Proposed lestinmony ¥or rowler rield Spacing rearing ( ;E
\w

ine opject or tite testimony to be orfered at this hearing
is to presenl an snalysis of the relationship between well density and
ultimate oil recovery in the rowler Field, Lea County, Hew Hexico.
Specifically, we will censider the variation in recovery to be expected
between LJ acre anc G0 acre development prograas.

io accomplisn thls objective it is necessary that we present
certain exiibits settiag forth basic engineering and geological data on
tae field, «ith uhils information available it is possible, through the
use of well xnown anc accepted basic principles waich govern the flow of
fluids tarougn permeable rock, to calculate ithe effect of well density on
ultimate rocoverye Un the basis of an investigation of this type it will
be shown tual there is no asoreciable variation in ultimate recovery for
well gensities of 40 and J0 acres.

The procedure followed in arriving at this conclusion is based
on Wie assumoilon Wwatl continuous permeabllity development existis throughe
out tae reservoir, idhe validity of inls assumplion can be sstablished only
Dy conductlii a well planned and properly executed interference ifest in
tire field in question. oSucn a vest has been conducted in the Fowler Field
and, as willi be siown later, the resulis obtained furnish positive proof
of continuous permeability development within the Ellenburger reservoir,
Agcordin; 1y, we will take l.ue posiiion that the theoretical approach em-
ployed in analyzing tie efiect of well spacing on ultimate recovery is
completely justified aud tlnereby satisfactorily demonstrates tae adequacy

of 60 acre spacing in the rowler <ield.



wxhibitsl througn ly =

Geological exnibits to be presented oy ir. ‘tom ingran,

s . - N '
bxndbilt 1oe 5 =« urogs vection a=A 3

48 indicated on the index wap in the lower left hand cormer of
the exaibit, tils cross section extends turougn unii wells dos. 6, 2, 3,
and 5. ine electric log anc available core data are shoun for each of
these wells from waich it will be observed that the pay characteristics
are such taat it s impossible 1o correlate porosity and permeability
development from one well to aznothere 1ihils is a characteristic feature
of Ellenburier reservoirs where the bulk of the o0il is contained in
fractures and vugs. it will be further noted that the porcsity develope
ment i of a low order of magnitude, averaging vetween 1 aud 3 percent
of the total rock volume, Ihe low porosity developmenit is characteristie
of the majority of tie illenburger reservoirs in kew #Hexice and west
lexas, rerswability development is erraiic; however, it compares {avore
ably wila otasr nllenburger reservoirs in tae +est lexaseiew iiexico area.
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Jxhibit w0. & = Cross Section gwd ¢

4 wace ol tals cross seciion is shown on tine index map in the
lower left hana corner of the _xhibit., It will be observed that this
section extends fron well Woe 4 on the Hortawcst flack of taue Zllenburger
structure, tirougn tie discover; well wnici to date is tie nighest well
in the iield, vown structure tarouzi well .oe 3 whica is approximately
400Y lower than Sout: matiix Unit r~ell wo, 1,

#rom observation of the logs and core daita on t‘nis.cross section
and tiz precesdin, exnibity, it will be noled thal dense intervals are
present at various points turcughoul wie jay, LI these dense sections

could be correlated from one well io anotier there would, of course, be



good reason Lo expect poor vertical communication within tae reservoir;
nowever, since these intervals obviously are nol correlaiable f{rom one
well tc ancoiner, communication in a vertical direciion is to ve expected.
‘the validliy of tnls observation is borne cut by field test data wihich
will be presented in a subsequent exhibit,

ixnibit noe 7 = vowler Field Performance distory:

inis graph indicates dale whici nave been accumulated since
tiie discovery of t.e sowler 2ield in lMay, 1949, ‘The upper curve indicates
the nwber of wells as a function of itime from waics it will be noted ihat
there are presently six producing wells in ibe fielde 7The seventh well
is currently drilling at a deptu of approximately feet. ihe next
curve indlcates cwmlabtive oil prouuction up to July 1, 1952, at which
time 5C7,000 barrels of ¢il had been procuced from tne fields #rom the
pressure-Llme relationship it will be observeu that tie bottom hole pressure
has declinec from an initial value of 4300 psia., to 3670 psia. in Hay, 1952,
attention is called to the fact, nowever, tnal tie pressure is still well
above wie puobble poini or 2450 psia., wolca accounts for tne rapid decline
observen 1o dates

