cross examination relati
to the comparison between the Gulf project in Oklahoma and the
figures that Mr. Buckwalter gave on this proposed project, I
believe you stated that some, or most of the areas in Oklahoma
are developed on ten~-acre five-spots, did you not?

A No, sir, I don't think I said that.

Q Well, are a number of them or not?

A Quite a number of them are, yes, sir.

Q And the proposal here is an eighty~acre five-spot, isn't
it?

A Yes.

Q On a per acre basis, the allocation of secondary or water
flood production to that particular project would be adjusted in
that respect, would it not?

A That's right, it sure would.

MR. CAMPBELL: That's all.
MR. PORTER: Anyone else have a question of the witness,
Mr. Stiles? Mr. Nutter.
RECROSS EXAMINATION
By MR. NUITER:

Q Mr. Stiles, as an operator in the State of New Mexico, are

you familiar with the current rate of production of the State of

New Mexico?

y e
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Total State's production?

Yes, sir.

> 0 »

No, sir, I'm not.

Q Would somewhere in the neighborhood of two hundred fifty
thousand barrels per day be about right, do you think?

A I don't know. I haven't the slightest idea what would be
right for the State.

Q If I told you it's in the neighborhood of two hundred
fifty thousand, would you believe me?

A I would agree with that, yes.

Q You are also aware that New Mexico is a growing State as
far as new oil fields and the rate of production is on the upswing
in the State?

A Yes, sir. Yes, sir.

Q Do you think it would be feasible, then, to project the
rate of production to a period five years hence and say it would
be in the neighborhood of three hundred thousand a day?

A That sounds reasonable, yes, sir.

Q Mr. Buckwalter's Exhibit No. 10 showed that five years
from now estimated water flood oil production from this Caprock
Queen Pool would be in the neighborhood of nineteen thousand
barrels per day. If the total New Mexico production were three
hundred thousand barrels a day, that would be approximately six
percent of the total production, is that correct?

A Yes, sir.
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Q Oklahoma with four hundred forty-nine water flood projects
currently has a total of eighteen percent of its production allo~
cated to water floods?

A In April of this year, or during that seven months period,
yes, sir,.

Q At the rate we are anticipating New Mexico water floods
would go, one pool would account for six percent of the total allof
cation, whereas in Cklahoma ==~

A (Interrupting) That's a pretty sizeable pool.

Q Yes, sir, but four hundred forty-nine pools account for
eighteen percent?

A Yes. Yes, well, now it's not very probable that there
are going to be two or three fields like Caprock all developed
at the same time for water flooding. It may happen, but I would
doubt it, so these peaks of the various fields are not going to
fall at the same time.

Q But one pool would be accounting for a larger percentage
of the total allocation than any pool is in Okléhoma?

A That's correct, yes.

Q Now, Mr. Stiles, you have q&ite a bit of experience with
water floods, does & water flood on the general rule, when you
have capacity operations, deliver quicker payout or slower payout
than primary production?

A I would say it is either the same or a little quicker,

perhaps.,
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Q The water flood does yield a quicker payout?
A With unrestricted allowables, yes.
MR. McGOWAN: If the Commission please, that makes me want
to ask one or two.
By MR. McGOWAN:

Q Mr. Stiles, referring to Exhibit 10 of Mr. Buckwalter, you
need not look at it, the exhibit shows currently the production
from Caprock Pool under consideration here is a little in excess
of twelve thousand barrels a day. The exhibit also shows that the
estimated peak of that pool under water flood, if it were all
developed within five years, in 1962 would reach nineteen thousand
Would not the water flood impact on New Mexico market be only the
difference between twelve and nineteen, rather than nineteen?

A Yes, would be the difference.
Q And that would be on the assumption that the entire pool,
even the portions -~

A (Interrupting) That's right.

Q =~ that now have very top allowables on them would be water

flooded effectively within five years?
A Right.
MR. McGOWAN: Thank you.
MR. PORTER: Any more questions of this witness? Mr.
Campbell, I don't believe you offered your exhibit.
MR. CAMPBELL: I would like to offer Exhibit No. 12,

Applicant's Exhibit No. 12, in evidence.

;

¥
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MR. PORTER: Without objection it will be admitted. The
witness may be excused.

(Witness excused.)

MR. PORTER: We will take a short recess,

MR. CAMPBELL: Before you take the recess, you might con-
sider this‘while you are recessing., At this point there are some
questions about the procedure here. I believe there may be some
other parties that desire to put dn some testimony, and we may
have one more witness in our principal case. I would like to ask
if there are any others present who intend to put on any testimony?

MR. McGOWAN: 1In that connection, Sinclair does desire to
put on some testimony. We are not necessarily supporting or
opposing the application, in the sense we are not concerned with
this particular application. We do have testimony we wish to put
on in connection with water floods which will be applicable to the
extent it is to this application.

It was our thought it would be proper procedure for the
parties who are actively supporting or opposing the particular
application as such, rather than in the broader sense we are, to
proceed first, and let us follow with our testimony; and I wonder
if at this time that procedure will be agreeable with the Commissig

My suggested procedure would be, following the closing
of the applicant's case, those opposing the granting of the
application proceed, and we be allowed after that to put on our

testimony. Ours will not go to the application itself, but more

n?
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to the water flood picture as a whole, and will be applicable to
this application insofar as it applies. It would be more in the
sense of general informstion illustrated by particular information
we have that we feel would be of benefit or hope, at least, would
be some benefit to the Commission,

MR. HINKLE: 1If the Commission please, the Humble intends
to offer testimony in this casze. At the outset it was my under-
standing in the statement of Sinclair they were supporting the
application. In the interest of orderly presentation of this
whole matter, I think all of those who are supporting the principle
that's involved in this case, whether they have any interest in
thlis particular case or not, should be required to put on their
case first, and then followed by the opposition. We are in
somewhat the same situation.

MR. McGOMAN: Our position, sir. He is correct, our
general theory will support the theory under which the applicant
is proceeding; to that extent he is correct. However, we do feel
it is in the nature of general information rather than going
directly to the application,

MR. HINKLE: Curs is certainly general, too, but I think
all of those who are supporting the principle ought to put on first
and be followed by the oppositlion.

MR. MCGOWAN: Mr. Porter, 1 might further say we are not

insisting on any particular procedure. ¥e will gladly abide by
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however, so we can be prepared at the proper time,

MR. PORTER: Anyone else going to put on testimony?

MR. CAMPBEiL: 1 haven't closed yet, of course. I may
want to.

MR. PORTERt The Commission prefers to hear the components
of the application first, and those who oppose toc follow,

MR. McGOWAN: I presume that means you desire us to follow
the applicant?

MR. PORTER: Yes, sir.

MR. CAMPBELL: I would like it made clear I may on the
basis of their testimony want to call one more witness before
we close the proponent's case, even though they are not appearing
as proponents here, and their exhibits will be their own, is that
agreeable?

MR. McGOWAN: Under thls procedure, I'm assuming all those
who proceed under the theory of proponents of the application, which
we are not necessarily except & general aspect, will be treated
as one} in other words, the applicant's case will not be cloced
until we both have closed?

MR. CAMPBELL: I have no objection to Sinclair putting
their testimony in at this time, if I be permitted then to put on
additional witnesses before I close.

MR. PORTER: That will be permitted, Mr. Campbell, We'll
have a short recess.

(Recess.)
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Mit, PORTZH: The meeting will come to order., I'r. HcGowan.
P, P, HA31Gd
a2 witness, of lawrul ags, having been first duly sworn on oa&th,
testifled as follows!
DIRECT XAMINATION

By MR. MeGOwWSN:

& #1ll you state your name, by whoxm you are employed, snd
in what capacility, please?

A P, P, wright 1s my neme. 1 am employed by Sineclair 0il
snd Ges Company as assistent chiefl petrolsum sngineer,

% dave you previously testifled bafors this Commission as
&8 expert?

A I nave not.

Q@ Will you briefiy advise the Commiasion of your educetion
and Yackground In englnaering?

A I have e degree in Chemistry and I started te work for
Sineleir in 1734. I received & B, 3, in Petroleum Znginesring,
degree from the University of Oklanoms in 1340, while I was working witl
Sinelair. I woried with 3incleir --

Mii, JI8KLis  (Interrupting) Can the witness telk s little
louder? e cen't nsar.

A 1 em sorry.

« Gc shesad,

4 I nhave a £. S, in Petroleum tnglnesering, degree from the

University of Oklshoma, I obteined while I wss working with
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Sinclair. I have worked as an engineer with Sinclair since 1940,

Q Now, in your work with Sinclair, Mr. Wright, have you
been primarily concerned with the water flood proparties of
Sinclair and their operation?

A Yes, I have.

Q You in that capacity are and have been familiar with all
water flood projects operated by Sinclair or in which Sinclair owns
an interest, wherever they may be located, is that correct?

A Yes, sir,

G Approximately how many water flood projects deoes “inclair
have an interest in at the present timev

A CSomething in excess of one hundred.

Q Approximately how many of those ls Sinclair the actual
operator of?

A Thirty.

G Approximately what percentage of Sinclair's total productign

is water production?

A Ten percent.

o Would it be correct to say that water flooding is considergd

to be an important segment of Sinclair's activities?

A It is, definitely.

Q Therefore we have not only you, but various members of our
engineering staff have spent much time in trying to develop the
best possible water flood techniques?

A Y have.
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Q You have heard the testimony that has been given here
today. Do you have an opinion as to whether or not in the average
water flood pool or the majority of water floed pools, or all of
them, as to whether or not more possible recoverable oll will be
recovered by a high rate of injection, asoposed to a2 low rate of
injection?

A 1It's been my experience from cobservation of floods that we
operate and from floods in which we own an interest, that the
best successes are obtained with the higher rates.

G Has that been a result of experiments in the field, to
some extent, by Sinclair?

A I wouldn't call it dellberate experiment. We have, of
necessity, when you handle a number of projects, some of them
will be at different rates, and we have naturally and normally
compared the results that are obtalned at different rates.

G 1 gather, then, that it's your opinion that to take any

particular pool and water flood it at, oh, say seven-tenths of

a barrel per day per acre foot, as opposzed to three~tenths of abarre]

acre foot per day of injected water, that on the seven~tenths
injection rate you would recover moere oil out of that reservoir?
A In my opinion that is true.
Q1 You feel that opinion has been borne out by the numerous
projects that Sinclair owns an interest in or has operated, is
that correct?

2

A Yes, sir.

per
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Q Have you picked a particular project of which Sinclair is
the operator, and prepared data concerning that project which you
think illustrates the conclusive proof of that epinlon?

A Yes, 1 have an example here. It is a flood that Sinclair
operates in Kansas., It's called the Browning Unit. It is located
in Greenwood County, Kansas. It's Bartlesville sand solution
gas drive reservoir. We have had a history of performance on this
reservoir since 1924. The reservoir has produced approximately
seven million barrels of primary production. It produced addition-
ally a little over three million barrels by gas repressuring and
in 1949 a water flood project was started on this Unit.

MR. McGOWAN: At this time, Mr. Porter, we have a series
of nine exhibits that will be used collectively. Do you want
them numbered consecutively from the applicant's number, or do you
want them numbered Sinclair 1, 2, 37
MR. PORTER: Yes, I believe it will be better, Sinclair's
Exhibit 1, 2, 3.
{(cinclair's Exhibits Nos. 1, 2,
3,4, 5, 6, 7, 8, and 9 marked
for identification.)

Q Mr. Wright, I would like to ask you if all these exhibits
that have been marked Exhibits 1 through 9 have been prepared by yq
or under your supervision?

A They have.

Q They have been taken from the actual history of the

Browning Unit?
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A Yes,

Q It is located in Kansas?

A  Yes.

Q It is composed of some thousand acres or so, is it not?

A That's right.

Q About seven hundred eighty to eight hundred of which are ng

under effective water flood?

A That's right.

Q Will you advise the Commission briefly what type of reser-
voir the Browning Unit Bartlesville reservoir is and with reference
to Exhibit 1, explein what it shows in connection therewith, and
in connection with the histery of this unit?

A Well, as 1 said, the Browning Unit produces from the
Bartlesville sand. It's a typical Bartlesville sand, is typical
to & lot of reservoirs you find in northeastern Oklahoma and
eastern Kansas. It is about twenty-three hundred feet deep.

As I stated, 1t was the first primary production, was in 1924, I

believe the primary period lasted until, well, in 1928 gas injection

was started on this, but the ultimate primary was estimated a
little over seven million barrels. The gss injection period pro-
duced an additional three million, three million one hundred
thousand barrels;in 1949 water injection was started on the
Browning Unit area.

Now this, the purpose of this first Sinclair exhibit is

Just to give & kind of quick view of the history of the pool to

w
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give you a little background,

G Just a minute, before we leave that exhibit. Am 1 correct
1 believe as I recall there was approximately thirty million
barrels of oil in place in this reservoir initlally?

A ‘Ybs. a little over thirty million barrels.

Q And Exhibit 1, then, ieuld show that & little in excess
of seven million of that thirty million would have been recovered
by normal primary conditions?

A That's our opinion.

Q By starting gas injection in 1928, approximately, an
additional three million barrels in addition to the normal primary
oil was produced?

A That is our opinion,

& In 1949 it was then placed under water flood production
and that water flood production has to date produced an additional,
what was it, about --

A Ch, sbout a million, 2 little over a million.

Q You estimate from this exhibit it will recover before water
flood depletion an additional four million barrels of oil?

Yes,

Operated at its present rates?

0 0P

Present rates.
G While we have this exhibit, this water flood was started,
I believe you said, in 19497

A injection was started in '49,

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE. NEW MEXICO
3-6691 5.9546




146

Q Approximately what rate -- well, I believe if you will go
to Exhibit 2 you!ll cover the point I want.

A Exhiblt 2 1s a typical secondary recovery performance
curve which shows, it's divided in three parts. The top part
shows the water production and barrels per day and the cumulative
water production from the Browning Unit area. The middle section
shows the water injection in barrels per day, the cumulative
water injection in million barrels and the number of injection
wells. The bottom third shows the oil production performance of
the reservoir, shows the daily oil production and the cumulative
oll production and the number of producing oil wells.,

Q Now is there any other point you want to make in connection)
with Exhibit 27

A The only thing that I would like to point out here on
Exhibit 2 was that for the first six years of this Unit's life,
from 1949, the middle of 1949 when we started it, to the middle
of 1955, injection rates were relatively slow and low, with no
apparent effect upon the oil production rates.

Q Wwhen we say "low”, low can mean anything in relation to
other figures. Approximately what portion of a barrel per day
per acre foot was the injection rate?

A This would average about two-tenths a barrel per foot.

QG Am 1 correct in understanding you, then, that in this
Unit from 1949 until early in '55, the average rate of injected

water was two-tenths per b¢
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A Yes.

Q The only effect upon the oll production during that six
year period was for 1t to decline, is that correct?

A That's correct.

3 Now will you turn to Exhibit 3 and advise the Commission

what that shows?

A Exhibit 3 shows three of the same factors that were dopicte?

on Exhibit 2, except we have them blown up on Exhibi% 3 so that
you can tell a little more in detail what has happened. It shows
for example in 1949 that we had around three hundred barrels per
day of 01l production on the Browning Unit, and that it had reached
a low, it looks like, of about a hundred and eighty barrels per
day in March of 19535,

¢ During all that period of time water was continuously
injected into the reservoir at approximately two-tenths per

barrel per day per acre foot?

¥

A That is the average fligure, yes, sir. During that time oug
produced water increased from, started, it looke like, at about
one hundred sixty barrels per day, 1t reached a low here of
possibly a hundred and twenty barrels per day, and in March of
19%%, we had about, it looks like, four hundred thirty barrels of
water per day.

Q Wouldn't a logical conclusion from that, Mr. Wright, be
that at this low rate of injection, even though the oll production

was decreasing, the water production was increasing, and therefore
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you were preducing water, flood water, without getting any addition

oil and even getting less oil?

A That was our opinion. The third curve on this sheet is
the injected water. It's very erratic. We started our injection
the latter part of '49 and it looks like this would be February
of '35, our water injection was about, oh, twenty-three, twenty-
four hundred barrels per day.

¢ Now at that point, Mr. #Wright, to answer questions that
maybe in some people's minds, why had the vate of injected water
been low to that polinty

A Well, it was not deliberate. We started out on this Unit
and it was a2 Unit with other people, other parties, owning an
interest in it. Sinclair owns roughly fifty-five percent of this
Unit. We started out for our water supply; we planned to get it
from the Douglas sand, which is a common water supply in Greenwood
County; however, we drilled a number of wells to the Douglas sand
on the Browning Unit and it was not a satisfactory water supply.
We would try to stimulate them and fracture them and shoot them,
and do all we could, but we couldn't get enough water to maintain
the rate of injection which we desired, and with the Unit, even
after Units are formed, it takes a little time to get approval
for actions. We considered another source of water. We decided

we would try to pick up some surface water on the Unit. We tried

to dam up some little streams and build some ponds, and along

al
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New Mexico, we hit a period of prolonged drouth, and we just
didn't have any surface water, so that source was disappointing.
We finally got together with the members of the Unit and

decided that we would go about eight miles over to the head waters
of the Vertigo River. There was a little water we thought we
could get. By the time we built our line over there and built our
station, that source dried up., Very frustrating all during this
period we were trying to get water,

Q Early in 1935 you did succeed in getting an adequate
supply of water from the Arbuckle formation?

A Yes, finally drilled to the Arbuckle formation and got
enough water to start a water flood.

Q Will you go ahead and explain? I interrupted you.

A As you can tell, then, early in 195%, after that time we

stepped up our injection of water, and as we stepped up the inject#d

volume, that reached here during the middle of '55, it looks like,
around seven or eight thousand barrels per dayjin the early part
of %56 it was above, oh, fifteen, sixteen, seventeen thousand
barrels per day, and here in '57, the last month that is on this
graph is July, 1s around twenty-four thousand barrels per day.

Of course, while we were stepping up that injected water
we also received an increase in our produced water, as you can
tell, from this March point in 1995 of four hundred and twtntyufivé
barrels a day, up to about thirteen thousand barrels per day.

All the while our oil production was increasing, too. It increased
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from this low of one hundred eighty barrels per day to here, it

was between thirty-two and thirtye-three hundred barrels per day.

Q Did this exhibit in effect show that six years of injection

rate of approximately two-tenths per barrel per day per acre foot
resulted in increased water production, decreased oil production,
and a financial loss, but that now approximately two yesrs or

two and a half years of increased injection, which, as I recall,
reaches about an average of seven-tenths per barrel per day per
acre foot, has resulted in increase in oil production from less
than two hundred barrels a day to in excess of thirty-two hundred
barrels a day, and they hope for some profit?

A That is correct, that ias the result.

Q HNow then, will you go to Exhibit 4, and I bellieve it will
be of benefit to discuss 4, 5, and 6 together, as I believe they
each reflect a certain condition of the reservoir at a given
time, is that correct?

A That's right. Exhibits 4, 5, and 6 show graphically
the circumstances in the Browning Unit on March the lst, 19%%,
at the end of this six years of slow injection. They will be
followed by the final three exhibits 7, 8, and 9, which show
graphically the conditions on the Browning Unit on August lst,
1957,

Now Exhibit 4 is 2 filleup map, you might call it, in which
we have some circles drawn around injection wells. The radius

of these circles gives the fill-up in feet of cumulative water
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injection as of March lst, 1995.

Q Now would that indicate, Mr. ¥Wright, that at that time,
even at the low injection rate, you had reached a fill-up in the
affected area?

A Yes, we had.

Q But you had not experienced any increase in oil production}

A Well, not for the Unit as a wholejon Exhibit 5, which
depicts the oil production rate for producing wells in the Browning
Unit as of March 1, 1955, we have circles on it which are in pro-
portion to the daily oil production per well;in the lower right
hand corner, the size circle there is a fifteen barrel per day
circle. From that you can gauge the size of the other circles on
the map. You'll see that we only had an increase in oil productiof
from one well, There's one well there that made sixty-three
barrels per day. It sticks out like a sore thumb.

Q 1In other words, that ls the only effect then that you could
find, production-wise, from the obviocus fill-up of injection
water at a low rate?

A Only coll effect.

< The only production of 0il?

A  Yes.

Q @Go to Exhibit 6.
A

Exhibit 6 is of the same date, March, 1955, It is like

the preceding plat; instead of showing oll production rate it shows
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volumes of, reletively lerge velumes of tagt produced water.

% In tho immediete vieinity of the pilet area, the slow
injection did meterially incresse the water production?

A That'a right,

Dut showed no effect sxcept es to the ons well on oil
production?

5 Theattg right,

4% G0 to Ixhibit 7, 3, snd 5. Lo thay not show the saue
conditions ss the previocus three exhi&its £3 of August 1, 1957%

A They do. Ue made thess exhibits in an attempt to glve a
quiek picture of Unit econditions on thegze two dates, We thought
we could <o it bstter this way than we coculé by just reellng off
tebles of statisties.

% ¥ill you discuss ITxhibit 77

A Zxhiblt 7 shows the fill-up, our intsrpretation ef the
f1l1l-up from the secuvalative water injsctlon since 1949 in the
injection wells on the Browning Unit, and 1t 1s obvious there 1is
8 lot of ovarlapning, pear lecularly therein the center of the
unit.

If there 1s 7nore westsr than you have space for, it has

to spill cout zlsewaers. ESxhibit 3 sghows the current oil pro-
duetion ez of Aurust 1lst, 1257, slso by the seme scals thet wes

-

used on sxhaivit Fo, 5.

¢ In coennsction with that exhibit, Hr. Wright, I notlice that
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the circles representing oil production around the wells in the
pilot area are not a great deal larger than the circles around
those same wells in March of '%5, but that the circles around
outlying wells in areas that had not been affected by the low rate
of flood showed a tremendous increase in production. Do you draw
anything significant from that?

A Well, the significance that we drew from it was that this
slow injéction in this pilot area had not enabled us to recover
any water flood oil and furthermore that we.might have moved some
out of the pilot area, but that there was also some that was locked
in there that we had never moved. We think we had lost ultimate

recovery on this project by this six years of slow injection.

Q In other words, the increase in injection rate has increas%d

from the Unit the production from less than two hundred barrels

to more than thirty-two hundred barrels, but as I gather from your
statement in this exhibit, it has not, even the increased rate

at that late date did not recover the oil from the pilot area that
had been subjected to low rate of production in the proportions

it did at the other areas?

A It did not, no, sir.

Q Would that lead you to the conclusion that the sustained
low rate of injection did damage to the reservoir and doomed
otherwise recoverable o0il to be lost?

A Ve feel we had lost oil.

¢ You would have recovered more oil if you had been able to
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inject water at six to eight tenths per acre foot at the beginning%

A That is our conclusion, vyes.

S Will you go to Exhibit 9%

A Exhibit 9 is a map showing the relative water production ag
of August 1, 1957, from the wells on the Browning Unit. It looks
like a surrealistic or modernistic picture, there are so many
circles, but it is indicative of the large amounts of water we are
having to handle to produce the oil.

¢ Even théugh you are not producing the oil from the original
pilot area in comparison to the other areas, it would appear you
are producing water from it7

A Yes, we are,

Q Vould you conclude that the low injection rate in the
pilot area increased permanently the water production and decreaseq
permanently the oil produection, whatever might be done thereafter?

A We certainly lost production in the pilot area. We lost
ultimate recovery by having to flood that at slow rates for the
six years.

Q 1 gather by your continued search for water in your attempt
to have a high rate of injection in this Unit earlier than you did,
you were of the opinion that the recovery would be at a low rate
until you improved it?

A Yes,

2 You had such an opinion, for instance, five years ago7

_ A Yes,
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Q You feel that the performance of this Unit has proved

beyond doubt that that theory was correct?

A It is a good example.

Q We talk about, recognizing that this is a Bartlesville san
reservoir in Kansas and today we are in New Mexico talking about
a different range and different type and, possibly a different
type reservoir, do you feel that any general rule of thumb or
general principle can be applicable to most all or possibly all
water flood projects?

A Well, it's difficult to apply a yardstick to all, but
certainly all good water flood projects have certain similar
characteristics whether you find them in New Mexico or Kansas or
Illinois.

¢ Would that be because, Mr. Wright, certain types of
reservoirs are susceptible to water floods and other types aren't?

A It has been our experience that certain reservoirs respond
better to water flood than others.

Q Wherever you are, you choose those types of reservoirs
to instigate water flood?

A We try to take advantage of all the experience we can in
that regard.

Q Therefore, except in isolated instances, there will be a
realm of good comparison between successful water flooding reser-
voirs in certain parts of the country?

A They will have similarities.
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& Is& 3ineclsir operating In the 3tate of Hew Mexicol

A Yeas, sir.

& We have congiderable production?

A We have close to fifteen thousand barrels s day.

4 Do we heve any water flood produstion?

4 We haeve no wabter fluod production.

o To the extent that the gpanting of this applliecstion under
comsideration would have any impact on the primary production of
the 3tate, we would feel it, would we notf

A If it had any impact apprecieble, we would feel it,

& Was that matter considered by our company before deciding
to come down here?

& It was,

. The feeling of our company was that the high injection
roate wes the methold of recovering the most oll, and if there was
an impact on the market, we should sband 1tY

& We felt that the recovery of the hlghest smount of oil
was the parsmount consideration.

Q We are not entirely selfish in that we look faorward in
yoears to coms to have wabter flooda?

A Yes,

& At thet time we hope to be &ble to finigh them on the most
efficient method?

4 A8 approved by the Comalssion,

{ Based on your testimony before the Cemmission and the othep
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information that has been made available in connection with the

area covered by the application, do you see any reason why your
opinion that a high rate of injection will recover the greatest
amount of oil should not apply to the area under consideration

today?

A In my opinion it applies.

1 You feel in the interest of conservation and the greatest
ultimate recovery of oil, the application should be granted, 1is
that correct?

A Yes,

MR. McGOWAN: You may cross examine.

MR. PCRTER: Any questions of the witness? Mr. Hinkle.

MR, HINKLE: 1If the Commission please, the ehibits offered
by Sinclair seem to be complicated. We would like to see them and
go over them this evening before we offer our cross examination.

I understand that they have another witness, and wewould like to
have the privilege of calling Mr. Wright back in the morning, if
we may do so, before we start cross examination.

MR, CAMPBELL: 1 am not going to object to that. It has
to work both ways, If I need a day or two to think over Doctor
Hocott's testimony, I will want 1t.

MR, McGOWAN: I have no objection to their cross examining
Mr. wright at any time they desire. The witness that we intend
to follow Mr. Wright with, to some extent the testimony would

depend upon the possible cross examination, and it puts us in a
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little awkward position. We could proceed, I belleve, if the
Commission desires, in that respect. It's a little early toquit,
could possibly put Mr. Earlougher on, but I almost would feel
compelled to resarve the right to recall him, following the cross
examination of Mr. Wright, if I deemed it advisable.
MR. HINKLE: We have no objection to that.
MR, CAMPRBELL: With the reservation 1 made, that's
agreeable with me.
MR. PORTER: Does anyone else want to question the witness
at this time?
MR, CAMPBELL: 1 planned to call Earlougher here as a
witness for the applicant on some matters that are not related
to this particular unit. I don't think my direct examination will
take very long. Perhaps we can dispose of that before the recess
this evening, if it is agreeable.
MR. PORTER: May the record show that the witness is
excused subject to recall,
MR. McGOWAN: I might at this time move the introcduction
of Sinclair's Exhibits 1 through 9.
MR. PURTERt Any objection to the introduction of Sinclair
Exhibits 1 through 97 They will be admitted.
(Applicantts Exhibits Nos. 13,
14, and 15 marked for identifi-
cation.)
MR.CAMPBELL: This witness has not been sworn.

(Witness sworn.)

[am]
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B G EABLOVUGHER
2 witness, of lawful age, having been first duly sworn on oath,
testified as follows:
DIRECT EXAMINATION
By MB. CAMPRELL:
G Will you state your name, please’
A R. C. Zarlougher.

Where do you live, Mr. Earlougher?

£

>

Tulsa, Oklahoma.

Q What profession are you inv

A 1'm a consulting petroleum engineer and owner of Earloughe
Engineering.

Q Would you please give the Commission a brief history of
your educaticnal and professional background?

A 1 graduated from the Colorado School of Mines in 1936 with
a degree of petroleum engineer. For the next two years I was
in Bradford, Pennsylvania, employed by the Sloan and Zucht Company
In the spring of 1938 I moved to Tulsa, went into business for
myself with a partner., We bought ocut the oldest core analysis
laboratory in Tulsa, and since that time 1 have been engaged
principally in engineering work pertaining te secondary recovery
operations, principally water injection, and we have also continue
to operate the core analysis laboratory.

Q Are you presently engaged in the study of any potential
water flood projects in the “tate of New Mexicov?

¥

o
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A Ve are.

Q And what project is that and to whom are you a consultant
in connection with it7

A In this connection,it's for Ashton Franklin & Farr, Inc.,
and the Loco Hills secondary recovery committee.

Q That possible project is in the Loce Hills area of New
Mexico?

A Yes.

G Have you made any study of the relationship between the
rate of injection, the economic limits and ultimate recovery in
connection with water flood projects, Mr. Earlougher?

A Yes, we have.

Q2 I'm going to refer you to what have been put up on the
wall there and marked Applicant's Exhibits 13, 14, and 13, Those
represent the graphical results of the study that you referred to
of the relationzhip between rate of injection, economic limite,
and ultimate recovery, is that correct’

A Yes, it is.

Q Those, of course, were prepsred by you?

A They were prepared under my direction.

Q Referring to those exhibits as you see fit, explain to
the Commission how they were prepared and what they reflect in
relation to the matter that you mentioned,

A Exhibit 13 presents relationship of water flood operating

coste on depth of wells versus the operating cost per well per

DEARNLEY . MEIER & ASSOCCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE. NEW MEXICO
3-6691 5.9546




161

month, and then on this well per month basis that includes both
producing wells and water injection wells., The vertical scale
is for thousand foot depth, two thousand, three thousand, four the#-
sand feet. The horizontal scale, one hundred dollars per well per
month, two hundred per well per month, three hundred dollars per
well per month. The points colored in solidly in black represent
actual operating costs from independent operators which were
available to us in our files. The open symbols represent operating
costs for major operators which were furnished to us.

It is to be noted that the floods invelved here are
delegated Indiana, Xansas, Oklahoma and Texas, so that it gives
a pretty wide range of operaiing conditions. There you'll notice
on the graph, we have a wavy line separating the points, in effect
dividing the data into two parts. Everything below the wavy
line reprQsents floods in which the well spacing has been its
five-spot pattern, ten acres per five-spot. Thegen circles
above the line represent operating costs for fleods which were
developed on a twenty-acre five-spot spacing.

Now we will refer to this lower group of points., We have
drawn an average line through here to try to pick an average
operating cost per well per month in relation to ihe depth. While
these points give a scatter-gram, it is obvious that the operating
cost increases with the depth of the wells,

At this time I would alsc like to remark that these water

flood operating costs, we have found in general, are about three
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to four times the cost for primary operations. That again is on a
per well per month basis.

a0 vhat is your reason there for shewing}tha differentiation
between what you have designated as small independent and major
operator?

A The purpose is to show that on the ten-acre spacing that
{t apparently doesn't make much difference whether it is a major
company operator or an active independent water flood operator,
the costs are still, still fall within the similar range.

Now the second curve, which ls based upon actual field

performance, relates cumulative water injection, expressed as a

percent of the total pore space of the sand being flooded, versus |

cumulative oil recovery as a percent of the possible ultimate
01l recovery. I would like to explain the vertical scale here,
which as I state is a cumulative water injection as percent of
pore space. We have presented the water injection data in this
form because several years ago we determined that for the majority
of floods by the time they are abandoned, the majority of
successful floods, the cumulative water injection is equivalent
to between one hundred fifty to one hundred seventy percent of
the total pore volume in the flood area.

The horizontal scale represents the cumulative oll produc-
tion as percent of possible ultim;te. Now this average curve is
based upon the history of actually seven floods which we have

followed since inception at the current, 1 mean currently each of
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these floods is, I think, within one to two years of the economic
1imit, so that the bulk of the history is behind us.

From the average curve it is to be noted that at the time
the cumulative water injection is equal to one hundred percent of
the pore volume, that is equivalent to one pore volume, there is
about ninety percent of the possible ultimate recovery by water
flooding has been obtalned;by the time the cumulative injection
reaches one hundred seventy percent of the pore volume, these
particular projects will be at their economic limit, and the one
hundred percent possible recovery will have been obtained.

We have shown in dashed lines the range of data for these
individual floods. Again, these floods were located in Oklahoma,
one in West Texas, For the most part they are fair sized floods,
anywhere from one hundred sixty to about four hundred acres each.

wWe have identified the lower curve here as & peripheral

flood, which was really a water injection pressure maintenance

peripheral program in Oklahoma. We have so identified that becausL

it is to be noted that a relatively high percentage of the total
possible recovery was obtained with a relatively low cumulative
water injection. However, it is again Indicated that to obtain
the maximum possible economlic recovery, the cumulative water
injection is going to be about one hundred thirty percent of the
pore volume.

Now I would like to go to the third curve, which actually

is based on these first two curves. This third curve presents
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graphically the effect of water injection on the ultimate recovery
which can be produced by the time 2 given project reaches the
economic limit and has to be abandoned.

For the purpose of illustration here, we will assume an
eighty-acre lease with a2 ten-acre five~spot development, eighteen
percent porosity., The cperating costs for sixteen wells, taken
from Figure 1,for a fifteen hundred foot depth, would be $27,000,0G
per year;: for a three thousand foot depth would be $57,%00.00 per
year. VWe have further used a crude value of $2.%0 per barrel,
after deducting five percent gross production tax and one-eighth
royalty. HNow the reason we have deducted the five percent gross
production tax is that the tax was deducted from the operating
cost there.

Alsc these curves are based upon an ultimate water input
of one hundred seventy percent pore space, which from Exhibit 14
indicates one hundred percent of the possible ultimate recovery.

Then we have constructed four different production rate
curves based on, first, as shown in red, an average settled injec~
tion rate, that is, injection rate after fill~up of cne barrel
per day per acre foot, of three-quarters of a barrel per day per
acre foot, of half a barrel per day per acre foo%t, and 0.3% barrclT
per day per acre foot.

Again, in the construction of these curves, we have not
taken into consideration any physical oil recovery which might be

lost by too low an injection rate, because this problem is dealing
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solely with the effect of the economic limit.

Horlizontally on this graph we have presented the economic
limit for a depth of three thousand feet, which in this case would
represent about sixty-two barrels per day, gross barrels per day.
This lower line iz economic limit for fifteen hundred foot wells,
for a production rate of thirty barrels per day. HNow on the
production rate you'll notice ten barrels, one hundred barrels
per day, and thousand barrels per day. Now for example, we look
8t the red line for one barrel per day per acre foot for three
thousand foot well, three thousand foot flood, by the time the
production rate declines to sixty-two barrels per day ~- excuse

me, here is the red line coming down here -~ by the time the

production rate declines to sixty~two barrels per day, the economi¢

limits will have been reached and the property abandoned.

For a fifteen hundred foot flood, the property can be
operated until the production rate is thirty barrels per day.

Now you will notice that we have colored in under these
curves the amount of lost oil, or the oil that will not be
recovered because of the limiting economic factors of production.
The green curve, which represents .79 barrels per day per acre
foot represents a much bigger area than the red curve. We go out
to the blue curve which is .%0 barrels per ¢ay per acre foot,
you have more loss; and you go down to .39 barrels per day per
acre foot, there is still a greater loss,

NeQ to summarize,the loss for fifteen, a depth of fifteen
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hundred feet with the injection rate of cne barrel per day per
acre foot, there is an indicated loss of three thousand barrels, or
one percent, which is actually the reason that we show a loss here,
is that we ha?e used aversge cost data which may be slightly higher
than the actual operating cost for the floods used for our base
curves.

Coming on along across to three-quarters of a barrel per

day per acre foot, there's an indicated twelve thousand barrel

loss, or three percent of the ultimate posszible., At half a barrel

per day per acre foot, the indicated loss is twenty-seven thousand
barrels, or seven percent} and you get down to a3 third of a barrel
per day per acre foot, the loss is forty-one thousand barrels, or
ten percent of ultimate recovery.

For a depth of three thousand feet, the losses amount to
about eight percent with a high rate, thirty-twe thousand barrels,
up to twenty-seven percent or one hundred eight thousand barrels
for the very low injection rate.

1 think that for any given lease or set of conditions there
will be some variations of an economic limit or factor, but this
certainly serves to illustrate one very important factor which
any sound water flooder has to consider. Generally, I might say,
on economic limit the most important factor in determining that
1s barrels of oil per day per well being produced, btcia:‘ large

volumes of water can be handled at relatively little additional

expense.
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Q@ Are you acquainted in general with the Caprock Queen Fool
in Hew Mexico, as to depth and so ony

A I'm famillarwith the testimony that was presented here
today.

G Assuming it is in the three thousand foot depth range, the

calculations that you have made on the upper right-~hand portion

of the exhibit numbered Applicant's Exhibit No. 1% would be related

to this particular application, would they not?
A In general, ves. |
3 And those calculations indicate a differential loss of
eight percent on one barrel per day per acre foot, as related to
twenty~-seven percent on approximately a third of a barrel per day
per acre foot, is that not correct?
A Yes, using the data on this third exhibit.
HR. CAMPBELL: 1 belleve that's all.
MA. PORTER: Are there any questions of Mr. Earlougher at
this time?
M. HINKLE: I understand that M4r. Earlougher is going
to be a witness for “inclair. #e would like to reserve our cross
examination until he has finished all his testimony.
M. #cGOWAN: We will continue, then,
By MR. MeGUWAN:
& Mr. EBarlougher, before we start in effect on the Sinclair
testimony, a pertion of your testimony, let me ask you absut this,

one guestion about the exhibit up there. ¥hen you telk about lost
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oil, in comparing between a barrel per day of injected rate to,
I think 1t is .3%7

A Yes, .35,

3 1s what you are saying from the facts wu have here of
actual water floods in the field; in other words, actual productive
history of these water floods shows to you, and that your conclusig
therefrom is that a particular flood would have recovered twenty-
seven percent more ultimate oll at an injection rate of one barrel
per day per acre foot than at three five point per day?

A Than it would have at point three five per acre foot, ves.

QI Now you have heard the testimony here today, Mr. Earloughesf.

Am I correct in assuming that it is also your opinion that a high
injection rate in water flooding will recover more ultimate oil
from the same reservolr than would 3 low injection rate?

A Yes, in general I think that is true.

L

Have you always been of that opinion, Mr, Earlougher?

»

Mo, sir,

Yhat changed your mind?

i

A

Working with a lot of water floods. 1In fact, I know at
least approximately ten years ago, upon one or two occasions, we
made recommendations to reduce injection rates, and subsequent
performance proved to me that we were wrong in doing so.

G You testified, I believe, that you had been in the consulti
business with primary attention to secondary recovery for some

twenty vears, is that correct?

n

ng
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That is correct.

r

¢ How many water flood projects would you estimate in that
twenty years that you studied and obtained the performance data

from, Mr. Earlougher?

A Ve have worked with several hundred different water floods|

¥e have done a major part of the engineering work and preliminary
investigation through development and operating on approximately
@ hundred floods. We currently are actively following on a week
to week basis some thirty-five to forty floods throughout the
United “tates.

% Now, Mr. Earleougher, in connection with a hearing before
the Xansas Corporation Commission concerning the Browning Unit,
about which Mr, ¥right has heretofore testified, were you requested
by Sinclair to make an independent study and evaluation of that
Unit?

A 1 was,

% The information that you felt necessary to allow you to
form opinions about it was made available to you?

A It was,

3 Including all the information on the exhibits heretofore
introduced by Mr. Wright?

A Yas, 1t was.

3 You heard ¥r. Wright's testimony in connection with that
Unit here today?

A 1 did.

l
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3 Do you in general concur with his conclusions and opinions

from that information in connection with that Unit?

A Yes, 1 very definitely do.

& Have you had your mind changed about the desirable injectic
rate for ultimate recovery prior to the Browning Unit?

A Yes.

% Had you not had your mind changed by then, do you think
it would not have done so?

A Yes,

% You think that was the proof of the pudding?

A To me that is one of the most clearcut cases that I have
ever seen to prove the effects and the very poor effects of very
low injection rates.

27 1 gather then that you would feel that if we at this time
reduced the injection rate in the Browning Unit, we wouldn't
recover the amount of oil that we will recover if we continue the
high rate of injection?

A That is my opinion.

& That any oil that we did not recover at that reduced rate
would be wasted oil, would it not?

A Yes.

; Now then, in connection with that same problem, did you
take a particular Unit about which you, on which you were the

consultant and on which you, in effect, operated and guided and

11
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A Yes.

{sinclair's Exhibit No. 10
marked for ildentification.)

D

7#as this exhiit prepared by you or under your superviszion?
A Yes, it was,
Q You know the correctness of the information reflected
therecn?

A 1 do.

G ¥Will you briefly advise the Commiscion of what this exhibij

relatés to and what it in your opinion shows, and the conclusions

you have drawn therefrom?

A This exhibit presents the water flood performance history
af an eighty~-acre lease in Northeastern Cklahoma. The lease was
developed on a ten-acre five-spot pattern, as is shown by the
little plat in the upper right-hand part of the exhibit,

The right-hand scale represents cumulative oil production
and cumulative water input in barrels. The left-hand scale at
the left-hand side of the exhiblt represents gross oil production
and water input in barrels per day. The horizontal scale is a
time scale in years by months, Starting at the top of the graph,
we have a curve which is marked as water input in barrels per day,

We also have a scale showing the number of o0il and water
injection wells which are depicted here on the graph.

In the lower portion of the graph, the heavy solid line

represents the oil production rate average as barrels per day by
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months. Then lower on the graph in the stippled area with solid

black lines for each year, we have shown the average operating cost

as gross barrels of oil per day, during the period represented
here, from about August, 1950, through 1956 -- well, strike that fq

a minute, it was for the period 1954 to 1956} the price of oll was

constant, so that oil price has no effect, 1 mean there's no change

of oil price to affect the operating cost data.

Now it is to be noted that by the end of 1994, in fact, in
November of 1954, the oil production rate had declined to appraxi~{
mately one hundred twenty-eight barrels per day. An extrapolation‘
of the production decline indicated that the production under | g
existing conditions would reach the economic limit of approximatel;
eighty-four barrels per day in early 19%6.

The conditions on this lease were this: Each of these
injection wells and producing wells had been newly drilled, the
entire sand section was cored and analyzed, the indlcated water
flood oil recovery from all of these core data was approximately

ten thousand barrels per acre.

At the end of 1954 we had similar information on another

eighty-acre lease in this same general area, in which the estimateg

recovery, based upon core data, was about, I think it was eighty-
five hundred barrels per acre, and the flood recovery had actually,
exceeded that volume,so late in 19%4 when it was indicated that

the ultimate recovery under existing operating conditions was only

*9°ing*:°—b‘—ab“”i—£“”1—hﬂndx!ﬂ—ﬂiﬁlix_ihnnsiné eight hundred barrx

~-g

F

9
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as is represented by the area colored in yellow on the graph,
which would represent an average recovery of only about six
thousand barrels per acre. It was evident 1o us that there was
something wrong with the operations of this flood and with the
results, in view of the fact that we felt there was a very large
amount of additional oil foc be recovered if we could improve the
methods. We were finally able to convince the operator that it
was worthwhlile spendinjy an appreciable amount of money to try to
get this additional oll; su, in effect starting at the end of
19%4 and the early 1955, steps were made to greatly increase the
flooding rates both on the producing side in the way of fluid
production, and alsc on the injection side. The fluid production
rates were increased by sand fracing and installation of high
volume pumplng equipment. Injectlon rates were alsc increased
appreciably from about fifty-five hundred barrels a day to nine
thousand barrels a day by the end of 1955,

Now it i{s to be noted from the oil production curve that
significant additional oil has been recovered from this eighty-
acre lease 3s a result of this big increase in producing rates
and injection rates. For example, on the producing side, the
water injection late in 1954 was only about thirteen hundred,
excuse me, about sixtean hundred barrels aday. By the end of
1955, the water production rate had increased to about fifty-five
hundred barrels per day.

Now it is interesting to note, to go back and refer to
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this gross operating cost in gross barrels per day, that for the
last year prior to increased rates, the operating costs amounted
to about eighty-five gross barrels per day. The two years after
that with the much higher rates, the operating costs were still
practically the same.

3 You did have, however, an added capital investment at the
time that you stepped up the injection rate, did you not7

A That's right. There was an additional investment of
very nearly fifty thousand dollars.

2 From your previous testimony about this, I would assume
that this is a very rich lease, thinking in terms of oll in place?

A Yes, 1t was an extremely rich lease.

Q Yould the added capital expenditure have resulted in
extra profit had this not been such a rich lease?

A No, it wouldn't have and in that connection I would just
like to mention that we're working with several other floods in
which we would like to increase the rates, both the injection and
the producing rates, but the quality of the floods are so thin
and the additional oil recovery which we think reasonably could be

anticipated is not sufficlent to justify the additional expenditures
at this time to get that oil,

7 Had that been true here, then, the increased rates late
in the life of the field could not have been brought about, is that
correct?

A That is correct.
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Q1 You have recovered, as i gather from this exhibkit and your
testimony, have or will in your opinion recover some two hundred
thousand barrels of oil more than you would have recovered had you
not increased your injection rate?

A Yes, that is correct.

% Do you know what that will be in terms of recovery per
acre foot from this lease at that time7

A You mean the additional recovery?

3 Well, all of the recovery. In other words, what percsntag?
of the oll will you have recovered at that time under this lease? |

A 1 don't have the figures in that fashion, what they will
amount to, though, is about elghty-eight hundred barrels per acre.

0 Eighty-eight hundred barrels per acre?

A Yes,

Q Did you not testify a moment a&go concerning the amount of
recovery under a high injection rate on a very similar eighty-acrei
in this same pool?

A Yes, 1 did.

Q wWhat was the recovery per acre from that lease?

A I think that recovery néw is about eighty~five hundred
barrels per acre. | |

G In other words, it is in excess, then, of the recovery
that will be cobtained from this lease?

A No.

Q It will be?
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A No, ne, it isn't, but on the other lease the recovery has
exceeded the recovery indicated by the, by all of the orliginal
core data. This lease is still ¢going to fall somewhat short.

q What do you think would have happened in this lease to the
ultimate recovery, had you stepped up the injection rate, say
back in 19527

A I think that probably the ultimate recovery would have
been somewhat greater than it is going to be under existing con-

ditions.