wiile wiae type ol reserveir control nas not yet been deteramined,
wie pressure ulstory su gests tie absence ci a water drive, in wiich case
wie potiom hole pressure aay be expectec 1o decline along the presently
establisnea treud until the bubble point is reacheds At tais time a proe
nounced ilailveuing ma; be expected to occur, Inasmuch as Wie pressure is
still welil above ilie bubble point, no increasc in gase-oil ratio has been
observed. s inulcated on tie graph, the solution gaseoil ratio, as
determined from boltom nole sample asalyses, is on tne order of 1,020

cublc iest cer barrel.s Yhe lowermosi curve snows monthly oil production



as a function of iLlme. with continued developuent tne monthly withdrawals
have, of course, lacreased and reacoed a peak value of 31,000 barrels
during tie oonta of Harch, 1952. ihe soarp reduction in withdrawals
indicated for wie month of My, 1652, was occasioned by the oil strike.

Exnioit u0e U = rowler Field urude Lharacieristics:

Ihis fofdhiibit indicates twe volume of gas in sclution in the
crade, oll viscosiiy, and tae reservoir volume factor, all as a function
of pressure aau at a tewperature of 1h4%F, A4s indicated on tae graph,
tae bubble -o0iul pressure is approximately 2450 psia., with a solution
gas=oil raivio of 1,020 cubic feet per barrel. ihe reservoir volume factor
initially was 1l.5110 aud increases gradually with the reduction in pressure
to & maximm value of 1e5625 at tne bubble point. This means simply that
at a pressurc of 2482 psia. a barrel of stocik tank oil on the surface
occupies a volume of l.56Z barrels in uwie reservoir. #rom the viscosity
pressure relalionsnip, it will be observed that the oll viscosity initially
was aporoximately Q.37 ceatipoise and is reduced to a value of 0,31 at tae
babble souile sltestion 1s called to the fact wnat this is an unusually
low crude viscosily and is a caaracteristic walch will enable aigher ree
coveries than would be possible il tae viscosily were substantially higher.
Inis will be tue case regardless oi whellier the reservoir developes a water
drive or operates essentially under volumetric control,

Exnibil woe 9 - Summary of Productivity index lests, Fowler iields:

waring tiie course oi developing tae rouler rield, Sianolind has
conductes careially planned proauctiviy; index tesis on all wells in the
field wiu: tae exception oi Unit well woe 3, wuaich is being used as the
control well ia an interference test.

<esults of tnese tesls are summarized on this exhibit, +t will
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be observed taal ihe measuredbpéé varied from the minimum of O.4 on South
Fattix Unit «ce 5 10 10 on Unii Well Hoe he 4t snould be noted, however,
that the Lull sllenburger section is not exposed in any of tae wells.
Taking this inlo consideration acd applying a simple correction factor,
it is possible Lo determine the true productivity capacity of tae total
section 1n each of these wells, from waich tie average permeability for
the total sectlicn may e delermined,

Unrortunziely all wells were not cored, however, in the two
wells (Vaii -ell Wos, 4 and 5) wnere P.l. tests and representative core
data are available, it will be observed that the calculated permeabilities
agree remarkably well wiin the values measured on cores in the laboratory.
vince e calculated permeability values were delermined by assuming that
e full sllenturger section was contributing production, it necessarily
follows taat good vertical communication exists tiroughout tne formation.
Tnis bears out @ previous statesent itnat tight intervals observed in a
particular well saoculd not be regarded as reflecting poor vertical commine
ications turoughout Lie reservoir,

Exnibit «oe 10 - valculated vifferences in secovery, 4O versus 80 acre
Snacing:

A8 statec previously, lae lype of reservoir control has not
veen delinilely establisaed from ihe performance history observed to date;
however, tic data saguest a volumetiric reservoir, Accordingly, we have
made certain calculations which assume Wal solution gzas will be ine prine
ciple source of enerygy contrivuting to ithe cipulsion of cil from the
regervolir, Yie methow oi atlack is geuneral and is not limited 1o any
particular volumetric reservoir, however, pertinent varizsbles used in the

calculatlions have been selected so as 1o be of e order of magnitude of
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those found in tne rowler #islde Accordingly, the gquantitative values
exhibited will apply only to a field im walca tne reservoir and fluid
characteristics are similar tc those in the rowler rield,

valculations have been worked oul iJor well deasities of 40 and
§0 acres ver well and for PI values of 1 and 10 barrels/day/psi. Ihe
problem cuasidered is represented by tue key map on the left hand side
of this exnlbit, on wilch are shown locations of the six wells completed
to date, osShown in red in between wells Mo, 1 and Wo. 6 is a rcgular 4O
acre location.