& What do you think would have been the result had you startﬁd

out and maintained throughout the life of thls flged such higher
injection rate?

A 1 think the ultimate recovery would have been somewhat
greater than it is going to be now,

0 would it be a fair assumption from this exhibit that it
shows that the longer you wait in the life of a flood to increase
the injection rate, the more oil you waste?

A I think that that is essentially true, yes.

& And that the way to waste the least is to start out with
a high injection rate?

A Yes, that is my opinion.

& You have heard the testimony of the applicant in this caus
and have general information concerning the area covered by the
application. Do you see any reason why the general conclusions

you have given here would not apply to the area covered by that

F

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEwW MEXICO
3-6691 5-9546

po]




177

application?

A No, I do not.

Q 1 assume you feel the Commission should grant the applica-
tion?

A Yes, I do.

& Anqther point I would like to cover, you again, as Mr.
Wright did, have talked in general terms, of general terms of

water flood, or a rule of thumb., Do you have such a rule of thumb

that you feel is a desired injection rate in a water flood project]

A Yes, in our opinion the desired rate and the rate we attemi:

to design for is about a barrel per day per acre foot with a settl
rate.

¢ It has been your experience in most water floods if that
rate can be obtained, it will be the most efficlient rate in the
recovery of oilv

A Yes, I think it will, but I would also like to state that
in many cases it is not possible to actually maintain an injection
rate of a barrel a day per acre foot, because of the pressure
limitations of the formations,

G That is actually a limit imposed on you by the character-
fetics of the formation itself, is it not¥

A Yes,

& HNow, when you talk about water floods, you talk about
them collectively, it appears? Is that because all reservoirs

are alike or because gsimilar or like reservoirs are normally
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chosen for water flood projects?

A I think it is probably because cimilar reservoirs are
chosen for water flood projectis.

Q In other words, reservoirs with certain characteristics
within a general range, then, have been found susceptible to
successful water flooding, where other reservoirs with other types
of characteristics have not?

A That is correct.

G That is the reason you feel you can generalize concerning
water flood operatioﬁs as a group?

A Yes, that is correct.

MR. McGCUWAN: You may crossexamine.

MR. PORTER: Any questions of the witness?

MR. HINKLE: I don't know what the intention of the
Commission is with reference to a recess. It depends on how long
you are going to go. e can start our cross examination., I doubt
if we can finish, if you are going to hold until 5:30., It might
be better if you are going to recess to start in the morning.

MR. CAMPBELL: May the record show that I offered Exhibits
13, 14, 15, in evidence, please?

MR. McGOWAH: And also that 1 offered Sinclair's Exhibit

MR. PCRTER: Any objection to the admission of the exhibith?

They will be admitted. Mr. Hinkle, would you proceed?
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By MR. McGINNIC:

4 Mr. Earlougher, you have indicated that you are familiar
with this particular project here, in which you agreed that this
application should be granted. 1 believe you have also stated
that you believe that the injection rates less than one barrel
per acre foot per day tend to cause waste, while recognizing that
in some cases you may not be able to do that for physical reasons,

is that correct?

A Yes, I say that it is my opinion that it would be preferable

to maintain a rate of one barrel per day per acre foot, if it were
physically and economically possible to do so, in order to obtain
the ultimate greatest recovery.

Q Are there any reasons why this Caprock area, this present
application, why an injection rate of a barrel per acre foot per
day cannot be maintained?

A I do not know. I have not studied it., I have not made a
study of the applicant's Caprock pilot flood.

Q If it could be done in this field, then in your opinion

that would tend to prevent waste and increase the ultimate recovery

from the project?

A Yes, it would.

Q Even if there were some physical limitations upon this
ability to Inject up to a barrel per acre foot per day, wouldn't

it be possible to frac the formation in such a manner that it could
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take the water?

A Yes, that is possible. That can be done in some formationé.

Q Has that ever been done in connection with water flooding?

A It has on some projects with which we are working.

Q0 Based on the depth of this project and the permeabilities
in it, do you see any reason why it couldn't take water at a barrel
per acre foot per day?

A Well, I'm merely, at this time I'm not qualified to answer
that because I haw not made an engineering study of the data
available on Caprock.

Q In your opinion would waste be prevented by fracing this
formation so that it could take water at that rate, if it can't do
so otherwise in this particular case that we are dealing with here]

A Well, I'll say it might be possible to do so.

Q And in any event it would prevent waste if you could do it|
is that right?

A Yes; if you can do it without impairing it, some other
factors pertaining to water flooding, principally if you can do
it without causing channeling between the injection well and the
producing well,

Q Now, what are the features which would exist in the reser-
voir which in its natural condition would prevent you from putting
in a barrel per acre foot per day?

A Well, I think normally the principal limitation is one of

permeability and of spacing, because of course the wider the spacing,
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the higher the injection rate per foot of expoted cand has tc be,
in order to maintalin a barrel per day per acre foot injection rate.
2 ¥hat are your reascns why in your opinion that waste
could be prevented out in this Caprock Jueen Field by injecting
a barrel per acre foot per day, rather than half a barrel per
acre foot per day as proposed by Mr, Buckwalter?
A 1f an injection rate of one barrel per day per acre foot
could be maintained, 1 think the third graph that 1 presented
up here is illustrative of the reason why a greater ultimate
0il recovery could be obtained, because the economic limit of that
operation or any other operation is going to be governed, just as
a matter of illéstration now, is geing to be governed by the oil
rate as barrels per day per well, such as five barrels or seven
barrels or ten barrels a day per well, and the oil rate is going
to govern, be the principal governing factor as to economic limit.
Q Now, aside from the economic argument that you made and
have exemplified by your third exhibit up here on the board, is

there any basis from the point of view of physical waste, aside

from the waste which you say would occur because of economic limitsg?

A vell, if the economic limit caused the abandonment of the
project, then that results in physical waste.

Q In addition to that, though. I'm talking about any
waste other than that waste that you have just outlined.

A From our observations and studies with many water flooding

projects, so far as the physical principles alone are concerned,
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I think there may not be much difference in recovery with injectia&
rates varying from half a barrel per day per acre foot, and one
barrel per day per acre foot; however, as engineers, I think it's
mandatory that economics be considered, and the effect of the
economic limit upon the ultimate oil recovery.

Q Now when you answered that question, you said that you
didn't think there would be much difference between a half a barrel
and a barrel, economlics aside. DNow, would you please state where
you think there would begin to be a difference, from a waste point
of view? |

A 1 think it occurs probably somewheres close below the
half a2 barrel per day per acre foot. Now I base that statement
upon our studies and observations of fleoods in which the injection
rate has been as low as from three-tenths of a barrel per day per
acre foot on down to the case which Mr. ¥right testified to, in
which the injection rate was only two~-tenths per barrel per day
per acre foot.

¢ Where does the oil go that you don't get at a lower rate,
what happens to it7

A The oil stays right in the sand.

Q Wwhy doesn't it come cut of the sand at the lower rate?

A That is something that the sclentists have not yet answered.

I think we know from our observations in the field that in these

projects or in these sands where there has been a very slow water
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pores which are filled only with low pressure gas or with zero
pressure gas if vacuum has been applied to the property.

Under these very low rates, it ic apparent to me from field
observations, that water can flow intoc the vacant pores without
displacing oill ahead of it.

Q In other words, at low rates the water flows into the sand
which contains oil, but doesn't displace the oll, is that it?

A It flows into the pores which contain only gas. I think

that might be illustrated in a layman's language, to maybe simplify

this problem to the Commission. I hope it will, but I think we
will just assume we have a box of soda straws which are your
conducting tubes: of course, if those straws, if each straw is
filled with oil and you apply water pressure across the face of
all those strawa, oil has to move out of the straws, If, however,
thirty percent of those straws, say, have no oil in them, and
water pressure is subjected, or is placed against the end of the
box under very low pressure, the water will all run through the
empty straws. It wouldn't displace any oil. However, under a
higher pressure and a higher rate, water will then start displacinF
oil from the straws in which the oil is contained.

Now, I'm not trying to say that represents reservoir con-
ditions, it is solely for the purpose of illustration as to how
it might happen.

Q Mr.EBarlougher, in this group of straws that you have, you

have some empty straws and some filled with oil, and you are puttﬂng
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water in equal pressure against the ends of all those straws,

Is it your testimony that the water will move through the empty
straws but will not move into and displace any of the oil from the
straws that have oil in them, is that your testimony?

A Yes, under practically no pressure, just put the water
against the end of it, You might get a little oill cut, but becausw
of the difference in the viscositiy of the oll, you will find the
bulk of your water flowing through the empty straws?

¢ How much pressure in your opinion would it take,in the
example that you have given,to get that oil to begin to flow thrsu‘
the straws?

A  You know, I have never figured that out. As I say, the

sole purpose of this was to try to help explain to the Commiscion

Ld

how water might go, can go into pores which contain only gas, unde
extremely low pressure or even a vacuum.
¢ I think your illustfatian was a good one to establish
some of the principles involved, and I think it would be desirable
to know at approximately what pressure you think the 01l would begi
to move.
A ¥all, 1 don't know, that would be an interesting experiment
3 Now, you have, do you, sands that contain gas and no oil
in them down here in this Graridge application in this Caprock
Fleld? Do you have such sands in this particular fieldv

A tell, I presume that that, that having been an oil sand
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the pore space is filled with connate water, part of it with resi-
dual oil, the balance is gas space.

Q@ Now after you have obtalned fill-up in a flood and have
pushed these pores containing gas only, pushed the gas out of thenm
and filled them with water, and you continue to exert water under
pressure against the sand base down there, then at that time what
happens, and why doesn't the oll move through the sahds?

A vell, I wish I knew why it didn't, but I can just cite
cases of individual wells which have been drilled and completed
in the eo~called water socaked areas, in which the cores clearly
indicate that there is still a lot of mobile oil left in place,
yet when the wells are put on production, all they produce is
water,

Q3  Now, after filleup has been obtained, the illustration
of the straws that are empty and the straws full of oil no longer
pertains, does it?

A No, that's right, However, 1 presume that the reason you fon't
move appreciable oil at that time is that you have established such
a high percentage of water saturation that the permeability to
water is greatly in excess of the permeability to oil.

Now again, I don't mean to imply that you wouldn't move
any cil. You will move some oil, but hardly in commercial quantitkns;
for example, one well 1 think of in that category, which was pro-

duced for six months,continued to produce about two to three

barrele-of oll per-day and sixty to seventy barrels of water a |
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day, and in this particular flood, two to three barrels of oil
a day was not a commercial well.

G Could the rate of injection have been stepped up in that
particular case, in your opinion, and have resulted in increased
oll production ocut of that well?

A That is a very interesting question. I think it might
have been increased some, whether or not it would be economic to
do it, I don't know. Ve would like to try that on some projects.

Q ¥ell, now, the exhibit that you offered in evidence here,
the Exhibit No. 10 that you offered in evidence, shows, does it

not, that increased oll recovery from an individual well can be

obtained by stepping up the Qat&r injection rate when oil praducti¢n

has begun to decline? That exhibit shows that, does it not?

A Yes, that was certainly true in this project.

Q& In this particular field, it not only could happen, it
did happen?

A That is right, but I believe I testified on direct examinal
tion that it was feasible in thls fleld because it was a very rich
lease with a very high potentlal water flood recovery, so that
even the operator felt that he was justified in the expenditure
of some $50,000.00 to try and get additional oll,

Q Now, sticking to the physical waste aspects of the thing,

rather than the economics of it, in the case of your well that was

making only three barrels a day, economics aside, is there any
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Cklahoma lease acted by injection of increased amounts of water
into the injection wells, wouldn't you have gotten a kick, or an
increase in your oll production?

A 1 think that'e entirely possible. I hope it's right, you
are right.

G Now, in the Graridge application inthe Caprock Fleld
application here which was presented by Mr. Buckwalter this marnin?,
you will recall that it was his opinion that it would not or might
not be possible to increase the oil recovery by increasing the
injection rate from eighty barrels to four hundred barrels. o
you agree with his opinion in that connection?

A Uell, in my épinian, my opinion is that physically it
would be possible to obtaln some increased production, an increased
production rate, however, I don't believe that the ultimate recovery
would be as high, and there's also the question as to whether or
not it would be economically feasible to spend the additional money
required at that time to increase the rate.

G Now, I believe you testified in connection with the three
exhibits that are against the baék wall here, that the operating
costs did not go up with increased injectlion., I believe that was
one of the points that you emphasized when you were presenting
your exhibits up there. Now if that is true, why would it be
uneconomic to go forward and increase your injection rates from

eighty barrels up to cne hundred fifty, two hundred fifty, four

[ 31\!
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average production within proration on the lease to abandonment?

A Vell, here presumably, if the flood were set up for an
injection rate of only eighty barrels per day per well, then the
water injection plant would be designed to supply, to handle an
injection rate of eighty barrels per day per well; lower pressures
would be, injection pressures would be required; also much lighter
pumping equipment would be required. Then when the time came to
step up the rates in order to attain additional rates, the old
equipment or the original equipment designed for low pressures or
low volumes, is going to have to be modified or changed, and
replaced with heavier equipment which will furnish higher rates.
Also it's generally the case pﬁmping units will have to be changed
out, pumping equipment will have to be changed out.

Q In the four hundred barrel injection rate case in the
Graridge application, you are going to have to, from the very
inception, put in equipment which is capable of handling that rate
- are you not, in the very beginning in the four hundred barrel case]

A If you can use that rate, ves.

Q Could not that same equipment be used for an eighty barrel
rate and later stepped up to a four hundred barrel rate without
any purchase of new equipment or increased cost?

A Yes, if the big equipment were installed initially, it
would be, but it's kind of poor business to go out and buy a lot
of expensive equipment which can't be used and utilized for a

number of years.
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Q Your equipment costs would be the same in both cases?

A If designed for four hundred barrels a day per well.

Q ©One operating under proration and one operating with un-
limited capacity, you would operate with the same equipment cost?

A I think any prudent operator who felt or knew that he was
going to be restricted to eighty barrels per day per well injectiof
certainly would purchase equipment capable of supplying that eight
barrels & day per well and not equipment which would supply four

hundred barrels per day per well.

4 But if at the beginning of your project it was recognized

that you had to operate within proration, it would then be prudent
toput in equipment at the inception of the project which would be
capable of injecting from eighty up to four hundred barrels, if
you knew that you were going to have to operate under a regular
unit allowable, rather than under an unlimited allowable, and
your c¢osts would be the same in both cases, wouldn't they?

A Yes.

Q fo then the factor of additional cost for equipment
completely drops out of the picture, does it not?

A Yes, except for the fact that you have expensive equipment
which you have bought and paid for, and it's szetting there and

only running at twenty percent capacity.

& In other words, you make a little less money on the projecL?

A That's right, and I can visualize projects where if that
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a prudent operator would make the decision not to proceed with
the flood.

3 Of course, even in prorating fields, assuming that there
was sufficient demand, you could make more money by producing more
oil than the thirty-seven barrel unit allowable, couldn't you?

A Yes,

*7 More money could be made by getting a faster payout?

A Right.

Q@ The same problem that exists in the prorated fleld as in

the water flood, the same economic problem exists in both fields?

A Except you have one other factor in your water floods, you

nperating costs are appreclably higher than they are in your primay

fialds.

Q3 Vhat are the factors, Mr. Zarlougher, that make your costs
highﬁr in water flooding than in primary operations?

A They are the factors of water injection, maintaining the
water supply, conditioning the water,pumping the water to the
injection wells, generally, you have twice 2s many wells to keep
track of; there 1s a good deal more data required, too, in order
that you can properly analyze your results; also you will handle
larger volumes of fluid oan the producing side.

2 Now, in your opinion, Mr. Earlougher, could most‘any of

the water floods that you have said could be operated at a profit

and a reasonable payout, reasonable return on the investment, be

¥
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wells on the lease?

A No, I will say that all of them would not fit that picture|
There are szome of them that your statement would be true, but ther+
are many otuers it would net be true.

G How we have heard testimony today that in Cklahoma the
average for producing wells i¢ somewhere around eight barrels, and
that the top in the State of Oklahoma is somewhere around seventy-
elght barrels. Now iz it your opinion that those floods in
Cklahoma are not operating at a reasonable payout or reasonable
return on the investment?

A Some of them are, some aren't.

Q Mr. EBarlougher, referring you to your exhibit 10, I under-
stood that it was your testimony that this exhibit shows that
if the higher injection rate had been started bhack in 1992, that
you would have recovered more oil than was recovered in fact or
will be recovered in fact?

A Yes, 1 think that is correct.

2 Wherein does that exhibit show that fact, can you please
explain that to us?

A That brings up a very interesting question which I'm glad
to get into. It just happens that back in June of 1952, in fact,
the decision was made in May by the operator that he wished to
curtail his flood production from this leasse because of excess

profits tax, so thatthe, in effect, the peak production rate
indicated on this curve for May of 1952, 1 don't think is the
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sctuel peak which would have been reached on this lease 1f the
operator by 213 own cholees hed not declded that he Just couldn't
afford to producs so much oil thaet year. It happened it wes &
small corporstion who had been relatively insegtlve back in the

lete forties; his base rate for the oxcess profits tax was axtra&nﬁy

low, and this flood was coming up ¥o tooc high = peak, 3¢ in the
middls of thet yeer he decided to eut back, even with the danger
ef some loss in ultlmate recovery.

I thought that we had A condliion here where we might
do some regulating. The regulstion was done by deersasing injecty
retaz in the three inside wells end trying to pick some of 1t wp
en the outside line wells, to try to hold the oil on the sighty-
2crs leage. Well, you will note that the production decllned to
ground four hundpred ten barrels a day in Dscember snd was sround
fouwr hundred thirty barrels a dey or so in Hovemberj then 1t was
sbout four hundred thirty barrels & day Iin December. In Janusry
the opsrator was ready to take his oll again, but much to the
disappointment of sevarsl of ug, 1t hit B peak of flve hundred
twanty barrels & day and lumedliately started a declines.

In comparing this lease with other lesses in the area,
we have, 1t's very ressongble t¢ conoclude that had this productlon

rate not been cut back, 1% would have, if not continued to inertaqo.

it would have at lsaet flsttenad for about seven to sight months
and then deelined. Under those conditliona, the ultimate recovery
would aectually have beesn & few thousand barrels more than it's

oD
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going to be under existing conditions.

Q How do you know that it will be?

A Well, that's my opinion, based upon a study of the detaile§
operating data, detailed well production data, and all of the in-
formation available on this lease.

Q This particular graph doesn't show that fact, does it,
because you don't know what the conditions would have been if
something else had happened out there on that lease? You can't
portray that on this graph, can you?

A No, the performance of course can't reflect it, because
you can't go back and do it over.

Q Is part of your opinion to the effect that oil was lost
based on a comparison with another lease in this same field?

A Yes, sir.

Q Have you any information as to the original oil in place
in the two leases, oil in place at various pertinent dates in the
two leases?

A Yes, sir, we have, |

Q Is there a relationship in your opinion between the oil
that is there originally and what might be recovered on primary
and on secondary?

A Actually the oil in place at the time water flooding
started was very similar on both leases.

Q Did you have the same sand thickness on both leases?

A It was approximately the same. I don't have the figures
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here in front of me, but in each case we had, as I say, core data,
complete core data from some twenty-two wells on each project.

We had about as much reservolr information as it's possible to
obtain,

Q How were your cores taken?

A Ctome of them were electro-drill cores, some were cable
tool cores.

Q Were they taken with mud, water or air?

A Oh, they were taken with water. It so happens that up in
this area and in northeastern Cklahoma, we have conditions that
apparently are a good deal different than they are on the Gulf
Coast, inasmuch as a lot of the reservoirs we have worked with
were operated under vacuum for years, and we have found that cores
cut with water will directly give you the oll saturation still
in place, and water flood recovery estimates can be based directly
on that data. Cores taken later in the life of a flood, of which
we have had several, indicate and have shown a much lower satura-
tion.

The difference in the o0il saturation in the cores at the
start of the flood, and anywhere from two to as long as six vears
later, we have found matches very closely the actual oil recovery

obtained from the leases,

& In your comparison of your rate of one barrel per acre foot

per day which you say is a good rate, I believe you say, is that

correct, a good rate?

b
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A That's right.

Q And your comparison of floods that have been operated at
that rate with floods that have been operated at a much lower rate,
somewhere in the range of two-tenths or three-tenths of a barrel

per acre foot per day, do you think that it is possible that the

reason for the apparent recovery differences that you have observed

is because the floods that were operated at the low rate were
poorer floods which wouldn't take the water as easily to begin
with; and that the floods that were operated at a barrel per acre
foot per day were good floods that would take the water -~ by
good floods, 1 mean thoso.tbat had more oil there to begin with?

A %hen you differentiate between your good floods and bad
floods,first you define them as a good flood, one which would take
the water, and a bad flood, one which wouldn't take the water,
which would be a reflection of the permeablility; and then, if 1
am not mistaken, you used ancther, the good flood had the good

oil saturation and the poor one has a poor oil saturation. You
have me 2 little canfuted-thera. because you are bringing in two
different terms.

QG I'm sorry, I didn't intentionally do so. Let's put it
thlis way. Your zones that have low permeability, I take it, you
find it more difficult to have them téke as much as one barrel
per acre foot per day, is that right, where those that have high
permeability, you can easily get in the barrel per acre foot per

N

day?
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A That is the genersl direction of the relationship between

the two, ves.

Q Would you generally expect to get more oil out of those
with the high permeabllity or the low permeablility?

A VWhat do vou mean by "low permeability*?

Q Well, do you want me to give you a range?

A  Yes, please.

1 Four millidarieson the one hand, as against five hundred
millidanicson the other,

A If you have sufficient, providing the sand is at a great
enough depth, the four millidarnics sands, in my opinion, will
flood as well as five hundred millidar cy sands.

Q Wwhat would be the range of permeabilities that would be
required before you would find difficulty at, say a depth of |
five thousand feet, of putting in a barrel per acre foot per day?
How low would you have to go?

A VWell, that brings up a very interesting question,that's
probably something below one millidarcv.

Q If the depth were less, of course, you would be in a
position to increase the permeability and still find difficulty
in getting the water in?

A Yes.

¢ In your opinion, would it be possible that there would be
2 correlation between the original oll in place in these floods

that you flooded st less than a half barrel, than those that you
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flooded at a barrel?

A Let me just clear up one point. Now actually we have
not flooded, we have not run any of the floods that we have
engineered directly at no injection rates as low as two-tenths
or three-tenths per barrel per acre foot.

& You have never run one that low?

A That data has come from other floods that we studied
later in the life, which ware operated at those low ratesj and
in that connection, I recall one such flood which we reviewed that
had been operated at an injection rate of about two-tenths
barrels per day per acre, quite a little core data secured prior
to water injection were avallable. The core data indicated a
good ¢il saturation etill in place, one very favorable for water
flooding, and also a favorable parmeablility. In other words, it
was a condition which would have supported and operated under
injection rates of at least five-tenths of a barrel per day per
acre foot, and passibly as much as three-quarters of a barrel
per day per acre foot., However, the individuals who were opera-
ting this flood had chosen to use very low injection rates of
about two-~tenths a barrel per day per acre foot.

In turn, the water flood eil recovery from ihis operation
was about fifty percent of that which has besn obtained on other
floods in the general area with similar sand conditions, but
which were flooded at higher injection rates.

Q Did the other floods have thes equivalent oil in place
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originally?

A Yes,

& Was the low recovery from your two-tenths barzel flood
due to early economic abandonment, or was it abandoned for economic
reasons, or ls there some other reason why the recevery wasnt't
there?

A We attribute it to the low rate of oil production and the
relatively high economic limit. In other words, to answer your
question, the economic limit is going to be, that is going to be
one factor; however, in this case, if the production curve were
extrapolated for as much as five or ten years beyond the economic
limit, the ultimate recovery still would not be up to what reason~
ably could have been expected under higher rates.

] ¥What caused, in your opinion, what is there about that
two-tenths barrel rate, aside from the economic limit aspects,
which caused the oil to remain in the reservolr instead of being
produced in that case?

A I don't know.

 With respect to your Exhibit No. 14, I believe it's 14 -«
excuse me, 15, the one that has the colors on it on the wall back
there, was that prepared from a composite of a number of different
floods, or in what manner was the information on that exhibit
obtained?

A Well, I thought =--

¢ Perhaps I didn't understand.
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A I thought that I explained that it was prepared from
Exhibit 13, from the middle chart on the wall.
#R, COCLZY: 14 1s your middle.
2 In other words, that was prepared from the same floods
that you used on the first one of those three exhibits, ls that
right?

A Come again, please?

Q You used actual floods concerning which you have data in ygur

files, 1s that right?

A Yes,

G And how many floods did you use? i

A We used seven floods in complling the middle chart.

% Were those floods equal in all respects except three,
those seven floods?

A Would you explain what you mean by "equal®?

2 Sand thickness, permeability, oll saturation?

A HNo, they were not.

Q There were differences from one to the other?

A That it correct.

ty Was there a substantial range of differences between them?

A Yes, there were appreciable differences. In fact, those
seven floods range from the most successful to, I think, one that
only paid back the cost. ¥e purposely picked & range of floods
to, we studied a range of floods to see what we would get with thlk

type of analysis, and it is, let's say it is indicated that throug
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out this range, the ultimate water requirements based on total
pore space were similar.

Q Were you able to lsolate the various differences in sand
thickness, saturation, permesability, so that you could obtain
solely the question of rate effect?

A No, wall, actually the middle curve does not pertain to
rate effect. For example, Exhibit 14 wss used as a basis for
constructing the rate time curves in Exhibit 15,

G Each of these floods, on the assumptions that ycu have
made there, have the same recovery efficiency, regardless of the
produced rate?

A No, this does not deal with recovery efficlency. In this
case the cumulative oll production as perxcent of possible ultimate,
in this case the possible ultisata represents the actual ultimate
which is being obtained in the field from each of these floods,

MR. McGINNIS: That's all.
MR. McOQOWAN: I have two or three radirect guestions, if
I might.

By MB. MCGOVAN:

¢ Mr. Earlougher, when you were asked 2 gquestion concerning
the average well production in Cklahoma, the figures as I under-
stood Mr. Stipes to give them, and I wondered if you understood
them the same -~ Mr., Stiles, I mean -~ was that that was the

average for all wells, whatever States they might be in, that was
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subject to water flood order in Oklahoma?

A Yes, that's the eight barrels per day,

G You were asked if thirty-seven barrels per day for each
producing and injection well on a unit would not be sufficient to
take care of the production that would be needed from that unit.
I believe you stated "no", to that question. Would that not depend
to a great extent, possibly, upon the size of spacing in that unit?

A Yes, it would.

¢ And it would depend, would it not, to a grest extent upon
the phase of that particular unit? It might not be enough during !
its peak, but might be enough during other perlods of it?

A Yes,

o We heard the phrase many times in your cross examlnation,
v"aconomics aside". How many operators would you estimate that
you had evaluated a project for in your consulting business, how
many different companies or clients have you evaluated projects
for, 3ust roughly?

A 1 don't know, several hundred.

(4 Have you ever found one of them that asked you to evaluate
one, economics aside?

A No, I haven't,

G Would it be fair to say that a barrel of reserve is not
2 barrel of reserve unless it is economical to recover 1t?

A That is correct,

Q¢ wWould it not also be fair to say that oil left in the grand

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE NEW Mgxico
3-6691 =.9546




by reason of economics is waste just the same as If it were left
in the ground for any other reason?

A Certainly.

QG Then 2 method that because of economics would leave oil
in the ground that could be recovered econcmically by another
method would be a wasteful method, would it not?

A Yes.

Q One other questlon, Mr. Sarlougher. We hesrd quite a bit
on this business that you desire a barrel of water per day per

acre foot injection rate. That itz on the assumption, is it not,

that you have 3 reservolr that is sufficiently susceptible to

water flooding that 1t will take i¢?

A That is correct.

& How, if you have a reservoir that will take only a half a
barrel or six-tenths of a barrel, then that obviocusly is the most
efficient rate for that particular reservoir, is it not?

A That ls a maximum rate, why, certainly it is the most
efficient.

Q It simply means that you have a reservoir in that instance
that is susceptible to water flood, as is one that will take a
barrel?

A Yes.

MR. McGCWAN: That is all,
8R. PCRTER: Any further questions of the witness? The

witness may be excused.,

202
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{witness excused.)

MR. PORTER:s Is that all the witnesses you have, Mr. MHcGow

MR, MCGOWAN: Yes.

MR, CAMPBELL: I understand Mr. Vright is going to be
cross examined in the morning?

MR. PCRTER: VYes.

MR. McGOWAN: Am I correct that your case in chief, except
for rebuttal testimony, you are through with it?

MR, CAMPBELL: I'm not sure. I want to hear the rest of

my case here. I'll make that decision when Mr. Wright is finished,

MR. McGOWAN: Being part of the applicant, we have
rebuttal rights, too.

¥R, PORTER: The hearing will recess until 9:00 o'clock
in the morning.

(Wwhereupon, the hearing was recessed until 9100 otclock

A.M. on Tuesday, October 29, 1957.)
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Mk, PORTE%#; The meeting will coxe Lo corder, please., ~r.
dinkle, will you call your next witness,

MR, HIEKLE: If the Cormission, please, we would like to
nave ¥r. 3oy Layes sworn,

(#itness sworn.)

80Y A. BAYES

having been first duly swern, testified as follows:

« J3tate your nawe, please.

A ¥y nane is Roy A. Dayes.,

« Py whom are you smployed, ¥r. Dayes?

4 umble 011 and Hefining Conpany.

~ where are you located?

A Hidlard, Texas.

« Jow long have you beep with the Huxble?

A Eleven years,

< In what capacity?

A ¥y present capscity is Assistant Division Petrcleusn Engi-
reer in usblets YWestern Livision, which has heasdquarters at ¥ide
land, Texas.

L Are you & grsduate petroleur engineer?

A Yes, 1 graduated from Cklahowma lUniversity in 1943 with a
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B, S. degree in Petroleum Engineerirng.

¢ Have you practiced your profession since your graduation?

A After graduatiorn, I went into the Army, sir, and joined
Humble in 1946, and I have been with them ever since.

& What has been the rature of your work with the Humble dur-
ing the past 1l years?

A I spent about two years in Humble districts in routine
training program, drilling and production operations; at a later
date, I spent a year as District Engineer in charge of the engi-
neering work in the district: for two years I was in Humble's
southwestern, Southwest Texas Division office in Corpus Christi,
and in the Reservoir Engineering Section. I spent two years in
our Houston office coordinating unitization activity, in which
Humble had interests. For three years then in Houston, and in Mi
land in reservoir engineering; the latter twc of those three years
I was Division Reservoir Engineer at Midland, and for the past
year, 1 have served as Assistant Division Petroleum Engineer, in
charge of general field and reservoir engineering.

@ Have you had occasion recently to make a study of the
probable effect of unrestricted water flood projects in New Mexico
on the state allowable?

A Yes, sir.

« Do you have any exhibits which you have prepared --
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A Yes, sir, I do, sir.

iy =-- giving the results of your study?

A Yes, sir,

7 Will you refer to Humble's Exhibit 17, and explain to the
Commission what it is, and what it shows?

A #We have endeavored to investigate the effect of various
0il production rates upon the unit allowable of New Mexico. We
felt if we could establish a realistic relationship between totzl
allowable production and the State's unit allowable, we would then
be in a position to single out any one field, or any group of
fields, from the southeastern part of the State; and, furthermore
to single out any one rate in that field and determine what it's
effect would be upon the unit allowable for the St& e.

The basis of our working has been the Commission's October
1657 allowable schedule, which at this timre totals approximately
288,000 barrels of allowable production for October. Now, that
includes some 9,000 barrels of condensate or distillate and we
have deducted that amourt, and are dealing only with oil, the pre-
cise nurber of 279,541 barrels, and for simplicity, I would like
to just call that number from here on as 280,000 barrels.

We could take the October allowable schedule and determine
what the unit allowable for the State would be for various unit

allowable rates.
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Cr the Gommission's schedule is listed the capacity of wells
to produce, their gas-oil ratio, so by assuming a unit allowable
of less thar the current 37, we could, by going through each of
the approxirate 960C wells in the schedule, deterrine what the
State allowable production would be, if for exarple, the unit were
set at 36 or 35, or some other rumber.

This we have done, to establish the curves which are shown on
durble Exhibit 17, and I should like to exnlain just a minute as
to how this was determined. There are four curves which are en-
titled "Penalized High Gas-0il Ratio",

Incidentally, you rnotice vertically, this is the 3tate unit
allowable, ard across, norizontally, the entire production for
southeastern New Mexico in barrels per dav. The curves shown are
allowable for wells peralized for high gas-oil ratio. Those wells
vhich are rot capatble of making the unit allowable, which we have
entitled "Limited Capacity", and then allowables for wells which
are capable of making the unit allowable, which are entitled,
"Xon-Marginal™. I believe on the New Mexico schedule, the penal-
ized for high ratio wells and the limited capacity wells are
carried as marginal wells.

Now, on the points plotted opposite 37 unit allowable, we
have determined by going through the 9600 wells on the schedule

Just how nuch of the State's 280,000 barrels allowable production
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goes to the penalized high ratio wells, to the limited capacity,
and to the capable wells, and have added those three totals of oil
together to determine the end point shown on the total curve, and
this end point on the total curve opposite 37 is 280,000 barrels,
the October allowable produétion.

we then assumed that the State allowable would be 34, and
have produced through the allowable schedule for the 9600 vells,
and determined what the allowable production for the State would
be with a unit allowable of 34, tc plot the point on the total
curve; and we have dore similarly for points of the unit allowable
of 30 barrels, and the unit allowable of 27 barrels.,

You might wcnder why we found it necessary to delineate be-
tween a limited capacity and penalized high gas-o0il ratio wells to
arrive at this total curve. If the unit allowable is set at 37,
and the well is capable of making 36 barrels, it falls in the mar-
ginal class; but if the unit allowable were 34 barrels, that 36-
barrel well would then become a capable well, and would be subject
to proratior, so we nave found it necessary to delineate between
those two to establish this tctal curve.

We feel that that curve entitled "Total! on tais exhibit is
a gealistic relationship between the unit allowable and the total
allowable productior for the southeastern part of the State. Now,

with this total curve we are able then to single out any one field,
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or any group of fields, to assigr any given oil production rates
to those fields, ard uc Jdeternire what it's effect will be on the
unit allowable.

We have done that cn the next chart, and I should like to
mention that for simplicity purvoses, we have assumed that the
State's rarket would remain at 280,000 barrels of allowable produc
tion, ard ther tc see what the unit statewide allcwable would have
to be, holdirg to that 280C,00C the same as for this morth of Octo-
ber, if varyirng rates of production come into the picture,

Ir the irterest of tire, I shall not bother the Cormission
with the steps, the recharics through which a field can be singled
out ard any irdividual oil production rate taken into account.

It is a straightforward matter, ard we can proceed directly to the
next exhibit, which is Hnmblets Exhibit Number 18,

I shculd like to describe this exhibit. It is a plot, or it
is entitled "Relationship Betweer the Statewide Unit Allowable and
Producirg Rate at the Caprock-Queen Field". The coordinates on the
chart, unit allowable on the vertical scalej ard horizontally, to
describe this in easily understood terms, the horizontal factor is
the Caprock-Uueer allowable expressed in terms of barrels per day
ver producing well.

I should like to point out here that we have assumed on this

chart first of all that the allowable production for the south-
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eastern part of the State remains fixed at 280,000 barrels, ard

secondly, that the entire field is under effective water flood
producticn: that it's under 5-spot production, and under a field-
wide S-spot pregrar, one-half of the wells would be on injection
service, cne-nalf would be producing wells. 3o this horizontal
factor, Caprock-wueen allowable barrels per day per producing well,
reans per producing well, as differertiated fror an injection well,
50, this is actually cil preduction fror each well that produces
0il vhen the [icld i3 urder water [lood rroductich.

Mow, frow this relationship, we car chcose any allowable rate
that rizht be assipgned to the Caprock-iusen's wa2lls under water
flood, ard irrediately tell what influence that would have upon
the State init allowsble.

For exarple, 1if the average zllovable for the field wells per
well were 1CC barrels per day, ard it's necessary to nold to the
220,000 barrels market, we have bit to reduce this hundred barrels
per producing well allowzble, and see that the unit allovable
would have to be ir the order of 33° barrels per day to satisfy

the 280,CCC bar: total rarkat,

"3
a
[}
st

Similarly, if the average producing well allowable is 150
barrels, the State unit allcwable would ther have to be about 30
barrels to satisly this 280,000 total for the scutheastern part

of the State.
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It might make it a little more explanatory, this curve, the

first one on the Exhibit 17, the relationahip of one barrel per
day on the State's unit allowable is about 46 to 4700 barrels per
day of extra production; in other words, for each 4700 barrels of
preduction that's added onto the 9600 wells that are scheduled on
the October schedule, to hold to the 280,000 barrels, the unit
allowable will have to be dropped one barrel per day. We might
look at it to be L6 - 4700 barrels per day added into the State
is equivalent to one barrel per day on the unit allowable,

{ Mr, Bayes, this morning, I believe Mr. Cooley asked Mr,
Wright on cross-examination for a comparison of primary and second
ary investment in operating costs with reference to an incentive
to water flood. Do you have any remarks you would like to make
in connection, with respect to that matter?

A Yes, Llet's take -- I forgot one thing I wanted to bring
out here.

@& Go ahead.

A For each 4600 additional barrels of oil brought in to the
State, then the effect is the one barrel on the unit allowable
that I have mentioned. Now, it's not necessary for that 4600 bar-
rels to come from the Caprock-Queen pool; that has a compounding
effect; and if 4600 barrels comes on ir the Caprock-Queen Pool,

and 4600 barrels comes orn in another pool, then it has the effect
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to hold to this 280,000 barrels to bring the 3tate unit allowable

down two barrels.
FR. HINKLE: Will vou please read the question?
(Tuestion read by reporter.)

A Yes, I believe 1 understood that staterent made this morn-
ing regarding the relationship of investrent and operating costs,
as to primary ard secendary recovery ovnerations. As I understood
FMr. Wright, he revlied that investrent and operatirg costs for the
secondary operatior vere higher thar the »rirarv cperatior. It's
been stated earlier in this hearing that "Muble has ro wells in
the field., We have rot drilled here, but we have wz2lls at similar
depths ir the area, ard we thirk a reasorable astirate of the cost
to drill a well, to put a flow line on it, and a tark battery, to
install the purping unit, which certainly would be requlred, that
drilling, corplete, flow line, *tank batteryvy ccst should be in the
order of $40,000.00 per well.

Then I believe the applicant's, on their Exhibits Feur and
Tive had developed almost coriplete ecoronics for 176N acre pilot
arsa. Yow, if that 1760 acre area was drilled on LO-acre density,
that would be 44 wells, sc the primary developrent costs for that
unit should then te L} times #%4,0,000.00, or a rillion seven hundre
and sixty thousand dollars. That's prirary developrent investment

only, and does not include pumping unit.
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Then, from the Applicant's Exhibit Four also, it's given on

that exhibit that to install, or to develop the secondary oil
project, with the 400 barrel per day injection system, the develop
ment cost was $704,000.00; and eight years of operating expenses
were a million and ten thousand dollars. |
Now, the total of the secondary development costs and the
eight years of secondary expenses, from the Applicant's Exhibit
Four, totals a million seven hundred and fourteen thousand dollars
Now, to drill that same area on a primary basis, just drill
it and complete the wells, a million seven hundred and sixty thou-
sand dellars, so it would cost more to drill a well for primary
purposes than to install that secondary flood project and pgy the
operating expenses for eight years, That is equally true for the
80 barrels per day injection system that is listed on Exhibit Four
I ﬁhink the obvious point here is that you use the wells that
exist when it comes time to starﬁ your water flood off, so the big
investment is in the initial drilling, when the wells are first
drilled.,
MR. HINKLE: That's all.
MR. PORTER: Anyone have a question of the witness?

MR. CAMPBELL: I have some questions.

CRO3S~EXAMINATION

BY MR, CAMPBELL:

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEw MEXico
3-6691 5-9546




331

Q@ Mr. Bayes, in your calculations with reference to the
impact of water flood oil upon the State market, you have assumed
thrrughout attaining 280,000 barrels per day derand, have you not,
for allowable?

L Yes, sir.

2 Do you think that's a realistic approach?

A Mr. Campbell, I did not attenmpt to forecast or leok into
what the Bureau of Mines estimate mizht be, or the rmarket demand,
I simply chose this month of Cctober, that's the nurber that we
have before us, 37 barrels, and 280,000, ard T think it serves to
illustrate the purpose; to answer your question, sir, T do not
know., )

G Well, do you not, or does your company not, anticipate
that other things being equal, there will eventually be scrie in-
crease in demand for domestic crude oil, or have you given up?

A Mr. Campbell, T think we could all say we hope there is
some. I just tell you honestly, sir, I have no picture of the
future.

@ If there i3 sore, do you not think water flood oil is
entitled to reasonable share of that market by it's development?

A Yes, sir. As has been stated, Hurmble is an active water
flooder, and we recognize that as an operation, and I'r not --

don't mean to imply that we would like to deny water flood oil
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rom a rightful place in the State market.

Q Well, then what is the basis for your exhibits then?
Aren't you undertaking here to, in effect, exclude that water
flood oil from New Mexico market in the future?

A Not at all, sir, but simply to show that if unrestricted
production is granted, that it has to have the effect of working
on the proratable oils.

Q Of course, that's quite obvious. May I ask you, sir, if
you know, what is the total daily production of Humble in New
Mexico in October?

A I'm not quite sure, Mr. Campbell. I could make a round-
house guess., I'm not -- I think we are in the order of 10,000
barrels:; I am not sure. |

Q You studied the October allowable for this purpose, didn't
you?

A Yes, sir, but 9600 is a lot of wells, and I don't remember
the details.

Q Well, would you say 10,000 barrels?

A I think that's probably in the correct order, sir, I can
look it up.

Q What percentage of the total daily allowable in New Mexico
does that represent?

A Well, I believe that's about 33%, if my 10,000 is right,
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sir.

Q¢ How many known marginal units does Humble produce in New
lexizo?

A 1 do not know, sir.

Q This would not have any effect upon your marginal unit,
would it?

A It would not have any effect only at such time as the unit
allowable was less than the present capaclty of the well,

Q@ Well, do you know approximately how many top unit allow-
able wells Humble operates in New Mexico?

A No, I do not, sir.

Q¢ Do you have any idea of the percentage of your production
of 10,000 barrels per day, which is marginal and which is non-
marginal?

A 1 do not, sir.

Q Isn't it a fact, Mr. Bayes, your principal concern about
the impact of water flood oil in this situation is not upon the
Humble primary production in New Mexico, but in the State of Texas?

A No, I would not say that at all, Mr. Campbell. Insofar as
my work here is concerned, it has no relationship to Texas.

Q& Doesn't Humble have a considerable amount of primary pro-
duction in the Gulf Coast area of Texas?

A Yes,
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Q Isn't the pipeline,which services that area out of West
Texas and New Mexico a factor in the allowables in that area in

Texas?

A Mr. Campbell, I don't really know the anawer to your ques+

tion. I have seen maps on which pipelines are drawn, and I have
the recollection that it is the systen from New Mexico and West
Texas goes on to the Gulf Coast.

Q@ Then, as a matter of fact, isn't it the principal concern
of Humble, that pipeline may be full of oil before it reaches your
Gulf Coast production?

A That has nothing to do with what I am saying today, sir,

Q@ Mr. Bayes, in connection with your presentation, you at
least left the impression that it's the feeling of Humble that if
there's going to be any sizable impact upon the primary production
in New Mexico, or in the non-marginal producticn, or the rate of
development, that capacity allowables should not be granted to
water flood projects, is that your general position?

A Capacity production should not be granted to water flood
projects.

Q§ Because it will have an impact on the other wells in the
State?

A We feel those wells should be prorated, and take their

rightful place with other wells,
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Q Mr. Bayes,do you concede there are & number of other fac-
tors present in the determination of the available market for New
Mexico crude o0il?

A Yes, sir,

4 What are some of those other factors?

A Well, Mr. Campbell, I just might as well tell you, I'm not
an expert on proration. I don't know what establishes the State's
allowable or it's market, and I don't really think I would be
helpful in --

3 Well, you presented these exhibits to indicate the impact
of this particular phase of production on the market?

A On this month of October, 1957, basis, yes, sir.

i Well, let me see if I can suggest some possibilities to
you. Do you know anything about a deep well factor in the State
of New Mexico, based upon the cost of drilling deep wells?

A Yes, sir.

(¢ Do you know anything about additional allowable that is
occasionally given to wells in New Mexico on a spacing basis, on a
unit basis?

A Yes,sir.

Q Do you think those are factors affecting the production
from other wells in the State of New Mexico, or the allowables

assignable to them?
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A They are factors, very definitely,sir. They are included
in the first exhibit I gave.

% If you will pardon the expression, don't you think imports
have some impact on the market demand for New Mexico crude o0il?

A I think so, yes, sir.

d Let me ask vou this question: If it be true that to re-
strict the production of water flood wells below their capacity
would result in waste, don't you think that's the last place where
you should try to adjust the New Mexico allowable with regard to
market demand?

A No, sir, I wouldn't say that was the last place.

Qd Einn though assuming that it would result in waste, I real-
ize you disagree on that point; but assume there is a question of
that factor, don't you think that there should be, if it is an
impact, end we are assuming, that there should be other methods of
restricting production that will not result in waste?

A Let me make sure I understood you. You want me first to
assurme there i3 waste?

Q If the wells are not produced at capacity without it, yes,
sir.

A Now, you of course know that we as a company do not take
that position.

& I realize that,.
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A Yes.,

Q We have been making assumptions here for two days. I'm
asking you to make --

A HNow, would you ask me?

Q I want to know if that is the case, don't you feel, par-
ticularly as a reservoir engineer, that 1f that is the case, if
there must be some adjustment of where we are going to reduce,
what wells we are golng to reduce to get down to the market demand
that should be the last place you should look to accomplish that
result?

A T would answer you this way, sir. If there would be waste
then we should take steps to protect it, or minimize it.

¢ Then your answer would be "yes"?

A4 Yes, under the assumption that you gave us.

MR, CAMPBELL: That's all.

MRe McGOWAN: I have cne or twe questions I would like to
aske

MR. PORTER: Go ahead.

BY MR, McGOWAN:

& Now, in preparing this curve, you took into consideration
the present production of the Caprock Poocl, did you not?
A Yes, sir.