tue graph to toe right shows calculated oil saturation distrie
bution in tae area surrounding the ihree wellse LIt is apparent that the
only efrect wit regard to recovery efiiciency, of drilling the 4O acre
location, woulu be te develop a swall saturation sink in the immediate
vieinity oi tuatl welle +ils efiect is perhaps more clearly demonstratved
by the itabulation saown on the exnlbit whici compares recovery efficiency
expressed as o percent of the oil initially in place for 4O aud 80 acre
densities auc for PI values of 1 and 10, 11 will be observed toat for a
PI of 1 barrelfday/psi., recovery for a 40 acre location would be 31.82
percent as compared to 31.18 perceni for an 80 acre location. Tuis repe
resents an increase of only O.6L percent as a result of doubling the
well density. cor a PL of 10 the recoveries are 35.42 and 35,3l percent

AN

respectively, an increase of only 0,86 percent,

wiile we have considered the effect of well density on ultimate
recovery in a reservoir in wihlcn the solution gas is ihe principle source
of energy, it saould be pointed ocut that even if the reservoir dsvelops a
water drive or if gravity drainage plays an luportant part in ihe recovery

mechanis:a, tiwe efiect of well spacing on ullimate recovery would be



essentizlly lue sase as we have lnuicaied on tals exuibit.e for example,
tne statistical analyses of (raze and suckley ,* wiich considered tae pere
formance data of aporoximaiely 70 water drive {ields, failed to indicate

any pronounced variation in recovery efliciency wita well density.

hxnibit w0e L1 = Loterference lest uaila, ifowler rield:

Up 1o uhis poinl we have considerea the effect of well deasity
on ultimie recovery as determined from the application of certain basic
physical principles wuicn govern the iflow of fluids in a reservoir having
continuous permeability development. Upponenis of wide spacing frequently
point to tue assumpiion of contdnuous permeability in an oll reservoir as
vein: unrealistice ihey take tne position that as a result of lenticulare
ity witain tae oroaucing horizon wierevy seg?ments of pores and permeable
oil saturawed rock are completely isclated from other permeable beds, the
nethod o analysis utilized in calculating uliimate recovery is not valide
it saould e polnted out, however, tuat situations of tnis type are not
¢ be auticipateu in Jdolomite limestone beds due teo tue manner in waich
porosit; was developed in tiese formations. 1his has proved 1o be the
case in every carbonale reservoir wiica we have investigated in the hew
sexico~-est iexas area, including tie rowler rields

due valldiity ol itane assumpiion of continuwous permeabiliiy dee
velopuenl is vorne oul by interference test dala accumlated over a period
of 16 montis ia tais field, the results of wiich are sihown on this exhibLite
As indicaiec on tae time scale tois test was initiated on Harch 15, 1951,
and is st.ll in srogress. in conducting tais test, permission was oObe
tained Lo lransfer e allowable from Unit well s0e 3 to tae remaining
wells in wie fielae  tuc location of the conlrol well with respect to

| #n. ue Uraze and Se Ce Buckley, "4 Factual analysis of

e xffect of .ell Spacing on Uil Hecovery®, iPL Drlg.
B ome i
aud Proc. rracey (1945), 1i4=55,
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other wells on tiie leasec is shown on the key map., JSince initdating

the test, pressure aeasurements have been made with a calibrated
bottome=icle pressure bomb as wiien as deemsd necessary in order to
accurately estabiisn tue pressure decline relatilionship as a2 fuoction of
timee 4t will be onserved tnal after sautling in well Ho. 3, pressure
resains constant at aporoximately 3955 psia. over a period of approximstely
b5 days, aiter wiica tie pressure bejan to decline, During the 16 months
that this interference test has been in progress a8 pressure decline of
around 300 »si. has been observed, thus furnisiing positive proof of
continuous permeability develooment wiinin the reservoir and deaonstrating
tie adequacy of tne 80 acre spacing patiern.

Attention is alsce called Lo lue pressure value measured in Soutlh
datiix Unit wo. &, imnediately after completion and before tie well nad
oroduced any oile 1his well was completed on april 20, 1932, witn a
oressure oi 3050 psiz., wilci is 650 pounds selow tue original reservoir
pressure, .i:is is furtaer indicatlion of counitinuous purneabilily develop=

ment WiWiin Wie IesServoils