Q Do you have any reason to quarrel with the figure of
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slightly in excess of 12,00C barrels a day that was reflected upon
the earlier exhibits, as the present daily production from the
Caprzock Pool?

A No, I would not quarrel with it; we used in excess of

13,000.

Let's use your figure then of 13,000; I like it better.

Okeay.

o=

< Now, you have also assumed ir your effect of unrestricted
water flood preoduction on this, that the entire Caprock Pcol would
be developed at one time, have you not?

A That's correct. No, I didn't, I said it was all under
water flood, sir.

¢ Vell, at the same time, simultareously.

4 Yes, sir.

@ Do you have any quarrel with the figure 19,000 as the peak
of water flood production that would be reached in the Caprock Pooh
if it was all put under water flood, I believe, within three to
five years was the figures you used?

A That is one of the applicant's exhibits, 7 or 8, I believe,

Q Then I'11 ask you a question, Maybe you would rather
answer it., What will be the total production daily from the Cap~

rock Pool, unrestricted, if it is all rapidly developed as a water

flood project?
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A T don't know the answer to your question, sir.

Q¢ The impact on the market though from such an action would
only be the difference between that production and the present
production, would it not?

A That's correct, sir, and I would llke to go ahead to answer
you a bit more. I know the 19,000 barrels that you refer to, which
comes about as you set one set of assumptions, and developing at
peak rate for the field.

Qut of curiosity I checked that just to see what it would do,
the 19,000, and there is a period of open curve of about three and
a half years at which time the Caprock-Queen Pool ranges from
about sixteen and a half thousand to 19,000. During which time the
average production of the producing well ranges between 58 and 66
barrels per day, and that alone would have the effect, under the
conditions outlined, for the charts, of about one barrel on the
unit allowable. Now, that would not even be up to the 74.

Q And that is assuming, of course, the entire Caprock Pool
would have been -- just walked out there and just developed it, it
would come to it's peak all at once, just like that?

A No, I would like to say there are a number of things that
influence what that peak would be. The 19,000 barrel peak is one
set of assumptions which generated a curve.

Now, for example, that same curve is predicated or an injec-
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tion rate of 40O barrels per well per day, which is -~ there's
no assurance that that would be the injectidn rate at all. If
the injection rate is higher, we can expect that curve to go
higher.

Then, alsc the rate of development you mentioned, that's most
influential on that curve, There's no reason to wait until the
field is in the stripper stage to put it under water flood, when
you can make more money water flooding than primary. It's a good
business venture to go into whether the well is capable of 25 or
30 barrels, and when a pilot responds as nicely as this one seems
to be, theret's no reason to think, I believe, that operatoré will
not see a good business venture and move to take advantage of it.

One other situation which could change that 19,000 barrel
peak, I think, preferably, would be for large areas of the field
to be unitized, and certainly there are economic advantages to
unitizing. Unitizing would have the effect, probably of delaying
the time at which some leases would go under flood, because it
takes time to unitize., But then that whole unit would go under
flood reasonably simultaneously, with peak up, more simultaneously
and I suspect that 19,000 barrel curve would go considerably highe:

5o 1 feel it very realistic to say that there can be other
assumptions made, which will change or which change the peak oil

production that has been shown.

;

4
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« Now,I believe you stated, however, under the assumptions
that have been pretty well used in this hearing, the increase in
the Caprock producticn by reason of water flood would reduce the
State allowable by one barrel?

A I make that as a ratter of fact staterent, sir.

« The problen before tne Commission at the rosent is unre-
stricted production for this 170C acres, I believe. FHave you cal-
culated how much additional production would be produced from that
1760 acres by reason of unrestricted -- Ir other words, how much
excess over the present production you get?

A Yo, I have not, sir.

@ It would be wuch less than that, wouldn't it?

A Oh, I'm sure it would be, sir,

« 1f I teld you we calculated it and arrived in the neighbor-
hood of over 266 barrels a day, viould you have reason to question
it?

A No, if that is your nurber,

«+ That would be a complstely insignificart effect on the
rarket demand?

A Yes, it would, I'm quite sure, sir, in this pilot area.

I think what we have to look tc is that if this applicatior be
granted, then certairly other areas will go under flood in the

sane field, ard as a matter of fact, in New Mexico. I believe,
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in looking through Commission records and orders and engineering

committee reports, that there are nine fields which have pilot
floods in one stage or another which we might describe sas active,
ard there are some 2600 wells in those nine fields. 2600, let me
say, 4O-acre units, and I think there would be no reason to ;- I
think we would expect that this application being granted in this
field, that it would e asked ir other fields, and as I mentioned
awhile ago, the effect of unlimited production in the field com-
pounds with the effect from other fields.

% Of course, they might not all be so successful as this one,
might they?

A That's true, sir.

¢ By the same token, based upon,I think, everybody's testi-
mony including Doctor Hocott, the project started now will probably
not have reached 1t's peak production until the existing project
was already past, would 1t?

A I didn't understand.

@ A project, even in the Caprock field, say started next
month, would not reach it's production peak until the other project
had past it, and was on the downgrade?

A It takes tire to genserate a peak; depends on injection.

% That would spread out your peak of production?

A Tt's possible.
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@ You talked about it being developed rapidly. Do you know
of any unit anything like this size, even though where it was
unitized, that's ever been developed just almost simultaneously,
I believe was the word you used?

A Vvwell, I guess one of the best examples I might -- or, let
me see, an example in Texas, now, there's a move under foot to
create a 9-section pilot in the Graybridge, which would be a part
of a 75 to a hundred section unit, a very similar depleted condi-
tione I see noc reason why Caprock-Jueen could not be unitized.

w Are you familiar at all with the North Burbenk unit in
Oklahoma?

A Hardly, sir.

« If I told you it included a total of 20,000 acres, would
you accept that figure?

A Yes,

¢ And if I told you by agreerent they were developing it at
the rate of a thousand acres a year because they felt that was the
best managewment policy, would you accept that?

A Yes, sir.

% Do you see any reason why we couldn't peak the Caprock
field to rcllow that patterrn as well as any other pattern?

A 1 think it could be a pattern, yes, sir,

FMR. EcGCWAN : That's all.
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MR. PCRTER: Anyone else have & question? The witness
ray be excused. Did you offer these?

MR, HINKLE: Yes, I would like to offer Humble's Exhibits
17 and 18 in evidence.

}¥R. PCRTER: Without objection, they will be admitted.

MR, HINKILE: If the Cormission please, we would like to
have Mr. Frank W. Cole sworn.

(Witness sworn).

DIRECT EXAMINATION

BY MR. HINKLE:

Q@ OState your name, please.
A Frank W. Cole.
& Where do you live, Mr., Cole?
A  Norman, Oklahoma,
¢ By whom are you employed at the present time?
A Uriversity of Cklahoma.
<% In what capacity?
A Assistant Professor of Petroleum Engineering.
§ How long have you been Assistant Professor of Petroleum
Engineering?
A I'm beginning my third year.
G State to the Commission briefly, your educational back-

ground,
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A I have a B. S. in Petroleum Engineering, fromthe Univer-
sity of Oklahoma in 1948; an M. S. in. Petroleum Engineering from

the University of Cklahoma in 1949. Irmmediately after graduation,

I was employed by the Humble 0il and Refining Company as a Petroledm

Engineer. During ny graduate studies at the University, I was a

Graduate Assistant and taught undergraduate labs., During my under+4

graduate days at the University, I worked during the summer for
various o0il companies., 1 was with Humble until 1955, with the ex-
ception of two years when I was recalled to active duty in the
Navy as a petroleum specialist. In Septewmber of '55, I resigned
frorm Humble, and returned to the University where I am presently

occupied.

(@ Do you have any present ties or connections with the Humbl#?

A MNone at all.

Q As a professor in the University, have you made any studiegq
in :connection with secondary recovery operations?

A Yes, I am part of the graduate research faculty, and we
are continually engaged, and I am directing on the average of four
to five research projects, continually, on various phases of reser-
voir engineering, some of which deal directly with secondary re-
covery, otherswhich may deal only indirectly with secondary re-
covery.

< Have you bsen a consultant from time to time ~-

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEW MEXiCO
3-6691 5-9546




346

A Yes,sir.

& In connection with the secondary recovery operﬁtien?

A Since I have returned to the University, I have been en-
gaged principally, of course, in academics. I have, however, done
some consulting and am doing some at the present time, in secondary
recovery work.

& Have you served on any committees having anything te do
with secondary recovery?

A No, sir, I have not.

{ Have you kept abreast of all the literature that's been
published ir connection with secondary recovery --

L Very definitely.

Q -- water flood projects?

A 1 have been interested in water flooding since I was in
school, and have kept abreast of water flooding developments and
concepts, and currently, I'm not this semester, but I will next
semester, and the last previous semester, I taught a graduate courde
in secondary recovery.

@ Are you the author of any publications concerning water
flood projects?

A 1 gave one paper last year on water flooding, one aspect of|
water flooding., I am just completing a textbook in conjunction

with another Oklahoma University faculty member on Elementary
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Petroleum Engineering. T arm in the process of writing another

textbook by myself on Reservoir Engineering, and very shoertly,

I have already completed the series, and very shortly a series in
Reservoir Engineering will appear in one of the trade journals, so
I have concentrated principally in Reservoir Engineering.

Q Have you, yourself, made any study of rate of production
in connection with water flood projects?

A Yes, sir,

Q Mr, Cole, from your experience and study of secondary re-
covery operations, state whether or not, in your opinion, water
flood projects can be controlled within wide limits of rates of
production, and injection without loss of maximum ultimate recov-
ery of oil from a pool or reservoir as a whole?

A In my opinion, water flood production can very definitely
be curtailed within wide limits without loss of ultimate recovery,

MR. HINKLE: That's all.
MR. PORTER: Anyone have a question of the witness?

CRO3S-EXAMINATION

BY MR. CAMPBELL:

QC Professor Cole, you stated that you presently didntt have
any ties or connections with the Humble 0il Company, is that
correct?

A That's correct.
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Q Well, you are appearing before this Commission as a con-
sultant for Humble, are you not?

A Humble asked me what my position was. Of course, since I
worked for Humble, I know the Humble people, I see them occasionally
when they come to school interviewing our prospective petroleun
engineering prospects. We discussed this problem, it's a current
problem of interest, and Humble knew my position, and when this
care up, they called me last week and asked me if I would state ny
views, and I agreed to do so.

« Well, I'm not criticising you, I just want to make your
position clesr., You are not testifying as a -~ you are a proféssor

at the University of Oklahoma, you are not representing the Univer|

sity of Oklahoma faculty, or engineering department in this hearing,
are you?

A That's correct. The views I express are my own.,
< That's what I wanted to make clear.

4 Fine.

w Now, you stated a generai conclusion about your beliel that
the rate of production could be curtailed without causing any loss
of recoverable oil. How much actual field experience have you had
in secondary recovery projects?

A Ny field experience in secondary recovery projects has been

limited., However, we are dealing with basic concepts. In my
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opinion, there is fundarentally no difference between a secondary

recovery project and a water drive project.

Q What vou are doing here then is simply concurring with the
testimony of Doctor iocott, is that correct?

A T think, basically, Doctor Hocott's testimony is represen-
tative of the beliefs of most, if not all -- I would like to re-
tract that "all", since there obviously are some qualified engi-
neers here -- but the cormmonly accepted engineering belief at the
present tirme, and it's the same principles which are being taught
in all of our major universities at the present time.

¢ You rmean to say that the theories and conclusions of Docto:
Hocott are concurred in by almost all of the ergineers who operate
secondary recovery projects in the field, is that what you are
saying?

A Let me -- I can't say that. However, I car say this,

Just last week I lectured before ar A.I.M.E. study group in Okla—
homa City, in whiéh there were approximately 60 engineers of all
different comvanies., The purpose of this lecture was to deliver
basic reservoir erginsering concepts, and we discussed these con-
cepts point by point. One of the points I made, which wasn't ir-
portart to me at the time, but which grows more important as I
8it here these days, is that, fundarentally, there is no differ-

ence in the displacement processes involved in either water drive
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by secondary recovery, or water drive by primary recovery. It's
interesting to me that I had not one remark made at the tiwe I
made that statement. It is a commonly accepted principle.

« Well, were those research engineers?

A Xo, sir, with the exception of one company, who has a small

research organization, I don't believe there were any research
engineers. I would say that 390 percent of the people were not
research engineers.,

« Where was the neeting?

A Oklahoma City.

When was it?

A This was last Thursday evening.

« Kow, do you base your general conclusions, as to this
statement you made, upon these theories of capillary effects and
inbibition,like Doctor Hocott apparently does, is that where you
start in your thinking on that?

A 1 start my thinking -- I think Doctor Hocott presented it,
unless you really want rme to, I would rather not,

& I would rather you wouldn't. I would rather you answer the
question.

A Capillary pressure is one of the factors involved.

. Do you thirk there's any disagreement among your research

ergineers or laboratory people,with regard to that, insofar as
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the elerents involved, or the measurement of it, or the degree of

it?

A To Ly knowledge, 1.

« HNo disagreerent?

4 That's correct. No basic disagreement on the principles
involved,

IF. CALFCELL: That's all.
Fil« POKTER: Anyone else have a question?

BY MR. McGCWAN:

. Iir. Cole, have you cbserved or controlled any water flood
project developed on the theory you have advocated to see if that
theory proved out ir. the field?

£ Oince 1 teach a seccndary recovery cocurse, which involves
water flooding as one of the elements of secondary recovery, we
take data or. depleted fields and predict behavior of those fields
bty several commonly accepted techniques, and as a matter of inter-
est, we have used Mr. Stiles' method, wiio is at this time sitting
nere, and talked to us before. In 1949, lMr. Stiles came up with a
very nice arrangement for predicting water flood behavior. I tried
the nethod at the tine he delivered the paper, and found it to
work very well or cata from some Bureau of Hines reports.

I have tried it several times since then, and it's a standard

olicy to use the sco-called Stiles kethed as one of our tools in
P y
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prediction processes.

1is method is independent of rate, and as an illustration,
you can take his nethod with a hundred barrels per day injection
rate, and core up with a certain economic limit. You can take a
differert injection rate, and as long as you maintain your water
ard your oil producing rates at a sufficient rate, you will still
arrive at the same ultimate recovery and tne same economic limits,

? DBut the answer to my question is, "Ko®", is it not?

A Yo, the answer to your question is yes.
¢ VWhat water flcoocd did you prove this theory on?

A Well, let's see, just to verify, I haven't really made
this calculation in three or four monthse.

% I'm not talking about calculations, lkr. Cole, I was talk-
ing about a water flood that has been evaluated, started, and pro-
duced, which perforred just exactly as your theory said it would,
and has proved that your theory will work on water flooding a

field.

A Yes, I was goirng to take this data, this data that I worked

with last night was the only data I had available, and as I say,
I worked this thing several times in the past, but Just to refresh

ry memory, I tock lr. Stiles' theory in the Benoit 3and flood in

I1linois, wherein we had complete reservoir information. The watdr

flood, as I recall, was essentially depleted. ile had an injection
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rate of a hundred barrels per day in a 10-acre 5-spot with a 1C-
foot sand section which was equivalent to one barrel per acre foot
per day, which is in our high injection rate, which we have been
discussing.

I decided I would apply a case of realistics to this problem,
so I used a hundred barrels per day, the same rate Mr, Stiles
used, and until we had achieved reservoir fill-up. Then I dropped
my injection rate back to, just to the very minimum case of approx
mately 25 to 30 barrels per day of oil production, maintained it
at that rate until my relative permeability relationships were
such that I could inject a little bit more water, increase my in-
Jjection rate, until I finally I came back to the hundred barrels.

In the final analysis, the recovery was exactly the same at
the exact economic limits. There was no difference in the two,
as those of us who are familiar with those calculations know in
advance.,

¥ You did this in the pool, or you did it on paper?

A 1 did this on paper; itt's obvious.

Q Then you don't know that the pool would have performed
that way, under those lower rates, do you, you are assuming?

A TYes, that's correct.

Q¢ That's what I asked. That's all I havs.

A All right.

-
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I, FORTOR: Anyone else have a gquestion? The witness may
be excused.

FRe HINKLE: If the Commission, please, we would like to
call Doctor George Fancher,

(Witness sworne)

DIRECT DXALINATICN

BY kR. HINKLO:

&£

State your rname, please,

A George Fancher,

( there do you live, Mhr. Fancher?

£ Austin, Texas.

« Dy whor are you employed?

A University of Texas, and the Texas Petroleum Research
Cormittee,

¢ Arnd what 1is your capacity at the University?

A Professor of Petroleun Engineering: chairman of the, at
the present time, and director of the Texas Petroleum Research
Committee,

e State to the Commission briefly, your educational back-
ground.

A Undergraduate work was done in California; I have taken
graduate work at the University of larylard, the University of

tiichigan, Colorado Scheocol of Mines. I have a Bachelor of Sciernce
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degree, and a Master of Science degree, and a Doctor of Science
degree,

Q@ Doctor of Science from the University of --

A  From the Colorado School of Mines.

Q Colorado School of Mines. What year did you graduate from
the Colorado School of Mines?

A 1630.

& Have you had any experience in connection with secondary
recovery operations?

A VWell, just about 30 years.

W When did they first start?

A 1In 1928 I was a graduate student at the University of
Michigan. ‘

Q And what area did that --

A In Pennsylvania. And then I went out to the Colorado
School of Mines for three years, and in 1931 returned to the Penn-
grade region as Assistant Professor of Petroleum Engineering, in
charge of the Petroleum Research program there, for which the
legislature of Pennsylvania had appropriated money. There, this
program of research was begun to aid the Penngrade Crude 0il Asso-
ciation Produceré, the principal factor of which were the Bradford
Producers, the water flooding areas.

So my duties, I became deeply involved in the program of
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research there, in which came such things as the measurement of
permeability, core analysis; we studied, made flood spot tests:
we studied production data obtained, made numercus trips to Brad-
ford and accumulated production data, and then endeavored to make
studies of those.

Q Later on, did you have any experience in Texas, or any
other states in connection with water flood projects?

A Yes, sir, I had the privilege of putting in the first legal
water flood in the State of Kansas.

Q@ What year was that?

A That was in 1934, '34 and *35. I was employed by a small
company, that's why I left Penn State, to ald in pioneering this
water flooding out in that area.

At that time, to my knowledge, there was only one water flooli
in the midcontinent, and that was the Carter Cil Company's project
experimental project, down in the Netawaka area, but we put in,
after some necessary bills were passed in the legislature to make
this practice legal, they got Permit Number 2, and I put in the
first water flood in the Sealy Pool in Greenwood County.

Q@ State of Texas?

A Kansas.

In Kansas?

&

A Later -- you asked about Texas?
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Q Yes,

A Came tc Texas in December '35, and in January, I believe,
this would be subject to verification as to the rmonth, the date,
in January, appeared as a witness for the State on the first water
flooding application in the State of Texas, by the Texas Company
for the Fry Pool in Brown County, Texas. The hearing was held in
Fort Worth. Following that hearing, which was widely attended by
many operators from the Wichita Falls area, who had come down to
protest, I, aided by counsel and advised periodic field trips,
periodic examirations and results, the second, the third, and the
fourth ard a number of others,

Q Have you been a consultant from time to time in connection
with water flood projects in the State of Texas and other places?

A Yes, sir.

@ What committees have you served on, or ssrving on at the
present time, having anything to do with sécondary recovery oper-
ations?

A Well, from the time of its organization in the eastern dig
trict of Pennsylvania, I was a member until the time whern Naticnal
Committees were abolished, that is, standing National Committees
were abolished in 1950, I was a member of the Secondary Recovery
Committee of the American Petroleum Institute,

During a good rany years of that time, the latter years, when
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I was in Texas, I was, in addition, Chairman of the Standing Sub-
Conmittee on Secondary Recovery to tnat parent committee, in the
southwestern district.

I have been a member of the Secondary Recovery Pressure Hain-
tenance Cormittee, the Inter-State 0il Compact Commission since
its organization,

3 Are you chairman of that committee at the present time?b

A lNo, sir, I'm not chairmar of the cormittee. I am called
Meritoricus Chairman.

@ During all this period of time, have you made any study
of rate of production of water flood projects?

A Well, I have, although I have worked in oil, I mean, I
have had practical experience in 0il fields of California and some
other places, the latter years principally in connection with con-
sulting work; nevertheless, I have beer teaching for many years,
and been a rember of the faculty at the University of Marylard,

and at Michigan, and Colorado School of Mines, the Penn State

College, and the University of Texas, ard my job has been, in doin
that, I have been very much interested in this method of increasinI
0il recovery, and I have studied that problem continuocusly,

That was particularly a problem, if you will permit a moment,
in the depression when I went to Penn State, it was a critical

problem, because the price of o0il was dropping, the projects were
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under way, and the question arose, "Can these be curtailed?"

Naturally, there wasn't any unanirity of opinion as to whethsg
they could, or what was the best way to do it when it must be
done, but if you would sum it all up, I think Ralph Zucht, former
president, one of the very pioneers in this work, made a fortune
in it, former president of the Independent 0il Association of
America, delzsgate from the Secretary of 3tate to Great Britian
during the war, as Petroleumn Aduinistrator, and occupier of many
posts, and a well informed man, has said many times publicly and
privately,that water flooding operations might be likened to the
turning off and on of a spigot. He said that was one advantage
of water f{locding, that they could be turned on and off like a
spigot --

¢ Liow, Doctor --

A =-- operned in times of feast and shut in in tires of famine

w ~- in your experience in secondary reccvery operations,
state whether or not, in your opinion, water flood projects can
te controlled within wide limits of rates of production, and injec
tion, without loss of naximur. ultimate recovery of oil from a pool
or rescervoir as a whole?

4 They can.

MR+ (dINKLE: That's all,

MR. PURTER: Anyone have a question of the witness?

r

L
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MR. CAMPBELL: Just a few,

MR. PORTER: Mr. Campbell.

CROSS~EXAMINATION

BY MR, CAMPBELL:

Q Doctor Fancher, you stated that you were now at the Uni-
versity of Texas?

A Well, I'm presuming what your question is, I'm appearing
for the Humble Company.

Q All right. What is the Texas Petroleum Research Committee

A The Texas Petroleum Research Committee is a state agency
established by joint resolution of the Board of Directors at
A. & M. College, the Board of Regents to the University of Texas,
the Railroad Commission of Texas, and it's supported by appropri-
ation from the State Legislature.

It's objective, it*s charged with prosecuting research in the
broad field of increasing ultimate oil recovery in the departments
of petroleum engineering at the two educational institutions.

Q 1Is that committee still in process of conducting it?s re-
search and making it's investigations?

A Certainly. We employ graduate students and we have many,
have some 15 or 20 projects under way at all times.

¢ Are they working on a project in connection with water

flooding?
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A At the present time?

Q Yes.

A At A, & M. University there 1s a project under way there,
under the supervision of Doctor Paul Crawford.

Q@ Are you participating in that study, as a member of the
Committee?

A I'm not a member of the committee. I'm director of the
research program, I'm employed by the committee.

Q Is the question of rate of production of water flood pro-
Jjects under consideration by the committee at this time?

A It's one factor we are studying; we are doing laboratory
work; we are studying the mechanism of displacement of oil from
sands and rocks.

Q@ You have already made up your mind on this question of rat#
of production, is that right?

A Yes, sir, insofar as our stste of knowledge is now. I have
been teaching it for many years,

MR. CAMPBELL: That's all,

A I have several, probably a thousand students that listen t¢
this, in the industry.

MR. PORTER: FNr. Errebo.
MR, ERREBO: I have one or two questions, if the’Commissio?

please.

3
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A I might answer that, add just one thing, please, sir.
MR. CAMPBELL: Go ahead.
A I mean, any scientist is open to new evidence, and what
I am saying is, we have made an earnest -- is that what I know
today and all, as I have never seen convincing evidence to the
contrary.
MR, CAMPBELL: When did you get here, Doctor?
A VWhen did 1 get here?
IR. CAMPBELL: At this hearing?
A 1 got here yesterday afternonn.
k. CAMPBELL: You weren't here the first day, were you?
A About 3:00, right after your afternoon recess. ilowever,
I have heard all the witnesses here many times. There wasn't any-
thing new here, I hadn't heard.
FRe PORTER$ On the same subject, I guess?
A Yes, sir, on various phases, depends on the angle.
MR, PORTER: Mr. Errebo, do you have a question?
MR. ERREEQ: Yes,

BY R. ERREBO:

& Doctor Fancher, you quoted Mr. Zucht as stating that water
floods can be turned on and off like a spigot?
A Thatt's his familiar analogy.

Q@ Now, you have quoted that; I take it that you belleve that,
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A Well, I think it's over-simplified, but I say 1t expresses
I said if there is any one opinion, I mean, there is diversity of
opinion, if he could summarize talking to collective experience
there, that is, certainly, when the president of the Penn-Grade
Crude (il Association, a man as well informed as Mr. Zucht, who
had access to all the work and all the information, who was in the
business, and made a fortune in it, would say that, 1t should be
given some credence.

Q@ I': asking for your opinion, Doctor Fancher? Do you be-
lieve a water flood can be turned off and on like a spigot?

A T say it is an over-simplified answer; I say it is indica-
tive, however, of --

Q Yow, Doctor Fancher --

A -- take it or leave it.

4 Do you believe that capillary pressure is important in thg
mechanisr of water floods?

A Well, certainly, it's important in all oil production,

2 Do you believe that capillary pressure --

A That's the way oil -- I mean, that's the way oil accumulat%s,
you know.

4 Now, when you turn that spigot off, does that turn off the

effect of the capillary pressure that is actually within the sand?
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A No, it's always there, that's why --

Q@ Always there, and always keeps accumulating, is that
correct?

A Thatt's right, and you have to overcome it, you have to
take advantage of it. TIt's a slow force, weak force,

Q¢ Just one other question, Doctor Fancher. You mentioned
that you had designed, or at least had had a part in the institu-
tion of water flooding in the Fry Pool?

A HNo, I did not.

Q You did rnot?

A I said that I had the honor of beirg asked by the Railroad
Commission of Texas, when I first joined the faculty of the Univer:
sity of Texas,to appear as a friendly witness for the State, at
the first hearing, at the hearing of the first application for waf
flooding. You can't irmagine in the depression, a time when there
is pipeline proration, to come down to this heresy of putting watej
in an o1l well; there was great consternation; I appeared as a wit.
ness, and explained what they are doing in Bradford,

MR. ERREBO: That's all.

FR. PORTER: Any further questions? Witness may be excused
MR. HINKLE: My next witness is --

MR, PORTER: I think Doctor Fancher -~-

A Did you excuse me?

+—

Ler

L]

.
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MR. PCRTER: I excused you.

A I thought you did. They told me you didn't.
MR. PORTER: T was going to say, I think he gave me an
idea. 1I'm going to try to look for some friendly witnesses,
MR, HINKLE: Oyr next witness is Doctor C. F. Weinaug.
I would like to have him sworn,.
(Witness sworn.)

DIRECT EXAMINATION

BY MR, HINKIL:

Q@ State your name, please.

A Charles F., Vleinaug,.

% Where do'you live?

A T live in Lawrence, Kansas.

@ Are you connected with the University of Kansas?

A T awme I am a professor there, and Chairman of the Depart-
ment of Fetroleum Engineering.

& How long have you been in Kansas in that capacity?

A T have been there about nine years, a little over nine
years®: this is my tenth year..

@ Will you state to the Commission briefly your educational
background?

A I went to a small school in my home town for two years;

then transferred to the University of Michigan where I attained
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a Bachelor's degree in petroleum and chemical engineering in 1939;
the following February I obtained a Mastert'!s degree in petroleum
engineering, and in 1942 T obtained a Master's degree in chemical
engineering from the University of Michigan.

After that, I was empléyed by the Research Department of
Phillips Petroleum Company for approximately four and a half years
ir the fields of production, research, and petroleum and refining,

I then resigned that position to take a position as Associate
Professor ir Research Petreoleum Engineering at the University of
Texas, where I was erployed for about two years,

At that time, I resigned to take my present position at the
University of Kansas.

d Have you been a member of any committees that studied
secondary recovery nethods of operation?

A I am a member of the Inter-State Oil Compact Commission,
secretary, and studying the effect of rate of secondary recovery
pro jects.

Q@ In your Department of FPetroleum Engineering at the Univer:

8ity of Kansas, have you carried on any research work in connectief
with water flood projects?

A VWe are continually engaged in studying the mechanisms of
oil production, about the priwary and secondary, and attempting to

further our understanding of these mechanisms.
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2 Have you kept abreast of all literature that has been pub-

lished concerning secondary recovery methods in watér flood pro-
Jects?

A Yes, sir.

¢ Have you actad as a consultant fror time to time in con-
nection with water flood projects?

A Yot directly. I have visited people indidrectly that were
affected by the effects of secondary recovery in various areas.
I am also head of the Division of Petroleum Engineering at the
State Geological Survey, and in that position I have made studies
of secondary recovery in Kansas.

Q Have you made a personal study of rate of production in
connection with water flood projects?

A In lirne with my duties, I have tried to study all the in-
formation that's available, ard tried to segregate out the effect
of rate,so that I could determine what the effect of rate was on

ultimate recovery in secondary recovery projects.

v

Q Doctor Welraug, fror your experience and study of secondary

recovery operations, state whether or not, in your opinion, water
flood projects can be controlled within wide limits of rates of
production and injection without loss of maximum ultimate recovery
of oil from a pool or reservoir, as a whole?

A T believe they can,
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MR. HINKLE: That's all.
MR. PORTER: Anyone haw a question?
CROSS-EXAMINATION

BY MR, McGOWAN:

Q What do you mean, Doctor, by "wide limits of control®?

A Wwide limits from extremely low rates that have been dis-
cussed; any rates that have been discussed here up to this high
rate of a barrel per acre foot.

% Doctor, have you ever put in and operated the completion
and control of a water flood project?

A I had the misfortune of advising sone people adversely in
a flooding case. 1 advised them against flooding, however, their
legal commitments prevented them from not going ahead., They had
to go in and inject a pilot flood, and it wae a failure, as advised

& Was thelr failure due to the injection rate?

A The failure eof inability to inject about the project, be-
cause of the tight permeability in the area, it was a very shallow
area, the oll saturation was low, the conditions were just not
favorable for flooding at ell. This was obvious from the core.

If it hadn't been for the legal obligation, my clients would have
abandoned the flood to start with.

MR. McGOWAN: I believe that's all.

MR. CAMPBELL: I have one question.

BY MR, CAMPBELL:

R
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Q@ Ycu stated, in answer tec Mr. Hinkle's question concerning
your general conclusion, that you had made efforts in the labora-
tory to study this matter, segregating out the rate of production,
is that correct?

A Yot ohly made efforts in the léboratory, but I have studied
all field case histories in order to try to arrive at my conclusion
that I now state.

Q Did you corsider those purely from the physical waste,
ultimate recovery point of view, or did you analyze them too from
the point of econonic limits?

A T have considered ecoromic limits, yes, sir,

3 Do you generally advise people concerning the economic ad-
visability of entering into these ventures in a consulting capacity

A I don't generally advise people in this case, but I'm quite
familiar with the economics involved ir such a calculation.

Q@ I assume you are not appearing here as Chairman of the
Department of Petroleum Engineering of the University of Kansas,
but as a consultant for the Humble 0il and Refining Company?

A  Humble asked me to appear here tc put myself at the dis-
posal of the Cormission, to try to assist them in raking this a
sound decision in this case,

Q Now, wait a mirute, are you employed by Humble 0il and

Refining Compary in this case as & consultant, or not?

?
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A It would not make any difference in my decision, sir,
Q@ I am not saying that it would; I'm asking you for an answer
to the question.
4 Yes,sir.
MR, CAMPBELL: That's all.
MR. PORTER: Anyone else have a question?
MR, COCOLEY: 7Yes, sir.
MR. PCRTER: kr. Cooley?

BY MR, COOLEY:

¢ Doctor Weinaug, you said vour observation of case historiel
of water flood projects, that you had observed through the years,
has borne out your position. I would like to know if you can point
to -- 1 wish you would please point to certain of the detailed
characteristics as they compare with the high rate floeds that we
have seen presanted here, which shows that these low rate floods
have been successful, er as successful as they would have been nad
tney been flooded at high rates.

% The question of comparing floods that have been at two
different rates, one has toc consider the reservoir conditions quitd
thoroughly in order to make such a comparison.

In the area in Kansas, most of the floods have been conducteq
at what I consider high rates. Whenever a low rate is present, 1t

isn't because it's operator didn't desire to have a high rate, i&tyﬁ

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE. NEW MEXiCO
3-6691 5-9546




37

because the reservoir conditions were such that he could not ob-
tain a high rate; and whern he couldn't obtain a high rate, reasons
for this undoubtedly are the fact that the permeability is 1§w,
the o0il saturation in this case would be low, the thickness, all
the other variables that come in, would affect hin adversely for
recovery,

when you take these things into account, then the low rate
did not affect the low recovery, that was there, there just wasn't
the oil there to start with, When you take these things into
account, you can account for the effect of the low recovery with
the rates,

In addition to this, I have taken field histories, and applied
the theories that we have had presented here today, and then made
a comparison with these, the recoveries, and the rates of water-

0il ratio witn cumulative production, ard I have wmatched these his

v

tories quite well without taking into accourt rate effects, so I
assume from the studies, rate is then unimportant.

@ Doctor Weinaug, do you agree with Professor Cole that it
is well settled among those who know, that water flood is not rate
sensitive? I mean, he seemed to be appalled at the fact we were
even hearing this hearing.

A 1 am about in that same position in listening to the testi

L

mony of yesterday. I am quite appalled at some of the ideas that
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that were presented there.

Q Now, it seems to be the time for everybody tc be appalled.
I seem to be so0 at the fact that every operator, I think by your
own testimony, every operator in the country practically is trying
to flood at a8 high rate as he can. Does that get more oil quicken?

A I would advise any eclient that could get an unrestricted
allowable to flood as fast a8 he can to put as many worth dollars
in his pocket as he can, full well realizing that it had no effect
on the ultimate recovery.

This fact of rate, and why these operators at a fast rate is
not necessarily a question of ultimate recovery, it's a question
of how many dollars you can return profit to your client.,

Q¢ Now, we all know these companies are all operating because
they are secordary profit. Does the fact your present worth dol-

lars aren't greater in a fast flood than they are in a slow flood -

[

there's more present worth dollars in & fast flood tharn a slow
flood, because you get your money quicker?
A That's right,

3 Does that fact make it economical for this company that
is flooding at a high rate, to recover more oil than it would if
his present worth dollars are spread out? In plainer words,less
over a longer perlod of time?

A I think I can state it this way: Wwhen you allow a company
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to flood at a higher rate than that allowed by the state allowableﬂ

you are really swapping present worth dollars out of primary pro-
ductions peopls, into secondary production people's pockets,

Q@ I wasn't asking for a comparison or observation of what
effect it might have on the primary recovery operators in the
State. My questdon is: 1Is the fact that you will recover your
greater amount of money quicker on a fast flood, does that econ-
omic fact permit that operator to recover more oil, before he
reaches economic limit?

A No, sir, because at the time that he starts to take a
decline at the end, he can always up his injection rate, and at
this time keep from being shut off by the economic limit. The
economic limit is not a function of the reépvery of money previous
to the day that abandonment occurs. It is a function of his out-
of-pocket expenses on the day the abandenment occurs. If the
out-~of-pocket expenses the day abandonment occurs is greater than
the income, the company 18 forced to abandon., This is what deter-
mines abandonment, not what the real return on capital investment
previous to this time had been,

@ Now, as I canceive it, whether you would enter it upon the
floed or not, assuming you had to borrow $250,000 to commence a
floed, from the bank, they are going to charge you 6% interest.

A TYes, sir, If you have to pay that interest over a l0O-year
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period of time, it might be ureconomical to embark upon the pro-
ject at all. If you get enough money back to pay the $250,000

the first year, you would only have paid interest for one year.

A, the applicant?'s exhibit, I believe, on the slow rate that is
here, the slowest rate here shows a payout in two years.

Q This is a good flood; assume you have got one on the
borderline of whether you should.

A I don't think you are going to find any operators where
they have to borrow money, or otherwise, are going to flood in
such a marginal case.

& There must be some point at which, as you stretch ocut
this payout, the present worth factor of 6% is figured into the
applicant's exhibit, could be the determining factor of whether
you enter upon the project at all, or not?

A Yes, sir.

Q And if the present worth factor were low enough, had the
effect of deterring the operator from commencing the operation,
then you would lose all of it?

A That's correct. I don't know of anyone that could make
allowable that's in this area, that's it.

MR. CCOLEY: That's all the questions I have,

BY MR. McGOWAN:

@ I have a question. Doctor, I didn't understand your
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answer as to whether or rot there was a difference of opinion on

this ratter arorg the experts in the field. Did you say there
was a difference of opinion, or was not?

A Well, T think it depends upon -- you see here that there
i1s a difference of opinion here today.

2 You are a member of various committees studying such mat-
ters as this, are you not?

A Yes, sir.

& Is there not a wide divergence of opinion in those com-
mittees, or at least in part of them?

A Yes, sir.

; Well, then, it cannot be said that the experts in the
field are in agreement on the theory that rate has no effect upon
ultimate recovery, car it?

A T think vhat we are discussing is numbers of people in
this varticular case. Those who have made -- are qualified ard
have rade studies of reservoir engineering as such, I believe the
ma jority of them are in agreement.

 We are not limiting it to the people in this case, we are
talking about reservoir secondary recovery engineers, and research
as a whole, ard I believe then you could not fairly say that they

are all in substantial egreement that rate has mo effect, could

you?
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A Not all in substantial agresment, but I think you would
find a considerable block of them,

Q let's take a group, for instance, &s the Inter-State 0il
Compact Engineering Committee, isn't that group at least fairly
evenly divided, or the majority on the side that rate does have
an effect?

A I know the answer to your question, and I would like to
answer it.

Q So do I.

A Because I think, but then again, this is in the state
of balloting on the cormittee itself,and I don't think that it's
right for me to answer it.

MR, McGOWAN: That's all.

MR. PORTER: Anyone elase have a question? The witness
may be excused.

MR, HINKIE: If the Commission, please, that's all the
witnesses which we have,

MR, CAMPBELL: If the Commission, please, I would like to
present two very brief rebuttal witnesses in this case, We would
be happy to do it now, or in the morning, if the Commission pre-
fers,

MR. PORTER: The Cormission has decided to recess the

hearing until 9:00 otclock tomorrow morning.
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MORNING SESSION
October 30, 1957, 9:00 a.m.

MR. PORTER: The meeting will come to order, please. The
Commission recognizes br. Campbell.

MR. CAMPBELL: If the Commission, please, I would like to
call Mr. Bridges as a witness in rebuttal. He has not been sworn
yet,

(Witness sworn.)

P. N+ BRIDGES
& witness, of lawful age, having been first duly sworn on ocath,
testified as follows:

JIREGT EXANINATION

BY MR. CAMPBELL:

¢ %Will you state your name, please,

A P, N. Bridges.,

& Where do you live, Mr. Bridges?

A Abilene, Texas.

Q¢ What is your profession?

A Consulting engineer, for Russell Engineeringe.

w Haw long have you been in that organrization?

A A little over three y=ars,

& Would you give the Comwission a brief outline of your

educational background, and your professional experience prior to
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that time?

A I am a graduate of M. I. T., got a Bachelor of Seience in
Chemical Engineering. Upon graduation, I went to work for Creole
Petroleum Corporation for a year and a half, during which time, all
of it was spent in this country, I spent some time in New Jersey
in refinery operations; and then with the Carter Research Organiza-
tion in Tulsa in laboratory research work. Upor leaving Carter,
I joined Pan-American Petroleum Corporation, spent two and a half
years in research work in their laboratory in Tulsa, and two and a
half years in field operations, mostly in Wgest Texas. At the time
of leaving Pan American, I was district reservoir engineer for the
Midland District. I joined Russell Engineering, and have been
there a little over three yearg., Our firm specializes in secondary
recovery work, and during that time most &f my work has been in-
volved in evaluation of properties, secondary recovery prospects,
and some additional work on primary properties.

¢ 1Is your company and you now engaged in consulting work in
the operation of any water flood project in the State of New Mexico

A Yes, sir, we are. We are engaged on a consulting basis
for the Moab Building Corporation, U-Tex Exploration, and Charles
5. Steen Operators in the High Lonesome Field. In addition, at
the present time, I am chairman of the West Central Texas Water

Flocd Association. I was, while in Tulsa, secretary of the 4, P, I
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Secondary Study Group. I am also at the present time president
of the Society of Petroleum Engineers' Bection in Abilene.

Q You have been here during the course of this case, have
you not?

A Yes, sir, I have,

Q You have heard the testimony of the various witnesses?

A Yes, sir, I have,

Q Yesterday, I believe, Professor Cole stated that there was
agreement among the people in the research field in connection with
the theories that are being advanced here in conneection with rate
of injection, and sc on. Doctor Hocott said there was substantial
agreement, as I remember, and referred in his testimony to an
article in Petroleum Technology Magaszine, a paper, in October of
1957, written by a number of the research people for Pan-American
01l Corporation. Are you acquainted with that article?

A Yes, sir, I an. |

Q Do you have that magazine here?

A TYes, sir, 1 do.

Q Will you refer to it, please? What page is it on?

A The article in question is on page 28C, in the back section

Q DNow, would you, in connection with the testimony that there
is substantial agreement among the research people on these sub-

Jects, will you refer to that article and indicate to the Commis-

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE. NEW MEXIiCO
3-6691 5-9546




380

sion whether or not you feel that there is such agreement as indi-
cated by the article that has been referred to in this testimony.

A Yes, sir, before I start I want to make one point absolu-
tely clear. Although I worked in Pan-American for a period of
two and a half years, I am not at the present time employed by
them, and I want the record to show that my remarks indicate my
own opinion, and in no way reflect, in no way am I speaking for
Pan-American's organization. The Exhibit No. 9, Humble Exhibit
No. 9, had the statement at the bottom of iﬁ, which occurs on
page 280, -- "The oil recovery performance of all three water
floods was identical.” I believe on the copy I have given the
Commission, it is underlined. Now, going on reading the rest of
that paragraph and the paragraph that follows ity "“These results
indicate that the magnitude of segregation of the fluids due to
gravity is influenced by the average water injection rate rather
than day to day or week to week variations,

"Model studies have indicated that when capillary effects are
negligible, reduced injection and production rates can result in
lower oil recovery to breakthrough. The magnitude of this rate
sensitivity due to gravity effects is dependent upon the reservoir
rock and fluid properties. The effect of gravity on oil recovery
in uniform texture reservoirs may be estimated from the correla-~

tions presented in this paper. In some non-uniform reservoirs,

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAwW REPORTERS
ALBUQUERQUE, NEW MEXICO
3-6691 5-9546




gravity effects may have no practical effect on the oil recovery,

However, segregation of the fluids due to gravity forces should bLe

borne in mind when considering frontal-drive operations.®
Following this article of Pan-American there is a page and

a half of discussion by Mr. F. F. Perkins, Junior, with Humble Cil

¥

and Refining Company in Houston, Texas, which has in it this state
ment, which is over on the following page, 282: "The implication
that the results of these experiments are generally applicable to
field operations is misleading."

Then, following that discusslon of the laboratory results by
Humble, there is a reply by the authors of the paper. They state
in this, "We believe a large portion of reservoir rocks exhibit
only moderate wettabllity preference to either oil or water. The
effects of capillary forces on the movement of injected water, as
pointed out by Ferkins, would be reversed in preferentially oil-
wet rocks and are of importance only under strongly water-wet con-
ditions. Actual detailed quantitative information on the lith-
ology and the wettability preference of specific reservoirs is

rarely, if ever, available., It is doubtful if, under these cir-

cumstances, generalization can be made on the effects of capillary

forces on the gross movement of injected water in waterfloods.”

¢ Mr. Bridges, did that article, and the developments fol-

lowing it in the discussion in the critique there, indicate to you
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there is some substantial disagreewment among the people in the
research field as to the principles that have been discussed here
in the last day or two?

A I certainly don't claim to be in =z posiﬁion to judge the
adequacy of these various arguments, However, I would certainly
conclude from this paver and not only this paper, but other pape]
in this same magazine, other articles in this same magazine, that
there are substantial areas of disagreement as to the applicabilit)
of the laboratory data in the field.

MR, CAMPBELL: That's all.

MR. PORTER: Anyone have a question of the witness?

MR, McGINNIS: If I may, I would like to ask him a few
questions.

MR. PORTER: Surely.

CROSS~EXAMINATION

BY MR, McGINNIS:

Q Mr. Bridges, when you were reading from page‘two hundred
eighty, you did not read the last paragraph prior to the conclu-
sions, did you, when you were reading out loud?

A No, sir, I did not want to read the whole article.

Qd Would you please read the last sentence which appears
prior to the conclusion?

A  Would it be satisfactory to you if I read the whole para-
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graph, rather than just the last sentence?

Q VYes.

A "The results of model studies of secondary recovery opera-
tions indicate that the oil recovery to breakthrough of the in-
jected fluid to the production wells is rate sensitive.  Wher
capillary effects carn be neglected the lower the rate, the lower
is the o0il recovery, regardless if reduced rates are due to lower
daily rates or intermittent operations. The nagnitude of this
rate sensitivity is also influenced by the perreability distribu-
tion within the reservoir. It appears tnat the more uniform the
reservoir rock texture, the greater is the ragnitude of rate
sensitivity. Insofar as actual reservoirs are concerrned, the
possible influence of capillary effects must be considered, and
each reservoir must be considered separately as to whether or not
a variation in range of practical rates will have a significant
effect on o0il recovery.”

MR. MeGINNIS: Thnat's all.
MR. PORTER: Any further questicns of the witness? The
witness may be excused.
MR. CAMPBELL: I would like to call ¥r. Buckles, please.
(Witness sworn.)
GECRGL L. BUCKLES

a witness, of lawful age, having been first duly sworn on oath,

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEwW MEXICO
3-6691 5-9546




testified as follows:
DIRECT EXAMINATICH

BY i, CAMFBELL:

« Will you state your name, please,

A George L. Buckles.

« Where do you live, Mr. Buckles?

A loonahans, Texas.

& Wwhat is your business, or profession?

A I'w the owner of an o0il consulting, oil production consult-
ing business, specializing in water flood recovery.

« would you give the Commission a statement of your back-
ground irn this field?

A 1 graduated frowm the University of Oklahora in 1932. It
was a bad year to get out of school, so I got a job as a roust-
about inithe Sewinole, bklahoma,‘Oil Fields, and stayed with oil
cperations frox that time until the present, rather than going

nto exploraticn work. I have done almost all jobs conceivable
in the o0il {ields. I specialized in water flooding in August
1945, and havebeen connécted with water flooding work since that
tine, |

I put in the first water flood for the Pure 0il Company in
the State of Illinois in 1945. I don't wean the first water

flood in Illinois, I mean the first water flood for the Pure 0il
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Company.

I moved to the Permian Basin for the Forest 0il Corporation
in 1948 to install their water flood operations in the South Ward
Field. At that time the Forest Cil Corporation had produced over
70 million barrels of water flcod oil, This water flood was in-
stalled in 1948, pilot flood was started in 1948, and '49. The
flood is still in operation.,

I formed the firm of Buckles and Hostetler as a consulting
firm in Cctober 1951. This firm was dissolved June the first this
year, and I organized the company of George L. Buckles Company.
We are now engaged as water flood consultants. We are now oper-

ating in an engineering anrd operating capacity, eleven water

floods in the Permian Basin. My work has consisted and still con<4

sists of design of water plants, flood systems, evaluation,
development, and operation, which includes supervision of drilling,
setting production rates, injection rates, pressures, and so forth,
All the information I have is striectly from field experience,
I might say that I have never been handicapped or burdened by too
much technical information. I mean that in the sense that I did
not have any preconceived 1deas, but I*m naturally curious, and
when things perforn as I expect them to, and do it over and over
many times, I accept the results as facts. I attempt to find an

explanation, sometimes I can not do it, but I will agree that
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water flooding operations must obey sound physiecal principles.

Q Mr. Buckles, you have been here during the entirse course
of thig hearing, have you not?

A Yes, sir.

2 You have heard the discussion concerning the rate of in-
jection and rate of produetion in connection with water flood
operatiors?

A Yes.

Q Based on ycur experience particulsarly in the Permian Basin
area, the water floods that you have had contact with and worked
with, would yon please express your views with regard to that par-
ticular phase of the hearing?

A I might say that for the past 12 years I have come in con-
tact with many water flood operators. I'm talking about people
ir the field that operate water floods, Admittedly, it is a con-
troversial subject, but among the operators these controversies
consist principally of well completion practices, water treating
practices, and the like, but 1in every case I have encoﬁnter&d,
all operators are unanimous in agreement that a successful water
flood operation must be a continuous uninterrupted operation.

All operators I know are now going to high rate, or high pressure
floods, repgardless of what they may say to the contrary.

Some of the companies I refer to are D. D. Fellman Oil and
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Gas, Standard 0il of Texas, Humble 031 and Refining, Magnolie

Petroleum, Gulf 0il Corporation, Sinclair, Ambassador, Tennessee
Gas Transmission, Monterey, Sunray-Mid-Continent, and many others,
All of the engineers for the applicant have testified that high
rate produces more ¢il, and that a very low rateé results in loss
of ultimate recovery from a vhysical and economic standpoint,

Q Do you agree with that?

A T do. It is possible I may shed some light on the reason,
In my exverience in viewing many, many cores in Permlian sands,
including the Yates and the Queen in the field, I found that Per-
mian sands in general are a series of sand lenses, separated by
shale stringers, or tight sandy shale stringers, some of which
extend from well to well across the field; others do not. In
other words, in some cases there is communication vertically in
the formation; in other cases there are not.

I have observed that the range of permeability in Permian
Sands in the Permian Basin is high, that is ranging in the pay
sand from minus one millidarcy to five hundred millidarcies plus.

I have also observed that the porosity, regardless of permeability]

is more uniform than the permeability, with an average of approxit

mately 21% of total volume.
I have also observed that the oil saturation is high, regard-

less of permeability, so that there is almost as much oil in the

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEW MEXICO
3-6691 5-9546




388

low perneability or tight sand stringers as there is in the per-
meable streaks.

T have otserved throughout the years that many wells having
rather tight sands are very reluctant to take water without high
pressures. 1 have some very recent information. On last Satur-
day, Cctober 26th, we started a new water flood project in the
Fecos Valley Field in Pecos County, Texas, This is in the upper
Yates sard at an average depth of about 1460 feet from the surface,
We put on twelve injection wells Saturday, Sunday, and Monday of
this week. Six of these wells were known to be what we call
"tight wells". That is, the range of permeability was from one-
tenth to a rmaximum of ten millidarcies. The thickness in these
six wells of what we call "pay sand™ was approximately five feet,
while the thickness of what we call "gocd wells"™ or the normal
wells ir the field was fror ten to twelve feet, with a range of
permeability also from less thar one nillidarcy to as high as 250
millidarcies.

However, all of the good wells had a portion of the sand
vith the rarge of permeabilities in the poor wells,the aix wells
I referred to. These six wells were not dry holes, due to the
fact that we drilled them in with cable tools, had a good show of
gas at the surface, and fres oil carme into the hole. We started

injecting water irto these six wells at 750 pounds surface pres-

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE. NEW MEgXico
3-6691 5.9546




369

sure, these wells took at a rate of from zero to a maximum ol

eight barrels per day, which in my opinion would be at least an
uneconomical rate, The other six wells took rates from 70 barrels
per day to 244 barrels a day, at pressures from 220 to 500 pounds.

Qur field men gradually increased these pressures on the
tight wells, and as I recall, got up to a maximum of 78 barrels
at a pressure of slightly less than 1,0C0 pound surface pressure.

& What does that situation, what conclusion do you reach
from that situation?

A It is obvious to me that if these tight sands will not také
water at a cormmercial rate at 750 pounds pressure, the other wells)
the good wells in the field having high permeable streaks would
take good rates at the same pressure.

It is my conclusion that the sands in the good wells, having
the same permeabllity range as the sands in the tight wells, would
alsc not be taking water at 720 pounds. Therefore, we would only
be flocding the permeable sands in the good wells, and would b&-
pass the oil in the tight portions of those wells, unless we in-
crease the pressure on those wells to subject the tight sands to
the sarme pressure we are'subjecting the tight sands in the poor
wells to make them take water,

Now, we had a pilot flood operation for the past year and a

half in the North Scarborough Field in Northern Winkler County.
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This field is adjacent to lea County, New Mexich., The field ex-

tends into Lea County, New Mexico, and is called the Rhodes Field.
The formation in this field is the lower Yates or possibly some
sands below the Yates, there's slight confusion. At any rate, they
are Permian Sands. The depth of these wells is from 3200 to 3300
feet.

We had six wells in the pilot flood, six injection wells,

We gradually increased the pressure, surface pressure, on these
3ix wells to 400 pounds per square inche. The wells at the present
time at 400 pounds are taking an average of 155 tarrels per day
per well. We nave approximately 25 feet of net pay sand, or less,
in the field.,

The flood responded very satisfactorily. e intended to ex-
pand the flood. We had a hearing at the Kailroad Commissien of
Texas on September 24th, requesting maxikuw water flood allowables
for this field. Tiais request was granted. We are now expanding
the flood and we started injection into three new injection wells
this week. Ope of them would not take any water at all at 400
pounda. Cne well is taking frow 10 to 15 barrels per day at 400
pounds pressure. The third well is responding the same as the
pilot flood, that is, taxing abtout 300 barrels per day at a vacuum
on the surface,

¢ Does that experience lead you to believe that it is neces-

“~
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sary to naintain high pressure in order to obtain the greatest
ultimate recovery of o0il?

A M¥r. Campbell, we intend to increase the pressure on these
tight wells to find out how much it will take to make ther take
water. We purposely held the pressure on the pilot flood to LOO
pounds to get information, knowing that we had a range above 40O
pounds that we could use later, as soon as we found some informa-
tion.

Now, only one of these three wells was cored, and all of the
gection was not cored. However, ir the core, we found stringers
of perneabllity in the core, ranging from two to eight millidarcies|.
This well had a good flow of gas and free o0il came into the hole.
We had to be careful in pulling the tools out of the hole, in
cleaning the well out,to keep it from flowing, so in no instance
could you call this a dry hole.

« DNow, there has been some testimony here that I believe
the expression was used that you could turn these things off and
on like a spigot. The suggestion was made by the Humble people
that, "build these up to a rate not to exceed the z2llowable and
then just raintain the rate, and you'll get the same amount of
oil." What is your opinion with regard tc that, based on your
experience?

A Well, it's obvicus to me that -- let's assume now that thisg
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field was pro-rated ard we would have an injection rate sufficiert
to meet proratior requirements. Then that injection rate wounld

be low, recessarily the pressure would also be low; therefore, we
would flood only these high permeable stresks and we would not be
injecting water into the tight streaks, and when these streaks had
flooded ocut, for example, these high permeable streaks, they would
go to 1CCY water. At that tirme to maintain production, it would
be necessary to increase pressure to the extent that it would
flood these tight streaks. In our experience, we have found that
when we flood out these permeable streaks at low rates, and then
attempt to increase the pressure to flood out the tight streaks,
we have an enormous Increase in water production through the par-
reable streaks without a corresponding increase in produvction,

01l production from the streaks, from the streaks that haven't
been flooded cut.

Yow, to follow through a little bit on what we were talking
about, I want to state that I have noted many other wells through-
out several fields in the Permian Basin that would not take any
water at all until we reached the relatively high pressure. Our
conclusion is that the zood wells have a cornsiderable amount of
vay with the sare perreability as the tight wells, and that this
permeablility range will not take water until the pressure reaches

the same as used in the tight wells.
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Therefore, at low rates, or low pressures, we are flooding
only part of thne sand. If you have low rate in the sand, you have
no movement of oil.

ip, Now, on this other pcint I would like tc ask you, during
the course ol the testimony i believe of lir. Earlougher, the ques-
tion came up about wiaether or not during the course of the opera-
tion of a flood you could not at that time by fracturing or some
otner metnod, increase the ability of the wells to take the water,
what is your experience in that regard?

4 Ve had occasion to consult with Mr. Barney Cockburn who
lives in Artesia, had some production in the Corbin-Lueen Sand
Field in Lea County, wnich 1i& in the same field called the North
Mal jawar Field in lower pay zones. iHe asked our opinionras to the
possibilities of a flood of this production; also stated that
they had fractured the wells, both the wells he intended to use
as input wells and producing wells.

We cautioned hiwm to the extent tnat we felt he might bypass
water through these fractures in these injection wells, to his
producing wells, arnd may have to plug these fractures in order to
successfully flcod this formation. These wells readily took water,
and in our estimation, at a aigher rate than they should than if
they -~ if they had not been fractured. He got an increase in

oil all right, but in ocur estimation, a very quick premature pro-
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duction of water, and his ©il production in his producing wells
dropped to tie sawce figure, or below, after water breakthrough th at
they were makiug prior tc the water f{lood.

Therelfore, we concluded that you are taking a big chaice in
attempting to fracture injection weils to ircrease injection rates,

; Now, during the course of the testimony of the witnesses
by Hurble, tuere was considerable discussion of the possibility
that by slowing down your rate of water input, that you might be
able to take advantage of capillary effects in the reservoir. Of
course, tnat would Le some answer, if true, to previous statements
here that you can't flood the tight sands without higher rates.
What is your view on that question of capillary effects?

A vell, #¥r. Campbell, I know very little about wettability
of sands. ilowever, frow lir. Hocott's testirony, I gather that a
water-wet systew nas a continyious water corntact throughout the
formation. I would conclude from that, that almost any permeabil-
ity, or in the ranges we are talking of when I mean "tight sands™,
ranges fronw less than one millidarcy to feour or five, these wells
would read.ly take water if they were water-wet in some proportion
To their perreability.

In otner words, they would take a measureable quantity of
water that we find that Permian Sands in these tight wells will

not take water. On the other hand, I assume also that if these
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sands were oil-wet that the oil would give a resistance to water
invasion in these very tignht sands, and that nay be the reason
why they will not take water. Hgwever, in my field experience, we
set up a xind of a crude laboratory at the well., Now, when I was
coring the Gordon Well Number 2 in 1948, now we were chip-coring
the well. We first cored Number 1 with rotary, did not get the
proper conclusions as to oil saturations, so we decided to chip-
core the offset well waich was €60 feet away, through the pay sec-
tion.

Row, I might explain what a chip-core is. A chip-core is
fragments of the formation that is drilled with the bit, a cable
tool bit, or cnipped off the bottom of the hole with a sand pump,
and these chips are picked up, brought to the surface. Now, in
chip-coring we furnish enough water ir. the well bore to adequately
drill a very short section. In other words, we try to take one
foot runs or leas, and we get a sample of this one foot. These
chip-cores vary in size from about the size of a dollar, assunming
a quarter ol an inch thickness, up to an inch in thickness and
larger than a dollar.

As soon as these chips are cut from the formation, they are
surrounded by water, then we bring them to the surface and clean
ther: and can them, and send them to the laboratory. We are ablae

to get porosity and permeability measyirenents, plus oil and water
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saturations from these chip-cores.

Now, accidentally in'coring Gordon Well Number 2, we forgot
the canning machine; we used a home canning machine to preserve
these.cores, and I got the idea if we would immerse these chips
in water that we would preserve the oil saturations, pending the
time to get the canning machine; so for several runs we cleaned
the cores and put them in cans full of water. In no instance did
any of the oil escape out of the cores to the surface of the water

I knew nothing about imbibition at the time, but after read-
ing about it since that time, and reading about experiments, I
concluded that if there was such a thing as imbibition in these
Permian Sands, the water would have gone into the core and dis-
placed the oil, and it would have come to the surface, or a part
of it.

These cores, after being sent to the laboratory, in this par-
ticular well averaged A44% of total pore space oil saturation, so
there was enough oil in the cores to produce some oil, if the
water had gone in. I don't say the water didn't go in, but I do
say it didn't displace any oil. Since that time, we have made
further crude experiments at the well in order to determine satur-
ation in our own mind. We have a hot plaﬁe at the well, or some
fire. We take these chip cores and immediately break a pilece off

and put it on the hot plate. If it dries up and no oil comes to

g
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the surface of the core, we conclude it is a gas sand, assuming it
has permeability, and porosity. If oil boils out of the core in
varying degrees, we try to estimate the oil saturation in our own
mind. If oil comes out of the oil core put on the hot plate, we
know it is saturated with oil. We ther take the other portion of
the chip and put it in water., We didn't just use any water, we
take the water we are uging toc flood with.

In no case, in these experiments, have 1 ever noticed any
0il coming out of the cores. We thought perhaps they were not
saturated enough, sc we decided to get three sets of samples from
each foot, and can them at the well. Adrmittedly, these experiments
were done later, however, these cores were actually canned after
they were dried, wrapped up in wax paper and canned. We took one
can to the core laboratories in Midland, and had them re-saturated
with leased crude, so that we knew they were highly saturated.

We knew the permeabilities because the other two cans were sent to
the laboratory, or one of them, to get the permeability and oil
saturation. We took these cores that were re-saturated and immersed
them in water.

Cn the tight permeability sands, the sands that we are talking
about, that imbibition show work in, in no instances did those give
up any oil after the period of monthe; the only oil that ever came

out of any of the cores were the very high permeability cores,
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I mean, range of 300 to 500 millidarcies.

Then, a very sumall quantity came out in one instance,a core,
a whole group of cores that would cover the bottom of a fruit
jar, only two drops came out, and we concluded that that was merely
a gravity segregation. In no instance did any o0il come out of the
tight pore spaces.

wWe concluded from that then that the Permian Sands will not
imbibe water and produce oll under that method,

Q¢ DNow, there has been testinony here in connection with the
possibility in these five-spot water floods of migration of oil,
and the abuse of correlative rights as a result of that migration.
Exhibits were offered to indicate that, by the Humble witnesses.
What is your experience in that regard?

L Well, our belief is that any arbitrary curtallment of
rights in a water flood would aggravate the correlative rights
condition,

¢ Why is that?

A I feel there are two possibilities, if rates were curtailed
or production was curtailed in a water flocd.

Cne: If the rates or pressures were curtailed, in my opinion|
we would flood only the permeable streaks of the pay, thereby los-
ing eil.

The other alternative would be that if we maintained suffi-

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL LAW REPORTERS
ALBUQUERQUE, NEW MEexico
3-6691 5-9546




399

cient pressures in our injection wells to flood all of the sand,

and the operator was not allowed to produce his oil, or maintain
low pressures at his producing wells, that he would tend to mi-
grate oll fror his high pressure area to a low pressure aree off
of his property.

< That would be due, in effect, to the back pressure situ-
ation because of his inability to pump off his oil from his well?

A It's been testified at this hearing that fluids migrate
fror: a high pressurs area to a low pressure area. If he maintained
a high pressure or his sard, which would be necessary in my opin-
ion, to produce the naxirum quartity of oil, he would create a
high pressure. If he was not allowed to produce his o0il, he wonld
lave also a high pressure at his producing well. If the offset
operator was not flooding, more oil wéuld migrate off his property
thar would be the case if he was allowed to keep a low pressure
area, as his wells, so he could produce the oil before it migrated
off his property.

« Have you had any experience in situations developing
floods, where there had been previous attempts at floeding, and
apparent failures?

A Vell, yes.

& State where those were,

L Ve night take the case in the Perrian Basin. Forest 0il
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Corporation had the temerity, or the optimism, to attempt a water

flood in the South Ward Field, when the general opinion of opera-
tors in the South Ward Field and the North Ward, Estes Field, and
the Kermit Field, the opinion was that you could not successfully

flood Pernian Sands.

The reason for this was that several floods had been attempted
with very poor or at least unsatisfactory results. I had occasion
in 1948 to be appointed to a committee on Secondary Recovery, API
Committee in Midland. I attended the first meeting, and these
fellows were all talking about gas re-pressuring. They finally
asked what I intended to do, and I told them that we were going
to attempt a water flood in the South Ward Fileld. One of the mem-
bers called me aside and wanted to know - incidentally, he was an
engineer of Humble - he wanted to know if the Forest Cil Corpora-
tion realized that there had been failures in the Yates 3ands and
that the concensus was that you could not flood the Yates Sand.

de also asked how much the Forest Uil Corporation were willin&
to spend. I told him, to the best of wmy information, about a quar+
ter of a willion dollars. He teold me that the Humble 0il and
Refining Company had instigated a flood on their Loulse Richter
lease in the South portion of the North Ward Estes Field in 1942,
by injecting water into three old producing wells, and that this

flood produced a very small quantity of oil. Eventually the water
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migrated to the adjacent producing wells, and the flood was aban-

doned in 1946. He concluded, and other pecple concluded, that

this showed conclusive proof that it was very difficult, or imposs

ible to flood Permian Sands. Therefore, he was rather amazed that
the Forest 0il Corporation would have the nerve to invest $250,000
to put in a flood in the same formation, although it was a few
miles south of this original flood.

de also pointed out that there were several flood attenpts

in the Kermit Field, T believe, stating to me that they were insti

L3

gated ir 1943. It is possible that they were instigated in 1944,
but he said 1943, and that they were partially successful, that
is, they produced some o0il, and may have made a little morey, but
were not at all successful.

We went right ahead and installed the flood in the South Ward
Field. Wg started injecting water into six injection wells the
16th of August, 1949, and started producing water flood oil the
13th of December, 1949, The impact of this flood had a great ef-
fect on water flooding in the Permian Basin, and I do have curves
showing the primary production for the South Ward Field through the
primary ard secondary history, and also the Kermit Field, if you
want to display the curves.

& What was the result when you went back into these fields

where flcods had beer attempted, was the result successful?
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A Yes. MNow, in this particular flood, Mr, Campbell, in the
flood on the Richter lease where this old flood had been installed
from 1942 to 1946, that flood after they went back was not as suc-
cessful as floods in the same area on a comparative basis, from
their primary production.

I don't know what conclusion to make of that; I don't know

whether the flood was ruined, or anything else; however, I do know|:

that it is not considered as satisfactory.

However, they are now conducting a successful flood on the
Richter lease. 1In the case of the Kermit Field, in my estimation
their attitude was a salvage propostion, so they did not use high
pressures, or they even didn't use what we consider a pattern,
However, after we showed that by high injection rates, and high
pressure floods in the South Ward Field, activity greatly increaseﬁ
both of these fields were reaching, that 1s in the old areas, were
reaching economic limits and there were not as much as two-thirds
of the wells in operation in 1949 as there was in 1937 and 38,
under priméry operation.

Q Now, Mr. Buckles, in connection with those two fields that
you are referring to, do you attribute the increased production
and the later success of the floods in those two fields, to a
higher injection rate?

A That was certainly part of it. Of courde, other factors

.
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entered into it, well completions, water treating, pattern, but it
was ny understanding that no pressures, no surface pressures, were
used on these early floods, or that is, they were very light. In
other words, we called them "dump flobds"; they were allowed to
take water by gravity, and their results were very poor, so poor
to the extent that they concluded that you could not flood the Yateps
Sadin West Texas.

Q Yow, Mr. Buckles, based on your experience in this Permian
Basin area, do you concur with the other engineers who have testi-
fied on behalf of the applicant,that it is necessary to raintain
a reasonably high injection rate, and to obtain a capacity allow~
able in order to properly operate a water flood in the Perrian
area?

A I certainly do. I would like to straighten one point up.
When I refer to "high injection rates"™, I am not thinking of bar-
rels per day per well, or per acre foot. I have just testified
that 1n my opinion, it takes pressure to produce oil off the pay
sands. My ideas of high rates in one well, would be different than
high rates in another. My idea of high rates would be a maximum
safe pressure at whatever the rate might be. That to me would be
a high rate, because it's the maximum rate that you can put on that
well without bypassing the oil zone, and increasing the permeability,

but I do definitely telieve that the only way to produce a maximum
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amount of oil is high pressure floods.

MR, CAMPBELL: T believe thatts all.

MR. PORTER: Does anyone have a question of the witness?

MR. McGINKIS: No questions.

MR. PORTER: The witness may be excused.,

(Witness excused.)

MR. PORTER: Do you have any more witnesses?

MR, CAMPBELL: VWo, sir.

MR, PORTER: Mr. Hinkle?

MR, HINKIE: We have no additional witnesses. Are you
going'to ask for statements?

MR. PORTER: Yes,sir,

MR. HINKIE: Do you want to make an opening and closing
statement, Jack?

MR. CAMPBELL: I want to make & closing one, I don't care
about the opening one,

MR, HINKIE: I understand there are a number of companies
that will make statements, and I wonder if the Commission wants
those statements before counsel for the active parties make their
statements. It is immaterial to me.

MR, CAMPBELL: T would like to hear the statementa before
I make mine, and perhaps you weuld too.

MR, HINKIE: I mean of the different companies.
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MR. CAMPBELL: That i3 what I rean.

MR. HINKIE: We would like to recuest that the other com-
panies make their statements first,

MR. PORTER: }Will eounsel for the Humble and the applicant
answer? You have heard the request from counsel for Humble and
the applicant. Are there other parties that would like to make a
statement?

MR.KERN: My name is Charles Kern with Sun 0il Company.

We have a statement of position. Sun 0il Company is an operator

in several fields in the State of New Mexico, and as such, has a

vital interest both present and future, in the problems and policies

of proration and production in this State.

It is Sun 01l Company's position that onithe basis of the
testimony offered, and the evidence received in this case, that
the application of Graridge Corporstion should be denied.

We do not feel the technical proof offered shows that capacit
production of a water flood preoject such as the pilot project in
the Caprock-Queen Pool is necessary in order to prevent waste.
Based on our independent research and engineering studies, togethen
with field experience with reservoirs of similar characteristics,
we feel that no waste will occur if this water flood project is
not granted capacity allowables,

There is no guestion but that.the operator, knowing that

y
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prorationing is in effect and with advanced knowledge of the oil

allowables available to him, can make the necessary compensation
or adjustment in his operations to insure that he will achieve
the greatest econoric o0il recovery.

We would not like to see any individual project granted a
potentially larger share of the available market by means of un-
restricted production and feel that approval of this application
would set a érocedent which eould be detrimental to prorationing
in New Mexico.

MR. PORTER: Thank you, Mr. Kerns. If any of you have pre-
pared written statements, we would appreciate it if you would in-
dicate that fact before you start ycur statement, and turn them
in to the reporter, so she won't have to take it down.

Next. Mr. Kastler?

MR, KASTLER: I am Bill Kastler, Gulf 0il Corporation.
Gulf concurs in the recommendations made by the applicant, Graridge
and we urge that the Cormmission grant the capacity water flood
applicatior.

MR. PORTER: JNr, Errebo.

MR. ERREBO: Burns Errebo with Sunray Mid-Continent 0il
Company. Sunray owns a small amount of acreage in the Caprock
Field; we have no water floods in the State of New Mexico.

Sunray's operations: We have 66 water floods, we have an
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interest in 66 water floods, and operate 433 in excess of 10% of

our productiorn comes from water floods, so that you can see that
our interest lies heavily on the side of primary production.

We have seen in this hearing today a parade of witnesses.
For the applicants we have heard testimony from some of the Nation's
foremost water flood engineers; men of long experience who have
come to grips with water flood problems, ard faced the realities
of operating a business at a profit. They have presented thesoreti-
cal ana actual field data to show that cutting back of water floods
will cause loss of oil.

For the opponent you have seen and heard highly capable re-
search engineers and some respective college professors. This
testimony has been theoretical and based upon laboratory work.

The most glaring defect in the opponent's case has been the abS§pce
of any field data, or case hiétories of Humble floods or for that
matter, any floods, which are examples of successful floods at low
rates.

We have seen a number of examples of successful floods at high
rates ir this hearing, on the basis of rany years of field experi-
ence. We believe that the evidence in this case conclusively shows
that there will be a loss of ultimate recovery, if water floods are
restricted, and that for this Commission to deny this application

would run a grave risk of causing waste,
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MR, FILLER: If the Commission, please, R. F. Miller,
General American Oil Company of Texas.

Our company operates sore 20 water floods in Xansas, Okla-
homa, Illinois, and Texasj; and as the Commission knows, we are at
present operating a pilot water flood project in the Grayburg
Cooperative unit area in New Mexico. We wish to concur with Gra-
ridge Corporation and urge the Commissiorn to grant the applicationﬂ
in order to encourage secondary recovery of oil.

Our case has been referred to several times in cornection
with the possible allowable progran.

First I would like to point out that vhen this was first
set up, which was several years ago, Hurble was very much opposed
to it, and appeared at the hearing against it., Now, they are us-
ing it as a good example. It would seem that some progress has
been made.

I would also like to remind Hurble that the present order as
amended contains no single limitation on .any well, because we could
not afford to start the project at all until this was changed.

We do not know whether the present formula will be sufficient for
our project.

We think that the only safe approach is capacity allowable

as requested by Graridge.

Mi. WHITE: Charles White of Santa Fe, representing the TexPs
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Company.

The Texas Company believes that the 0il Conservation Commis-
sion should encourage borafide secondary recovery and pressure
maintenance projects, with the'incentive of bonus type allowables,

Ié the case of pllot or proven secondary recovery projects
involving the reservoirs in the latter stages of depleticns, it is
our belief that it should take the form of capacity allowables
where possible. The incentive should corsist of allowgbles of
some nature where it has been proven to the Commission satiafac-
torily that the pressure maintenance project is being diligently
and successfully operated at maximum efficiency.

In the case of the subject application, it is recommended that
the Commission grant the capacity allowable in order that the pro-
ject can be quickly and economically evaluated. It is the belief
of the Texas Company that the granting of such capacity allowables
will prevent waste, and not Jeopardize correlative rights.

MR. SNYDER: Sam Snyder with Union 01l Company, California.

We operate some 32 wells in the Caprock-Queen Field,anrd have
an interest in considerable other properties in the State of New
Mexico.

We believe that the application of the Graridge Corporation
should be granted, even though we are quite aware of the market

situation at the present time.
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We do not believe that there will be any appreciable affsct

upon the market,
MR, MOTTER: E. F. Motter with Cities Service 0il Company,

Cities Service is an operator in the central portion of the Caproc&

Queen Pool and is at present in a planning stage for a pilot water:
flood.

With two pilots now in operation and others being planned, we
feel that should capacity production be granted, all operators now
having and those seeking pilot waterfloods Qill ask for capacity
production. With capacity production, pipelines servicing the
pool will be loaded to a point where pipeline prorationing will
probably be necessary, which may hinder further devélopment of
waterfloods in the Caprock Pool.

Cities 3ervice is in favor of lease or unit allowables, i.e,,
each lease or unit be assigned top allowable for the number of 40
acre units in that lease or unit. This would mean the transfer of
allowable from input wells on the lease to other well or wells
producing from the basic lease or unit.

Since adequate watér for waterflooding presents a major prob-
lem in this pool, by using lease allowables, immediate water demand
will be much less than if the wells are allowed to produce to
capacitye.

MR, PETERS: Kenneth Peters for John M. Kelly. We are not
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operators in the Caprock-Queen Pool, but we are, however, inter-
ested in this case effect on the secondary recovery projects, and
the State's market demand. We are vitally interested in the water
flooding, and believe a bonus should be given to promote interest
in such projects.

We do not feel that the entire State's crude oil market
shouyld be jeopardized by allowing capacity allowables in large
fields such as the Caprock-Queen. In critical times, we feel that
the water flood ¢il should not be exempt from severe pipeline pro-
rationing.

Authorized allowables should be given with pipeline capacity,
and market demand in wind,

\ie suggest that the Commission consider a project type ailow-
able wherein each 4C-acre unit receives a unit allowable, and the
addition of these allowables would be the water flood project
allowable. The operator can produce this allowable from the wells
at his discretion. However, in future floods, small fielde where
pipeline facilities are adequate, and derand from primary fields
will not be jecopardized, we would recommend a bonus sgllowable,

MR. KEITHLEY: Marshall Keithley of Porest 0il Corporation.
- «..1 would like to make a statement of our position. Forest Qil
Corpuration operated over 10C pattern water floods in the State

of Pennsylvania, Illincis, Kansas, Oklahoma, and Texas, with
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approximately 50 total number current in operation; has primary

production in the State of New Mexico, no water flood operation.

Based on our water flooding experience over the past 32 years,
we. are convinced that high rates of injection with capacity pro-
duction are necessary to obtain maximum ultimate recovery of oil.
Although we have no water fleood projects in the State of New Mexico|
we believe that the (0il Conservation Commission of this State
should not require an operator to restrict water flood production
rates at individual wells, in order that the greatest ultimate
o0il recovery may be obtained. We, thereforse, support Graridge's
application in this case.,

MR. SMITH: Kenneth Smith with Ambassador 0il Corporation,

Ambassador Oil Corporation has a position in this case, as
being an operator of a pilot almost adjacént tothe pilot water
flood in question.

From our experience of operating over 25 water floods through-
out Kansas, Oxlahoma, and Texas, and based on studies of floods,
other floods in these areas, we feel that the capaéity allowable
is an absolute necessity for a water flood operation in order to
recover all the oil that would be recovered, due to the water
flooding process.

We feel that the testimony shown here during this hearing,

clearly indicates beyond ary shadow of a doubt, that waste will
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incur if capacity allowables are not granted, We think that this
question is sc important that possibly the Commission,in order to
prevent waste, ought to inquire of operators puttirg floods into
the State cf Vew lMexico, what rates they plar to use. We think
this is of more importance even than limiting primary wells to
2,000 to one gas-0il ratio., We think definite waste will result
in low flooding rates.

During the hearing, there were two schools of thought, there
wvere two sides,

It is very evident that the one side was corposed of field
technicians and experts who did the actual application and had all
the records available of water flood projects throughcut the United
States; the other school of thought composed of laboratory tech-’
nicians ard school teachers., It was very evident from the testi-
rony here this rorning that there is some disagreemert between
them, but there is practically no disagreement between the reople
that know what they are doing, and actually doing it.

We think that is the very strong peint in this case. Another
point that we have noticed is that the corpanies who have opposed
us have large technical laboratories, and it appears that we have
more voice In manageriert than we right suspect, and might have
control of mpanagerent's positior that they may take on various

items, Lven though they core up with certain results in the

!
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laboratory, they can't sell it to their own field people, and
their own corpany, and here they come up here trying to sell it
to the Cil Conservation Commission of Kew Mexico,

I think it is definitely proved that these laboratory pro-
cesses have not developed to enough refinement that at this time
that it can be applied to field operations. I don't think there
is any question abcut that, thét there is too much conflict in
the two results. VWhen laboratory data is presented to show why
capacity allowables should rot be granted, I think it has very
little effect and should be given very little consideration.

Cur position -- there is one other item that didnt't come out
here that I would like to call to the attention of the Cormission.
In the State of New lexico, we have a little bit different posi-

tion here. Most of the acreage is developed on LO-acre spacing.

In sore of the older water flood areas in Cklahona and Texas, thede

wells were drilled on l0-acre spacing. They're operating at rates
of 20 barrels per well per day on the producing wells, maybe 25,
on a 1l0-acre basis. The withdrawals from the reservoir on this
80-acre five-spot, that is as much as ten times, its normal equiva-
lent withdrawal would be 200 barrels in comparison to a 25 barrel
on the 1lC-acre spacing. e think that should be considered in
this hearing, that New Mexico does have a different acreage spac-

ing probler, ard the wells recessarily will require higher producin

g
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As a ratter of interest to the Commission, we have done sonre
research ard fird out that in the State of Texas, their wéter
flocd production only arounts to 3 to 4 percent of the total oil
production. They have been granting capacity allowables and the
water flood production has not taken any appreciable amount of
the primary oil rarket. |

As far as market demand is concerned, I think testimony has
been shown that capacity allowables have a very negligible effect
or the overall allowable picture. In this connectlon, it appears
that the guestion actnally results in whether or rot water floods
are going to be detrirmentally curtailed in order to make roorm for
foredign o0il. In our oninion, the foreign o0il has more than had
its share of the United States market.

We concur with the application as requested, and respectfully
request the Cormission in the best interest of conservation to
grart this request,

MR, WILSOM: Merrill Wilson, Great Western Drilling Com-
pany.

We think that CGraridge's position is well founded in this
case, and i1t will have no adverse effect on the market, and
urge that the Commission grant the applicant's application.

MR, ASHTON: Roger Ashton, of Frank Ashton and Fair,
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Incorporated. I am a rather strange animal here., I am an inde-
pendent and a New Mexico Corporation. Yesterday, I felt a little
as if I had gotten my schedule mixed, and stumwbled into a seminar
on advanced reservoir engineering. Up to that point, I had been
pretty well able toc glean some ideas of what is going on.

Our firm has been working on a water flood studyyat the Loco
Hills Field for some time. Based on what I have heard here, I fesel
that secondary oil has equal merit with primary oil; that primary
oil in some cases in these special deep allowables and so forth,
can be controlled without loss where secondary oll being controlled
can result in loss. The Loco {dills Field, based on our primary
study, is going to be a very expensive project. We have been
operating in the 3tate of New Mexico since 1936. I would like to
think that our organization and New Mexico are old friends in a
business sense,

We like to feel that we are a progressive firm. VWe were the
first firm to sand frack in:the State of New Mexico, and we cer-
téinly like to keep our eye on development, and keep abreast of
any deyelopment. I started out as a tool dresser in the oilli‘ield,1
and eventually worked up to where I am vice-president of our cor-
poration.

Cur operations are of necessity limited by practical econ-

omiecs. Because of our size, the potential flood prospects are
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very limited. We are not in the position of the large majors with
holdings in many states. We cannot pick and choose. Wg have to
do our flooding with what prospects we actually have available on
hand.

Now, one thing that has been véry evident to me here is that
I note that New Mexico has besen given the very dubious honor of
being asked to take a special position in regards to water flood,
one that her neighbors have not been asked to do. I don't quite
urderstand why New Mexico should be singled out to take a special
rate factor, when none of the neighbors have been asked to do so.
I don't feel that secondary recovery in the State of New Mexico
has a large irpact factor on ocur oil market.

I have observed in the past that market share surrender for
altruistic reasons usually results in that share of the market
being supplanted from that source, that has the violent impact on
our domestic market. I think I probably make myself clear in that
regard.

I have observed on one hand we have theorists; on the other
hand we have field practitioners, The combination of these two
results in experience, and gentlemen, I'm the man that pays for
that experience with hard cash.

Bow, I come back to the old adage that "nothing succeeds like

success™., Ve recentlv drilled a well in the Loco Hills Qil Field,
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structurally it ran high, 1t was offset by production in three

areas., The electric log, the gamma ray, neutron log, looked won-
derful; the samples looked fine; the core arnalysis was excellent;
everything peinted tc a top allowable well. . That well nakes one
barrel of o0il, and 12 barrels of water. I wish some of these
theorists could tell me why it is not arn oil well, because theo-
retically it is an oil wéll.

I come back to another adage. We have all heard the state-

rment that "the operation was a great success, but the patient died#.

Gentlemen, I find nyself in the position of the patient.

FMR. PORTER: Iir. Bridges?

MR. BRIDGES: DP. N. Bridges, of Rlussell Engineering in
Abilene, ard Charles i. Steen, Cperators.

We, after having heard all of the testiwmony that has been
presented at this hearing, are certairly in accord with Graridge's
application. %we would like to go on the record as supporting it.

In addition, I would likse to point out one thing that is
obvious to us, which would te a very glaring weakness in tiae
formula that has been proposed by Humble ard some of the other
companies, as far as pro-ratirg these floods. They have suggested
that it would be possible to grant an allowable for each lease,
on each vnit, which could Ute used at the operator's discretion,

80 that he could take care of some of these high capacity wells,
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Well, that works fine if you have a big block of acreage,
and you can transfer your allowables f{rom the 37-barrel unit allow-
able to wells out on the ehd of the flood performance, or before
they have reached the peak, to wells on the peak. But such a rule
a8 that would operate to the detriment of the man who is sitting
there with one or two wells, LU or 80-acre wells, of which there
are a large number in all the field we are considering, and has no
place to transfer allowables from to his high capacity wells, when
they got to capacity. He 18 the only one that would be hurt by
this proposed system of allowable transfers - the man with a large
block of acres with a lot of wells>to transfer them around to suit
his own convenience, would hardly be aiffected by the unit allow-
able system of Humble's.

kiRes McGINNIS: I assume that Sinclair is not an applicant
and not in opposition to this. I think our position has been made
fully clear to the Commission, and our reasons therefor.

I would like to just make this statement. I feel certain the
Commission is aware éhat, all other iatters aside, their concern
here is how can water flood o0il be recovered with the least waste.
That is what you are concerned with., The testimony here at this
hearing is not in dispute that there will be no preventable waste
with a hign rate of recovery. Both sides have admitted that there

will be no waste at unlimited production as a result of high injec-
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tion rates. Therec has been very conmpetent testiwony, based upcn

field experience and actual pool information exawples, that re-
stricted production will result in waste, The only logical explana
tion that seers to we to have been put forth to warrant the Conmis-
sion running the risk of causing this waste by restricting produc-
tion is the impact that unrestricted water {lood production would
have upor. the market.

Well, market -- it won't reduce the over-all market, and that
is what tne State of lew Mexico is concerned with - in the total
amount of barrels produced. To the extent that the men who have
operated these flocds/and observed them, and shown you that waste
will occur by controlling the production, you would be causing
rhysical waste, you would be depriving the State of New Mexico of
gross production tax on the wasted oil, and of it's royalty on the
0il where it is on State leases, which is of great interest,

It seems to me the decision is Simple; that unrestricted pro-
duction does not cause waste, that should obviously be your deci-
sion,

IFile PORTEZi: Anyone else?

lR. AINKLE: If the Commission, please, this is in rmy opin-
ion one of the most important cases to come before the Conmission
for some time. This case sparks the beginning of a new era in the

production and pro-ration history of Hew Mexico.

L)
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The decision of the Commnission in .this case will undoubtedly

set a precedent in secondary recovery operations in New Msxico.

New Mexico is one of the first oil producing states to pass a
comprehensive conservation law, and it has served as & model for
several of the other states. The decisions of the Commisaion in
this case, refusing to make an exception to normal State allowable,
or to give a preferential right in the sharing of the market to
oil produced from floods, could likewise well serve as a model or
forward step in conservation practices for the other oil producing
states.,

As I see the situation, it is the duty of this Commission to
allocate or distribute the allowable productions among the fields
and operators of the State upon a reasonable basis, and in such
distribution, to recognisze correlative rightas,

Our statutes do not exempt oil produced by secondary recovery
methods from normal pro-ration, nor do they specifically provide
that the Commission may exempt oil produced other than by primary
methods. The only way that this Commission may possibly make an
exception to normal pro-ration is to show that to control the prow
duction from a water flood within the normal limits of unit allow-
ables for the field pool, would constitute underground waste.

The burden is upon the applicant in this case to prove that

an exception to normal unit pre~ration is necessary to prevent
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such waste. We believe that the applicant in this case has clearly

failed to carry this burden. There is a conflict of evidence in
the case on the question that a slow flood will reduce or tend to
reduce, the total quantity of oil ultimately recoverable, but there
is absolutely no evidence to show that to control production from
floods within the limits of normal 3tate allowables would in this
instance, or in any other instance, constitute waste.

I think we were particularly fortunate in this case in having
the testimony and opinions of such authorities as Professor Frank
Cole of the University of Oklahoma; Doctor Weinaug of the Univer-
sity of Kansas; and Doctor George Fancher of the University of
Texas, to the effect that water flood projects can be controlled
within wide limits without loss of maximum ultimate recovery.

We believe that it is but a matter of time until this prin-
ciple will be generally accepted in the industry. I beliew that
it is a foregone conclusion that takes but little wisdom to pre-
dict, that both our primary and secondary production in New Mexico
will continue to increase, in the face of a rather static and
probably decreasing market.

It would be far better for the Commission to decide upon the
principle of controlled production in this case, at & time when
water flooding is just beginning, rather than to try to cope with

the problem after our normal pro-ration has been thrown completely
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out of kilter by unlimited production from water flood projects.

If the operators in the State know that controlled produc-
tion is to be the rule, they can plan and control their operations
and production accordingly, which will not present any economic
loss,

The recommendation of the Humble is that lease or unit allow-
able be granted in this case, or in case of water floeé pro jects,
equal to the normal unit allowable, times the number of injection
and producing wells involved., Under such a system, there will be
an orderly plan and regulation of water floods that would tend to
stabilize the exploration and develolment of oil in New Mexico.
Otherwise, within-a relatively short time, there can be nothing
but chaos, coupled by an intolerable administration problem of pro-
ration by the Commission.

We believe that the evidence in this case clearly shows that
production from water floods can be controlled within pro-ration
limits without waste, and that the Commission should deny the
application of Graridge.

MR, CAMPBELL: If the Commission, please, I would like to
say at the outset of my closing argument, speaking both for the
applicant and for myself, that I too am pleaséd that we had the
testimony of these people who testified for Humble Company.

I have the greatest respect for people who operate in the
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research ffield, and I certainly don't intend to minimise the con-
tributions that they have made, and I'm sure in the future will
make to the petroleum industry, as well as other industrial ac-~
tivities.

I do feel, however, that it is almost elementary that a theory
arrived at in the laboratory remains a theory until it has been
put into actual operation. There has been no testimony here that
even the company that adopts this theory has undertaken to put it
into effect in the field, The people who testified on behalf of
the applicant, as it has been stated, are people who have operated
water flood projects in the field.

-1 cannot believe, as it has been implied by one of the wit-
nesses for Humble, that these people are simply recommending some-
thing because it is something that his client likes to hear, so
he can get his money back faster. I don't believe the Commission
believes that. I have just as much confidence in the opinion of
these pecple as I do in the opinions of those who testified for
Humble.

The inescapable fact is that every witness here on behalf of
the applicant has testified that unless we are permitted to produce
these wells at capacity allowables, waste will result in one way
cor another. I think that is the ultimate questioﬁ before the

Commission, and it is the responsibility of the Commission, I think],
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to consider that factor above all others, including the impact
upon market demand.

Ylow, just ore word about the market demard part of this case,
It Seems to me quite obvious that those who oppose this application
base their opposition‘essentially ard primarily upon that basis.

In the first place, there seems to me to be some serious doubt
whether the Cormission could render a decision in this case, based
solely upon that factor.

Correlative rights do rot involve a right to share in the
rarket, if they did there would be a lot rore cases before this
Commission at the present time. The correlative rights involve
the right to prcduce ycur share of the o0il and the distribution of
the market is ertirely a matter that is removed from the correla-
tive rights aspect of our statutes, in my opinion.

If there is any question on this case, any question, assum-
ing that there’certainly is a question as to whether waste is going
to result if capacity allowables are denied, it seems to me that
the last place the Cormission should undertake to control the mar-
ket is in secondary recovery, or water flood projects.

I can't, in my own mind, distinguish why a person has & right
to core before this Cormission and get an allowable for drilling a
12,500 foot well that pays hir a bornus, ar incentive bonus to do

it, on an econonmical basis, and come back and deny, or ask that
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the same privilege be denied in a secondary recovery project that
is directly associated with the ultimate recovery of the greatest
amount of oil. It just doesn't make sense to me,

I think there are other places where this market situation
can be corrected, without running the fisk of loss of New Mexico
oil.

Now, New Mexico is late gétting into the secondary recovery
field. Testimony has been hearg hers that in Kansas and Oklahoma
and Texas, there are large numbera cf secondary rscovery pro jects
in operation, and that the production frém.theae, at this stage at
least, is not being limited., It seems unreascnable to me for New
Mexico to once again find it is at the end of the pipeline and
that these people come in and ask us to withdraw what I think is
our rightful share of the secondary or water floed portion of the
market for c¢rude oil from New Mexico.

In the last analysis, that I think is the summary of the case
that has been presented against thies application. It is purely a
question of who 18 going to get to sell their oil. I don't think
that is a thing that this Cormmission should or is under the statutia
to consider, The question you have to consider is whether there
i1s going to be waste, and every witness of the applicant has tes-
tified that his field experience convinces him there will be.

I don't believe that the market demand question should over-
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ride that basic consideration and obligation of this Commission.

Therefore, 1 request, the applicant requests, that the Commission
grant this application for capacity allowable.

MR. PORTER: Is there anything further in this case? If
not, the Commission will take the case under advisement. The

Hearing is ad journed.
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STATE OF NEW MEXICO )
) 88
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We, ADA DEARNLEY and HARTANNA !MEIER, Notaries Public in and
for the County of Bernalillo, State of New Mexico, dc hereby
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before the New Mexicoc Cil Conservation Cormissiocr, was reported
by us in Sterotype and reduced to typewritten transcript; that

same 1is a true ard correct record to the best of our knowledge,

skill and ability.

WITNESS our Hands and Seals,this, the day of
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